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territories by the following parameters: "population size", "population density", "average
monthly salary", "shipping volume per capita". Represented as the study object were
cities of the Volga Federal District of Russia with a population size over 100 thousand
people in 2017. As a result of the calculations performed the leading cities were
determined for all researched parameters. The quantitative evaluations obtained by the
authors can be used for investigation of the leading cities effects and determination of
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1 Introduction

Cities, as the most concentrated spheres of human activities, are the main spatial forms
of the modern social and economic development. Under the influence of globalization
and rapid urbanization a lot of changes take place in the urban territorial planning,
forms and organizational structure. As a result, a system of urban hierarchy is created in
the country regions, consisting of large, average and small cities with different functions,
which propels social and economic disparity and differentiation by living standards.

The necessity in development of the basis for regional policy and strategies of spatial
development has determined the importance of cities research in the present scientific
agenda. In order to make efficient and scientifically substantiated managerial decisions
it is necessary to understand mechanisms, conditions and factors underlying the cities
functioning, which makes the investigation of their interrelatedness in the territorial
space of regions and the country on the whole actual.

Research hypothesis: In the settlement system of Russia the differentiated spatial
effects of the geographically adjacent territories are observed which can serve as indica-
tors at creation of the regional development strategy.

The purpose of this research is to evaluate a degree of the cities interrelatedness in the

territorial space of Russia.
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2 Theory

The theme of spatial development of cities is a subject of systematic and active research
at the present stage of scientific development. In the foreign scientific literature at the
close of the twentieth century the urban agglomeration economies distinguished as a
sphere of knowledge from the new economic geography became popular. The econo-
mists try to explain the role of city size (population size) in the economic efficiency and
to evaluate interrelatedness of cities. The fundamental principle of theoretic models is
that not only the significant part of population, but also the economic activity is concen-
trated in the industrially developed cities, and the urban structure is a results of dynamic
interaction of economic activity and city growth process (Gabaix 1999; Cyrdoba 2008a,
b; Duranton 2007).

A. Anas proposed a model with the endogenous number of cities where their disap-
pearance and appearance is allowed, the urban system development trajectory is deter-
mined for the fixed population size. The key result of this model is the conclusion on the
bell-shaped dependency between the population and size of a city. The small cities are
optimal for the very low and very high population size (Anas 2004). Rossi-Hansberg and
Wright proposed a model of city growth based on the exogenous shocks of productive-
ness peculiar to each branch of production. At occurrence of such shock the produc-
tion volume and, consequently, the size of cities specializing in this branch increase. The
urban system in which migration facilitates city growth will make it possible to elimi-
nate local growing returns to scale, which gives permanent returns to scale for the whole
urban system in aggregate (Rossi-Hansberg et al. 2007). Briilhart and Sbergami carry out
evaluation of the agglomeration process influence on the products output in the coun-
try, determine negative or positive effects of interaction within the urban agglomeration
(Briilhart et al. 2009).

In 2002, Paulsen has created for the first time a coordinated set of data on urbanized
territory for all metropolitan cities of the USA, has evaluated the cross models of city
spatial extension determinants (Paulsen 2012). Camagni et al. make attempt in 2012 to
determine the optimal city size. The scientists have represented a model of the equilib-
rium size of cities based on the urban disadvantages and advantages combining the ele-
ments proposed both in the traditional literature and in the updated approaches taking
in to account the environment quality, urban pattern and inter-city cooperation net-
works. The empirical results make it possible to identify "equilibrium" city sizes (Cama-
gni et al. 2013).

The most popular is the theory of city growth represented in the studies of Eeckhout
(2004), Partridge et al. (2008), Schluter and Marsel (2013), Lalanne and Zumpe (2015).
The models of city growth are based on the balance of advantages and disadvantages
of agglomeration, economic forces, such as occupation, transport expenditures, market
potentials, technological innovations. A number of models propose similar determinis-
tic factors being of a fundamental value for explanation of a complex dynamics of rela-
tions between urban hierarchies.

Levinson studied the influence of internal environment of a city on its productivity.
The comparative analysis of a set of variables of the ground transport network struc-
ture (connectivity, hierarchy, periphery, tree-likeness, entropy, accessibility) in 50 largest
metropolises of the USA has shown how a network value and structure depend on the
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city size. The obtained results underline that the large cities are more interconnected
physically (Levinson 2012). Arribas-Bel and Sanz-Gracia use local indicators of the spa-
tial association and other methods of econometric analysis to evaluate distribution of
centers with high density of occupation within the metropolises. Analyzing the selec-
tion of 359 metropolises of the USA (research period 1990, 2000 and 2010) the scientists
made the following conclusions:

(1) mono-centric structure retains in the majority of metropolises: 56.5% in 1990,
64.1% in 2000 and 57.7% in 2010;

(2) the occupation center structure remains stable for the majority of metropolises: a
number of centers was unchanged for 74.9% of metropolises during 1990-2000 and
for 85.2% during 2000—-2010;

(3) as compared to mono-centric metropolises the poly-centric metropolises are larger
and more dense, with high income per head and low poverty datum line (Arribas-
Bel 2014).

