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Examining Regional Polycentricity:  
Does It Really Matter in Transitional Russia? 1

In the normative agenda of European countries, polycentricity is considered a desirable spatial form for 
encouraging regional competitiveness and territorial cohesion. Since the collapse of the Soviet Union, Russian 
regions have undergone various reforms aimed at reducing tremendous social-economic differentiation, but 
the results of applied strategic plans were moderate. According to the existing Spatial Development Strategy 
of the Russian Federation, polycentric patterns are encouraged to increase the quality of economic space and 
its connectivity. Using statistical data from 2017 for 271 Russian municipalities, the research addresses the 
impact of socio-economic determinants and road infrastructure on the spatial structure. The Republic of 
Bashkortostan and six adjacent regions served as a case study. Conducted regression analysis identified key 
variables that influence polycentricity, upon which global and local Moran’s indexes were calculated to re-
veal the potential for intraregional cooperation. Research findings showed that polycentricity in its morpho-
logic nature is positively determined by economic variables (namely, the value of shipped goods, performed 
works and services) and social infrastructure (the number of doctors per 10 000 inhabitants) while spatial 
autocorrelation is weak both within and beyond regional boundaries. The results may be used for formulat-
ing regional policies, infrastructure programmes, and spatial planning.
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Оценка значимости региональной полицентричности для России переходного периода
В европейских странах полицентричность рассматривается как оптимальная пространственная структура, 

обеспечивающая региональную конкурентоспособность и территориальное взаимодействие. После распада 
Советского Союза в России были проведены многочисленные реформы, направленные на преодоление региональной 
социально-экономической дифференциации, которые, однако, не привели к значительным результатам. 
Существующая Стратегия пространственного развития Российской Федерации способствует распространению 
полицентрических моделей для повышения качества и связанности экономического пространства. На основе 
статистических данных за 2017 г. проанализировано влияние показателей социально-экономического развития 
и дорожной инфраструктуры 271 российского муниципалитета на пространственную структуру. Исследование 
проводилось на примере Республики Башкортостан и шести прилегающих к ней регионов. Регрессионный анализ 
выявил ключевые переменные, влияющие на полицентричность, на их основе были рассчитаны глобальные и 
локальные индексы Морана для определения возможности внутрирегиональной кооперации. Вычисления показали, 
что на полицентричность положительно влияют экономические переменные (стоимость отгруженных товаров, 
выполненных работ и услуг) и социальная инфраструктура (количество врачей на 10 000 жителей); слабая 
пространственная автокорреляция наблюдается и внутри регионов и за их пределами. Результаты исследования 
могут быть использованы для разработки региональной политики, инфраструктурных программ и планов 
пространственного развития.

Ключевые слова: полицентричность, пространственная автокорреляция, плотность занятости, экономическое 
развитие, социальная инфраструктура, дорожная инфраструктура
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1. Introduction
The first reference to the term «polycentricity» 

in normative plans is found in the European Spatial 
Development Perspective (ESDP) released in 1999. 
There was a strong need for the implementation 
of spatial tools and mechanisms to counterbal-
ance the development of the European Union (EU) 
key centres, including the metropolises of London, 
Paris, Milan, Munich, and Hamburg, having 40 % 
of the EU’s population, accounted for 50 % of the 
EU’s gross domestic product (GDP). The main goal 
of the ESDP is to achieve a balanced and sustain-
able development by strengthening economic and 
social cohesion. The collaborative measures in-
clude common agricultural policy, environment 
policy, research, and technological development. 
The basic assumption in forming an effective co-
operation network is a complementarity or re-
gions’ ability to complement each other and coop-
erate. The complementarity is manifested through 
the distribution of such functions as culture, edu-
cation, knowledge, and social infrastructure.

The concept of polycentricity and its appli-
cations at different scales are widely discussed 
across advanced and developing economies 
(Salvati, Carlucci, Grigoriadis & Chelli [1]; Knaap, 

Ding, Niu & Mishra [2], Murakami & Chang [3]). 
In the Russian Federation, the issues of polycen-
tric development are becoming popular due to a 
crucial need to establish spatial development pol-
icies to increase the sustainability of the existing 
regional structure. 

