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FOREWORD 

Roughly 1 . 6  b i l l i o n  people ,  40  p e r c e n t  o f  t h e  wo r ld ' s  popu- 
l a t i o n ,  l i v e  i n  urban a r e a s  today.  A t  t h e  beg inn ing o f  t h e  l a s t  
cen tu ry ,  t h e  urban popu la t ion  o f  t h e  wor ld t o t a l e d  on l y  2 5  m i l -  
l i o n .  According t o  r e c e n t  United Nat ions e s t i m a t e s ,  abou t  3.1 
b i l l i o n  people ,  t w i c e  t o d a y ' s  urban popu la t ion ,  w i l l  be  l i v i n g  
i n  urban a r e a s  by t h e  year  2000. 

Scho la rs  and p o l i c y  makers o f t e n  d i s a g r e e  when it comes t o  
eva lua t i ng  t h e  d e s i r a b i l i t y  of c u r r e n t  r a p i d  r a t e s  of urban growth 
and u r b a n i z a t i o n  i n  many p a r t s  o f  t h e  g lobe.  Some see t h i s  t r e n d  
a s  f o s t e r i n g  n a t i o n a l  p rocesses  o f  socioeconomic development, par-  
t i c u l a r l y  i n  t h e  poorer  and r a p i d l y  u rban iz ing  c o u n t r i e s  o f  t h e  
Third World; whereas o t h e r s  b e l i e v e  t h e  consequences t o  b e  l a r g e l y  
undes i rab le  and argue t h a t  such urban growth should be slowed down. 

Th is  paper is  t h e  product  o f  c o l l a b o r a t i o n  between t h e  Buman 
Set t lements  and Se rv i ces  (HSS) and t h e  System and Dec is ion Sc i -  
ences (SDS) Areas a t  I I A S A  on t h e  t o p i c  o f  urbanizat ion-development 
modeling. P ro fesso r  Za la i  was brought  t o  Laxenburg by bo th  Areas 
t o  exp lo re  commonal i t ies between t h e  concepts  and techn iques  in-  
co rpora ted  i n  non l i nea r  computable gene ra l  equ i l i b r i um models and 
t h e  methodologies o f  p lann ing models c u r r e n t l y  be ing used i n  cen- 
t r a l l y  planned economies. The f i r s t  r e s u l t s  o f  t h a t  e x p l o r a t i o n  
a r e  s e t  o u t  i n  t h i s  paper .  The a u t h o r ' s  p r i n c i p a l  conc lus ion  is  
t h a t ,  d e s p i t e  t h e i r  fundamental concep tua l  d i f f e r e n c e s ,  both  
c l a s s e s  o f  models e x h i b i t  c l o s e  t e c h n i c a l  s i m i l a r i t i e s ,  which make 
t r a n s f e r  o f  modelin9 - -- techn iques  - p o s s i b l e .  

Recent papers  i n  t h e  Popu la t ion ,  Resources, and Growth S e r i e s  
o f  t h e  HSS Area and r e l a t e d  papers  i n  t h e  SDS Area a r e  l i s t e d  a t  
t h e  end o f  t h i s  r e p o r t .  

Andrei Rogers 
Chairm,an 
Human Set t le rne ts  
and Se rv i ces  Area 

Andrzej Wierzb ick i  
Chai r ran 
System and Dec is ion 
Sc iences Area 
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ABSTRACT 

Recent yea rs  have wi tnessed a  s h i f t  i n  nation-wide economic 
modeling techniques.  P a r a l l e l  t o  t h e  use of  t r a d i t i o n a l  l i n e a r  
models has been t h e  development of  more s o p h i s t i c a t e d  non l inear  
mo.dels, under t h e  name of  app l i ed  (computable) genera l  e q u i l i b -  
r i u m  models. Some of t h e s e  models have been e s p e c i a l l y  designed 
t o  c a p t u r e  t h e  i n t e r r e l a t i o n s h i p s  of economic, demographic, and 
s p a t i a l  p rocesses .  Th is  paper i n v e s t i g a t e s  t h e  p o s s i b i 1 i t i . e ~  
and expected b e n e f i t s  of incorpora t ing  non l inear  m u l t i s e c t o r a l  
models of  t h e  computable genera l  equ i l i b r i um type  i n t o  t h e  plan- 
n ing methodology of  s o c i a l i s t  c o u n t r i e s .  

L inear  m u l t i s e c t o r a l  models have become more o r  less i n te -  
g r a t e d  i n t o  t h e  complex p rocess  of  p lanning i n  m o s t  of t h e  soc i -  
a l i s t  c o u n t r i e s .  Despi te  t h e i r  fundamental conceptua l  d i f f e r e n c e s  
t h e  opt imal  p lanning models and t h e  computable genera l  e q u i l i b r i u n  
models e x h i b i t  c l o s e  t e c h n i c a l  s i m i l a r i t i e s ,  which make t h e  t rans -  
f e r  of modeling techniques f e a s i b l e .  For i l l u s t r a t i o n  a  t e n t a t i v e  
non l inear  model i s  developed f o r  Hungary which combines t h e  con- 
c e p t s  and techniques of  t h e  above two modeling approaches. The 
model d i f f e r s  cons iderab ly  from i t s  Western c o u n t e r p a r t s  and can 
be viewed a s  a  n a t u r a l  ex tens ion  o f  t h e  p lanning models used i n  
Hungary. The model t a k e s  e x p l i c i t l y  i n t o  account t h e  i n t e r a c t i o n  
of  r e a l  and va lue  v a r i a b l e s ,  emphasizes t h e  fo re ign  t r a d e  f lows 
and i nco rpo ra tes  demographic and s p a t i a l  a s p e c t s  a s  we l l .  
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A NONLINEAR MULTISECTORAL MODEL FOR 
HUNGARY: GENERAL EQUILIBRIUM VERSUS 
OPTIMAL PLANNING APPROACH 

Recent y e a r s  have w i tnessed  a  s h i f t  inmacroeconomic model ing 

t echn iques .  P a r a l l e l  t o  t h e  u s e  o f  t r a d i t i o n a l  l i n e a r  ( i npu t -  

o u t p u t  and programming) models t h a t  c o n c e n t r a t e  on t h e  p roduc t ion  

sphe re ,  has  been t h e  development o f  more complex, n o n l i n e a r  

models. These models a r e  u s u a l l y  r e f e r r e d  t o  a s  a p p l i e d  g e n e r a l  

e q u i l i b r i u m  models. The purpose o f  t h i s  s tudy  i s  t o  i n v e s t i g a t e  

t h e  p o s s i b i l i t i e s  and expec ted  b e n e f i t s  of  i n c o r p o r a t i n g  n o n l i n e a r  

and m u l t i s e c t o r a l  models o f  t h e  g e n e r a l  e q u i l i b r i u m  t y p e  i n t o  t h e  

p lann ing  methodology o f  s o c i a l i s t  ( c e n t r a l l y  p lanned)  economies. 

Such models,  bo th  s t a t i c  and dynamic, have been developed i n  i n -  

c r e a s i n g  number f o r  development p l ann ing  and p o l i c y  a n a l y s i s  * 
purposes over  t h e  p a s t  few y e a r s .  

Th is  paper  c o n c e n t r a t e s  on t h e  i n t ra temporaZ  r a t h e r  t han  

i n t e r t e m p o r a l  e q u i l i b r i u m  and e f f i c i e n c y  c o n d i t i o n s  o f  such models.  

A lso ,  t h e  models cons ide red  h e r e  possess  a  lower deg ree  of  c l o s u r e  

*The b a s i c  i d e a s  of  a  m u l t i s e c t o r a l  g e n e r a l  e q u i l i b r i u m  
growth model were l a i d  down by Johansen (1959) .  F u l l  s c a l e  i m -  
p lementa t ion  o f  l a r g e ,  n o n l i n e a r  models has become computat ion- 
a l l y  f e a s i b l e  on l y  l a t e l y .  Recent  a p p l i c a t i o n s  i n c l u d e  Adelman 
and Robinson (1978 ) ,  D e  Melo (1978 ) ,  Bergman (19781, Derv is  and 
Robinson (1978 ) ,  t h e  IMPACT p r o j e c t  (see, f o r  i n s t a n c e ,  ~ i x o n  
e t  a l . ,  1977) ,  P4cCarthy and Tay lo r  ( 1980 ) ,  and Ke l l y  and Wil l iam- 
son (1980) .  



i n  t h e i r  g e n e r a l  e q u i l i b r i u m  p r o p e r t i e s  t han  most o f  t h e  models 

i n  t h i s  f i e l d .  A s  f o r  t h e  b a s i s  o f  d i s c u s s i o n  and comparison a 

model developed by ~ e r g m a n a n d ~ h r  (1980)  a t  IIASA h a s  been chosen 

bo th  f o r  i t s  r e l a t i v e l y  s imp le  s t r u c t u r e  and i t s  c l o s e  concep tua l  

resemblance t o  t h e  op t ima l  r e s o u r c e  a l l o c a t i o n  p l ann ing  models 

used i n  some s o c i a l i s t  c o u n t r i e s ,  namely, Hungary. 

The focus  o f  t h i s  paper  i s  on t h e  techn iques  o f  app l ied  gen- 

e r a l  e q u i l i b r i u m  models w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  Hungarian 

p l ann ing  model ing expe r i ence .  I t  i s  o rgan i zed  i n t o  two main sec- 

t i o n s .  S e c t i o n  1 i s  a comparat ive  model ing e x e r c i s e  i n tended  

p a r t l y  t o  b r i d g e  t h e  gap between model b u i l d e r s  coming from d i f -  

f e r e n t  socioeconomic env i ronments  .and p a r t l y  t o  pave t h e  way f o r  

t h e  model s p e c i f i e d  i n  S e c t i o n  2.  Although t h e  aud ience  addressed  

i n  t h i s  paper  i s  main ly  p l ann ing  modelers  from s o c i a l i s t  c o u n t r i e s  

who a r e  less f a m i l i a r  w i t h  a p p l i e d  g e n e r a l  e q u i l i b r i u m  model ing,  

it is hoped t h a t  some of  t h e  conc lus ions  o f  t h i s  e x e r c i s e  w i l l  

a l s o  be  o f  some v a l u e  t o  e x p e r t s  i n  t h i s  f i e l d .  S e c t i o n  2 des- 

c r i b e s  a t e n t a t i v e  g e n e r a l  e q u i l i b r i u m  model framework, r e f l e c t i n g  

t o  a l a r g e  ex tent -but  of  c o u r s e  i n  a s i m p l i f i e d  manner-the ex- 

i s t i n g  p lann ing  t h e o r y  and p r a c t i c e  i n  Hungary. D i f f e r e n t  p a r t s  

of t h e  model a r e  d e f i n e d  s o  t h a t  t h e y  can  o r  cou ld  be i n c o r p o r a t e d  

i n t o  some p a r t i a l  i n v e s t i g a t i o n s  concern ing ,  f o r  example, p r i c e  

fo rmat ion  o r  p h y s i c a l  r e s o u r c e  a l l o c a t i o n  c o o r d i n a t i o n  i n  Hungary. 

There a r e ,  however, a few p l a c e s  where t h e  mathemat ica l  formula- 

t i o n  d i f f e r s  from t h e  " t r a d i t i o n a l "  form, and t h i s  i s  most l y  due  

t o  t h e  n o n l i n e a r i t y  of t h e  model. The n o v e l t y  o f  t h e  o u t l i n e d  

model l ies most l y  i n  t h e  f a c t  t h a t  it i n t e g r a t e s  t h e  above p a r t i a l  

models i n t o  a c o n s i s t e n t  framework and d i r e c t l y  t a k e s  i n t o  ac-  

coun t  t h e  in te rdependence  o f  r e a l  and v a l u e  processes-a b a s i c  

requ i rement  n o t  f u l l y  m e t  by r e c e n t l y  a p p l i e d  p l ann ing  models i n  

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

I t  shou ld  b e  emphasized, t h a t  t h i s  paper  i s  o n l y  a f i r s t  

s t e p  toward t h e  u s e  o f  some more advanced ,app l ied  g e n e r a l  equ i -  

l i b r i u m  model ing t echn iques  i n  s o c i a l i s t  economies. There a r e  

many i s s u e s  n o t  r a i s e d  h e r e  which a r e  l e f t  f o r  f u r t h e r  r e s e a r c h .  

P lann ing  i n  s o c i a l i s t  c o u n t r i e s  i s  a complex s o c i a l  e x e r c i s e .  

Na t iona l  p lann ing  i t s e l f  i s  a h i g h l y  d e c o m p o s e d a n d i t e r a t i v e  i n -  
fo rmat ion  p rocess ing  system w i t h  nany in fo rma l  e lements .  I t  i s  a 



system t h a t  i nvo l ves  s e v e r a l  a d m i n i s t r a t i v e  and s c i e n t i f i c  i n s t i -  

t u t i o n s .  Any model t h a t  i s  n o t  in tended  t o  remain a  pure  academic 

e x e r c i s e  must be c a r e f u l l y  des igned a g a i n s t  t h a t  background and 

f i n d  i t s  proper  p l a c e  w i t h i n  t h a t  system. T h i s  means, t h a t  con- 

s t r a i n t s  on i n p u t  and o u t p u t  d a t a  s p e c i f i c a t i o n s  must be recog- 

n ized.  I t  a l s o  means t h a t  one h a s  t o  f i n d  t h e  p rope r  phase and 

s t a g e  o f  p lann ing  a p p r o p r i a t e  f o r  a  model and t h e  p roper  i s s u e s  

t o  which t h e  model can  be f r u i t f u l l y  addressed .  r his t a s k  i s  n o t  

easy and a  g r e a t  d e a l  remains t o  be done. 

For  t h e  above reasons  t h e  model developed i n  S e c t i o n  2 sets 

o u t  on ly  a  t e n t a t i v e  and g e n e r a l  (non- issue s p e c i f i c )  framework 

o f  a  m u l t i s e c t o r a l ,  s t a t i c  model. Throughout t h e  s t u d y  w e  had i n  

mind two p o s s i b l e  p lann ing  a p p l i c a t i o n s  f o r  such a  model. One 

a r e a  o f  p o s s i b l e  a p p l i c a t i o n s  i s  t h e  so -ca l l ed  coo rd ina t i on  phase 

of a  medium t e r m  p lan .  I t  i s  w e l l  known t h a t  i n  Hungary, l i n e a r  
* 

programming models have been exper imented w i t h  i n  t h i s  phase o f  

p lann ing  (where t h e  main aim is t o  e s t a b l i s h  an  o v e r a l l  cons i s -  

tency  and o p t i m a l i t y  o f  d e t a i l e d  p a r t i a l  p l a n s ) .  They concern,  

b a s i c a l l y ,  t h e  p lanned a l l o c a t i o n  o f  r e s o u r c e s  and v a r i o u s  con- 

s i s t e n c y  requ i rements  i n  a  t e r m i n a l  y e a r .  The models a r e  b u i l t  

on t h e  d e t a i l e d  p l a n  c a l c u l a t i o n s  and use  l i n e a r  approx imat ions 

t o  r e p r e s e n t  t h e  f e a s i b l e  movement around t h e  p lanned l e v e l s  of 

some c r u c i a l  v a r i a b l e s .  The aim of  t h e  i n v e s t i g a t i o n  i s  t o  check 

t h e  c o n s i s t e n c y  o f  t h e  d r a f t  p l a n  and i n d i c a t e  v a r i o u s  p o s s i b i l -  

i t i e s  f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  of t h e  p l a n  by a  c o n s t r a i n e d  

r e a l l o c a t i o n  o f  r esou rces .  

I n  t h i s  c o n t e x t ,  t h e  proposed e q u i l i b r i u m  model c a n  be s imply 

seen  a s  a  ( p a r t l y )  non l i nea r  v e r s i o n  of t h e  above models,  i n  which 

most o f  t h e  d a t a  a r e  d e r i v e d  from t h e  p l a n  c a l c u l a t i o n s  o r  based 

on e x p e r t  judgments. Another a r e a  of a p p l i c a t i o n  cou ld  be t h e  

e a r l y  ( f o r e c a s t i n g )  phase o f  p lann ing ,  when t h e  d a t a  o f  t h e  model 

a r e ,  t o  a  l a r g e  e x t e n t ,  based on s t a t i s t i c a l  sou rces ,  and t h e  

model is used f o r  g e n e r a t i n g  conce i vab le  d i r e c t i o n s  f o r  d e t a i l e d  

p lann ing  a c t i v i t y .  

*See Kornai ( 1 9 7 4 )  f o r  an  account  on t h e  use  and development 
o f  such  models i n  t h e  Hungarian medium-term p lann ing  c a l c u l a t i o n s .  



These a r e ,  however, j u s t  two p o s s i b l e  a r e a s .  Taking i n t o  

accoun t  t h e  g r e a t  f l e x i b i l i t y  o f  t h e  e q u i l i b r i u m  models ( i n  terms 

of  t h e i r  s i z e  and s t r u c t u r e ,  t h e  cho i ce  o f  t h e  endogenous and 

exogenous v a r i a b l e s ,  t h e  i s s u e s  focused on,  e t c . ) ,  t h e s e  models 

a r e  probab ly  worth exper iment ing  w i t h  i n  o t h e r  a r e a s  a s  w e l l .  

For example, it i s  p o s s i b l e  t o  s imu la te -e i t he r  ex  p o s t  o r  ex  

ante- the l i k e l y  e f f e c t s  o f  changing exogenous ( t o  t h e  model) con- 

d i t i o n s .  I t  i s  a l s o  p o s s i b l e  t o  f u r t h e r  deve lop  t h e  model f o r  

m u l t i p e r i o d  f o r e c a s t i n g  purposes.  T h i s  cou ld  be  done e i t h e r  by 

t h e  u s e  o f  "snapsho t "  t echn iques  o r  by "dynamizing" t h e  s t a t i c  

model. I n  t h e  f i r s t  c a s e  t h e  v a l u e s  of  t h e  exogenous v a r i a b l e s  

and t h e  paramete rs  o f  t h e  model a r e  independen t l y  f o r e c a s t e d  f o r  

some f u t u r e  y e a r s  and f o r  each  y e a r  a  s t a t i c  model is so l ved .  I t  

seems t o  be promis ing i n  t h i s  c o n t e x t  t o  exper iment  w i t h  r e f e r -  

ence p a t h  o p t i m i z a t i o n  t echn iques  (see Wierzb ick i  1979)  by p res -  

c r i b i n g  t a r g e t  v a l u e s  f o r  some of t h e  endogenous v a r i a b l e s - a s  w e l l .  

I n  t h e  c a s e  o f  dynamizat ion  some exogenous v a r i a b l e s  ( inves tment  

and c a p i t a l  s t o c k s )  a r e  endogenized through i n t e r t e m p o r a l  r e l a -  

t i o n s h i p s .  These l o o s e l y  d e f i n e d  a l t e r n a t i v e  u s e s  o f  e q u i l i b r i u m  

models would, however, r e q u i r e  changes i n  t h e i r  s p e c i f i c a t i o n s  

from t h o s e  used i n  t h e  b a s i c  models i n  t h i s  paper .  

