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Introduction

Background and context

Placing economic agents in close geographical proximity to each other and establishing
mutual relations for better performance in terms of a certain economic activity are
factors that trace back to the advent of cities in the Ancient World. Clusters, bound by
close ties, are still an important economic phenomenon in the 21st century, responsible
for raising the most successful market players in a wide range of global sectors (Chen &
Liu, 2021; Stavroulakis et al., 2021). Active participation in industrial clusters in the
second half of the 20th century provided one of the best opportunities for small and
medium businesses to survive and stay competitive at the regional, international, and
even global levels (Porter, 1998a; Ranman & Kabir, 2021; Turkina & Van Assche, 2018).
However, former market leaders can lose their positions due to the problems at the
federal, state, and cluster levels (Porter et al., 2011), sanctions imposed against different
sectors of the economy, which are followed by protecrionism policy towards domestic
companies (Zemtsov et al.,, 2017), technological disruptions (@stergaard & Park,
2015), competition from young, flexible, and innovative companies and start-ups
(Ferras-Hernandez et al., 2017). Some of these large companies were also capable of
using the huge potential and opportunities provided by industrial clusters. As a rule, they
did this by placing key operations of the company in industrial clusters meticulously
selected around the entire globe or using these industrial clusters as major innovators in
the value chain (Chandrashekar & Hillemane, 2018).

However, the cluster phenomenon existed in the command economy of the USSR,
where industrial policy was based on the development of territorial production
complexes. The idea behind territorial production complexes was vertical and horizontal
integration of enterprises to receive the economy from localisation. The main difference
between territorial production complexes and clusters is the absence of competition
between enterprises. Therefore, production chains in territorial production complexes
were established and planned by the government (Pilipenko, 2004). During the transition
from command to market economy, these linkages were disrupted, and production
chains partly or fully were replaced by imports of final and intermediate products.
Further, resource richness and oil dependence of Russia has boosted the decline of the
manufacturing industries and territorial production complexes in transition stages from
command to market economy.

Fromhold-Eisebith and Eisebith (2008) consider cluster policy as public and private
measures that magnify agglomeration effects. However, in Russia, cluster policy is often
implemented using the principle “cluster must be here” and often results in “state
failures”, whose nature is close to “market failures”, since there is an information
asymmetry in the system of public administration (Babkin et al., 2011).

To make industrial policy effective, it is necessary to establish and implement
scientifically proven priorities and the contents of industrial development programmes
in the long run, taking into account the specifics of the transitional economies. These
specifics arise from lower stages of economic development of the country, lower levels
of integration in global value chains, political factors, disruption of the established
production chains, resource dependence, and instability of the economy. If these
specifics are not taken into account, then cluster-based economic policy will not be
effective, since it mainly arises from the experience of the developed economy.
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For example, a study (Islankina & Thurner, 2018) on 25 pilot cluster initiatives in Russia
that received financial support under the national programme and concluded that there
was no relationship between the invested capital and the labour productivity of
employees of enterprises that were part of cluster projects.

To address this situation, there is a need for well-developed theoretical and
methodological approaches to establishing industrial policy with due consideration of
the factors of the institutional environment of the transitional economy.

Problem statement and research gap

Cluster industrial policy is the subject of scientific discussions (Lee et al., 2017). Many
authors consider clusters in terms of their classification, identification (Kopczewska
et al., 2017), and defining the factors that affect them positively (Lis et al., 2020; Slaper
etal., 2018). Some others proceed from the theses of the official cluster policy and study
the development of the clusters set up on the basis of regulations and decrees of the
Government (Zemtsov et al., 2017). This limits the possibility of considering clusters that
are set up due to private initiatives. However, an important question arises — whether
the decision-makers have enough methods and tools to identify clusters and evaluate
the effects of cluster industrial policy, taking into account specifics of transition economy.

In particular, institutional theory can be used to complement cluster-based economic
policies and tools in the case of the institutional structure of the Russian transition
economy. Therefore, this research is based on the idea that a successful cluster policy
should be based on the current economy profile of the country, which reflects its specific
features. For example, in the Russian case, it is necessary to take into account its resource
richness and transition from command to market economy, in particular from territorial
production complexes with fixed links between enterprises to clusters, which should be
built in global value chains and compete with each other. Thus, it is necessary to identify
the statistical parameters that reveal the concentrated types of activity in a certain
territory, defining the connections between the types of activity and their clustering, as
well as automating their calculations, mapping them on a regional level, and measuring
the externalities that occur due to the clusters localised in the territory.

Some authors have studied different types of sectoral clusters localised in the Russian
regions as well as the microstructure of individual clusters. For example, authors from
the Russian cluster observatory mainly focus on the analysis of official clusters developed
by the government. The literature does not pay enough attention to analysing the cluster
structure of the regions of Russia or evaluating their impact on economic growth. This
problem is especially crucial for the transitional type of the Russian economy. Therefore,
to tackle this gap, the author developed a complex methodology for analysis of the
territory cluster structure at micro-, meso-, and macro-levels and its’ application to the
case of Russian regions.

Aim and scope of work

The research study is aimed at developing theoretical and methodological guidelines for
forming and implementing cluster industrial policy at the micro- and macro-levels with
regard to institutional, regional, and industry-specific factors in Russia.

The following research questions are addressed in this study:

RQ1: What methods and tools can be used to identify and analyse the cluster structure
of the Russian transition economy?
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RQ2: What is the effect of industrial clusters on the economy of Russian regions?

RQ3: What is the cluster industrial structure of Russia and St. Petersburg?

RQ4: What is the relationship between the objectives, methods, and elements of
cluster policy in a transition economy?

The object of the research is industrial clusters at the macro- and micro-levels.
The subject of the research is the theoretical and methodological grounds for forming
and implementing cluster industrial policy in a transition economy.

Figure 1 portrays the overall logic of the research and illustrates the overall structure
of the cover paper.

The theoretical background relates to the first chapter of the cover paper. | discuss
the existing background of cluster research and identify the research gap.

The research design of cluster structure identification and analysis is presented in
Chapter 2 of the cover paper. Chapter 2 provides answers to RQl and presents the
methodological background of the research.

Chapter 3 presents the results of cluster structure identification and analysis in Russia
and the theoretical contributions of this research.

Chapter 3.1 presents the results of Russia’s regional cluster structure study for the
period of 2008-2016 and provides a partial answer to RQ3; the industrial clusters,
determining the positive externalities for the economy of Russia’s regions, were
identified for the period of 2008-2016, and the answer to RQ2 was presented. In more
detail, the results of the research are presented in articles A1, A2, and A3 (Kudryavtseva
& Olaniyi, 2019; Kudryavtseva et al., 2020; Rodionov et al., 2018). Chapter 3.2 presents
a detailed analysis of one of the Russian regions — St. Petersburg in order to complete
answer to RQ3. | evaluated the dynamics of the industry-specific cluster structure of
St. Petersburg for the period 2008-2016, identified the factors limiting the development
of industrial clusters, defined the institutional forms for promoting St. Petersburg’s
clusters, and substantiated the action items of St. Petersburg’s cluster industrial policy.
This section presents how instruments of cluster industrial policy can be applied at
example of the concrete regions. In more detail, these results are presented in articles
A5 and A4 (Kudryavtseva, 2015; Kudryavtseva, 2016).

The Discussion section provides answers to RQ4 and contributes to the theory by
presenting the mechanism of cluster industrial policy in the transition economy.

12



Theoretical background

Regional economy

Cluster Industrial policy

Research gap: Cluster development in transition economy

}

RQ1: Research design of cluster structure identification and analysis

Identification of cluster
structure

Development of database and
estimation of clusters
localization

Assessment of impact of cluster
development on regional
economy

RQ2, RQ3: Results of cluster structur

b identification and analysis in Russia

37 clusters of Russian transition
economy (A1, A2, A3)

Localization estimation of 37
clustersin each of 83 regions of
Russia (A1, A2, A3)

Positive relation between
development of cluster
structure and Gross regional
product (A1, A3)

}

}

}

Case study of Saint — Petersburg: development of regional cluster industrial measures (A4, A5)

!

RQ4: Theoretical contribution

Mechanism of cluster industrial policy in transition economy

Figure 1. — Flowchart
Source: composed by the author
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Abbreviations

GRP
IT

LQ
MAR
NACE

OKVED
RIiFA
SIC
TPC

Gross Regional Product
Informational technology
Locational quotient
Marshall — Arrow — Romer

Nomenclature statistique des Activités économiques dans la
Communauté Européenne
Russian Classification of Economic Activities

Investment (rubles, at constant prices of year 2000) in fixed capital
Standard Industrial Classification
Territorial & Production complex
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1 Literature review

In Section 1, | provide the theoretical and methodological background the research. First,
| discuss the idea of the industrial cluster and its place in the framework of cluster
industrial policy. Next, | briefly discuss the different externalities generated by clusters
as part of the regional economy. After that, | discuss cluster policy from the position of
the institutional economy. Next, | reveal the development of clusters in conditions of
transition economy. At the end, | set ground for research of clusters in transition
economy at example of Russia. Therefore, this literature review sets the foundation for
the development of the methodology for forming and implementing cluster industrial
policy at the micro- and macro-levels with regard to institutional, regional, and
industry-specific factors in the transition economy.

