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SOME CONSIDERATIONS ABOUT THE 
CONSTRUCTION OF A SYSTEM OF 
REGIONAL MODELS 

Bor i s  Mihailov 

INTRODUCTION 

Th i s  paper is  e l abora t ed  t a k i n g  i n t o  account  t h e  fol lowing 

b a s i c  i n i t i a l  a s s u m ~ t i o n s :  

-- The r eg ion  has  t o  be modeled a s  an i n t e g r a t e d  

system wi th  common input -output  on t h e  b a s i s  

o f  man-machine i n t e r a c t i o n  procedures .  
-- The f e a t u r e  c h a r a c t e r i s t i c s  o f  t h e  e x i s t i n g  

economic and s o c i a l  management mechanism a r e  

considered:  t h e  s e p a r a t e  r e g i o n  i s  n o t  inde- 

pendent,  bu t  a  c l o s e l y  connected u n i t  w i th  t h e  

n a t i o n a l  system. 
-- Modeling of t h e  s e p a r a t e  r e g i o n  i s  t o  s e r v e  a s  

a  s t anda rd  f o r  modeling of  a l l  r eg ions  i n  t h e  

count ry  w i t h  o rgan ic  connect ion wi th  t h e  modeling 

on a  n a t i o n a l  l e v e l .  
-- Spec ia l  a t t e n t i o n  i s  pa id  t o  t h e  cons i s t ency  and 

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

product ion l i n k s  w i t h i n  a  common c a l c u l a t i o n  

cyc le .  



INTERRELATIONS BETWEEN THE SYSTEM OF MODELS FOR THE REGION AND 

THE NATIONAL SYSTEM OF MODELS 

The common inpu t  and ou tpu t  of t h e  system of models f o r  

t h e  s e p a r a t e  region i s  determined by t h e  concre te  production 

l i n k s  of  t h e s e  models with t h e  i n t e r s e c t o r i a l  and i n t e r r e g i o n a l /  

i n t e r s e c t o r i a l  models on a  n a t i o n a l  l e v e l  and wi th  t h e  i n t e r s e c -  

t o r i a l  models on a  s e c t o r i a l  l e v e l .  

Without analyzing t h e  approach used t o  so lve  n a t i o n a l  

models, it i s  necessary t o  under l ine  he re  t h e  fol lowing,  from 

a t h e o r e t i c a l  viewpoint. 

The i n t e r s e c t o r i a l  model on a  n a t i o n a l  l e v e l  i s  connected 

wi th  d i r e c t  and feedback wi th  t h e  interregional/intersectorial 

model. Solving t h e  l a t t e r  (which cons iders  t h e  s p a t i a l  f a c t o r s  

of t h e  e f f i c i e n c y )  w e  w i l l  balance t h e  products ( a c t i v i t i e s )  

between a l l  regions i n  t h e  country.  Hence, t h e  i n p u t  of t h e  

s e p a r a t e  region (which i s  t h e  ou tpu t  of t h e  i n t e r r e g i o n a l / i n t e r -  

s e c t o r i a l  model) w i l l  be t h e  t o t a l  volume and s t r u c t u r e  of t h e  

regions  : 

where : 

Xi = t o t a l  volume of product i; 

r = t h e  region  under a n a l y s i s ;  

p  = t h e  o t h e r  reg ions  i n  t h e  country;  

a  = t echno log ica l  c o e f f i c i e n t s ;  i j  

b i j  = production funds c o e f f i c i e n t s ;  

Z = non-productive consumption 

(a = assortment  c o e f f i c i e n t )  . 



The connec t ion  of t h e  s e p a r a t e  r eg ion  models w i t h  t h e  

s e c t o r i a l  models i s  determined by t h e  f a c t  t h a t  d i r e c t  and feed-  

back e x i s t s  i n  t h e  p roces s  of t h e  o p t i m i z a t i o n  of  t h e  s e c t o r i a l  

mdoels and between t h e  interregional/intersectorial model and 

t h e  i n t e r s e c t o r i a l  model on a  n a t i o n a l  l e v e l .  Thus, from t h e  

viewpoint  o f  t h e  s e p a r a t e  reg ion  t h e  d i f f e r e n t  p roduc t s  w i t h i n  

t h e  r e g i o n  belong t o  d i f f e r e n t  s e c t o r s  which have t o  be  opt imized 

i n  a  s e p a r a t e  way i n  terms of  own l o c a l  s e c t o r i a l  c r i t e r i o n .  A t  

t h e  same t i m e  from t h e  viewpoint  of  t h e  s e p a r a t e  s e c t o r ,  t h e  

s e c t o r i a l  o p t i m i z a t i o n  has  t o  be determined f o r  a l l  r eg ions  

of t h e  c o u n t r y ,  b u t  no t  on ly  f o r  t h e  s e p a r a t e  r e g i o n s  under 

a n a l y s i s .  Hence, t h e  l i n k s  between t h e  s e p a r a t e  r eg ion  model 

and t h e  s e c t o r i a l  models are i n d i r e c t  and they  go th rough  t h e  

interregional/intersectorial model. Only an in fo rma t ion  l i n k  

e x i s t s  between t h e  s e c t o r i a l  models and t h e  model of  t h e  s e p a r a t e  

r e g i o n .  T h i s  can be seen i n  F igure  1 .  

The s i t u a t i o n  i n  p r a c t i c e  d i f f e r s  from t h e  above t h e o r e t i c a l  

s t a t e m e n t  due t o  t h e  fol lowing:  

-- The l i n k s  on a n a t i o n a l  l e v e l  a r e  s t r o n g l y  aggrega ted  

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

volume, by r e g i o n s  and by sub reg ions ,  o f  t h e  r eg ion .  

The o t h e r  p a r t  o f  t h e  p roduc t s  may be:  non-spec i f ied  

p roduc t s  by volume i n  s e c t o r s  a s p e c t  ( u s u a l l y  t h i s  i s  

f o r  p roduc t ion  w i t h  l o c a l  importance f o r  t h e  r e g i o n ) ;  

non-spec i f ied  produc ts  by subreg ions  of  t h e  r eg ion ;  

combination of  t h e  f i r s t  and second. 
-- The r e g i o n a l  body has  d i r e c t  management f u n c t i o n s  

r e g a r d i n g  t h e  product ion o f  l o c a l  importance.  