The problem of allocation and development of cities in the spatial economy becomes
actual in the studies of Russian scientists in the beginning of twenty-first century. Treiv-
ish has carried out evaluation of dynamics of a rank of Russian cities from 1967 to 2002
and has concluded that the ranks are by and large retained (Treivish 2009). This conclu-
sion confirms the stability of the urban system in Russia. Arkhipov has developed the
functional typology of cities with selection of features: functional structure development
degree, territorial content of functions, economical and geographical position (Arkhipov
2010). Andreyev evaluates allocation of cities in the Volga Federal District with the use
of the Zipf’s law (Andreyev 2014). Kolomak has represented the empirical regularities
of the urban system development in Russia, has analyzed the urbanization level, and has
proposed the econometric evaluations of the urban system development factors (Kolo-
mak 2018).

However, until the present, the crudity of individual theoretical and practical aspects
of city development in the spatial economics takes place, in particular, the adaptive
techniques of the cities interrelatedness and distribution regularity investigation in the
territorial space of Russia are absent, evaluation methods of their allocation efficiency
and functioning are not developed, which does not make it possible to determine corre-
spondence of the economical, social and political goals in the spatial development.

3 Data and methods

The goal of this study can be achieved on the basis of methodical tool of the spatial
autocorrelation evaluation with the use of the Moran’s index. Chen has shown four
approaches to calculation of the Moran’s index, which contributed to development of
the spatial autocorrelation analytical process (Chen 2013). Pavlov and Koroleva apply
the local and global Moran’s index for identification of clusters and sub-clusters (Pav-
lov et al. 2014). Rusanovsky and Markov use the Moran’s index for measurement of the
unemployment spatial localization. This index gives correct results in regard to complex
systems when the relations between the adjacent territories have a linear character (Rus-
anovsky et al. 2016). Suvorova, while calculating the global and local Moran’s index, has
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Fig. 1 Algorithm for evaluation of spatial interrelatedness of Russian cities

developed an approach of identification of direct and reverse effects of the development
of growth poles, and has measured the extent of their influence on the adjacent territo-
ries (Suvorova 2019). The spatial autocorrelation makes it possible to evaluate the avail-
ability of spatial effects occurred as a result of establishment of interrelatedness between
the study objects.

Figure 1 shows the author’s algorithm for evaluation of spatial interrelatedness of RF
cities with the use of the Moran’s index.

(1) At the first stage it is necessary to acquire statistical data and build a matrix con-
taining the data on distances between the territorial units being investigated. The
distance matrix will be built with account of information on a length of motor
roads between RF cities.

(2) Calculate the global Moran’s index:

Page 4 of 18
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where I, the global Moran’s index; N, a number of cities; w;, an element of spatial

i
weight matrix for regions i and j; y, an average value of parameter; and x, parameter
being analyzed.

(3) Determine the index mathematical expectation:

E()=——, (2)
n—1

where E(I), an index mathematical expectation, 7, a number of territories being ana-
lyzed.

(4) Compare the obtained Moran’s index with the mathematical expectation. Make a
conclusion on the availability and the character of spatial autocorrelation.

I.>E(I), positive spatial autocorrelation (values of the considered parameter for
nearby cities are similar); I < E(I), negative spatial autocorrelation (values of the
considered parameter for adjacent cities differ), I;=E(I), no spatial autocorrelation.

(5) Check the significance of the obtained results with the use of the statistical hypoth-
esis check method (z-test) by determining the z-statistics value:

I1—E()

VED? —EU)? ®)

The obtained value determines a number of standard deviations by which the actual

z—statistics =

value of the Moran’s index is subtracted from the expected value.

(6) Create the Moran’s spatial scatter diagram. At the x-axis—standardized z-values of
the parameter is studied, at the y-axis—the value of spatial factor Wz. Shown in
the diagram is a regression line of Wz to z the slope of which is equal to the total
spatial autocorrelation coefficient I at the standardized weight matrix (Vakulenko
2013). The spatial autocorrelation coefficient shows a degree of the linear interrela-
tion between a vector z of the centered values of the parameter under study and a
vector Wz of the spatially weighed centered values of the parameter under study in
the nearby cities (Vakulenko 2013). The axes of the Moran’s spatial scatter diagram
are given in Fig. 2.

(7) Calculate the value of the local Moran’s index (LISA — Local Index Spatial Autocor-
relation) and determine a degree of interrelatedness of a certain city with all the
others.

