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PREFACE 

Many of today 's  most s ign3 f i can t  soc2oeconomic problems, 
such a s  s lower economic growth, t h e  d e c l l n e  of  some e s t a b l i s h e d  
i n d u s t r i e s ,  and s h i f t s  i n  p a t t e r n s  of fore2gn t r a d e ,  a r e  i n t e r -  
o r  t r a n s n a t i o n a l  i n  na tu re .  I n te rcoun t r y  comparat ive ana lyses  
of recen t  h i s t o r i c a l  developments a r e  necessary  when we at tempt  
t o  i d e n t i f y  t he  under ly ing p rocesses  of econom2c s t r u c t u r a l  
change and formulate  u s e f u l  hypotheses concerning f u t u r e  
developments. I n  t h i s  r e s p e c t  econometr ic models p lay  an i m -  
p o r t a n t  r o l e .  

The paper r e l a t e s  changes of stocRs of i 'nventories and t h e  
supply su rp lus  over  demand. The assumpt2ons of  cons tan t  p r i c e s  
and r e s t r i c t i o n  of product ion t o  a  c e r t a i n  l e v e l  r e f l e c t  t h e  
background of t h e  s tudy ,  which r e l a t e s  t o  i n v e n t o r i e s  i n  a  
s o c i a l i z e d  t r a d e .  The p a t t e r n  of t h e  r e l a t i o n  is  sketched on 
t h e  b a s i s  of emp i r i ca l  ev idence and pi 'ctured By means of b e t a  
func t i ons .  The paper ends wi th  t h e  s ta tement  of t h e  au thor  
t h a t  an empr ic ia l  v e r i f i c a t i o n  i s  possi 'ble, bu t  perhaps d i f f i -  
c u l t .  

A. Smyshlyaev 
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INTENSITY OF DISEQUILIBRIUM AND 
CHANGES I N  INVENTORIES 

Aleksander Welfe 

I n s t i t u t e  o f  E c o n o m e t r i c s  a n d  S t a t i s t i c s ,  U n i v e r s i t y  
o f  L o d z ,  41  R e w o l u c j i  1 9 0 5  r S t r e e t ,  9 0 2 1 4  L o d z ,  P o l a n d  

INTRODUCTION 

It i s  u s u a l l y  accep ted  i n  economic t h e o r y  t h a t  one o f  t h e  

main reasons  f o r  keep ing i n v e n t o r i e s  i s  t o  ba lance  supp ly  and 

demand. However, t h e  expe r i ences  o f  t h e  r e c e n t  y e a r s  i n  Poland 

i n d i c a t e  t h a t  i n v e n t o r i e s  p l a y  t h i s  r o l e  on l y  i n  a  l i m i t e d  way. 

The p r e s e n t  paper  i s  devoted t o  an i n t e r e s t i n g  problem con- 

ce rn ing  t h e  p o s s i b i l i t i e s  of us i ng  t h e  changes of s t o c k s  of 

i n v e n t o r i e s  a s  d i s e q u i l i b r i u m  i n d i c a t o r  f o r  p a r t i c u l a r  commodi- 

t y  markets .  The a n a l y s i s  cove rs  t h e  changes of i n v e n t o r i e s  i n  

a  s o c i a l i z e d  t r a d e ;  t h e  s t u d y ,  however, i s  of a  more g e n e r a l  

c h a r a c t e r  and t h e  conc lus ions  a l s o  app l y  t o  t h e  i n v e n t o r i e s  o f  

f i n i s h e d  p roduc t s  i n  e n t e r p r i s e s ,  and t o  m a t e r i a l s  and s e m i -  

manufactured goods i n  t h e  p roduc t ion  p rocess .  The f i r s t  p a r t  

i s  an i n t r o d u c t i o n  i n t o  t h e  problem of  d i s e q u i l i b r i u m  model ing. 

