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ABSTRACT 

I n  some c e n t r a l l y  p lanned economies, exper iments  w i t h  

d i f f e r e n t  economic mechanisms have been c a r r i e d  o u t  f o r  many 

y e a r s .  Th i s  tendency h a s  encouraged d e c e n t r a l i z e d  d e c i s i o n -  

making, i n d i r e c t l y  i n f l u e n c e d  by t h e  u se  o f  c e r t a i n  p o l i c y  

i n s t r u m e n t s  on a c e n t r a l  l e v e l .  Up u n t i l  t h e  p r e s e n t  t i m e ,  

changes i n  t h e  economic mechanism have been based  on a ' t r i a l  

and e r r o r '  approach,  which does  n o t  a l l ow  t h e  r e a l i z a b i l i t y  

o f  t h e  proposed changes  t o  be demonst ra ted .  

I n  t h i s  pape r  changes  i n  t h e  economic mechanism a r e  

ana lyzed  and a comparison i s  made between t h e s e  changes  and 

t h e  c o n d i t i o n s  i n  e x i s t e n c e  b e f o r e  t h e  economic reform. Con- 

c l u s i o n s  a r e  based on t h e  r e s u l t s  o f  t h e  models used t o  simu- 

l a t e  such changes .  Thus, some p r o p o s a l s  f o r  a l t e r i n g  b o t h  t h e  

implementa t ion  c o n d i t i o n s  o f  t h e  economic mechanism and t h e  

d i r e c t i o n s  i n  modeling t h e  n a t i o n a l  economy a r e  s p e c i f i e d .  



MODELING AN ALTERNATIVE SOCIOECONOMIC 
MECHANISM 

Bor i s  Mihailov 

INTRODUCTION 

One approach t o  t h e  a n a l y s i s  o f  socioeconomic change i s  t o  

c r e a t e  s c e n a r i o s  r e p r e s e n t i n g  d i f f e r e n t  behav io ra l  p a t t e r n s  w i t h i n  

t h e  socioeconomic system. These s c e n a r i o s  a r e  based on pre l imi -  

n a r i l y  chosen g o a l s  and they  can c o n t r i b u t e  towards t h e  improve- 

ment of n o t  on ly  t h e  a n a l y t i c a l  t echniques  b u t  a l s o  t h e  p r e l i -  

minary goa l s .  

Analyses of t h e  economic mechanisms e x i s t i n g  i n  some c e n t r a l l y  

planned economies a t  t h e  b e ~ i n n i n g  of  t h e i r  exper imenta l  p e r i o d s ,  

which a r e  based on t h e  approach desc r ibed  above, a r e  given i n  

Mihailov (1973, 1974) .  Desp i te  t h e  t h e o r e t i c a l  n a t u r e  of t h e  

models used i n  t h e s e  a n a l y s e s ,  t h e  conc lus ions  drawn about  t h e  

economic mechanism have been proven i n  p r a c t i c e .  

I n  t h i s  paper ,  an a n a l y s i s  of changes i n  t h e  economic mecha- 

nism i s  based on t h e  use  o f  a s e t  of  models implemented on t h e  

computer. The main components of  t h i s  s e t ,  a f t e r  some modifica-  

t i o n s ,  have been so lved  a t  IIASA. They c o n s i s t  i n  an op t imiza t ion  

input -ou tpu t  model, based on t h e  input -ou tpu t  model developed by 

Nyhus (1977) ,  and an e q u i l i b r i u m  model designed by Mihailov,  A s s a ,  

and Por (19C0), based on t h e  gene ra l  v e r s i o n  developed f o r  t h e  

Swedish economy by Bergman (Bergman and Por 1980) . 



Because o f  t h e  i n i t i a l  d i f f i c u l t i e s  encounte red  i n  o b t a i n i n p  

complete  d a t a ,  t h e  models were b u i l t  i n  a  h i g h l y  agg rega t ed  
form f o r  e i g h t  s e c t o r s ,  i n  two o f  which a s  w e l l  a s  on t h e  i n t e r -  

n a t i o n a l  market  compe t i t i on  was accounted  f o r .  For  t h e  same two 

s e c t o r s  l o c a l  o p t i m i z a t i o n  was performed i n  t h e  e q u i l i b r i u m  model, 

and t h i s  proved t o  be  s u f f i c i e n t  t o  d e s c r i b e  t h e  in te rdependency  

o f  a l l  t h e  s e c t o r s .  Thus, t h e  s o l u t i o n  p rocedure  can  be  used i n  

t h e  g e n e r a l  c a s e  o f  compe t i t i on  and l o c a l  o p t i m i z a t i o n .  

Desp i t e  t h e  c o n s t r a i n t s  imposed on t h e  models '  s o l u t i o n s ,  

t h e  c o n c l u s i o n s  t u r n e d  o u t  t o  be  t h e  same a s  when t h e o r e t i c a l  

models a r e  used.  T h i s  i n d i c a t e s  t h e  e f f e c t i v e n e s s  o f  t h e  pro- 

posed approach f o r  a n a l y z i n g  changes  i n  t h e  economic mechanism. 

THE ECONOMIC MECHANISM EXISTING BEFORE THE REFORM 

Adequacy o f  t h e  Models 

Op t imiza t i on  o f  economic development u s ing  an i npu t -ou tpu t  

model f o r  f o r e c a s t i n g  (Nyhus 1977) i s  t h e  most a p p r o p r i a t e  means 

o f  a n a l y z i n g  t h e  f u n c t i o n i n g  o f  t h e  economic mechanism i n  e x i s t -  

t e n c e  b e f o r e  t h e  reform:  

where 

X = t o t a l  p r o d u c t i o n  volume; 

A = c o e f f i c i e n t  m a t r i x ;  

Y = f i n a l  consumption;  c o n s i s t i n g  o f  

where 

G = p u b l i c  consumption;  

c = househo ld  consumption;  

K = c a p i t a l  i nves tmen t s ;  

Z = e x p o r t s ;  

M = impor t s ;  

AK = c a p i t a l  s t o c k .  



Some components of final consumption can be fore- 

casted using a demand function, for example household consump- 

t ion : 

where 

W = household income (wages) ; 

P: = domestic prices for commodity i; 

t = time. 

For exports: 

where 

FD = foreign demand; 

PY = international market prices for commodity i. 

The demand for capital can be defined by: 

where 

r = coefficient; 

X = output; 

ki = distribution lag. 

The separate sectors can be described in terms of price equa- 

tions summing the input-output table by columns: 

where 

P = price of commodity j; 
j 



n 
P: x = m a t e r i a l  costs  ( a  = i n p u t  c o e f f i c i e n t s ) ;  

j i j  i= 1 

W = w a g e s  (W = Z w X ; w i j  = labor  c o e f f i c i e n t s ) ;  
j j i = 1  i j  j 

= p r o f i t  i n c l u d e d  i n  t h e  pr ice .  
j 

T h u s ,  t h e  i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e  m o s t  i m p o r t a n t  

e l e m e n t s  of t h e  e c o n o m i c  s y s t e m  b e c o m e  c lear  and a balance 

b e t w e e n  these e l e m e n t s  c a n  t h e n  be achieved. 

T h e  O p t i m i z a t i o n  P r o b l e m  

T h e  p r o b l e m  of h o w  t o  o p t i m i z e  n a t i o n a l  e c o n o m i c  d e v e l o p m e n t  

has n o t  y e t  been solved i n  practice.  O u r  s c h e m e  f o r  so lv ing  t h i s  

p r o b l e m  i s  based on i n p u t - o u t p u t  and c u r r e n t  p l a n n i n g  m e t h o d s  

( F i g u r e  1 ) . 
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I t  can be assumed t h a t  a  c e n t r a l - l e v e l  f o r e c a s t  o f  n a t i o n a l  

economic development ,  see e q u a t i o n s  ( 1 ) and ( 6 )  , w i l l  form t h e  

b a s i s  f o r  s p e c i f y i n g  s e c t o r a l  c o n s t r a i n t s .  S e c t o r a l  o p t i m i z a t i o n  

c a n  t h e n  b e  performed on a  l o c a l  l e v e l  and t h e  i n f l u e n c e  o f  t h e  

l o c a l  opt ima on t h e  c e n t r a l - l e v e l  r e l a t i o n s h i p s  may b e  ana lyzed .  

