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Demographic processes are extremely difficult to
manage for a number of reasons. Firstly, they are
influenced by a range of external and internal political,
economic, cultural, and religious factors. Secondly,
demographic processes are inertial: it will take time
even for the most efficient demographic policy to make
a difference. In addition, the goals of the country’s
demographic policy might change over the course of
time, which will result in a further slowdown of
demographic processes. Thirdly, demographic processes
and situations in some regions can differ considerably.
Given these factors, studying demographic processes to
seek out determinants and develop robust forecasts is
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INTRODUCTION

Table 1: Minimax values of demographic indicators
in Russian regions in 2016 (Russian Regions 2017)
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Demographic processes are extremely difficult to
manage and require the different methods of their
research. Our studies aimed at modelling the
demographic space of Russian regions by using fuzzy
clustering. Our analysis is based on the indicators of the
regions’ demographic potential. We used our own
original methodology combining the statistical
procedures of fuzzy clustering and expert survey data.
We
considered
indicators
characterizing
the
reproduction potential and variables characterizing the
potential quality of the future population. As a result of
fuzzy clustering, five clusters were formed. Our experts
evaluated the reproduction potential and the quality of
the future population for each cluster. The data for each
region were used to calculate their reproduction
potential and the quality of their future population. In
comparison to hard clustering, fuzzy clustering
enhances the flexibility of evaluation: our assesments of
each region do not depend exclusively on the potential
of the nearest cluster, as we also take into consideration
the region’s possible similarities with other
neighbouring clusters with different potential. Such
modelling allows us to identify those Russian regions
that could be considered as ‘growth points’ in the
implementation of demographic policy.
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ABSTRACT

highly topical. Fertility is of utmost importance, since it
determines natural population growth. However, this
demographic process provokes the most vigorous
scientific and political debate in Russia – questions
related to fertility determinants and ways to regulate it
remain unresolved.
It should be noted that the latter situation can be
found only in certain countries: for instance, some
researchers point out differences in the demographic
development between northern and southern Italy
(Pastuszka 2017), provinces of China (Wang et al.
2017), and Russian regions (Shubat et al. 2017). In
Russian regions, demographic indicator values vary
greatly (see table 1).
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The uncertainty of the demographic situation in
countries with highly imbalanced regional development
can be reduced if we apply adequate mathematical and
statistical tools for demographic analysis and modelling.
One such tool is clustering. Traditional cluster analysis,
however, does not always provide results reliable
enough to develop a demographic policy. One of the
reasons for this is that clustering is often based on the
researcher’s intuition, which also means subjectivity.

To enhance objectivity in cluster analysis when
modelling demographic processes, we can use fuzzy
logic. The fuzzy set theory appeared in the mid-1960s,
when Lotfi A. Zadeh proposed a new approach to
describe objects and systems which are difficult to
formalize (Zadeh 1965). Zadeh showed that for more
realistic modelling, it is necessary to go beyond the
traditionally accepted standard quantitative methods and
introduce so-called linguistic variables into the analysis.
The values of these variables can be words or sentences,
which enables us to take into account the uncertainty or
‘fuzziness’ of human knowledge. One of Zadeh’s key
ideas was to extend classical set theory. In the case of
fuzzy sets, the membership function can vary between 0
and 1 rather than just take the value of 0 or 1.
Fuzzy set methods make it possible for one and the
same object to belong to several or even all clusters at
the same time but with different membership degrees.
In many cases, the results of fuzzy clustering seem to be
more natural and visual than those of hard clustering.
Thus, the application of fuzzy clustering enables us to
formalize the uncertainty inherent in demographic
processes.
It should be noted that fuzzy set theory is used
comparatively rarely in demography. Generally, fuzzy
logic methods are used for population forecasts (Sasu
2010; Abbasov and Mamedova 2003). In the Russian
Science Citation Index, which is a national database that
contains over 12 million scientific publications by
Russian authors, only five such publications have been
registered since 2005. Seletkov and Martsenyuk have
used fuzzy sets to analyze population dynamics
(Seletkov and Martsenyuk 2016); Shokin and Fedorov
have investigated the relationship between dynamic
macroeconomic and demographic indicators in Russian
regions (Shokin and Fedorov 2012); and Kulikova and
Nikishina have forecasted the population of a specific
region (Kulikova and Nikishina 2015).
This research is aimed at modelling the demographic
space of Russian regions by using fuzzy clustering. Our
analysis is based on the indicators of the regions’
demographic potential. Thus, such modelling allows us
to identify those Russian regions that could be
considered as ‘growth points’ in the implementation of
demographic policy.
The paper is structured as follows: first, we justify
the need to use methods with unclear logic to analyse
the demographic space of Russian regions. Then we
describe the methodology we developed to study
demographic potential of Russian regions. Afterwards
we outline the results of applying it to assess the
potential of population reproduction and the quality
potential of the future population of Russian regions.
We also explain possible reasons for the imbalance
between these two types of demographic potentials and
describe possible points of debate in our analysis.
DATA AND METHODS
In this research, we used our own original methodology
combining the statistical procedures of fuzzy clustering