1.1 Notions, classification criteria, and structure of an industrial cluster

To establish the background of the research, it is necessary to define the main concepts
and terms that | use.

This research is based on combining the following principles of cluster theory:
determining the statistical parameters, reflecting the types of activity concentrated in a
certain territory, identifying the connections between the types of activity and their
joining in clusters, evaluating the impact that clusters have on the development of the
territory, automating cluster identification calculations, and cluster mapping. Let us
consider these principles and their interconnections.

The principles of cluster theory were formulated by Haig, who analysed the structure
of urban economics. Based on the analysed values of the localisation coefficient (relative
concentration) of certain types of activity, he identified the basic part contributing to the
economy of a region due to export and a non-basic part of the region’s economy,
supporting the basic one (Rodwin, 2017). One of the constraints emerging when
localisation coefficients are used for cluster identification that should be mentioned is
cluster sensitivity to the administrative borders of the territories. This is because some
clusters can have a clearly marked interregional rather than subnational nature, which
cannot be registered and considered using localisation coefficients. This idea was then
explored in the works by M. Porter, who used cost tables—output to determine the
interrelated types of activity, identifying economic clusters (Delgado et al., 2015; Porter,
1998b; Xiao & Wang, 2019), and cluster mapping.

I use definition of the cluster, developed by M. Porter: “a geographic concentrations
of interconnected companies, specialised suppliers, service providers, firms in related
industries, and associated institutions (e.g., universities, standards agencies, trade
associations) in a particular field that compete but also cooperate” (Porter, 1990, 2000).
Later, this definition of the cluster was extended by various researchers and more
commonly became the term industrial cluster (Cooper & Folta, 2017; Delgado et al.,
2014; Ketels & Protsiv, 2014). For this term, | use the definition developed by Bortoluzzi
et al. (2015): cluster is “a geographic concentration of interconnected firms, suppliers,
and institutions in a particular field. It has the potential to affect competition by
increasing the productivity of the companies in the clusters, driving innovation, and
stimulating new businesses in the specific field”. Therefore, a considerable part of the
social community and economic entities work together inside the industrial cluster,
carrying out economically related activities, jointly developing and improving products,
technologies, and organisational knowledge to create the best products and services on
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the market (Franco & Esteves, 2020; Halse, 2020). There are four main distinctions
between industrial clusters and other agglomeration models.

First, industrial clusters imply intensive interactions that transfer knowledge between
firms, and these interactions often become tighter than those inside a firm (Bachtiar
etal., 2021; Brenner et al., 2011; Gress, 2015). To cooperate and compete simultaneously
in a geographic zone calls for a well-developed social structure, which suggests and
facilitates integration of knowledge and communication exchange, and contributes to
joint identity among economic agents (Prause, 2014).

Second, industrial clusters include a totality of economic agents — both legal and
natural — having special skills or knowledge related to the economic activity they carry
out. These economic agents form institutions such as universities, research centres,
industrial associations, and technological institutes, which stimulate mutual economic
cooperation and the spread of technological knowledge between the members of an
industrial cluster. One of the possible structures of an industrial cluster, which reflects
the interrelation of its main elements, can be broken down into a core, production
infrastructure, and business infrastructure. The core of a cluster is the totality of
enterprises with the same or similar sector profiles.

Third, a cluster is a specific form of spatial concentration of enterprises whose joint
activity entails specific agglomeration externalities, that is, external effects. To ensure
this interaction, there should be the so-called “social glue” (Morosini, 2002, 2004),
binding a cluster and helping the social consolidation of various structural participants
and integration of main knowledge, which occurs through cultural, organisational, and
functional boundaries.

Fourth, this definition of an industrial cluster highlights that the final goal of industrial
clusters is to create high-quality products and services that represent value for customers
on the market. To reach this goal, industrial clusters should have the following
characteristics: leadership, structural elements, communication, knowledge transfer,
and professional rotations (Porter & Kramer, 2019; Xiangfeng, 2007).

Morosini (2002, 2004) suggested and substantiated the classification criteria of clusters,
developing the theory of cluster classification and determining the development dynamics
of a cluster, such as an institutional structure, the results of joint activity, economic
connections, an interaction of the elements of a cluster, as well as the classification criteria
of the competitive factors of clusters: external, internal, and social ones.

The main competitive factors of firms united in a cluster are external, internal, and
social factors. The externalities of competition are legal regulation, consumers, raw
material, technology, and knowledge markets; the internalities are the resources,
processes, and competences of firms; and the social factors are acquisition, creation, and
sharing knowledge, as well as behavioural and cultural standards. The degree of
knowledge integration and the scope of competition are the major factors that
precondition the economic performance of industrial clusters (Ketels & Protsiv, 2020).
Firms in industrial clusters that demonstrate a high degree of knowledge integration and
competing on the global level introduce more innovations are more inclined to growth,
adapt faster to the changing environment, and have more stable economic performance
in comparison with firms in less integrated clusters, where competition is strictly limited
by local territorial boundaries (Dyba et al., 2020; Maghssudipour et al., 2020). Based on
the scientific literature review, it can be concluded that the higher the degree of
knowledge integration between the participating firms and the higher the level of global
competition of the participating firms, the higher the competition of clusters.
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1.2 Clusters as part of the regional economy

Thus, foreign studies broadly cover the results of the identified and analysed status of
the cluster systems in individual countries and regions. For example, Looijen and Heijman
(2013) identified and analysed agricultural clusters in the European Union. Lindquist (2009)
analysed the concentration and urbanisation of industries in Sweden and built cluster maps
for Sweden. Delgado et al. (2014) designed an algorithm for cluster identification and
studied agglomeration effects of the US regional clusters (Delgado et al., 2015).

Studying MAR, Jacobs, and Porter’s agglomeration externalities by evaluating their
impact on regional and sectoral indicators is a popular area of research in cluster
economics (Bavina, 2016; Beaudry & Schiffauerova, 2009; Zemtsov et al., 2017). The MAR
concept (Marshall-Arrow—Romer, MAR) of externalities was formalized by (Shleifer,
Glaeser, Kallal, Scheinkman, & Shleifer, 1992). The common part of MAR, Jacobs, and
Porter’s models is the consideration of geographical effects from the spatial distribution
of firms in a region (agglomeration pattern) (Kopczewska et al., 2017). The concepts of
urbanisation and localisation can be used in a broad sense as agglomeration components,
and, consequently, as elements of the economies of agglomeration. The economies of
agglomeration or agglomeration effects are economic benefits obtained as a result of
industries concentrated in one territory relatively close to each other (Macheras &
Stanley, 2017; Pinto & Sablik, 2016).

Economies of agglomeration can be divided into two types: economies of localisation
or localisation effects and urbanisation economies or urbanisation effects. Urbanisation
effects are produced due to many industries concentrated in one territory. Consequently,
the diversified economic system allows enterprises to obtain benefits from various types
of the economic activity undertaken in this territory (Dicken & Lloyd, 1990; Macheras &
Stanley, 2017). Thus, Jacobs emphasizes the importance of competition and diversification,
downplaying the role of specialisation (De Groot et al., 2009).

The economy of localisation arises as a result of the concentration in one territory of
firms working in the same industry or industries related to it. As a result, firms can join
in clusters and obtain benefits, for instance, from sharing the infrastructure and creating
enough demand for materials and components (Macheras & Stanley, 2017; Malmberg &
Maskell, 2002). The study by Rodriguez-Clare statistically and dynamically models the
efficiency assessment of state industrial policy, namely, cluster subsidising, in terms of
achieving Marshall’s externalities (Rodriguez-Pose & Comptour, 2012; Rodriguez-Pose &
Crescenzi, 2008). As a result, the author assessed the subsidising efficiency of the sectors
highly prone to clustering in the context of growing wealth. The modelling also supported
the conclusion that subsidising a sector makes sense only in cases where the protected
sector has Marshall’s externalities, and the country has a natural comparative advantage
in this sector.

Thus, the concept of the economy of localisation is, in fact, a synonym for MAR
externalities, while urbanisation economies are a synonym for Jacobs externalities.
Porter’s externalities have features and characteristics common to both models.

1.3 Cluster as the object of cluster industrial policy

There can be mainly two types of ‘cluster policy’: one supports the growth of existing or
embryonic regional clusters, and the other allows the knowledge of how industrial
development occurs in (successful or unsuccessful) regional clusters inform policy
making in general (European Comission, 2002). One of the main tools of cluster policy is
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cluster initiatives, which are defined as organised efforts to increase the growth and
competitiveness of clusters within the region, involving cluster firms, government and/or
the research community (Chen et al., 2020; Sélvell et al., 2003).