I =2y wiz, (4)

where I;;, local Moran’s index for ith city; w;;, standardized distance between ith and

ij’
jth city; zi and zj, standardized values of the parameter under study for ith and jth
city. The obtained values can be from -1 to 1.

At I;,<0, autocorrelation for city i is negative, i.e., this city significantly differs from

the nearby cities by the parameter under study (outlier).
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Fig. 2 Spatial scatter diagram of the Moran’s index. LH square: cities located in this square have relatively
low values of the parameter being analyzed and are surrounded by cities with relatively high values of the
parameter being analyzed. HH square: extreme cities have relatively high values of the parameter being
analyzed and is adjacent to the cities which also have relatively high values of the parameter being analyzed.
LL square: cities located in this square have relatively low values of the parameter being analyzed and are
surrounded by cities which also have relatively low values of the parameter being analyzed. HL square: cities
located in this square have relatively high values of the parameter being analyzed and are surrounded by
territories with relatively low values of the parameter being analyzed

At I},<0, autocorrelation is positive, i.e., this city is similar to the nearby cities by the
parameter under study (cluster).

At | I;; |>] 1;; |, similarity/differences of cities i as compared to the surrounding
nearby cities is more than that in case of a city j and its neighbors.

Evaluation of the spatial autocorrelation will make it possible to identify and meas-
ure the interrelatedness between the cities and to distinguish the leaders (by scale of
parameters and influence force).

In order to carry out the study, the selection was generated and composed of the cit-
ies in the Volga Federal District of Russia with a population size over 100,000 people.
Parameters being analyzed: "population size", "population density", "average monthly
salary”, "shipping volume per capita".! Period of investigation—2017. The data of the

1 By types of activity: extraction of mineral resources, processing production, generation of electric energy, gas and
water.
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Table 1 Parameters being analyzed in the cities of the Volga Federal District of Russia in 2017
(Russian regions. Main social and economic parameters of cities. 2018 // Federal Service of State
Statistics  [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/region/reg-gor18.pdf
(date of application 07.02.2020).)

City Population size, Population Average Shipping volume
thousand people  density, menper  monthly salary, per capita,
km? RUB thousand
Ufa 1120.5 15983 39,0114 659.77
Sterlitamak 2795 2535.1 28,7123 34937
Salavat 152 1434.2 35,848.6 1369.80
Neftekamsk 127.8 945.8 28,9239 292.30
Oktyabrsky 1138 1151.7 30,853.6 228.73
Yoshkar-Ola 268.3 27819 28,837 191.96
Saransk 3188 909.6 26,7185 24393
Kazan 12435 2024.7 37,755 255.31
Naberezhnye Chelny 5325 3309.1 31,131 506.29
Nizhnekamsk 2379 20444 39,7324 1935.78
Almetyevsk 156 1356.5 41,600 4060.70
Izhevsk 648.2 2057.8 32,5536 27997
Cheboksary 4923 20115 28,292.9 170.51
Novocheboksarsk 126.6 2482 23,689 24218
Perm 1051.6 1315 38,900.5 587.90
Berezniki 143.1 3319 37,408 1287.67
Kirov 507.2 2984.1 30,854.8 207.69
Nizhny Novgorod 1259 3086.3 39,360.5 343.05
Dzerzhinsk 230.6 571.1 30,054.9 352.16
Arzamas 104.1 30344 26,822 380.10
Orenburg 564.8 21938 34,454 367.93
Orsk 229.2 399.7 24,620 174.19
Penza 524.6 1809 29,3471 209.49
Samara 11634 2146.8 37,054.2 25892
Togliatti 7074 2488 30,079.9 627.95
Syzran 1713 1263.5 26,7724 251.14
Novokuibyshevsk 102.1 396.1 35,3054 504.77
Saratov 844.9 22117 30,5483 198.63
Engels 226.2 2099.5 25,097 276.71
Balakovo 189.8 25287 23,8271 149.50
Ulyanovsk 626.5 19771 29,509.3 264.96
Dimitrovgrad 1153 2777.2 25,450 203.51

Federal Service of State Statistics were used as the information source; the calculation of
distances was carried out as per the automotive portal data.”.

4 Results of research and discussion
The parameters being analyzed in the research are the resulting parameters of the social
and economic development of a city.