The most a p p r o p r i a t e  model f o r  o p t i m i z i n g  t h e  development 

o f  i n d i v i d u a l  s e c t o r s  i s  a  mixed- in teger- type  model, which mini- 

mizes  p r o d u c t i o n  and s o c i a l  c o s t s ,  (Miha i lov  and Assa 1 9 8 0 ) .  

m Ti 
C [cixi + C (pik + sik) zik] + min , 

i = l  k= 1 

where 

c x  = c u r r e n t  p r o d u c t i o n  c o s t s  f o r  commodity i i i 
(i = 1 ,2,.. . , m )  ; 

Ti = p o s s i b l e  t e c h n o l o g i c a l  a l t e r n a t i v e s  f o r  

commodity i; 

P i k  = p r o d u c t i o n  c o s t s  f o r  commodity i u s i n g  

a l t e r n a t i v e  k ;  

s = s o c i a l  and o t h e r  c o s t s  f o r  commodity i i k  
u s i n g  a l t e r n a t i v e  k ;  

< 1 = zero-one c o n s t r a i n t s .  Zik - 
k= 1  

The model i n c l u d e s  f o u r  main c o n s t r a i n t s .  

A mixed- in teger  c o n s t r a i n t  on p r o d u c t i o n  volume: 
rn 

where A r e p r e s e n t s  t h e  p r o d u c t i o n  c a p a c i t y  f o r  commodity i u s i n g  i k  
a l t e r n a t i v e  k. 

A c a p i t a l  i n v e s t m e n t  c o n s t r a i n t :  



where fik r e p r e s e n t s  c a p i t a l  inves tments  r e q u i r e d  t o  produce com- 

modity i by a l t e r n a t i v e  k .  

A l a b o r  c o n s t r a i n t  (wages) : 

where w r e p r e s e n t s  wages f o r  producing commodity i by a l t e r n a -  i k  
t i v e  k .  

Other pr imary-resource  c o n s t r a i n t s :  

where uik r e p r e s e n t s  t h e  use  o f  o t h e r  r e s o u r c e s  f o r  producing 

commodity i by a l t e r n a t i v e  k .  

The l o c a l  o p t i m i z a t i o n  model was used t o  ana lyze  two sec- 

t o r s  on ly  w i th  r e g a r d  t o  s u b s t i t u t i o n  o f  i n p u t  r e s o u r c e s  and 

i n p u t  f a c t o r s  ( l a b o r  and c a p i t a l ) ,  s u b s t i t u t i o n  o f  domest ic  f o r  

imported  goods,  and s u b s t i t u t i o n  o f  a l t e r n a t i v e s  g i v i n g  rise t o  

p o l l u t i o n  f o r  t h o s e  w i th  lower p o l l u t i o n  l e v e l s .  

An a n a l y s i s  o f  t h e  i n f l u e n c e  o f  l o c a l  o p t i m i z a t i o n  on t h e  

i n t e rdependenc i e s  a t  t h e  c e n t r a l  l e v e l  i n d i c a t e d  t h a t  when t h e  

p roduc t ion  volumes a r e  ba lanced  ( u s i n g  t e c h n o l o g i c a l  c o e f f i c i e n t s  

t h a t  a r e  modi f ied  a s  a  r e s u l t  o f  l o c a l  o p t i m i z a t i o n )  d i r e c t  and 

i n d i r e c t  c o s t s  a s  w e l l  a s  t h e  e f f i c i e n c y  l e v e l s  must be changed 

acco rd ing  t o  some exogenous f i n a l  consumption. Th i s  f a c t  shows 

t h a t  l o c a l  o p t i m i z a t i o n  does n o t  reduce  t h e  need f o r  g l o b a l  o p t i -  

m iza t i on ,  which r e q u i r e s  t h a t  n o t  on ly  t h e  b e s t  l o c a l - l e v e l  a l t e r -  

n a t i v e  b u t  a l l  p o s s i b l e  a l t e r n a t i v e s  have t o  be examined on a  

c e n t r a l  l e v e l .  Global  o p t i m i z a t i o n  and t h e  d e r i v a t i o n  o f  new 

p r i c e  l e v e l s  f o r  t h e  p lann ing  y e a r  shou ld  be c a r r i e d  o u t  s imul-  

t aneous ly .  

The g l o b a l  o b j e c t i v e  func t i on  i s  t h e  maximization o f  f i n a l  

consumption f o r  some f u t u r e  p e r i o d  t: 



where a r e p r e s e n t s  an assor tment  c o e f f i c i e n t  f o r  cornmod-ity i i 
(i  = 1 , 2 ,  ..., n ) ,  and bi denotes  t h e  pe r - cap i t a  consumption of 

commodity i. 

The model cannot  be solved d i r e c t l y  because t h e  volume and 

s t r u c t u r e  of  f i n a l  consumption a r e  s u b j e c t  t o  f o r e c a s t i n g  and 

a r e  l i n k e d  t o  a s i n g l e  l e v e l  of  wages and volume of  i n t e r -  

mediate p roduc ts .  For t h i s  reason ,  t h e  o b j e c t i v e  func t ion  can 

be t ransformed i n t o  minimum d i r e c t  and i n d i r e c t  p roduc t ion  c o s t s  

s u b j e c t  t o  t h e  volume and s t r u c t u r e  of f i n a l  consumntion and 

employment (F iqu re  1 ) . 

C C Sik Xik + min , 
i = l  k=l 

where Sik r e p r e s e n t s  t h e  d i r e c t  and i n d i r e c t  p roduc t ion  c o s t s  f o r  

producing commodity i us ing  a l t e r n a t i v e  k. 

The model i nc ludes  t h e  fol lowing add i t i onah  c o n s t r a i n t s .  A 

c o n s t r a i n t  on t h e  volume and s t r u c t u r e  of f i n a l  consumption: 

where Fik r e p r e s e n t s  t o t a l  volume of  f i n a l  consumption of commo- 

d i t y  i produced by a l t e r n a t i v e  k .  

A c o n s t r a i n t  on t h e  s u b s t i t u t i o n  of f i n a l  p roduc ts :  

where y i  r e p r e s e n t s  a c o e f f i c i e n t  s u b s t i t u t i n g  commodity i f o r  I .  

C o n s t r a i n t s  on employment (on wages) : 



I t  i s  obv ious  t h a t  t h e  problem o f  comparing d i f f e r e n t  techno-  

l o g i c a l  a l t e r n a t i v e s  ( i n  t e r m s  o f  p r o d u c t i o n  c o s t s )  i s  a l s o  a  

problem o f  comparing c e r t a i n  t y p e s  o f  p r i c e s  ( s i n c e  p r o d u c t i o n  

c o s t s  a r e  p a r t i a l l y  a  r e s u l t  of  t h e  p r i c e  l e v e l s  o f  r e s o u r c e s  

u s e d ) .  T h i s  problem was s o l v e d  i n  a  t h e o r e t i c a l  way by Bul- 

g a r i a n  Academician Evgeny Mateev, who proved t h a t  o n l y  t h o s e  

p r i c e s  c o n s i s t i n g  i n  p r o f i t  p r o p o r t i o n a l  t o  wages c a n  b e  compared 

because  c u r r e n t  m a t e r i a l  c o s t s  can b e  measured i n  p a s t  p r o d u c t i o n  

t i m e ,  i . e .  p a s t  wage e x p e n d i t u r e s  (Mateev 1 9 6 3 ) .  

Thus, i f  d i r e c t  and i n d i r e c t  p r o d u c t i o n  c o s t s . a r e  i n c l u d e d  

i n  t h e  p r i c e  e q u a t i o n s  

and i f  p r o f i t  a s  a  p e r c e n t a g e  o f  wages i s  

w e  d e r i v e  t h e  f o l l o w i n g  t y p e  o f  p r i c e :  

i . e .  p r i c e s  a r e  p r o p o r t i o n a l  t o  p r o d u c t i o n  c o s t s ,  t h e y  can  b e  

d e r i v e d  a s  a  f u n c t i o n  o f  them: 

D 
P .  ( t )  = f [ S !  ( t ) l  , 

I I 
(21 

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

s i d e d  i n  a  comparison o f  d i f f e r e n t  t e c h n o l o g i c a l  a l t e r n a t i v e s .  