1 .  APPLIED GENERAL EQUILIBRIUM MODELS VERSUS OPTIMAL PLANNING 
MODELS 

Th i s  s e c t i o n  is  a  r e j o i n d e r  t o  t h e  o l d  theme o f  a  fundamental  

equ i va lence  e x i s t i n g  between e q u i l i b r i u m  s o l u t i o n s  th rough  a  com- 

p e t i t i v e  mechanism and t h e  op t ima l  s o l u t i o n s  o f  a  c e n t r a l l y  p lan-  

ned r e s o u r c e  a l l o c a t i o n  problem. Th i s  t o p i c  has  been fo rmu la ted  

i n  many ways (e .g . ,  i n  t e r m s  o f  w e l f a r e  economics o r  a  s imp le  

l i n e a r  programming model ) .  Here w e  w i l l  p u t  it i n t o  a  s l i g h t l y  

d i f f e r e n t  c o n t e x t .  F i r s t ,  w e  w i l l  u s e  i t  t o  g a i n  b e t t e r  i n s i g h t  

i n t o  t h e  problem o f  how and where t h e  a n a l y t i c a l  techn iques  used 

i n  m u l t i s e c t o r a l  g e n e r a l  e q u i l i b r i u m  models cou ld  be  f i t  i n t o  t h e  

c u r r e n t  p lann ing  model ing methodology o f  c e n t r a l l y  p lanned econ- 

omies. A t  t h e  same t i m e  t h e  e x e r c i s e  w i l l  h e l p  us  t o  b e t t e r  un- 

d e r s t a n d  t h e  working o f  t h e  g e n e r a l  e q u i l i b r i u m  model ( e .g . ,  t h e  

de te rm ina t i on  o f  t h e  consumption expend i t u re  o r  t h e  p o s s i b i l i t y  

of  i n c o r p o r a t i n g  v a r i o u s  economic p o l i c y  g o a l s  i n t o  a  g e n e r a l  



equilibrium framework). Last but not least, unlike most of the 

literature, we will put more emphasis on the conceptual differ- 

ences that lie behind the technical similarities. 

The organization of Section 1 is as follows. First we sum- 

marize the basic features of a general equilibrium formulation 

of the resource allocation problem in the framework of a simple 

model economy. Second, within the same framework the problem is 

then reformulated in a way familiar to the socialist planning 

modeling practice. Next, some of the fundamental technical simi- 

larities and the conceptual differences are analyzed. And, 

finally, we close this Section with some observations related to 

the problem of using smooth production functions in macro plan- 

ning models. 

1.1. A Simple Multisectoral General Equilibrium Model 

For the purpose of comparison we have chosen a general equi- 

librium model developed by L. Bergman and A. ~ 6 r  (1980) at IIASA. 

Its static character, relatively simple structure, and focus on 

allocational efficiency in the context of a small open economy 

makes it convenient to compare with linear programming models 

developed in Hungary for similar purposes. The underlying logic 

of multisectoral general equilibrium models and their relation to 

some structurally similar optimal planning models will be better 

understood if the resource allocation problem is stripped to its 

bare essentials. Therefore, we disregard some elements of the 

 ergm man-~br model, like foreign trade variables, government con- 

sumption, and taxes, and treat energy inputs in the same way as 

other intermediate inputs. (That is, energy is considered one 

of the intermediate commodities.) By doing this the above general 

equilibrium model is reduced to the following simple form. 

First we define the various (endogenous) variables and ex- 

traneous parameters that appear in the model. 



V a r i a b l e s  

* 
X g r o s s  o u t p u t  i n  s e c t o r  j = 1 , 2 , .  ..,n 
j 

'n+ 1 t o t a l  g r o s s  inves tment  

K c a p i t a l  s t o c k  i n  s e c t o r  j = 1 , 2 , . .  . , n  
j 

N employment i n  s e c t o r  j = 1 ,2 ,  ..., n 
j 

Ci consumption o f  commodity i = 1 , 2 , . . . , n  

Pi p r i c e  o f  commodity i = 1 , 2 , . . . , n  

'n+ 1 p r i c e  o f  t h e  compos i te  c a p i t a l  good 

* 
Pi " n e t  p r i c e "  ( v a l u e  added p e r  u n i t )  o f  commodity 

i = 1 , 2 , . . . , n  

W g e n e r a l  i ndex  o f  t h e  l e v e l  of  wages 

W l e v e l  o f  wages i n  s e c t o r  j = 1 ,2 ,  ..., n 
j 

3 g e n e r a l  i ndex  of  t h e  r e t u r n  on c a p i t a l  

R r a t e  o f  r e t u r n  on c a p i t a l  i n  s e c t o r  j = 1 , 2 ,  ..., n 
j 

Qj 
u s e r  c o s t  of  c a p i t a l  i n  s e c t o r  j = 1 , 2 ,  ..., n 

E consumption e x p e n d i t u r e s  

N t o t a l  l a b o r  f o r c e  

t o t a l  c a p i t a l  s t o c k  

I t o t a l  n e t  investment  

a i j  i n p u t  o f  commodity i = 1 ,2 ,  ..., n p e r  u n i t  o f  o u t p u t  i n  
s e c t o r  j = 1 , 2 , . .  . , n  

a i n p u t  o f  commodity i = 1 , 2 ,  ..., n p e r  u n i t  l e v e l  o f  g r o s s  i , n + l  investment  

6 annual  r a t e  o f  d e p r e c i a t i o n  i n  s e c t o r  j = 1 , 2 ,  ..., n 
j 

w index o f  t h e  r e l a t i v e  wage r a t e  i n  s e c t o r  j = 1 , 2 ,  ..., n 
j 

i ndex  o f  t h e  r e l a t i v e  r a t e  o f  r e t u r n  on c a p i t a l  i n  
s e c t o r  j = 1 ,2 ,  ... , n  

b i I c i  pa ramete rs  i n  t h e  consumer 's  demand f u n c t i o n  f o r  com- 
modi ty  i = 1,  ..., n 

* I n  t h e  model each  s e c t o r  produces on ly  one k i nd  o f  com- 
modity and each commodity i s  produced on ly  by one s e c t o r .  Thus 
t h e r e  i s  a one-to-one cor respondence between t h e  s e c t o r s  and 
t h e  produced commodit ies.  



With the symbols defined above we now summarize the basic 

features of the general equilibrium model. We do not reproduce 

here the arguments supporting one or another specific formula- 

tion, for which the reader is referred to the original paper. 

However, we try to represent the model in a self-contained manner. 

Commodities 

There are n produced commodities in the model available for 

both intermediate and final use, one composite capital good 

(which is used only for investment), and two primary commodities 

(capital and labor) . 

Techno Logy 

The production technology is given for the sectoral commod- 

ities by the combined Leontief-neoclassical formulation, used by 

Johansen (1959). The amount of primary commodities needed to 

produce X unit of commodity j is described by a linear homogen- 
j 

eous,smooth production function, thus allowing for substitution 

possibilities: 

The use of intermediate inputs is assumed to be proportional 

to the output level of the produced commodity, i-e., 

The production of the composite capital good reuuires only 

intermediate commodities in amounts proportional to the level of 

gross investment (capital formation) : 

The technology defined above exhibits constant returns to 

scale, therefore, in equilibrium the nonprofit condition must 

hold for each producing sector. 



Market  B e h a v i o r a l  R u l e s  f o r  t h e  P roduce rs  

Producers  a r e  assumed t o  maximize t h e i r  n e t  income ( o r  pro- 

f i t s ) ,  i . e . ,  t h e  d i f f e r e n c e  of  t h e i r  g r o s s  income and t o t a l  c o s t s .  

T o t a l  c o s t  i s  made up of  t h e  c o s t  o f  i n t e r m e d i a t e  i n p u t s  and 

pr imary  i n p u t s .  C a p i t a l  i s  r e e v a l u a t e d  a t  t h e  c u r r e n t  p r i c e  on * 
c a p i t a l  goods i n  accordance w i t h  t h e  fo l l ow ing  r u l e :  

There fo re ,  t h e  c o s t  of  us i ng  c a p i t a l  ( e v a l u a t e d  a t  b a s e  p r i c e )  

i n  s e c t o r  j  i s  g i ven  by 

Qj = ( 6 .  + R . )  Pn+ l  = ( 6 .  + B .  R )  Pn+l  
3 3 3 3 

The i n t r o d u c t i o n  o f  d i f f e r e n t  r a t e s  of  r e t u r n  requ i rements  

on c a p i t a l  can be i n t e r p r e t e d ,  f o r  i n s t a n c e ,  a s  a  r e f l e c t i o n  o f  

l a s t i n g  market  impe r fec t i ons .  I t  w i l l  be shown t h a t  t h i s  so lu -  

t i o n  h a s  e f f e c t s  s i m i l a r  t o  i n d i v i d u a l  bounds on  s e c t o r a l  cap i -  

t a l  i n p u t s ,  which, i n  t u r n ,  can be i n t e r p r e t e d  a s  l i m i t e d  i n t e r -  

s e c t o r a l  m o b i l i t y  o f  c a p i t a l .  

I n t r oduc ing  W = w . W  t o  r e p r e s e n t  t h e  c o s t  o f  l a b o r ,  t h e  
j I 

n e t  income earned  by ~ r o d u c i n ~  X can be d e f i n e d  by t h e  fo l low-  
j  

i n g  express ion :  

which i s  t o  be  maximized s u b j e c t  t o  t h e  c o n s t r a i n t  g i ven  by t h e  

p roduc t ion  f unc t i on :  

S u b s t i t u t i n g  X .  by F .  ( N  ,K. ) i n  equa t i on  (2a ' )  and d i f f e r e n t i a t i n g  
3 1 1 3  

t h e  n e t  income f u n c t i o n  w i t h  r e s p e c t  t o  N and K w i l l  y i e l d  t h e  
j  j  

f o l l ow ing  necessa ry  f i r s t - o r d e r  c o n d i t i o n s  f o r  a n  op t ima l  so lu -  

t i o n :  

*The equa t i on  numbers i n  S e c t i o n  1 of t h i s  paper  a r e  indepen- 
d e n t  o f  t h o s e  i n  S e c t i o n  2 .  



* * 
where P i s  t h e  v a l u e  added p e r  u n i t  o f  o u t p u t  j :  

j 

I t  c a n  e a s i l y  be  s e e n  t h a t  i f  w e  m u l t i p l y  e q u a t i o n s  (3') and 

( 4 ' ) w i t h  N and K r e s p e c t i v e l y ,  and add them t o g e t h e r ,  t h e n ,  
j  j r  

because o f  t h e  assumed l i n e a r  homogenei ty  o f  t h e  p r o d u c t i o n  func-  

t i o n s ,  w e  w i l l  have  

which i n  t u r n  i m p l i e s  t h a t  t h e  n e t  income must  be  z e r o  i n  e q u i -  

l i b r i u m  ( n o n p r o f i t - o r  more accurately-"nonextraprofit" cond i -  

t i o n ) .  

I f  w e  i n s e r t  e q u a t i o n  ( 5 a ' )  i n  e q u a t i o n  (5 ' ) ,  a f t e r  r e a r r a n g -  

ment w e  g e t  

The above p r i c e  f o r m a t i o n  r u l e  s t r o n g l y  r e s e m b l e s  t h e  f o r n  t h a t  

i s  used  t o  d e t e r m i n e  t h e  s o - c a l l e d  "two c h a n n e l  p r i c e  sys tem"  

known i n  t h e  s o c i a l i s t  p r i c e  p l a n n i n g  t h e o r y  and p r a c t i c e .  W e  

w i l l  come back t o  t h i s  p o i n t  l a te r .  

*No t i ce  t h a t  i f  i n s t e a d  o f  s u b s t i t u t i n g  X by Fj i n  t h e  n e t  
j  * 

income f u n c t i o n  w e  u t i l i z e d  a  Lagrange m u l t i p l i e r ,  t h e n  P would 
be  t h e  v a l u e  o f  t h a t  m u l t i p l i e r .  j  



Consurner Demand 

The demand for consumer goods and services is represented 

by a demand function: 

where E is the total consumption expenditure, an endogenous vari- * 
able of the model. In most applied models a simple or extended 

Linear Expenditure System (LES) is used: 

where bi is some times interpreted as the minimum ("suhsistence") 

consumption of commodity i, which must be fulfilled before the 

remaining income is allocated between the various commodities de- 

pending on their relative prices and on the marginal propensities 

to consume different commodities (c.). It is worth noting that 
1 

such demand functions can be derived on the basis of utility 

maximization theory assuming a Cobb-Douglas utility function for 

the "surplus" consumption: 

T'Fs P h y s i c a l  ( R e a ' , )  C o n d i t i o n s  o f  a n  E q u i l i b r i u m  

In this simplified model the state of the economy can be 

fully described by the value of the endogenous variables. Among 

them, variables Xi, Ci, Kj, Nj (which can be called r e a l  vari- 

ables) describe the production and the use of different comrnod- 

ities. Whether it is a centrally planned or a market economy 

(or the mixture of the two), the above variables must fulfill 

*The total expenditure is, if I understand correctly, deter- 
mined with no clear relationship to the wages. Therefore one 
will get, in fact, endogenously determined tax and savings rates 
out of the model, which may be quite absurd. The analysis of the 
linear programming model will shed sone light on the endogenous 
determination of the consumption expenditure. 



c e r t a i n  " p h y s i c a l "  c o n d i t i o n s  o f  f e a s i b i l i t y .  These c o n d i t i o n s  

i n c o r p o r a t e  commodity and resou rce  ba lances  and t e c h n o l o g i c a l  

r e s t r i c t i o n s .  W e  now l i s t  t h e s e  c o n d i t i o n s .  The ba lance  con- 

d i t i o n s  w i l l  be g i v e n  i n  t h e  form o f  i n e q u a l i t i e s ,  which is more 

g e n e r a l  than t h e  e q u a l i t i e s  used i n  t h e    erg man-~6r model. How- 

e v e r ,  w e  know t h a t  i f  t h e  e q u i l i b r i u m  p r i c e  o f  a  commodity i s  

p o s i t i v e ,  then  t h e  co r respond ing  ba lance  i n e q u a l i t y  must be f u l -  

f i l l e d  a s  an  e q u a l i t y .  The s p e c i a l  assumpt ions o f  t h e  Bergman- 

~ 6 r  model gua ran tee  t h a t  t h e  p r i c e s  o f  a l l  commodit ies and re- 

sou rces  w i l l  a lways be p o s i t i v e  

Equat ions  7  - ( l l l ) t o g e t h e r  w i t h  behav io ra l  and p r i c i n g  

equa t i ons  1 - (6') d e f i n e  a  s imu l taneous  system o f  e q u a t i o n s  

t h a t  must be f u l f i l l e d  by a l l  e q u i l i b r i u m  s o l u t i o n s .  I t  can  

e a s i l y  be checked t h a t  a l l  t h e  equa t i ons  a r e  homogeneous i n  a l l  

p r i c e s  ( b o t h  g r o s s  and n e t  p r i c e s ) ,  wage r a t e ,  and t o t a l  con- 

sumption expend i t u re .  The re fo re ,  t h e  g e n e r a l  l e v e l  o f  p r i c e s  

i s  i n d e t e r m i n a t e ,  i . e . ,  it can be a r b i t r a r i l y  set .  Th i s  can  

a l s o  be checked by coun t ing  t h e  e q u a t i o n s  and v a r i a b l e s  (7n + 4 

e q u a t i o n s ,  7n + 5 v a r i a b l e s ) .  



1.2 .  An Optimal Planning Model Version of the Problem 

Now we come to the description of a rather typical planning 

model that would seek the optimal allocation of resources in the 

framework of the above model economy. An economy-wide planning 

model, built into and upon the traditional planning methodology 

of a socialist country, would differ from the above general equi- 

librium model in several respects. First, it would contain al- 

most exclusively only "real" variables and relations reflecting 

physical allocational constraints. Second, because the prices 

used in a planning model are either constant or planned prices, 

forecasted more or less independently from "realn processes, the 

interdependence of the real and value (price, taxes, rate of re- 

turn requirements, etc.) economic variables would not be taken 

explicitly into consideration in the model. Third, mathematical 

planning models inmost cases closely relate to and rely on tra- 

ditional or nonmathematical planning. This means, among other 

things, that the values of the exogenous variables and parameters 

and also certain upper and/or lower target values for some of the 

endogenous variables would not be directly derived from statisti- 

cal observations, but would be based on figures given by tradi- * 
tional planners. (This is not to say, however, that more or 

less sophisticated statistical estimation techniques would not be 

utilized, in combination with expert's "guesstimations," in tra- 

ditional planning.) And, finally, planning modelers in socialist 

countries tend to concentrate more on the problems of how to fit 

their models into the actual process of planning and make them 

practically applicable and useful. Therefore, applied planning 

models tend to be simpler than those in the development planning 

literature both from economic theoretical and methodological 

points of view. The above list is, of course, far from complete, 

but nevertheless, these are sone of the major characteristics 

common to many socialist planning models. These are also areas 

where the study of more sophisticated development planning models 

*This is especially true for the nation-wide programming 
models used in Hungary, where the basic aim of the modelers is 
to check the feasibility and improve upon the efficiency of the 
plans elaborated by traditional planners (see Kornai, 1 9 7 4 ) .  



( e . g . ,  t h e  g e n e r a l  e q u i l i b r i u m  m o d e l s - i n  q u e s t i o n )  may p rov i de  

u s e f u l  s u g g e s t i o n s  f o r  f u r t h e r  development  o f  s o c i a l i s t  economic 

model b u i l d i n g .  

To i l l u s t r a t e  t h i s  p o i n t  w e  w i l l  i n t r o d u c e  a  s i m p l i f i e d  

p l ann ing  model, which can  be viewed a s  a  r e p r e s e n t a t i v e  example 

of  how t h e  above r e s o u r c e  a l l o c a t i o n  problem would b e  modeled i n  

a  c e n t r a l l y  p lanned  economy. The v a r i a b l e s  i n  o u r  c a s e  a r e  t h e  

p roduc t i on  l e v e l s  o f  t h e  v a r i o u s  commodit ies (X  . j = 1 , 2 ,  ..., n + l ) ,  
j 

t h e i r  consumpt ion l e v e l s  (C i ;  i = 1 , 2 ,  ..., n )  and t h e  amounts o f  

l a b o r  and c a p i t a l  a l l o c a t i o n  f o r  t h e i r  p r o d u c t i o n  (N ,K j  = 
j 

1 2 ,  n ) .  A l l  f e a s i b l e  r e s o u r c e  a l l o c a t i o n  programs must 

s a t i s f y  t h e  commodity ( r e s o u r c e )  ba l ance  requ i r emen ts  and t h e  

t e c h n o l o g i c a l  c o n s t r a i n t s  g i ven  by i n e q u a l i t i e s  7 - ( 11 . Be- 

yond t h a t ,  a s  ment ioned e a r l i e r ,  t h e  p l ann ing  model shou ld  re- 

f l e c t  c e r t a i n  r e q u i r e m e n t s  set on t h e  b a s i s  o f  t h e  t r a d i t i o n a l  

p l a n  c a l c u l a t i o n s .  W e  w i l l  c o n s i d e r  h e r e  o n l y  a  few r e p r e s e n t a -  

t i v e  s o l u t i o n s .  For example, consumpt ion o f  d i f f e r e n t  commodit ies 

i s  l i m i t e d  from below: 

where C; may be  t a k e n  a s  t h e  p lanned  t a r g e t  l e v e l ,  o r  p o s s i b l y  

somewhat lower .  D e s p i t e  a  s t r i k i n g  t e c h n i c a l  s i m i l a r i t y  o f  t h e  

assumed LES demand f u n c t i o n  i n  t h e  o u t l i n e d  g e n e r a l  e q u i l i b r i u m  

model and t h e  "demand f u n c t i o n "  imp l ied  by t h e  o b j e c t i v e  f u n c t i o n  

o f  t h e  p l ann ing  model, t h e r e  a r e  b a s i c ,  c o n c e p t u a l  d i f f e r e n c e s  

between t h e  two approaches .  I n  t h e  fo rmer  b i g s  a r e  u s u a l l y  i n -  

t e r p r e t e d  a s  " s u b s i s t e n c e "  o r ,  more a c c u r a t e l y ,  "commit ted" con- 

sumpt ion l e v e l s  and assumed t o  r e f l e c t  t h e  p r e f e r e n c e s  o f  t h e  

i n d i v i d u a l  consumers.  T h e i r  v a l u e s  a r e ,  i n  p r i n c i p l e ,  based  on  

r e l i a b l e  s t a t i s t i c a l  estimates. I n  t h e  l a t t e r ,  C Y ' S  a r e  more o r  

less a r b i t r a r i l y  set  minimum t a r g e t  l e v e l s ,  and t h u s  t h e y  r e p r e -  

s e n t  d i r e c t l y  t h e  p l a n n e r s '  p r e f e r e n c e s - t h e i r  "commitments." 

