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FOREWORD 

Although many s e p a r a t e  models of economic and demographic 

development e x i s t ,  it i s  apparen t  t h a t  up t o  t h e  p resen t  t h e r e  

has been l i t t l e  coo rd ina t i on  between them (and, i n  genera l ,  

between t h e s e  and o t h e r  s e c t o r a l  models) .  Thus, t h e  explora-  

t i o n  of methods f o r  combining such models i s  of prime importance. 

I n  t h i s  paper,  R. Dobrinski  p r e s e n t s  such a demoeconomic model, 

which i s  based on a genera l  d e s c r i p t i o n  of  reg iona l  economic 

growth. The development of h i s  model i s  u s e f u l ,  though i n i t i a l ,  

work dea l i ng  w i th  a p a r t i c u l a r  reg ion  ( S i l i s t r a ,  Bu lgar ia)  which 

prov ides an e x c e l l e n t  framework f o r  more d e t a i l e d  s e c t o r a l  and 

subreg ional  a n a l y s i s .  

Murat Albegov 
Task Leader 
REGIONAL DEVELOPMENT 
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ABSTRACT 

The demographic and economic development of a country as 
well as of a single region are closely linked together. The 
available labor resources and migration processes are essential 
factors for the economic growth. On the other hand, demographic 
growth and migration are strongly influenced by the economic 
development. The joint modeling of the demographic and economic 
development is an important problem taking into consideration 
the intensive urbanization in many countries of the world. 

In this paper a regional demoeconomic model is described 
and some results of its practical application are presented. 
Although the model is quite simplified it gives some insight 
into the mutual influence of the demographic and economic 
factors for the development of the region. 

- v i i  - 





MODELING THE REGIONAL DEMOECONOMIC 
DEVELOPMENT 

Rumen Dobrinsky 

I. INTRODUCTION 

The demographic and economic development of a country as 

well as of a single region are closely linked together. The 

available labor resources and migration processes are essential 

factors for the economic growth. On the other hand, demographic 

growth and migration are strongly influenced by the economic 

development. This mutual influence becomes extremely important 

nowadays when many countries in the world undergo a process of 

intensive urbanization. The joint modeling of the demographic 

and economic development therefore becomes an urgent problem. 

There exist various approaches to the modeling of demo- 

economic development. A comprehensive survey of the theories 

and models of regional demoeconomic growth for countries with 

market economies is presented in J. Ledent ( 1 9 7 8 ) .  Recently 

successful attempts to create models of demoeconomic growth in 

developing countries were preformed by D. Colosio ( 1 9 7 9 )  and 

A. Kelley and J. Williamson ( 1 9 7 9 ) .  An example of a demoeconomic 

model of a country with a socialist type of economy is the 

demoeconometric model of Poland, developed by Z. Pawlowski 

( 1 9 7 9 ) .  



In this paper a regional demoeconomic model for a region in 

a socialist country is described. The demographic part of the 

model consists of three subsectors: population, migrations and 

labor force. In its turn the economic part of the model treats 

three aggregated sectors of the regional economy, namely industries, 

agriculture and the non-productive sector, each of which includes 

three subsectors: capital funds, gross output* and incomes. It 

is accepted that migrations within the region as well as between 

the region and the rest of the country depend on the differences 

in the socioeconomic conditions of life. In the model the 

factors influencing migrations are defined according to the 

results of the economic activity in the region and those for 

the rest of the country. 

A dynamic simulation model was constructed based on the 

assumptions above which yields yearly results for the demographic 

and economic development in the region. The model was evaluated 

and tested with data for the Silistra region in Bulgaria. 

Four scenarios for different economic policies in the 

region have been assessed with regard to their demographic and 

socioeconomic consequences. Some of the results obtained 

through the model are also presented in the paper. 