and expert survey data. The main stages in the
application of this methodology are as follows:
1. We created a database on the demographic
potential of Russian regions. It should be noted that
demographic potential is a comparatively new concept
in social and economic studies. There are different
approaches to evaluating demographic potential: Goraj
et al. measure regions’ demographic potential with the
help of quantitative population indicators (Goraj et al.
2016), while Dobrokhleb and Zvereva believe that
qualitative indicators (in particular life expectancy) can
also serve as indicators of demographic potential
(Dobrokhleb and Zvereva 2016). We believe that to
measure the demographic potential of regions we should
include both quantitative and qualitative indicators.
Therefore, this research considers two sets of
indicators: the first set deals with a region’s
reproduction potential and reflects the quantitative
aspects of its demographic potential. These variables
include the following:
 the rate of natural increase, which is the crude
birth rate minus the crude death rate;
 the proportion of children (aged between 0 and
15) in the population;
 the rate of reproduction potential realization –
the quotient of the total number of child births
by the total number of conceptions (calculated
as the sum of the number of child births and
abortions).
The second set describes the qualitative aspect of
demographic potential (the potential quality of the
future population). These variables include the
following:
 the proportion of healthy children in the overall
population of school-age children;
 the disability rate in the child population
(proportion of disabled children aged between
0 and 15);
 the juvenile crime rate (proportion of juvenile
delinquents aged 14-17);
 the involvement of children in supplementary
educational programs (proportion of children
aged 5-18 provided supplementary educational
services);
 the proportion of state (municipal) educational
institutions meeting modern standards in the
total number of such institutions.
The data were provided by the Federal State
Statistics Service. Due to certain peculiarities of the
national system for the collection of statistical data, the
available information did not refer to one year but
characterized the situation in the given regions in 2015
and 2016. The resulting database included the
characteristics of the demographic potential of 79
Russian regions (six regions were excluded because the
necessary data was lacking).
2. To evaluate the demographic potential of these
regions, fuzzy clustering was applied on the basis of the
fuzzy c-means (FCM) algorithm (Bezdek 1981). At the
preliminary stage, the initial data were normalized.

It is convenient to consider the result of the
clustering of M elements into c clusters by using the
following characteristic function:

Table 2: Cluster centroids

𝑃𝑖1 = ∑𝑐𝑗=1 𝜇𝑖𝑗 𝑋𝑖1 , 𝑃𝑖2 = ∑𝑐𝑗=1 𝜇𝑖𝑗 𝑋𝑖2 , 𝑖 = ̅̅̅̅̅̅
1, 𝑀 (4)
5. The calculated values of the regions’ potential
were then used to rank these regions. The resulting
values 𝑅𝑖1 and 𝑅𝑖2 are the ordinal indicators of a region’s
potential compared to other regions (these indicators
show how high or low the given region ranks according
to its potential).
6. To develop a differentiated and focused
demographic policy framework, it is necessary to
consider not only the values of each region’s
demographic potential, but also how balanced this
demographic potential is. Therefore, values 𝑅𝑖1 and 𝑅𝑖2
were used to calculate the indicator of balance 𝑄𝑖 :
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3. The analysis further included expert evaluation of
the resulting cluster centroids. Five specialists in
demography separately evaluated the reproduction
potential 𝑋𝑖1 and the potential quality of the future
population 𝑋𝑖2 in each cluster. Then their evaluations
were converted into numerical values (a high level
corresponded to 5 and a low level to 1).
4. Expert evaluations of the clusters and the
membership degrees of the regions in the clusters were
used to calculate the reproduction potential 𝑃𝑖1 and the
quality of the future population 𝑃𝑖2 in each region:
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where 𝑉𝑖 are cluster centres; 𝑋𝑘 are clustering elements;
𝑚 ∈ (1, ∞) is the exponential weight; and 𝜇𝑘𝑖 is the
membership degree of the kth element in the ith cluster.
The values of cluster centres 𝑉𝑖 are calculated as
𝑚
𝑚
𝑉𝑖 = ∑𝑘=1,𝑁
1, 𝑐
̅̅̅̅̅(𝜇𝑘𝑖 ) 𝑋𝑘 ⁄∑𝑘=1,𝑁
̅̅̅̅̅(𝜇𝑘𝑖 ) , 𝑖 = ̅̅̅̅