The above p r a c t i c a l  c o n s i d e r a t i o n s  have t o  r e f l e c t  on t h e  

i n t r a r e q i o n a l  model ( 1 )  which is  t o  be modified th rough  t h e  

d i f f e r e n t i a t i o n  of  t h e  produc t ion  o f  n a t i o n a l  and l o c a l  impor- 

t a n c e  and by subreg ions  o f  t h e  reg ion :  
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Figure 1 .  In teract ions  between the 
National and Regional Models. 
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A "I A 

'ir ( t )  + xi, ( t )  + xipr ( t )  = L ( t )  + Z a i j X j r ( t )  

+ L bijAX (t)  + L b .  . A X  ( t )  
i j r  11 j r  

where : 

A = symbol f o r  t h e  produc t ion  of  n a t i o n a l  importance 

exogenously a s s igned  by t h e  i n t e r s e c t o r i a l  and 

t h e  interregional/intersectorial model; 

I = import ;  

E = e x p o r t ;  

whence t h e  fo l lowinq  i n i t i a l  c o n s t r a i n t s  can be p r e s c r i b e d  f o r  

t h e  s e p a r a t e  r eg ion :  

-- as s igned  volume of  t h e  i - t h  p roduc t ion  of  

n a t i o n a l  importance : 

-- as s igned  volume of  import  of  t h e  i - t h  p roduc t :  

( t )  = I ( t )  'ipr 
p f r  

I 

-- as s igned  volume o f  e x p o r t  of  t h e  i - t h  p roduc t :  

AE (t) = E ( t )  ; ' 'irp 
p f r  



-- a s s i g n e d  volume o f  p roduc t i on  f o r  non-produc t ive  

consumption : 

-- a s s i g n e d  volume o f  r e s o u r c e s  f o r  c u r r e n t  produc- 

t i v e  consumption: 

1 a . . X  ( t)  = A ( t )  ; 
11 jr 

-- c o n s t r a i n t s  f o r  maximum c a p i t a l  inves tments :  

-- c o n s t r a i n t s  f o r  maximum q u a n t i t y  o f  l a b o r  f o r c e  

by q u a l i f i c a t i o n  g roups  q  (v  = l a b o r  c o e f f i c i e n t s ) :  s j 

-- c o n s t r a i n t s  f o r  maximum volume o f  g r o s s  wage 

(vqi = normat ive  wage by q - th  t y p e  o f  q u a l i f i -  

c a t i o n  i n  t h e  i - t h  s e c t o r ) :  

The d i f f e r e n t i a t i o n  o f  t h e  p r o d u c t s  ( a c t i v i t i e s )  r e s p e c t i v e l y  

o f  n a t i o n a l  and l o c a l  impor tance  i s  a b s o l u t e l y  n e c e s s a r y  t o  be  made 

f o r  t h e  modeling o f  r e g i o n a l  development due  t o  t h e  f o l l o w i n g  con- 

s i d e r a t i o n s .  

A -- ^I The p roduc t i on  volume o f  n a t i o n a l  impor tance  X i r ,  Xipr  
A 

and i:rD and t h e  f i n a n c i a l  (ii) and l a b o r  (Li )  supp ly  

have tg be a s s i g n e d  exogenously  t o  t h e  s e p a r a t e  r e g i o n  and 

hhey canno t  be s u b j e c t  t o  o p t i m i z a t i o n  w i t h i n  t h e  r eg ion .  



Otherwise, t h e  op t imiza t ion  by l o c a l  c r i t e r i o n  

wi th in  t h e  reg ion  under a n a l y s i s  w i l l  always 

provoke an imbalance wi th in  t h e  remaining reg ions  

i n  t h e  country.  The l a t t e r  i s  due t o  t h e  d i f f e r e n t  

k inds  of c r i t e r i a  used on a  n a t i o n a l  and r e g i o n a l  

l e v e l  and t o  t h e  d i f f e r e n t  scope of  t h e  expendi tures  

and t h e  e f f i c i e n c y  on a  n a t i o n a l  and r e g i o n a l  l e v e l .  

-- The products  ( a c t i v i t i e s )  which a r e  s imultaneously 

o f  n a t i o n a l  and l o c a l  importance r e q u i r e  t h a t  t h e  

product ion volume o f  t h e  l o c a l  importance only  has  

t o  be optimized i n  terms of l o c a l  c r i t e r i a .  The 

p a r t  of product ion volume of  n a t i o n a l  importance 

has  t o  be ass igned exogenously t o  t h e  reg ion .  

The a n a l y s i s  made above a l lows  us  t o  s p e c i f y  the i n p u t  of  

t h e  system o f  models f o r  development of  t h e  s e p a r a t e  reg ion  

(shown i n  F igure  2 ) .  The o u t p u t  of  t h e  r e g i o n a l  model ( inc lud ing  

t h e  feedback t o  t h e  models on a  n a t i o n a l  l e v e l )  might be spec i -  

f i e d  a f t e r  a  l inkage  of t h e  subsystem models i n  an i n t e g r a t e d  

system of  models wi th in  t h e  reg ion .  

DESCRIPTION OF THE DEVELOPMENT OF THE SEPARATE SUBSYSTEMS AND 

THEIR LINKS AT THE INITIAL STAGE OF THE OPTIMIZATION CYCLE 

I n i t i a l  Stage (0) - Descr ip t ion  of  t h e  
Agr i cu l tu re  Development and Links 

Agr i cu l tu re  a s  a  subsystem w i t h i n  t h e  region ( inc lud ing  a  pro- 

c e s s i n g  i n d u s t r y )  forms i t s  income a t  t h e  i n i t i a l  s t a g e  a s  fol lows:  

Revenue Expenditures 

- v / 

Expendi tures  

-- 
Expenditures Reduced C a p i t a l  

Investments 
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where 

PjXj = volume of j-th product at corresponding 
prices; 

m = subregions of the region; 

c.x = volume of j-th intermediate product; 
I jm 

a = coefficient for reducing the capital 

investments to annual costs . 
The optimization problem for agriculture which stems from 

the problem mentioned above requires that (see Figure 3): 

-- The production volume of national importance 2 
- jr 

and 5tE have to be optimized with respect to their - ?re 
territorial distribution only. This is necessary 

in the cases when the production optimization on 

a national level treats the region as one 

point, but not by subregions of the region. The 

factors of productive (technological) character 

cannot be subject to optimization within the region, 

because they have been considered on a national 

level of optimization. 

