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Abstract. The article discusses the role of small towns in the spatial structure of the regional population.
The purpose for the study is to assess the irregularity of spatial distribution of urban population in the
Sverdlovsk Oblast and substantiate the prospects for regional distribution system dynamics by using the
methods of mathematical modeling. The author analyzes various domestic and foreign theoretical and
methodological approaches to analyzing spatial disparities in deployment of economic potential and
human capital throughout regions and countries. The author’s approach is to apply the methodological
tools of Zipf’s law, which proved its effectiveness during the study of urban population dynamics in the
works of both foreign and domestic scholars, to study trends and prospects for demographic development
in the Sverdlovsk Oblast. The research has helped reveal actual and ideal Zipf’s distribution for towns
of the Sverdlovsk Oblast during 1989—2015. Based on the methodology the author calculates the values
of optimal population in the towns of the Sverdlovsk Oblast in each period and concludes that over the
past 25 years the deviation of actual distribution from Zipf’s distribution has decreased. It has been
revealed that the largest city of the region — Yekaterinburg, has already exhausted the opportunities for
increasing the number of its residents. It has also been proved that small towns are population donors for
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g?i&ﬁémmh of medium and large towns in the Sverdlovsk Oblast not only in the current period, but also in

the future. The specified role of small towns in the spatial distribution of urban population in the region

is one of the factors generating intense intraregional migration flows. The author concludes that the

regional policy of attracting population to medium and large towns of the region and restraining of the

expansion of Yekaterinburg considering continuous depopulation of small towns. The obtained results

may be used by the experts for justifying measures on management of the region’s socio-demographic

and spatial development.
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development disparities, Sverdlovsk Oblast.

Introduction

The development of the distribution
system and active urbanization processes in
the world have led to the formation of both
large and small settlements of the urban type.
Nowadays small and medium-sized towns play
a significant role in the social development,
being the custodians of the cultural heritage
and national coloring of the country. In
Russia, small towns include settlements
with a population of 10,000-50,000 people
with non-agricultural specialization of the
economy (industry, trade, service industries).
Small towns make up about 2/3 of all cities
in the country, and the population in them
totals 16,600,000 people accounting for 16%
of the urban population of the country. In
addition to it, 38,200,000 people of the rural
population are also in the area of influence of
small towns, because most small towns being
the centers of municipalities take on the role
of socio-cultural centers as well [2]. Thus,
the socio-economic situation of small towns
largely determines the development level of
the country in general (especially its Siberian
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and Far Eastern parts) and the social and
economic well-being of its citizens.

Most of small towns were formed as
administrative, socio-cultural or manufac-
turing centers and have remained that way till
this very day. At the same time, despite their
central role in the binding of economic space
of Russia, imbalances in the development
of small and medium-sized towns on the
one hand and large cities on the other hand
have been increasing. These imbalances
are associated not only with differences in
the economic capacity of cities of different
types, but also with the contradictions
of demographic development. While the
population of large cities is considerably
increasing, the population of small and
medium-sized towns is declining rapidly.
The following common reasons for such
dynamics have been noted: objective socio-
demographic and economic processes, as well
as agglomeration processes that contribute to
the population shift to large, more developed
and attractive cities, which possess a well-
developed amenity infrastructure and provide
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wider opportunities for labor and social
realization of an individual [6, p. 15;9, p. 15-
16; 1]. However, we believe that the reasons
here are somewhat deeper. In this regard, the
aim of the study is to represent the model
of the spatial distribution of the population
in the region, including an assessment of its
unevenness, the definition of the role of small
towns in the spatial structure of the population
distribution, and substantiation of further
population changes in small towns.

The study of the spatial distribution of the
population and its certain groups was
conducted by both foreign and domestic
researchers. Thus, U. Isard proposes to assess
the evenness/unevenness of the population
distribution, calculating the coefficient
of localization, which reflects the relative
degree of concentration of a certain group of
the population in comparison with any other
parameter of the national economy. It provides
the possibility of comparing the percentage

regional profile. The value of the coefficient
can range from 0 to 1. For example, if the
distribution of a given population group
exactly coincides with the distribution of the
base value, then the coefficient will be equal
to 0; if the entire population is concentrated
in one (small) area, then the ratio will be close
to1[3,p.212-213].