The concept of a cluster has become a popular principle in the industrial policy of
developed countries, stimulating industrial competitiveness and innovativeness based
on sectoral specialisation and cooperation. Despite a broad public interest in the
applicability of the concept of the promotion of industrial clusters, studies have only
partially covered this subject. The discussions have only about what assets and dynamics
underlie successful clusters (Lee et al., 2017; Van Den Berg & Braun, 2017) and how the
“map of examples” can be empirically identified, categorised, or produced (Looijen &
Heijman, 2013; Sternberg & Litzenberger, 2004; Zemtsov et al., 2017). Scholars are
increasingly studying how the development of clusters can be supported internationally
and whether that should be done in the first place (Delgado et al., 2014; Gibson, 2015;
Ketels & Memedovic, 2008). However, three major drawbacks are common to these
discussions.

First, the focus has been on describing, comparing, and categorising official cluster
policy (Boekholt & Thuriaux, 1999; Schonfeld & Jouaillec, 2008), which makes most
researchers leave out the fact that cluster effects also rise from private initiatives, and
often have nothing to do with industrial policy. This limits the number of clusters
considered and limits the discussion about whether government bodies are a suitable
option for supporting the development of clusters (Felzensztein et al., 2018; Lin et al.,
2012; Prokhorova et al., 2018).

Second, how institutional forms of cluster promotion, that is, the ways of organising,
managing, and relative norms and clusters of interaction, affect the outcome has not
been properly investigated, although there is the recognition that institutions are
important assets of clusters and provide innovative support at the regional level (Kiese,
2019; Lundequist & Power, 2002; Yoon, 2017).

Third, researchers rarely consider an important objective of evaluating the effects of
cluster support as an ability to measure the performance of clusters, which is essential
for justifying the choice of strategy and achieving the best results under the existing
conditions, because this entails methodological complications (Kopczewska, 2018;
Lindqvist, 2009; Russu, 2016). Thus, the theory of cluster industrial policy is a controversial
area, which “astonishingly lacks a consensus about how clusters emerge and to what
extent their appearance can be caused by target planning or political intervention”.

The study by Maskell and Lorenzen (2004b) proves a hypothesis that the spatial
localisation of industrial clusters is the essence of the market organised in an especially
reasonable way. To maximise the advantages of market relations and simultaneously
keep transaction costs at a low level, firms take part in setting up institutions — they
organise the market. (Maskell & Lorenzen, 2004a, 2004b). Consequently, a cluster is one
of such specific market organisations structured by territorial lines since it can be used
to create a set of institutions beneficial for certain types of economic activities,
particularly for industries that have a high degree of uncertainty and well-developed
social institutions. Common institutions in this form of market help the participants of a
cluster end up with an environment that reduces obstacles for acquiring and using
knowledge created or applied locally (Maskell & Lorenzen, 2004a, 2004b).

Therefore, in my opinion, the existing scientific approaches to this subject have some
drawbacks: the fact that cluster effects arise, mainly, from private initiatives and often
have nothing to do with “cluster promotion” policy has not been taken into account.
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Further, how institutional cluster promotion forms affect the result needs to be fully
studied, and evaluating the effects from cluster support has not been practically
considered.

Therefore, it is essential to understand that the main risk in the pursuit of cluster
industrial policy is the wrong choice of the control target due to information asymmetry,
lack of statistics, and the absence of effective tools for recognising clusters and their
prototypes (Babkin et al., 2011; Chain et al., 2019; Komorowski, 2020).

The key elements of the programme policy of cluster promotion are propaganda of
specific industrial advantages in and outside a region aimed at improving the
attractiveness and advancement of the environment where firms operate, consulting
and providing specialised services, for example, in the field of finances, marketing, and
designing; attracting new industrial investors, who can supplement regional value chains,
or setting up start-ups to strengthen the system potential of a cluster (Kuzovleva et al.,
2019).

Fromhold-Eisebith and Eisebith’s (2005) theory about forms of cluster promotion and
the results of my own research (Kudryavtseva, 2016) in part of the transformation of
forms of cluster promotion and their transformation into state cluster policy form the
basis of this study. Therefore, | developed a classification based on the ideas of Martina
Fromhold-Eisebith and Gunter Eisebith (Figure 2). This approach was developed through
the introduction of the second categorisation dimension, differentiating explicit and
implicit cluster promotion, also thanks to institutional prerequisites. It is graphically
presented as a transformation process of cluster promotion forms and their conversion
into state cluster policy. The transformation process can start with private industrial
initiatives, which can then be supported by local government bodies, and as a result, the
implicitly ascending promotion form of industrial enterprises will convert to an implicitly
descending promotion form. Perhaps, private industrial initiatives started at the local
level will be supported by private industrial elites on the regional or federal level, and,
thus, the implicitly ascending promotion form of industrial enterprises will turn into an
explicitly ascending promotion form. Finally, supported either by local government
bodies or by industrial associations at the regional level, cluster promotion will have the
form of state industrial policy, which can be classified as an explicitly descending form of
cluster promotion.
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Figure 2 — Categorisation and transformation of cluster promotion forms
Source: composed by the author based on (Fromhold-Eisebith & Eisebith, 2005)

The suggested polarisation has a relation to classic “government-versus-market”
arguments when “government-versus-industry” approaches are established. Nonetheless,
ascending cluster promotion should not be equivalent to the effect obtained as a result
of the action of purely market forces. On this point, descending and ascending initiatives
address recognised market drawbacks, refer to the development of key cluster structures,
and, in both cases, lead to active implementation of promotion measures. However,
these activities are organised differently, depending on the forms that either rely on
market mechanisms or on the state.

1.4 Cluster development in transitional economy

Clusters are part of the competitive environment of the economy (Ketels). Clusters have
geographical boundaries, and cluster enterprises both compete and cooperate to solve
individual tasks (Porter). Clusters in a transition economy have limited effectiveness, as
the institutions of the market economy are at the stage of formation and function only
in a limited way during the transition from a command economy to a market economy.
Russia has been an example of a transition market economy since the 1990s. To date,
some industry markets function effectively, and Russian enterprises compete in
international markets, but most industry markets compete only at the local level.
According to a study by Islankina and Thurner (2018), the main factors limiting the entry
of Russian clusters into the international market are financial resources and the lack of
qualified personnel, whereas cultural differences and geographical distances are much
less important. However, Russia is a commodity economy, which also leads to the
redistribution of resources in extractive industries and to the outflow of capital from
industry (Ketels & Memedovic, 2008). In these conditions, the development of clusters
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is limited, and the state cluster policy requires taking into account the above factors of
the institutional environment of Russia.

It is also necessary to take into account that Russia’s industrial policy was based on
the formation of territorial production complexes for a long period (from 1930 to 1990).
The main contribution to the science of the development of the theory of territorial
production complexes (TPC) was made by N. Kolosovsky and his students. TPC is
understood as “such an economic (mutually dependent) combination of enterprises in
one industrial point or in the whole area, in which a certain economic effect is achieved
due to a successful (planned) selection of enterprises in accordance with the natural and
economic conditions of the area, with its transport and economic and geographical
location” (Porosenkov, 2014). Using this theory, some large industrial complexes were
created in the USSR: Timan-Pechora, Bratsko-Ust-llimsky, Sayan, West Siberian,
Mangyshlak, Pavlodar-Ekibastuz, Karatau-Dzhambul, etc. (Agirrechu et al.,, 2004;
Nesterova & Cherkasov, 2015). The main similarity between TPC and clusters is the
geographical concentration of enterprises and their cooperation within the framework
of vertical and horizontal integration, and the difference is the lack of competition in TPC.

In modern Russia, the historical trend of the high role of state influence on economic
processes has been preserved. In this regard, various state programmes of cluster
development and the support of cluster initiatives are being implemented at the federal
and regional levels. Thus, in the context of the development of market economy
institutions with the predominance of the commodity economy sector and on the basis
of the long historical development of the TPC in Russia, a significant transformation of
the industry structure is currently taking place, which requires the identification of
regions of concentration of industries to form a cluster policy to obtain the positive
regional effects (MAR) described in Section 1.2.

1.5 Current stage of research on clusters in Russia

Russian literature also includes works dedicated to analysing the status of Russia’s cluster
system as a whole and the development of clusters in individual regions. Thus, Manukyan
analysed the potential of the oil and gas cluster in the Samara Region (Manukyan, 2015),
Zemtsov and Barinova (2016) analysed the status and advancement of promising
high-tech clusters. Nemchenko and Luzina (2018) considered the oil and gas cluster of
Tumen Region as a tool for modernising the region’s economy. Larichkin et al. (2011)
analysed the case of the sea oil and gas sector in the territory of Murmansk Region.
Islankina et al. drew up methodological guidelines for setting up and developing innovative
clusters at the government level (Kutsenko et al., 2017). Khukhrin (2011) presented the
analysis of the cluster policy concept in the agriculture of Russia from the position of a
system and synergy approach, Vertakova et al. (2014) gave an example of a scheme for
setting up a food cluster and an example of the organisational-economic cooperation
structure in an industrial cluster. Markov et al. (2017) conducted a detailed analysis of
the federal and regional cluster policy.