The model for the region will appear as follows: 

A 

Z Z Z (dilm + aKilm)xilm (t) + min , 
i m l  

where 

1 = transportation modes; 

d = current transportation expenditures; 

K = capital investments for transport 

development; 

a = coefficient for reducing capital 

investments to the current transporta- 

tion costs. 
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Notations 

PNI - Production of national importance 
PLI - Production of local importance 
PB - Prospective intraregional input-output balance 
0 - Operator 

EF - Efficiency functions 
1 - Agriculture subsystem 
1.1 - Optimal territorial distribution of PNI on regional level 
1.2 - Technological and territorial optimization of PLI 
1.2 - Optimal size of the irrigated land 
2 - Industry subsystem 
2.1 - Optimal territorial distribution of PNI on regional level 
2.2 - Technological and territorial optimization of PLI 
3 - Water Resources Subsystem (WRS) 
3.1 - Optimal development of WRS on a national level regarding 

PNI 
3.2 - Optimal development of WRS on a regional level regarding 

PLI 
4 - Energy Resources Subsystem (ERS) 
4.7 - Optimal development of ERS on a national level regarding 

PNI 
4.2 - Optimal development of ERS on a regional level regarding 

PLI 
5 - Transportation Subsystem (TS) 
5.1 - Optimal development of TS on a national level regarding 

PNI 
5.2 - Optimal development TS on a regional level regarding 

PLI 
6 - Migration Subsystem (MS) 
6.1 - Needed migration on a regional level regarding PNI and 

PLI 
6.2 - Expected migration on a regional level 
6.3 - Difference between the needed and expected migration 
7 - Conjestion phenomena 
7.1 - Imbalance between the production and resources regarding 

PNI and PLI 
7.2 - Environmental polution defining (on a regional level only) 
7.3 - Imbalance between the needed and available labor force 
7a - Additional territorial allocation 
7b - Additional or less production and resources volume 
7c - Additional or less expenditures 
8 - Impact analysis 
8.1 - Resources impact on the regional development 
8.2 - Production volume impact on the regional development 
8.3 - Migration impact on the regional development 
8.4 - Environmental pollution impact on the regional develop- 

men t 
8.5 - Living conditions impact on the regional development 
8a - New resources and production needed 
8b - Formulation of alternatives for regional development 
9 - Strategic type subsystems optimization 
9.1 - Environmental protection 
9.2 - Migration regulation 
9.3 - Health care policy 
9.4 - Human settlements policy 
10 - Optimization of PLI on a regional level 



-- The demand c o n s t r a i n t s  a r e :  

The p r o d u c t i o n  volume c o n s t r a i n t s  a r e :  

and z e r o  o n e  c o n s t r a i n t s  a r e :  

The remain ing  c o n s t r a i n t s  f o r  a g r i c u l t u r e  have  t o  

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

t h e  p r o d u c t i o n  o f  n a t i o n a l  i m p o r t a n c e  ( 3 )  - ( 1  0 )  i n  

terms o f  a  s p e c i a l  o p e r a t o r .  
-- The a g r i c u l t u r e  p r o d u c t i o n  o f  l o c a l  impor tance  x 

jr 
i s  t o  b e  o p t i m i z e d  from t e c h n o l o g i c a l  a s  w e l l  a s  from 

t e r r i t o r i a l  a s p e c t s w i t h i n  the r e g i o n :  

L Z L a . . x  ( t )  + L L L Vjivix jm(t )  
i m n  3 1  jm i m n  
Local resources 

costs  
Wage cos t s  

+ L L L c . x  ( t )  + a L L 2 b j i x j m ( t )  
i m n  J j m  i m n  
Intermediate pro- Reduced cap i t a l  

duction costs  investments 

+ L L L L (dilm+aKilm)xilm ( t )  + min . 
i m l n  

Reduced transportation costs  

I t  i s  n e c e s s a r y  t h a t  t h e  i n t e r m e d i a t e  p r o d u c t i o n  

e x p e n d i t u r e s  be measured i n  p r o d u c t i o n  c o s t s  b u t  

n o t  i n  p r i c e s  when these p r o d u c t s  c a n  be used f o r  

f i n a l  consumption o r  e x p o r t  a s  w e l l .  



The connections between the agriculture and the other sub- 

systems within the region might be expressed in the following 

way : 

Limitations according to the resources used by the type: 

c c c a..x (t) 5 6A(t) , 
i m n  3 1  jm 

where : 

A = total volume of resources; 

6 = coefficient for agriculture density parti- 

cipation in the resources used. 

These resources refer to: 

-- land as a natural resource; 

-- subsystem water resources; 

-- subsystem energy resources; 

-- subsystem transportation; 
-- subsystem industry; 

-- subsystem migration processes (in its part 

of labor resources). 

Limitations of total final production volume by the type: 

Limitations according to the intermediate production when 

part of this is used for final non-productive consumption: 

c c c c.x (t) .C(t) . 
i m n  1 jm 

The identification of the connections between agriculture 

and the other subsystems requires that the connectiosn of parti- 

cular importance be defined. It could be realized in terms of 

"efficiency function" proposed by M. Albegov [ I ] .  This function 

shows the influence of the resources volume used on the efficiency 



of t h e  a g r i c u l t u r e  ( t h e s e  r e sources  a r e  products  of o t h e r  sub- 

systems of t h e  r eg ion  o r  imported from o t h e r  r e g i o n s ) .  For our  

assumptions, t h e  n e f f i c i e n c y  func t ion"  w i l l  appear  a s  fol lows:  

E E A i B L  M .  + max , 
i 1 1  

where 

Ei = e f f i c i e n c y  funct ion;  

A ,  B, L ,  M = d i f f e r e n t  resources .  

The e f f i c i e n c y  f u n c t i o n  used a l lows  us  t o  connect  t h e  

a g r i c u l t u r e  wi th  t h e  o t h e r  subsystems accord ing  t o  t h e  parame- 

ters of g r e a t  importance only and t o  n e g l e c t  t hose  of  minor 

importance. This  is o f  g r e a t  s i g n i f i c a n c e  f o r  reducing t h e  

number of l i n k s  between t h e  subsystems. Otherwise t h e  t a s k  

w i l l  be p r a c t i c a l l y  unsolvable .  

I n i t i a l  Stage (0)  - Descr ip t ion  o f  t h e  
Water Resources Development and Links 

The water  r e s o u r c e s  from t h e  viewpoint of  t h e  product ion of  

n a t i o n a l  importance demand may be t r e a t e d  a s  a  complex n a t i o n a l  

i n f r a s t r u c t u r e  system. Its e f f i c i e n c y  depends on t h e  e x i s t i n g  

n a t u r a l  water  s o u r c e s ,  on t h e  techniques  used and on t h e  s p a t i a l  

a l l o c a t i o n  of t h e  wa te r  r e sources  system which i s  n o t  u s u a l l y  

c losed  wi th in  t h e  r eg ion  boundary. The l a t t e r  c i rcumstance 

r e q u i r e s  ( d e s p i t e  the t e r r i t o r i a l  f a c t o r  i n f l u e n c i n g  t h e  

e f f i c i e n c y  of  t h e  water  system) t h a t  r ega rd ing  t h e  product ion  of  

a  n a t i o n a l  importance,  t h e  t e r r i t o r i a l  e f f i c i e n c y  of  t h e  water  

system be def ined  on a  n a t i o n a l  l e v e l ,  bu t  n o t  on a  r e g i o n a l  

l e v e l ,  - a s  shown f o r  a g r i c u l t u r e  and i n d u s t r y  by formula (12) . 
The water  demand f o r  t h e  product ion  of  l o c a l  importance 

has  t o  be der ived  accord ing  t o  the opt imal  development of t h e  

subsystem water u s e r s .  