Polycentricity has been highlighted in the 
Spatial Development Strategy of Russia as a spa-
tial structure made up of equal distribution cen-
tres within a national economy. Despite numer-
ous insightful studies on polycentricity and its 
implementation at different geographic scales 
in European countries, the concept remains 
rather «fuzzy» in theory. This paper focuses on 
the polycentric development at the intraregional 
level; a municipality is considered an initial ter-
ritorial unit of regional analysis within adminis-
trative demarcation in Russia. The research aims 
to shed some light on the impact of the munic-
ipality’s economic development, road and so-
cial infrastructure on polycentricity in terms of 
employment density. These indicators are taken 
into consideration due to assumptions rooted 
back in Alonso’s theory [4] postulating that ad-
vanced infrastructure makes possible the benefits 
of polycentric development; the infrastructure de-
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termines the possibilities of decentralisation, em-
ployment and economic activities. The well-de-
veloped infrastructure facilitates a firm’s interac-
tions by reducing transportation and information 
costs. On the other hand, transport infrastruc-
ture supports the commuting and trade flows be-
tween core and periphery. This study represents a 
two-steps technique aimed at 1) identification of 
key regional determinants driving polycentricity 
in municipalities; 2) evaluation of spatial effects 
based on the first step determinants.

The basic findings showed a strong relation-
ship between polycentricity and economic devel-
opment of the municipality in most examined re-
gions. Furthermore, such an indicator as the num-
ber of doctors for 10,000 inhabitants is closely re-
lated to polycentricity. To assess spatial effects, 
Moran’s global and local autocorrelation indexes 
were applied. I identified high-high and low-low 
areas related to social infrastructure and invest-
ment in fixed assets to determine potential bound-
aries for interregional cooperation.

My research contributes to the existing body of 
literature in two ways. Firstly, it enriches empiri-
cal evidence by testing the hypothesis of whether 
the indicators of economic development, invest-
ments, and social and road infrastructure affect 
polycentricity in emerging Russia. Present stud-
ies on polycentric issues deal with a) polycentric-
ity effects on territory’s economic development; 
b) descriptive analysis of commuting and settle-
ment patterns. This paper relates to fast-growing 
literature that focuses on the effects of regional 
economic conditions on polycentricity. China & 
Liu [5] examined the influence of spatial structure 
on economic productivity measured in terms of 
the capita GDP of a city and proposed regression 
models that presented an uncertain picture of the 
effects of spatial structure on urban productivity. 
Kanai & Schindler [6] researched how polycentric 
urban expansion affected infrastructure networks; 
they proved that project-led polycentrism accumu-
lating major investments attributed to secondary 
nodes did not decentralise planning power. Rauhut 
& Komornicki [7] applied a multivariate cross-sec-
tion regression model to estimate the impact of 
polycentrism on low-, medium-, and high-central-
ity social services. Their results showed no posi-
tive relationships between polycentrism and these 
variables. Present research follows a similar path 
by highlighting economic and social development 
factors that influence polycentricity.

Secondary, paper adds to a large body of liter-
ature focused on the descriptive analysis of com-
muting (Vasanen [8]; Dadashpoor, Afaghpoor 
& Allan [9]; Zhong, Schläpfer, Müller Arisona, 

Batty, Ratti & Schmitt [10]) and employment pat-
terns (Krehl [11]; Schmitt, Volgmann, Münter & 
Mitchell [12]; Zambon, Serra, Grigoriadis, Carlucci 
& Salvati [13]). My research contributes to this 
emerging body of literature and examines spatial 
horizontal ties to determine perspective regional 
centres in terms of investment and social infra-
structure to boost intraregional cooperation and 
interaction. 

The rest of the article is organised as follows. 
Section 2 reveals the theoretical background and 
regional identities of the Russian spatial struc-
ture. Section 3 presents the study area and data. 
Section 4 includes methodology. Section 5 reveals 
empirical results and interpretations. Section 6 
contains concluding remarks. 

2. Theoretical Background and the Case  
of Russia

Traditionally, the understanding of polycen-
tricity as many independent separately organ-
ised centres is not new in regional science. The 
main assumption of polycentricity is about form-
ing the set of independent spatially linked cen-
tres with sufficient critical mass to provide posi-
tive spatial effects comparable to the large met-
ropolitan area, while such typical agglomeration 
problems as pollutions, traffic, high land value are 
missing. In general, the issues of centre interac-
tions are traced back to Christaller’s and Lösch’s 
foundation works in which hierarchical links be-
tween centres were examined in terms of flows 
of goods and services. Recent studies attempt to 
capture the reasons and mechanisms of urban 
sprawl at different scales supported by decentrali-
sation of settlement patterns and economic activ-
ities. The increasing mass of private cars, boost-
ing the development of transport systems allowed 
people to leave central business districts and set-
tle down in suburban areas. Therefore, the hier-
archy-orientated model of interactions between 
core and periphery lost its relevance, and the em-
phasis was shifted to exploring the emerging net-
work (polycentric) spatial structure. 