I n  t h i s  approach t h e  g a i n  r e a l i z e d  th rough  t h e  minimized 

c o s t  i s  t r a n s f o r m e d  i n t o  a d d i t i o n a l  f i n a l  consumption,  which 

i s  s u b j e c t  t o  f o r e c a s t i n g :  



where to, t r e p r e s e n t  b a s e  and subsequent  y e a r s  and * deno t e s  t h e  

op t ima l  s t a t e  o f  t h e  economy. 

Th is  i s  an  i n d i r e c t  way of  maximizing f i n a l  consumption t h a t  

i s  adequa te  f o r  p l a n n i n g  and d e s c r i b e s  t h e  dynamics o f  economic 

development.  S t a t i c  models do n o t  a l l ow  us  t o  op t im ize  t h e  'con- 

sumption-accumulat ion '  f r a c t i o n  ove r  a l ong  p e r i o d ) .  

Hence, t h e  o p t i m a l  s t a t e  of t h e  economy can b e  exp re s sed  by 

t h e  volume of  p r o d u c t i o n ,  r e s o u r c e s ,  and consumption,  a s  w e l l  a s  

t h e  l e v e l  o f  p r i c e s ,  wages, employment, and c a p i t a l  inves tment :  

The Problem of  Economic S t i m u l i  and I n c e n t i v e s  

Economic s t i m u l i  are d i r e c t e d  towards  i n c r e a s i n g  s e c t o r a l  

e f f i c i e n c y  ( r educ ing  e x p e n d i t u r e s )  i n  comparison w i t h  t h e  b a s e  

y e a r  : 

where AC r e p r e s e n t s  t o t a l  g a i n  i n  s e c t o r  j. The i n c r e a s e  i n  
j 

wages i s  dependent  on t h e  i n c r e a s e  i n  t o t a l  g a i n :  

where w i s  a c o e f f i c i e n t .  

The problem of c r e a t i n g  s t i m u l i  and i n c e n t i v e s  shou ld  be 

ana lyzed  s e p a r a t e l y  a t  t h e  development and f u l f i l l m e n t  s t a g e s  o f  

t h e  p l a n  (F igu re  2 ) .  A t  t h e  development s t a g e ,  by u s i n g  a g iven  

c o e f f i c i e n t  w ,  t h e  i n c r e a s e  i n  wages W can be de te rmined  by 
j 
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Figu re  2 .  S t i m u l i  and i n c e n t i v e s  i n  t h e  p l ann ing  p rocedure .  

l o c a l  o p t i m i z a t i o n  ( 9 )  and ( 1  0 )  - ( 1  3 )  . However, a s  shown i n  

F igu re  2 ,  a f t e r  each  i t e r a t i o n  a l l  t h e  i n d i c a t o r s  p r e s e n t e d  i n  

(23)  w i l l  be changed by t h e  c e n t r a l  l e v e l * ;  t h i s  demons t ra tes  

t h a t  t h e  l e v e l  o f  t h e s e  i n d i c a t o r s ,  which a r e  s u b j e c t  t o  l o c a l  

o p t i m i z a t i o n ,  does  n o t  depend on t h e  s e c t o r . '  Labor r e s o u r c e s  

must a l s o  be  changed by t h e  c e n t r a l  l e v e l ;  t h i s  i m p l i e s  t h a t  t h e  

c o e f f i c i e n t  w shou ld  a l s o  be changed. Hence, t h e r e  i s  no b a s i s  

f o r  a s s e s s i n g  s e c t o r a l  e f f i c i e n c y .  The re fo r e ,  t h e  f i n a l  va lue  

of  w ha s  t o  be  d e r i v e d  fromtAe p r e s c r i b e d  p l ann ing  t a r g e t s .  

A t  t h e  s t a g e  of  p l a n  f u l f i l l m e n t ,  d i f f e r e n t  ~ o s s i b i l i -  

t i e s  f o r  f u l f i l l i n g  t h e  p roduc t i on  t a r g e t s  e x i s t  f o r  d i f f e r e n t  

s e c t o r s :  

AC < 1 0 0 %  , AC = 100% , and AC" > 100% . 
j j j 

I n  t h i s  s i t u a t i o n ,  n o n f u l f i l l m e n t  of  t h e  p l a n  by one  s e c t o r  

c ause s  n o n f u l f i l l m e n t  by t h e  u s e r s  o f  t h a t  s e c t o r .  The u s e r s  c an  

-r 

C e n t r a l  l e v e l  h e r e  and below i m p l i e s  one c o o r d i n a t i n g  ~ l a n n i n g  
body a t  t h e  n a t i o n a l  l e v e l .  

' s e c to r  h e r e  and below a l s o  i m p l i e s  an e n t e r p r i s e .  



j u s t i f y  t h e i r  p o s i t i o n  by c la iming t h a t  f u l f i l l m e n t  could  n o t  be 

achieved because of f a c t o r s  o u t s i d e  t h e i r  c o n t r o l .  This  f o r c e s  

t h e  c e n t r a l  l e v e l  t o  reduce t h e  c o e f f i c i e n t  va lues  f o r  t hose  

s e c t o r s  t h a t  have n o t  f u l f i l l e d  t h e  p l an  by 100 pe rcen t :  

J from w = - AC; t o  w = A C  j , 

and f o r  t h e  s e c t o r s  t h a t  have g r e a t l y  exceeded p l an  f u l f i l l m e n t  

t o  a  f u l f i l l m e n t  l e v e l  o f  100 pe rcen t  p l u s  a  minimum above 100 

pe rcen t  ( i n  o r d e r  t o  compensate f o r  t h e  l o s s e s  from ( 2 6 ) )  : 

I1 

I A c  
from w = 4 t o  w = AC.  + min AC . 

I j 

I n  both  t h e s e  c a s e s ,  t h e  r e a l  f u l f i l l m e n t  l e v e l  s e r v e s  a s  a  

b a s i s  f o r  developing t h e  p l an  f o r  t h e  nex t  pe r iod .  

This  mechanism f o r  e s t i m a t i n g  s e c t o r a l  e f f i c i e n c y  c r e a t e s  

i n c e n t i v e s  f o r  t h e  s e c t o r s  t o  conceal  t h e i r  p roduc t ion  p o t e n t i a l  

i n  o r d e r  t o  f u l f i l l  t h e  p lan  e a s i l y .  Thus, t h e  in format ion  pas- 

s i n q  from t h e  l o c a l  t o  t h e  c e n t r a l  l e v e l  becomes u n r e a l i s t i c ,  

which i n  t u r n  f o r c e s  t h e  c e n t r a l  l e v e l  t o  p r e s c r i b e  very h igh  

( o f t e n  u n r e a l i s t i c )  p lanning  t a r g e t s  even a t  t h e  i n i t i a l  s t a g e  

of t h e  planninq procedure  (F igure  2 ) .  

From our  examination of  t h e  models mentioned above and t h e  

e f f i c i e n c y  assessment mechanism employed p rev ious ly ,  we have 

reached t h r e e  main conc lus ions .  I t  has become e v i d e n t  t h a t  sec-  

t o r a l  op t imiza t ion  is i n e f f e c t i v e  both for p lanning and for provid-  

i n g  a  s t imu lus  f o r  s e c t o r a l  e f f i c i e n c y ,  s i n c e  t h e  s e c t o r s  have an 

i n c e n t i v e  t o  concea l  t h e i r  p roduc t ion  p o t e n t i a l  both  a t  t h e  devel-  

opment and f u l f i l l m e n t  s t a g e s  of t b e  p l an .  I n  t h i s  r e s p e c t ,  t h e  

convergence achieved between c e n t r a l  and l o c a l  l e v e l s  i n  some 

t h e o r e t i c a l  models i s  merely a  formal convergence. The respons i -  

b i l i t y  f o r  nega t ive  r e s u l t s  always l i e s  wi th  t h e  c e n t r a l  l e v e l  

because of t h e  u n r e a l i s t i c  feedback it u t i l i z e s  and i t s  i n a b i l i t y  



to develop a balanced plan for all varieties of products, which 

total approximately tens of millions. Furthermore, in reality 

the economic mechanism is completely centralized, since decentra- 

lization leads to negative results for the economy because of the 

monopolistic position of the producers. 