Only two large international projects are dedicated to automated calculation and
further mapping of the results of the cluster development dynamics analysis for the
purpose of monitoring and shaping cluster policy: US Cluster Mapping (Harvard Business
School & U.S. Economic Development Administration, 2018) and European Cluster
Initiative (Ketels & Protsiv, 2014). In Russia, there is a project called the “Russian Cluster
Initiative” (HSE, 2019). However, in contrast to similar projects in the USA and the
European Union, it presents information only about the location and main performance
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results of the formal clusters supported by the government. Thus, the national project
does not pay enough attention to analysing and identifying clusters, that is, to the
general structure of the regional economy.

Developing, spreading, and applying digital technology to provide support for
decision-making processes is one of the areas developing in the context of the transition
to digital economy (Korolev et al., 2017; Okrepilov et al., 2015). Technical solutions in this
area are aimed at implementing information-analytical systems supporting managerial
decisions at all levels of the socioeconomic system: at the level of individuals
(Mangusheva & Khairulin, 2017), enterprises (Budina & Kezhapkina, 2015), clusters
(Chertina, Kvyatkovskaya, & Khomenko, 2017), sectors (Agafonov & Vashchenko, 2016),
regions (Medvedev et al.,, 2016), and countries (Ageeva, 2018). Thus, it becomes
necessary to develop specialised decision and management support systems for every
level of the socioeconomic system.

The relevance of building the system is preconditioned by the need to monitor and
analyse the advancement of regional clusters so that the impact individual sectoral and
national programmes have on their development can be assessed (Gerlitz et al. 2020;
Meyer, 2020). Moreover, this system must ensure the automatic identification of the
latent clusters located in a region’s territory, and these clusters must be supported in the
same way as the formal clusters started by the government. Today, this system exists in
the USA (Harvard Business School & U.S. Economic Development Administration, 2018)
and the EU (Ketels & Protsiv, 2014). However, it has not been implemented in Russia.
In addition, most research studies have focused on considering individual clusters in
individual regions (see, for example, the works by the following authors: Larichkin et al.,
(2011); Manukyan (2015); Nemchenko & Luzina (2018); and others), rather than on
analysing comprehensively the status of the regional cluster structure in Russia, such as
in the works by Kudryavtseva and Skhvedian (2018), Islankina (2017), Zemtsova (2017).
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2 RESEARCH METODOLODGY AND SETTING

Section 2 is dedicated to the description of the research methodology and its elaboration.
First, | present and describe the research design for identifying and analysing the cluster
structure of a territory. This framework answers the RQ1. Next, | briefly describe the
developed database, which | used for cluster structure identification and analysis. Finally,
| present the regression models and intuition behind them to answer RQ2.

2.1 Research design for cluster structure identification and analysis

Based on the literature review, | developed the research design, presented in Figure 3.
This methodology was elaborated to study the cluster structure of territories to determine
priority directions for industry clustering and ensure a growth of wealth due to the
achievement of externalities from the localisation of cluster enterprises.

The cluster structure of territories is an agglomeration that includes interrelated and
vertically and horizontally integrated industrial, infrastructural, and raw material cluster
groups localised in a territory.

In the research study, | developed a methodology for identifying and analysing the
cluster structure of territories at the micro- and macro-levels (Figure 3) in conditions of
transition economy, which allows us to answer RQ1.

The first block is the analysis of sectoral features of clusters, which includes
determining the sectoral composition of “standard” clusters and calculating the
agglomeration, urbanisation, and concentration indicators. Agglomeration reflects the
degree of non-uniformity distribution of the employed in a cluster in a territory.
Concentration and urbanisation show the degree of attraction of cluster enterprises to
joint localisation with each other and the degree of attraction to joint localisation with
enterprises involved in any other type of activity, respectively. As a result of the analysis,
clusters will be categorized as concentrated and dispersed, urban, and rural
(Kudryavtseva, 2018; Rodionov & Kudryavtseva, 2016). The list of standard (reference)
clusters on the basis of which the study was conducted is provided in Appendix 2.
The need to use standard clusters was informed by the conditions of a transition
economy, in which value chains created within the planned economy system have been
destroyed, and new ones are at the stage of formation and are not stable and
well-established.

The second block is the analysis of economic parameters of a region’s clusters, which
includes identifying strong clusters, that is, cluster groups having enough “critical mass”
to produce positive agglomeration effects. According to the methodology developed by
the European Cluster Observatory, a cluster is considered localised in a region if it meets
at least two factors out of three — localisation coefficient, focus, and size (Kudryavtseva
& Olaniyi, 2019; Kudryavtseva et al., 2018). The localisation coefficient shows how many
times the share of employed in the cluster exceeds the average number of employed in
the country; the size is the share of employed in the cluster in the region in comparison
with the employed in the cluster countrywide; and the focus of the cluster is the share
of employed in the cluster in comparison with the total number of employed in the
region.
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This stage will allow us to determine the regions of localisation of industries, that is,
the cluster structure of territories, on the basis of which the changed or transformed
structure of industries in the regions during the transition to a market economy can be
analysed. This block is supplemented with (1) a comparative analysis of the dynamics of
regional cluster localisation, bind of regional clusters, and economic condition of clusters,
which allows us to define the main development trends of the studied clusters;
(2) competing concentration regions of cluster sectors, capable of affecting the
employment of other cluster groups due to more significant positive agglomeration
externalities in their territory; (3) clusters with a single sectoral belonging of its enterprise
structure in the context of vertical and horizontal integration; and (4) economic
performance indicators of cluster enterprises.

The third block involves identifying positive agglomeration effects due to the
assessment of the impact produced by the level of cluster localisation in a region on
economic growth based on econometric analysis methods (Kudryavtseva & Olaniyi,
2019; Kudryavtseva et al., 2018). This stage will allow us to identify clusters that give
positive regional localisation effects — MAR — and can be potential objects of state
investment programs. Thus, the increased specialisation of the region in the supported
type of activity will ensure the economic growth of the region.

Therefore, as the theoretical contribution of the research, | developed methodological
tools to research the cluster structure of territories at the micro- and macro-levels,
including analysis of sectoral specifics, localisation territory, and economic parameters
of a cluster, evaluation of the impact of the cluster structure of a territory on the
economy aimed at forming priority directions for industry clustering, measures, and tools
of industrial policy. The proposed methodology is based on the application and study of
methodological approaches of the leading national and foreign schools (Porter, European
Cluster Observatory, and Russian Cluster Observatory) and using a convergence
approach. Cluster industrial policy can be framed based on the obtained information.

2.2 Data collection and measurement

To determine the regions where the cluster localises, a database called “Clusters of
Russia’s regions” was created (state registration certificate RIA N0.2017620569 of May
29 2017). The developed database is a tool for studying the cluster structure of the
Russian economy and one of the answers to RQ1. In terms of its functions, it is analogous
to the US Cluster Mapping US Cluster Mapping (Harvard Business School & U.S. Economic
Development Administration, 2018) and European Cluster Initiative (Ketels & Protsiv,
2014). As a result of database application, | used statistical properties of clusters in
Russian regions to estimate the effect of industrial clusters on the economy of Russian
regions, calculated by database, and answer RQ2. | also used a database to identify the
cluster industrial structure of Russia and St. Petersburg and answer RQ3.

The database was designed to determine the regions of cluster localisation using data on
the population employed in various types of activity (Kudryavtseva et al., 2020). To
implement the suggested approach, statistic databases were established on the number
of employed and the quantity of enterprises in the Russian regions, grouped according
to the cluster cores for the years 2008—2016. To group the types of activity by clusters, a
classification developed by Porter was used, and correspondence was established
between such classifier codes as SIC, NACE, and OKVED (Russian Classification of
Economic Activities) (Appendix 2).
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As a result of this adaptation of the core, 37 cluster groups were filled with the types
of economic activity according to 4-digit OKVED codes, considering the available detailed
data. According to a certain composition of clusters, statistical databases were set up on
the number of enterprises and organisations for the year 2016 and the number of
employed in cluster groups for the years 2008—2016 in 83 Russian regions.

Applying the database allowed us to achieve four major goals:

- Minimising the storage of large volumes of information about the employed
population by years and types of activity.

- Ensuring comfortable input and editing of information about the employed
population of the regions

- Creating a computational tool for evaluating the employment dynamics in Russian
regional clusters by years.

- Processing the information obtained as a result of computation in an analytical
manner, selecting significant clusters according to the set criteria in each region of Russia.

2.3 Econometric modelling for evaluating the impact of industrial
clusters on the economies of regions

To carry out the third phase of analysis of the cluster structure of territories, economic
tools were used to evaluate the impact of industrial clusters on the economies of regions
(Kudryavtseva & Olaniyi, 2019). As a result, agglomeration effects or Marshall’s
externalities (Slaper et al.,, 2018) affecting the economic growth of regions were
assessed. The econometric problem was formulated as an assessment of the bind
between the level of cluster localisation in the Russian territory and the dynamics of gross
regional product — RQ2.