The changes o f  i n v e n t o r i e s  i n  r e l a t i o n  t o  t h e  changes of  market  

d i s e q u i l i b r i u m  a r e  ana lyzed  i n  t h e  second p a r t .  The t h i r d  p a r t  

c o n t a i n s  a  mathemat ica l  p r e s e n t a t i o n  of  t h e  above r e l a t i o n -  

s h i p s  and t h e  p roposa l  of  b u i l d i n g  a  model where t h e  changes 

of i n v e n t o r i e s  would s e r v e  a s  t h e  d i s e q u i l i b r i u m  i n d i c a t o r .  



I. DISEQUILIBRIUM MODELING. GENERAL REMARKS 

Generally speaking, a disequilibrium is opposite to the 

equilibrium state. This statement, however, does not release 

us from the necessity of defining the "equilibrium", because 

this expression is not unmistakably understood. 

Equilibrium, in a static sense, is the equality of demand 

and supply in every period of time. Such a narrow under- 

standing of the problem is inconsistent. Not even the most 

ideal market is equalized (in the above sense) if any of its 

elements changes. This is connected to the fact that real 

adjustment processes take time. This conclusion leads us to 

dynamic equilibrium. The system is in dynamic equilibrium 1) 

if, starting with any value, all the variables tend towards 

their initial values (equilibrium) within their limits as time 

moves towards infinity. We can say that an equilibrium is 

stable if, after departure from the equilibrium cawed by forces 

outside the system, the equilibrium is restored (initial posi- 

tion). 

Static equilibrium is a degenerated case of dynamic equi- 

librium, where the equality of demand and supply is examined 

at every moment of time. Therefore we propose to speak of 

balance and imbalance rather than of equilibrium and disequi- 
2 librium, leaving these terms strictly to dynamic analysis . 

The reasons for the appareance of imbalance are not easy 

to find. To consider the problem more thoroughly, let us write 

down a model for any market in a system of three equations: 

demand D = f  (x D D' "D) + SD 

realized value Q = min ED, S) t ( 3 )  

where 

x x - vectors of explanatory variables in equations of D' S 
demand and supply of the size lxm and lxn, 



a a - vectors of parameters, 
D' S 

cD, cs - random components with a no-nal distribution. 

The above system can be additionally extended by an 

identity defining the values of imbalance3) : 

If SE 7 0, then there is a supply surplus. Otherwise SE < 0, 

which means an excess demand. 

Balancing the system (1) - (4) , the equality is assumed: 

which implies SE = 0. 

The assumption that the system presented remains in equi- 

librium (in a dynamic sense) means accepting the hypothesis 

about the existence of certain mechanisms causing a return to 

the initial state. For markets with a freely negotiated price, 

the adaptation is realized by the changes of price, which can 

be written as: 

In fact, the above formula 2s of the notation of the commonly 

known I,. walras4) hypotheses in the form of a dynamic continuous 

model. 

Quantity adjustment is in accordance with the Marshall law 

of price surplus: 



where 

P s ,  Pd - supply p r i c e ,  demand p r i c e .  

The process of p r i c e  adjustment may be d i s tu rbed  by i n t r o -  

ducing a d m i n i s t r a t i v e  measures ( i . e .  decreed p r i c e s ,  maximum o r  

minimum p r i c e s )  o r  a s  a  r e s u l t  of l a g s  i n  p r i c e  changes. I n  

t h i s  case  t h e  q u a n t i t y  adjustments may take  p lace  e i t h e r  by 

i nc reas ing  supply of  t h e  commodity under examination t o  t h e  

market o r  by d imin ish ing t h e  consumer demand. These ad jus t -  

ments w i l l  occur  no t  a s  a  r e s u l t  of d i r e c t  market p ressu res ,  

bu t  a s  t h e  consequence of t h e  func t ion ing  of t h e  o t h e r  economic 

mechanisms ( f o r  example, a  tendency t o  i n c r e a s e  supply i n  

o rde r  t o  fo l l ow  t h e  demand lnc rease  may a r i s e  from t h e  motiva- 

t i o n  of s o c i a l i z e d  e n t e r p r i s e s  t o  maximize t h e i r  g loba l  p r o f i t s ) .  

They may a l s o  be t h e  r e s u l t  of dec i s ions  of pub l i c  admin is t ra-  

t i o n .  L e t  us  cons ider  t h e s e  problems i n  g r e a t e r  d e t a i l .  