11. SUBMODEL OF THE REGIONAL DEMOGRAPHIC GROWTH 

Multiregiorial methods are used to model the regional 

demographic development (see A. Rogers and D. Philipov 1979) 

and three types of population are taken into consideration: 

urban population in the region PU, rural population in the 

region PI, and population in the rest of the country PC. 

An essential point in the multiregional method is that 

all migrations are treated as out-migration and only out-migration 

coefficients are being defined. Accordingly, in our case, the 

three types of population at year t will be described as follows: 

*Besides the non-productive sector. 



where : 

gi(t) are the rates of natural growth (fertility minus 

mortality), i E {u,r,c) 

Oi j (t) are the corresponding outmigration coefficients, 

i, j E {u,r,c)*. 
Using the same approach we can define the net migrations 

between the region and the rest of the country NRC and between 

the rural and urban areas within the region N ru 

A major problem in the application of this approach is 

the determination of the migration coefficients. In the long 

run it comes to the determination of the factors that influence 

migration processes. B. Mihailov (1979) points out several 

such factors : 

*All equations and parameters are described in detail in 
Appendix A. 



- demographic  p r o c e s s e s  ( f e r t i l i t y  and  m o r t a l i t y )  
- economics 
- s o c i a l  c o n d i t i o n s  
- p o l i t i c a l  c o n s t r a i n t s  
- p s y c h o l o g i c a l  m o t i v a t i o n s  
- s p a t i a l i t y .  

I n  most  demoeconomic s t u d i e s  [see a l s o  P .  F r i c k  and A. 

LaBe l l a  ( 1 9 7 7 ) ,  A. Andersson and A. LaBe l l a  ( 1 9 7 9 ) ,  D. C o l o s i o  

( 1 9 7 9 ) ,  A. K e l l e y  (19791 it i s  assumed t h a t  t h e  main f a c t o r s  

d e t e r m i n i n g  m i g r a t i o n  f rom one  a r e a  t o  a n o t h e r  a r e  t h e  d i f f e r -  

e n t i a l s  between t h e  s o c i a l  and economic c o n d i t i o n s  o f  l i f e  i n  

t h e  areas. 

A s imi lar  approach  w a s  used  i n  o u r  model. The i m p o r t a n t  

p o i n t  i s  t o  select s u c h  a set  o f  soc ioeconomic  f a c t o r s  t h a t  

c a n  b e  d e f i n e d  i n  t h e  economic sector o f  t h e  model .  I t  w a s  

assumed t h a t  t h e  m i g r a t i o n  c o e f f i c i e n t s  are a f u n c t i o n  o f :  

* W * * 
0 (t)  = f [AWRC( t ) t  AgRc(-t), ACnRC (t) I hWai ( t )  hiRc (t)  1 i j  

where : * 
AwRc ( t i s  t h e  d i f f e r e n t i a l  i n  t h e  a v e r a g e  p e r  c a p i t a  

income between t h e  r e g i o n  and t h e  rest o f  t h e  

c o u n t r y  f o r  3 y e a r s  p r e c e d i n g  t. 

i s  t h e  d i f f e r e n t i a l  i n  t h e  r a t e s  o f  growth o f  

t h e  a v e r a g e  p e r  c a p i t a  income between t h e  r e g i o n  

and  t h e  rest o f  t h e  c o u n t r y  f o r  t h e  y e a r  

p r e c e d i n g  t 

i s  t h e  d i f f e r e n t i a l  i n  t h e  p e r  c a p i t a  c a p i t a l  

i n v e s t m e n t s  i n  t h e  non -p roduc t i ve  s e c t o r *  between 

t h e  r e g i o n  and t h e  rest o f  t h e  c o u n t r y  for  

3 y e a r s  p r e c e d i n g  t 

i s  t h e  d i f f e r e n t i a l  i n  t h e  a v e r a g e  p e r  c a p i t a  

income between i n d u s t r i e s  and a g r i c u l t u r e  w i t h i n  

t h e  r e g i o n  f o r  3 y e a r s  p r e c e d i n g  t 

*The non -p roduc t i ve  sector i n c l u d e s  s u c h  s u b s e c t o r s  a s  
e d u c a t i o n ,  m e d i c a l  s e r v i c e ,  c u l t u r e ,  k i n d e r g a r t e n s ,  etc.  