The analysis was performed in two phases — 3.1 and 3.2. In phase 3.1, | evaluated the
binding of industrial clusters and GRP level. In phase 3.2, | measured the interrelation
between the development level of the cluster infrastructure and the size of the GRP,
that is, the amount of multiplication effect from cluster localisation in the region.
The study was conducted by econometric analysis methods using regression analysis
tools of panel data available in STATA MP14 software.

3.1. In the first phase of the study, hypotheses were tested regarding the binding
between the presence of clusterjin region i and the size of its GRP. The following models
were built to check these hypotheses:

lnGRPit = BO + BiClusterjit + Ejit (1)
lnGRPit = BO + BiClusterjit_l + E]'it (2)
lnGRPit = BO + BiClusterjitzzou + Sjit (3)

ll’lGRPlt = BO + BllnRIiFAit_l + lenTRElt + YILQlt + (I)tYeart + git (5)
InGRP,; = By + B1InRIiFA;;_; + B,InTRE;; + Y;Size;; + ¢ Year, + €;; (6)

InGRP,; = By + B1InRIiFA;;_; + B,InTRE;; + Y;Focus;; + ¢ Year + €;; (7)
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where InGRP;; is the natural logarithm of GRP (rubles, at constant prices of year 2011)
generated in region i at time t;

Clusterji—4 is the binary variable that takes a value of 1 or 0, depending on whether
the presence of cluster j was or was not registered in region i at time t-1.

Clusterjit=2011 is the binary variable that takes a value 1 or 0, depending on whether
the presence of cluster j was or was not registered in region jin 2011.

Clusterj;; is the binary variable that takes a value of 1 or 0, depending on whether
cluster j was or was not localised in region i at time t;

InRIiFA;;_; is the natural logarithm of investment (rubles, at constant prices of year
2000) in fixed capital made in region i at time t-1;

InTRE;; is the natural logarithm of the number of employed (mil. people) in region i
attime t;

ClusterIT;; is the binary variable that takes the value 1 or 0 depending on whether the
region has the “information technology” cluster or not;

LQ;; is the size of the localisation coefficient of the “information technology” cluster
in region j at time t.

Sizey; is the size of cluster group i at time t, in %.

Focus;, is the focus of cluster group i at time t, in %.

Year, are the binary variables that take the value 1 or 0, depending on whether the
observation refers to concrete year t or not;

&jit, € is the random variable specifying deviations of the real value of the effective
sign from the value of the regression equation;

o is the constant.

3.2. In the second phase, according to the model suggested by G. Lindqvist (2009),
analysis is carried out to measure the effect produced by the region’s cluster structure
on the amount of GRP. Hypotheses are checked to see if there is dependence between
the development level of the cluster structure in region i and the size of the GRP at
different moments of time. Models used for testing the hypotheses are as follows:

InGRP,, = By + BiDev_of _cluster;; + €;; (8)
InGRP;; = By + BiDev_of _clusterj—5911 + Eit (9)
InGRP;; = By + BiDev_of _cluster;;_4 + €;; (10)

where Dev_of _cluster;; is the variable that shows the general development level of
the cluster structure of the economy of region i at time t. This variable is calculated by
adding “stars” obtained by all cluster groups j in the region at time t according to the
results of evaluation of the “Localisation Coefficient”, “Cluster Size”, and “Cluster Focus”.
According to Lindqvist (Lindqgvist, 2009), this approach makes it possible to illustrate the
specialisation level of the region and the development of its cluster structure.

Dev_of _cluster;;_; is the variable that shows the general development level of the
cluster structure of region i in time t-1.

Dev_of _clusteri;—,11 is the variable that shows the general development level of
the cluster structure of the economy of region i in year 2011.
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3 Results, discussion, and implications

Section 3 provides the quantitate results of the research. | applied the developed in
Chapter 1.4 concept and mechanism of cluster industrial policy and developed with the
methodology in Section 2 to the case of Russian regions. Therefore, I fill the research gap
regarding the identification of cluster industrial structure in Russian regions, show the
results of application of the developed database for all Russian regions, and discuss in
detail the case of St. Petersburg.

3.1 Identification and analysis of cluster structures in Russia’s territory

To test the methodology for identifying and analysing the cluster structure of a territory
(Figure 3), clusters were identified by the federal subjects. See another example of the
database application in the article by Kudryavtseva et al. (2020).

In the first phase of the study, | calculated the agglomeration coefficient with the aim
of revealing the specifics of the sectoral structure of cluster groups affecting the spatial
concentration. This indicator, which characterises the non-uniformity of distribution of
the employed in cluster groups by the federal subjects, allowed us to assess the level of
cluster concentration in the territory of Russia.

First, | calculated the concentration and urbanisation indicators on the basis of
statistics about the number of enterprises by federal subjects and types of activity. Next
| identified cluster groups whose enterprise concentration within a region or a subject of
Russia was caused by striving to be jointly located with similar enterprises or by an
inclination to be based in territories with a high density of enterprises involved in any
types of activity. In other words, we identified cluster groups whose joint localisation was
preconditioned by the presence of various groups of agglomeration externalities:
Marshall’s externalities or Jacobs’ externalities (Caragliu et al, 2016). According to the
existing positive or negative Marshall’s externalities and Jacobs’ externalities, all clusters
were categorised as concentrated or dispersed, and urban or rural (Figure 4). Thus, for
example, the concentrated urban cluster groups — “Information Technology”, “Science
and Education, “Media and Printing”, and others — experienced considerable positive
effects from being in close proximity to each other and to enterprises involved in any
other types of activity. These clusters had the strongest potential for development in
regions with a high density of population and significant economic activity.

The main trends observed in the degree of cluster concentration and dominance of
certain agglomeration effects resulting in this concentration have a universal nature and
are true for the cluster structure of many countries.

In the second phase of the research study, | highlighted cluster groups of each federal
subject whose cores had enough strength to have and develop positive agglomeration
effects. As a result of the application of the database, the cluster structure was defined
for 83 regions of the Russian Federation, and localisation maps were built for 37 clusters
in the territory of Russia during the period from 2008 to 2016 (RQ3).
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Figure 4 — Classification of Russian clusters by level of concentration and urbanisation
Source: composed by the author

For example, in 2016, the industrial cluster “Information Technology” was presented
in the following regions — St. Petersburg, Moscow, Yaroslav Region, Novosibirsk Region,
Tatarstan, and Penza Region (Figure 5). The cluster is biggest in the cities of Moscow and
St. Petersburg, with 30.52% and 16.14% of the total number of employed individuals
found in the cluster in Russia. However, the focus of the cluster — the share of the
employed in the cluster in relation to the total number of the employed in the region —
reduced in Moscow from 43.87% to 30.52%, and increased in St. Petersburg from 10.52%
to 30.52%. Over the period considered, the concentration of the cluster in large cities
and regional centres grew. The cluster was localise in the Kursk and Kaluga Regions.

According to the tested hypothesis about a dependence between the presence of
cluster j in region i and the size of its GRP, the following main results were obtained.
Industrial clusters in Russia, such as as “Automotive Industry”, “Analytical Tools”,
“Aerospace Engineering”, “Biopharmaceuticals”, “Information Technology”, “Metallurgical
Industry”, “Plastics”, “Production Equipment”, and “Chemical Industry”, had a positive
impact on the size of GRP in the long run (RQ2). See the detailed description and results in
the article by Kudryavtseva and Olaniyi (2019). Only individual clusters had a positive
regional effect, as the market infrastructure was not sufficiently developed, which is also
discussed in this study (Ketels & Memedovic, 2008).
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Figure 5 — Values of localisation indicators of the information technology cluster in Russian territory
in 2016
Source: composed by the author

The analysed influence of the localisation of the “Information Technology” cluster
showed that in the regions where the value of the cluster localisation coefficient was
higher by 1 unit at time t, the level of GRP was, on average, 11.1% higher. When the size
of the cluster was higher by 1 percentage point at time t, the level of GRP was, on
average, 2.52% higher. In clusters with a focus with 1 percentage point higher at time t,
the level of GRP was, on average, 30.3% higher. The obtained results can be interpreted as
agglomeration effects of the “Information Technology” cluster (RQ2). See the detailed
description and results in the article by Kudryavtseva et al. (2018).

According to the tested hypothesis regarding the dependence between the
development level of the cluster structure in region i and the size of GRP in the current
period and in a long-term period (compared to year 2011), a meaningful positive
dependence was obtained between the development level of the cluster structure of
regions and the size of their GRP in both the short-term and long-term periods (RQ2).
See the detailed description and results in the article by Kudryavtseva and Olaniyi (2019).