Other localization coefficients are the
coefficients of geographic association,
concentration of population, redistribution,
as well as indices of dissimilarity, segregation
and centralization, their descriptions are
provided by U. Izard as exemplified by
American studies (7ab. 1).

In national studies, the issue of spatial
distribution of the population is investigated,
for example, in the context of agglomeration
processes. As defined by Yu.S. Selyaeva,
agglomeration is a complex, spatially
localized, dynamically developing socio-

Table 1. Types of coefficients of localization

Name of coefficient Author Distributions compared

Coefficient of geographic as- P.S. Florence Shares of manufacturing employment by states: industry / versus industry j

sociation

Coefficient of concentration of | E.M. Hoover Shares by states: population versus area

population

Coefficient of redistribution E.M. Hoover, Shares of population or employment in selected manufacturing industries:

P.S. Florence year b versus year a

Coefficient of deviation E.M. Hoover Shares of population by states: white versus Negro

Coefficient of urbanization E.M. Hoover Shares by cities: employment in individual industry versus total population

Index of dissimilarity 0.D. Duncan Shares of workers by areas: occupation group A versus occupation group B

Index of segregation 0.D. Duncan Shares of workers by areas: specific occupation group versus all other oc-
cupation groups

Index of centralization 0.D. Duncan Shares by census tracts: specific occupation group versus all occupation
groups (alternatively, employment in a given industry versus all industry)

Cit. ex.: [3, p. 217-218].
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providing positive outcomes not only by

mic system. Its formation assumes

attracting investments in the development
of urban economy as integral economic
system, increase in tax capacity and increase
in efficiency of budgetary expenditures, but
also through quantitative and qualitative
enlargement of the regional markets
[8], arising as a result of concentration
of the population within the territory of
agglomeration.

A key criterion for determining the
presence and depth of the agglomeration
process is the ratio of the population in the
structural elements of agglomeration, for
example:

— the coefficient of development of
agglomeration proposed by P. M. Polyan [5]
depends on the size of the urban population
of the agglomeration, the number of cities and
urban-type settlements and their share in the
total population of the agglomeration;

— index of agglomeration developed by
Central Research and Design Institute for
Urban Development of the Russian Academy
of Architecture and Building Sciences
represents the ratio of urban population in the
external zone to the urban population of the
whole agglomeration [5].

However, this approach is limited only by
the territory of the agglomeration, and does
not allow one to study the spatial distribution
of the population in the region in general.
In our view, an effective tool to accomplish
this task is Zipf’s law, which is an empirical
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regularity in the distribution of cities and
demonstrates high stability. According to the
law, the size of a city is inversely proportional
to its rank. The law was first discovered to
describe the distribution in ranking of cities
by the German physicist Felix Auerbach in his
work “The Law of population concentration”
in 1913 and it was named after the American
linguist George Zipf, who in 1949 promoted
this regularity, proposing to use it for the first
time to describe the distribution of economic
power and social status [20, p. 484-490)].

N. Moura and M. Ribeiro define Zipf’s
law as demonstration of complex systems
dynamics: “Demographic distribution of
individuals over the earth’s surface having
sharp peaks of population concentration in
cities alternating with relatively large spreads
where population density is much lower,
follows power law of typical dynamics of
complex system” [18]. The use of this tool
is quite a popular method of foreign urban
studies and their results confirm the validity of
Zipf’s law for different countries [11, 13, 19].

The study of urban settlement in the
Russian Federation in accordance with Zipf’s
law [10] showed that:

— most small towns and medium-sized
cities in Russia lie above the ideal Zipf curve,
therefore the expected trend is the continued
population decline due to migration to large
cities;

— 7 cities with population exceeding one
million people (Moscow, Saint Petersburg,
Novosibirsk, Yekaterinburg, Nizhny Novgorod,
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Kazan, Samara), which are below the ideal
Zipf curve, have a significant reserve for the
population growth and expect population
growth due to the migration inflow, thus
allowing them to compensate for the natural
decline in their population;

— there are risks of depopulation of the
first city in rank (Moscow), since the second
largest city (St. Petersburg) and the subsequent
major cities are lagging behind the ideal Zipf
curve due to the labor demand decrease and
increase in costs of living, including chiefly
purchasing and renting housing.