The existing practice of applying this concept 
shows diverse results of implementation at dif-
ferent scales. However, at the national level it was 
put into the normative field, at the regional level 
it was mostly used analytically [14].

It is possible to distinguish at least three ap-
proaches that deal with polycentricity. The first 
one is a morphological approach that concen-
trates on descriptive analysis of subcentres and 
centres emerging in suburban areas. For instance, 
Ruguelle, Thomas & Verhertsel [15] detected 
clusters of employment for four urban regions 
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in Belgium using the Hoover and Moran’s indi-
ces. Their findings revealed that polycentrism was 
still weak and employment centres of the four cit-
ies were rare and closely linked to historical land-
marks. Aguilera & Mignot [16] distinguished two 
types of subcentres: suburban subcentres nearly 
located in the city centre and outlying subcentres 
situated on the main transport axes. According to 
research results, these subcentres were not able 
to resist diffused sprawl of residences beyond 
them. The latest studies exploit various methods 
of identifying urban density. To measure polycen-
tricity, Taubenböck, Standfuß, Wurm, Krehl & 
Siedentop [17] applied a physical approach involv-
ing a large area of 3D building models based on 
sensitive data. 

Another line of research addresses functional 
polycentricity. Parr [18] analyses a phenomenon 
of the polycentric urban region (PUR) by specify-
ing its essential characteristics, including clus-
tering of centres, centre specialisation, the size 
distribution of centres and interaction among 
them emerge. Interaction includes commuting 
patterns, flows of goods and services. Parr has 
found that trade within the PUR is not hierar-
chically restricted. For instance, a centre of me-
dium size may export goods and services both to 
a centre of comparable size and to one of greater 
size. Limtanakool, Schwanen & Dijst examine a 
spatial organisation of the economic activities in 
advanced economies. They consider three jour-
ney purposes, namely, business, holiday, and lei-
sure. The authors studied patterns of interac-
tion between functional urban areas (FURs) in 
France and Germany by developing the three di-
mensions of interaction (strength, symmetry, and 
structure). 

Vasanen [19] explores connectivity fields as a 
measure of functional polycentricity. The connec-
tivity field of a distinct centre presents the dis-
tribution of origins of direct flows (commuting, 
shopping trips, telephone, and email traffic etc.) 
to the centre. He used commuting data to measure 
the degree of functional interactions across three 
different scales. Vasanen confirmed the scale-de-
pendent character of polycentricity; the higher 
the spatial scale, the lower degree of functional 
balance. Yang, Wang, Bai & Han [20] focus on 
the dependence between urban forms in terms of 
«polycentricity-monocentricity» and commuting 
patterns. The authors study commuting distances, 
car mode share, commutes inside the subcen-
tres to provide detailed empirical data related to 
transport outcomes and travel patterns. Hu, Sun & 
Wang [21] investigate the effect of changing urban 
structure on commuting patterns in China. They 

consider emerging-, persisting-, and non-centre 
territories, examining spatial evolution.

At last, third research group explores issues 
of polycentric development in the context of its 
impact on different territorial indicators such as 
culture, leisure, sports amenities, gross domestic 
product, housing prices, etc. Maijers [22] tests the 
hypothesis of whether a polycentric urban region 
can provide cultural, leisure, and sports amenities 
to a similar extent as a monocentric city-region in 
42 Dutch regions. His study proved the negative 
relationship between the extent of polycentricity 
and presented amenities.

Brezzi & Veneri [23] explored polycentricity at 
three different spatial scales in the Organisation 
for Economic Co-operation and Development 
(OECD) countries (metropolitan, regional and na-
tional levels) to find out whether polycentricity af-
fects economic development. The findings proved 
the scale-dependent character of polycentricity 
and showed a mixed picture: at the national level, 
OECD countries with a more polycentric urban 
structure demonstrated higher GDP per capita. 
Conversely, at the regional scale, more monocen-
tric regions have higher GDP per capita in com-
parison with more polycentric counterparts.

Wen & Tao [24] try to model how housing price 
is determined by a building’s age, neighbourhood, 
location characteristics, and polycentric urban 
structure. They emphasised the spatial depend-
ence on housing prices. Moreover, the emerging 
polycentric urban structure had a significant im-
pact on housing prices.