3.2 Measures of St. Petersburg regional cluster policy

The St. Petersburg region is an industrial and research centre that has had a long history
of development since the 18th century. The first Russian universities and large industrial
enterprises whose activities were integrated into the TPC, which made it possible to
produce knowledge-intensive and capital-intensive products, are represented here.
St. Petersburg is a good case for assessing the effects of the development of the
competitive environment, as a result of which the established value chains were first
broken during the development and production of products in the 90s, and then the
formation and development of a new cluster structure of the region took place.

The dynamics of the sectoral cluster structure of St. Petersburg were assessed for the
period from 2008 to 2016, and the factors limiting the development of the production
industry were identified (RQ3).

Throughout the entire period from 2008 to 2016, St. Petersburg was the region where
the following clusters were localised: industrial clusters: “Information Technology”,
“Biopharmaceuticals”, “Analytical Tools”, “Lighting and Electrical Equipment”, “Tobacco”;
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and infrastructural clusters: “Science and Education”, “Energy Production and
Transmission”, and “Trade.”

The analysed dynamics of the absolute number of employed by cores of cluster groups
allowed us to draw conclusion about structural change in the economy of the region.
It was defined that the trend towards reducing the number of employees is common for
the majority of industrial clusters in St. Petersburg, apart from high-tech and
science-intensive cluster groups, which demonstrate an increase in the number of
employed.

The strength dynamics of the developed cores of St. Petersburg clusters were analysed
in detail, including research into the changes in relative abundance used to determine
the important clusters of the Russian regions. The study included identifying the
competing “focal points” of concentrated enterprises of the relevant cluster group in
other Russian regions.

As a result, the following conclusion can be drawn about a fairly well-developed
cluster structure in St. Petersburg. In 2008, there were two related meta-cluster groups
in the region — one concentrated around the “Science and Education” cluster, while the
other referred to “Lighting and Electrical Equipment” (Appendix 3). In 2012, the cluster
group became more advanced — there appeared a single science-intensive meta-cluster
group due to the progress of the industrial cluster “Analytical Tools.” (See initial
results for 2012 in T. J. Kudryavtseva (2016) and T. Kudryavtseva & Jurievna (2015);
Appendix 3). In 2016, the region demonstrated further progress in the cluster structure
— the science-intensive meta-cluster group expanded due to the industrial cluster
“Medical Instruments” (Appendix 3, Figures 6). This meta-cluster group can be specified
as an innovative one thanks to the concentration of high-tech production facilities in the
field of instrument engineering and power engineering. Not only industrial but also
infrastructural clusters, such as “Tourism”, “Trade”, and “Business Services”, were
developing in the region.

To determine the institutional forms of cluster promotion presented by
Fromhold-Eisebith and Eisebith and described in Section 1.3, as well as supplemented by
me in Appendix 5, the cluster groups of the St. Petersburg region supported at the federal
and regional levels were identified (see Appendix 4) and correlated with the identified
significant clusters of the region as of 2016 (see Figure 6).

Based on the results of the analysis, it can be concluded that all significant industrial
clusters localised in the region were supported at the federal level. Therefore, in
accordance with the classification in Appendix 4-5, they were characterised as explicitly
descending, that is, existing in the region and promoted by the state. Most clusters
supported by regional authorities did not have sufficient concentration strength in the
St. Petersburg region compared to other regions in Russia. Thus, they were characterised
as implicitly descending, that is, clearly not existing in the region but supported by the
regional authorities. There were also many infrastructure clusters in the region, but the
clusters considered by the state as an object of cluster policy were Science and
Education, Trade, Business Services, and Tourism. These clusters can be characterised as
explicitly ascending, that is, clearly localised in the region but developing without the
participation of the state.

The institutional forms of cluster promotion in St. Petersburg are identified; the
measures of St. Petersburg cluster industrial policy aimed at overcoming the limitations
are substantiated in detail by all groups of the region’s clusters.
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Comparative analysis of the clusters localised in St. Petersburg and supported at the
federal and regional levels in 2016 allowed us to assess the clusters that explicitly
descending, explicitly ascending, and implicitly descending forms of cluster promotion
(Figure 6).

Y
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Engineering

Electrical
Equipment
Energy
Production and

Transmission

Tobacco

Communication
Lquipment

Tourism

Business
Services

Trade

Figure 6 — St. Petersburg cluster map in 2016, which takes into account state programmes for
regional cluster promotion. Explicitly descending clusters, that is, localised in the region and
promoted by state—highlighted in green and encircled; explicitly ascending clusters, that is,
localised in the region and not promoted by state—highlighted in green; implicitly descending
clusters, not localised in the region and promoted by state—encircled.

Source: composed by the author

To evaluate the condition of the industries that form the cluster structure of a region,
we analysed the labour security analysis of the cores of the cluster groups, the efficiency
of fixed assets use, and the maturity of related cluster groups, which ensure and maintain
the activity of cluster enterprises. According to the results obtained for each core of a
cluster group, we highlighted the industries in which industries where actions need to be
taken to increase labour security and raise industrial potential. We also pointed out
related cluster groups whose development will strengthen the considered cluster cores.

Three directions for state support measures are suggested to develop St. Petersburg
cluster structure with the help of industrial policy: (1) increasing the labour security of
cluster industries and investing in training professionals in relevant fields; (2) improving
the industrial potential of cluster industries with more efficient use of fixed production
assets due to modernisation of production and technology base and investment into
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innovative technologies; (3) developing related cluster groups embracing both main
suppliers of materials, equipment, etc., and enterprises using similar technologies.
The details of individual measures to be taken for all groups of the region’s clusters for
each of the suggested directions are provided in Appendix 6.

3.3 Discussion of results and implications

The developed research methodology of a territory’s cluster macrostructure was based
on the theoretical assumptions according to which spatial localisation of industrial
clusters is the essence of a market organised in the best way, while growth in wealth
due to the clustering of economic sectors is achieved if a country (region) has a
natural comparative advantage. The research methodology of a territory’s cluster
macrostructure (RQ1) included analysis of sectoral specifics of clusters, analysis of
localisation territory, economic parameters of clusters, and analysis of the impact of
cluster structure on the territory’s economy. It provided consistent algorithms and tools
that can be applied for cluster identification and analysis at macro-, meso- and micro
levels. Applied tools of algorithmisation and automation were elaborated to research the
cluster structure of territories — the database “Clusters of Russia’s Regions”. This was
used to determine the cluster structure of 83 Russian regions and to build localisation
maps of 37 clusters in Russian territory during the transition period from 2008 to 2016.
This result is essential because researchers, especially those in Russia, usually take into
account only one level. See, for example: (Nemchenko & Luzina, 2018; Schepinin et al.,
2018) and etc.

Next, | present the classification of Russian clusters by the level of concentration and
urbanisation. This result follows the idea presented by Lindqvist (2009) for the European
countries case. This results allows us to classify the cluster by categories and make
conclusions, which can be taken into account during cluster industrial policy elaboration.
For example, if a cluster can be classified as Concentrated Urban, then it is mostly
effective in high-density territories and big cities. This suggests that the state should
enhance the specialisation of the regions on these clusters to obtain positive externalities
for the whole region from their concertation. However, there were dispersed rural
clusters, which were located far from the big agglomerations and near closely related
enterprises. These results are important for the case of Russian regions because,
previously, there was no such extensive research on Russian cluster classification.
Further, it provides the first element of the evidence-based approach to policymaking,
which | implemented in my mechanism. After that | present results from regression
analysis, which state that the higher the specialisation of the region, the higher its
economic development. Detailed results and their discussion are presented in the article
by Kudryavtseva and Olaniyi (2019). These two findings partly answer RQ2 and RQ3.

Next, to answer RQ2 and RQ3, | draw the example of St. Petersburg to show how the
mechanism and the methodology can be applied for concrete region. | present the
cluster industrial structure of St. Petersburg, draw connections between the clusters in
accordance to the relations presented in Harvard Business School & U.S. Economic
Development Administration (2018) and recommend directions for measures of
St. Petersburg state cluster policy (Appendix 6). Based on the results of the analysis of
Section 3.2, namely, that there is no implicitly ascending form of cluster promotion,
it can be concluded that all private cluster promotion initiatives were supported by
regional authorities and thus evolved (see Figure 2) into an implicitly descending form of
cluster promotion. This trend can be assessed as positive, but it was associated with the
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risk of poor performance in regional industrial policy. The similar situation was modelled
in detail in Section 3.2 (Figure 6, Appendix 4, 5), in which the cluster was supported in a
region that did not have a comparative advantage over other regions of the Russian
Federation. This part is significant to the scientific field because it shows which measures
should be applied for each cluster depending on its’ characteristics (Appendix 6).
Therefore, it is an example of the evidence-based measures that should be applied to the
development of the cluster structures in a specific region using the proposed by the
author methodology and classification presented in Appendix 5.

Therefore, taking into account empirical and theoretical results, it can be concluded
that cluster industrial policy in Russia was usually performed by the state government
without the use of a clear and consistent informational and analytical background.
This implies, that state programmes, which aim at development of the territories,
did not always take into account the current situation in the regions (Kozonogova et al.,
2019; Zemtsov et al., 2017). Therefore, these programmes supported certain industries
that even did not exist in regions (Babkin et al., 2013). Thus, | concluded that official
cluster policy should be aimed at supporting explicitly descending clusters, since these
clusters will ensure the biggest long-term regional Marshall’s externalities in the region.