Studying implementation of Zipf’s law in
the cities of Russia, S.N. Rastvortseva and
I.V. Manaeva come to the conclusion that, in
general, this law covers small towns (8,600-
15,300 people) and large cities (66,700 —
331,000 people). In the sampling of cities with
population exceeding 100,000 people, Zipf’s
law does not cover cities over 1,000,000 people
(except for Saint Petersburg) [7].

Our scientific work gives a model of the
spatial distribution of the population in the
Sverdlovsk Oblast and determines the role of
small towns in the system of settlement of this
area. The relevance of this issue is confirmed
by the approved Strategy of socio-economic
development of the Sverdlovsk Oblast up
to 2030 (Law of the Sverdlovsk Oblast of
December 15, 2015), according to which one
of the main tasks is the balanced development
of municipal settlements (that are formed
mostly around small towns) located on the
territory of the Sverdlovsk Oblast, including

Economic and Social Changes: Facts, Trends, Forecast
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a decrease of differentiation in the qualit
of life in municipal settlements located on
the territory of the Sverdlovsk Oblast, the
strengthening of intra-regional connectivity of
the territory of Sverdlovsk Oblast, promotion
of effective interaction between the centers
of the emerging agglomerations (municipal
formation “The City of Yekaterinburg”, the
city of Nizhny Tagil, Serov urban district)
and adjacent municipal settlements, the
development of an integrated polycentric
planning and socio-economic system.
The possibility of solving these problems
is determined, among other things, by
demographic processes occurring throughout
the territories of the oblast, since it is they
who largely determine the quality of life of
the population, on the one hand, and the
spatial structure of the region (connectivity,
agglomeration of territories), on the other
hand.

The application of Zipf’s law for analyzing
population dynamics in the cities of the
Sverdlovsk Oblast will allow one to consider
the prospects for the transformation of
the regional settling system and to provide
strategic directions on socio-economic and
spatial policy, particularly concerning the
issues of maintenance and improvement
of unique capacities of small towns in the
Sverdlovsk Oblast.

Data and methods

Data. The studies are based on the data
about the population base of cities and urban-
type settlements in the Sverdlovsk Oblast

185



Small Towns in the Spatial Structure of Regional Population Distribution

i )
ng to the results of population censuses

carried out in 1989, 2002, 2010 and the
estimated population as at 1 January 2015'.

The sample included 73 settlements,
among which in 2015:

« over 1,000,000 people — 1 city
(Yekaterinburg);

* from 250,000 to 1,000,000 people —
1 city (Nizhny Tagil);

* from 100,000 to 250,000 people —
2 cities (Kamensk-Uralsky, Pervouralsk);

* from 50,000 to 100,000 people —
8 cities;

* from 10,000 to 50,000 people —
33 settlements (including 3 urban-type
settlements);

* less than 10,000 people — 28 settlements
(including 5 cities).

Methods. Zipf’s law is a statistical regularity
of the size distribution of cities in a country
and is well approximated by a Pareto
distribution. The meaningful treatment of the
law is the following: the probability that the
city size is larger than S is proportional to 1/S
and the proportionality factor is equal to 3. If
B = -1, then the largest city is twice as big as
the second largest one, and three times as big
as the third largest city, and so on. As a result,
in regression:

In(S) =0+ BIn(R) + ¢,

where In(S)) is the logarithm of the population
of the i-th city, and In(R)) is the logarithm of the

' City population. Population Statistics for Countries,
Administrative Areas, Cities and Agglomerations — Interactive
Maps and Charts. Available at: http://www.citypopulation.
de/php/russia-sverdlovsk.php (accessed 26.05.16).
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counting number of the i-th city in the descending
sequence, the coefficient P is equal to -1 [4].