The collapse of the Soviet Union greatly trans-
formed the spatial structure in Russia. Having 
pre-existing ties, regions turned into frag-
mented, deeply different parts of a national en-
tity. Governmental reforms aimed at strengthen-
ing the interaction between regions and reducing 
economic disparities showed moderate results [25, 
26]. In 2018, the gap between the most and least 
developed regions in terms of shipped own pro-
duction, performed works and services was 721 
times, investment in fixed assets — 229 times. The 
transition to a market economy was more favour-
able for diversified export-oriented regions; old 
traditional industrial regions lost their place in 
the overall system of economic ties. In this regard, 
Russia is of particular interest due to two reasons. 
Firstly, Soviet reforms were primarily aimed at 
boosting industrial development and the return 
on investment; settlement patterns were regarded 
as an essential part of the labour force, while mat-
ters of social and road infrastructure development 
were almost ignored. The latest reforms in spatial 
planning showed a shift in focus to strengthening 
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social and road infrastructure, increasing the qual-
ity of people’s well-being. Thus, a rather strong re-
lationship between the level of polycentricity and 
gross regional product (GRP) per capita and invest-
ments is expected. Furthermore, I am interested in 
exploring the effects of social and road infrastruc-
ture on polycentricity. Secondly, the potential for 
interregional cooperation is still weak due to the 
lack of joint projects and regional programmes be-
yond traditional administrative boundaries. Thus, 
the absence of positive spatial autocorrelation re-
garding key factors driving polycentric develop-
ment beyond regions is assumed. To summarise 
the above mentioned, Russian regions have un-
dergone a series of economic reforms that signif-
icantly affected the spatial structure; their out-
comes present an unclear picture. Therefore, there 
are reasons to assume that polycentricity is de-
pendent on economic development, investments, 
social and road infrastructure.

3. Data and Descriptive Statistics

Before data and methodology description, to 
facilitate comprehension, it is necessary introduce 
administrative structure in Russia. The Russian 
Federation consists of eight Federal Districts (the 
first administrative level) including 85 regions 
(the second level). Regions, in their turn, are di-
vided into municipalities (the third administrative 
level). The Republic of Bashkortostan and six adja-
cent regions serve as a case study.

This analysis uses data on 271 municipalities 
in six regions. The Sverdlovsk region is adjacent 

to the Republic of Bashkortostan, but it was ex-
cluded from analysis because of missing data. 
Among case regions, the Republic of Tatarstan is 
in the top twenty of most economically developed 
regions in the country. There is significant spatial 
heterogeneity within the research area; only 8.9 % 
of the total number of municipalities covers 90–
99 % of total employment. To provide a deep un-
derstanding of spatial differentiation in economic 
variables, the data were presented at both the in-
tra-regional (Table l) and cross-regional levels 
(Figure 1). This diagram demonstrates differentia-
tion between the most and less developed regions 
in terms of the value of shipped own production, 
performed works and services, and investments in 
fixed assets.

Figure 1 and Table 1 show that the inter-re-
gional differentiation attributed to investments in 
fixed assets, and the value of shipped own produc-

Fig. 1. Inter-regional differentiation (max/min ratios)
Source: Rosstat statistics (processed by the author)

Table 1
Descriptive statistics of variables (across municipalities)

Category Variable definition Variable Mean Min Max Coefficient of 
variation, % 

Economic 
development 

Value of shipped own production 
goods, performed works and services, 
million roubles 

prod 32781,10 16,40 1070397,82 347,19

Investments in fixed assets million 
roubles inv 5010,45 184388,4 8,4 372,35

Social infra-
structure

Number of hospital beds per 10,000 
persons beds 46,48 4,10 144,10 46,97

Number of doctors per 10,000 persons doc 24,78 2,80 89,20 41,41
Number of middle-level medical 
personnel per 10,000 persons nurs 93,39 883,30 36,50 57,99

Provision of housing (average total floor 
space per person, in square meters) hous 26,10 14,10 48,30 26,89

Access of children to pre-school or pre-
primary educational establishments, 
places for 1,000 children

kgard 840,03 381,00 1450,00 24,32

Road infra-
structure

The proportion of motorway with 
hard surface in the overall length of 
highways, percent

roads 74,79 26,60 100,00 15,20

Source: Rosstat statistics (processed by the author).
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tion goods, performed works, and services is much 
lower than the inter-municipal one. 

Data presented in Table 1 indicate significant 
disparities in economic development variables 
within municipalities. It can be explained by the 
dominance of traditional industrial centres with 
well-developed transportation infrastructure at-
tracting large-scale investments. However, the 
spatial disparities in social and road infrastructure 
are substantially narrower due to government pol-
icy programmes adopted recently.