1. As a result of fuzzy clustering, five clusters were
formed (exponential weight 𝑚 = 1.4). Table 2 shows
the values of cluster centroids.
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where the kth row of matrix U shows the membership
degree of the kth object in the ith cluster (0 designates
that the object does not belong to the cluster while 1
means that it does). The membership function in the
fuzzy set can take any values within the interval [0, 1].
The algorithm of fuzzy c-means has the following
parameters: c is the number of clusters while m is the
exponential weight 𝑚 ∈ (1, ∞). Exponential weight m
affects the matrix of membership degrees. The higher m
is, the fuzzier the final c-means matrix; at 𝑚 → ∞, the
degrees of membership tend to 1/𝑐, which is a bad
solution as all objects belong to all clusters with the
same membership degree.
In this analysis, Euclidean distance was used as a
measure of distance. This algorithm enabled us to solve
the task of criterion minimization:

It is clear that the lower value 𝑄𝑖 is, the more
balanced the demographic situation in the region is in
terms of its reproduction potential and the quality of its
future population.
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𝑈 = [𝜇𝑘𝑖 ], 𝜇𝑘𝑖 ∈ {0,1}, 𝑘 ∈ ̅̅̅̅̅̅
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𝑄𝑖 = |𝑅𝑖1 − 𝑅𝑖2 |, 𝑖 = ̅̅̅̅̅̅
1, 𝑀.
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Fuzzy clustering does not provide an exact list of
regions for each cluster. Thus, we obtained models of
demographic situations in different regions of the
country. For instance, the first model (Cluster 1) is
characterized by a high level of reproduction potential:
this cluster has a high rate of natural increase, a large
proportion of children, and a high rate of reproduction

potential realization. The potential quality of the future
population in this demographic model is extremely low,
as this model combines the lowest proportion of healthy
children with the highest disability rate, the lowest
involvement of children in supplementary education,
and the lowest proportion of modern education
institutions.
2. Our experts evaluated the reproduction potential
𝑋𝑖1 and the quality of the future population 𝑋𝑖2 (𝑖 = ̅̅̅̅̅̅
1, 𝑀)
for each cluster (table 3). It can be observed that there is
a lack of balance between the two kinds of potential in
the majority of clusters.
Table 3: Expert evaluation of the potential of cluster
centres
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4
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3. In the next step, the data for each region were
used to calculate their reproduction potential 𝑃𝑖1 and the
quality of their future population 𝑃𝑖2 . The results of
these calculations were then used to rank
regions 𝑅𝑖1 , 𝑅𝑖2 and to estimate balance 𝑄𝑖 of the two
types of potential. In other words, the regions were
ranked according to the two types of potential and how
balanced they are.
It should be noted that some regions did not belong
exclusively to one cluster (based only on the
membership degrees). However, expert evaluations and
membership degrees 𝑃𝑖1 , 𝑃𝑖2 made it possible to get a
clear picture of these regions’ reproduction potential
and the potential quality of their population in the
future.
Let us now focus on the case of Vologda region. The
values of the membership degrees of this region in the
clusters are 0.000113, 0.553551, 0.033691, 0.395077,
and 0.017568, respectively. Therefore, this region
cannot be described as representing only one
demographic model since its membership degrees in the
second and fourth clusters are quite high.
According to table 3, experts evaluated the
reproduction potential of this region in the second and
fourth clusters as ‘medium’ and ‘low’, respectively. The
quality of the future population is evaluated as ‘above
medium’ and ‘medium’, respectively. These data alone