A t  t h e  i n i t i a l  s t a g e  t h i s  r e q u i r e s :  



When t h e  a g r i c u l t u r e  op t imizes  ( t h e  same a l s o  goes f o r  

i n d u s t r y )  t h e  w a t e r  use  has  t o  b e  e s t i m a t e d  i n  t h e  techno- 

l o g i c a l  v a r i a n t s  as a s u b s t i t u t e  r e s o u r c e  (wi th  r e g a r d  t o  

f e r t i l i z e r s  and o t h e r  t echn iques  i n  a g r i c u l t u r e  and w i t h  

r e g a r d  t o  t e c h n o l o g i e s  w i thou t  need o f  w a t e r  i n  i n d u s t r y ) .  

I n  t h e s e  c a s e s  t h e  w a t e r  e x p e n d i t u r e s  have t o  be  inc luded  

i n  c o s t s  b u t  n o t  i n  wa t e r  p r i c e s .  The above r e q u i r e s  

t h a t  t h e  w a t e r  demand be i nc luded  i n  t h e  a g r i c u l t u r e  model 

( r e s p e c t i v e l y  i n  t h e  i n d u s t r y  model) b u t  n o t  as an inde-  

pendent  model. I n  t h i s  way, i n  t h e  o p t i m i z a t i o n  model 

(16)  w i t h  r e g a r d  t o  wate r  use ,  t h e  fo l l owing  c o n s t r a i n t s  

have t o  be  c o n s i d e r e d :  

-- f o r  t h e  t o t a l  i r r i g a t e d  l a n d :  

r r r u' ct) 5 M' ( t) , 
i m n  3 

where : 

1  
U = i r r i g a t e d  l a n d  f o r  t h e  j - t h  c u l t u r e ;  

j  
M I  = t o t a l  i r r i g a t e d  l and ;  

-- f o r  w a t e r  c o s t s :  

L 1 z a . . x  (t) 5 G A ' ( ~ )  , 
i m j  3 1  jm 

where : 

24' = t o t a l  e x p e n d i t u r e s  f o r  wa t e r .  

C o n s t r u c t i o n  of t h e  w a t e r  r e s o u r c e s  subsystem f o r  t h e  pro- 

d u c t i o n  o f  l o c a l  importance  ha s  t o  be based  on t h e  exogenousl:  

a s s igned  w a t e r  demand as a  r e s u l t  o f  t h e  wa te r  u s e r  sub- 

sys tem o p t i m i z a t i o n .  I n  t h i s  c a s e ,  t h e  w a t e r  subsystem I 

o p t i m i z a t i o n  h a s  t o  be made under t h e  same c o n d i t i o n s  a s  

t h e  p r o d u c t i v e  subsystems acco rd ing  t o  formula  ( 1 6 ) .  This  

k i n d  o f  o p t i m i z a t i o n , d o e s  n o t  e x c l u d e ,  and i n  f a c t  assumes, 

t h e  e x i s t a n c e  o f  v a r i a n t s  w i th  common (mutua l )  use  o f  t h e  

wa te r  sys tem o f  n a t i o n a l  importance.  



The connect ion between water  r e sources  wi th  t h e  o t h e r  

subsystems may be expressed on t h e  example of a g r i c u l t u r e  (it 

supposes t h a t  i n  terms of  t h e  " e f f i c i e n c y  func t ion"  t h e  s i g n i f i -  

c a n t  i n f l u e n c e  of water  on t h e  a g r i c u l t u r e  e f f i c i e n c y  i s  proven) .  

An i t e r a t i v e  feedback has  t o  be t r e a t e d  between t h e  water volume 

and c o s t s ,  on t h e  one hand [ a s  a r e s u l t  of formula ( 1 6 )  used f o r  

t h e  water  subsystem op t imiza t ion )  and t h e  income change i n  a g r i -  

c u l t u r e  on t h e  o t h e r ,  i n  t e r m s  of  formulae ( 2 1 )  and ( 2 2 ) l .  

Thus w i t h i n  t h e  l i m i t a t i o n s  f o r  t h e  subsystem water  r e sources  

(der ived  i n  t e r n  of  an o p e r a t o r  from t h e  l i m i t a t i o n s  (3 )  - ( 1  0) , 
t h e  q u a n t i t y  of  water may be determined, when t h e  marginal  c o s t s  

i n  a g r i c u l t u r e  become equa l  t o  t h e  marginal  c o s t s  i n  t h e  water 

subsystem c o n s t r u c t i o n  [SI . 
The subsystem water r e sources  op t imiza t ion  has  t o  use t h e  

" e f f i c i e n c y  func t ion"  i n  t h e  same manner a s  t h e  subsystems 

t r e a t e d  s o  f a r .  

I n i t i a l  Stage ( 0 )  - Descr ip t ion  of  t h e  
Energy Resources System Development and Links 

The problem of  energy demand f o r  t h e  product ion of  n a t i o n a l  

and l o c a l  importance and t h e  c o n s t r u c t i o n  of  t h e  energy r e sources  

subsystem i s  analogous t o  t h e  water  r e sources  subsystem. Here one 

more f e a t u r e  c h a r a c t e r i s t i c  e x i s t s  when t h e  product ion of l o c a l  

importance i s  t r e a t e d .  This  i s  t h e  f a c t  t h a t  some subsystems 

Fenergy u s e r s )  a r e  a t  t he  same time sources  of energy m a t e r i a l s :  

animal f e r t i l i z e r s  a s  a source  of b iogas  i n  a g r i c u l t u r e ,  waste i n  

i n d u s t r y  a s . a  source of energy;  e t c .  This  r e q u i r e s  d i r e c t  and 

feedback t o  be included between t h e  subsystems regard ing  t h e  

use o f  r e sources .  

I n i t i a l  Stage ( 0 )  - Descr ip t ion  of  t h e  
Transpor t a t ion  Subsystem Development and Links 

The t r a n s p o r t a t i o n  i s  an extremely complex i n f r a s t r u c t u r e  

system because it has  a s p a t i a l  c h a r a c t e r  and c o n s i s t s  of  d i f -  

f e r e n t  k inds  of  t r a n s p o r t s .  



I t  can be d e f i n i t e l y  s a i d  t h a t  r e g a r d i n g  t h e  produc t ion  o f  
-E n a t i o n a l  importance 2 r ,  x and 2' t h e  t r a n s p o r t a t i o n  demand 
j  r p  ' j p r  

has t o  be exogenously ass igned  t o  t h e  t r a n s p o r t a t i o n  subsystem 

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

on a  n a t i o n a l  l e v e l .  On t h e  o t h e r  hand, it became obvious t h a t  

f o r  some s e c t o r s  t h e  s e p a r a t e  r eg ion  i s  t r e a t e d  as a p o i n t  when 

t h e  t e r r i t o r i a l  o p t i m i z a t i o n  has  t o  be made. I t  was necessary  

i n  t h i s  c a s e  t h a t  t h e  produc t ion  of  n a t i o n a l  importance be 

op t imized  r e g a r d i n g  t h e i r  t e r r i t o r i a l  d i s t r i b u t i o n  on ly  when t h e  

t r a n s p o r t a t i o n  c o s t s  were a s s igned  [ i n  formula (12)l. 