A i ~ ~  (t) is the differential in the degrees of industrializa- 

tion between the region and the rest of the country 

for the year preceding t. (The degree of 

industrialization is measured as the ratio of 

the gross output in industries and the total 

gross product.) 

The relationships between the migration coefficients and 

the migration factors can be assessed through regression analysis 

using historical data. The type of equations used is shown in 

Appendix A. 

Knowing the size of the urban and rural population in the 

region for each year, one can define the number of employees 

in industries and agriculture as a portion of the urban and 

rural population correspondingly, the coefficients also 

being assessed using historical data. 

111. SUBMODEL OF THE REGIONAL ECONOMIC DEVELOPMENT 

As mentioned earlier, three aggregated sectors of the 

regional economy are described in the model: industries, 

agriculture and the non-productive sector. Subsectors such 

as industry proper, construction, transportation, communications, 

trade and some other subsectors of the material production are 

included in the industrial secbor. Agriculture comprises 

agriculture proper and forestry, while the non-productive 

sector includes subsectors such as education, medical service, 

culture, management and some other services. It is assumed 

that the whole gross regional product is created in the 

productive sectors: industries and agriculture. 

Production functions of the Cobb-Douglas type are used 

to describe the gross output in the productive sectors: 

The number of employees in each sector L.(t) is defined 
3 

in the demographic submodel while the value of the capital 

funds is derived from the following equation: 



where : 

Bj(t) is the annual discount rate of capital funds 

* 
AC.(t) is the amount of the newly commissioned capital 

3 
funds in year t. * 

It is assumed that AC.(t) is a function of the capital 
3 

investments in previous years ACi (t-p) ; besides, all capital 
2 

investments are put into commission as capital funds within 

four years--p = 1 + 4. 

* 
In the model the value of AC.(t) is derived from the values 

3 
of AC, (t-p) , p = 1 + 4 through a random process, assuming that 

J 

a portion r AC.(t-p), p = 1 :- 4, of the previous capital invest- 
P 3 

ments is put into commission at year t, where r is a random 
P 

number, r E (0,l). 
P 

The amounts of the capital investments in the three 

sectors for each year are assumed to be portions of the cor- 

responding gross outputs 

where : 

Gi(t), Ga(t) are the gross outputs in industries and 

agriculture 

G (t) is the gross regional product: G (t) = 

Gi(t) + Ga(t) 

The coefficients $i (t) , $ t , $, (t) are used as control 

variables in the model to form different scenarios of the 

economic development in the region. 



The average  income o f  t h e  employees i n  t h e  d i f f e r e n t  

s e c t o r s  W . ( t )  i s  assumed t o  be a f u n c t i o n  o f  t h e  average  income 
3 

i n  t h e  p rev ious  y e a r  and o f  t h e  growth r a t e  o f  p e r  c a p i t a  

g r o s s  o u t p u t  i n  t h e  co r respond ing  s e c t o r  rG ( t ) :  
j 

W .  ( t )  = W .  ( t - 1 )  [1  + R .  ( t ) rG ( t ) ]  , j  E { i , a }  (12 )  
I 3 3 j 

W n ( t )  = Wn(t-1) 11 + R n ( t ) r G ( t ) l  (13 )  

where : 

h j  ( t )  - h .  ( t - 1 )  
r (t)  = 3 G h j  ( t )  , j ~ { i , a }  

j 

G j  ( t )  a j  ( t)  - a j  (t)  
h .  ( t )  = 

Lj ( t )  
= C j  ( t )  

3 
Lj  ( t )  

j  E { i , a }  

The c o e f f i c i e n t s  Ri (t)  , R, ( t )  . Rn (t)  a r e  a l s o  used a s  

c o n t r o l  v a r i a b l e s  i n  t h e  model t o  form d i f f e r e n t  s c e n a r i o s  o f  

changing t h e  income p a t t e r n s  i n  t h e  reg ion .  