The parameters of the population size and density are indicators of city develop-
ment successfulness. The authors have determined practicability of simultaneous

% Automotive Portal of Cargo. Available at: www.avtodispetcher.ru
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Fig. 3 Moran’s spatial scatter diagram (population size) for cities of the Volga Federal District of Russia in 2017
(Russian regions. Main social and economic parameters of cities. 2018 // Federal Service of State Statistics
[Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/region/reg-gor18.pdf (date of application
07.02.2020).)
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Fig. 4 Moran'’s spatial scatter diagram (population density) for cities of the Volga Federal District of Russia
in 2017 (Russian regions. Main social and economic parameters of cities. 2018 // Federal Service of State
Statistics [Electronic resource] http://www.gks.ru/free_doc/doc_2018/region/reg-gor18.pdf (date of
application 07.02.2020).)

analysis of these two parameters. The population size is indicative of the city size,
the population density is indicative of the spatial concentration and the scale effect
indicates the economic yield size. The value of the average monthly salary determines
the material security level of the working-age population and is one of the criteria of
the city’s attractiveness. The shipping volume per capita determines the scales and

Page 8 of 18
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Fig. 5 Moran’s spatial scatter diagram (average monthly salary) for cities of the Volga Federal District of Russia
in 2017 (Russian regions. Main social and economic parameters of cities. 2018 // Federal Service of State
Statistics [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/region/reg-gor18.pdf (date of
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Fig. 6 Moran’s spatial scatter diagram (shipping volume per capita) for cities of the Volga Federal District of
Russia in 2017 (Russian regions. Main social and economic parameters of cities. 2018 // Federal Service of
State Statistics [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/region/reg-gor18.pdf (date of

application 07.02.2020).)

successfulness of the city’s economic activities. Table 1 shows the parameters that are

being analyzed.

A great imbalance is observed by the parameters being analyzed in the cities of the

Volga Federal District. The population size varies from 102.1 thousand people (Novo-

kuibyshevsk) to 1259 thousand people (Nizhny Novgorod); population density—from

331.9 men per km? (Berezniki) to 3034.4 men per km? (Arzamas); average monthly
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Table 2 Grouping of cities of the Volga Federal District of Russia by the Moran’s index (population
size) in 2017 (Russian regions. Main social and economic parameters of cities. 2018 // Federal Service
of State Statistics [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/region/reg-gor18.
pdf (date of application 07.02.2020).)

LH HH

City V4 Wz LISA City z Wz LISA

Neftekamsk —0909  0.081 —0.002 Kirov 0.143 0015 0.000001

Oktyabrsky —0948 0013 —0.00001  Togliatti 0699 0015 0.000001

Yoshkar-Ola —0.520 0.054 —0.001

Nizhnekamsk —0604 0035 —0.001

Novocheboksarsk ~ —0913  0.110 —0.003

Berezniki —0.867 0.091 —0.002

Dzerzhinsk —0624 0478 —0.009

Arzamas —0975 0125 —0.004

Syzran —-0.789 0.117 —0.003

Novokuibyshevsk ~ —0981  0.981 —0.030

Engels —0636 0872 —-0.017

Balakovo —0.737 0061 —0.001

Orsk —0628  0.005 —0.00001

LL HL

City V4 Wz LISA City Z Wz LISA

Sterlitamak —0489 —0.172 0.003 Ufa 1845 —0.172 =001

Salavat —0.842 —0076 0.002 Kazan 2.186 —0.169 —0.01

Saransk —0380 —0.007 0.00001 Naberezhnye Chelny 0213 —0.192  —0.001

Almetyevsk —0.831 —0.039 0.001 Izhevsk 0534 —0038 —0.001
Cheboksary 0102 —0534 —0.002
Perm 1654 —0063 —0.003
Nizhny Novgorod 2229 =029 —0.021
Orenburg 0303 —0059 —0.001
Penza 0.191 —0.029  0.000
Samara 1964  —0.531 —0.033
Saratov 1.080 —0533 —0018
Ulyanovsk 0474  —0.143  —0.002

salary—from 23,689 RUB (Novocheboksarsk) to 41,600 RUB (Almetyevsk); shipment
volume per capita—from 149.5 thousand (Balakovo) to 4060.698 thousand (Almetyevsk).

Figures 3, 4, 5, 6 show spatial scatter diagrams of the global Moran’s index by the
parameters being analyzed in the cities of the Volga Federal District in 2017. Tabular
representation of the local Moran’s index is given in Tables 2, 3, 4, 5.

At the evaluation of the spatial interrelatedness in the Volga Federal District the
cities achieved the global Moran’s index by the parameter "population size"—0.2
with the mathematical expectation of —0.03. So, we can make a conclusion on the
availability of negative autocorrelation by this parameter. Therefore, the change in
the indicator under consideration (population) in the transition from city to city is
significantly different. At the same time, the presence of three leaders is clearly vis-
ible—Nizhny Novgorod, Kazan and Samara, which are not only characterized by a
high population, but also have an impact on the cities surrounding them: the points
that display them are significantly located to the right of the main array.
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Table 3 Grouping of cities of the Volga Federal District of Russia by the Moran’s index (population
density) in 2017 (Russian regions. Main social and economic parameters of cities. 2018 // Federal
Service of State Statistics [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/region/
reg-gor18.pdf (date of application 07.02.2020).)