A t  t h e  same t i m e ,  it i s  appa ren t  t h a t  a feedback e x i s t s  

between t n e  t r a n s p o r t a t i o n  c o s t s  (as a r e s u l t  o f  t h e  t r a n s p o r t a t i o n  

system o p t i m i z a t i o n )  and t h e  op t imal  t e r r i t o r i a l  d i s t r i b u t i o n  o f  

t h e  p roduc t ion  o f  n a t i o n a l  importance.  But t h e  t e r r i t o r i a l  charac-  

ter o f  t h e  p roduc t ion  o p t i m i z a t i o n  i s  n o t  a ground f o r  t r a n s p o r t a -  

t i o n  subsystem o p t i m i z a t i o n  w i t h i n  t h e  s e p a r a t e  reg ion .  The reason  

i s  due t o  t h e  t r a n s p o r t a t i o n  o p e r a t i o n  which i s  e v e r l a s t i n g  on t h e  

whole t e r r i t o r y  o f  t h e  country  and as a r u l e  t h e  expend i tu re s  

made i n  one r e g i o n  l e a d  t o  an e f f i c i e n c y  i n  t h e  o t h e r  r eg ions .  

I t  shows t h a t  r ega rd ing  t h e  produc t ion  o f  n a t i o n a l  importance 

even t h e  t r a n s p o r t s  which are c l o s e d  w i t h i n  t h e  r eg ion  (motor 

t r a n s p o r t ;  i n  some c a s e s ,  r i v e r - c h a n n e l  t r a n s p o r t ;  and p i p e l i n e )  

must no t  be op t imized  w i t h i n  t h e  r eg ion .  The reason i s  t h a t  

t h e i r  development has  t o  be de f ined  by t h e i r  p a r t i c i p a t i o n  a s  

s u b s t i t u t e  t r a n s p o r t s  i n  t h e  n a t i o n a l  model f o r  op t imal  load  

d i s t r i b u t i o n  among d i f f e r e n t  k inds  of  t r a n s p o r t .  

The above s t a t emen t  r e q u i r e s  t h a t  t h e  t r a n s p o r t a t i o n  system 

w i t h i n  t h e  r e g i o n  be optimiz2d r e g a r d i n g  t h e  produc t ion  of  l o c a l  

importance o n l y  ( x  ) i n  terms of t h e  model e l a b o r a t e d  [8]: 
j r  

Z Z z Z 1 Fi jk ln  ( t )  X i j k l n  ( t )  -t min , 
i j k l n  



where 

k  = t y p e  o f  l o a d ;  

1 = t r a n s p o r t a t i o n  mode; 

n  = t e c h n o l o g i c a l  mode; 

F = reduced  annua l  t r a n s p o r t a t i o n  c o s t s ;  
1 

X = t r a f f i c  volume ( c o n s i s t i n g  o f  l o a d s  ( X  ) 
2 and pa s senge r  (X  ) t r a f f i c )  . 

T h i s  model a l l o w s  s imul taneous  o p t i m i z a t i o n  o f  t h e  l o a d s  

d i s t r i b u t i o n  among d i f f e r e n t  t r a n s p o r t a t i o n  modes and t h e  

c h o i c e  o f  t e c h n o l o g i c a l  measures ;  t h e  l a t t e r  a r e  p r e l i m i n a r i l y  

op t im ized  a c c o r d i n g  t o  d i f f e r e n t  t r a f f i c  volumes. 

The model i s  s u b j e c t  t o  t h e  t o t a l  p roduc t i on  volume o f  

l o c a l  impor tance :  

e L L L xijkln = x 
jr . i k l n  

The l i n k s  between t h e  t r a n s p o r t a t i o n  subsys tem and t h e  

o t h e r  subsys tems  are: d i r e c t  and feedback (p roduc t i on  volume 

and t r a n s p o r t a t i o n  c o s t s ) .  

I n i t i a l  S t age  ( 0 )  - D e s c r i p t i o n  o f  t h e  
M i g r a t i o n  P roces se s  Subsystem and T h e i r  Links  

The m i g r a t i o n  on a  n a t i o n a l  l e v e l  i s  mainly  provoked by t h e  

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

however, t h a t  t h e  s e p a r a t e  r e g i o n  i s  u s u a l l y  t r e a t e d  a s  a  p o i n t  

and t h e  p r o d u c t i o n  o f  n a t i o n a l  impor tance  has  t o  be op t im ized  

i n  t e r r i t o r i a l  a s p e c t  w i t h i n  t h e  r e g i o n ,  r e q u i r e s  t h a t  m i g r a t i o n  

be e s t i m a t e d  bo th  w i t h  r e g a r d  t o  t h e  p roduc t i on  o f  n a t i o n a l  and -- 
l o c a l  impor tance  on t h e  s e p a r a t e  r e g i o n  l e v e l  on ly .  

I t  i s  obv ious  t h a t  a t  t h e  i n i t i a l  s t a g e  t h e  l a b o r  r e s o u r c e s  

needed w i t h i n  t h e  r e g i o n  have t o  be d e f i n e d  a s  a  r e s u l t  o f  t h e  

i n i t i a l  s t a t e  o f  t h e  s e p a r a t e  subsys tem,  which co r r e sponds  t o  t h e  

a s s i g n e d  l i m i t a t i o n s  i n  formula  (9) [71 : 



C C L i p )  + C C Lip+ = C C V .X (t) 
j m ~ f r  j j s q~ jr 

c C v .x (t) + C C C V .X (t) - 
j 

91 jr p#r j s 91 jpr 

where: 

s = subsystems in the region. 

Here, the labor resources balancing by subregions is made 

as follows: 

where : 

K = local population 

Kn = population of non-working age: 

Mpr = migration; 

CP = commuting patterns. 

The local population is derived in terms of the Leslie 

model [ 71 :  



where : 

K ( t )  = p r o j e c t e d  p o p u l a t i o n  by s u b r e g i o n  m i n  -m 
i n  t i m e  t; 

km = L e s l i e  m a t r i x  d e r i v e d  by f e r t i l i t y  and 

m o r t a l i t y  r a t e s ;  

K m ( t o )  = column v e c t o r  of  t h e  p o p u l a t i o n  i n  t h e  

b a s i c  y e a r .  

