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iNFLUENCE OF DEMOGRAPHiC PROCESSES ON ECONOMY OF A REGiON

The paper presents two demographic models. The 
models are built for population o f the Kirov region. The 
first one is a dynamic model. The second one applies 
the technique o f ageing. By way o f the correlation- 
regression analysis significant factors influencing a 
birth and death rate factor are singled out. Both mod
els forecast the dynamics o f reduction o f population in 
the region. An attempt is made to consider an influence 
o f quality o f life in the region on migratory processes. 
Economic problems concerned with depopulation are 
considered. Demographic changes affect all socio-eco
nomic spheres.

T h e  p ro b lem s o f  d e m o g ra p h y  in  th e  K irov  reg io n  
are  in c reasin g . T h e  p o p u la tio n  o f  th e  re g io n  is r e 
d u ce d . S ince  1990 to  2009 th e  reg io n  p o p u la tio n  h a d  
d ec reased  b y  250 .53  th o u sa n d  p eo p le .

M ig ra tio n  d e c lin e o ccu rs . I n  2009 negative  m i
g ra tio n  g ro w th  a m o u n te d  to  3.8 th o u sa n d  p eo p le .

D esp ite  b ir th  ra te  h as  re c e n tly  b e e n  in c re ase d , 
d e a th  ra te  s till exceeds b ir th  ra te ; in  2005 d e a th  ra te  
ex ceed ed  b ir th  ra te  2 .04  tim es as m u c h , a n d  in  2008
— 1.51 tim es  as m u c h . I n  R u ssia  u p o n  th e  w ho le  
d e a th  ra te  ex ceed ed  b ir th  ra te  1.58 tim es in  2005, 
a n d  in  2008 — 1.32 tim es as m u c h  [1].

R e se a rc h  a n d  p re d ic tio n  o f  d em o g ra p h ic  p r o c 
esses is re q u ired , so fa r as th e y  h ave a n  in flu e n ce  o n  
th e  la b o r  m a rk e t, c o n s u m e r  a n d  serv ice m a rk e t, th e  
m a rk e t o f  savings is necessary . C h a n g e  o f  th e  p o p u 
la tio n  size in flu en ces a n  in v e s tm e n t c lim a te , soc ia l 
ex p e n d itu re , th e  sy s tem  a n d  size o f  tax a tio n .

L e t us c o n s id e r  d em o g ra p h ic  p ro cess  s im u la tio n  
in  th e  K irov  reg ion .

I n  g en e ra l, th e  e q u a tio n  o f  th e  p o p u la tio n  size is 
as follows:

x t+1 =  x t (1 - P t )(1 +  rt ) +  y , . (1)

T h is  e q u a tio n  takes in to  a c c o u n t th e  n u m b e r  o f  
th e  d ea d , b o rn  an d  m ig ra tio n  o f  th e  p o p u la tio n : x t
— p o p u la tio n , rt — b ir th  ra te , (3t — d e a th  ra te , yt — 
m ig ra tio n  g ro w th  fo r  y ea r  t (th e  d iffe ren ce  b e tw e en  
th e  e n te re d  a n d  d e p a r te d  p eo p le ).

S am p lin g  o f  15 m e d ic a l an d  so c io -e c o n o m ic  in 
d ices w as m a d e . B y  w ay  o f  th e  c o rre la tio n -re g re ss io n  
analysis in te rd e p e n d e n t in d ices  w ere  s ing led  ou t.

As a  re su lt th e re  a re  th e  fo llow ings so c io -e c o 
n o m ic  factors:

x 3 — p ro p o rtio n  o f  u n iv e rs ity  s tu d e n ts  p e r  o n e  
in h a b ita n t o f  th e  reg ion ;

x 8 — gross reg io n a l p ro d u c t in  th o u sa n d s  rub les 
p e r  cap ita ;

x  — expenses o n  p u b lic  h e a lth  serv ices in  rub les 
p e r  cap ita ;

x  — p o llu tin g  em issio n s in  kg p e r  ca p ita ;
x 13 — c o n s u m p tio n  o f  a lco h o lic  d rinks in  liters 

p e r  cap ita .
L e t us b u ild  a  m o d e l o f  m u ltip le  lin e a r  reg ressio n  

fo r  b ir th  rate :

g =  0,02 — 0,006x3 +  0,008x8 +

+  0,0003x10 — 0,003x12 — 0,007x13. (2)

F ac to rs  x3, x8, x  , x  , x  e x p la in  64 .51%  o f  
v a riab ility  in  th e  re su lta n t c r ite r io n  (b ir th  ra te )  as 
R 2 =  64.51. S ta tistics F  =  4.36 is m o re  th a n  th e  
ta b u la r  F  (6; 12) =  4 w ith  th e  s ig n ifican ce  level 
a  =  0 ,05 . T h e  reg ressio n  e q u a tio n  is s ign ifican t. 
E a c h  reg ress io n  fa c to r  is s ig n ific an t as tsm is m o re  
th a n  tcr (12) =  2 .179  a n d  th e  p -v a lu e  is less th a n  th e  
sig n ifican ce  level a  =  0 ,05. T h u s , th e  reg ressio n  
e q u a tio n  c a n  be u se d  fo r  p re d ic tio n .