Thus, cities below the ideal Zipf curve are
characterized by a shortage of population, and
those located above it are the cities with
surplus population. The regressions were used
to calculate the “ideal” population size and
estimate its surplus/shortage in a particular
city.

Results and discussion

According to the territorial body of the
Federal State Statistics Service in the
Sverdlovsk Oblast, from 1989 until 2015 the
total urban population in the region has
been reduced from 40,113,000 to 36,489,000
(by 9 p.p.). The population decline was
noted in all urban-type settlements of the
Sverdlovsk Oblast, with the exception of the
cities of the emerging agglomeration “Big
Yekaterinburg”: Yekaterinburg, Verkhnyaya
Pyshma, Sredneuralsk, Aramil, which
have the population increase by an average
14p.p. Due to the redistribution of the urban
population in the region, the number of towns
with population less than 10,000 people
has increased from 18 to 28, the number of
small towns with a population of 10,000-
50,000 people has reduced from 39 to 33
and the number of medium and large cities
with population over 50,000 people has also
decreased from 16 to 12. And the flow of the
population, as it had been noted above, was
carried out mainly to Yekaterinburg and its
satellite cities, as well as outside the Sverdlovsk
Oblast.
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Figure 1. The Zipf distribution for cities and urban-type settlements
in the Sverdlovsk Oblast as of January 12, 1989
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Source: City population. Population Statistics for Countries, Administrative Areas, Cities and Agglomerations — Interactive
Maps and Charts. Available at: http://www.citypopulation.de/php/russia-sverdlovsk.php (accessed 26.05.16)

Figure 2. The Zipf distribution for cities and urban-type settlements
in the Sverdlovsk Oblast as of October 9, 2002
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Maps and Charts. Available at: http://www.citypopulation.de/php/russia-sverdlovsk.php (accessed 26.05.16).

According to the data on the population in
cities and urban-type settlements of the
Sverdlovsk Oblast, the Zipf distribution over
four periods (Fig. 1—4) was constructed. The
regressions indicated in these figures make it

Economic and Social Changes: Facts, Trends, Forecast

possible to calculate the population optimum
for each of the settlements included in the
study and to quantify the surplus or shortage
of the population in various years (7Tab. 2). It
should be noted that the years 2010 and 2015
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similar picture of the distribution of
urban population across the territory of the
Sverdlovsk Oblast with a certain tendency to
increase, for this reason the figures for 2010
are not presented.

As can be seen in Fig. 1, in 1989 the
location of the urban population in the
territory of the Sverdlovsk Oblast had
significant deviations from the Zipf
distribution. For cities with a population of
10,000-50,000 people the average deviation
was 24.9%; for cities with a population of
over 50,000 people — 30.5%. This is due
to the fact that strict regulation of internal
migration prevented the free movement of the
population and did not allow one to smooth
out interterritorial differences in socio-
demographic development.

The transition to the market mechanisms
in the 1990s was characterized by polarization
of socio-demographic development of the
cities of the Sverdlovsk Oblast.

As can be seen in Figure 2, the deviation
from Zipf’s law has also increased toward
population shortage in large and medium-
sized cities (with population over 50,000
people), averaging 32% (or 568,000 people
in total), and toward reduction in the surplus
population in small towns (10,000-50,000
people), accounting for an average of 24%(or
239,600 in total). At the same time, it should
be noted that the movement of the population
during this period has resulted in reduction
in surplus/ shortage of the population (in 55
settlements), as well as in its increase (in 19
settlements).
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The period of 2010-2015 (Fig. 3—4) is
characterized by a further decrease in the
polarization of socio-demographic
development and by the approximation of
the population distribution in the cities of the
Sverdlovsk Oblast to the Zipf distribution.

However, one should note two facts
concerning the spatial distribution of the
urban population across the territory of the
Sverdlovsk Oblast as at the beginning of
2015. Firstly, a large population increase
in Yekaterinburg has led to its big surplus
from the point of view of the population
distribution in the region. Secondly, towns
(with the exception of the satellite cities of
Yekaterinburg) are characterized by the
reduction of surplus population. However,
though this surplus is still quite significant
(188,500 people), it can be freely absorbed
by the medium and large cities, which are
in need of 554,800 people. Thus, it can be
concluded that the population movement
from small towns to medium and large cities
will continue in the near term and make the
spatial distribution of the population in the
region closer to Zipf’s law.