THE ECONOMIC MECHANISM CURRENTLY IN EXISTENCE 

New Principles Proposed 

In the mid 1960s, another economic mechanism was proposed 

as a replacement for the existing one. This new mechanism com- 

bined centralized and decentralized approaches to management 

along the following lines. Local-level decisionmakers should be 

independent in defining their production structure and volume 

given certain constraints. Price levels should be reasonably 

flexible. Sectoral income and credit should be used to increase 

production. However, in cases where sectoral income is insuf- 

ficient, subsidies should be used to finance the increase. In 

addition, taxation imposed on sectoral income should be standar- 

dized to ensure equal production opportunities. The use of this 

measure, together with other policy instrwuents,would serve as 

long-term economic stimuli. Wages would also be standardized in 

accordance with sectoral income. These proposals for economic 

management reform were implemented, but local-level indepen- 

dence in decisionmaking was soon curtailed. The reasons for this 

restriction become evident in later sections. 

The Model System Based on the Proposed Mechanism 

Under the proposed mechanism, the same types of model as 

(1)-(8) are used, but prices are based on a different method of 

assessing profit, depending on the value of the sector's capital 

stock. Sectoral behavior can then be described by a profit-maxi- 

mization model that includes the policy instruments mentioned 

above : 



where 

Pi = p r i c e  o f  commodity j c o n s t r a i n e d  such t h a t  

S  = subs idy  based on t h e  p roduc t i on  volume: 
j 

S  = YX ( Y  = c o e f f i c i e n t )  ; 
j j 

W = wages, depending on p r o f i t  II and. t h e  c o e f f i -  
j 

c i e n t  w: W = wll . 
j j 1  

T = t a x e s  on p r o f i t  ( o r  on income) ,  de te rmined  by 
j 

t h e  c o e f f i c i e n t  8 :  T j  = Bllj; 

c = payment o f  i n t e r e s t  on c r e d i t :  c = hK ( f o r  
j j j 

t h e  remaining n o t a t i o n ,  see ( 9 ) ) .  

The s o l u t i o n  o f  t h e  model i s  s u b j e c t  t o  (10)  and (1  1  ) . 
The proposed economic mechanism i s  ana lyzed  on t h e  c e n t r a l  

and l o c a l  l e v e l s  and a t  t h e  s t a g e s  o f  p l a n  development and f u l -  

f i l l m e n t .  

Ana lys i s  a t  t h e  S t age  o f  P lan  Development 

I f ,  on t h e  b a s i s  o f  f o r e c a s t i n g ,  t h e  c e n t r a l  a u t h o r i t i e s  

p r e s c r i b e  t h e  u se  o f  s t a n d a r d  p o l i c y  i n s t rumen t s  

- - 
P j l  P j l  X j l  X j ,  Y ,  w ,  8 ,  and h  

f o r  a l l .  s e c t o r s ,  e q u i l i b r i u m  i n  t h e  economy may be ach i eved  

by l o c a l  o p t i m i z a t i o n  ( 2 8 ) ,  when t h e  v a r i a b l e s  a r e  d e f i n e d  by 

t h e i r  marg ina l  v a l u e s :  

- - 
where deno t e s  ma rg ina l  v a l u e .  

On t h e  o t h e r  hand, o n l y  ( 1 ) - ( 8 )  and ( 1 4 ) - ( 1 8 )  c an  be used 

by t h e  c e n t r a l  l e v e l  f o r  g l o b a l  o p t i m i z a t i o n  ( i f  r e a l  p r i c e s ,  

which c o n s i s t  i n  p r o f i t  p r o p o r t i o n a l  t o  c a p i t a l  s t o c k ,  a r e  i n t r o -  

duced i n t o  t h e s e  e q u a t i o n s ,  t h e n  t h e  r e s u l t  i s  a n  unbalanced 

g l o b a l  optimum; see ( 1 9 ) - ( 2 1 ) ) .  Neve r the l e s s ,  w e  can  c a l l  t h i s  

s o l u t i o n  c o n d i t i o n a l l y  op t ima l :  



The analysis shows that a fundamental discrepancy between the 

results of the local (30) and the central (31) levels always 

exists. The main reason for the difference is that indirect eco- 

nomic and social expenditures are not considered and the values 

of the policy instruments in the base year do not account for 

future change. This difference can often have negative consequen- 

ces: a high percentage of unemployment, unjustified wage differen- 

tials among the sectors, etc. Hence, a problem arises when the 

sum of the local optima does not correspond to the global optimum. 

The central authorities then have two possibilities for action: 

either the planning targets for the local level can be changed 

directly or the value of the policy instruments can be adjusted 

to the specific situation of the sector. The first possibility 

contravenes the requirements of the reform. The second requires 

that certain techniques be used by the central authorities in 

order for them to be able to forecast the state of the econo- 

my resulting from the changed value of the policy instruments, 

otherwise the differences will always occur, for example, in 

wages : 

and i n capital investment: 

* m * 
h~ : pj - ( x a. .P?x* + w.) , etc. 
j i= 1 11 1 j I 

Because of the lack of forecasting techniques for determining 

the influence of certain instruments on economic development, the 

central level is forced to change the value of the policy instru- 

ments according to the level of planning targets for the optimal 

state (31). However, the lack of uniformity in natural and pro- 

duction conditions requires that the instruments be differentiated 



by s e c t o r .  For  example, t h e  new c o e f f i c i e n t  v a l u e  f o r  wages w i l l  

be  : 

m * 
C w .  . X  

i = l  11 j w = , etc .  f o r  t h e  remain ing  i n s t r u -  ( 3 4 )  * 
C I1 ments . 

i = l  j 

Hence, t h e  s e c t o r s  a r e  n o t  s u b j e c t  t o  e q u a l  c o n d i t i o n s  w i t h  e q u a l  

o p p o r t u n i t i e s .  T h i s  i m p l i e s  t h a t  t h e  s e c t o r a l  c o n t r i b u t i o n s  t o  

t h e  development o f  t h e  p l a n  a r e  n o t  a s s e s s e d  on a n  o b j e c t i v e  b a s i s .  

Local  autonomy i n  t h e  e l a b o r a t i o n  of  t h e  p l a n  i s  n o t  p e r m i t t e d ,  

because  changes  by one  s e c t o r  t o  i t s  p l a n n i n g  t a r g e t s  l e a d  t o  a n  

imbalance i n  t h e  t a r g e t s  o f  a l l  o t h e r  s e c t o r s .  T h i s  was t h e  main 

r e a s o n  why t h e  d e g r e e  o f  economic independence  t h a t  was a l lowed  

when t h e  new re fo rm was i n i t i a l l y  implemented was soon removed. 

A n a l y s i s  a t  t h e  S t a g e  o f  P l a n  F u l f i l l m e n t  

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

i n s t r u m e n t s  used  c u r r e n t l y  c r e a t e  t h e  same d i s p a r i t y  o f  oppor tu -  

n i t i e s  among t h e  s e c t o r s  for  p l a n  f u l f i l l m e n t  a s  t h o s e  produced by 

t h e  economic mechanism e x i s t i n g  b e f o r e  t h e  re fo rm.  Thus, t h e  cen-  

t r a l  l e v e l  must c u r r e n t l y  modify t h e  p o l i c y  i n s t r u m e n t s ,  i n c l u -  

d i n g  t h e  c o e f f i c i e n t s  f o r  e s t i m a t i n g  s e c t o r a l  e f f i c i e n c y ,  which 

w i l l  d e s t r o y  t h e  r o l e  o f  t h e  i n s t r u m e n t s  a s  long- term s t i m u l i .  

From t h e  a n a l y s i s ,  it c a n  be  conc luded  t h a t  t h e  u s e  o f  t h e  

models d e s c r i b e d  above does  n o t  a l l o w  s e c t o r a l  economic autonomy. 