LH HH
City V4 Wz LISA City V4 Wz LISA
Salavat —0.552 0225 —0.004 Yoshkar-Ola 1106 0.155 0.005
Neftekamsk —1.153 0074 —0.003 Kazan 0174 0224 0.001
Oktyabrsky —0900 0.028 —0.001 Nizhnekamsk 0.199  0.348 0.002
Saransk —1.198 0.192 —0.007 Cheboksary 0.158  0.704 0.003
Almetyevsk —0.648 0.109 —0.002 Novocheboksarsk 0.737 0341 0.008
Berezniki —1.909  0.000 —0.00001  Kirov 1355 0030 0.001
Dzerzhinsk —1615 0565 —0.028 Arzamas 1417 0017 0.001
Orsk —1.826 0.020 —0.001 Dimitrovgrad 1.100  0.035 0.001
Penza —-0091 00mn 0.000 Saratov 0405  0.203 0.003
Syzran —0762 0142 —0.003 Engels 0266 0312 0.003
Novokuibyshevsk ~ —1.830  0.309 —0.018 Balakovo 0.795 0.108 0.003
Ulyanovsk 0116  0.184 0.001
LL HL
City z Wz LISA City z Wz LISA
Ufa —0350 —0.020 0.000001 Sterlitamak 0803 —0255 —0.006
Perm —0699 —0060 0.001 Naberezhnye Chelny ~ 1.755  —0.078  —0.004
Izhevsk 0215 —0.028 —0.0001
Nizhny Novgorod 1481 —0235 —0011
Samara 0325 —0770 —0.008
Togliatti 0745 —0056  —0.001
Orenburg 0382 —0077 —0.001

Two cities—Kirov and Togliatti, belong to the group HH—these are territories, that
according to the values of the indicator under consideration, are comparable with the
surrounding regions. They are elements of the area of the concentration of inhabitants.

The low value of the local Moran’s index indicates the absence of its significant influ-
ence on the surrounding cities.

Twelve cities belong to the extreme territories included in the group HL and pos-
sess the significant (as compared to the nearby territories) values of the parameter
under study. The maximum values of the local Moran’s index are obtained for Nizhny
Novgorod (LISA —0.021), Samara (LISA —0.033) and Kazan (LISA —0.01). Twelve
cities belong to a group of territories with a relatively low population size, surrounded
by the cities with a relatively high value of this parameter (LH square). Almost all the
constituents of this group are in the influence area of the HL group cities which are
their regional centers. The LL group (cities that are not influenced by the surrounding
entities that fell into the field of the study, and are not themselves leaders) includes
two cities of the Republic of Bashkortostan, one city of the Republic of Mordovia and
one city of the Republic of Tatarstan.
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Table 4 Grouping of cities of the Volga Federal District of Russia by the Moran’s index (average
monthly salary) in 2017 (Russian regions. Main social and economic parameters of cities. 2018 //
Federal Service of State Statistics [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/
region/reg-gor18.pdf (date of application 07.02.2020).)

LH HH

City z Wz LISA City z Wz LISA

Sterlitamak —0556 045394 —001 Ufa 14738 0.058 0.00271

Neftekamsk —0514  0.2467 —0.03 Nizhnekamsk 1.61601 0.12285 0.00620

Oktyabrsky —0.13 0.30385 —0.01 Almetyevsk 198419  0.09701 0.00601

Naberezhnye Chelny ~ —0.07 0.58001 —001  Izhevsk 0.2007 0.13594  0.00085

Kirov —0.134  0.020 —0.01 Perm 145201 0.07809 0.00354

Dzerzhinsk —0292  0.204 —0.02  Berezniki 115777 0.08694  0.00314

Orsk —1.363 0.061 —0.03 Orenburg 0.57542 0.02623 0.00047
Samara 1.08803 0.20837 0.00708
Novokuibyshevsk  0.74327 041318  0.0095

LL HL

City z Wz LISA City z Wz LISA

Yoshkar-Ola —0.532 —0.140  0.002 Salavat 0.850 —0.063 —0.002

Saransk —0.950 —0.180  0.005 Kazan 1.226 —0.176 —0.007

Cheboksary —0639 —1040 0021 Nizhny Novgorod ~ 1.543 —0312 —0.015

Novocheboksarsk —1.547 —0456 0022

Arzamas —0.929 —0.047  0.001

Penza —0431 —0.189  0.003

Togliatti —0287 —0.008  0.000

Syzran —0.939 —0.093 0.003

Saratov —0.195 —1.090  0.007

Engels —1.269 —0.203 0.008

Balakovo —1520 —=0.165 0008

Ulyanovsk —0399 —0305 0004

Dimitrovgrad —1.200 —0.012  0.000

Evaluation of the spatial interrelatedness performed on the basis of the population
density analysis in the cities of the Volga Federal District, is indicative of the availabil-
ity of reverse effects between the values of these parameters on the nearby territories.
Such conclusions are obtained by the results of comparing the global Moran’s index
(—0.07) with its mathematical expectation (— 0.03). The majority of the total number
of cities is taken into account with the positive autocorrelation (HH square). These are
predominantly the cities in the central part of the federal district. The highest value of
the local Moran’s index is obtained for Novocheboksarsk (LISA 0.008) and Yoshkar-
Ola (LISA 0.005). Included in the group of territories with relatively high values of
population density, that is surrounded by the constituents having relatively low values
of the parameter under study (HL square), are seven cities of which six are regional
centers, that act as points of agglomeration attraction for the region’s population.