Having t h e  v a l u e s  o f  t h e  g r o s s  o u t p u t s  and t h e  ave rage  

incomes f o r  a g i ven  y e a r ,  w e  can d e f i n e  t h e  v a l u e s  o f  t h e  

m ig ra t i on  f a c t o r s  f o r  t h e  f o l l ow ing  y e a r  

The co r respond ing  mathemat ica l  e x p r e s s i o n s  a r e  g iven  i n  

Appendix A. I t  shou ld  be noted t h a t  p lanned v a l u e s  a r e  used 



for a11 parameters concerning the rest of the country. 

IV. MODELING THE DEMOECONOMIC DEVELOPMENT OF THE SILISTRA REGION 
IN BULGARIA 

The outlined approach was applied to model the future 

demoeconomic development of the Silistra region in Bulgaria. 

The Silistra region is in the outlying northeastern part 

of Bulgaria and occupies an area of 2860 km2 or 2.6% of Bulgaria. 

In 1977 its population was about 176,400 persons (2% of Bulgaria's 

total population), 81,250 of which are living in urban areas 

and 95,150 in rural areas. In the same year the region produced 

about 1.75% of the country's GNP (1.36% in industries and 4.3% 

in agriculture). Also, 47.3% of the working population was 

occupied in industries, 39.5% in agriculture and 13.2% in the 

non-productive sector. The Silistra region is a major agricultural 

producer but industrially it is still less developed than the 

rest of the country, although in the last few years it underwent 

substantial industrial development. On the whole, the rate of 

economical development in the region is slightly lower than the 

rate for the country as a whole. 

The natural population growth rate in the region (average 

of 7.8 for the period 1972-1977) is higher than that for the 

country as a whole (6.3 for the same period), but the region 

develops with a negative net migration balance. With the 

rapid industrialization, intensive urbanization takes place 

within the region with migration flows to the bowns in the 

region and mainly towards Silistra. 

Four different scenarios were created to study the demo- 

economic development of the Silistra region under four different 

economic policies until 1990.* 

According to Scenario I the existing trends of economical 

development continue until 1990, the Silistra region developing 

with a lower rate than the country as a whole. 

*The sources of data used for evaluation of the model 
parameters are the Statistical Yearbooks of the People's 
Republic of Bulgaria and the Population Yearbook of the 
People's Republic of Bulgaria. 



Scenar io I1 assumes t h a t  t h e  S i l i s t r a  reg ion  develops w i th  

t h e  same r a t e s  a s  t h e  country a s  a whole. 

According t o  Scenar ios I11 and I V  t h e  S i l i s t r a  reg ion  

develops w i th  a h ighe r  r a t e  than t h e  count ry  a s  a whole, whi le 

i n  Scenar io I11 pre fe rence i s  given t o  t h e  i n d u s t r i a l  develop- 

ment (h igher  r a t e  o f  i n d u s t r i a l  development; a g r i c u l t u r e  develops 

w i th  t h e  r a t e s  of Scenar io  I I ) ,  Scenar io  I V  f avo rs  a g r i c u l t u r e  

(h igher  r a t e  of  a g r i c u l t u r a l  development; i n d u s t r i e s  develop 

wi th t h e  rates of Scenar io  11). 

Some of t h e  r e s u l t s  f o r  t h e s e  f o u r  scenar ios  a r e  shown 

i n  Tables 1 ,  2 ,  3 and F igures 1 ,  2 ,  3. 

Table 1 .  Populat ion i n  t h e  reg ion.  