The recent empirical developments, concern-
ing the examined concept, present various meth-
ods for polycentricity measuring, which are pri-
marily dependent on engaged morphological or 
functional approach. A morphological approach 
was chosen for this study, as it explores employ-
ment or population density as polycentric dimen-
sions. First, this concept was originally designed 
in an attempt to explain the reasons for urban 
sprawl characterised by the extension of settle-
ment or employment patterns beyond administra-
tive urban boundaries caused by the dramatic in-
crease in the number of automobiles. It has tradi-
tionally been applied to the meso-level of urban 
agglomeration focusing on intra-urban patterns 
of clustering of people and economic activity in 
Los Angeles, Paris and London [14].

Second, the pivotal issue in the polycen-
tricity studies is that while metropolitan areas 
are becoming decentralised, the central busi-
ness districts are losing centrality in terms of 
employment. 

As for calculation algorithms attributing to 
polycentric patterns, I can distinguish different 
techniques. Ruguelle, Thomas & Verhertsel [15] 
measure polycentricity using the Hoover index, 
which compares the distribution of a variable X 
with the distribution of a variable Y (equation 
1):

1

1
2 =

 
= − 

 
∑

m

h i i
i

I X Y                   (1)

Ih — Hoover index; i — number of areas under con-
sideration; Xi — employment in the i-area; Yi — to-
tal surface of the i-area.

This indicator shows what share of employ-
ment should be redistributed to achieve equiva-
lence over the entire examined territory.

Veneri & Burgalassi [27] quantify the mor-
phological polycentricity with the ratio of peo-
ple living in the main city over total population 
in the region, as shown in equation 2: the higher 
the weight, the higher the monocentricity of the 
region. 

( )
( )

1

 
,

 
N

n

pop c
weight

pop n
=

=

∑
                    (2)

weight — share of the main city in the total pop-
ulation in the region; pop(c) — population in the 
main city; pop(n) — population in the region.

However, the Hoover index and population 
ratios cannot predict a hierarchical asymmetry 
across centres; thus, a rank-size approach, which 
is rooted in Zipf’s Law, gained great popularity 
[28]. This approach ranks cities to in the region ac-
cording to their population (rank) and then equa-
tion 3 is estimated:

ln ln .pop rank= α +β                  (3)

The slope of the equation reflected by the β-co-
efficient indicates the polycentricity level in the 
region: the higher the value of β-coefficient, the 
higher the polycentricity. The main disadvantage 
of this approach is that it should be based on the 
same number of centres in cities to make the com-
parison adequate.

Thus, concentration of employment den-
sity in 2017 was used as a measure of polycen-
tricity in Russian regions (following Veneri & 
Burgalassi [27]) due to its simplicity and avail-
able data. Furthermore, the centres’ hierar-
chy is out of the research focus, a rank-size ap-
proach is not necessary. At present, most of the 
European studies deal with centre-identifying 
matters in large metropolitan areas interlinked 
by commuting patterns. In this research, munic-
ipalities are considered as centres of employ-
ment density. 

To calculate the concentration of employment 
density, I divided municipal density by overall em-
ployment related to the region as a whole. A mor-
phological approach was chosen for the following 
reasons. Firstly, there is no data on communing 
patterns. Secondly, the regional structure of ter-
ritorial units under consideration demonstrates a 
large spatial heterogeneity and weak connectiv-
ity. Thus, application of the functional approach 
involves a search for appropriate polycentricity 
measures substantially different from the ones 
used in foreign countries. 

To assess economic development, two varia-
bles were chosen: the volume of shipped goods, 
performed works and services, and investments 
in fixed assets. To determine social infrastruc-
ture, variables attributed to medical and child-
care services are used. Issues of road infrastruc-
ture are especially important because of the 
length and vast geographic area covered by the 
country.
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4. Methodology

4.1. Empirical Model Specification

This research analyses the dependence be-
tween regional polycentricity measured through 
population density in municipalities and variables 
related to economic performance and social and 
road infrastructure, using the next multiple re-
gression (equation 4):

0 1 2 3

4 5 6 7

8 9 .

P prod inv beds
doc nurs hous kgard

road square

= α +α +α +α +
+α +α +α +α +

+α +α + e  (4)

where P is the measure of morphological polycen-
tricity (municipality’s employment concentra-
tion); prod, inv, beds, doc, nurs, hous, kgard, road 
the set of the above presented variables (Section 
3); a0 — the constant term; a1 - a9 — coefficients 
to be estimated; ε — the error term. To account 
for location characteristics of municipalities the 
dummy variable square was added. 