I n  a d d i t i o n ,  t h e  p o l i c y  i n s t r u m e n t s  canno t  c o n t r i b u t e  towards  

Zeveloping and f u l f i l l i n g  t h e  p l a n ,  because  t h e y  r e f l e c t  t h e  cen- 

t r a l l y  d e s i g n e d  and o b l i g a t o r i l y  p r e s c r i b e d  p l a n .  Fur the rmore ,  

l o c a l - l e v e l  i n c e n t i v e s  t o  c o n c e a l  r e a l  p r o d u c t i o n  p o t e n t i a l  e x i s t  

i n  much t h e  same way a s  t h e v  d i d  under  t h e  economic mechanism 

employed b e f o r e  t h e  r e f o r m ,  even thounh t h e  ~ o l i c v  i n s t r u m e n t s  

d e s c r i b e d  above a r e  now used .  The main f e a t u r e  o f  t h e  new 

economic mechanism i s  shown i n  F i g u r e  3 .  
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Figure  3 .  S t i m u l i  and i n c e n t i v e s  fo l lowing  t h e  reform. 

CHANGES REQUIRED 

The A l t e r n a t i v e  Planning Mechanism 

The a l t e r n a t i v e  p lanning  mechanism ensu res  t h a t  t h e  s e c t o r s  

have r e a l  independence t o  d e f i n e  t h e i r  ~ r o d u c t i o n  s t r u c t u r e  

and volume, p r i c e s ,  and produc t ion  f a c t o r s  ( r e s o u r c e s ,  l a b o r ,  

and c a p i t a l ) .  The c e n t r a l  a u t h o r i t i e s  can i n d i r e c t l y  i n f l u e n c e  

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

The s t a t e  of t h e  n a t i o n a l  economy under cond i t i ons  of  sec-  

t o r a l  economic independence can be desc r ibed  i n  terms of  an 

equ i l i b r ium model. ( s e e  t h e  lower h a l f  of F igure  4 ,  denoted by 

block 11.) I n  t h e  a n a l y s i s  g iven i n  t h e  preceding s e c t i o n s ,  it 

has been shown t h a t  t h i s  s t a t e  i s  n o t  opt imal  from t h e  p o i n t  of 

view of some g l o b a l  c r i t e r i o n .  The g l o b a l  op t imiza t ion  procedure  

was shown i n  F igure  1 and i n  ( 1 )  - ( 8 )  and ( 1 4 )  - ( 1 8 ) .  (see t h e  

upper h a l f  of  F igure  4 ,  denoted by block I ,  i n  which t h e  l o c a l  

l e v e l  i s  no t  based on r e a l  s e c t o r a l  p a r t i c i p a t i o n  i n  t h e  planning 

procedure,  b u t  merely exp res se s  a  s e c t o r a l  view of t h e  n a t i o n a l  

economy .) 

The a n a l y s i s  shows t h a t  i n d i r e c t  r e g u l a t i o n  of t h e  economy 

can be achieved only i f  t h e  a p p r o p r i a t e  models a r e  used.  Some 

models developed a t  IIASA have been desiqned wi th  t h i s  purpose 

i n  mind. 



<L coordination links 
f ---- information flows 
<- obligatory targets 

Figure 4. Regulated optimization based on a multi-level equilibrium system of models for 
economic development. (The term 'regulated optimization' is used to imply that the 
optimal state of the sectors and of the national economy is achieved by indirectly 
influencing the behavior of the producers). 
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Equ i l i b r i um i n  t h e  Base Year 

To e x p r e s s  t h e  development o f  t h e  economy o v e r  t i m e ,  t h e  

i n i t i a l  s t a t e  o f  t h e  economy shou ld  be d e s c r i b e d ,  when a l l  compo- 

n e n t s  of  t h e  economy a r e  known. However, i n  p r a c t i c e  c e n t r a l l y  

p lanned economies do n o t  y e t  have market  e q u i l i b r i u m  p r i c e s .  

There fore ,  s e c t o r a l  compe t i t i on  i s  n o t  i n c l u d e d  i n  t h e  e q u i l i -  

br ium of  t h e  b a s e  y e a r ,  and n a r k e t  p r i c e s  on ly  i n d i c a t e  t h e  

requ i rements  f o r  expanding p roduc t i on  ( compe t i t i on  w i l l  be 

i nc luded  i n  t h e  a n a l y s i s  f o r  subsequen t  y e a r s ) .  

Although t h e  p h y s i c a l  s t r u c t u r e  o f  p roduc t i on  i s  t h e  same 

f o r  t h e  ba se  y e a r  i n  b l o c k s  I ( ' o p t i m i z a t i o n '  b lock )  and I1 

( ' b e h a v i o r a l '  b l o c k ) ,  t h e  economic and f i n a n c i a l  in te rdependen-  

c ies ,  and hence t h e  e q u i l i b r i u m  c o n d i t i o n s ,  d i f f e r  s i g n i f i c a n t l y .  

I n  I ,  t h e  p rocedures  o f  which were d e s c r i b e d  i n  (1 ) - ( 8 )  and ( 14 - 
( 1 8 ) ,  p r i c e s  i n  t h e  b a s e  y e a r  a r e  d e r i v e d  from market  p r i c e s ,  

whereas i n  I1 p r i c e s  a r e  d e r i v e d  a f t e r  e x t r a c t i n g  t h e  p r o f i t  

s h a r e .  Th i s  p r o f i t  i s  t ranspormed i n t o  s e c t o r a l  c a p t i a l  s t o c k .  

Although t h e  p r i c e s  o f  t h e  p r o d u c t s  f o r  p e r s o n a l  consump- 

t i o n  i n  b lock  I a r e  based  on t h e  ba l ance  between supp ly  and demand, 

t h e  d i f f e r e n c e  between p r i c e  l e v e l s  and p roduc t i on  c o s t s  ( i . e .  

t a x e s )  goes  towards  t h e  budget  and s e r v e s  a s  n o n d i s t r i b u t e d  

c a p i t a l  inves tment .  T h i s  a l s o  a l l o w s  t h e  s e c t o r s  producing commo- 

d i t i e s  f o r  p e r s o n a l  consumption t o  be op t imized  acco rd ing  t o  

t h e i r  p roduc t i on  c o s t s .  

An a n a l y s i s  o f  b l o c k s  I and I1 was made on a  s i m i l a r  metho- 

d o l o g i c a l  b a s i s  w i t h  r e s p e c t  t o  t h e  same number and t ype  o f  

s e c t o r s  ( energy  and a g r i c u l t u r e )  and t h e  problems t o  be s o l v e d  

w i t h i n  t h o s e  s e c t o r s .  

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

p rocedures  ( t h e  n o t a t i o n s  used i n  Bergman and Por 1980 a r e  re- 

t a i n e d )  : 

S e c t o r s :  

0 = e l e c t r i c i t y  (from t h e  energy  s e c t o r ) ,  

1 = conven t i ona l  f u e l  (from t h e  energy  s e c t o r ) ,  

2 = unconven t iona l  f u e l  (from a g r i c u l t u r a l  r e s i d u e s ) ,  

3 = a g r i c u l t u r e ,  



n 
n+l = hous ing  s e c t o r ,  

n+2 = p u b l i c  s e c t o r ,  

n+3 = c a p i t a l  goods s e c t o r .  