Year 1980 1985 1990 



Table 1 g i v e s  t h e  s i z e  o f  t h e  u rban ,  r u r a l  and t o t a l  

popu la t i on  i n  t h e  r e g i o n  and Tab le  2 - t h e  r e l a t i v e  p a r t  ( i n  9 6 )  

of t h e  working p o p u l a t i o n ,  occup ied i n  t h e  t h r e e  economic 

s e c t o r s  accord ing  t o  t h e  f o u r  s c e n a r i o s .  

Table 2 .  Percen tage  o f  t h e  working popu la t i on  i n  t h e  t h r e e  
s e c t o r s .  

Year 1980 1985  1990  

H Ind.  

k 
(d 

Agr . 
r: 

H 
H Ind .  51.4 58 .0  62.7 

0 
.4 
k Agr . 34.6  26 .9  21.4 
(d 
C 
Q) 
u Non-prod . 14 .0  15 .1  15 .9  
cn 

H 
H Ind.  
H 

0 
.d Agr . 
k 
4 

> 
H Ind .  
0 
.rl 
k Agr . 
(d 



The annua l  n e t  m i g r a t i o n s  from t h e  reg ion  t o  t h e  rest o f  

t h e  coun t ry  and w i t h i n  t h e  reg ion  f o r  t h e  p e r i o d  u n t i l  1990  

a r e  shown i n  F igu re  la and b. Smooth cu rves  a r e  drawn r a t h e r  

t han  broken l i n e s .  

A s  can be  seen  from t h e  t a b l e s  and from t h e  f i g u r e ,  

Scenar ios  I ,  11, and I11 do n o t  d i f f e r  s i g n i f i c a n t l y  w i t h  

r e s p e c t  t o  t h e  popu la t i on  s i z e s ,  t h e  s t r u c t u r e  o f  t h e  working 

popu la t i on  and t h e  i n t e r n a l  m ig ra t i on ,  a s  t h e y  a l l  f o l l ow  t h e  

g e n e r a l  t r e n d  of  development.  Whereas i n  Scena r i o  I V ,  t h e  

u r b a n i z a t i o n  t r e n d  Slows down and a number o f  peop le  w i l l i n g  t o  

l e a v e  r u r a l  a r e a s  f o r  urban a r e a s  w i t h i n  t h e  r e g i o n  d e c r e a s e s  

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

more r a p i d l y .  

A s  f o r  t h e  n e t  m ig ra t i ons  from t h e  r e g i o n  t o  t h e  rest o f  

t h e  coun t r y  i n  Scena r i o  I ,  t hey  remain r a t h e r  h i gh  d u r i n g  t h e  

whole p e r i o d ,  wh i l e  f o r  t h e  rest of  t h e  s c e n a r i o s  t h e y  d e c r e a s e  

r a p i d l y .  

Tab le  3 d e p i c t s  t h e  change i n  t h e  deg ree  o f  i n d u s t r i a l i z a -  

t i o n  i n  t h e  r e g i o n  ( t h e  r a t i o  o f  t h e  g r o s s  o u t p u t  i n  i n d u s t r i e s  

t o  t h e  g r o s s  r e g i o n a l  p roduc t )  f o r  t h e  f o u r  s c e n a r i o s .  

Tab le  3. Change i n  t h e  degree  o f  i n d u s t r i a l i z a t i o n  i n  t h e  
reg ion  ( % )  . 

Year 1980 1985 1990 

Scena r i o  I 69.4 74.2 80.0 

Scenar io  I1 69.4 74.2 80.2 

Scenar io  I11 69.4 74.6 81.3 

Scena r i o  I V  69.4 74 .1  79.7 
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F igu re  2 shows t h e  growth of  t h e  g r o s s  o u t p u t s  i n  i n d u s t r i e s ,  

a g r i c u l t u r e  and t h e  t o t a l  g r o s s  r e g i o n a l  p roduc t  and F igu re  3 

r e f l e c t s  t h e  growth o f  p e r  c a p i t a  i n c r e a s e  incomes i n  t h e  

r e g i o n .  A s  can be seen ,  t h e  GRP and t h e  average  p e r  c a p i t a  

income i n  t h e  r e g i o n  reach  h i g h e s t  v a l u e s  i n  Scena r i o  111, 

whereas t h e  o v e r a l l  r e s u l t s  f o r  Scena r i o  I V  a r e  worse.  