4.2. Spatial Autocorrelation Analysis

Spatial analysis is applied to test the hypoth-
esis on a correlation between neighbouring mu-
nicipalities. This method of spatial econometrics 
is widely used in studies devoted to regional dis-
parities [29, 30, 31]. Moreover, local indicators of 
spatial autocorrelation (LISA) measure the (dis)
similarity between spatial units to identify em-
ployment subcentres. Moran’s global autocorrela-
tion index is a widespread indicator of global spa-
tial autocorrelation; it can be calculated as follows 
(equation 5):

( )( )
2

,
( )

ij i j
i j

m
ij i

i j i

w x x
N

I
w x

−m −m
= ×

−m

∑∑
∑∑ ∑

     (5)

where N is the number of municipalities; xi — the 
examined indicator; m — the mean of the exam-
ined indicator; wij — elements of the spatial weight 
matrix for the i-th and j-th municipalities.

The value of Moran’s index should be com-
pared with the expected value E(Im))=-1/(n-1).

Im > E(Im) indicates a positive spatial autocor-
relation because of similar values of the exam-
ined indicator in the neighbouring municipalities. 
Im < E(Im) shows a negative spatial autocorrelation, 
meaning that the values are quite different. Im = 
= E(Im) demonstrates a spatially random character 
of data.

In general, the spatial weight matrix reveals 
the existence of a neighbour relation as a binary 
relationship expressing it by weights 1 and 0. If 

i-th and j-th municipalities are neighbours then 
wij = 1, otherwise wij = 0.

Next, to identify local clusters, I determined 
the local indicator of spatial autocorrelation 
(LISA) and local spatial outliers (equation 3):

( ) ( )
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,
m

i ij j
i j

I i

i
i

x x w x x
L N

x x

− −
=

−
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∑
          (3)

Local Moran’s index makes it possible to dis-
cover hot spots, cold spots and spatial outliers in 
the data. If LImi < 0, there is a negative autocorre-
lation for the municipality, meaning that this ter-
ritory differs significantly from the neighbouring 
territories (outlier). If LImi > 0, the autocorrelation 
is positive, the given territory is similar in value to 
the neighbouring territories (cluster). 

The municipalities can be divided into the next 
four groups of cluster cores according to the value 
of local Moran’s index: 

1.	High-high location patterns, showing the 
existence of positive autocorrelation caused by 
high values of the examined indicator in the mu-
nicipality and surrounding territories.

2.	Low-low cluster cores, indicating positive 
autocorrelation. The municipalities having rel-
atively low values of the examined indicator are 
surrounded by the neighbouring territories with 
similar values.

3.	High-low location patterns, occurring when 
territories with high values of the indicator are 
surrounded by neighbouring municipalities with 
dissimilar values. In this case, negative autocorre-
lation is diagnosed.

4.	Low-high clusters cores, characterised by 
low values in the given municipality surrounded 
by neighbouring locations with dissimilar values. 
Autocorrelation is negative.

This technique enables both the exploration of 
areas with particularly high levels of spatial de-
pendence (i.e., hot spots) and identification of re-
gional identities. Furthermore, to assess polycen-
tricity, I will use the standard deviation related to 
employment density in municipalities. 

5. Empirical Results and Interpretations

5.1. Regression Model Estimation

I constructed a regression model of the de-
pendence of polycentricity from economic and in-
frastructure determinants using the data for 2017. 
All control variables were estimated using SPSS 
Statistics 23 (Table 2). 

Observed variance results of all six models are 
statistically significant for F-test and t-test sta-
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tistics at the 0.01 significance level. The Durbin-
Watson statistic reveals the absence of autocor-
relation in the residuals. These results show that 
the models are valid. Adjusted R 2 values indicate 
that regression equations account for 99.1 % to 
88.5 % of the variation of the dependent variable, 
providing a good fit. According to the data pre-
sented in Table 1, there is a positive correlation 
between polycentricity and value of shipped own 
production, performed works and services. Among 
the social infrastructure measures, a positive re-
lationship was found between polycentricity and 
the number of doctors per 10,000 persons in all re-
gions except for the Udmurt Republic. On the one 
hand, it can be explained by the persistence of the 
spatial structure where labour and industrial pro-
duction are closely interrelated since the plans for 
the placement of productive forces. On the other 
hand, it demonstrates the results of the national 
healthcare programme «Provincial doctor» pri-
marily focused on ensuring medical care in rural 
areas across the country. Conversely, the number 
of middle-level medical personnel has negative 
relationships with polycentricity in five regions. 
This result indicates a decrease in the number of 
nurses in the country and reveals disparities in the 
medical care system.