Exogenous v a r i a b l e s :  

G = p u b l i c  consumption 

N = t o t a l  l a b o r ,  

K = 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  inves tment ,  

D = s u r p l u s  ( d e f i c i t )  on t h e  c u r r e n t  a c c o u n t ,  

P: = world  market  p r i c e  f o r  e x p o r t e d  commodity i 

(i = 1 , 2 , . . . , n )  , 
PI = world  market  p r i c e  f o r  impor ted  commodity i 

- 
Pi = world  market  p r i c e  f o r  complementary i m p o r t s *  

o f  commodity i (i = 1 , 2) . 
Endogenous 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 ( j  = 0 , 1 , .. . ,n+3)  , 
j  

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

N = employment i n  s e c t o r  j  ( j  = O 1 1 , . . . , n + 2 ) ,  
- j  

M = i n p u t  o f  complementary i m p o r t s  i n  s e c t o r  j  
j  

( 1  = 1 , 2 ) ,  

Ci = household  consumption o f  commodity i 

(i = 0 , 1 , . .  . ,n+1)  , 
Z i t  Mi = e x p o r t s  and  i m p o r t s  o f  commodity i (i = O , l ,  ..., n ) ,  

Pi , P: = domes t i c  p r o d u c t i o n  c o s t s  and domes t i c  p r i c e  

o f  commodity i (i = 0 , 1 , .. . , n+3)  , 
W, W j  = t o t a l  wages i n  t h e  economy and wage r a t e  i n  

s e c t o r  j  ( j  = O 1 1 , . . . , n + 2 ) ,  

R I  R j  = r a t e  of r e t u r n  on c a p i t a l  i n  t h e  economy and i n  

s e c t o r  j  ( j  = 0 , 1 , .. . ,n+2)  , 

* 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  ( j  = O 1 1 , . . . , n + 2 ) ,  

* 
The t e r m  'complementary i m p o r t s '  r e f e r s  t o  t h e  impor t  o f  commo- 

d i t i e s  t h a t  c a n n o t  b e  ( o r  a t  l e a s t  a r e  n o t )  produced w i t h i n  t h e  
c o u n t r y .  



V = exchange r a t e  (domes t i c  c u r r e n c y  p e r  u n i t  of  

f o r e i g n  c u r r e n c y ) ,  

0 = household  consumption e x p e n d i t u r e s ,  

Y = r e a l  g r o s s  n a t i o n a l  p r o d u c t ,  

C = t o t a l  r e a l  household  consumption,  

Z ,  M = t o t a l  r e a l  e x p o r t s  and i m p o r t s ,  

r[ = t o t a l  p r o f  it i n  s e c t o r  j ( j = 0 , 1 , . . . ,n+2)  . 
j  

Pa ramete r s :  

a  = i n p u t  o f  commodity i (i = 2 , 3 ,  ..., n )  p e r  u n i t  of  i j - 
o u t p u t  i n  s e c t o r  j ( j  = 2 , 3 , .  . . , n + 2 ) ,  

- 
b i j  = i n p u t  o f  complementary i m p o r t s  o f  commodity i 

(i = 1 , 2 )  p e r  u n i t  o f  o u t p u t  i n  s e c t o r  j (j = 1 , 2)  , 
P j t  Y j  = s u b s t i t u t i o n  c o e f f i c i e n t s  i n  t h e  p r o d u c t i o n  f u n c t i o n  

o f  s e c t o r  j ( j  = O t 1 t . . . t n + 2 ) t  

' j  
= a n n u a l  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 

( j  = O t l t . . . , n + 2 ) ,  

ai = a n n u a l  r a t e  of change i n  wor ld  market  t r a d e  i n  
2 

commodity i (i = 1 t 2 t . . . t n ) l  

w = i n d e x  o f  wage r a t e  i n  s e c t o r  j ( j  = 0 , 1 , ... ,n+2)  , 
j 

Bi = i n d e x  o f  t h e  r a t e  o f  r e t u r n o n  c a p i t a l  i n  s e c t o r  j 

r l i t  r l i j  = e x p e n d i t u r e  and p r i c e  e l a s t i c i t y  p a r a m e t e r s  i n  house- 
- 

h o l d  demand f o r  commodity i (i = O t l , . . . , n + l )  , 
E i t  P i  = p r i c e  e l a s t i c i t y  p a r a m e t e r s  i n  e x p o r t  and impor t  

demand f o r  commodity i (i = O t l ,  . . - , n )  

A Bi = c o n s t a n t s  i n  p r o d u c t i o n  f o r  household  demand, 
j 
O O = C o n s t a n t s  i n  impor t  and e x ~ o r t  f u n c t i o n s ,  Z i t  Mi 

h = annua l  r a t e  o f  t e c h n o l o g i c a l  change i n  s e c t o r  j 

a a  b .  
= d i s t r i b u t i o n  p a r a m e t e r s  i n  t h e  p r o d u c t i o n  o f  s e c t o r  c d  

1' j j ( j  = O t l ,  . . . , n + 2 ) .  

Dec i s ion  v a r i a b l e s :  

S = s u b s i d y  f o r  s e c t o r  j ( j  = O t 1 , . . . , n + 2 )  , 
j 

Ti = f u e l  t a x  p a r a m e t e r  f o r  s e c t o r  j ( j  = 0 ,  ..., n + 2 ) ,  
J 

O i  = i n d i r e c t  t a x  on commodity i (i = O , l ,  ..., n + 2 ) ,  

Q i  = impor t  d u t y  on commodity i (i = 0,  1  , . . . , n )  , 



E = e x p o r t  premium on commodity j  ( j  = O , l , . . * , n + 2 ) ,  
j  

F = t a x  on p r o f i t  i n  s e c t o r  j  ( j  = 0 , 1 , .  . . ,n+2)  , 
j 

R = payment o f  i n t e r e s t  i n  s e c t o r  j  ( j  = 0 , 1 ,  ..., n + 2 ) .  
j  

The e q u i l i b r i u m  of t h e  economy i n  t h e  ba se  y e a r  i s  d e s c r i b e d  

i n  b lock  I1 by ( 3 5 ) - ( 4 4 )  below. The i n i t i a l  p r o f i t  l e v e l  i n  sec- 

t o r  j ,  i n c l u d i n g  payments d e r i v e d  from t a x e s  and s u b s i d i e s  ( dec i -  

s i o n  v a r i a b l e s ) ,  i s  : 

Equi l ib r ium c o n d i t i o n s  f o r  t h e  commodity markets :  

Equ i l ib r ium c o n d i t i o n s  f o r  t h e  f a c t o r  markets  a r e :  



The c u r r e n t  accoun t  ba l ance  i s :  

F o r e c a s t  o f  Economic Development 

The economic development* f o r e c a s t  o b t a i n e d  from b lock  I1 i s  

based on f o u r  assumpt ions .  F i r s t ,  it i s  assumed t h a t  world-market 

c o n d i t i o n s  a r e  exogenously  g iven .  I n  a d d i t i o n ,  t h e  s e c t o r s  a c t  

independen t ly  o f  t h e  c e n t r a l  l e v e l  i n  l o c a l  decis ionmaking and 

t h e  p o l i c y  i n s t r u m e n t s  p r e s c r i b e d  f o r  them t a k e  on t h e  same v a l u e s  

a s  i n  t h e  ba se  y e a r .  F i n a l l y ,  l o c a l  o p t i m i z a t i o n  i s  c a r r i e d  o u t  

i n  t h e  energy  and a g r i c u l t u r a l  s e c t o r s , a n d  t h e i r  i n f l u e n c e  on t h e  

n a t i o n a l  economy i s  a s s e s s e d .  Th i s  c a l l s  f o r  an  impact  a n a l y s i s  

o f  compe t i t i on  between t h e  two s e c t o r s  and between them and t h e  

i n t e r n a t i o n a l  market  ( f u e l  i s  produced by t h e  ag r i cu l t u r a l - - a s  

biogas--and energy  s e c t o r s ) .  An examina t ion  o f  t h e  t e c h n o l o g i c a l  

a l t e r n a t i v e s  f o r  t h e i r  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  w i t h  r e s p e c t  t o  

c a p i t a l ,  labor,  and o t h e r  r e s o u r c e s  i n c l u d i n g  impor t s  and f o r  

t h e i r  env i ronmenta l  impac t s ,  i s  a l s o  r e q u i r e d .  

The f o r e c a s t i n g  p rocedure  i s  d e s c r i b e d  below: 

1 .  A v a r i e t y  o f  f u n c t i o n s  a r e  used ( f o r  k  p o s s i b l e  

a l t e r n a t i v e s ,  k  = 1 , .  . .,n) . 

Import  f u n c t i o n  : 

* 
For a  g e n e r a l  d e s c r i p t i o n  o f  t h e  problem, see Johansen (1974) .  
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C a p i t a l - l a b o r  i n p u t  f u n c t i o n :  

Composite i n p u t  f u n c t i o n :  

Gross  o u t p u t  f u n c t i o n :  

Expor t  f u n c t i o n :  

Household consumpt ion  f u n c t i o n :  

2. The above f u n c t i o n s  a l l o w  u s  t o  d e r i v e  more r ea l i s t i c  

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

t h e  s a m e  form as ( 3 5 ) -  ( 4 4 )  , f o r  t h e  a l t e r n a t i v e s  

k = 1 ,  ..., n .  