The i n c r e a s e  of supply f o r  consumers may be a  short- term 

i n c r e a s e ,  i . e .  by means of decreaseing i n v e n t o r i e s  ( i n  t h e  

s o c i a l i z e d  t r a d e )  or-- i f  t h e r e  a r e  f r e e  product ion capac i t ies - -  

by means of making use of them. Th is  p rocess  w i l l  be mani fested 

by t h e  l abo r  p r o d u c t i v i t y  i nc rease  ( in t roduc ing  t h e  second and 

t h i r d  s h i f t s )  o r  by t h e  i n c r e a s e  of t h e  number of employees. 

Import i s  an a d d i t i o n a l  p o s s i b i l i t y  of i nc reas ing  supply.  

The decrease of  consumer demand f o r  t h e  commodity under 

examinat5on 5s  possi 'ble t o  be achieved by cons t ra in ing  t h e  per-  

s o n a l  incomes of t h e  households. The c o n s t r a i n t s  c o n s i s t ,  f o r  

example, i n  imposing h igher  d i r e c t  t a x e s  o r  t h e  so-ca l led con- 

s t a n t  charges ( r e n t s ,  o t h e r  charges connected wi th  f l a t s ,  e t c . )  

by t h e  government. 

I f  t h e  p rocesses  of q u a n t i t a t i v e  adjustment a r e  f a s t  

enough, then ,  i n  s p i t e  of f i x e d  p r i c e s ,  imbalance w i l l  no t  

appear  a t  a l l  o r  on ly  i n  a  very s h o r t  per iod  and w i l l  be in -  

v i s i b l e  t o  t h e  consumer. 

It should be under l ined  t h a t  a  mixed s i t u a t i o n ,  c o n s i s t i n g  

of p a r t i a l  p r i c e  and q u a n t i t y  ad justments ,  may take  p lace  i n  

p r a c t i c e .  



Furthermore,  w e  w i l l  be i n t e r e s t e d  i n  such a c a s e  where 

ad jus tment  processes- -except  f o r  t h e  changes o f  i nven to r i es - -  

are p a r t l y  b locked and lagged,  which i s  fo l lowed by t h e  

appearance of imbalance (excess  demand). 

11. INVENTORY CHANGES I N  CASE OF BARRIERS I N  ADJUSTMENT 

PROCESSES 

Le t  us  assume t h a t  t h e r e  i s  i n  t h e  s o c i a l i z e d  t r a d e  an 

optimum, d e s i r e d  s t a t e  of i n v e n t o r i e s  of  t h e  commodity examined, 

which is ,  i n  the s i m p l e s t  p r e s e n t a t i o n ,  p r o p o r t i o n a l  t o  t h e  
5 volume o f  sales, Sc : 

where 

d  > 0 .  - 

Le t  u s  c o n s i d e r  a  s i t u a t i o n  where t h e  i n c r e a s e  o f  per -  

s o n a l  incomes--with o t h e r  c o n d i t i o n s  unchanged--is fo l lowed by 

t h e  i n c r e a s e  o f  consumer demand. A d d i t i o n a l l y  w e  a c c e p t  t h e  

fo l l ow ing  assumpt ions:  f i r s t ,  t h a t  p r i c e s  a r e  c o n s t a n t ;  second,  

t h a t  c o n s t r a i n t s  i n  t h e  p roduc t ion  p r o c e s s ,  such as raw m a t e r i a l ,  

equipment o r  employment b a r r i e r s ,  do n o t  a l l o w  f o r  a n  i n c r e a s e  

i n  t h e  p roduc t ion6)  ; and t h i r d ,  t h a t  t h e  impor t  of  p a r t i c u l a r  

consumer goods o r  m a t e r i a l s  f o r  t h e i r  p roduc t i on  i s  imposs ib le .  