The maximum value of the local Moran’s index was obtained for Nizhny Novgorod
(LISA —0.01). Eleven cities belong to the territories falling under influence of HL
group (LH square). Two regional centers moved into LL group: Ufa and Perm.
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Table 5 Grouping of cities of the Volga Federal District of Russia by the Moran's index (shipping
volume per capita) in 2017 (Russian regions. Main social and economic parameters of cities. 2018
// Federal Service of State Statistics [Electronic resource] URL:http://www.gks.ru/free_doc/doc_2018/
region/reg-gor18.pdf (date of application 07.02.2020).)

LH HH

City V4 wz LISA City z wz LISA
Sterlitamak —0267 044852 —00037 Ufa 0.15761 0.13558  0.00066
Kirov —0462 0013 —0.001 Nizhnekamsk 1.90651 0.27098 001614
Kazan —039% 002641 —0.0003 Perm 0.05910 0.08076 0.00014
Naberezhnye Chelny =~ —0.052 0801684  —0.0013  Berezniki 1.018213  0.01501  0.00047
Neftekamsk —0346 02204 —0.0023

Oktyabrsky —0433 049294 —0.0066

Izhevsk —0.362 0.14961 —0.0017

Kirov — 0462 0.01291 —0.0001

Orenburg —0.242  0.07401 —0.0005

Orsk —0.507 0.03228 —0.0005

LL HL

City z wz LISA City z wz LISA
Yoshkar-Ola —0484  —0.086 0.001 Salavat 1.131 —0049  —0.002
Saransk —0412 —0.122 0.002 Almetyevsk 4819 —0.037 —0.006
Nizhny —0276 —0.152 0.001 Togliatti 0114 —0.120 —0.001
Novgorod

Cheboksary —0513 —0354 0.006

Novocheboksarsk —0415 —0413 0.005

Dzerzhinsk —0264 —0.144 0.001

Arzamas —0.226 —0.128 0.001

Penza — 0460 —0.102 0.001

Samara —-0392 0017 0.000

Syzran —0402 —0.074 0.001

Novokuibyshevsk —0055 —0.168 0.001

Saratov —0474 —0.342 0.005

Engels —0.367 —0428 0.005

Balakovo —0542 —=0125 0.002

Ulyanovsk —0.384 —0.121 0.001

Dimitrovgrad —0468 —0.003 0.001

The empirical results obtained and the graphical representation of the grouping of
cities are in accordance with their role in the regional system of settlement, presented
in Figs. 3, 4. The figures indicate the presence of a correlation between the indicators
of the number and density of the population living in the neighboring territory. An
analysis of the cohesiveness of relationships between individual cities shows that the
influence of regional capitals on nearby cities can be considered significant. At the
same time, these relationships are predominantly opposite, that is, there is a migra-
tion of the population to the center of the region from the periphery, thereby increas-
ing demographic asymmetry and socio-economic inequality.
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Today in Russia, migration is the main factor in the growth of million-plus and large
cities (capitals of regions), there are processes of population converging to points of
agglomeration attraction, similar conclusions were obtained in the works of Zubarev-
ich (2017), Suvorova (2019) and Makarova (2021).

The analysis of the spatial interrelatedness in the cities of the Volga Federal District
by the parameter "average monthly salary” has shown the availability of the direct
relation (global Moran’s index 0.08, mathematical expectation —0.03), which means
the relative spatial uniformity of the average monthly wage.

In the group of cities with a relatively high value of the parameter under study nine
cities are surrounded with territories with a relatively high level of average monthly
salary (HH square) and three cities—with a relatively low value of average monthly
salary (HL square). The highest indicator of the cohesiveness of the spatial mutual
influence of the surveyed cities is — 0.015 (Nizhny Novgorod). The maximum concen-
tration of cities by the parameter under study is observed in square LL, which con-
firms the high prevalence of relatively low average monthly wages, while the links
between them are weak (seen by the distance between the points).

The global Moran’s index (0.02) obtained by calculations and its comparison with
the mathematical expectation (— 0.03) demonstrated the availability, of positive auto-
correlation in the cities of the Volga Federal District by the parameter "shipping vol-
ume per capita”. An analysis of the distribution of cities that fell into different groups
(HH, HL, LL, LH) across the territory of the federal district indicates a high degree of
polarization. Two leading cities have been identified: Almetievsk and Nizhnekamsk.