V. CONCLUSIONS 

I n  t h i s  paper  t h e  p r i n c i p l e s  of  c r e a t i n g  a  r e g i o n a l  demo- 

economic model have been d i s c u s s e d .  The p r a c t i c a l  a p p l i c a t i o n  

o f  t h e  sugges ted  approach i s  shown i n  t h e  example o f  model ing 

t h e  demoeconomic development o f  t h e  S i l i s t r a  r e g i o n  i n  Bu lga r i a .  

Al though t h e  model i s  q u i t e  s i m p l i f i e d  it g i v e s  some i n s i g h t  

i n t o  t h e  mutual  i n f l u e n c e  o f  t h e  demographic and economic 

f a c t o r s  f o r  t h e  development of  t h e  reg ion .  Th i s  might  assist 

p lann ing  agenc ies  towards a  better unders tand ing  and s e a r c h i n g  

f o r  e f f i c i e n t  r e g i o n a l  demoeconomic development.  
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A P P E N D I X  A 

I .  MODEL E Q U A T I O N S  

* W  * 
o r c ( t )  = f [ n w R c ( t ) ,  ~s, , ( t ) ,  A C n R C ( t )  n i R c ( t ) l  ( 1 )  

* * 
Out ( t )  = f LAWRC ( t )  , ( t )  t AcnRc ( t )  I A i R c  ( t )  I ( 2  

* * 
O c r  

( t )  = f w w R C  ( t )  , ncnRC ( t )  , n i R c  ( t )  I ( 3  

* * 
OCU ( t )  = f [AWRC ( t ) ,  AcnRc ( t )  t A i R c  ('1 I ( 4  



L~ (t) = li (t)Pum(t) (16) 

~, ( t )  = la (t)Prm(t) (17) 

~, ( t )  = ln(t)Pm(t) (1 8 

* 
A C ~ ( ~ )  = ran[ACi(t-I), ACi(t-21, ACi(t-311 ACi(t-411 (19) 

* aca (t) = ran [Aca (t-I) , ACa (t-2 ) ACa (t-3 t ACa (t-4) 1 (20) 





* 1 
Wi (t) = g[Wi (t) + Wi (t-1) + Wi (t-2) J 

11. VARIABLES 

0 (t) - outmigration coefficient from rural 'to urban areas 
ru within the region (the ratio of the outmigrants to 

the total rural population) in year t 

OUr(t) - urban to rural outmigration coefficient 

Orc(t) - rural to the rest of the country outmigration coef- 
f icient 

Oc,(t) - the rest of the country to rural areas in the region 
outmigration coefficient 

oUc(t) - urban to the rest of the country outmigration coef- 
ficient 

OCU (t) - the rest of the country to urban areas in the region 
outmigration coefficient 



P ( t )  - t o t a l  popu la t i on  i n  t h e  reg ion  by t h e  end of yea r  t 

P U ( t )  - urban popu la t i on  i n  t h e  reg ion  by t h e  end of  yea r  t 

P r ( t )  - r u r a l  popu la t i on  i n  t h e  r e g i o n  by t h e  end o f  yea r  t 

P c ( t )  - popu la t i on  i n  t h e  rest o f  t h e  coun t r y  by t h e  end of  
y e a r  t 

gu ( t )  , gr ( t )  , gc ( t )  - n a t u r a l  r a t e s  o f  growth o f  t h e  urban 
and r u r a l  popu la t i on  i n  t h e  r e g i o n ,  and 
i n  t h e  rest  of  t h e  coun t r y ,  co r respond ing ly  