The model b u i l d e r s  would a l s o  t a k e  i n t o  c o n s i d e r a t i o n  cer- 

t a i n  l i m i t a t i o n s  c o n c e r n i n g t h e  p o s s i b l e  i n t e r s e c t o r a l  a l l o c a t i o n  

o f  g i ven  pr imary  r e s o u r c e s .  I n  t h e  c a s e  o f  c a p i t a l ,  f o r  example, 

t h e  a l r e a d y  e x i s t i n g  s e c t o r a l  c a p a c i t i e s  may be  t aken  a s  lower 



l i m i t s ,  whi le  c a l c u l a t i o n s  concern ing  t h e  c a p i t a l  a b s o r p t i v e  ca- 

p a c i t i e s  o f  t h e  v a r i o u s  s e c t o r s  may i n d i c a t e  some upper  l i m i t s  

f o r  t h e  amount o f  c a p i t a l  a l l o c a t e d  t o  any g iven  s e c t o r .  I n  a  

s i m i l a r  way, lower and upper l i m i t s  can  b e  e s t a b l i s h e d  f o r  t h e  

number of  workers employed i n  d i f f e r e n t  s e c t o r s .  

The f i r s t  t h i n g  t h a t  t h e  model b u i l d e r  would t r y  t o  do w i t h  

h i s  model would b e  t o  checkon  t h e  f e a s i b i l i t y o f  t h e  t r a d i t i o n a l  

p l a n  and t hen  t o  see i f  improvements c o u l d b e  made. F o r t h e  sake  o f  

s i m p l i c i t y  w e  assume t h a t  by improvement w e  mean a n  i n c r e a s e  i n  

consumption. More p r e c i s e l y ,  t h e  l e v e l  o f  per formance of  t h e  

economy is  measured by t h e  fo l l ow ing  o b j e c t i v e  ( w e l f a r e )  func- 

t i o n :  

n  
where 1 s = 1  by assumpt ion.  The chosen o b j e c t i v e  f u n c t i o n  

i = l  i 

i s ,  t h u s ,  f o rma l l y  t h e  same a s  t h e  u t i l i t y  f u n c t i o n  unde r l y i ng  
+ 

t h e  LES. I n t r oduc ing  Ci t o  r e p r e s e n t  t h e  s u r p l u s  ( i nc remen ta l )  - 
consumption i n s t e a d  o f  C - Ci,  t h e  above f u n c t i o n  can  be re- i 
w r i t t e n  i n  a  s imp le r  form 

I n  most o f  t h e  s o c i a l i s t  p l ann ing  models s e v e r a l  d i f f e r e n t  

o b j e c t i v e  f u n c t i o n s  a r e  used t o  f i n d  a l t e r n a t i v e  ways o f  improv- 

i n g  t h e  e f f i c i e n c y  of t h e  p l an .  The o b j e c t i v e  f u n c t i o n  c o r r e s -  

ponding t o  consumption i n c r e a s e  i n  a  l i n e a r  programming model 

is u s u a l l y  t h e  s u r p l u s  consumption ( y )  i n  a  g i ven  s t r u c t u r e .  

Thus, t h e  consumption o f  commodity i is g iven  by t h e  fo l l ow ing  

exp ress ion :  

+ 
where ci i n d i c a t e s  t h e  s u r p l u s  consumption o f  commodity i i n  t h e  

c a s e  o f  a  one u n i t  i n c r e a s e  i n  t h e  g e n e r a l  l e v e l  o f  s u r p l u s  



consumption. This formulation may be interpreted in terms of 

consumer demand theory as a case where no substitutability be- 

tween the different commodities exists. Thus in this case the 

demand function is: 

Using the above specifications the optimal plan would be 

determined as the solution of a nonlinear programming problem in 

which we maximize function g(C) subject to the following con- 

straints 

* 
(pj) x - F.  (N . ,K . )  5 0 

j 1 1 1  - 



where t h e  meaning of  t h e  o l d  v a r i a b l e s  and paramete rs  is t h e  
+ same a s  b e f o r e ,  C i  s t a n d s  f o r  t h e  amount o f  s u r p l u s  consumption - + from commodity if K K+ and N- N .  r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  

j t  j 1' I 
lower ( - 1  and upper ( + )  bounds o f  K and N 

j j ' 
The symbols i n  

p a r e n t h e s e s  deno te  t h e  d u a l  v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  g i ven  

c o n s t r a i n t s .  

Shadow V a l u a t i o n  S y s t e m  and Shadow Behav io ra l .  R u l e s  

Under reasonab le  assumpt ions t h e  above problem w i l l  have a 

s o l u t i o n  and a l l  t h e  v a r i a b l e s  w i l l  have p o s i t i v e  op t ima l  va lues .  

I n  such a  c a s e  t h e  d u a l  v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  

c o n s t r a i n t s  ( i n  p a r e n t h e s e s )  w i l l ,  i n  t h e  op t ima l  s o l u t i o n ,  s a t i s f y  

c e r t a i n  c o n d i t i o n s .  These c o n d i t i o n s  may be  d e r i v e d  by d i f f e r e n -  

t i a t i n g  t h e  Lagrange f u n c t i o n  w i t h  r e s p e c t  t o  t h e  p r ima l  v a r i a b l e s ,  

a s  i n d i c a t e d  a f t e r  each  e q u a t i o n  i n  pa ren theses  ( p o s i t i v i t y  of 

t h e  p r ima l  v a r i a b l e s  i s  assumed):  



Now it can e a s i l y  be shown t h a t  t h e  shadow p r i c e s  g iven  by t h e  

opt imal  d u a l  s o l u t i o n  ( s a t i s f y i n g  t h e  above equa t i ons )  a r e ,  i n  

f a c t ,  o f  t h e  same n a t u r e  a s  t h e  equ i l i b r i um p r i c e s  and r a t e s  o f  

r e t u r n  i n  t h e  equ i l i b r i um model t h a t  has been examined. Also,  w e  

w i l l  show t h a t  one can  fo rmu la te  behav io ra l  equa t i ons  from t h i s  

model s i m i l a r  t o  t h o s e  o f  t h e  gene ra l  equ i l i b r i um model. Then 

w e  w i l l  comment on t h e  i n t e r p r e t a t i o n a l  d i f f e r e n c e s  o f  t h e  two 

models and d e r i v e  some conc lus ions .  

To see t h e  formal  i d e n t i t i e s  o f  t h e  v a l u a t i o n  and behav io ra l  

r u l e s  i n  t h e  two c a s e s ,  n o t i c e  f i r s t  t h a t  equa t i ons  (1') and ( 5 ' )  

of  t h e  equ i l i b r i um model appear i n  i d e n t i c a l  forms i n  t h e  dua l  o f  

t h e  o tp ima l  p lann ing model. Equat ions ( 3 ' )  and (4'1, which repre -  

s e n t  t h e  necessary  c o n d i t i o n s  f o r  p r o f i t  m a ~ i m i z a t i o n ~ h a v e e q u a -  

t i o n s  (13 ' )  and (14' )  a s  t h e i r  c o u n t e r p a r t s .  A t  f i r s t  g l ance  they  

seem t o  be q u i t e  d i f f e r e n t ,  bu t  c l o s e r  examinat ion r e v e a l s  some 

e s s e n t i a l  s i m i l a r i t i e s .  L e t  us  t a k e  equa t i ons  (3') and (1 3' 1 f i r s t .  

The i r  l e f t -hand  s i d e s  a r e  i d e n t i c a l ,  whereas on t h e  r ight -hand 

s i d e s  w e  f i n d  d i f f e r e n t  forms. I n  t h e  l i t e r a t u r e  concern ing t h e  

des ign  o f  ( l i n e a r )  programming models f o r  development p lann ing  

(see, f o r  example, Tay lor  1975 and Ginsburgh and Waelbroeck 1979) ,  
+ t h e  use  o f  i n d i v i d u a l  bounds ( l i k e  L- L . )  is o f t e n  c r i t i c i z e d  

j' I 
because they "p ick  up shadow p r i c e s  which have no c l e a r  meaning 

and which, s i n c e  a l l  d u a l  p r i c e s  a r e  independent ,  d i s t o r t  t h e  

d u a l  s o l u t i o n "  (Ginsburgh and Waelbroeck 1979:5-6). I n  o u r  c a s e ,  

however, t h e  shadow p r i c e s  o f  t h e  i n d i v i d u a l  bounds can be g iven  

reasonab le  meaning i n  t h e  l i g h t  of t h e  e q u i l i b r i u m  model. Vari- 

a b l e  W can be i n t e r p r e t e d  a s  t h e  gene ra l  l e v e l  o f  opt imal  r a t e  

of r e t u r n  on l a b o r .  Next, w e  d e f i n e  

where t h e  de r i ved  v a r i a b l e ,  w may be i n t e r p r e t e d  a s  an  endogen- 
j 

o u s l y  determined index o f  t h e  r e l a t i v e  op t ima l  r a t e  of r e t u r n  on 

l a b o r  i n  s e c t o r  j. 

S i m i l a r l y ,  w e  may i n t e r p r e t  t h e  d u a l  v a r i a b l e  S a s  t h e  gen- 

e r a l  l e v e l  of  t h e  opt imal  (shadow) r a t e  o f  r e t u r n  on c a p i t a l  a t  



base p r i c e .  Thus w e  can c a l c u l a t e  R = - SO a s  t o  g e t  t h e  same 
'n+l 

r a t e  o f  r e t u r n  a t  c u r r e n t  (shadow) p r i c e s ,  and 

can be i n t e r p r e t e d  a s  an  index o f  r e l a t i v e  r a t e  o f  r e t u r n  re- 

quirement on c a p i t a l  i n  s e c t o r  j. 

So f a r  w e  have n o t  y e t  shown t h a t  t h e  s o l u t i o n  of t h e  o p t i -  

mal p lann ing problem would a l s o  imply t h e  emergence o f  a s e t  o f  

s p e c i a l  "demand" equa t i ons .  W e  now look a t  t h i s .  Observe t h a t  

t h e  p a r t i a l  d e r i v a t i v e  o f t h e  pr imal  o b j e c t i v e  f u n c t i o n  i n  equa- 

'i + + 
t i o n  (1 2')  can  be s u b s t i t u t e d  by t h e  term , g ( C  ) where g  ( C  is  

t h e  va lue  o f  t h e  o b j e c t i v e  f unc t i on .  Thus 'i 

+ Mul t ip ly ing t h e  above equa t i ons  by t h e  r e s p e c t i v e  Ci and adding 

them t o g e t h e r  y i e l d s  

On t h e  o t h e r  hand, t o t a l  consumption expend i tu re  i s  determined by 

I n c i d e n t a l l y ,  t h i s  i n d i c a t e s  how t h e  l e v e l  o f  t o t a l  expend i tu re  

i s  endogenously determined i n  t h e  g e n e r a l  equ i l i b r i um model. 

S ince w e  have on ly  one consumer, t h e  Pareto-opt imal  s o l u t i o n  w i l l  

be simply t h a t  which maximizes t h e  u t i l i t y  f unc t i on .  The expen- 

d i t u r e  l e v e l  w i l l  be determined by t h e  va lue  o f  t h i s  consumption 

bundle eva lua ted  a t  t h e  equ i l i b r i um p r i c e s .  

From equa t i ons  (14b ' )  and ( 1 4 c 1 )  w e  g e t  



F i n a l l y ,  s u b s t i t u t i n g  g (c') i n  (1 4a1 ) by t h e  above v a l u e  and 
+ 

s o l v i n g  t h e  equa t i on  f o r  Ci y i e l d s  

Thus, t h e  t o t a l  consumption o f  commodity i i s  

which i s  t h e  demand f u n c t i o n  imp l ied  by t h e  s p e c i f i c a t i o n s  o f  t h e  

op t ima l  p lann ing  model. The paramete rs  o f  t h i s  a r e ,  however, 

e v a l u a t e d  on t h e  b a s i s  o f  i n f o rma t i on  p rov ided  by t r a d i t i o n a l  

p l a n  c a l c u l a t i o n s .  

. 1.3. Techn i ca l  S i m i l a r i t i e s  and Conceptua l  D i f f e r e n c e s  

W e  have i l l u s t r a t e d  t h e  technical similarities of  t h e  pro- 

gramming models and e q u i l i b r i u m  models. There i s  o n l y  one  p o i n t  

where t h e  two models a r e  n o t  f o rma l l y  i d e n t i c a l .  Th i s  i s  t h e  

"mechanism" by which t h e  a l l o c a t i o n  o f  p r imary  r e s o u r c e s  i s  ex- 

ogenously c o n t r o l l e d .  Th is  is, i n  f a c t ,  t h e  o n l y  d e v i a t i o n  from 

t h e  s t a n d a r d  l i t e r a t u r e  i n  which pr imary f a c t o r s  a r e  assumed t o  

be p e r f e c t l y  h o m ~ g e n e o u s ~ w i t h n o  c o n s t r a i n t s o n  t h e i r  i n t e r s e c t o r a l  

( r e ) a l l o c a t i o n .  I t  i s  even tempt ing t o  i n t e r p r e t  t h e s e  d i f f e r e n t  

f o rmu la t i ons  a s  two a l t e r n a t i v e  ways o f  r e f l e c t i n g  t h e  l i m i t e d  

i n t e r s e c t o r a l  m o b i l i t y  of  t h e  pr imary  f a c t o r s .  I n  an  o the rw i se  

p e r f e c t  market  economy t h i s  immobi l i t y  would be i n d i r e c t l y  ex- 

p ressed ,  by v a r y i n g  r a t e s  o f  r e t u r n  on t h e  pr imary  f a c t o r s .  I n  

a c e n t r a l l y  p lanned economy, on t h e  o t h e r  hand, t h i s  immobi l i t y  

would be d i r e c t l y  accounted f o r ,  i n  t e r m s  o f  p h y s i c a l  c o n s t r a i n t s .  

The p l a n n e r s  would s e p a r a t e  i n  advance t h e  s e c t o r a l l y  committed 

(immobile) p a r t  o f  t h e  pr imary  f a c t o r s  from t h e i r  mobi le  one. 

Beside t h e  word s i m i l a r i t y  ( o r  i d e n t i t y )  t h e  a d j e c t i v e  

t e c h n i c a l  a l s o  d e s e r v e s  a t t e n t i o n .  The f o rmu la t i on  o f  a  g e n e r a l  



equ i l i b r i um model i s  s t r o n g l y  in f luenced  and directed by a b s t r a c t  

t h e o r e t i c a l  c o n s i d e r a t i o n s .  Both t h e  s t r u c t u r e  of  t h e  model and 

t h e  numer ical  e v a l u a t i o n  o f  i t s  parameters  depend h e a v i l y  on,  

and shou ld  be c o n s i s t e n t  w i t h ,  t h e o r e t i c a l  assumpt ions,  e .g . ,  

i n d i v i d u a l  o p t i m i z a t i o n  behav io r  and marg ina l  p r o d u c t i v i t y  p r i c -  

ing .  These a r e  r e t a i n e d  even though t h e  model i s  u s u a l l y  b u i l t  

upon macro agg rega tes ,  t o  which t h e  p o s t u l a t e d  micro behav io ra l  

r u l e s  cannot  be mechanica l ly  a p p l i e d ,  S o c i a l i s t  p l ann ing  model 

b u i l d i n g ,  on t h e  o t h e r  hand, t e n d s  t o  be more pragmat ic .  L inear  

programming, f o r  i n s t a n c e ,  i s  cons idered  one a v a i l a b l e  t e c h n i c a l  

dev i ce  o r  framework t h a t  may h e l p  p lanne rs  t o  g e n e r a t e  a d d i t i o n a l  

i n fo rmat ion  by numer ica l  though t  exper iences .  The t e r m  op t ima l  

p lann ing  model i s  even mis lead ing  i n  t h i s  con tex t .  The main r o l e  

of programming models i n  p lann ing ,  a s  w e  have i n d i c a t e d  e a r l i e r ,  

is i n  t h e  c o o r d i n a t i o n  phase o f  p lann ing ,  where it s e r v e s  t h e  

purpose o f  check ing t h e  cons i s tency  and t h e  e f f i c i e n c y  o f  t h e  

proposed r e s o u r c e  a l l o c a t i o n .  Based on t h e  a v a i l a b l e  p lann ing  

in fo rmat ion  t h e  model i s  used f o r  g e n e r a t i n g  more e f f i c i e n t  pro- 

grams by a l low ing  a  l im i t ed  r e a l l o c a t i o n  o f  r e s o u r c e s  and by 

f o rmu la t i ng  a l t e r n a t i v e  o b j e c t i v e  f u n c t i o n s .  

N e v e r t h e l e s s , t h e  main p o i n t  o f  t h i s  e x e r c i s e  is t h a t  an  op- 

t i m a l  r esou rce  a l l o c a t i o n  framework can  be s u b s t i t u t e d  by a  

s imul taneous equa t i on  system, i . e , ,  by a  system common t o  most 

a p p l i e d  g e n e r a l  e q u i l i b r i u m  models. A t  t h i s  p o i n t ,  however, t h e  

q u e s t i o n  a r i s e s :  what a r e  t h e  p o s s i b l e  b e n e f i t s  o f  such a  t r a n s -  

fo rmat ion ,  t h e r e f o r e  j u s t i f y i n g  t h e  a d a p t i o n  o f  more compl ica ted 

s o l u t i o n  techn iques?  The answer i s  i n  t h e  g r e a t e r  f l e x i b i l i t y  

o f  t h e i r  fo rmu la t ion .  A g e n e r a l  e q u i l i b r i u m  model can do a lmos t  

eve ry th ing  t h a t  a  programming model can do ,  p l u s  it i n c o r p o r a t e s  

c o n s i d e r a t i o n s  t h a t  a r e  n o t  p o s s i b l e  i n  a  programming model. Of 

cou rse ,  t h e  u s e f u l n e s s  o f  such a  t r ans fo rma t i on  depends,  t o  a  

l a r g e  e x t e n t ,  on t h e  o v e r a l l  s p e c i f i c a t i o n  and in tended  use  o f  

t h e  model. I n  S e c t i o n  2 w e  w i l l  t r y  t o  demonst ra te  t h a t  i n  some 

aggregated nat ion-wide model ing e x e r c i s e s  a  g e n e r a l  e q u i l i b r i u m  

framework a l lows  f o r ,  among o t h e r  t h i n g s ,  a  much g r e a t e r  f l e x i -  

b i l i t y  i n  d e f i n i n g  t h e  r e l a t i o n s h i p s  o f  t h e  model v a r i a b l e s  and 

a l s o  a  more r e a l i s t i c  d e s c r i p t i o n  o f  e x i s t i n g  p r i c e  format ion 

r u l e s ,  t a x e s ,  s u b s i d i e s ,  etc.  