T h e  d e a th  ra te  is specified  in  a  s im ila r way. T h e  
se lec ted  s ig n ifican t fac to rs , m ig ra tio n  g ro w th  are 
spec ified  o n  th e  basis s ta tis tica l d a ta  b y  reg ressio n  
eq u a tio n s  o f  tim e.

M ig ra tio n  g ro w th  y  also  is specified  as lin e a r  r e 
g ress io n  o f  tim e.

A ll p o p u la tio n  o f  re g io n  is d iv id ed  in to  th re e  age 
g roups: y o u n g e r th a n  th e  w o rk in g  age, w o rk in g  age 
a n d  o ld e r  th a n  th e  w o rk ing  age. E a c h  g ro u p  is fu rth e r  
d iv id ed  b y  sex b y  re s id e n ce  in  u rb a n  o r  ru ra l areas.

T h e  m o d e l is im p le m e n te d  a t  th e  o b je c t-o r ie n te d  
m o d u le  o f  p ack ag e  I th in k  8.0. A  size value  o f  e a c h  
age g ro u p  a t  th e  in itia l stage is lo c a te d  a t  a  sep ara te  
ch am b er. E a c h  c h a m b e r  is re p re se n te d  as a  tw o -d i
m e n s io n a l array: lin es  — sex o f  a  p e rso n , c o lu m n s 
— reg io n  o f  res id en ce . C h a m b e rs  c o m m u n ic a te  
w ith  e a c h  o th e r. A t e a c h  s tep  (e a c h  year) exchange  
b e tw e e n  p o p u la tio n  g roups takes p lace . D e a th  ra te  
a n d  m ig ra tio n  g ro w th  o f  e a c h  p o p u la tio n  g ro u p  are 
co n s id e red . D iffe re n t in f lu e n ce  o f  fac to rs  is also 
co n s id ered .

T h e  in itia l size values o f  th e  p o p u la tio n  g roups 
have  b e e n  ta k e n  fo r  1998 [2].

T h e  resu lts  show  th a t  d e p o p u la tio n  w ill o c c u r  a t  
a ll th e  c o n s id e red  subg roups y o u n g e r th a n  th e  w o rk 
in g  age (F ig u re  1). H ow ever, s in ce  2 0 0 3 -2 0 0 4  c e r 
ta in  g ro w th  o f  th e  p o p u la tio n  size is observed . So far 
as th e  d iag ram s are  m a d e  b y  w ay  o f  th e  I th in k  8.0



1: trudosp[men,selo] 2: trudosp[men,gor] 3: trudosp[women,selo] 4: trudosp[women,gor]
1: 135
2: 340
3: 115
4: 335

1: 125
2: 320
3: 105
4: 305

1: 115
2: 300
3: 95
4: 275

1.00
Page 1

5.75 10.50
Years
Untitled

15.25 20.00
21:05 27 0кг 2010,,.

Fig. 2. Dynamics o f the population size o f the working age, thousand people
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Fig. 3. Dynamics o f  the size o f  the older than the working age group, thousand persons 
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p ro g ra m , th e n  th e  p ro g ra m  p ro p e r  d efines  th e  o rd i
n a te  scale fo r e a c h  age g ro u p . 1998 is ta k e n  as a  u n it  
a t  th e  axis o f  abscissas, a n d  2017 c o rre sp o n d s  to  20.

T h e  n u m b e r  o f  m e n  a n d  w o m e n  o f  th e  w o rk in g - 
age in  ru ra l a n d  u rb a n  areas dec reases  (F ig u re  2).

T h e  in c re ase  a t  th e  su b g ro u p  o f  m e n  o ld e r  th a n  
th e  w ork ing  age in  ru ra l a reas  stops a p p ro x im a te ly  
a f te r  2000, w h ich  is p ro v ed  b y  th e  sta tis tics . A t th re e  
o th e r  subg roups re d u c tio n  o f  th e  p o p u la tio n  size 
(F ig u re  3) is observed . T h e  ru ra l p o p u la tio n  size das 
b e e n  d ec reased  ap p ro x im a te ly  b y  37%  o n  th e  av e r
age over 20 years, a n d  b y  20%  — in  u rb a n  areas.