The points that show these cities are located further to the right of the main array;
high values of the local Moran’s index are obtained by calculations. This result is
explained by that the large oil companies, such as "Tatneftedor", "Bulgarneft", "SMP-
Neftegas", are located on the territory of Almetyevsk. Nizhnekamsk has a status of
"mono-city"; the city-forming branch is petrochemical, oil-refining and energy gen-
erating industries. Seven cities in total having relatively high values of the parame-
ters under study are located in the territory of the Volga Federal District: four in HH
square, three in HL square, all these cities are industrial centers of Russia, in this ter-
ritories there are enterprises of the oil-refining and petrochemical industries (Sala-
vat, Almetyevsk, Nizhnekamsk, Ufa, Perm), mechanical engineering and automotive
industry (Tolyatti, Ufa, Perm) and chemical industry (Ufa, Perm, Berezniki).

Sixteen cities have relatively low values of the parameters under study and are sur-
rounded by the territories also having low shipping volumes per capita (LL square),
including the city Nizhny Novgorod with one million population. The LH group
includes eleven cities, two of which have a million-plus population (Kazan and
Samara). Thus, the million-plus cities of the Volga Federal District are not leaders in
terms of industrial production, which is logical and natural. The role of the center of
industrial production is determined primarily by the structure of the economy of the
settlement and the leading industry. Researchers rightly note that the level of territo-
rial cooperation of subjects is determined not by geographical, but by the organized
proximity (based on similarity, belonging to a single system of relations) (Pozhidaev
2019), which is confirmed in this study.
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Table 6 Leading cities by the results of the Moran’s index calculation on the Volga Federal District of

Russia in 2017

Population size

City Interrelatedness area

Ufa Neftekamsk (LIS/—\U —0.003), Oktyabrsky (LIS/—\U —0.003), Nizhnekamsk

(LISA—0.01) (LISAU —0.001), Novokuibyshevsk (LISA-U- —0.001)

Kazan Neftekamsk (LISAU» —0.001), Oktyabrsky (LIS/—\U —0.002), Nizhnekamsk

(LISA —0.01) (LISAU —0.002), Novocheboksarsk (LISA-U- —0.004), Arzamas (USAU —0.001), Novo-
kuibyshevsk (LISAIJ —0.002)

Nizhny Novgorod Oktyabrsky (LISAU —0.002), Dzerzhinsk (LISAU —0.01), Arzamas (LISAU —0.006),

(LISA—0.02) Novokuibyshevsk(USAU—O.OOW)

Samara Oktyabrsky (LISAIJ —0.002), Novokuibyshevsk (L\SAU —0.03)

(LISA—0.0326)

Saratov Engels (LISAU —0.02)

(LISA—0.18)

Population density

Sterlitamak Salavat (LISAU- —0.004)

(LISA —0.006)

Naberezhnye Chelny Neftekamsk (LISAU —0.004), Oktyabrsky (LISAU —0.003), Almetyevsk (LISAU —0.003)
(LISA —0.004)

Novocheboksarsk Dzerzhinsk (LISAU —0.001)

(LISA —0.008)

Nizhny Novgorod Saransk (LISAij — 0.002), Dzerzhinsk (LISAij — 0.02), Novokuibyshevsk (LISAij — 0.001)
(LISA—0.011)

Samara Novokuibyshevsk (US/—\U —0.01)

(LISA—0.008)

Average monthly salary

Nizhnekamsk Neftekamsk (LISAU —0.001), Naberezhnye Chelny (USAU —0.001), Orsk

(LISA —0.0062) (LISA; —0.001)
Nizhny Novgorod Dzerzhinsk (LISAU —0.003)
(LISA—=0.015)

Shipping volume per capita

Nizhnekamsk
(LISA0.01614)

Almetyevsk
(LISA —0.006)

Oktyabrsky (LISA; —0.001), Kazan (LISA; —0.001), Izhevsk (LISA; —0.001)

Neftekamsk (LISAU —0.002), Oktyabrsky (LISAU —0.007), Kazan (LISAU —0.002),
Izhevsk (LISA; —0.002), Samara (LISA; —0.002)

According to the results of the investigation performed, the leading cities and
the sphere of their interrelatedness is determined. The constituents in HH and HL
squares, having the value of the local Moran’s index by modules higher than the mod-
ules of the average calculated local Moran’s indexes, belong to the leading cities. Cit-
ies in the LH square, in which the value of the local Moran index by module higher
than the module average value of the calculated local Moran indices of the leading
city, relative to which the assessment is made, were in the zone of their influence
(Table 6).

Leaders by population size were cities with a million-plus population (except for
Saratov). Their interrelatedness area predominantly includes cities of the central part
of the Volga Federal District.