The assumed demand i n c r e a s e  causes  a  d im in i sh ing  of  inven-  

t o r i e s  i n  t h e  s o c i a l i z e d  t r a d e  below t h e  optimum l e v e l ,  Ro. I f  

un favo rab le  t e n d e n c i e s  do n o t  change,  t h e  p r o c e s s  w i l l  con t i nue ,  

and t h e  rate of  i n v e n t o r y  dec rease  w i l l  probab ly  grow. Th i s  i s  

shown on t h e  A1A2 curve  i n  F igu re  1. The i n v e n t o r i e s  ensu re  

c o n s t a n t  s a l e s  ( t h a t  is :  S > D )  u n t i l  r each ing  t h e  c r i t i c a l  

s t a t e  Rk, Rk < Ro. Having su rpassed  Rk, e x c e s s  demand appea rs ,  

SE < 0 .  It can  be assumed t h a t  a  tendency t o  res t r i c t  f u r t h e r  

i nven to ry  demand w i l l  t a k e  p l a c e ,  i .e .  i n v e n t o r i e s  w i l l  de- 

crease a t  d im in i sh ing  r a t e s  u n t i l  t h e i r  s t o c k  i s  comp le te ly  

exhaus ted ,  which i s  an e q u i v a l e n t  of  t h e  minimum s t a t e  o f  i n -  

v e n t o r i e s  Rn, Rn < Rk (A2A3 c u r v e ) .  A f u r t h e r  deepening o f  





imbalance will not result in changes of inventories, R = 0, 

where R = - dR (section A A ) .  In case of the increase of supply dt 3 4 
of the co~modity examined in the market--given the consumer 

demand--all the supplied commodities flowing into the socialized 

trade channels will be bought by the households. This results 

in diminishing demand, but the inventories do not grow (sec- 

tion A3A5). In case of a further increase of supply, restoring 

of stocks of inventories begins; it is fast at the beginning 

(A A curve) , then moves more slowly (curve A7A8) while ap- 5 7 
proaching the optimum state by the inventories Ro. It should 

be underlined that the initial increase of inventories R > 0 

(A5A6 curve) cannot be interpreted as accumulation of supply 

surpluses till the moment of surpassing the critical level Rk 

by the inventories.. 

While approaching the optimum level Rot the increase of 

inventories is declining in the following (A8Ag curve). Diffi- 

culties with stopping the process of increasing inventories 

cause further growth of the inventories until a maximum state 

Rm, Rm z Ro is reached. The latter may be understood as in- 

ventories provoking no more orders for the commodity under 

examination from the trading sector. The costs the trade pays 

for maintaining inventories larger than optimum cause a ten- 

dency towards diminishing such inventories. The rate of in- 

ventory decrease is declining while approaching point Ro 

(AIOAll curve). 

The results of the above analysis7) are quite general. 

First, inventory decrease cannot be uniquely interpreted as 
8 the manifestation of the increase of disequilibrium intensity . 

On the other hand, in the period of recovery from the economic 

crisis, the inventory increase does not mean meeting consumer 

demand until the moment of surpassing the critical inventory 

level. The third conclusion and the most important one is that 

the inventories "behave" according to the prevailing type of 

the imbalance intensity changes (whether it is growing or de- 

creasing) and the type of imbalance itself (whether it is 

characterized by excess demand (SE < 0) or supply (SE > 0) ) . 



F igu re  1  g i v e s  t h e  h y p o t h e t i c a l  shape of  t h e  curve rep re -  

s e n t i n g  changes of  i n v e n t o r i e s  i n  r e l a t i o n  t o  t h e  t ype  and 

i n t e n s i t y  of d i s e q u i l i b r i u m .  It i s  worth u n d e r l i n i n g  t h a t ,  

f i r s t l y ,  t h e  p o s i t i o n  of  Rn, Rk, Ro, and Rm was chosen i n  a  

way a l low ing  f o r  g r a p h i c  p r e s e n t a t i o n  of s e p a r a t e  p rocess  

phases.  W e  t h i n k  however, t h a t  i n  many c a s e s  maximum inven- 

t o r i e s  ( p o i n t  Rm) w i l l  be c l o s e  t o  optimum i n v e n t o r i e s  ( p o i n t  

Ro) . 
Secondly,  some phases of  t h e  "cycleI1 of  i nven to ry  changes 

p resen ted  may n o t  appear  a t  a l l ,  i f  ad jus tment  p r o c e s s e s  a r e  

e f f i c i e n t .  T h i s  concerns  main ly  t h e  p e r i o d  when a  deepening 

d i s e q u i l i b r i u m  i s  n o t  accompanied by changes i n  i n v e n t o r i e s  

( s e c t i o n  A 3 A q ) .  An e a r l i e r  appearance of  ad jus tment  p r o c e s s e s  

does  n o t  a l l o w  f o r  complete exhaus t ion  of  i n v e n t o r i e s .  