One of t h e  ou t s tand ing  advantages o f  t h e  e q u i l i b r i u m  frame- 

work i s  t h a t  it may p rov ide  ways f o r  p l a n n e r s  t o  ach ieve  a  b e t t e r  

l i n k a g e  between p lann ing  t h e  r e a l  and t h e  v a l u e  p rocesses .  These 

two main p lann ing  f u n c t i o n s  a r e  u s u a l l y  q u i t e  s e p a r a t e  from each 

o t h e r  b o t h  i n  t r a d i t i o n a l  p lann ing  and i n  model ing. Changes i n  

r e l a t i v e  p r i c e s ,  c o s t s ,  t a r i f f s ,  etc . ,  a r e  n o t  r e f l e c t e d  p r o p e r l y  

i n  p h y s i c a l  a l l o c a t i o n  models,  wh i l e  t h e  e f f e c t s  o f  p roduc t ion ,  

expor t - impor t ,  and consumption d e c i s i o n s  a r e  n o t  a lways t aken  i n -  

t o  c o n s i d e r a t i o n  i n  p r i c e  p lann ing  models. P lann ing  models i n  

t h e  form o f  a  s imu l taneous  n o n l i n e a r  e q u a t i o n  sys tem might  prove 

t o  b e  e s p e c i a l l y  u s e f u l  i n  agg rega te  comparat ive  s t a t i c s  a n a l y s e s .  

These models a r e  u s e f u l  because t hey  can  accommodate s u b s t i t u t i o n  

p o s s i b i l i t i e s  and p reven t  o v e r s p e c i a l i z e d  s o l u t i o n s  by means o f  

a  r e l a t i v e l y  s m a l l  number o f  pa ramete rs ,  u n l i k e  t h e  l i n e a r  pro- 

gramming models. 

W e  would l i k e  t o  b e  more s p e c i f i c  on two o f  t h e  above- 

ment ioned i s s u e s .  One o f  them concerns  t h e  p o s s i b i l i t y  o f  having 

a l t e r n a t i v e  economic p o l i c y  g o a l s  t o  measure e f f i c i e n c y  g a i n s  i n  

a  g e n e r a l  e q u i l i b r i u m  r e s o u r c e  a l l o c a t i o n  model i n  a  way s i m i l a r  

t o  a l t e r n a t i v e  o b j e c t i v e  f u n c t i o n s  i n  a  programming model. I t  

shou ld  be  c l e a r  from t h e  s p e c i f i c a t i o n  o f  t h e  e q u i l i b r i u m  condi-  

t i o n s  exp la i ned  above,  t h a t  t h e  model i s  n o t  a  comp le te ly  c l o s e d  

e q u i l i b r i u m  system. Thus, f o r  example, t h e  d i s t r i b u t i o n  and re-  

d i s t r i b u t i o n  o f  income does n o t  appear  i n  t h e  model. A t  t h e  same 

t i m e  t h e  t o t a l  household e x p e n d i t u r e  and consumption is endogen- 

o u s l y  determined.  The programming r e f o r m u l a t i o n  sheds  some l i g h t  

on t h e  n a t u r e  of  such  a  s o l u t i o n .  S ince  eve ry  o t h e r  p o s s i b l e  

p o l i c y  i s s u e ,  such  a s  n e t  i nves tments ,  government consumption, 

l e v e l s  o f  pr imary i n p u t  usage ,  and c u r r e n t  accoun t  ba lances  a r e  

exogenously de te rm ined ,  p r a c t i c a l l y  a l l  g a i n s  ( r e s u l t i n g  from 

i nc reased  a l l o c a t i o n a l  e f f i c i e n c y )  w i l l  show up a s  an  i n c r e a s e  

i n  t h e  l e v e l  o f  consumers'  u t i l i t y .  I n  t h e  l i g h t  o f  t h i s  cons id-  

e r a t i o n  it becomes obv ious  t h a t  t h e  same k ind  o f  g e n e r a l  e q u i l i b -  

r ium model can  be  made t o  r e f l e c t  v a r i o u s  o t h e r  p o s s i b l e  economic 

p o l i c y  g o a l s ,  e . g . ,  i n c r e a s i n g  government consump t i ono r  n e t  i n -  

ves tment ,  o r  d e c r e a s i n g  d e f i c i t  on c u r r e n t  accoun t ,  etc .  (The 

r e v e r s e  c a s e  i s  a l s o  i n t e r e s t i n g ,  i .e . ,  when exogenous changes 

cause  a  d e c r e a s e  i n  o v e r a l l  e f f i c i e n c y  o f  t h e  g iven  economy. I n  

such  a  c a s e  one cou ld  e s t i m a t e  l o s s e s  i n  v a r i o u s  t e r m s . )  I t  i s  



a l s o  poss ib le  t o  b u i l d  i n t o  t h e  model some weighted sum of t h e  

improvements. The i nco rpo ra t i on  of  "ob jec t i ve  func t i ons "  o t h e r  

than consumption would need changes on ly  i n  t h e  s t r u c t u r e  of 

endogenous and exogenous v a r i a b l e s  o r  perhaps t h e  i n t roduc t i on  of  

some new v a r i a b l e s  and equat ions  i n t o  t h e  model. By such simple 

mod i f i ca t ions  one can make t h e  equ i l ib r ium model capable of  hand- 

l i n g  a l t e r n a t i v e  p o l i c y  o b j e c t i v e s  i n  t h e  same way a s  t h e  program- 

ming models ( a l s o  see Sect ion  2 on t h i s  i s s u e )  . 
~. 

The second i s s u e  i s  r e l a t e d  t o  t h e  p r i c e  format ion r u l e s .  

An equ i l ib r ium approach i s  s t r o n g l y  favored here .  The zero o r  

nonpro f i t  cond i t i on  has  appeared i n  both t h e  equ i l ib r ium model 

and i n  t h e  programming model. We w i l l  d i s c u s s  t h e  v a l i d i t y  and 

use fu lness  of  t h i s  assumption i n  more d e t a i l  i n s e c t i o n  2 ,  however, 

we would l i k e  t o  p o i n t  o u t  here t h a t  wi th  cons tan t  r e t u r n s  t o  

s c a l e  technology, t h e  opt imal  programming model w i l l  always gene- 

r a t e  shadow p r i c e s  t h a t  f u l f i l l  t h e  zero  p r o f i t  cond i t ion .  On 

t h e  o t h e r  hand, t h e  equ i l i b r i um framework-with s l i g h t  r e i n t e r -  

preta t ion-g ives room f o r  t ak ing  i n t o  account p o s i t i v e  p r o f i t s  

even w i t h  cons tan t  r e t u r n s  t o  s c a l e .  The p r i c e s  generated i n  

t h i s  way can r e f l e c t  more a c c u r a t e l y  t h e  r e a l  p r i c e  format ion 

r u l e s .  

F i n a l l y ,  a  few words t o  i n d i c a t e  our  understanding of  t h e  

term " techniques of  app l ied  genera l  equ i l ib r ium models." General 

equ i l i b r i um theory ,  e s p e c i a l l y  i t s  t h e o r e t i c a l  models possess ing  

a  h igh degree o f  c l o s u r e  and a  r a t h e r  narrow, mathemat ical ly  

o r i e n t e d  scope of inves t iga t ion ,has  been c r i t i c i z e d  from s e v e r a l  * 
p o i n t s  of  view and by many Marxist and non-Marxist au thors .  I t  

i s  n o t  always c l e a r  what t h e  boundar ies of genera l  equ i l ib r ium 

theory a r e ,  s i n c e  it i s  capable of incorpora t ing  many p a r t i a l  

models and techniques t h a t  have been o r i g i n a l l y  developed inde- 

pendent ly.  Economists understand and r e l a t e  t o  t h e s e  problems 

d i f f e r e n t l y ,  t h e r e f o r e  it seems t o  be u s e f u l  t o  i n d i c a t e  our  

understanding of  genera l  equ i l ib r ium theory  and models a s  w e l l  a s  

t h e i r  p lace  among t h e  a n a l y t i c a l  t o o l s  a v a i l a b l e  t o  economists. 

W e  would l i k e  t o  make two d i s t i nc t i ons ,name ly ,  between genera l  

equ i l ib r ium theory and genera l  equ i l ib r ium techniques on t h e  one 

*See, f o r  i ns tance ,  Kornai (1971) f o r  a  sys temat ic  exposi-  
t i o n  of  t h e  most common c r i t i q u e s .  



hand and between pure  and applied g e n e r a l  e q u i l i b r i u m  models on 

t h e  o t h e r .  These d i s t i n c t i o n s  a r e  r a t h e r  t e n t a t i v e .  

General  e q u i l i b r i u m  theo ry ,  i n  ou r  unders tand ing ,  is an ab- 

s t r a c t  r e p r e s e n t a t i o n  o f  t h e  law of supp ly  and demand p laced  i n  

t h e  framework of a  s i m p l i f i e d  model o f  a  much more complex econ- 

omic system. By gene ra l  e q u i l i b r i u m  model ing t echn iques  w e  mean 

t h e  more o r  less s t a n d a r d ,  a n a l y t i c a l  t o o l s  t h a t  can be used 

e i t h e r  i n  d e f i n i n g  t h e  e lements  o f  a  g e n e r a l  e q u i l i b r i u m  model 

(supp ly  and demand f u n c t i o n s ,  p roduc t ion  f u n c t i o n s ,  programming 

models,  etc. )  o r  i n  t h e  d e f i n i t i o n  o f ,  o r  t h e  sea rch  f o r ,  an 

e q u i l i b r i u m  (e .g . ,  complementary s l a c k n e s s  c r i t e r i a ,  f i x e d  p o i n t  

a l g o r i t h m s ) .  A model u s i n g  g e n e r a l  e q u i l i b r i u m  modeling tech-  

n iques  can  be comple te ly  o u t s i d e  of t h e  t heo ry .  Le t  u s  on l y  

r e f e r  h e r e  t o  o u r  e a r l i e r  d i s c u s s i o n ,  where w e  have t r i e d  t o  

demonst ra te  t h a t  t h e r e  i s  on l y  a  fo rma l ,  t e c h n i c a l  i d e n t i t y  be- 

tween an  op t ima l  p lann ing  model and a  n e o c l a s s i c a l  g e n e r a l  equ i -  

l i b r i u m  t h e o r e t i c a l  model. 

A s  i s  o f t e n  t h e  c a s e ,  t h e  a b s t r a c t  g e n e r a l  economic equ i -  

l i b r i u m  theo ry  d i f f e r s  i n  many ways from a p p l i e d  models based on 

t h a t  theory .  :'Je want t o  emphasize one impor tan t  p o i n t  o f  depar-  

t u r e .  The a b s t r a c t  t h e o r y  of g e n e r a l  e q u i l i b r i u m  p o s t u l a t e s  t h e  

a p r i o r i  knowledge of t h e  e x t e r n a l  environment (p roduc t ion  and 

consumption sets, p r e f e r e n c e  o r d e r i n g s ,  r e l a t i v e  p r o f i t  s h a r e s  

of v a r i o u s  households ,  etc . )  which i s  assumed t o  be independent  

of t h e  eridogenous v a r i a b l e s  ( p r i c e s ,  p roduc t i on ,  and consumption 

d e c i s i o n s ) .  The e q u i l i b r i u m  so lu t i on - i f  t h e r e  i s  any-is t hen  

determined by t h e  paramete rs  of t h e  e x t e r n a l  environment and by 

t h e  a l s o  a p r i o r i  p o s t u l a t e d  behav io ra l  r u l e s .  W e  could charac-  

t e r i z e  t h i s  approach a s  a  "g loba l "  o r  "abso lu te "  one. Appl ied 

g e n e r a l  e q u i l i b r i u m  models f o l l ow  a  more o r  less r e v e r s e  o r d e r  

and t a k e  a " l o c a l "  o r  " r e l a t i v e "  p o i n t  o f  view. What one can 

observe  i n  r e a l i t y  i s  most ly  t h e  v a l u e s  o f  t h e  endogenous v a r i -  

a b l e s .  Whether they  r e p r e s e n t  an equ i l i b r i um o r  n o t ,  and more 

impo r tan t l y ,  whether t h e r e  i s  any such mechanism behind t h e  de- 

t e rm ina t i on  o f  t h e s e  v a l u e s ,  i s  n o t  r e a l l y  known. A s  a m a t t e r  

o f  f a c t ,  one de te rmines  many o f  t h e  assumed b u t  d i r e c t l y  unob- 

s e r v a b l e  e x t e r n a l  pa ramete rs  by assuming t h a t  t h e  observed d a t a  



w e r e  genera ted  a s  equ i l i b r i um.  ( I t  seems t o  be  a lmost  imposs ib le  

t o  test  t h i s  assumpt ion o r  t o  e s t i m a t e  t h e  e r r o r s  caused by t h i s  

assumption i n  our  a n a l y s i s . )  The aim i s  t o  estimate t h e  l i k e l y  

consequences of a l t e r n a t i v e  e x t e r n a l  environment changes i n  t e r m s  

of  r e l a t i v e  changes,  i .e . ,  by comparing t h e  "base e q u i l i b r i u m  

s o l u t i o n "  w i t h  t h e  c a l c u l a t e d  one. The equ i l i b r i um framework is ,  

t h e r e f o r e ,  used on ly  a s  one of t h o s e  t o o l s  t h a t  p r e s e n t  economic 

theory  can o f f e r  f o r  t h e  complex a n a l y s i s  of  such i s s u e s .  One 

cou ld  a l s o  say ,  t h a t  g e n e r a l  equ i l i b r i um theo ry  has  e m p i r i c a l  

va lues ,  i n  f a c t ,  on ly  i n  t h e  above " r e l a t i v e  sense . "  

The g e n e r a l  i d e a s  expressed by t h e  a b s t r a c t  t heo ry  o f  gen- 

e r a l  equ i l i b r i um ( b a s i c a l l y  t h e  dependence o f  economic d e c i s i o n s  

on r e l a t i v e  p r i c e s  and c o s t s  and on resou rce  c o n s t r a i n t s )  have 

c e r t a i n l y  more e m p i r i c a l  r e l evance  when one tr ies t o  e x p l a i n  rel- 

a t i v e  changes r a t h e r  t han  a b s o l u t e  magnitudes. The main advan- 

t a g e  of t h e s e  models i s  t h a t  t hey  prov ide a framework i n  which 

t h e  env is ioned  p a r t i a l  changes can be eva lua ted  i n  a c o n s i s t e n t  

and coord ina ted  way, t a k i n g  i n t o  account  t h e  in terdependence o f  

some c r u c i a l  v a r i a b l e s .  

1 . 4 .  The U s e  of  Smooth Product ion Funct ions i n  Planning Models 

The s i m p l i f i e d  p lann ing  model t h a t  has been examined i n  Sec- 

t i o n  1 . 2  d i f f e r s  from t h e  t y p i c a l  app l i ed  models i n  one po in t -  

it i s  non l i nea r .  Th is  n o n l i n e a r i t y  is on ly  due t o  t h e  u s e  of  

smooth p roduc t ion  f u n c t i o n s ,  because t h e  o t h e r  non l i nea r  r e l a -  

t i o n s h i p ,  t h e  o b j e c t i v e  f unc t i on ,  could be e a s i l y  l i n e a r i z e d .  

I t  should be c l e a r  t h a t  t h e  p roduc t ion  f u n c t i o n  s e r v e s  on ly  one * 
purpose i n  t h e  model. I f  one had f i x e d  l a b o r  and c a p i t a l  i n p u t  

coe f f i c i en t s -as  i n  t h e  c a s e  of t h e  i n t e r m e d i a t e  inputs- then 

t h e r e  would be no cho i ce  between more o r  less l a b o r  ( c a p i t a l )  

i n t e n s i v e  t echn iques ,  i n  f a c t ,  t h e r e  would be no techno log i ca l  

a l t e r n a t i v e s  f o r  t h e  d i f f e r e n t  s e c t o r s  a t  a l l .  L i nea r  p lann ing  

models u s u a l l y  do a l l ow  f o r  a l t e r n a t i v e  t echno log ies  b u t ,  o f  

cou rse ,  i n  a d i f f e r e n t  way. I n  r a t h e r  aggregated macro p lann ing  

models one would u s u a l l y  see two o r  t h r e e  a l t e r n a t i v e  technolo-  

g i e s ,  b u t ,  i n  a d d i t i o n ,  upper and/or lower bounds would r e s t r i c t  

*The t e r m  "product ion f unc t i on "  is  no t  q u i t e  a p p r o p r i a t e  
he re  s i n c e  it d e f i n e s  on ly  a composite pr imary f a c t o r .  



t h e  o u t p u t  l e v e l s .  The range  of cho ice  between more o r  less 

l abo r  ( c a p i t a l )  i n t e n s i v e  t echno log ies  w i l l ,  t h e r e f o r e ,  be very 

l im i t ed .  

To i l l u s t r a t e  t h i s  p o i n t  w e  t a k e  a r a t h e r  t y p i c a l  example. 

Suppose t h e  model b u i l d e r  has in fo rmat ion  on two techno log ies  

a v a i l a b l e  i n  t h e  f u t u r e  f o r  a s p e c i f i c  s e c t o r :  p roduc t ion  w i th  

o l d  and new equipments. For t h e  sake  of s i m p l i c i t y ,  it w i l l  be 

assumed t h a t  t h e s e  techno log ies  d i f f e r  on ly  w i t h  r e s p e c t  t o  t h e i r  
0 1 1 l a b o r  and c a p i t a l  i n t e n s i t i e s .  L e t  kO, n , and k , n r e p r e s e n t  

t h e  c a p i t a l  and l a b o r  c o e f f i c i e n t s  i n  t h e  "o ld"  and "new" tech-  

nology, r e s p e c t i v e l y .  L e t  us  a l s o  t a k e  i n t o  account  t h e  bounds 

imposed on t h e  p roduc t ion  l e v e l s  

and 

where w e  have assumed t h a t  t h e  p roduc t ion  w i th  o l d  equipment is  

bounded both  from above (p) and below ( x O ) ,  - whi le  t h e  p roduc t ion  

w i th  new equipment is  bounded on l y  from above (y l )  . (The upper 

bounds can be taken  a s  t h e  planned c a p a c i t i e s . )  

W e  i l l u s t r a t e  t h e  r e s u l t  o f  t h e s e  r e s t r i c t i o n s  i n  F igure  1.  

I t  can e a s i l y  be checked t h a t  on ly  t h e  p o i n t s  i n  t h e  para l le logram 

ABCD w i l l  g i v e  a c t u a l l y  f e a s i b l e  combinat ions of c a p i t a l  and l a b o r .  