A f t e r  a l l  s u b s y s t e m o p t i m i z a t i o n  b o t h  o f  a  t e r r i t o r i a l  and 

t e c h n o l o g i c a l  a p s e c t ,  (shown a s  symbol * 1 a  new q u a n t i t y  and 

a l l o c a t i o n  o f  t h e  l a b o r  r e s o u r c e s  needed w i l l  be  d e r i v e d :  

C C V .X ( t )  + C C V . X *  ( t )  = A C C V .X (t)  , ( 2 9 )  
j s 91 jr j s 93 1r 

j s 91 jr 

which w i l l  p rovoke new m i g r a t i o n  f lows  needed:  A C C M ( t ) .  
j s 

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

have a  s u b j e c t i v e  c h a r a c t e r  d e s p i t e  t h e i r  o b j e c t i v e  b a s i s .  T h i s  

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

s h o u l d  be i n v e s t i g a t e d .  T h i s  makes it p o s s i b l e  t o  d e r i v e  t h e  

e v p e c t e d  m i g r a t i o n  f l o w s  i n  terms o f  Rogers ' model [ 9 1  : 

where : 

M (t) = p r o j e c t e d  p o p u l a t i o n  i n c l u d i n g  m i g r a t i o n ;  -m 
G = m u l t i r e g i o n a l  growth m a t r i x  - 

K m ( t , )  = column v e c t o r  o f  t h e  p o p u l a t i o n  i n  t h e  

b a s i c  y e a r .  

Here, i n  t h e  m u l t i r e g i o n a l  growth m a t r i x ,  t h e  m i g r a t i o n  

r a t e s  c o u l d  b e  d e r i v e d  i n  terms of  La B e l l a ' s  model [ 3 ]  : 



where : 

a = coefficient; 

AR,, PCm = existing differentiation in the costs and 

benefits of population living in different 

subregions; 
R C Ahm, Ahm = expected differentiation in growth rates of 

the same factors; 

'rn = differentiation of the potentiality for 

finding work; 

r = discount fa-ctor; 

v = expected costs of the move. 

The links between the migration processes and the other 

subsystems are direct and feedback according to the above 

described procedures. At this stage, the links express the 

difference between the needed and expected migration flows within 

the region, and to and from the other regions. 

THE CONGESTION PHENOMENA IN THE REGION 

The first stage of the calculation cycle (after the initial 

stage) has to define the consequences of the concentration of 

different elements (factors) in a separate subregion (in some 

cases in a separate point) as a result of the subsystems' opti- 

mization and their links formed at the initial stage. The 

congestion phenomena in a separate subregion (point) is not 

possible to be considered at the initial stage because of the 

different sequence of separate subsystems' optimization. In 

this respect different kinds of congestions will appear as a 

result of the summarizing of the congesting factors by sub- 

regions (points) within the region. 

An additional imbalance between the productive resources 

and the production volume, both for the production of national 

and local importance by subregions (points) possibly exists: 



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

a v a i l a b l e  by s u b r e g i o n s  ( p o i n t s ) ,  and r e s p e c t i v e l y ,  a d i f f e r e n c e  

between needed  and e x p e c t e d  m i g r a t i o n  f l o w s ,  w i l l  a p p a r e n t l y  

a p p e a r  a s  a r e s u l t  o f  t h e  o p t i m i z a t i o n  o f  s u b r e g i o n s  and t h e  

p r o p e n s i t y  o f  t h e  p o p u l a t i o n  t o  m i g r a t e  (see pp. 16-1 9 )  : 

c M* ( t )  f C MexP(t) = A Z M ( t )  . 
m P r  m P r  m P r  

The e n v i r o n m e n t a l  p o l l u t i o n  problem w i l l  a p p a r e n t l y  ar ise 

a t  t h i s  s t a g e  and on t h e  s u b r e g i o n a l  ( p o i n t )  l e v e l  o n l y .  T h i s  

f a c t  must e x p l i c i t l y  be c o n s i d e r e d  h e r e  because  e n v i r o n m e n t a l  

p o l l u t i o n  depends  on t h e  c o n c e n t r a t i o n  o f  d i f f e r e n t  p r o d u c t i v e  

and s o c i a l  components i n  one  p o i n t  ( s u b r e g i o n )  arid it becomes 

i m p o s s i b l e  t o  e x p r e s s  t h i s  on a n a t i o n a l  ( and  r e s p e c t i v e l y ,  on  

an  i n t e r r e g i o n a l )  l e v e l .  The e n v i r o n m e n t a l  p o l l u t i o n  by sub- 

r e g i o n s  ( p o i n t s )  may be e x p r e s s e d  by t h e  f o r m a t i o n  of  a m a t r i x  

A c o n s i s t i n g  o f  n  v e c t o r s  ( 0 ,  ..., 0 ,  Y i ,  O , , O  f o r  t h e  Y 
p o l l u t a n t s  o f  t h e  i - t h  s e c t o r  which a r e  d e t a c h e d  i n  p roduc ing  

t h e  u n i t  o f  p r o d u c t  i. 

Envi ronmenta l  p r o t e c t i o n  may be e x p r e s s e d  by i n c l u d i n g  t h e  

a d d i t i o n a l  c o e f f i c i e n t s  a '  f o r  t h e  e x p e n d i t u r e s  o f  t h e  i - t h  i j 
s e c t o r  t o  p u r i f y  t h e  u n i t  o f  p r o d u c t  p r o d u c i n g  by t h e  j - t h  

s e c t o r  a c c o r d i n g  t o  t h e  a c c e p t e d  normat ive .  

A s  a  r e s u l t  o f  t h e  c o n g e s t i o n  phenomenon t h e  main o b j e c t i v e ,  

f e a s i b l e  consequences  stemming from t h i s  phenomenon have t o  be  

f o r m u l a t e d  f o r  t h e  r e g i o n .  These consequences  a r e  c l o s e l y  r e l a -  

t e d  t o  t h e  s u b j e c t  m a t t e r  on p .  19 .  G e n e r a l l y  s p e a k i n g ,  t h e y  

c a n  i n d u c e :  



1 )  t h e  n e c e s s i t y  of a d d i t i o n a l  o r  less r e s o u r c e s ,  

2)  a d d i t i o n a l  o r  less produc ts  f o r  non-product ive  

consumption,  

3)  a d d i t i o n a l  mig ra t ion  in f low o r  ou t f low,  

A C M  
rP  m 

4 )  a d d i t i o n a l  o r  less expend i tu re s  ( s o c i a l ,  env i ron-  

ment, e t c . ) ,  

5) a d d i t i o n a l  t e r r i t o r i a l  a l l o c a t i o n  of  p roduc t ion ,  

A  L L C EilmXilm ; 
i m l  

and r e s p e c t i v e l y ,  a d d i t i o n a l  o r  l e s s  t r a n s p o r t a t i o n  

c o s t s ,  



IMPACT OF THE SUBSYSTEMS ON REGIONAL DEVELOPMENT 

The second stage of the calculation cycle is based on the 

previous stages. It allows us to take into account the impact 

both of the preliminary optimization of the subsystems at the 

intial stage (0) and the consequences stemming from the conges- 

tion phenomena at the first stage. 