T h i r d l y ,  e v e r y  "c ross ing"  of  t h e  c y c l e  th rough t h e  i n -  

v e n t o r i e s  may d i f f e r  from ano the r ,  a s  is  shown i n  F i g u r e  2. 

E s p e c i a l l y  t h e  v a l u e s  of  minimum i n v e n t o r i e s  ( p o i n t s  Rn, Rn' ,  

Rn") and maximum i n v e n t o r i e s  ( p o i n t s  Rm, Rm' , Rm") do n o t  

have t o  be t h e  same. According t o  formula ( 8 )  t h e  p l a c e  o f  

p o i n t  Ro may change i n  a  s e p a r a t e  c y c l e  (no t  shown i n  F igu re  2 ) .  

It is  worth ment ion ing t h a t  F i gu re  2  i l l u s t r a t e s  t h e  

dynamic p r o c e s s  i n  one p lane .  However, w e  have t o  c o n s i d e r  i t 

i n  th ree-d imens iona l  space  where " t i m e "  i s  t h e  t h i r d  co- 

o r d i n a t e .  

Then, w e  a r e  main ly  i n t e r e s t e d  i n  t h e  d e f l e c t i o n  o f  i n -  

v e n t o r i e s  from s t e a d y  equ i l i b r ium- -po in t  Ro--leading t o  t h e  

dec rease  o f  i n v e n t o r i e s .  I n  r e a l i t y  it may happen t h a t  supp ly  

i n c r e a s e  t a k e s  p l a c e  (under a  g iven  demand) d e s p i t e  t h e  f a c t  

t h a t  t h e  i n v e n t o r i e s  w e r e  i n i t i a l l y  a t  t h e  l e v e l  Ro, a s  f o r  

example, due t o  an i n c r e a s e  of p roduc t ion  c a p a c i t i e s  (new p l a n t  

coming i n t o  o p e r a t i o n ) ,  o r  changes i n  import -export  r e l a t i o n s  

(expo r t  c o n s t r a i n t s ,  abo l ishment  of  t a x  b a r r i e r s ) .  A s  shown i n  

F igu re  3,  i n i t i a l ,  qu i ck  increment  of  i n v e n t o r i e s  ( B I B 2  cu rve )  

w i l l  s t o p  a f t e r  some t i m e  (B2B3 c u r v e ) .  A f t e r  r each ing  a  

maximum l e v e l ,  i n v e n t o r i e s  w i l l  d rop t o  t h e  op t ima l  l e v e l  ( p o i n t  







111. SPECIFICATION OF THE FUNCTIONS DESCRIBING INVENTORY 

CHANGES 

The curve shown in Figure 1 may be presented by means of 

the following implicit function: 

Therefore the complete disequilibrium model for commodity 

j consists of 5 equations: 

Q' = min {DJ , S ' I  ( 10~ )  

We have no clear reasons for choosing a specific class of 

functions to describe respective segments of the curve given 

by equation (9). It seems, however, that they should meet two 

basic conditions: firstly, they should be continuous and twice 

differentiable; secondly, they ought to contain few parameters 

to be estimated. We suggest the following forms of the func- 

tions in corresponding variability intervals: 

v1 I R = - (A1 -SE) for SE E (0, A1> , R < 0 

I1 R = -(SE-A3) L for SE E <A3, 0) , R c 0 

for SE E <Aq, A3) 

for SE E (Aq,A ) 
5 



v3 v4 
R = C1 (SE-A5) (Al0-SE) f o r  SE E (A5 A l O > ,  R > O  

I 

Formulae V and V I  rep resen t  t h e  so-ca l led b e t a  func t ion  

exac t  t o  t h e  f i x e d  value.  Funct ions I and I1 may be cons idered 

a s  a  s p e c i a l  case  of t h e  be ta  funct ion.  