In this regard, | have developed the mechanism of cluster industrial policy in the
transition economy as the answer to RQ4. The mechanism reveals relations between
objectives, methods, and elements of cluster industrial policy. This implies, that
development of the cluster industrial policy should address concrete aims and use special
tools. This idea comes from the Delgado et al. (2015), Ketels and Memedovic (2008), and
Ketels and Protsiv (2014), who emphasized that each region has a unique cluster
structure and if it can be identified, then it can be managed properly. Therefore, this
result contributes to the cluster theory as a whole and to the cluster industrial policy
elaboration for the Russian case in particular. This makes it important for Russia, because
currently there are no tools that can provide a solid quantitative background for decision
making.

The mechanism developed in this research study includes theoretical and
methodological principles, presented in Chapters 1 and 2, and empirical results, presented
at Chapter 3. In my opinion, cluster industrial policy represents a set of legal, economic,
organisational, educational, informational, social, infrastructural, and other measures of
state influence on industrial activity of clusters aimed at developing competitiveness and
raising localisation of cluster enterprises in a territory to achieve a clustering effect —
growth in the wealth of population in a territory. The developed mechanism of cluster
industrial policy includes the objectives, principles, tools, and components of cluster
industrial policy (Figure 7). This result is a theoretical contribution to the field and
corresponds to RQ4.

The developed mechanism of cluster industrial policy is based on the following
framework elements: priority cluster directions of an industrial country, actions, and
tools of cluster industrial policy. Reciprocity of all elements of the mechanism of cluster
industrial policy brings about a positive synergy effect, which is expressed in Marshall’s
externalities from the interaction of enterprises of a cluster and ensures the growing
wealth of the population of a territory. Priority directions for the clustering industry are
determined based on the studied cluster macro-structure of a territory, including the
analysed localisation level of enterprises of a cluster in the territory and their
comparative advantages. Regional cluster industrial policy is framed based on the
research of coherence, effectiveness, and resource availability of clustersin a region, and
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the institutionalisation of the promotion forms of clusters in the region. The tools of
cluster industrial policy are determined by analysing the integrity of the structure of an
industrial cluster, as well as the coherence, efficiency, and resilience of enterprises of the
industrial cluster.
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Figure 7 — Mechanism of cluster industrial policy in the transition economy
Source: composed by the author

| believe that an effective mechanism for industrial policy must follow all the principles
of systems theory. The following principles can be defined in systems theory:
consistency, communicativeness, integrity, hierarchy, equifinality, and feasibility
(Blauberg et al., 1969). Based on the developed mechanism of cluster industrial policy,
| propose the following interpretation of systems theory principles.

The law of consistency refers to the interaction of all elements of the mechanism of
cluster industrial policy that gives a positive synergy effect, which is expressed in
Marshall’s externalities resulting from the interactions of cluster enterprises and ensures
that the wealth of the population in a territory grows.

The law of communicativeness suggests that the mechanism of cluster industrial
policy must be considered as a subsystem of a higher order system. Consequently, cluster
industrial policy should be framed with due consideration of the institutional
environment of the transition economy, determining the priority direction for the
development of the national economy, and satisfaction of social needs. The industrial
policy of every country’s system has its specifics, which is confirmed by the analysis of
the policies of developed countries.

The law of integrity posits that the mechanism of cluster industrial policy is based on
the following framework elements, which were identified in the course of this research:
priority directions of industry clustering, historical places of industry localisation,
measures of regional cluster policy, and tools of cluster industrial policy. The priority
directions of industry clustering are determined based on the study of the cluster
macro-structure of a territory, which includes analysis of comparative advantages from
locating cluster enterprises in the territory and the level of their localisation. Measures
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of regional cluster industrial policy are formed based on research into consistency,
efficiency, and resource availability of clusters in a region, and institutionalisation of
cluster promotion forms of the region. Tools of cluster industrial policy were determined
through analysing the consistency of the structure of an industrial cluster, bond,
effectiveness, and resilience of enterprises of the industrial cluster.

The law of hierarchy refers to the consistency of a complex hierarchical system that is
revealed at every level of hierarchy. In this case, it implies that the priority directions of
production sector clustering, measures, and tools of cluster industrial policy are also
complex subsystems. Thus, industrial policy is an element of state economic, social,
environmental, and other state policies, as well as regional policy; that is, it is an element
of a multi-level system of public administration.

The law of equifinality is revealed in the marginal capabilities of tools and measures
of cluster industrial policy applied in a country or a region to ensure growth in wealth
without cardinal change in the mechanism of cluster industrial policy. In the context of
the transition from planned to market economy, the elements of the mechanism of
industrial policy have to adapt and advance continuously.

The law of feasibility describes the degree of diversity of the mechanism of cluster
industrial policy that must exceed the degree of diversity of the controlled system, that
is, cluster enterprises. Consequently, to ensure growth in wealth, the state should use
measures and tools of cluster industrial policy and consider all aspects of the activity of
cluster enterprises, including regional, sectoral, and institutional ones.

Thus, the methodology of cluster industrial policy framing includes research into the
cluster structure of a territory and the structure of an industrial cluster (Figure 2).
Therefore, as the theoretical contribution of the research, | elaborate on the notion of
cluster industrial policy and propose the mechanism of cluster industrial policy in a
transition economy, which includes objectives, principles, tools, and its components.
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Conclusion

Thus, in this research, | developed the theory, methodology, and tools of cluster
industrial policy in a transition economy and elaborated the elements of a cluster-based
mechanism of effective industrial policy tested on the example of St. Petersburg.

The following are the theoretical contributions of the research:

1. As a result of the summarised theoretical approaches to cluster forming and
development, namely institutional theory, theory of regional development, and cluster
theory, based on the principles of system analysis, the notion of cluster industrial policy
was interpreted, and a mechanism of cluster industrial policy in transition economy,
including objectives, principles, tools, and its components, was elaborated. This
mechanism takes into account the institutional peculiarities of countries with transitional
economies. These peculiarities are determined by the historical localisation of the
industries and changes in the links between them in conditions of the market economy.

2. The economic structure of the region changes under the pressure of the market.
Since it is unstable, the government should constantly monitor its development to
manage these changes. Based on the application and study of methodological
approaches of the leading national and foreign schools (Porter, European Cluster
Observatory, Russian Cluster Observatory) and using a convergence approach,
| developed methodological tools to research the cluster structure of territories at the
micro- and macro-levels. This included an analysis of sectoral specifics, localisation
territory and economic parameters of a cluster, evaluation of the impact of the cluster
structure of a territory on the economy aimed at informing priority directions for industry
clustering as well as measures and tools of industrial policy for transition economy.
Cluster industrial policy can be framed based on the obtained information. The developed
methodology allows for identifying regions of industry localisation, estimating the
influence of clusters on gross regional product and economic growth, and supporting
competitive value chains.

3. In conditions of a transition economy, industries integrate into global value
chains, which leads to the destruction of the uncompetitive industries. This requires the
development of tools for monitoring and analysing the regional cluster structure.
Methodological tools were suggested and tested for algorithmisation and automation of
research into the cluster structure of territories —automated information systems, which
makes it possible to monitor clusters constantly and systematically and thus correct
cluster industrial policy. Methodological tools were developed and tested to model the
evaluation of the impact produced by industrial clusters on the economy of regions based
on the methods of econometric analysis.

The practical contributions of the research are as follows:

1. Using computations and the database “Clusters of Russia’s Regions” the cluster
structure of the Russian regions and its dynamics were determined; the localisation
regions of cluster cores in the period from 2008 to 2016 were identified; and the
industrial clusters that determine positive externalities for the economy of Russia’s
regions in the period from 2008 to 2016 were highlighted.

2. The dynamics of the sectoral cluster structure in St. Petersburg were assessed,
cluster maps were drawn and analysed to find out about related meta-cluster groups,
and the content characteristics of the region’s cluster structure were presented.

3. Explicitly descending and ascending forms of cluster promotion and an implicitly
descending form of cluster promotion in St. Petersburg were determined, which allowed
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us to implement a differentiated approach to framing cluster industrial policy. Measures
of St. Petersburg cluster industrial policy were substantiated in detail by all groups of the
region’s clusters.

Research limitations and further research

The research study used the classification of clusters proposed by Porter. The application
of the classification proposed by M. Porter has essential limitations since interrelations
of enterprises are considered to be set within sectoral and inter-sectoral cooperation and
integration, which can be inconsistent with the sectoral structure of Russia. To solve this
problem, research should be conducted to determine and systematise the microstructure
of clusters in Russia, while the activity of individual enterprises localised in the territory
should also be studied. In addition, types of economic activities, which should be
considered as part of one cluster for Russia specifically, should be determined based on
the analysis of input-output matrixes.