3. The f a c t o r - m a r k e t  e q u a t i o n s  ( 4 2 )  and ( 4 3  ) c a n  be  

s o l v e d  a s  a  f u n c t i o n  o f  f a c t o r - m a r k e t  p r i c e s  W and 
j 

Q . , a f t e r  which t h e  p r i c e  sys tem s h o u l d  be  normal ized :  
3 

4 .  On g i v i n g  i n i t i a l  v a l u e s  f o r  W ,  R ,  and V ,  w e  can  

d e r i v e  P*,  P, and PD, where 

P* can  t h e n  be i n s e r t e d  i n t o  t h e  p r o f i t  f u n c t i o n  ( 3 5 ) ,  
3 

which i s  t o  b e  maximized w i t h  r e s p e c t  t o  t h e  s e c t o r s  

under  a n a l y s i s  o n l y  ( t h e  e n e r s y ,  j = 0 , 1 ,  and a g r i c u l t u r a l  

s e c t o r s ,  j = 2 , 3 ) .  

Maximizat ion o f  p r o f i t  II* i s  s u b j e c t  t o  c o n s t r a i n t s  on 
j  

t h e  p o l i c y - i n s t r u m e n t  c o e f f i c i e n t s  ( s f  E ,  4 ,  f ,  p ,  t ,  

and q = c o n s t . ) :  



to production and demand function constraints ( 4 5 )  - ( 5 0 )  , 
where different alternatives are included, and to con- 

straints on factor combinations ( 5 4 )  - ( 5 7 )  , where on the 
left-hand side of the equations, different technological 

and market alternatives are included and on the right- 

hand side, the policy instruments are represented: 

( 6 .  + R. + q.) 
'n+3 I I I 

Ajkajk * 
'jXj + sx + E Z  

j j 

Maximization of profit, subject to the above conditions, 

leads to the choice of the optimal alternative, which at 

the same time influences the distribution and substitu- 

tion coefficients, i.e. the development of all sectors. 



By f i x i n g  t h e  p r o f i t  f u n c t i o n  e q u a l  t o  z e r o ,  w e  can  

d e r i v e  commodity p r i c e s  a s  a  f u n c t i o n  o f  f a c t o r  p r i c e s ,  

and by s u b s t i t u t i n g  P* i n  (52)  , t h e  unknown P and P D 
j j j 

can  be d e r i v e d .  

5. P roduc t ion  volume X p roduc t i on  c o s t s  P I  and p r i c e s  P D 
j  ' j 

a r e  employed t o  d e r i v e  t h e  v a l u e s  of  N and K and t h e  
j j 

d i f f e r e n c e  i n  t h e i r  i n i t i a l  s t a t e s  AN and A K .  W and R 

can  t h e n  be a d j u s t e d .  

6 .  Equ i l i b r i um between p roduc t i on  volume, p r i c e s ,  produc- 

t i o n  c o s t s ,  wages, and t h e  i n t e r e s t  l e v e l  makes it pos- 

s ib le  t o  r e d i s t r i b u t e  t h e  t o t a l  f u e l  p roduc t i on  volume 

(produced i n  s e c t o r s  1  and 2)among t h e s e  s e c t o r s  on t h e  

b a s i s  o f  t h e  op t ima l  f u e l  t o  e l e c t r i c i t y  r a t i o  i n  t h e  

energy s e c t o r  and t h e  op t ima l  f u e l  t o  a g r i c u l t u r a l  pro-  

d u c t i o n  r a t i o  i n  t h e  a g r i c u l t u r a l  s e c t o r ,  s u b j e c t  t o  a  

minimum f u e l  p r i c e  l e v e l  (which i m p l i e s  compe t i t i on  

between t h e s e  two s e c t o r s )  : 

il = ( P j o X j o  + P X .  - (Pie + P i l )  + max , (58) 
11 11 31 

s u b j e c t  t o  P j l X j l  + min ; 

il j 2  = ( P j l X j l  + P X .  - (p i l  + pi2) + max , (59)  12 12 

s u b j e c t  t o  P j l X j l  + min . 

The r e d i s t r i b u t i o n  o f  f u e l ,  s u b j e c t  t o  compe t i t i on ,  w i l l  

a f f e c t  t h e  o t h e r  s e c t o r s  by s t i m u l a t i n g  a  lower ing  i n  t h e  p r i c e  

f o r  t h i s  p roduc t .  

Thus, t h e  f o r e c a s t  f o r  t h e  n a t i o n a l  economy can  be r ep r e sen -  

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

op t ima l  s t a t e  (23)  : 



A A h ^D A 
A 

X X i l  Y i l  P i t  W N and . 
j j 1  j 1  j 

The s o l u t i o n  o f  t h e  models* was performed u s i n g  t h e  a lgo -  

r i t h m  p r e s e n t e d  i n  F igu re  5.  

I EXCHANGE RATE I FACTOR P R I C E S  
( W j Q j )  

P R I C E S  ( P * )  FUNCTION ( II* 

OLUTION ALGORITH 

1 5 

CONVERGENCE 

1 P R I C E S  I 

HOUSEHOLD CON- 

DEMAND EQUATIONS SUMPTION 
EXPENDITURE 

OLUTION ALGORITH 

d/  
GROSS OUTPUT 

S O L U T I O N  ALGORITHM 
) - h - L R G E N c E  

CON- 0 
S T O P  

VERGENCE 

I NEW FACTOR P R I C E S  / 

Figu re  5 .  S o l u t i o n  a l g o r i t h m  of  an  e q u i l i b r i u m  model ( *  deno t e s  
t h a t  t h e  v a r i a b l e  i s  s u b j e c t  t o  c a l c u l a t i o n ) .  

* 
The s o l u t i o n  a l g o r i t h m  was developed by Andras Por (Bergman and 

Por 1980) .  



Some o f  t h e  r e s u l t s  from t h e  above f o r e c a s t  c a n  s e r v e  a s  

i n f o r m a t i o n  f o r  b l o c k  I ,  a t  t h e  s t a g e  o f  n a t i o n a l  economic f o r e -  

c a s t i n g .  

Regula ted  O p t i m i z a t i o n *  E q u i l i b r i u m  

The a n a l y s i s  shows t h a t  some d i f f e r e n c e s  a lways  e x i s t  

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

c a s t  (60)  and t h e  d e s i r a b l e  , ( o p t i m a l )  s t a t e  o f  t h e  economy, 

which i s  a  r e s u l t  o f  b l o c k  I ( 2 3 )  : 

A 

x j - x  j  AX^ ; p f D  1 - = APq ; e tc .  (61)  

F i r s t ,  w e  examine these d i f f e r e n c e s  i n  o r d e r  t o  c l a r i f y  why 

t h e y  o c c u r .  Some a n a l y s i s  o f  e x p e n d i t u r e s ,  f o r  example when 

env i ronmenta l  p r o t e c t i o n  e x p e n d i t u r e s  a p p e a r  i n  b l o c k  I ,  shows 

t h a t  env i ronmenta l  p o l l u t i o n  i n  b l o c k  I1 h a s  n o t  been t a k e n  i n t o  

a c c o u n t  when l o c a l  o p t i m i z a t i o n  h a s  been performed on a  s e c t o r a l  

l e v e l .  T h i s  c o n c l u s i o n  i n d i c a t e s  t h a t  t h e  l e v e l  o f  s t a n d a r d s  o r  

p e n a l t i e s  f o r  e n v i r o n m e n t a l  p o l l u t i o n  have t o  be  a d j u s t e d  ( w i t h  

r e s p e c t  t o  t h e  i n i t i a l  e q u i l i b r i u m  i n  11). 