are insufficient to identify the demographic potential of
Vologda region.
Further calculations and ranking provided us with a
more detailed picture of this region’s demographic
potential. The region received the following expert
evaluations: 𝑃1 = 2.16, 𝑃2 = 3.6. Accordingly, the
region ranked 𝑅1 = 40, 𝑅2 = 56 in terms of its
reproductive potential and the potential quality of its
future population. Taking into consideration the overall
number of the regions in this study (79), the ranking
position of Vologda region demonstrates that this
region’s reproduction potential corresponds to the
medium level, while the potential quality of its future
population is below the medium level. As for the
balance of these two types of potential, the region ranks
twenty-first (that is, in the upper third of the ranking)
and can be described as a region with comparatively
balanced levels of these two types of potential.
Thus, fuzzy clustering enabled us to make an exact
evaluation of the demographic potential of the regions
whose characteristics were shared by several clusters.
These regions’ evaluations depended on the values of
the demographic potential of the closest clusters
proportional to the degrees of membership in these
clusters. Such a result would be impossible to achieve if
we applied only clear clustering algorithms, which
would mean that the evaluation of the region’s potential
would be equal to the evaluation of the potential of the
nearest cluster, regardless of the possible similarities
with other clusters.
DISCUSSION
This research undoubtedly contains a number of
debatable points, one of which is the fundamentally
ambiguous solution of the clustering task. It is known
that there is no single or best criterion for clustering
quality. Fuzzy clustering means that the researcher uses
subjective criteria to set the number of clusters and the
exponential weight, which affects the results. If the
number of clusters is too small, however, some groups
of regions with unique characteristics will not be
revealed. An increase in the number of clusters leads to
the creation of clusters with close centroids which do
not manifest significant differences in terms of the
region’s demographic potential.
It should be noted that the value of the exponential
weight is determined depending on how the clustering
results are going to be used. If the level of m is too high,
the final results are ‘excessively averaged’; if it is too
low, all regions get the same evaluation as the cluster
they belong to with a high membership degree, even if
they are actually shared by several clusters.
In further analysis, we can turn from fuzzy clusters
to standard hard clusters using a specific list of regions
for every cluster, which will enable us to develop a
more focused demographic policy. Such a transition can
be done in various ways:
 for example, we can use the α-level set. Let us
assume that a region belongs to a cluster if its
degree of membership in this cluster is higher

than the given value α ( α∈[0,1]). This method,
however, has certain peculiarities which should
be taken into account. For example, if the value
of α is high enough, some regions may
correspond to none of the clusters (if all
degrees of membership are smaller than α). If
the value of α is low enough, some regions
may belong to two or more clusters;
 another way is to use the principle of
maximum membership degree. In this case, if a
region’s membership degree to a certain cluster
is maximal, we will consider that it belongs to
this cluster.
In order to interpret these findings correctly, we
should keep in mind the following.
Firstly, there are different reasons for the
imbalanced demographic development of Russian
regions:
1. Cultural and religious reasons. Russia is a
multinational and multifaith country. For example, in
regions with a high share of Muslim population the
quantitative indicators of demographic potential tend to
be higher. These regions are generally characterized by
strict adherence to family traditions, with people
preferring home-based care for pre-school children and
having strong views about child care and children’s
physical development and health. In such regions, the
potential quality of the population is usually lower than
the reproduction potential.
2. Economic reasons. Russia is a country with a high
level of differentiation between its regional economies.
For example, the maximum GRP per capita in Tumen
region exceeds the minimum GRP in Ingushetia by 14
times. Moreover, different Russian regions have
different urbanization levels: for example, in Moscow
region, the share of the rural population is 7.5% while in
the Republic of Altai, it is 70.8% (9.4 times larger). In
regions with a comparatively high standard of living, a
developed economy, and a high level of urbanization,
the potential quality of the population tends to be higher
than the reproduction potential. In these regions, the
population of reproductive age primarily seeks to realize
themselves professionally, which means that childbirth
is often delayed, resulting in the inevitable decline of
birth rates and reproduction potential.
To improve the demographic situation in Russian
regions, it is essential to achieve the right balance
between the reproduction potential and the potential
quality of the population, while simultaneously
enhancing both types of potential. These are the
objectives that should underpin the demographic policy
of the regions and the country in general. The fullfledged realization of the population’s quality potential,
together with a high reproduction potential, will provide
regions with the amount and quality of human capital
necessary for their economic and socio-cultural
development.
Secondly, the ranking of the regions according to
their reproduction potential and potential quality of their
population demonstrates that a special set of

demographic measures should be developed and
implemented for certain groups of regions. For instance,
in regions with high reproduction potential and low
potential quality of the population, it is necessary to
improve the institutions responsible for the development
of human capital, that is, institutions working in the
sphere of health care, education, and culture. In some
regions, the potential quality is high while the
quantitative indicators are low, which requires measures
which are traditionally used in Russia to stimulate
population growth. It might also be necessary to
redistribute resources from the regions which are at the
top of the reproduction potential ranking and, therefore,
do not need these measures.
CONCLUSIONS
The original methodology applied in this study has
several advantages. Firstly, it considerably reduces the
experts’ workload, as they did not have to provide
evaluation for all 79 regions of Russia. What the experts
had to do was evaluate five clusters as models of the
demographic situation. Secondly, this methodology
reduces the subjectivity level of expert evaluation
because in the final evaluation of the regions’
demographic potential we used the objective
membership degrees we received through fuzzy
clustering. Thirdly, in comparison to hard clustering,
fuzzy clustering enhances the flexibility of evaluation:
our assesments of each region do not depend
exclusively on the potential of the nearest cluster, as we
also take into consideration the region’s possible
similarities with other neighbouring clusters with
different potential. Furthermore, ranking decreases the
impact that the clustering parameters have on the final
result, which makes the study more objective.
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