N~~ ( t )  - n e t  m ig ra t i on  from t h e  reg ion  t o  t h e  rest  o f  t h e  
coun t ry  i n  y e a r  t 

N r U ( t )  - n e t  m ig ra t i on  from r u r a l  t o  urban a r e a s  w i t h i n  t h e  
reg ion  i n  y e a r  t 

P U m ( t )  I Prm ( t ) ,  P m ( t )  - mid-year va lue  o f  t h e  urban,  r u r a l  
and t o t a l  popu la t i on  i n  t h e  r e g i o n  
f o r  yea r  t 

Li ( t )  , La ( t )  , Ln ( t )  - number o f  employees i n  i n d u s t r i e s ,  i n  
a g r i c u l t u r e ,  and i n  t h e  non-product ive 
s e c t o r  i n  t h e  reg ion  i n  yea r  t 

* * * Aci ( t )  , ACa ( t )  , ACn ( t )  - v a l u e  o f  t h e  newly commissioned 
c a p i t a l  funds i n  i n d u s t r i e s ,  i n  
a g r i c u l t u r e  and i n  t h e  non-product ive 
s e c t o r  i n  t h e  r e g i o n  i n  year  t 

r a n  - random f u n c t i o n  

A C i ( t ) ,  Aca(t) ,  A C n ( t )  - v a l u e s  o f  c a p i t a l  i nves tments  i n  
i n d u s t r i e s ,  i n  a g r i c u l t u r e  and i n  
t h e  non-product ive s e c t o r  i n  t h e  
reg ion  i n  yea r  t 

C i ( t ) ,  C a ( t ) ,  A C n ( t )  - v a l u e s  o f  t h e  c a p i t a l  funds i n  i n d u s t r i e s ,  
i n  a g r i c u l t u r e  and i n  t h e  non-product ive 
s e c t o r  i n  t h e  r e g i o n  by t h e  end o f  
yea r  t 

Bi ( t )  , Ba ( t )  , 6, ( t )  - annua l  d i s c o u n t  r a t e  o f  c a p i t a l  funds 
i n  i n d u s t r i e s ,  i n  a g r i c u l t u r e  and i n  t h e  
non-product ive s e c t o r  i n  t h e  reg ion  i n  
yea r  t 

Cim ( t )  I Cam ( t )  - mid-year v a l u e s  of  Ci ( t )  and ca (t) 

G i ( t ) ,  G a ( t )  - g r o s s  o u t p u t  i n  i n d u s t r i e s  and a g r i c u l t u r e  i n  
t h e  r e g i o n  i n  yea r  t 



ai (t) , a, (t) - coefficients 

G(t) - gross regional product in year t 

hi(t), ha(t), h(t) - per capita gross output in industries, in 
agriculture, and average for the material 
sectors in the region in year t 

Wi(t) , Wa(t), Wn(t), W(t) - per capita income of employees in 
industries, in agriculture, in 
the non-productive sector and 
average for the region in year t 

Ri (t) , Ra (t) , fin (t) - coefficients 

qi (t) , qa (t) , I), (t) - coefficients 

ACn(t) - per capita value of ACn(t) 
* * 

WR(t), Wc(t) - average income of one employee in the region 
and in the rest of the country for the last 
three years 

CAR(t). Cnc(t) - average per capita capital investments in 
the non-productive sector in the region and 
in the rest of the country for the last 
three years 

* * 
Wi (t) , Wa (t) - average income of one employee in industries 

and in agriculture in the region for the last 
three years 

AiR(t), Aic(t) - degree of industrialization in the region 
and in the rest of the country 

* * * 
"RC (t) , ~g!~(~) I (t) , awai (t) I aiRc (t) are described 

in the text 



APPENDIX B: LOGICAL STRUCTURE OF 
THE SIMULATION MODEL 
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