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

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

o u r  c a s e  s i n c e  no  b a s i s  e x i s t s  f o r  a d j u s t i n g  t h e  t y p e  and v a l u e  

o f  t h e s e  i n s t r u m e n t s .  Some c a l c u l a t i o n s  t h a t  i n c l u d e  s e q u e n t i a l  

changes  i n  t h e  v a l u e  o f  each i n s t r u m e n t  ( w i t h o u t  changing t h e  

o t h e r s )  and t h a t  a r e  based on t h e  s o l u t i o n  o r o c e d u r e  d e s c r i b e d  

above a r e  r e a u i r e d .  Bv comparina t h e  chanqed v a l u e s  OF t h e  

i n d i c a t o r s  w i t h  t h e i r  i n i t a l  v a l u e s ,  i t  i s  p o s s i b l e  t o  d e t e r -  

mine t h e  ' i n t e n s i t v '  c o e f f i c i e n t s  and t h u s  t h e  t v ~ e ,  n u r n o s e ,  

and e x t e n t  o f  u s e  o f  each  n o l i c y  i n s t r u m e n t .  

For  example, i f  

3 
For a  d e f i n i t i o n  o f  t h e  t e r m  ' r e g u l a t e d  o p t i m i z a t i o n ' ,  s e e  

F i g u r e  4 .  



where 1 is  t h e  i n t e n s i t y  c o e f f i c i e n t ,  

Thus, changes i n  t h e  t y p e  and va lue  of  t h e  p o l i c y  i n s t rumen t s  

used i n f l u e n c e  t h e  c o n d i t i o n s  o f  s e c t o r a l  i n c e n t i v e s  w i th  r e s p e c t  

t o  o p t i m i z a t i o n  and l o c a l  autonomy, and a t  t h e  same t i m e  t h e s e  

i n c e n t i v e s  s e r v e  a s  a  means o f  a ch i ev ing  t h e  op t ima l  ( d e s i r a b l e )  

s t a t e  of  t h e  economy: 

CONCLUSIONS 

S e v e r a l  conc lu s ions  can be drawn from t h e  a n a l y s i s  g iven  i n  

t h e  p reced ing  s e c t i o n s .  

F i r s t ,  an economic mechanism based on r e g u l a t e d  o p t i m i z a t i o n  

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

because:  

-- equa l  o p p o r t u n i t i e s  e x i s t  f o r  a l l  p roduc t i on  u n i t s  and 

employees; 
-- r e a l  e q u i l i b r i u m  o f  a  l a r g e  number o f  p roduc t s  can o n l y  

be ach ieved  by means o f  l o c a l - l e v e l  decisionmaking;  
-- t h e  c l e a r l y  d e f i n e d  f u n c t i o n s  o f  t h e  c e n t r a l  l e v e l ,  which 

d i f f e r  from t h o s e  a t  t h e  s e c t o r a l  l e v e l ,  an2 can  be 

r e a l i z e d  through agg rega t i on ,  l e a d  t o  a  r e a l  s e n s e  of  

r e s p o n s i b i l i t y  on t h e  p a r t  of  t h e  c e n t e r .  

Second, a l t hough  t h e  conc lu s ions  abou t  t h e  economic mecha- 

nism a r e  g e n e r a l l y  c o r r e c t  g iven  t h e  r e s t r i c t e d  c o n d i t i o n s  o f  t h e  

a n a l y s i s  ( l i m i t e d  o p t i m i z a t i o n  f a c t o r s ,  p a r t i a l  compe t i t i on ,  e t c . ) ,  

the equilibrium system of models r e q u i r e s  f u r t h e r  impm-t. ~ o c a l  

o ~ t i m i z a t i o n  shou ld  be  imnlenented f o r  a l l  s e c t o r s  w i th  r e s n e c t  

t o  t h e  s u b s t i t u t i o n  o f  a l l  p o s s i b l e  commodities and f a c t o r s  

under c o n d i t i o n s  o f  s e c t o r a l  comnet i t ion  and t a k i n g  i n t o  account  

t h e  s n a t i a l  Fea tu r e s .  The models shou ld  be so lved  dvnamical lv .  

Global  on t i rn i za t i on  i n  b lock  I should  be based on a mul t iob jec -  

t i v e  o p t i ~ i z a t i o n  annroach (Wierzb ick i  1 9 7 9 ) ,  given  a  p r e l i m i -  

na rv   res scribed arowth r a t e  and c e r t a i n  s q a t i a l  c o n d i t i o n s  

(Anderson 1 9 7 4 ) .  Denoaranhic and miu ra t i on  models 



( K e l l e y  and Will iamson 1979) shou ld  be i n c l u d e d  i n  t h e  model s v s -  

t e m .  Some o f  t h e  proposed models and approaches  can be used i n  

market  economies. 

T h i r d ,  improvenent  o f  t h e  economic mechanism r e q u i r e s  

changes  t o  be made i n  t h e  implementa t ion  c o n d i t i o n s  a s  w e l l  a s  

in t h e  modeling o f  t h e  n a t i o n a l  economy. These changes  i n c l u d e  

t h e  u s e  o f  an e q u i l i b r i u m  sys tem of  models ,  which i s  a  n e c e s s a r y  

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

achievement  o f  r e a l  economic autonomy on a  l o c a l  l e v e l .  The 

two c o n d i t i o n s  mentioned above a r e  e s s e n t i a l  t o  t h e  implementa- 

t i o n  o f  r e g u l a t e d  o p t i m i z a t i o n  f o r  d e v e l o p i n g  t h e  economy. 

REFERENCES 

Andersson, A.E.  1979. Growth and S t a g n a t i o n  o f  Economies w i t h  
P u b l i c  Goods - A N e o c l a s s i c a l  A n a l y s i s .  WP-79-12. . Laxen- 
burg ,  A u s t r i a :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems 
A n a l y s i s .  

Bergman, L .  and A. Por .  1980. A Q u a n t i t a t i v e  Genera l  E q u i l i -  
br ium Model o f  t h e  Swedish Economy. WP-80-4. Laxenburg, 
A u s t r i a :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems 
A n a l y s i s .  

Johansen,  L .  1974. A M u l t i s e c t o r a l  S tudy o f  Economic Growth. 
Amsterdam: North Hol land ,  second e d i t i c n .  

K e l l e y ,  A.  and J. Will iamson.  1979. Modeling U r b a n i z a t i o n  
and Economic Growth. WP-79-81. Laxenburg, A u s t r i a :  I n t e r -  
n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s .  

Mateev, E .  1963. Lonq-term P l a n n i n a .  ( I n t e r s e c t o r a l  L inks  and 
Input-Outnut  c o e f f i c i e n t s .  S o f i a :  ~ a r t i z d a t .  

Miha i lov ,  B.  1973. Modelincr Nanaqement o f  t h e  S o c i a l  System. 
S o f i a :  P a r t i z d a t .  

Miha i lov ,  B. 1974. Ontimal  C o n t r o l  o f  t h e  Economic Svstem. 
S o f i a :  P a r t i z d a t .  

Mihai lov ,  B . ,  A. P o r ,  and I .  Assa.  1980. Modified Mul t i sec-  
t o r a l  E q u i l i b r i u m  Plodel For B u l a a r i a .  P a ~ e r  ? r e s e n t e d  a t  
t h e  HSS/SDS Task Force  Yee t ina  "Genera l  E a u i l i b r i u m  Yodel- 
i n q " ,  10-13 November, 1980. Laxenburq, A u s t r i a :  I n t e r -  
n a t i o n a l  I n s t i t u t e  f o r  A ~ ~ l i e d  Svstems A n a l v s i s .  

Miha i lov ,  B .  and I .  Assa. 1980. C o m ~ u t e r i z e d  Svstem of Rea iona l  
Models. Paqer  u r e s e n t e d  a t  t h e  ~ e c f i o n a l  D e v e l o q ~ e n t  Task 
Conference  18-21 March, 1983. Laxenburg, A u s t r i a :  I n t e r -  
n a t i o n a l  I n s t i t u t e  f o r  Apvlied Svstems A n a l v s i s .  



Nyhus, D. 1977. The INFORUY Svstem of Input-Out~ut Models and 
Bilateral Trade Flows. RR-77-22. Laxenburg, Austria: Inter- 
national Institute for Applied Systems Analysis. 

Wierzbicki, A. 1973. The lrse of Reference Objectives in Pfulti- 
Objective Optimization--Theoretical Implications and Prac- 
tical Experience. WP-79-66. Laxenbur?, Austria: Interna- 
tional Institute for Applied Systems Analysis. 