I t  is  a l s o  apparen t  t h a t  t h e  s u b s t i t u t i o n  p o s s i b i l i t i e s  vary  w i th  

t h e  l e v e l  o f  p roduc t ion .  A t  l e v e l s  - XO and + 2' t h e r e  i s  no 

p o s s i b i l i t y  f o r  s u b s t i t u t i o n  between t h e  p roduc t ion  f a c t o r s ,  b u t  

i n  between t h e s e  l e v e l s  t h e  s u b s t i t u t i o n  p o s s i b i l i t y  f i r s t  in -  

c r e a s e s ,  t hen  d e c r e a s e s  w i th  t h e  l e v e l  of ou tpu t .  The f e a s i b l e  
A 

c a p i t a l  and l a b o r  c o e f f i c i e n t s  w i l l  a l s o  be l i m i t e d  by kO, k and 
0 A A 

n , 8, where n and k a r e  determined by p o i n t  B. [From t h e  above 

obse rva t i ons  it a l s o  becomes appa ren t  how mis lead ing it would be 

t o  i d e n t i f y  t h e  f e a s i b l e  t echno log i ca l  set wi th  t h e  i soquan t  map 

de r i ved  from t h e  two b a s i c  l i n e a r  a c t i v i t i e s  i n  a " text-book" 

f a s h i o n  (F igure  1 ) . I 



Figure 1. The theoretical isoquant map and the real substi- 
tution possibilities in a linear programming model. 



For a more r e a l i s t i c  d e s c r i p t i o n  of t h e  s e c t o r a l  p roduc t ion  

p o s s i b i l i t i e s  i n  a l i n e a r  model one has t o  g i v e  up t h e  macro 

c h a r a c t e r  o f  t h e  model. Each s e c t o r  has t o  be broken down i n t o  

s u b s e c t o r s  and i n d i v i d u a l  bounds shou ld  b e  i n t roduced  t o  t h e  sub- 

s e c t o r a l  a c t i v i t i e s .  I f ,  however, one wants t o  keep t h e  s i z e  o f  

t h e  model sma l l  ( t o  have, say ,  15-20 s e c t o r s  o n l y ) ,  and s t i l l  

r e p r e s e n t  a reasonab le  t e c h n o l o g i c a l  c h o i c e  f o r  each s e c t o r ,  

smooth p roduc t ion  f u n c t i o n s  seem r easonab le  t o  use.  H e r e  aga in ,  

t h e  r e a l  c o n s i d e r a t i o n s  behind t h i s  cho i ce  a r e  pragmat ic  r a t h e r  

than  t h e o r e t i c a l .  What one makes use  o f  i s  t h e  in format ion-  

condensing power of t h e  p roduc t ion  f u n c t i o n s ,  a s  s imp le  s t a t i s t i -  

c a l  dev i ces  ( r e g r e s s i o n a l  schemes) . 
Of cou rse ,  i n  a p lann ing model, which i s  based on t h e  de- 

t a i l e d  ( t r a d i t i o n a l )  p l a n  c a l c u l a t i o n s ,  t h e  e s t i m a t e s  of param- 

eters of t h e  macro p roduc t ion  f u n c t i o n s  shou ld  a l s o  be  based on 

t h e  above in fo rmat ion .  Th i s  i s  u n l i k e  t h e  c a s e  of t h e  c i t e d  ap- 

p l i e d  g e n e r a l  e q u i l i b r i u m  models. I n  t h e s e  models t h e  parameters  

o f  t h e  s e c t o r a l  (macro) p roduc t ion  f u n c t i o n s  a r e  e i t h e r  econo- 

m e t r i c a l l y  es t ima ted  o r  s imply "guesst imated"  on t h e  b a s i s  o f  

s i m i l a r  econometr ic  e s t i m a t e s .  Beyond t h e  w e l l  known s t a t i s t i c a l  

e s t i m a t i o n  problems (see, f o r  i n s t a n c e ,  Berndt  1976 o r  Caddy 1976) 

t h e s e  e m p i r i c a l  estimates a r e  more s e v e r e l y  b i ased  by t h e  neo- 

c l a s s i c a l  marg ina l  p r o d u c t i v i t y  p r i c i n g  assumpt ion widely used i n  

t h e  ( i n d i r e c t )  e s t i m a t i o n  procedures.  One would be r a t h e r  r e l u c -  

t a n t  t o  u s e  such e s t i m a t i o n  techn iques  i n  s o c i a l i s t  p lann ing .  

The e s t i m a t i o n  of  t h e  parameters  o f  a s h o r t  term macro pro- 

d u c t i o n  f u n c t i o n  cou ld  be  based on t h e  fo l low ing  o r  s i m i l a r  pro- * 
cedure.  One d e f i n e s  f i r s t  a set of a c t i v i t i e s  i n  terms o f  t h e  

t o t a l  l e v e l  o f  t h e i r  o u t p u t ,  and l a b o r  and c a p i t a l  i n p u t s  (X , - , K ) These a c t i v i t i e s  i n  a n  e x  p o s t  a n a l y s i s  cou ld  be iden- 

t i f i e d  by a c t u a l  e n t e r p r i s e  ( o r  s u b s e c t o r a l )  d a t a .  I n  an ex a n t e  

(p lann ing)  model such d a t a  cou ld  be  gene ra ted  on t h e  b a s i s  o f  

e n t e r p r i s e  c a l c u l a t i o n s  concern ing t h e i r  f u t u r e  development p lans .  

Next, upper and lower bounds have t o  b e  ass igned  t o  t h e  i n d i v i d u a l  

*This method b e a r s  a n  obvious resemblence t o  Johansen 's  (1972) 
t r ea tmen t  of t h e  s s c t o r a l  p roduc t ion  f u n c t i o n s  and a l s o  t o  t h e  way 
i n  which Rinmler,  3Snie1,  and Kornai (1972) es t ima ted  macro f u n c t i o n s  
on t h e  b a s i s  o f  programming models. 



-k - -k o u t p u t  l e v e l s ,  w i t h i n  which they a r e  a l lowed t o  vary  (a  X  , a k X  ) .  -k 
F i n a l l y ,  f i x i n g  t h e  s e c t o r a l  t o t a l  o u t p u t  a t  some l e v e l ,  say  a t  X I  
onecould g e n e r a t e  a  reasonab le  number o f  a l t e r n a t i v e  i n t r a s e c t o r a Z  

produc t ion  s t r u c t u r e s  y i e l d i n g  t h e  same amount of t o t a l  s e c t o r a l  

ou tpu t .  The d i f f e r e n t  p roduc t ion  s t r u c t u r e s  w i l l  imply d i f f e r e n t  

l a b o r / c a p i t a l  combinat ions.  These combinat ions,  i n  t u r n ,  can  be 

t r e a t e d  a s  p o i n t s  l y i n g  on o r  around t h e  same i soquan t .  Thus, 

they  make it p o s s i b l e  t o  e s t i m a t e  t h e  parameters  o f  a  l i n e a r  

homogeneous LES produc t ion  func t ion .  

The formal procedure t h a t  g e n e r a t e s  t h e  above a l t e r n a t i v e  

l a b o r / c a p i t a l  combinat ions can  be based on t h e  s o l u t i o n  o f  

t h e  fo l low ing  l i n e a r  i n e q u a l i t y  system: 

The above system cou ld  be  so lved  by paramet r i c  s o l u t i o n  techn iques ,  

i .e . ,  by f i x i n g  t h e  amount o f ,  say ,  l a b o r  a t  d i f f e r e n t  l e v e l s  and 

c a l c u l a t i n g ' t h e  cor responding va lues  f o r  c a p i t a l .  I t  is impor tant  

t o  no te  he re  t h a t  w e  do n o t  n e c e s s a r i l y  want t o  look f o r  e f f i c i e n t  

c a p i t a l / l a b o r  combinat ions on ly .  (Such s o l u t i o n s  cou ld  be 

ach ieved i f  i n s t e a d  o f  s imply so l v i ng  t h e  i n e q u a l i t y  system w e  

minimized t h e  amount o f  c a p i t a l  a t  each l e v e l  o f  l a b o r . )  

I t  should  a l s o  be  c l e a r  t h a t  t h e  s u b s t i t u t i o n  o f  b a s i c  l i n -  

e a r  t echno log ies  by smooth product ion f u n c t i o n s  i n  a  p lann ing 

model i s ,  i n  f a c t ,  a  way t o  decompose t h e  problem. For each 

s e c t o r  one s o l v e s  f i r s t  s e p a r a t e l y  a  cons t ra ined  l i n e a r  a c t i v i t y  



model. Then by p rodu- t ion  f u n c t i o n s ,  one condenses t h i s  produc- 

t i o n  i n fo rma t i on  i n t o  a  few ( t h r e e  o r  less) paramete rs .  By do ing 

so  one can reduce  t h e  s i z e  o f  t h e  c o r e  model t o  a  c o n s i d e r a b l e  

degree ,  which may b e  q u i t e  u s e f u l  i n  t h e  case of many r e p e a t e d  

runs .  ~t a l s o  keeps t h e  model more t r a n s p a r e n t .  One would sus -  

p e c t  t h a t  t h e  d u a l  s o l u t i o n s  o f  such agg rega ted  models would be- 

cone more s t a b l e  and e a s i e r  t o  i n t e r p r e t  t h a n  t h e  shadow p r i c e s  

o f  l a r g e  l i n e a r  sys tems w i t h  many i n d i v i d u a l  bounds. 

F i n a l l y ,  w e  view t h e  l i n e a r  homogeneity assumpt ions s imply 

a s  conven ien t  assumpt ions,  By u s i n g  smooth f u n c t i o n s  i n s t e a d  

o f  f i x e d  c a p i t a l  and l a b o r  c o e f f i c i e n t s ,  w e  merely  i n c o r p o r a t e  

s u b s t i t u t i o n  p o s s i b i l i t i e s  i n t o  an  o t h e r w i s e  l i n e a r  model. 

2.  A TENTATIVE MODEL FRAMEWORK FOR HUNGARY 

The model developed h e r e  r e f l e c t s  t o  a  l a r g e  ex tent -but  of  

c o u r s e  i n  a  s i m p l i f i e d  manner-the e x i s t i n g  p lann ing  t heo ry  and 

model ing p r a c t i c e  i n  Hungary. There a r e ,  however, a  few p l a c e s  

where t h e  mathemat ica l  f o rmu la t i ons  2 i f f e r  from t h e  " t r a d i t i o n a l "  

ones,  and t h i s  i s  most ly  due t o  t h e  n o n l i n e a r i t y  of t h e  model, 

The nove l t y  o f  t h e  o u t l i n e d  model l i es  mos t l y  i n  t h e  f a c t  t h a t  it 

i n t e g r a t e s  t h e  p a r t i a l  models i n t o  a  c o n s i s t e n t  framework and 

d i r e c t l y  t a k e s  i n t o  accoun t  t h e  in te rdependence  of r e a l  and v a l u e  

p rocesses .  T h i s  i s  a  b a s i c  requ i rement  n o t  m e t  by t h e  r e c e n t l y  

a p p l i e d  p l ann ing  models i n  s o c i a l i s t  c o u n t r i e s ,  

The model d i f f e r s  i n  many a s p e c t s  from o t h e r  a p p l i e d  g e n e r a l  

e q u i l i b r i u m  models,  i n c l u d i n g  t h e   ergm man-~6r ( 1980 )  model, which 

had t h e  s t r o n g e s t  i n f l u e n c e  on i t s  s p e c i f i c a t i o n s .  For example, 

s e v e r a l  m o d i f i c a t i o n s  i n  t h e  t r e a t m e n t  of  f o r e i g n  t r a d e  can  be  

found. F i r s t  o f  a l l ,  t h e  two main t r a d i n g  a r e a s  ( t h e  r o u b l e  and 

d o l l a r  r e g i o n s )  a r e  r e p r e s e n t e d  s e p a r a t e l y  i n  o u r  model. There 

is  a l s o  a d i s t i n c t i o n  made w i t h  r e s p e c t  t o  t h e  c o m p e t i t i v e  and 

noncompet i t i ve  n a t u r e  o f  imported commodit ies.  A t h i r d  d i f f e r e n c e  

i n  t h e  t r e a t m e n t  o f  f o r e i g n  t r a d e  is t h a t  w e  use  e x s o r t  supp ly  

f u n c t i o n s  r a t h e r  t han  e x p o r t  demand f u n c t i o n s ,  xh ich  a r e  more i n  

l i n e  w i t h  t h e  b-.:.;ic assumpt ions t h a t  sma l l  economies a r e  p r i ce -  

t a k e r s  on t h e  world market .  W e  have a l s o  taken  i n t o  c o n s i d e r a t i o n  



t h a t ,  even i f  a  smal l  count ry  cannot  i n f l uence  t h e  world market 

p r i c e s  on t h e  whole, it may f a c e  decreas ing  r e t u r n s  on expo r t s .  

Another impor tant  d i f f e r e n c e  can  be found i n  t h e  way w e  t a k e  wage 

de te rmina t ion  i n t o  account .  I ns tead  of us ing  t h e  marg ina l  pro- 

d u c t i v i t y  assumption, w e  t r e a t  wages a s  exogenously determined 

v a r i a b l e s  and i n t roduce  t h e  concept  o f  t h e  u s e r  c o s t  of  l a b o r ,  

which i s  made up of  t h e  wage r a t e  and a gene ra l  n e t  r e t u r n  re-  

quirement.  W e  have a l s o  e l im ina ted  t h e  ze ro  p r o f i t  assumption 

w i thou t  fo rego ing  t h e  l i n e a r  homogeneity assumpt ions.  A f u r t h e r  

d e v i a t i o n  from t h e  ~ e r g m a n - ~ 6 r  model is t h a t  i n s t e a d  o f  t r e a t i n g  

n e t  investment exogenously, w e  i n t roduce  a f i x e d  consumption- 

investment r a t i o .  W e  have a l s o  incorpora ted  some demoeconomic 

e lements t o  t a k e  i n t o  account  t h e  d i f f e r e n c e  i n  t h e  demand s t r u c -  

t u r e  of urban and r u r a l  households.  

I n  Sec t i ons  2 . 1  - 2 . 5  t h e  s t r u c t u r a l  equa t i ons  of  t h e  model 

a r e  p resen ted  and d iscussed.  Sec t i on  2 . 6  c o n t a i n s  t h e  l is t  of 

v a r i a b l e s  and parameters  a s  w e l l  a s  a condensed mathemat ical  

s ta tement  of t h e  model. 

2 . 1 .  Commodities and Commodity Balances 

Primary Resource :  and F a c t o r s  o f  P r o d u c t i o n  

There w i l l  be two pr imary  f a c t o r s  o f  p rodwc t i on  taken i n t o  

cons ide ra t i on  a t  t h i s  s t a g e  o f  t h e  resea rch :  l a b o r  and c a p i t a l .  

The i r  a v a i l a b l e  q u a n t i t y  i s  assumed t o  be exogenously g iven ,  

whi le  t h e i r  i n t e r s e c t o r a l  a l l o c a t i o n  w i l l  be determined w i th in  

t h e  model. I t  i s  requ i red  t h a t  t h e  t o t a l  use of t h e s e  product ion 

f a c t o r s  be equa l  t o  t h e i r  a v a i l a b l e  amounts. Th is  requirement * 
can be expressed by t h e  fo l lowing resource  ba lance equa t i ons  

*Equation numbers i n  t h i s  s e c t i o n  correspond w i th  t h e  mathe- 
ma t i ca l  s ta temen t  i n  Sec t i on  2 . 6 .  



where K s tands  f o r  t o t a l  c a p i t a l  s t o c k ,  N f o r  t o t a l  l a b o r  a v a i l -  

a b l e ,  K and N denote c a p i t a l  s t o c k  and l a b o r  used i n  p u b l i c  
9 g  

(governmental)  s e r v i c e s  ( a l l  of them exogenously de te rm ined) ,  

wh i le  K and N r e p r e s e n t  t h e  amount of c a p i t a l  and l a b o r  used 
j j 

i n  d i f f e r e n t  s e c t o r s  ( j  = 1 , 2 , . .  . , n ) .  

W e  a r e  aware t h a t  t h e s e  a r e  very  s i m p l i s t i c  t r e a t m e n t s  of 

l a b o r  and e s p e c i a l l y  c a p i t a l ,  b u t  t h i s  s i m p l i c i t y  makes i t e a s i e r  

t o  unders tand t h e  genera l  s t r u c t u r e  of t h e  model. I f  one wants 

t o  use a  s t a t i c  model such a s  o u r s ,  a  d i s t i n c t i o n  must be  made 

a t  l e a s t  between s e c t o r a l l y  committed and uncommitted pr imary 

f a c t o r s  i n  o r d e r  t o  c o n s t r a i n  t h e i r  i n t e r s e c t o r a l  mob i l i t y .  I n  

a p lanning c o n t e x t  some combinat ion of e x  p o s t  and ex a n t e  pro- 

duc t i on  f u n c t i o n s  might prov ide a  more r e a l i s t i c  d e s c r i p t i o n  of  

t h e  resou rce  a l l o c a t i o n  p o s s i b i l i t i e s .  

Apart  from l a b o r  and c a p i t a l  t h e r e  a r e  n  n o n c o m p e t i t i v e  i m -  

por t  commodities t h a t  a r e  t r e a t e d  a s  pr imary resou rces  i n  t h e  

model. These w i l l  be d i scussed  l a t e r .  

I n t e r m e d i a t e  C o m m o d i t i e s  a n d  T h e i r  B a l a n c e s  

Product ion i n  t h e  economy w i l l  be  c l a s s i f i e d  i n t o  n  produc- 

i n g  s e c t o r s ,  each o f  them producing a  s e c t o r - s p e c i f i c  commodity 

( o r ,  r a t h e r ,  a  commodity g r o u p ) .  F7e w i l l  adopt  t h e  u s u a l  inpu t -  

o u t p u t  modeling framework and assume t h a t  t h e  s e c t o r a l  o u t p u t s  

a r e  homogeneous commodities. Also,  when compe t i t i ve  impor ts  a r e  

taken i n t o  c o n s i d e r a t i o n ,  they a r e  assumed t o  c o n s i s t  o f  t h e  same 

homogeneous commodities a s  t h e  s e c t o r a l  o u t p u t s .  These a r e  

r a t h e r  b ind ing  b u t  necessary  concomitant  assumpt ions o f  t h e  con- 

ven ien t  input -output  modeling framework. 

The number of s e c t o r s  and t h e  c h a r a c t e r  of t h e  s e c t o r a l  

c l a s s i f i c a t i o n  depends t o  a  l a r g e  e x t e n t  on t h e  s p e c i f i c s  of  t h e  

whole model, bu t  i n  o r d e r  t o  c o n t r o l  t h e  s i z e  of t h e  model we 

in tend  t o  have n o t  more than  20 - 30 s e c t ~ r s .  

To each s e c t o r  t h e r e  belongs a  commodity ba lance equa t ion .  