The impact of the subsystems on the regional development 

at this stage is possible to be estimated in the shape of direct 

links between the subsystems output and the consequences of the 

congestion on the one hand, and an intraregional input-output 

balance on the other. It can be realized with the help of an 

operator which has to transform the subsystems output and the 

consequences of the congestion to the agqregated elements of the 

regiona1,input-output balance. 

For example, the new quantities of intermediate resources 

as a result of the subsystems optimization have to be summarized 

by products, by subsystems and by subregions in order to be able 

to derive the new production volume of the subsystems producing 

these resources (relevantly aggregated) : 

t (A Z L L ajifjm(t) + A L L Z ajixjm(t)) 
i m s  i m s  

In other cases (for example, the environmental protection 

consideration), additional equations must necessarily be included 

in the regional input-output balance: 



On t h e  b a s i s  o f  t h e  l i n k s  t rans formed  by t h e  o p e r a t o r ,  an 

impact  model f o r  r e g i o n a l  a n a l y s i s  shou ld  be implemented a t  t h i s  

s t a g e .  The main g o a l s  o f  t h i s  a n a l y s i s  a r e :  

1 ) t o  show t h e  new q u a n t i t y  o f  t h e  r e s o u r c e s  and t h e  

p roduc t ion  ( a c t i v i t i e s )  volume a s  a  r e s u l t  o f  t h e  

above mentioned consequences;  and 

2 )  new a l t e r n a t i v e  v a r i a n t s  f o r  r e g i o n a l  development 

may be fo rmula ted .  

A t e n t a t i v e  a n a l y s i s  can  be shown on t h e  example o f  t h e  

i n f l u e n c e  o f  t h e  f i n a l  p roduc t i on  changing on t h e  t o t a l  produc- 

t i o n  volume w i t h i n  t h e  r e g i o n .  

I f  i n  m a t r i x  form, X i s  t h e  v e c t o r  o f  t h e  t o t a l  

p roduc t i on  volume, A i s  n  x n  m a t r i x  o f  t h e  i n p u t  c o e f f i c i e n t s  

and Z i s  t h e  v e c t o r  o f  t h e  f i n a l  p roduc t i on ,  t h e  i npu t -ou tpu t  

impact  model w i l l  be:  

and i n  t h e  c a s e  when I i s  an i d e n t i f i e d  m a t r i x ,  t h e  model w i l l  

be  : 

I f  ( I - A )  has  minus magni tude,  t h e  r e v e r s e  m a t r i x  w i l l  

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

p roduc t i on :  

and i f  

- 1 
( I - A )  = U , 

hence 



and the coefficients uij (i, j = l...,n of matrix U express the 

full costs requirements of the i-th sector which are needed 

for the unit of the final production of the j-th sector. This 

allows us to estimate the influence of each change in the quanti- 

ties and elements of the final production on the total production 

volume of each sector within the region. 

For the purpose of estimating the influence of the different 

changes of resources on the total production volume for the 

sectors in the region, an impact model for energy resources could 

be implemented here. Undoubtedly, this model of a dynamic input- 

output character could be used successfully for our purposes 

with some modification which is easily made. It is obvious that 

in making impact analysis we have to consider the components of 

national importance as exogenously assigned. 

THE OPTIMIZATION PROBLL! FOR THE REGIONAL SYSTEM OF MODELS 

At the third stage of the calculation cycle, the problem of 

optimization within the region has to be solved. There is no 

doubt that the optimization within the region has to be connected 

with the final consumption. The problem is, however, very 

complicated, because of two important circumstances: 

1 )  the final consumption is consistent both with 

products for consumption (personal and govern- 

mental) and of social (and environmental) 

facilities and living conditions. It is very 

difficult for them to be commensurable under 

a unified criterion; 

2) the final consumption encloses products (facili- 

ties) of local and national importance within the 

region and the question is, which part of the 

final consumption has to be optimized on a 

regional level. 



The above two a s p e c t s  o f  t h e  problem might be so lved  t a k i n g  

i n t o  account  t h e  o p p o r t u n i t i e s  given by t h e  p rev ious  s t a g e  

( impact  ana lys i s - - see  p. 2 3 ) .  

Some of t h e  subsystems i n  t h e  r eg ion  have f e a t u r e  c h a r a c t e r -  

i s t i c s  i n  comparison with  t h e  subsystems op t imized  a t  t h e  i n i t i a l  

( 0 )  s t a g e .  These p a r t i c u l a r  subsystems a r e  o f  u n i v e r s a l  ( g l o b a l  

f o r  t h e  r e g i o n )  c h a r a c t e r :  environmental  p r o t e c t i o n ,  mig ra t ion  

p r o c e s s e s ,  h e a l t h  c a r e  and human s e t t l e m e n t s .  Impact a n a l y s i s  

a l l ows  some v a r i a n t s  of  s t r a t e g i c  t ype  f o r  t h e  r e g i o n  be 

formulated r ega rd ing  t h e s e  subsystems'  development. The i r  

s t r a t e g i c  c h a r a c t e r  i s  determined by t h e i r  u n i v e r s a l  i n f l u e n c e  

on a l l  o t h e r  subsystem development. 

The example of  mig ra t ion  p roces ses  subsystem shows us  t h a t  

a s  a  r e s u l t  o f  t h e  conges t ion  phenomena (p. 19) t h e  d i f f e r e n c e  

between t h e  needed and expec ted  mig ra t ion  f lows A & M i n  (33)  
P r  

may be t ransformed i n  terms o f  t h e  o p e r a t o r  (p .  21 ) and some 

a l t e r n a t i v e  v a r i a n t s  can be analyzed through t h e  impact model 

(p. 2 2 ) .  

Thus, t h e  problem o f  r e g u l a t i o n  o f  t h e  mig ra t ion  f lows 

a r i s e s  [7 ]  which can be so lved  a s  fo l lows:  

-- t h e  op t imal  s i z e  o f  mig ra t ion  f lows M* must be 
Pr 

d e r i v e d  when t h e  marg ina l  a d d i t o n a l  va lue  of  

income ( I )  as a  r e s u l t  o f  mig ra t ion  i s  e q u a l  t o  

t h e  marg ina l  e x p e n d i t u r e s  (E) provoked by 

mig ra t ion :  

-- t h e  expected s i z e  o f  mig ra t ion  f lows M exp must be 
P r  

reduced t o  t h e  op t ima l  s i z e  M* i n  t e r m s  o f  t h e  
P r  

modif ied v e r s i o n  o f  La   el la's model (31 ) where an 

a d d i t i o n a l  va lue  of  t h e  mig ra t ion  f a c t o r s  have ; t o  

be  inc luded:  



where:  

AEm = a d d i t i o n a l  e x p e n d i t u r e s  o f  d i f f e r e n t  

c h a r a c t e r  (wages, f o r  house s ,  s o c i a l  f a c i l i -  

t i es ,  e t c . )  which c a n  provoke p r o p e n s i t y  

o f  t h e  p o p u l a t i o n  t o  m i g r a t e .  