Empir ical  v e r i f i c a t i o n  of model ( l o ) ,  t ak ing  i n t o  account 

I - V I ,  is  p o s s i b l e ,  a l though t h i s  would be very  d i f f i c u l t .  

Overcoming a l l  t h e  numerical  p rob lems-cons is ts  p a r t l y  i n  ac- 

cep t ing  some new assumptions concerning t h e  p rocess  of inven- 

t o r y  changes and, c o n s i s t e n t l y ,  t h e  p o s i t i o n  of p o i n t s  A 1 '  A3' 
A,+, A,-, and A l O .  The a p p l i c a t i o n  of t h e  proposed d i sequ i l i b r i um 

model w i th  e x p l i c i t l y  in t roduced inventory  changes w i l l  be sub- 

j e c t  of a  s e p a r a t e  paper.  



NOTES 

1. P.A. Samuelson calls it the dynamic-quilibrium of the first 
type. See: P.A. Samuelson, Zasady analizy ekonomicznej 
(Foundations of Economic Analysis) , PWN, Warszawa 1959, 
pp. 250-259. 

2. We can speak of imbalanced but equalized systems, as in- 
dicated by J. Kornai. He introduced the term "normal" 
disequilibrium to express the state of imbalance in the 
market to which the system tends if there are no additional 
forces. This state cannot be understood as an optimum or 
desirable situation. See: J. Kornai, Growth, Shortage 
and Efficiency. A Macroeconomic Model of the Socialist 
Economy, Basil Backwell, Oxford, 1982. 

The imbalance is often defined in an opposite sense as 
excess demand; then the identity has the following form: 
DE = D - S. See: W. Charemza, Ekonometryczne modele 
nierownowagi. Problemy specyfikacji i est~ynacji (Econo- 
metric Disequilibrium Models. Problems of Specification 
and Estimation), Gdansk, 1981, pp. 30-32; A. Welfe, 
Analiza popytu w warunkach nierownowagi (Demand Analysis 
in Conditions of Disequilibrium), "~konomista", No. 5, 1984, 
pp. 1045-1064. 

For reasons which will be explained later, it will be more 
convenient for us to use formula (4) , i. e. : SE = - DE. 

4. Passing to discontinuous time, equation (6) has the form: 
AP = f (St 

P - Dt) t where A is the operator of the first 

difference. See: R.G.D. Allen, Ekonomia matematyczna 
(Mathematical Economics), PWN, Warszawa 1961, pp. 25-38.. 



5. See: iu'. Juszczak, Zasada elastycznego akceleratora oraz 
wykorzystanie informacji ex ante w modelach zapasow 
(Principle of Elastic Accelerator and Utilization of 
ex-ante Inf ormation in Inventory Models) , "Studia Prawno- 
Ekonomiczne", t. XVII, 1981, pp. 129-146. 

6. Barriers in the production process are discussed more 
broadly in: W. Welfe, Models of the Socialist Economy, 
in: L.R. Klein, Lectures in Econometrics, North Holland 
PC., Amsterdam, 1983. 

7. See also: W. TTelfe, Popyt i podaz (Demand and Supply) , PVKE, 
Warsza:a, 1962, pp. 206-207, and A. Welfe. Analiza popytu 
w warunkach nierownowagi (Demand Analysis in Conditions 
of Disequilfbrium), "Ekonomistan, No. 5, 1984, pp. 1045- 
1064. 

8. This interpretation can be only accepted after introducing 
many constraining assumptions. See: A. Welfe, Popyt 
konsumpcyjny w warunkach niedostatecznej podazy (Consumer 
Demand in Condi'tions of Insufficient Supply) , "Studia 
Prawno-Ekonomicznen, t. XXXIII, 1984, pp. 187-202. 
Non-fulfillment of these assumptions may lead to false 
conclusions as for the state of the market examined. 