The rest of variables showed a mixed picture. 
For instance, the variable relating to road infra-
structure has a positive impact on polycentric-
ity in the two most polycentric regions and the 
Udmurt Republic, but it is negatively correlated 
with polycentricity in other regions. A transport 
network is a basic prerequisite for the reduction 
of differences in economic and social development 
and developing intra-regional linkages. To deepen 
this analysis, I ranked the examined regions ac-

cording to the level of polycentricity by calculat-
ing the standard deviation of employment den-
sity (Table 3): the smaller the standard deviation 
of employment density, the more the polycentric 
spatial structure, and vice versa. 

A closer look at the three most polycentric re-
gions allowed me to draw the following conclu-
sions. The most polycentric spatial structure of 
the Republic of Bashkortostan is mainly depend-
ent on its industrial production. The less polycen-
tric structure of the Orenburg region is determined 
by social and economic factors. Among all regions, 
the Republic of Tatarstan is considered to be lead-
ing in economic development due to its diversi-
fied production and well-developed transport in-
frastructure. The results show the strong depend-
ence between its social characteristics and spatial 
structure. Thus, polycentricity drivers in the most 
economically advanced region of our case study 
tend to be more social rather than economical. 

Table 2 
Impacts of model factors on polycentricity (regressions results)

Model factors Chelyabinsk 
region

Republic of 
Bashkortostan

Republic of 
Tatarstan

Perm 
region

Orenburg 
region

Udmurt 
Republic

prod
inv

beds
doc
nurs
hous
kgard
roads
square

0.728
−0.075
0.035
0.376
−0.101
0.010
0.004
−0.031
0.057

0.990
−0.039
0.017
0.029
−0.050
0.011
0.004
0.008
0.025

0.075
−0.051
−0.011
0.947
−0.184
−0.072
−0.082
0.100
−0.012

0.944
−0.028
−0.009
0.074
−0.005
−0.005
−0.009
−0.017
−0.004

0.210
0.052
0.117
0.091
−0.074
−0.270
0.040
−0.006
0.694

0.089
0.830
0.013
−0.070
0.048
−0.044
0.048
0.076
−0.062

Adjusted R 2 0.921 0.977 0.885 0.972 0.934 0.991
Standard error of regression 0.014 0.005 0.017 0.009 0.010 0.008
F-test 51.177 293.806 38.482 176.188 72.845 359.338
Darbin-Watson statistic 2.376 1.915 1.950 1.720 2.232 1.754

* Note: Statistically significant at the 0.01 level. 
Source: processed by the author using IBM SPSS Statistics 23.0.

Table 3
Region’s polycentricity rank

Region Standard deviation of 
employment density 

Polycentricity 
rank 

Chelyabinsk 
region 0.050927 5

Republic of 
Bashkortostan 0.035542 1

Republic of 
Tatarstan 0.050705 3

Perm region 0.050848 4
Udmurt 
Republic 0.088614 6

Orenburg 
region 0.040758 2

Source: processed by the author.
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5.2. Spatial Autocorrelation Analysis
In the previous step, the main polycentricity 

drivers were determined: the value of shipped own 
production, performed works and services, and 
the number of doctors. At this stage, I try to iden-
tify cluster cores attributed to these indicators. 
Concerning the shipped own production goods, 
performed works and services, the value of the 
global Moran's index is -0.009 (E(Im) = -0.0037) 
reflecting virtually non-existent spatial autocor-
relation in the case study in general. At the same 
time, according to the local Moran's indexes, low-
low and low-high cluster patterns in the Udmurt 
Republic (Figure 2) were observed demonstrat-

ing the removal of resources from hinterland 
municipalities.

To test the hypothesis on a relationship be-
tween municipalities, I calculated global Moran's 
indexes using Geo Da software (table 4).

Figure 3 presents the spatial patterns of doct 
variable. Spatially fragmented cluster cores hav-
ing low-low values are located in the Chelyabinsk, 
Perm regions, and the Republic of Tatarstan. 
Conversely, high-high location patterns are iden-
tified in the Udmurt Republic, as well as in the 
Orenburg and Perm regions. In the context of the 
polycentric development paradigm, this indicator 
could be referred to as low-centrality public ser-

Fig. 2. The value of shipped own production goods, performed works, and services: LISA cluster map (p<0.05).
Source: Rosstat statistics (processed by the author)

Table 4 
Global Moran's indexes

Variable Moran’s 
statistic

Number of the municipalities 
belonging to High-High cluster

Number of the municipalities belonging to 
Low-Low cluster

doc 0.023
4 (Orenburg region)
1 (Udmurt Republic)
1 (Perm region)