Five leading cities from different regions (the republics of Bashkortostan, Tatar-
stan, Chuvashia; Nizhny Novgorod and Samara regions) of the federal district
under study by the parameter "population density" were determined by calculation.
Dzerzhinsk and Novokuibyshevsk to different extents became simultaneous to the
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interrelatedness of two leading cities. It is logical that this relation is stronger towards
subordinate cities in their regional areas.

The leader by average monthly salary level and shipping volume per capita is Nizh-
nekamsk, the city of the Republic of Tatarstan. Its interrelatedness area covers the cities
of the republics of Tatarstan (Nizhnekamsk, Naberezhnye Chelny, Kazan), Bashkorto-
stan (Oktyabrsky), Udmurtia (Izhevsk) and Orenburg region (Orsk). It is notable that the
local Moran’s index for this city is higher by the parameter "shipping volume per capita".
This result is conditioned by the city-forming branch (petrochemical, oil-refining and
energy generating industries) in the city of Nizhnekamsk with the relatively low popula-
tion size (237.9 thousand people).

The second leading city by the parameter "shipping volume per capita” is Almetyevsk
(the Republic of Tatarstan). In the interrelatedness area of which the cities of the repub-
lics of Tatarstan (Kazan), Bashkortostan (Neftekamsk, Oktyabrsky), Udmurtia (Izhevsk)
and the regional center Samara are included.

As we can see, the maximum number of relations is determined in regard to the cities
of the republics of Tatarstan and Bashkortostan. It should be noted, that these constitu-
ents of the Russian Federation have similar structures of GRP and market place pros-
pects. The enterprises of the petrochemical complex and motor-car construction are
concentrated in the territories thereof.

5 Conclusion
The performed analysis of the spatial interrelatedness of cities with the use of the

Moran’s index allows the following conclusions:

(1) The socio-economic space of the Volga Federal District as a whole and its regions in
particular can hardly be called unified. The magnitude of inter-city differentiation
and the values of resource concentration parameters and spatial autocorrelation
coefficients indicate their fragmentation.

(2) No polarization is observed in the cities of the Volga Federal District by the param-
eters "population size", "population density" and "average monthly salary". The fol-
lowing polarization takes place by the parameter "shipping volume per capita”.
Nizhnekamsk and Almetyevsk are subtracted from the rest of the group of cities.
The role of the center of industrial production is determined by the structure of the
economy of the settlement and the leading industry, not by the population of the
city.

(3) The strongest inter-territorial relations (negative autocorrelation) are revealed by
the parameter "population size" for Saratov (LISA —0.18). The adjacent city Engels
(11 km) being in the regional subordination is influenced thereof. It appears prob-
able that the outflow of population takes place from Engels to Saratov. Thus, the
previously obtained results of a number of Russian scientists (Zubarevich 2017;
Suvorova 2019; Makarova 2021) have been confirmed regarding the fact that in
Russia, migration is the main factor in the growth of million-plus cities and large
cities (capitals of the regions). There are processes of the population merging into
points of agglomeration attraction.
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(4)

The territorial proximity to the leading cities facilitates the outflow of resources and
aggravation of the inter-territorial differentiation, which makes it possible to think
of the impracticality of outstripping the constituent’s development due to their neg-
ative action on the economic systems in the region.

In order to decrease the inter-regional social and economic differences in Russia it
would make sense to develop the territories neighboring the leading cities. Mod-
ernization of infrastructure and active social policy of living standards improve-
ment, makes it possible to attract young specialists to cities, which will facilitate the
stable development of regions and the country as the whole. The factor determin-
ing the domicile selection by the working-age of the population is the availability
of work places, the salary level of which meets the requirements of employees. It is
important to emphasize that the mentioned measures should be carried out in the
whole territory of the Russian Federation in order not to increase irregularity and
isolation of individual regions.

The analysis of the social and economic parameters ("population size", "population
density", "average monthly salary” and "shipping volume per capita") has shown the
availability of spatial effects which can be used in the elaboration of the cities and
regions development strategy in part of the determination of the potential market
for the products and the creation of production clusters in the region.

The represented evaluation method of spatial interrelatedness of the territories has
potential for further development. The detailed analysis of the local Moran’s index
components (LISA), for the city will make it possible to determine the availability
and degree of its interrelations with all selected territories by the parameters being
analyzed. The research of the autocorrelation in dynamics and detection of spatial—
temporal shifts is of interest, which will be a topic of future studies.

Empirical results and conclusions complement the series of works by Russian sci-
entists in the study of the spatial organization of the region’s economy (Lavrikova
et al. 2020; Naumov 2019 and others), and the Moran’s index as a tool for assess-
ing spatial autocorrelation (Vakulenko 2013; Ivanova 2014; Pavlov et al. 2014; Rusa-
novsky et al. al. 2016).
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