More p r e c i s e l y ,  t h e r e  a r e  two commodities be longing t o  each sec-  

t o r :  one composed of t h e  n o u c o m p e t i t i v e  i m p o r c s  of t h e  same 

s e c t o r a l  c l a s s i f i c a t i o n .  We use  t h e s e  terms i n  a s l i g h t l y  unusual 



way. By noncompet i t i ve  impor ts  w e  mean n o t  o n l y  t h o s e  imported 

commodit ies t h a t  a r e  n o t  and canno t  be produced w i t h i n  t h e  coun- 

t r y ,  b u t  a l s o  t h o s e  impor ts  t h a t  a r e  deemed by p lann ing  e x p e r t s  

t o  be t o t a l l y  u n s u b s t i t u t a b l e  by domest ic  p roduc t i on  i n  t h e  g iven  

pe r i od .  

The ba lance  e q u a t i o n  f o r  noncompet i t i ve  impo r t s  t a k e s  i n t o  

accoun t  t h e i r  u s e  i n  d i f f e r e n t  a r e a s ,  i . e . ,  i n  p roduc t i on  (M,,, 
J-J 

j = 1 , 2 , . . . , n ,  i n  i nves tment  (Z i In+,  , and i n  p r i v a t e  (c. ) and 
1 

p u b l i c  (Zi) consumption. The sum of  t h e s e  d i f f e r e n t  u s e s  must 

be  equa l  t o  t h e  t o t a l  a v a i l a b l e  amount (Ei) : 

The ba lance  e q u a t i o n s  f o r  t h e  commodit ies t h a t  a r e  regarded  

homogeneous w i t h  (and p e r f e c t  s u b s t i t u t e s  f o r )  t h e  domest ic  pro- 

d u c t i o n  w i l l  have t h e  fo l l ow ing  form: 

T o t a l  sou rce  is ,  t h u s ,  made up o f  domest ic  p roduc t i on  ( X i )  , 
and compe t i t i ve  impor t  from roub le  (M ) and d o l l a r  (M id )  t r a d -  i r  
i n g  reg ions ,  whereas t o t a l  u s e  is t h e  sum o f  i n t e r m e d i a t e  usage 

( X i j ,  j  = 1 , 2  ,... , n ) ,  c a p i t a l  accumula t ion  ( X i , n + l  ) , p r i v a t e  con- 

sumption (C i )  , consumption i n  p u b l i c  s e r v i c e s  ( G  exogenously i ' 
g i ven )  , and e x p o r t s  i n t o  r o u b l e  ( Z i r )  and d o l l a r  ( Z i d )  r eg ions .  

* 
The ( n + l ) t h  s e c t o r  r e p r e s e n t s  g r o s s  investment .  I t  i s  a 

s o - c a l l e d  book-keeping s e c t o r  t h a t  c r e a t e s  homogeneous c a p i t a l  

goods from t h e  s e c t o r a l  commodit ies,  which is ,  i n  t u r n ,  used f o r  

r e p l a c i n g  o l d  c a p i t a l  and f o r  n e t  i nves tment .  The ba lance  equa- 

t i o n  f o r  t h i s  ( n + l ) t h  s e c t o r  w i l l  t h u s  have t h e  fo l l ow ing  form 

*Stock fo rmat ion  w i l l ,  i n  g e n e r a l ,  be t r e a t e d  a s  p a r t  o f  
t h e  g r o s s  inves tment .  I n  some c a l c u l a t i o n s ,  however, it might 
be more a p p r o p r i a t e  t o  t r e a t  it exogenously.  



where Xn+, is real gross investment, I is real net investment, 

and 6 j = 1,2,...,n) is the depreciation rate of capital in 
j * 

sector j . 

2.2. Import and Export Functions, and Trade Balances 

I m p o r t s  are classified according to four criteria (but not 

in all cases) : 

- sectoral character of the imported commodity 

- trading area (rouble or dollar region) 

- competitive or noncompetitive (complementary) character 

of the imported commodity 

- area of use of the imported commodity 

.*,'oncompe t i t i v ?  i n r p o r t s ,  used in production and investment, 

are determined as fixed proportions of the output levels: 

Government (public) consumption of noncompetitive imports are 

treated as exogenous parameters in the model, while the use of 

noncompetitive imports in private consumption is determined by 

demand functions. 

The total noncompetitive imports of a given commodity are 

split into two parts: imports from rouble and dollar regions, 

assuming a finite but rather small elasticity of substitution be- 

tween imports from the two trading areas: 

*We do not distinguish here between depreciation and replace- 
ment rate, which may be quite different. In some cases, especi- 
ally in short-run calculations, such a distinction may be desir- 
able. 



C o m p e t i t i v e  i m p o r t s  a r e  t r e a t e d  a s  p e r f e c t  s u b s t i t u t e s  f o r  

t h e  s e c t o r a l  o u t p u t ,  t h e r e f o r e ,  t h e r e  is  no need t o  s p e c i f y  t h e i r  

a r e a  of  use.  The compe t i t i ve  impor ts  o f  a g iven  commodity from 

roub le  and d o l l a r  r eg ions  a r e  t r e a t e d  s e p a r a t e l y .  I n  both  c a s e s  

impor ts  a r e  determined by t h e  t o t a l  domest ic  use o f  t h e  s e c t o r a l  * 
o u t p u t  ( X i  - Z i )  and v a r i a b l e  p ropo r t i ons  o f  t h e  impor ts  accord- 

i n g  t o  t h e  fo l lowing r u l e s :  

where 

The ? ropo r t i ons  of t h e  impor ts  a r e  determined i n  accordance 

w i th  t h e  fo l low ing  import  f u n c t i o n s  

* In  some cases one n i g h t  want t o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  
f a c t  t h a t  impor ts  from roub le  reg ions  a r e ,  a s  a r u l e ,  determined 
by long-term t r a d e  agreements from which it is r a t h e r  d i f f i c u l t  
t o  d e v i a t e .  I n  such a c a s e ,  t h e r e f o r e ,  it seems more a p p r o p r i a t e  
t o  determine t h e  amount o f  impor ts  from t h e  roub le  a r e a  indepen- 
d e n t l y  from t h e  domest ic  o u t p u t ,  i n  accordance w i th  import func- 
t i o n s  o f  t h e  fo l lowing type:  



The i n t e r p r e t a t i o n  o f  t h e s e  impor t  f u n c t i o n s  i n  a  p lann ing  

c o n t e x t  cou ld  be based on t h e  fo l l ow ing  o b s e r v a t i o n s .  I f ,  say ,  

,did i n  e q u a t i o n  ( 1 7 )  were set  equa l  t o  z e r o ,  t h e n  t h e  d o l l a r  i m -  

p o r t s  would be  determined a s  f i x e d  p r o p o r t i o n s  o f  t h e  t o t a l  do- 

m e s t i c  u s e  o f  t h e  s e c t o r a l  o u t p u t  ( i . e . ,  a s  f i x e d  p r o p o r t i o n s  o f  

t o t a l  o u t p u t  less e x p o r t s ) .  T h i s  k ind  o f  impor t  d e t e r m i n a t i o n  
C i s  q u i t e  commonly used i n  a p p l i e d  inpu t -ou tpu t  models,  where m i d  

can  be t aken  a s  t h e  p lanned p r o p o r t i o n  o f  t h e  impor ts .  The 

modify ing term i n  t h e  impor t  f u n c t i o n  i s  i n t ended  t o  r e f l e c t  sub- 

s t i t u t i o n  e f f e c t s  i n  t h e  f c l l o w i n g  sense .  I f ,  c e t e r i s  par!Sus, 

t h e  domest ic  p r i c e  (Pi )  o f  t h e  g iven  commodity i n c r e a s e s  r e l a t i v e  

t o  i t s  impor t  p r i c e  ( 9 i d  Vd P!:), t h e n  t h e  r e l a t i v e  s h a r e  o f  i m -  

p o r t s  i s  going t o  i n c r e a s e .  The e l a s t i c i t y  pa ramete r  p i s  i n -  i d  
tended t o  r e f l e c t  whether  one  a s s u e s  a  l a r g e r  o r  a  s m a l l e r  s h i f t  

i n  t h e  impor t  s h a r e  (more o r  less " f r i c t i o n "  i n  t h e  ad jus tment  

p r o c e s s ) .  I t  shou ld  be emphasized t h a t  a l t hough  impc r t  f u n c t i o n s  

of  t h i s  formarecommonly used i n  g e n e r a l  e q u i l i b r i u m  models,  t h e  

i n t e r p r e t a t i o n  a t t a c h e d  t o  them i s  o f t e n  q u i t e  d i f f e r e n t  from * 
ours .  T h i s  d i f f e r e n c e  i n  i n t e r p r e t a t i o n  p rov ides  a n  i l l u s t r a t i o n  

f o r  o u r  e a r l i e r  d i s c u s s i o n  c c n c ~ r n i n g  t h e  d i s t i n c t i o n  between 

t heo ry  and t echn iques .  

Expor ts  a r e  ds te rm ined  by e x p o r t  f u n c t i o n s .  There are es- 

s e n t i a l l y  two ways t o  d e f i n e  e x p o r t  f u n c t i o n s :  e x p o r t  supp ly  o r  

e x p o r t  denand f u n c t i o n s .  From a t e c h n i c a l  p o i n t  o f  v iew t h e  

*The t h e o r e t i c a l  j u s t i f i c a t i o n  o f  such f u n c t i o n s  i s  based on 
t h e  assumpt ion of t h e  same t y p e  o f  CES p r e f e r e n c e  f u n c t i o n  f o r  
each u s e r  and t h e i r  op t im i z i ng  behav io r .  (See,  f o r  i n s t a n c e ,  
Bergman, 1 9 8 0 ) .  I t  has  been po in ted  o u t  t o  m e  by L a r s  Bergman 
t h a t  i f  one wants  t o  be c o n s i s t e n t  w i t h  t h e s e  assumpt ions,  t h e n  
t h e  domest ic  o u t p u t  and t h e  compe t i t i ve  impor ts  cou ld  n o t  b e  
t r e a t e d  a s  p e r f e c t  s u b s t i t u t e s  ( t h e y  canno t  be added t o g e t h e r ) .  
It shou ld  be c l e a r  t h a t  o u r  unders tand ing  of " l i m i t e d  s u b s t i t u -  
t i o n  ? o s s i b i l i t y U  i s  d i f f e r e n t  from t h e  one imp l ied  by t h e  above 
assumpt ions.  W e  do a.ssume t h e  p e r f e c t  s u b s t i t u t a b i l i t y  o f  com- 
p e t i t i v e  impor ts  and domest ic  p roduc t i on ,  b u t  an  impe r fec t  sub- 
s t i t u t i o n  nechanism. Whereas a n e o c l a s s i c a l  i n t e r p r e t a t i o n  would 
assume impe r fec t  s u b s t i t u t a b i l i t y  i n  u s e  b u t  a p e r f e c t  s u b s t i t u -  
t i o n  mechanism i n  t h e o r y .  



expor t  f unc t i on  has i d e n t i c a l  forms i n  both c a s e s  ( f o r  t h e  sake 

of  s i m p l i c i t y  i n  t h i s  genera l  d i scuss ion  w e  d i s r e g a r d  taxes  and 

t r a d e  reg ion  s p e c i f i c a t i o n s )  : 

The i n t e r p r e t a t i o n  of t h i s  form, however, i s  q u i t e  d i f f e r e n t  i n  

t h e  two c a s e s ,  a l s o ,  t h e  cho ice  o f  i n t e r p r e t a t i o n  w i l l  a f f e c t  

t h e  t rea tment  of expo r t s  i n  t h e  t r a d e  ( c u r r e n t  account )  ba lance 

equat ion.  

I n  t h e  c a s e  of  expo r t  supply i n t e r p r e t a t i o n ,  t h e  b a s i c  as-  
- -  - - 

sumption i s  t h a t t h e  world market (expo r t )  p r i c e  ( ~ 7 ~ )  and t h e  

r a t e  of  exchange ( V )  determine t h e  p r i c e  t h a t  t h e  s e l l e r  o b t a i n s  

f o r  h i s  commodity i f  he sel ls it abroad. Thus t h e  expor t  supply 

i s  determined on t h e  b a s i s  of t h e  domestic seller p r i c e  ( P i )  and 

t h e  expor t  s e l l e r  p r i c e  (V pYE). I n  t h i s  c a s e  t h e  expo r t s  i n  

t h e  t r a d e  ba lance must be eva lua ted  a t  world market (expo r t )  p r i -  

ces .  Note a l s o ,  t h a t  i n  t h i s  case  it i s  assumed t h a t  t h e  g iven 

count ry  i s  a p e r f e c t  p r i ce - take r  i n  t h e  world market.  

I n  t h e  second case ,  t h e r e  is an i m p l i c i t  assumption t h a t  

t h e  g iven count ry  cannot i n f l uence  t h e  g e n e r a l  world market p r i c e  - 

l e v e l  (pYE) , b u t  i t  can set t h e  expor t  p r i c e  f o r  i t s  commodity. 

Th is  l a t t e r  p r i c e  i s  determined by t h e  domestic p r i c e  (P i )  and 

t h e  exchange r a t e  (V) . I t  i s  assumed t h a t  t h e  f o r e i g n  purchasers  

w i l l  i n c r e a s e  o r  decrease t h e i r  demand i n  accordance wi th  t h e  

r e l a t i v e  change o f  t h e  genera l  world market p r i c e  (P?) and t h e  

o f f e r e d  p r i c e  l e v e l  ( P i / V ) .  I n  t h i s  c a s e  t h e  expo r t s  i n  t h e  

t r a d e  ba lance must be eva lua ted  a t  p r i c e s  P ~ / v .  

I n  t h e  c a s e  o f  small, open economies, it is reasonable t o  

assume t h a t  they a r e ,  i n  genera l ,  p r i ce - take rs  r a t h e r  than  pr ice-  

makers on t h e  world market.  Th is ,  however, should n o t  mean t h a t  

they cannot i n f l uence  t h e i r  expor t  p r i c e s  a t  a l l .  I t  i s  genera l l y  

assumed t h a t  t h e  volume of t h e  coun t r y ' s  expo r t s  does have an 

e f f e c t  on t h e  expo r t  p r i c e  t h a t  it can ach ieve ,  due t o  t h e  l i m i -  

ted  abso rp t i ve  c a p a c i t i e s  o f  t h e  suppl ied markets. The combina- 

t i o n  of  t h e s e  two assumptions g i ves  r ise t o  t h e  fo l lowing expor t  



s p e c i f i c a t i o n .  The e x p o r t  p r i c e  i s  b a s i c a l l y  f o l l ow ing  t h e  gen- 

e r a l  world market  e x p o r t  p r i c e  (pYE) , b u t  it i s  modi i i ed  by a  

term r e f l e c t i n g  t h e  e f f e c t  o f  t h e  s i z e  o f  t h e  e x p o r t  on t h e  ac-  

t u a l  e x p o r t  p r i c e  (P?) : 

I n  a  p l ann ing  modeling c o n t e x t ,  2: can  be t h e  p lanned amount o f  * 
e x p o r t s  and pYE t h e  f o r e c a s t e d  u n i t  e x p o r t  p r i c e .  The re fo re ,  

I 

i n  t h i s  case, t h e  e x p o r t  supp ly  f u n c t i o n  w i l l  have t h e  fo l l ow ing  

form: 

The s o l u t i o n  o f  t h i s  equa t i on  f o r  Zi  y i e l d s  

where 

The e x p o r t  f u n c t i o n  i s ,  t h e r e f o r e ,  f o rma l l y  t h e  same i n  t h i s  

c a s e  as above. There is  o n l y  a change i n  t h e  a b s o l u t e  v a l u e  of 

t h e  e l a s t i c i t y  parameter ;  it w i l l  be somewhat lower t han  i n  t h e  

c a s e  of  a  "pu re"  e x p o r t  supp ly  f u n c t i o n .  Note, however, t h a t  i n  

t h e  t r a d e  b a l a n c e  t h e  e x p o r t s  must b e  e v a l u a t e d  i n  t h i s  c a s e  a t  
AE p r i c e s  Pi . 

* I n  a s t a t i c  model l i k e o u r s a c h a n g e  i n  t h e  e x p o r t  volume o f  
one coun t r y  can be  i n t e r p r e t e d  a s  i f  i ts  s h a r e  i n  t h e  t o t a l  wor ld 
e x p o r t  had changed. I n  t h e  l i g h t  of  t h i s  o b s e r v a t i o n  one can 
g e n e r a l i z e  t h e  above p r i c e  form by s u b s t i t u t i n g  t h e  e x p o r t  volume 
( Z i )  by t h e  c o u n t r y ' s  s h a r e  i n  t h e  t o t a l  wor ld e x p o r t  ( s i ) .  Such 
an  e x p o r t  p r i c e  f u n c t i o n  could t h e n  be used i n  a  dynamic model a s  
w e l l . ( I  owe thanks  t o  Urban Kar ls t rom f o r  c a l l i n g  my a t t e n t i o n  t o  
t h i s  i n t e r p r e t a t i o n a l  p o s s i b i l i t y ) .  



I n  de te rm in ing  d o l l a r  e x p o r t s  w e  w i l l  u s e  t h e  above m o d i f i e d  

e x p o r t  supp ly  f u n c t i o n ,  w i t h  one a d d i t i o n a l  change. I n  o r d e r  t o  

i n c r e a s e  t h e  e x p o r t  supp l y  t h e  government can  s u b s i d i z e  t h e  ex- 

p o r t e r  o r  impose t a x e s  on  t h e  income from e x p o r t s  a s  a means o f  

c u r t a i l i n g  e x p o r t s .  Th i s  f a c t o r  has  a d i r e c t  e f f e c t  o n l y  on t h e  

e x p o r t  supp ly  f u n c t i o n  and n o t  on t h e  t r a d e  ba lance .  For  t h i s  

r eason ,  w e  use  t h e  f o l l ow ing  e x p o r t  supp ly  f u n c t i o n s  

I n  de te rm in ing  r o u b l e  e x p o r t s  w e  u s e  s i m i l a r  e x p o r t  supp ly  

f u n c t i o n s  w i t h o u t  t a k i n g  i n t o  accoun t  t h e  p r i c e  modi fy ing  e f f e c t  * 
o f  t h e  e x p o r t  s i z e  

S ince  r o u b l e s  and d o l l a r s  a r e  n o t  exchangeable  i n  g e n e r a l  it i s  

t h e r e f o r e  more a p p r o p r i a t e  t o  have two t r a d e  ba lances  i n  t h e  

model, r a t h e r  t han  one  agg rega ted  c u r r e n t  accoun t .  I n  accordance 

w i t h  t h e  expor t - impor t  s p e c i f i c a t i o n  t h e  t r a d e  ba lances  ( c u r r e n t  

accoun ts )  have t h e  f o l l ow ing  forms 

* A l t e r n a t i v e l y ,  Z i r  cou ld  be t r e a t e d  a s  a f r e e  v a r i a b l e  a s -  
suming i n f i n i t e l y  a b s o r p t i v e  e x p o r t  market  c a p a c i t i e s  i n  r oub le  
r e l a t i o n .  Such a s o l u t i o n  cou ld  be  supplemented w i t h  e x p o r t  
c a p a c i t y  r e s t r i c t i o n s .  For  each  s e c t o r  w e  cou ld  d e f i n e  e x p o r t  a s  
f i x e d  p r o p o r t i o n s  o f  t h e  o u t p u t .  Thus t h e  r o u b l e  e x p o r t  cou ld  
be determined a s  t h e  d i f f e r e n c e  between t o t a l  e x p o r t s  and d o l l a r  
e x p o r t s .  



where Dd and Dr a r e  t h e  t a r g e t  s u r p l u s  o r  d e f i c i t  l e v e l s  on 

d o l l a r  and r o u b l e  f o r e i g n  t r a d e  ba lance .  