A p a rt f ro m  th e  b ir th  a n d  d e a th  ra te , th e  p o p u la 
t io n  size d y n am ics  is in f lu e n ced  b y  m ig ra tio n  g row th . 
M ig ra tio n  g ro w th  in  th e  K irov  re g io n  is negative .

A cc o rd in g  to  s ta tis tica l d a ta  re fe rred  to  m ig ra tio n  
g ro w th  in  th e  K irov  reg io n , i t  is p ossib le  to  sing le o u t 
3 F e d e ra l D is tr ic ts  w ith  th e  h ig h e s t m ig ra tio n  ra te  
in  th e  reg ion : th e  C e n tra l, N o rth -W e s te rn  a n d  V olga 
D is tric ts . T o b u ild  a  m o d e l, so c io -e c o n o m ic  ind ices 
fo r  th e  K irov  reg io n  (K ), th e  N iz h n y  N o v g o ro d  r e 
g io n  (N ) , th e  P e rm  T errito ry  (P )  a n d  th e  M oscow  
(M ) a n d  St. P e te rsb u rg  (S P ) reg ions o f  1996 to  2008 
w ere  app lied .

O u t o f  a ll th e  in d ices  ac co rd in g  to  w h ic h  a  level 
a n d  q u a lity  o f  life a re  e s tim a ted , th e  fo llow ing  w ere 
se lec ted :

1) g ross reg io n a l p ro d u c t p e r  c a p ita , v rp ;
2) su b sis ten ce  level ra te  o r  m in im u m  c o n s u m e r  

goo d s b ask et, m p k ;
3) u n e m p lo y m e n t ra te , bezr;
4) average to ta l a re a  o f  liv ing  space  p e r  in h a b it

a n t ,  m etr.
F o r  e a c h  re g io n  a  co e ffic ie n t is ca lc u la te d  as a n  

expression :
vrp ■ m etr

(3)

к jn igr =  migr 

к ,

1 —

1 — N _ K

M  _max

l —

l —
P_max

XSP _K

M o d e lin g  o f  m ig ra tio n  w ith  a c c o u n t fo r  th e  q u a l
ity  o f  life allow s o b ta in in g  m o re  p rec ise  resu lts o n  
th e  d em o g ra p h ic  in d ica to rs .

L e t us c o n s id e r  a n o th e r  m e th o d  o f  p re d ic tio n  o f  
th e  p o p u la tio n  size in  th e  reg ion . I t  is th e  te c h n iq u e  
o f  ageing . To use th e  g iven  te c h n iq u e , i t  is n ecessa ry  
to  k n o w  a n  average n u m b e r  o f  p eo p le  o f  a  p a r tic u la r  
age in te rval. S u ch  values a re  ta k e n  f ro m  m o rta lity  
tab les.

L e t us c o n s id e r  age ing  fo r f ive-year g roups. T h e  
g iven  m o rta lity  tab les allow  c a lc u la tin g  survival 
coeffic ien ts.

p  __  L x  + 5 / x + 9   
P x  /  x + 4  _ "

L x / x + 4

. L x + 5  +  L x + 6  +  L x + 7  +  L x  +8  +  L x + 9  

L x  +  L x+ 1  +  L x + 2  +  L x+ 3  +  L x + 4 (5)

w h ere  L x — th e  average n u m b e r  o f  p eo p le  aged  
f ro m  x  to  x  +  1.

A geing  is c a rrie d  o u t b y  tim e  steps eq u a l to  th e  
le n g th  o f  th e  age g ro u p  (5 y ea rs), so th a t  th e  su r 
v ived p o p u la tio n  o f  th e  age g ro u p  p assed  to  th e  n e x t 
(o ld e r)  age in te rv a l w ith  e a c h  p re d ic tio n  step . So far 
as th e  s tep  is eq u a l to  5, th e n  th e  p o p u la tio n  size in  
five years w ill be eq u a l to:

(6)S  + 5 =  S  P  . + 4 ,x + 5  x  x / x + 4 ’

S x — p o p u la tio n  size o f  x  years o f  age a t  th e  b e 
g in n in g  o f  th e  re p o r tin g  p erio d .