-- t h e  v a l u e  of  AE may be d e r i v e d  i n  terms o f  t h e  r e v e r s e  
m 

f u n c t i o n  s o l v i n g  a c c o r d i n g  t o  AE, where M* = c o n s t . :  
P r  

Opt imiz ing  t h e  remain ing  subsys tems  o f  g l o b a l  c h a r a c t e r  

i n  an a p p r o p r i a t e  manner, one can  see t h a t  t h i s  k i n d  o f  model 

i s  o f  a  s t r a t e g i c  t y p e  because  it s i m u l t a n e o u s l y  a f f e c t s  a l l  
t h e  subsys tems  p r e l i m i n a r i l y  op t im ized .  I n  t h i s  r e s p e c t  t h e  c r i -  

t e r i a  a r e  o f  a  g l o b a l  t y p e  f o r  t h e  r c g i o n  due  t o  i t s  wide scope .  

A t  t h e  same t i m e  t h i s  k i n d  o f  o p t i m i z a t i o n  (which i s  o n l y  

p o s s i b l e  on a  r e g i o n a l  l e v e l ) ,  a l t h o u g h  based on t h e  conse-  

quences  stemming from t h e  p r o d u c t i o n  ( a c t i v i t i e s )  b o t h  o f  n a t i o n a l  

and l o c a l  impor tance ,  e x p r e s s e s  t h e  s p e c i f i c  c o o r d i n a t i v e  func-  

t i o n s  o f  t h e  r e g i o n a l  management body acco rd ing  t o  t h e  e x i s t i n g  

economic and s o c i a l  management mechanism. 

S t r a t e g i c  t y p e  model s o v l i n g  a l l o w s  t h a t  t h e  r e s u l t s  be 
* 

t r an s fo rmed  i n t o  r e s t r i c t i o n s  t h rough  an  o p e r a t o r  (Mpr i s  t o  

be t r an s fo rmed  t o  a  l a b o r  f o r c e  l i m i t a t i o n  and AEm t o  f i n a l  

consumpt ion) .  On t h e  b a s i s  o f  t h e s e  r e s t r i c t i o n s  and on some 

o f  t h e  r e s t r i c t i o n s  stemming from t h e  impact  a n a l y s i s ,  it i s  

p o s s i b l e  t o  make an o p t i m i z a t i o n  o f  t h e  f i n a l  p roduc t i on  o f  

l o c a l  impor tance .  The model w i l l  a ppea r  a s  fo l lows- - see  ( 2 ) :  

1 xi ( t )  + xi (t) = L a .  . x .  ( t )  + yi ( t )  , 
j 1 3  3 



where : 

Yi = final production; 

B = capital investments; 
j 

zP, zS = production of personal and social consumption; 

I xi, xE = import and export. i 

The objective function could be: 

The objective function may be connected with the prices in 

this stage of optimization only and thus can define the structure 

of all the sectors within the region, which is not advisable to 

be used on the separate subsystem level--s2e (16). 

The constraints are analogous to (3)-(10) relatively 

transformed by the operator and stemming from strategic type 

model solving and the impact model. In this way, the optimal 

final production (activities) will define the intermediate 

production structure on the basis of already optimized sub- 

systems. 

For this purpose a dynamic-optimization model was elaborated 

and tested by I. Zimin and W. Orchard-Hays (and was also program- 

med by the latter) at IIASA and can be successfully used with 

relatively little modification according to our requirements. This 

optimization model expresses the specific and direct control 

functions of the regional management body regarding the production 

(activities) of local importance. 

The final optimization closes the optimization cy-cle 

which is shown in block-scheme (Figure 3) including the links 

with the national system of models. 



GENERAL CONCLUSIONS 

The fo l lowing  g e n e r a l  conc lus ions  can  be drawn 

from t h e  approach proposed he re :  

-- t h e  c o n s t r u c t i o n  of t h e  system of  models w i t h i n  

t h e  r e g i o n  i s  conform wi th  t h e  s p e c i f i c  opportu- 

n i t i e s  f o r  t h e  modeling of  s e p a r a t e  subsystems 

on t h e  n a t i o n a l  and r e g i o n a l  l e v e l ;  
-- t h e  d i f f e r e n t i a t i o n  of  p roduc t ion  ( a c t i v i t i e s )  

of such  a n a t i o n a l  and l o c a l  importance i s  

provoked b o t h  by t h e  f e a t u r e  c h a r a c t e r i s t i c s  

on n a t i o n a l  and r e g i o n a l  modeling and by t h e  

s p e c i f i c  f u n c t i o n s  t h a t  r e g i o n a l  bod ie s  have 

r e g a r d i n g  t h e  produc t ion  of  n a t i o n a l  and l o c a l  

importance;  
-- t h e  d i f f e r e n t i a t i o n  of  t h e  o p t i m i z a t i o n  c y c l e  

of d i f f e r e n t  s t a g e s  a l l ows  t h a t  t h e  problem of  

t h e  c r i t e r i a  and t h e i r  c o m p a t i b i l i t y  be so lved ;  
-- t h e  subsequent  development of  t h e  c l o s e d  opt imi-  

z a t i o n  c y c l e  shows t h a t  t h e  i n t e rdependenc ie s  do 

n o t  occu r  between s e p a r a t e  subsystems models 

o n l y ,  b u t  mainly  occur  between d i f f e r e n t  models 

which e x p r e s s  d i f f e r e n t  a s p e c t s  of  t h e  subsystems 

a t  d i f f e r e n t  s t a g e s ;  
-- t h e  use  of  marginal  e s t i m a t e s  (and cor respondingly  

t h a t  o f  e f f i c i e n c y  f u n c t i o n s )  i s  o f  g r e a t  impor- 

t a n c e  f o r  t h e  d e f i n i n g  of  t h e  c o n c r e t e  b a s i c  

r e l a t i o n s  between subsystems t h a t  have t o  be 

op t imized  i n  o r d e r  t o  s i m p l i f y  t h e  system of 

models ; 
-- t h e  approach proposed f o r  t h e  c o n s t r u c t i o n  of  t h e  

system o f  models a l lows  t h a t  a  d i f f e r e n t  e x t e n t  

of p r o d u c t i o n  ( a c i t i v i t e s )  agg rega t ion  be imple- 

mented' depending on t h e  c o n c r e t e  purposes  a t  t h e  

d i f f e r e n t  s t a g e s  of  t h e  o p t i m i z a t i o n  cyc l e .  
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