Our calculations are confirmed by the
findings of other researchers [12, 14, 15, 16,
17] about the spatial distribution of the
population being a complex system,
tending to some balanced condition (the
Zipf distribution), and having the ability to
return to it after disasters of different nature
(including artificial barriers to the free
movement of the population).
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Figure 3. The Zipf distribution for cities and urban-type settlements
in the Sverdlovsk Oblast as of October 14, 2010
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Source: City population. Population Statistics for Countries, Administrative Areas, Cities and Agglomerations — Interactive
Maps and Charts. Available at: http://www.citypopulation.de/php/russia-sverdlovsk.php(accessed 26.05.16).

Figure 4. The Zipf distribution for cities and urban-type settlements
in the Sverdlovsk Oblast as of January 1, 2015
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Source: City population. Population Statistics for Countries, Administrative Areas, Cities and Agglomerations — Interactive
Maps and Charts. Available at: http://www.citypopulation.de/php/russia-sverdlovsk.php(accessed 26.05.16).

In comparison with the trend lines
indicated in Figures 1—4, the value of the
free term and the module of regression
coefficient increased during the survey
period, which corresponds to the rotation
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of the trend line in a clockwise direction
and its upward movement, and it means the
acceleration of the population distribution
unevenness and the reduction of the
population of small and medium cities. This
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€ "rfesponds to the current nationwide
trend of advanced growth of larger cities,
while the share of the population living in
cities with smaller population is significantly
reducing [10]. Therefore, in the near
term small towns will remain the source
of human capital for medium and large
cities. However, it should be noted that
Yekaterinburg has already exhausted the
opportunities for increasing its population
size. Hence, a well-thought-out policy of
the regional authorities is needed to regulate
the population migration and to increase
the attractiveness of the cities (except
Yekaterinburg), which could take the surplus
population from small towns.

Conclusion

The spatial structure of the population
distribution in the region is a dynamic system
that undergoes changes under the influence of
demographic and socio-economic factors
towards a certain equilibrium state. Numerous
foreign and domestic studies have proved
that this equilibrium state is determined by
Zipf’s law and is revealed in many countries
of the world. This allows one to make
solid conclusions on the trends, factors
and prospects for the development of the
settlement systems surveyed.

Our study presents the results of the
analysis of the spatial distribution in the cities
of the Sverdlovsk Oblast. The data obtained
for 1989, 2002, 2010 and 2015 show that
in general the distribution of the urban
population throughout the region follows
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Zipf’s law, and moreover, in the course of time
the actual distribution gradually shifts towards
the ideal Zipf distribution.

It is also determined that large and
medium-sized cities are characterized by
shortage of the population, and small cities -
by its surplus. It should be noted that as a
result of the population redistribution in the
cities of the region, there is a reduction in the
positive or negative deviation of the population
of the studied cities from the “optimal” one,
i.e. corresponding to Zipf’s law.

Therefore, not only socio-economic
factors (imbalances in economic and socio-
cultural potential) are the reasons for the
population decline in small towns and the
population growth in large cities, but also the
desire of a spatial structure of the population
as a dynamic self-organizing system to a
more balanced state. In this situation, small
and medium-sized cities are donors of
human capital for large cities of the region.
Moreover, this trend is expected to continue
in the near future and it should be taken into
account while developing a regional socio-
economic policy as regards the preservation
and development of the potential of small
towns in the Sverdlovsk Oblast.

In addition, we should emphasize that
Yekaterinburg, the largest city of the region,
with a population of about 1.5 million people
under the existing system of resettlement has
already exhausted its opportunities to increase
the number of residents without prejudice to
the other territories of the Sverdlovsk Oblast.
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This fact has to be taken into consideration = medium) in order to stimulate the m

n

by regional authorities that should focus on  of area residents and external migrants thus

improving the attractiveness of other cities in  to increase stability and balance of the spatial

the region (large and in particular small and  structure of the population distribution.
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