2 . 3 .  F i n a l  Demand and Regional  Aspects  

P u b l i c  (government) consumption is  exogenously determined 

a s  w e l l  a s  f o r e i g n  t r a d e  ba lances .  I f  t o t a l  n e t  i nves tments  were 

a l s o  exogenously g i v e n  as i n  t h e  ~ e r g r n a n - ~ G r  model, t h e n ,  i n  a  

model t h a t  examines a l l o c a t i v e  e f f i c i e n c y ,  a l l  g a i n s  t h a t  r e s u l t  

from t h e  r e a l l o c a t i o n  o f  r e s o u r c e s  would show up a s  a n  i n c r e a s e  * 
i n  p r i v a t e  consumption. I n  o u r  modelwe p l a n  t o  i n v e s t i g a t e  s e v e r a l  

a l t e r n a t i v e s .  Here w e  w i l l  d i s c u s s  o n l y  one p o s s i b l e  way t o  en- 

dogen ize n e t  i nves tments .  Suppose w e  main ta i n  a g i ven  ( rea l )  * *  
consumpt ion- investment  r a t i o  ( a )  . T h i s  g i v e s  r i s e  t o  t h e  f o l -  

lowing e q u a t i o n  

The e f f i c i e n c y  g a i n s  i n  t h i s  case show up a s  ap i n c r e a s e  i n  bo th  

p r i v a t e  consumption and n e t  i nves tments .  

I n  a n o t h e r  a l t e r n a t i v e  s o l u t i o n  t h e  r e a l  v a l u e  o f  consump- 

t i o n  ( C )  and t h a t  o f  n e t  i nves tment  ( I )  cou ld  be  f i x e d  exogen- 

o u s l y  and one o f  t h e  f o r e i g n  t r a d e  ba lance  t a r q e t s ,  f o r  example, 

cou ld  be  f r e e d  and made endogenous. I n  t h i s  way t h e  e f f i c i e n c y  

g a i n s  would appear  as improvements i n  t h e  t r a d e  ba lance .  

Household ( p r i v a t e )  consumption is  endogenously t r e a t e d .  

Depending on i t s  i n tended  u s e  t h i s  p a r t  o f  t h e  model may become 

more o r  less c r u c i a l ,  e s p e c i a l l y  t h e  i n t e r p r e t a t i o n  and t h e  es- 

t i m a t i o n  o f  t h e  assumed consumers ' respond (demand) f u n c t i o n  

paramete rs .  For  s i m p l i c i t y  w e  i n t e n d  t o  make u s e  o f  t h e  L i nea r  

Expend i ture  System. I n  a  s t a t i c  model a p p l i e d  i n  t h e  f i n a l  co- 

o r d i n a t i o n  phase o f  n a t i o n a l  economic p l ann ing ,  t h e  use  o f  such 

a  s p e c i f i c a t i o n  can  be j u s t i f i e d  on p ragmat i c  grounds.  It i s  

*On t h i s  p o i n t  see o u r  e a r l i e r  d i s c u s s i o n  i n  S e c t i o n  1 . 3 .  
**The r a t i o  can  be  de te rm ined ,  f o r  example, by t h e  planned 

va lues  o f  t h e  v a r i a b l e s :  a = 
GO + CO , i f  t h e  model i s  used f o r  

IO 

a n a l y z i n g  a  d r a f t  p l a n .  



assumed t h a t  one can  r e l y  on t h e  d e t a i l e d  p lan  c a l c u l a t i o n s  and 

use  t h e  planned consumption, expend i tu re ,  and p r i c e  l e v e l  t o  be 

a more o r  l e s s  c o n s i s t e n t  f o r e c a s t  o f  t h e  f u t u r e  consumers' p re f -  

e rences .  The model, however, would gene ra te  p r i c e  l e v e l s  and a 

t o t a l  expend i tu re  l e v e l  t h a t  would vary  from t h i s .  Therefore,  

one would l i k e  t o  i nco rpo ra te  i n t o  t h e  model t h e  l i k e l y  e f f e c t s  

of such changes on t h e  l e v e l  and s t r u c t u r e  o f  consumer demand. 

One cou ld  set t h e  c o n s t a n t  terms i n  t h e  LES demand f u n c t i o n s  

equa l  t o t h e  planned consumption l e v e l s  and determine t h e  e l a s t i c -  

i t y  parameters ,  r e l y i n g  on e x p e r t  estimates o f  t h e  d e s i r e  s t r u c -  

t u r e  of excess  consumption. Th is  s o l u t i o n  would be b a s i c a l l y  

equ i va len t  t o  t h e  one commonly used i n  t h e  l i n e a r  programming 

models a p p l i e d  t o  p lann ing ( s e e  t h e  cor responding d i s c u s s i o n  i n  

Sec t i on  1 . 2 ) .  

I f  one wants a more r e l i a b l e  f o r e c a s t  o f  s t r u c t u r a l  a d j u s t -  

ment, e s p e c i a l l y  i n  a l onge r  t i m e  hor izon,  then  some c r u c i a l  

demographic and s p a t i a l  a s p e c t s  cannot  be neg lec ted  i n  t h e  nodel: 

I n  t r a d i t i o n a l  n a t i o n a l  economic p lann ing models, such a s p e c t s  

a r e  r e f l e c t e d  on l y  i m p l i c i t l y .  (The d a t a  d e p i c t  a g iven s p a t i a l ,  

demographic s t r u c t u r e  and t h e  changes a r e  thought  t o  be cons is -  

t e n t  w i th  t h i s  assumed s t r u c t u r e . )  The need f o r  demoeconomic 

formal models, i n t e g r a t i n g  economic, demographic, and s p a t i a l  

v a r i a b l e s  i n t o  a c o n s i s t e n t  model framework, has  been a r t i c u l a t e d  

most ly  i n  t h e  c o n t e x t  o f  deve lop ing c o u n t r i e s  ( s e e ,  f o r  i n s t a n c e ,  

Rogers, 1977).  A few economic-demographic s imu la t i on  models 

have r e c e n t l y  appeared a s  a r e s u l t  o f  such e f f o r t s  ( f o r  a c r i t i -  

c a l  review of  t h e s e  models see  Sanderson, 1980) .  Although none 

of t h e s e  models o f f e r s a s a t i s f a c t o r y  way f o r  i n t e g r a t i n g  t h e  

above mentioned a s p e c t s  i n t o  a p lann ing model, they may sugges t  

u s e f u l  p o i n t s  o f  d e p a r t u r e  f o r  f u t u r e  r e s e a r c h  i n  t h i s  d i r e c t i o n .  

For i l l u s t r a t i o n  w e  w i l l  d e s c r i b e  a s imple  dev i ce  t h a t  cap- 

t u r e s  t h e  i n t e r a c t i o n  of economic and demographic f a c t o r s  w i t h i n  

t h e  framework of o u r  s t a t i c  model. The u rban- ru ra l  d i s t r i b u t i o n  

o f  economic a c t i v i t i e s  and households and t h e i r  i n t e r a c t i o n  

through f i n a l  demand w i l l  be  incorpora ted  i n t o  t h e  model. The  

b a s i c  i d e a ,  then ,  i s  t o  roughly a s s i m i l a t e  s h i f t s  i n  t h e  produc- 

t i o n  s t r u c t u r e ,  which imply changes i n  t h e  u rban- ru ra l  d i s t r i b u -  

t i o n  o f  t h e  economic a c t i v i t i e s  and consequent ly ,  i n  t h e  household 



d i s t r l b u t l o n  and consumption demand a s  w e l l .  Ir. each s e c t o r ,  

t h e r e f o r e ,  we e s t i m a t e  t h e  p r o p o r t i o n  o f  u rban and r u r a l  employ- 

ment (s  and s = 1 - s ) ,  and we assume t h e s e  p r o p o r t i o n s  
u  j r j u j  

t o  be exogenous paramete rs .  I n  t h e  g e n e r a l  e q u i l i b r i u m  models 

o f  d u a l i s t i c  development ( s e e ,  f o r  i n s t a n c e ,  Ke l l ey  .and Wil l iam- 

son,  1980 and Kar l s t ram,  1980) t h e s e  p r o p o r t i o n s  a r e  e i t h e r  1 o r  

0 ,  s o  o u r  s o l u t i o n  may be seen  a s  a  g e n e r a l i z a t i o n  o f  t h i s  con- 

c e p t .  Thus i n  each s o l u t i o n  w e  can  c a l c u l a t e  t h e  t o t a l  u rban and 

r u r a l  employment: 

Next w e  assume t h a t  w e  have two d i f f e r e n t  demand f u n c t i o n s ,  

one each f o r  u rban  and r u r a l  househo lds ,  and t h a t  t h e  d i s t r i b u -  

t i o n  o f  u rban and r u r a l  househo lds  changes i n  accordance w i t h  

urban and r u r a l  employment d i s t r i b u t i o n .  The agg rega te  house- 

ho ld  demand f o r  commodity i w i l l  t h u s  be  g i ven  by t h e  f o l l ow ing  

sum: 

Rura l  and urban household e x p e n d i t u r e s  a r e  assumed t o  i n c r e a s e  

( d e c r e a s e )  i n  t h e  same p r o p o r t i o n s  a s  i f  t h e r e  %?ere no change i n  t h e  

d i s t r i b u t i o n  o f  r u r a l  and urban househo lds .  Thus i f  E i s  t h e  

g e n e r a l  l e v e l  o f  household expend i t u re ,  then  t h e  r u r a l  and urban 

household e x p e n d i t u r e s  w i l l  be determined by 



and 

0 where E , E:, and E: a r e  t h e  p lanned ( b a s e )  t o t a l ,  u rban and 

r u r a l  e x p e n d i t u r e  l e v e l s ,  which f u l f i l l  t h e  f o l l ow ing  i d e n t i t y :  

The f i n a l  demand f o r  i n t e r m e d i a t e  commodit ies and noncom- 

p e t i t i v e  impor ts  by t h e  i n d i v i d u a l  household s e c t o r s  i s  d e t e r -  

mined by r e l a t i v e  p r i c e s  and t o t a l  e x p e n d i t u r e  i n  accordance  

w i th  LES demand f u n c t i o n s :  

where 

2 . 4 .  P r i c e s  and Cos t s  

The p r i c e  o f  commodity i i s  determined i n  accordance w i t h  

t h e  homogeneity assumpt ion.  There  a r e  t h r e e  d i f f e r e n t  s o u r c e s  

o f  t h e  same commodity: domest ic  p roduc t i on ,  r o u b l e  impo r t s ,  and 

d o l l a r  impor ts .  Except f o r  e x p o r t s ,  t h e  u s e r ' s  p r i c e ,  i .e . ,  t h e  * 
change of i t s  l e v e l  , can  be determined a s  t h e  weighted average  

* I t  shou ld  be  no ted  t h a t  w e  a r e  d e a l i n g  w i t h  p r i c e  i n d i c e s  
( o r  l e v e l s )  and n o t  w i t h  a c t u a l  p r i c e s  t h a t  do n o t  even e x i s t  f o r  
t h e  commodity a g g r e g a t e s .  The same i s  t r u e  f o r  most o f  t h e  o t h e r  
v a l u e s  o r  f i n a n c i a l  v a r i a b l e s  such a s  exchange r a t e s  and impor t  
t a r i f f s .  The i r  v a l u e s  a r e  taken  t o  be 1 .00  a t  t h e  base  y e a r  ( o r  
base  s o l u t i o n ) ,  which a l s o  means t h a t  t h e  co r respond ing  " r e a l "  
v a r i a b l e s  a r e  measured i n  t h e s e  c o n s t a n t  base-year  p r i c e s .  



* 
o f  t h e  t h r e e  d i f f e r e n t  p r i c e  l e v e l s .  The domest ic  p r i c e  l e v e l  

o f  t h e  imported commodit ies changes i f ,  c e t e r i s  p a r i b u s ,  t h e r e  

i s  a change i n  t h e  import  t a r i f f - s u b s i d y  m u l t i p l i e r  ( O ) ,  i n  t h e  

exchange r a t e  ( V ) ,  o r  i n  t h e  commodity's world market  ( impo r t )  

p r i c e  l e v e l  (pW1).  Thus t h e  ave rage  change o f  t h e  domest ic  u s e r ' s  
D p r i c e  l e v e l  o f  commodity i ( P i )  can be  c a l c u l a t e d  from t h e  fo l low- 

i n g  r e l a t i o n s h i p  

D 
Div id ing  by ( X i  - Z . )  and s o l v i n g  t h e  above e q u a t i o n  f o r  Pi 

1 

y i e l d s  

1 
m 

D - - + i d  W I  
l + m  + m  i d  

1 + mid + mir i r  ' id 'd ' id 

I n  s o c i a l i s t  c o u n t r i e s ,  t h e  p r i c e  o f  t h e  domest ic  o u t p u t  i s  

most o f t e n  measured by t h e  so -ca l l ed  p r o d u c e r ' s  ( f a c t o r  c o s t )  

p r i c e ,  which does  n o t  c o n t a i n  t u r n o v e r  t a x e s  and o t h e r  ad valorem 

t a x e s  o r  s u b s i d i e s .  The consumer 's  (marke t )  p r i c e  o f  t h e  same 

commodity can be d i f f e r e n t  depending on t h e  purchas ing  a r e a .  I t  

would make t h e  model o v e r l y  compl ica ted i f  w e  t o o k a l l  t h e s e  v a r i a -  

t i o n s  i n t o  c o n s i d e r a t i o n .  The re fo re ,  w e  assume a r a t h e r  s imp le  

cor respondence between t h e  p r o d u c e r ' s  and t h e  consumer 's  p r i c e  

o f  t h e  s e c t o r a l  o u t p u t ,  namely, 

* ~ e c e n t  p r i c i n g  p o l i c y  i n  Hungary ( c o m p e t i t i v e  p r i c i n g )  
connec t s  t h e  change o f  domest ic  p r i c e s  more c l o s e l y  t o  f o r e i g n  
t r a d e  ( e i t h e r  e x p o r t s  o r  impor ts )  p r i c e  changes.  Th is  p a r t  o f  
t h e  model needs r e v i s i o n  i n  t h e  l i g h t  o f  t h e  new p r i c e  fo rmat ion  
p r i n c i p l e s .  The model cou ld  a l s o  be used f o r  t h e  assessment  of 
t h e  l i k e l y  o v e r a l l  impact  of t h i s  change i n  p r i c e  p o l i c y .  



where r 7  is  t h e  n e t  t u r n o v e r  t a x  r a t e  on commodity j and P: and 
P J J 

P .  a r e  t h e  consumer 's  and p r o d u c e r ' s  p r i c e s ,  r e s p e c t i v e l y .  Also,  
3 

s i n c e  w e  have c o m p e t i t i v e  impor t  i n  o u r  model, t h e  d a t a  concern-  

i n g  t h e  p roduc t i on  and u s e  o f  domest ic  comnod i t i es  a r e  assumed 

t o  be g i ven  a t  consumer p r i c e s .  The p r i c e  o f  t h e  domestic o u t p u t  

i s  measured by t h e  consumer p r i c e  index ,  t h u s  it r e f l e c t s  t h e  

changes o f  b o t h t h e p r o d u c e r ' s  p r i c e  and t h e  n e t  t u r n o v e r  t a x  

r a t e .  W e  u s e  t h e  fo l l ow ing  b a s i c  p r i c e  c a l c u l a t i o n  scheme t o  

de te rm ine  t h e  (consumer ' s )  p r i c e  o f  domest ic  o u t p u t  ( o m i t t i n g  

s u p e r s c r i p t  C ,  s i n c e  o n l y  t h e  consumer 's  p r i c e  is used i n  t h e  

formal  model) 

where t h e  e x p r e s s i o n  i n  p a r e n t h e s e s  i n d i c a t e s  t h e  p r o d u c e r ' s  c o s t  

o f  producing one u n i t  o f  o u t p u t  j (measured a t  b a s e  y e a r  p r i c e s ! ) , a n d  

n and T a r e  exogenously g i ven  p r o f i t  and t u r n o v e r  t a x  r a t e s ,  
j j 

r e s p e c t i v e l y .  

The above p r i c e  fo rmat ion  r u l e  i s  i n c o n s i s t e n t  w i t h  some 

concep ts  of  t h e  n e o c l a s s i c a l  g e n e r a l  e q u i l i b r i u m  t h e o r y .  I t  is  

w e l l  known from t h i s  t h e o r y ,  t h a t  i f  techno logy e x h i b i t s  c o n s t a n t  

r e t u r n s  t o  s c a l e  t hen  i n  e q u i l i b r i u m  no producer  can  make pos i -  

t i v e  p r o f i t s ,  i . e . ,  t h e  p roduc t i on  a c t i v i t i e s  t h a t  a r e  used i n  

t h e  e q u i l i b r i u m  s o l u t i o n  must b reak  even a t  e q u i l i b r i u m  p r i c e s .  

The use  of  c o n s t a n t  r e t u r n  techno logy  i n  an  a p p l i e d  model is,  i n  

o u r  v iew, o n l y  a  conven ien t  assumpt ion,  and one shou ld  n o t  t a k e  

it t o o  s e r i o u s l y .  When one speaks  abou t  n o n p r o f i t  i n  t h e  r e a l  

wor ld ,  one h i d e s  p r o f i t  i n  "normal" ( o r  "abnormal")  r a t e s  o f  re- 

t u r n  on d i f f e r e n t  f a c t o r s  o f  p roduc t ion .  T h i s  t r e a t m e n t  o f  p r o f i t  

canno t  be regarded  o n l y  a s  a  m a t t e r  o f  t a s t e  o r  ideo logy.  The 

r e a l  problem w i t h  it i s  t h a t  t h e s e  r e t u r n s  a r e  t r e a t e d  a s  micro- 

l e v e l  f a c t o r  c o s t s .  Wages i n  a  market  economy can  be t r e a t e d  a s  



c o s t  f o r  t h e  p roducers ,  b u t  i t  seems t o  b e  h i gh l y  i n a p p r o p r i a t e  

t o  i n t e r p r e t  t h e  rest o f  t h e  va lue  added a s  t h e  u s e r s  c o s t  of  

c a p i t a l .  I t  i s  a l s o  ha rd  t o  b e l i e v e  t h a t  t h e s e  r e t u r n s  a r e  equa l  

t o  t h e  marg ina l  p roduc t s  of  l a b o r  and c a p i t a l ,  u n l e s s  one i s  a  

f a i t h f u l l  advoca te  o f  t h e  n e o c l a s s i c a l  income d i s t r i b u t i o n  t heo ry .  

Mark-up p r i c i n g  behav io r ,  wide v a r i a t i o n s  i n  t h e  r a t e s  o f  r e t u r n  

on c a p i t a l l a n d  o t h e r  a l t e r n a t i v e  t h e o r e t i c a l  c o n s i d e r a t i o n s  

c l e a r l y  do n o t  s u p p o r t  such  hypotheses.  