3 (Perm region)
6 (Chelyabinsk region)
2 (Republic of Tatarstan)

prod -0.009 —

3 (Perm region)
2 (Chelyabinsk region)
7 (Republic of Bashkortostan)
2 (Orenburg region)
4 (the Republic of Tatarstan)
1 (Udmurt Republic)

Inv 0.010 3 (Perm region)
26 (Republic of Tatarstan)

8 (Perm region)
7 (Chelyabinsk region)
8 (Orenburg region)
13 (Republic of Bashkortostan)
1 (Udmurt Republic)

Source: processed by the author.
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Fig. 3. Number of doctors: LISA cluster map (p<0.05).
Source: Rosstat statistics (processed by the author)

Fig. 4. Investments in fixed assets: LISA cluster map (p<0.05).
Source: Rosstat statistics (processed by the author)

vices presented at each hierarchical scale provid-
ing the required level of medical care. There are no 
high-high location patterns out of administrative 
boundaries, so the potential of inter-regional in-
teraction is absent. 

Figure 4 considering investments in fixed as-
sets shows a mixed picture. 

Low-low core clusters are observed in all re-
gions under consideration except for the Republic 
of Tatarstan. The Republic of Tatarstan shows fa-
vourable investment landscape, as high-high core 
clusters are covering almost the entire regional 
space. Its experience and replication potential 
may be used in other adjacent regions where in-

http://www.economyofregion.com
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vestments in fixed assets are beneficial to the 
polycentricity level (the Udmurt Republic and the 
Orenburg region).

6. Conclusion

Advantages of polycentric patterns (compared 
to monocentric ones) have been widely discussed 
in academic and political circles since the European 
Perspective of Spatial Planning came into force. 
Despite numerous insightful studies in this re-
search field, the polycentric concept remains un-
clear both in theoretical and empirical ways while 
scant attention was paid to emerging economies. 
In the Russian context, the research question was 
whether the spatial structure depends on economic 
development and social and road infrastructure. 
An exploratory analysis of the impact of socio-eco-
nomic characteristics of municipalities on polycen-
tricity allowed me to conclude the following.

Firstly, such economic and social infrastructure 
variables as the value of shipped goods, performed 
works and services, as well as the number of doc-
tors per 10,000 inhabitants have a positive impact 
on polycentricity. Traditional close ties of the la-
bour force and industrial production patterns are 
still sufficiently strong. At the same time, a close 
correlation exists between polycentricity and the 
doctor coverage in municipalities. 

Secondly, the evaluation of the cross-regional 
potential for cooperation showed an absence of 
spatial autocorrelation related to the number of 
doctors per 10,000 inhabitants. The high-high 
core clusters are located in the Udmurt Republic, 
as well as in the Orenburg and Perm regions. Due 
to strong economic disparities, my attempt to 
identify similar location core clusters of shipped 
production goods, performed works and services 
failed, thus I have calculated Moran’s indexes 
using the data on investments in fixed assets. 
The estimates indicate high-high core clusters in 
the Republic of Tatarstan and the Perm region, 

upon which there are no horizontal intraregional 
ties between adjacent regions.

However, this study is not without limitations. 
Firstly, employment patterns depend on a wide 
range of factors. Thus, to improve the proposed 
ordinary least squares (OLS) regression model, 
such variables as the distance to the region’s cen-
tre and climate conditions should be included. 

Secondly, within the polycentric paradigm, the 
emphasis is placed on territory functions when es-
tablishing its role and position in the context of 
different hierarchical centres. This line of thought 
concerning the results achieved could be broad-
ened to cover low-, middle-, and high-centrality 
public services (similar to foreign studies [7, 32]).

Thirdly, despite the execution of large infra-
structure projects at the national level, matters 
of transport infrastructure planning and devel-
opment in municipalities remain relevant. In this 
light, findings regarding the relationship between 
polycentricity and provision of transport infra-
structure should provide municipal and regional 
authorities with the required information for deci-
sion-making. Moreover, this study deals only with 
the road infrastructure. Further studies should be 
aimed at infrastructural elements such as tele-
communication infrastructure compensating for 
disadvantages arisen from distance and low den-
sity in peripheral areas. There are many fields (tele 
working, distance educational courses, etc.) where 
the provision of high-quality services at afforda-
ble prices would enhance regional development. 

In conclusion, the given spatial structure re-
quires new tools and strategic territorial devel-
opment plans upon which the municipality is 
regarded as an initial unit of spatial planning. 
Examination of inter-municipal spatial effects 
will serve as the groundwork for further lines of 
research: identification of the centres’ low-, mid-
dle-, high-centrality, establishment of effective 
territorial development areas, etc. 
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