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Abstract

This area of research is devoted to the problem of the ecological and demo-
graphic situation analysis from the position of quantitative approach.

1 Introduction

The necessity of statistical analysis of the environment state influence on demographic
processes in Belarus within regions is caused by: 1) increase of anthropogenous loading
on atmospheric air and more and more obvious interrelation of demographic and eco-
logical processes; 2) an insufficient elaborated mutual influence of ekologo-demographic
processes. The research has been made to fill lacks in the quantitative analysis in the
given direction; to create the system of indicators and models, allowing to describe
and analyze ecological characteristics in interrelation with demographic development
of separate regions. The executed research has a goal to strengthen the attention of all
countries with the developed market economy to the problems of environment preser-
vation , including debates on the acceptance of the Kiotsky report, also declared by
the international community Millennium goals for sustainability. The chosen object is
a condition of atmospheric air that is vital for maintenance of normal ability to people
lives, for reproduction, realization of economic and social development purposes.

2 Formation of integral indicators of ecological and

demographic development within the regions

Initially the system of indicators reflect the ecological and demographic situation of the
regions is analyzed. Basing on the content anthropogenic impact level of air pollution
is considered. It depends on the proportion of first and second grades of risk pollutants
in the total pollution from stationary sources, the density of harmful emissions into the
atmosphere from stationary sources, the number of stationary sources of emissions, the
density of air emissions from mobile sources and load intensity factor of inhabitants per
area of greenery. The subsystem of the indicators includes the following: demographic
position, birth rate, death rate, natural increase (decrease) of the population, morbidity
level, life expectancy, the population of working age, population density and the balance
of internal migration.
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For complex display of a current demographic situation in the region it is necessary
to use the aggregated indicator that includes all the information, necessary to analyze
the effects of atmospheric air state on the dynamics of demographic processes. Gen-
eralization of a large number of indicators describing ecologico-demographic situation
in the region has been subsequently produced by the method of principal components.
The factors have been used for each area separately during the period 1995 – 2011.
Since the methods of multivariate statistical analysis have been applied to the time
series, there has become a need to address the problem of autocorrelation levels. The
limited extent of used time series (within 17 years) has given the chance to carry out
the analysis on the levels shifted on one step on time.

Application of the proposed approach to the system of air and demographic state
data within the regions of Belarus has led to the allocation of three integral indi-
cators: anthropogenous load on atmospheric air (F1); the summary characteristic of
demographic conditions (F2) and reproduction (F3).

3 Econometric modeling of ecological and demo-

graphic interrelations

As the effects of pollution have the timing impact, for building regression models to
examine environmental and demographic ties the method of distributed lags is preferred
to use (Almon lag polynomial method). The models with distributed lags have been
constructed using the values of given major factors, not input data.

As we can see between factors F1 and F3 during lag-analysis there was no significant
regression dependence. At the same time, factor F1 shows the presence of close enough
feedback with factor F2 all over the regions. Seven models with distributed lag obtained
by the author are shown in Table 1.

Table 1. Models with the distributed lag for 6 regions and Minsk. 1996-2011
Region Model parameters
Brest F2t = −0.478F 1t − 0.478F 1t−1 R2 = 0.678
Vitebsk F2t = −0.661F 1t − 0.274F 1t−1 − 1.209F 1t−2 R2 = 0.889
Gomel F2t = −0.498F 1t − 0.498F 1t−1 R2 = 0.795
Grodno F2t = −0.402F 1t − 0.323F 1t−1 − 0.243F 1t−2 − 0.163F 1t−3 R2 = 0.920
Minsk
city

F2t = −0.141F 1t − 0.132F 1t−1 − 0.123F 1t−2 − 0.114F 1t−3 R2 = 0.996

Minsk F2t = −0.185F 1t − 0.170F 1t−1 − 0.154F 1t−2 R2 = 0.993
Mogilev F2t = −0.237F 1t − 0.092F 1t−1 − 0.421F 1t−2 − 0.750F 1t−3 R2 = 0.938

According to the table 1 we see that in the Brest and Gomel regions there is a rather
fast reaction of result F2 (the summary characteristic of demographic conditions) to
change of factor F1 (anthropogenous load on atmospheric air) than in other observed
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regions. In these areas strengthening anthropogenic impact on the atmosphere dur-
ing the current period would lead to a reduction in the main values of the summary
demographic characteristics during the same period.

In the Vitebsk and Minsk regions the impact of factor F1 to F2 has a longer char-
acter. Thus, the growth of anthropogenic load on atmosphere in these regions during
the current period would result to a reduction of the demographic characteristics re-
spectively per 0.661 and 0.185 units, in a year - per 0.935 and 0.355 in two years – per
2.144 and 0.509 units of its measurement. At the same time, we should pay attention
to the fact that if in the Minsk region the influence is decreasing every year, in the
Vitebsk region most impact is realized after two years.

In the Grodno, Mogilev regions and Minsk region there is the longest influence
of anthropogenous load on air pool (F1) on change of the summary characteristic of
demographic conditions (F2) concerning other observed regions. The analysis of models
of the listed regions shows that the growth factor F1 values per unit of its measurement
in the current period would lead in three years to the deterioration of the demographic
situation in the Grodno region by an average of 1.131, the Mogilev region – by 1.5
and in Minsk – by 0.51 units of its measurement. The attention is also to be paid
to the features of influence factor F1 on result F2. Basing on the values of regression
coefficients in the Grodno region and in the capital there is a gradual reduction of the
influence anthropogenic load on the change of demographic characteristics within the
next three years. But in the Mogilev region in the first year the impact is reduced,
however, from the second time period influence is shown with accruing character that
is greater than the impact on the force level of the initial period.

According to a size of regression coefficients, over a half of the factor impact on the
result is realized with a lag of one year in the majority of investigated regions. Those
include: the Brest, Gomel, Grodno, Minsk regions and Minsk. At the same time in the
Vitebsk and Mogilev regions over half impact of increased anthropogenic load on the
atmosphere in the current period appears in the reduce of the summary characteristic
of demographic conditions within two and three years respectively.

4 Concluding remarks

Statistical methods during the analysis have allowed to estimate the ecological factors
defining dynamics of demographic conditions and to ”compress” the space of studied
factors reflecting demographic and ecological processes in regions without any essential
information loss.

Regression analysis with the usage of the principal components previously obtained
has made it possible to identify and assess the impact of pollution on the demographic
state of the regions. As a result, we have got the group of areas with lasting impact
of anthropogenic load on atmosphere and on demographic situation. The models have
been constructed for each region of the Republic of Belarus. Values of the average
lag, enabling to plan the emergence of effects of anthropogenic load on demographic
characteristics have been calculated: for example, in the Brest, Gomel and Minsk
regions this effect may occur in the period of less than six months, while for the
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Vitebsk and Mogilev this effect is 2.5 – 3.2 years.
The conducted research has led to reliable conclusions from statistical and logical

point of view; those may be used in working out and substantiation of priority plans,
programs on maintenance of steady territorial development.
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