T ak in g  in to  a c c o u n t th e  m ig ra tio n  g ro w th , th e  
fo rm u la  (6) w ill be w ri tte n  d o w n  as:

S x + 5  =  S x + 5 (1 +  )P xx  /  x + 4  , (7)

bezr ■ m p k  
T h e n , th e  ra tio  is bu ilt:

kiK _  — ,' kK ’
w h ere  i e  {K, M , P , N ,  S P }, k K — c o e ffic ie n t fo r 

th e  K irov  reg ion .
M ig ra tio n  w ith  th e  q u a lity  o f  life ta k e n  in to  a c 

c o u n t,  is specified :

(4)

E xpressions fo r  m igr, v rp , m e tr, bez r, m p k  are 
spec ified  as reg ressio n  o f  tim e.

w h ere  S lx+5 — ex p e c ted  p o p u la tio n  size o f  x  +  5 
years o f  age w ith  a c c o u n t fo r  m ig ra tio n ;

S x  +  5 — ex p e c ted  p o p u la tio n  size o f  x  +  5 years o f  
age a c c o rd in g  to  th e  resu lts  o f  age ing  w ith o u t m ig ra 
t io n  ta k e n  in to  ac c o u n t;

P  . . — c o e ffic ie n t o f  surv ival ta k e n  in to  a c 
x / x  +  4

c o u n t w hile  age ing  a n d  ca lc u la te d  ac co rd in g  to  th e  
m o r ta lity  ta b le s ’ d a ta ;

— m ig ra tio n  g ro w th  [3].
L e t us te s t th e  s im u la tio n  m o d e l a n d  th e  te c h 

n iq u e  o f  age ing  (T able).
L e t u s ca lc u la te  ra tio  e rro r  fo r  e a c h  m e th o d . F o r  

th e  te c h n iq u e  o f  age ing  a n  average e r ro r  is a p p ro x i
m a te ly  13% , fo r  th e  d y n am ic  m o d e l — a p p ro x i
m a te ly  17%. T h u s , th e  te c h n iq u e  o f  age ing  is m o re  
ex ac t, th a n  th e  d y n am ic  m ode l.

B o th  m o d e ls  p re d ic t p e rc en ta g e  g ro w th  o f  th e  
o ld e r  th a n  w ork ing  age g ro u p  in  a n  aggregate p o p u 
la tio n  size.



Table
Total population size (thousands of people)

Years Dynamic model Technique 
of ageing Statistics

1998 1581.49 1581.49 1581.49
1999 1416.83 1490.45 1568.722
2000 1387.91 1423.68 1553.595
2001 1294.5 1336.62 1536.772
2002 1234.24 1318.37 1518.378
2003 1202.75 1298.71 1498.976
2004 1197.28 1247.42 1479.342
2005 1186.64 1224.96 1461.301
2006 1151.75 1209.35 1442.935
2007 1140.4 1186.17 1426.917

2008 1138.74 1183.89 1413.257

The increase in the number of the retirement age 
people leads to economic problems, increases load
ing on people of the working age. Besides, fast ageing 
o f the population occurs, i. e. increase in a number 
o f senior-age people, and, accordingly, growth of 
the average age of potential workers.

In the Kirov region in 1979 a number of the 
younger group o f the working-age population 
(16-29 years of age) was 1.6 times larger in number 
than the senior group, and in 2008 only 1.1 times. 
According to the model predictions, the ratio will be
1.04 by 2018.

Besides, high death rate reduces the working time 
fund. In addition, not all the working-age popula
tion is economically active. Boundary ages o f 16-24 
years of age and the pre-retirement age (Figure 4) 
are rather inactive. Representatives of the young 
group mostly study at higher educational institu
tions, and representatives o f the senior group, as a 
rule, have already poor health.

So far as the share o f the senior age groups in the 
manpower structure will increase both across Russia, 
and in the Kirov region, the cumulative working 
time fund available for the economy will be reduced 
even more than the number o f potential workers [4].

The technique of ageing also confirms reduction 
o f the regional population size.

Thus, the analysis o f demographic situation pre
diction showed that the Kirov region experiences an
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Fig. 4. Size o f  the group o f  16-24 years o f age and the pre

retirement age in percentage in an aggregate population size 
o f the Kirov region

acute demographic problem, which will continue to 
develop in the future.

Key factors influencing birth and death rate have 
been exposed. The administration and social serv
ices should consider the given factors.

N ot only birth rate is to be increased and death 
rate to be reduced, but the problem o f migration 
loss is to be solved at the administrative regional 
level.

A primary task for the Kirov region is to stop the 
outflow of the working-age population. It has been 
shown that it is one of the main reasons o f reduction 
o f the regional population size.

To solve the problem o f migration loss, it is nec
essary to create favorable living conditions, first of 
all, affordable housing, workplaces providing wor
thy wages, i.e. to enhance the quality o f people’s 
life.
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