One way t o  b r i d g e  t h e  gap between t h e o r y  and r e a l i t y  i n  em- 

p i r i c a l  g e n e r a l  e q u i l i b r i u m  models (see, f o r  i n s t a n c e ,  Johansen,  

1959 o r  Bergman-P6r, 1980 and a l s o  t h e  r e l a t e d  d i s c u s s i o n  i n  Sec- 

t i o n  1 o f  t h i s  pape r )  i s  t o  i n c o r p o r a t e  ( s e c t o r  s p e c i f i c )  r e l a t i v e  

r a t e  o f  r e t u r n  requ i rements  i n t o  t h e  model. For  example, i f  f3 
j  

is t h e  r e l a t i v e  l e v e l  o f  n e t  r e t u r n  on c a p i t a l  i n  s e c t o r  j  and R 

i s  t h e  endogenous g e n e r a l  n e t  r a t e  o f  r e t u r n  on  c a p i t a l ,  t h e n  t h e  

n e t  r a t e  o f  r e t u r n  i n  s e c t o r  j ,  i n  e f f e c t ,  w i l l  be  R = B .  !?. 
j  I 

Looking a t  t h e  problem i n  a  d i f f e r e n t  way it i s  obv ious  t h a t  

t h e  theoret ica l (computat ional )  s i m p l i c i t y  o f  u s i n g  l i n e a r  honogenous 

p roduc t ion  f u n c t i o n s  i s  due t o  t h e i r  n i c e  b e h a v i o r a l  p rope r t y ;  

namely, t h a t  t h e  c o n d i t i o n s  f o r  p r o f i t  maximizat ion can  be  b rough t  

t o  terms w i t h  a  demand determined o u t p u t  s p e c i f i c a t i o n .  Given 

t h e  r e l a t i v e  f a c t o r  p r i c e s  one can  de te rm ine  t h e  cost -min imiz ing 

f a c t o r  p r o p o r t i o n s  independen t l y  from t h e  l e v e l  o f  t h e  o u t p u t .  

I f  one assumes c o n s t a n t  r e t u r n s  t o  s c a l e ,  t h e n  t h e  t h e o r e t i c a l  

requ i rement  f o r  a  meaningfu l  p r o f i t  maximizat ion is t h a t  t h e  u n i t  

( n e t )  p r i c e  i s  equa l  t o  t h e  u n i t  c o s t .  I n  such a  c a s e ,  however, 

t h e  o u t p u t  l e v e l  i s  i nde te rm ina te  and can  be determined s imply  by 

t a k i n g  i n t o  accoun t  t h e  demand requ i rement .  

I n  g e n e r a l ,  one  might assume t h a t  demand and o t h e r  con- 

s t r a i n t s  (such  a s  i n s t i t u t i o n a l  c o n s t r a i n t s  t h a t  r e q u i r e  t h e  

f u l l  u t i l i z a t i o n  of  c a p a c i t i e s )  have i n  t h e  s h o r t  r u n  a  more de- 

c i s i v e  impact  on t h e  o u t p u t  l e v e l  t han  mere p r o f i t  maximizing 

r u l e s .  Thus, f o r  example, one might  assume t h a t  p roducers  do 

m i n i m i z a  c o s t ,  b u t  t h e  l e v e l  o f  t h e i r  o u t p u t  i s  determined by 

supp ly  and demand r e l a t i o n s ,  i . e . ,  g i ven  t h e  demand f o r  t h e  pro- 

d u c t s  o f  a  s e c t o r ,  t h e  o u t p u t  l e v e l  o f  t h a t  s e c t o r  would s imply  

be a d j u s t e d  t o  m e e t  t h a t  demand. I f  one s t a r t s  w i t h  t h e s e  



assumpt ions t h e n  t h e  e x i s t e n c e  o f  ( e x c e s s )  p r o f i t s ,  even i n  t h e  

c a s e  of  l i n e a r  homogeneous p roduc t ion  f u n c t i o n s ,  cou ld  a l s o  be  

t aken  i n t o  c o n s i d e r a t i o n .  I n  terms o f  t h e  g e n e r a l  e q u i l i b r i u m  

t h e o r y  such a s o l u t i o n  would imply t h a t  t h e r e  i s  a p r e s s u r e  on 

t h e  s i d e  o f  t h e  p roducers  t o  i n c r e a s e  t h e  o u t p u t  l e v e l  i n  each 

s e c t o r ,  which may be c o n s t r a i n e d  e i t h e r  by e f f e c t i v e  demand i n  

a market economy, o r  by f a c t o r  a v a i l a b i l i t y  i n  a c e n t r a l l y  

p lanned one. T h i s ,  i n  f a c t ,  is  n o t  a t  a l l  i n  c o n t r a s t  w i t h  ac- 

t u a l  expe r i ence .  I n  t h e  p lanned economies, f o r  i n s t a n c e ,  t h e r e  

has  been c o n s t a n t  excess  demand f o r  bo th  l a b o r  and c a p i t a l ,  b u t ,  

o f  c o u r s e ,  f o r  more complex reasons  t h a n  t h e  one  imp l ied  above. 

Thus t h e  n o n p r o f i t  c o n d i t i o n s  shou ld  and cou ld  be  r e l a x e d .  

Th i s  would cause  t h e  model t o  l o s e  some o f  i t s  g e n e r a l  e q u i l i b -  

r ium c h a r a c t e r ,  b u t  a t  t h e  same t i m e  it would g a i n  some e m p i r i c a l  

r e l evance .  W e  t h e r e f o r e  assume c o s t  min imiz ing behav io r  and 

mark-up p r i c i n g  behav io r ,  combined w i t h  demand determined supp ly  

assumpt ion,  i n s t e a d  o f  s imp le  p r o f i t  maximizat ion.  F u r t h e r ,  t h e  

model i n  i t s  p r e s e n t  form t reats t h e  p r o f i t  r a t e  as an  exogenous 

parameter .  I f ,  however, one changed t h e  p r i c e  fo rmat ion  r u l e s  

( f o r  i n s t a n c e ,  l e t  some p r i c e s  be  determined d i r e c t l y  by world 

market  p r i c e s ) ,  t h e n t h e  co r respond ing  p r o f i t  r a t e s  would become 

endogenous v a r i a b l e s .  

Return ing t o  t h e  p r i c e  e q u a t i o n s  and t h e i r  remain ing v a r i -  

a b l e s ,  w e  have t h e  p r i c e  index  f o r  noncompet i t i ve  impor ts  

The o t h e r  c o s t  e lements  t h a t  e n t e r  i n t o  p r i c e  d e t e r m i n a t i o n  are 

t h e  u s e r ' s  c o s t  o f  l a b o r  ( I Q .  ) and c a p i t a l  (Q . )  . 
3 3 

The u s e r  c o s t  o f  l a b o r  i s  made up o f  two e lements :  t h e  

s e c t o r a l  wage r a t e  and a g e n e r a l  t a x  r a t e  on wages 



This format ion of t h e  use r  c o s t  of labor  i s  i n  accordance wi th  

t h e  a c t u a l  Hungarian p r a c t i c e .  The on ly  d i f f e r e n c e  he re  i s  i n  

t h e  de te rmina t ion  of t h e  wage t a x  r a t e ,  which i n  p r a c t i c e  i s  

given exogenously and i s  in tended t o  c o r r e c t  wages such t h a t  t h e  

r e s u l t i n g  c o s t  exp resses  t h e  a c t u a l  s o c i a l  c o s t  of l abo r .  Here 

W w i l l  be an endogenous v a r i a b l e  and i t s  r o l e  w i l l  be d iscussed 

l a t e r .  

The u s e r  c o s t  of c a p i t a l  w i l l  be determined i n  t h e  f o l l o t ~ i n g  

way. F i r s t ,  t h e  e x i s t i n g  c a p i t a l  s tock  i s  reeva lua ted  us ing t h e  

p r i c e  index of t h e  c a p i t a l  goods, which i s  given by 

Then, t h e  use r  c o s t  of t h e  reeva lua ted  c a p i t a l  w i l l  be made up 

of two p a r t s :  d e p r e c i a t i o n  and a  genera l  t a x  on c a p i t a l  use.  

This s o l u t i o n  i s  aga in  n o t  a l i e n  t o  t h e  Hungarian p r a c t i c e  where 

such t a x  r a t e s  have been app l i ed  and can be i n t e r p r e t e d  a s  mini- 

mum r a t e  of r e t u r n  requi rements .  The t a x e s  on l a b o r  and c a p i t a l  

a r e  assumed t o  f u l f i l l  t h e  r o l e  of r e g u l a t i n g  t h e  e n t e r p r i s e s '  

demand f o r  t h e s e  f a c t o r s  of product ion i n  accordance w i th  t h e i r  

a v a i l a b i l i t y  and s o c i a l  c o s t s .  Thus, i n  ou r  c a s e ,  t h e  u s e r  c o s t  

of c a p i t a l  (eva lua ted  a t  base p r i c e  l e v e l )  w i l l  be determined by 

F i n a l l y ,  W and R w i l l  be s e t  a t  such l e v e l s  by t h e  model 

t h a t  t h e  c o s t  minimizing s e c t o r s '  demand f o r  l abo r  and c a p i t a l  

matches t h e i r  a v a i l a b l e  amounts. They w i l l  t h e r e f o r e  se rve  t h e  

same goa ls  a s  t h e i r  emp i r i ca l  coun te rpa r t s .  The de termina t ion  

o f  t h e  l abo r  and c a p i t a l  i n p u t  c o e f f i c i e n t s  (n  and k  . ) and t h e  
j J 

f a c t o r s '  c o s t  w i l l  be d iscussed i n  t h e  fo l lowing s e c t i o n .  



2 . 5 .  P r o d u c t i o n  Technology and Decis ion-Making Ru les  

P r o d u c t i o n  t e c h n o l o g y  i s  d e s c r i b e d  by t h e  Johansen  s p e c i f i -  

c a t i o n  d i s c u s s e d  e a r l i e r .  I n t e r m e d i a t e  i n p u t s  and n o n c o m p e t i t i v e  

impor t  i n p u t s  a r e  assumed t o  change i n  p r o p o r t i o n  t o  t h e  l e v e l  

o f  o u t p u t  

The u s e  o f  t h e  two p r imary  f a c t o r s  o f  p r o d u c t i o n  a r e  de te rm ined  

by t h e  assumpt ion  t h a t  p r o d u c e r s  min imize  t h e i r  cost a t  any 

g i v e n  o u t p u t  l e v e l .  The f e a s i b l e  c h o i c e  o f  f a c t o r  comb ina t ion  

i s  d e s c r i b e d  by l i n e a r  homogeneous prok luct ion f u n c t i o n s  

M in im iza t i on  o f  t h e  t o t a l  c o s t  o f  t h e  p r imary  f a c t o r s ,  Wi N i  + 
2 2 

Q~ K j ,  s u b j e c t  t o  t h e  p r o d u c t i o n  f u n c t i o n  c o n d i t i o n ,  y i e l d s  t h e  

f o l l o w i n g  n e c e s s a r y  f i rs t  o r d e r  c o n d i t i o n s :  

where S r e f e r s  t o  t h e  Lagrange m u l t i p l i e r .  F u r t h e r  i n v e s t i g a -  
j  

t i o n  r e v e a l s  t h a t  S i s  t h e  m i n i r a l  u s e r  c o s t  o f  t h e  p r imary  
j 

f a c t o r s  p e r  u n i t  o f  o u t p u t  i n  s e c t o r  j :  

T h i s  c a n  e a s i l y  be checked by m u l t i p l y i n g  t h e  n e c e s s a r y  f i r s t  

o r d e r  c o n d i t i o n s  by N and K r e s p e c t i v e l y ,  and a d d i n g  them 
j j 



t o g e t h e r .  On t h e  r igh t -hand s i d e ,  a s  a  r e s u l t  o f  t h e  Eu le r  

theorem, one o b t a i n s  S.X . Div i s i on  of  t h e  r e s u l t i n g  equa t i on  
3 j 

by X .  y i e l d s  t h e  d e s i r e d  form. There fo re ,  t h e  de te rm ina t i on  of  
3 

p r i c e s  can be r e w r i t t e n  a s  f o l l ows :  

and consequen t l y ,  t h e  l a b o r  and c a p i t a l  c o e f f i c i e n t  ( n  and k . )  
j I 

can be om i t t ed  from t h e  model. And t h i s  comple tes  t h e  d e s c r i p -  

t i o n  o f  o u r  model. 

2.6. Formal S ta tement  o f  t h e  Model 

Endogenous V a r i c  bZes 

X g r o s s  o u t p u t  i n  s e c t o r  j = 1 , 2 ,  ..., n ( r e a l ) *  
j * * 

M i r t M i d  compe t i t i ve  roub le  and d o l l a r  impor t  of commodity 

i = 1 , 2 , . . . , n  ( r e a l )  

' i j 
use  of  domest ic- import  composi te commodity 

i = 1 , 2 ,  ..., n i n  s e c t o r  j = 1 , 2 ,  ..., n,n+ l  ( r e a l )  

C i I C i u ' C i r  t o t a l ,  u rban,  and r u r a l  household consumption of 

composi te commodity i = 1 , 2 ,  ..., n ( r e a l )  

Z i t z i r , Z i d  t o t a l ,  r o u b l e ,  and d o l l a r  e x p o r t  o f  commodity i 

( r e a l )  

'n+ t o t a l  g r o s s  inves tments  ( r e a l )  

I t o t a l  n e t  i nves tments  ( r e a l )  
- 

Gi sir I ~ i d  t o t a l ,  r o u b l e ,  and d o l l a r  noncompet i t i ve  import  

of commodity i = 1,2 ,  ..., n ( r e a l )  

* "Realw i n  b r a c k e t s i n d i c a t e s t h a t  t h e  g iven  ( r e a l )  v a r i a b l e  
i s  measured a t  base  y e a r  ( c o n s t a n t )  p r i c e s .  Also n o t e  t h a t  t h e  
meaning o f  some synbl?ls i n  S e c t i o n  2 d i f f e r s  from t h a t  i n  Sec t ion  1 .  

**See t h e  f o o t n o t e  on page 6 .  



- 
Mi  j use o f  noncompet i t i ve  impor t  commodity 

i = 1 ,2 ,  ..., n i n  s e c t o r  j = 1 ,2  ,..., n,n+ l  ( r e a l )  

- - - 
C i t C i u ~ C i r  t o t a l ,  urban,  and r u r a l  household consumption of  

noncompet i t i ve  import  commodity i = 1 , 2 , . . . , n  
( r e a l )  

K 
j 

c a p i t a l  used i n  s e c t o r  j = 1 , 2 , .  . . , n  ( r e a l )  

N 
j 

l a b o r  employed i n  s e c t o r  j = 1 ,2 ,  ..., n 

S 
j 

( op t ima l )  u s e r  c o s t  o f  l a b o r  and c a p i t a l  p e r  u n i t  

of  o u t p u t  i n  s e c t o r  j = 1,2 ,  ..., n 

W u s e r  c o s t  of l a b o r  i n  s e c t o r  j = 1 ,2 ,  ..., n 
j 

W n e t  r a t e  o f  r e t u r n  requ i rement  ( t a x )  on l a b o r  

*j 
u s e r  c o s t  o f  c a p i t a l  i n  s e c t o r  j = 1 , 2 ,  ..., n 

R n e t  r a t e  of  r e t u r n  requ i rement  ( t a x )  on c a p i t a l  

a s h a r e  of  r oub le  import  i n  t o t a l  noncompet i t i ve  i 
impor t  of  commodity i 

p r o p o r t i o n s  o f  compe t i t i ve  roub le  and d o l l a r  i m -  

p o r t s  of commodity i = 1 , 2 ,  ..., n 

P s e l l e r  p r i c e  of commodity j = 1 , 2 ,  ..., n produced 
j * 

domes t i ca l l y  ( i ndex )  

' r tvd exchange r a t e  o f  r oub les  and d o l l a r s  ( i ndex )  

-DI  average  domest ic  p r i c e  of noncompet i t i ve  impor t  

o f  commodity i = 1 ,2 ,  ..., n ( index)  

average  p r i c e  of  domest ic- import  composi te com- 
'i 

modity i = 1,2 ,  ..., n ( i ndex )  

E t E U p E r  t o t a l ,  u rban,  and r u r a l  household expend i t u re  l e v e l  

* " Indexu i n  b r a c k e t s  i n d i c a t e s  t h a t  t h e  cor responding v a r i -  
a b l e  i n  t h e  base  c a s e  has  a  va lue  of  1.00. 



EEU I EEr urban and rural excess expenditure level 

Nu,Nr urban and rural employment 

C total household consumption (real) 

Ext raneous  P a r ~ r n s t e r s  ( V a r i a b l e s  o r  Data)  

GI Gi total government (public) expenditure, govern- 

mental consumption of domestic-import composite 

commodity i = 1,2, . . . , n (real) 

K capital used in public services (real) 
g 

j 
depreciation rate in sector j = 1,2 ,..., n,g 

- 
Gi public consumption of noncompetitive import com- 

modity i = 1,2,. . . ,n (real) 

K total capital stock (real) 

N total labor 

N labor usage in public services 
g 

0 0 

'id' 'ir 
parameters in the export functions 

Xi,€ irrEid 

WI 'WI 
'id' ir world market import prices of commodity i (rouble-, i 
-1 #I \ dollar, competitive-noncompetitive) (index) 
'id'. ir ; 

Dd Dr target surplus or deficit on dollar and rouble 

foreign trade balance 

a ij input coefficient of domestic-import composite com- 

modity i = 1,2, ..., n in sector j = 1,2, ..., n,n+l 

0 parameters in the determination of the area com- 

position of the noncompetitive import of commod- 

ity i = 1,2, ..., n 



- 
biurbiu 

- 
CiurCiu 

bir'Eir 
- 

C C ir' ir 

0 0 m irtmid 1 

parameters in the 

'ir' 'id 

demand 

parameters in the import functions, i = 1,2, ..., n 

functions, i = 1,2, ..., n 

0 0 0  
E ,EUtEr base total, urban and rural consumption expendi- 

ture 

O O base employment distribution *utNu 

s relative share of urban employment in sector 
u j 

j = 1,2,...,n 

a real consumption-net investment ratio 

w wage coefficient in sector j = 1,2, ..., n 
j 

net import subsidy-tax factor on commodity i = 

1,2, ..., n (competitive-noncompetitive, rouble- 

dollar) (index) 

'irt'id net export subsidy-tax factor on commodity i = 

1,2,. . . ,n (rouble-dollar) (index) 

'IT profit rate in sector j = 1,2, ..., n 
j 

T net turnover tax-subsidy on commodity j = 1,2, ..., n 
j 

3ziancing P q u a t i o n s  

Intermediate Commodities 
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Noncompetitive Imports 

Primary Factors 

Trade Balances 



I n p o r  t a 

Moncompe 

Z z p o r t  F u n c t i o  

tive Imports 

-WI 
'id 'd 'id 

- - 
Mid = ( 1  - a=) Mi 

Competitive Imports 

Pi  'id 

id 
id 'd 'id 

Mid = m id (Xi  - Zi) 

Exports 



( p i  ..) 
'ir 'r 'ir 

F i n a l  Demand E q u a t i o n s  



- .  r i q : z e s  and C o s t s  



4 1  3' = a 
1 i d  'd 'id 

1 m 
P: = + i d  W I  1 + mid + m. l r  'i 1 + mid 

+ mir 'id 'd 'id 

m 
+ i r  W I  

1 + mid + m i r  'ir 'r 'ir 
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