The research study was tested on the example of Russia, and includes the methodology
of assessing the impact of industrial clusters on the economy of a region and the
developed database. However, the suggested methodology is flexible and can also be
applied to evaluate the impact of industrial clusters on other economic indicators of a
region and for other regions (countries).

Further, the methodology proposed by the European Cluster Observatory can be
supplemented and transformed so that it can be used to evaluate other indicators of
cluster development. It is also planned to expand the functionality of the devised
database to provide convenient input and editing of information about the employed
population of regions, and introduce automated reports that reflect the dynamics of
cluster development in the Russian regions. Moreover, the obtained results can be used
to build spatial econometric models aimed at measuring spatial externalities for various
clusters.

One more direction for further research is studying the mechanisms of knowledge
spillovers and assessing the impact of government policy on cluster development at the
micro level.
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Abstract
Cluster industrial policy and tools in the transition economy:
The case of Russia

Effective cluster industrial policy is a priority for countries that aim to achieve economic
growth, but it has certain limitations and problems of introduction at developing
countries. According to institutional theory, one of the key factors is the social interaction
between industrial subjects, which is realised in the framework of cluster interactions.
Therefore, the current development stage of industrial policy is closely related to cluster
policy. Its effective implementation depends on the interaction between state, business,
and institutions of civil society. However, this interaction can be well established and
regulated in developed economies, but for transition economies, it can be different.
The main problem is about transition, given that forms and means of interaction between
state, business, and civil society are changing, and all of them are trying to reach a new
equilibrium state. Transition economies can also be characterised by the following
specifics: a lower level of integration in global value chains, political factors, disruption
of the established production chains, resource dependence, and instability of the
economy. Therefore, it is essential to discuss cluster development and cluster industrial
policy development in transition economies. The given task is particularly relevant to
Russia in terms of long-term reformation and institutional transformations undertaken
within the last 30 years. Therefore, the research aim was to determine principles,
methods, and instruments for formation of the cluster industrial policy targeted at
enhancing competitiveness and growing localisation of cluster enterprises in a territory
to achieve the effect of clustering — welfare growth of the transition economy using
Russia as an example.

The main tool of implementing the cluster industrial policy was a study on cluster
structures at the micro- and macro-levels, that is, the cluster structure of a territory and
the structure of an industrial cluster. The tool set included studying the industrial
features of clusters, analysing their territory localisation, and evaluating the effect of the
cluster structure on territorial economies. To automate the analysis of cluster localisation
territories, | created a database called “Clusters of Russia’s Regions” (state registration
certificate RIA No0.2017620569 of May 29, 2017). The database was designed to
determine the regions of cluster localisation using data on the population employed in
various types of activity. The influence of the cluster structure on the economy was
measured on the basis of econometric modelling.

By testing the developed tools, the cluster structure was defined for 83 regions of the
Russian Federation, and localisation maps were built for 37 clusters in Russia’s territory
during the period from 2008 to 2016. Then, the assessment of the localisation effect of
37 clusters in the Russian territory on the GRP was conducted. As a result, we identified
a list of clusters — “Automotive Industry”, “Analytical Tools”, “Aerospace Engineering”,
“Biopharmaceuticals”, “Information Technology”, “Metallurgical Industry”, “Plastics”,
“Production Equipment” and “Chemical Industry” — which had a positive impact on the
size of GRP in the long run.

Consequently, | conducted a detailed analysis of one of the Russian regions —
St. Petersburg. The analysis evaluated the dynamics of the industry-specific cluster
structure of St. Petersburg for the period 2008-2016, identified the factors limiting the
development of industrial clusters, defined the institutional forms for promoting
St. Petersburg’s clusters, and substantiated the action items of St. Petersburg’s cluster
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industrial policy. As a result, it was possible to draw a conclusion about a fairly
well-developed cluster structure in St. Petersburg. In the period of 2008-2016,
St. Petersburg showed intense development of a meta-cluster group that could be
specified as innovative due to the concentration of high-tech production facilities in the
field of instrument engineering and power engineering. The research findings resulted in
recommended directions and guidelines for measures of St. Petersburg state cluster
policy.

Next, | generalised theory on clusters in transition economies, the approaches for
cluster development and formation, results of the empirical analysis and came up with
the mechanism of cluster industrial policy. The mechanism includes the goals, principles,
tools, and components of the cluster industrial policy. It is based on the following
framework elements: priority cluster directions of an industrial country, actions, and
tools of the cluster industrial policy. Reciprocity of all elements of the mechanism of the
cluster industrial policy brings about a positive synergy effect, which is expressed in
Marshall’s externalities from the interaction of enterprises in a cluster and ensures the
growing wealth of the population in the territory. Priority directions for the clustering
industry are determined based on the studied cluster macro-structure of a territory,
including the analysed localisation level of enterprises of a cluster in the territory and
their comparative advantages. Regional cluster industrial policy is framed based on the
research of coherence, effectiveness, and resource availability of clustersin a region, and
the institutionalisation of the promotion forms of clusters in the region. The tools of the
cluster industrial policy are determined by analysing the integrity of the structure of an
industrial cluster, as well as the coherence, efficiency, and resilience of enterprises of the
industrial cluster.

Further, based on the conducted analysis, | augmented the approach for classification
of clusters, initially presented by Martina Fromhold-Eisebith and Gunter Eisebith. This
approach was developed through the introduction of the second categorisation
dimension, differentiating explicit and implicit cluster promotion based on institutional
prerequisites. It is graphically presented as a transformation process of cluster promotion
forms and their conversion into state cluster policy. The transformation process can start
with private industrial initiatives, which can then be supported by local government
bodies, and as a result, the implicitly ascending promotion form of industrial enterprises
will convert to an implicitly descending promotion form. Or private industrial initiatives
started at the local level will be supported by private industrial elites on the regional or
federal level, and, thus, the implicitly ascending promotion form of industrial enterprises
will turn into an explicitly ascending promotion form. Finally, supported either by local
government bodies or by industrial associations at the regional level, cluster promotion
will have the form of state industrial policy, which can be classified as an explicitly
descending form of cluster promotion.

In accordance with the developed mechanism and augmented approach for cluster
classification, the priority directions of clustering territorial economies and the
development and validation of measures and tools of the state cluster policy in transition
economies can be identified.
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Lihikokkuvote

Klastri toostuspoliitika ja lileminekumajanduse vahendid:
Venemaa ndide

Tohus klastri toostuspoliitika on prioriteet riikides, mille eesméark on saavutada
majanduskasv, kuid selle sissetoomisel arengumaadesse on teatud piirangud ja
probleemid. Institutsionaalse teooria kohaselt on (ks peamisi tegureid tdostuslike
subjektide sotsiaalne koostoime, mida viiakse tdide klastrite koostoimete raames.
Seetdttu on toOstuspoliitika praegune arenguetapp tihedalt seotud klastripoliitikaga.
Selle téhus rakendamine séltub riigi, ettevotjate ja kodanikulihiskonna institutsioonide
vastastikusest mdjust. Selline koostoime vdib arenenud riikides olla hasti juurdunud ja
reguleeritud, kuid erinev lGleminekumajanduste puhul. Peamine probleem on lleminek,
mis tahendab, et riigi, ettevotete ja kodanikuiihiskonna vahelise suhtluse vormid ja
vahendid muutuvad ning k&ik plilavad jéuda uude tasakaaluolekusse. Lisaks vGivad
Gleminekumajandusi iseloomustada jargmised eriparad: madalam [8imumine
lilemaailmsete vaartusahelatega, poliitilised tegurid, valjakujunenud tootmisahelate
katkemine, ressursisGltuvus ja majanduse ebastabiilsus. Seetdttu on oluline arutada
klastriarendust ja klastri to0stuspoliitika arendamist tleminekumajandustes. Antud
ilesanne on Venemaa jaoks eriti oluline pikaajalise reformatsiooni ja institutsiooniliste
muutuste tingimustes, mis on viidud |dbi 30. aasta jooksul. Teadusuuringute liinga
taitmiseks tuleb maarata kindlaks toostuse klastripoliitika moodustamise p&himdatted,
meetodid ja vahendid, mille eesmadrk on suurendada konkurentsivéimet ja
klastriettevGtete kasvavat lokaliseerimist territooriumil saavutamaks klastrite loomise
mdju — tleminekumajanduse heaolu kasv Venemaa naitel.

Klastri toostuspoliitika rakendamise peamine tooriist on klastri struktuuri uurimine
mikro- ja makrotasandil, s.o. piirkonna klastristruktuur ja toostusliku klastri struktuur.
Instrumentaarium sisaldab klastrite to0stusspetsiifiliste tunnuste uurimist, nende
lokaliseerimise piirkonna analiisi ja klastristruktuuri mdju hindamist piirkonna
majandusele. Klastrite lokaliseerimisalade analliisi automatiseerimiseks loodi klastrite
lokaliseerimise piirkondade kindlaksmaaramiseks andmebaas “Vene regioonide klastrid”
(RIDi riikliku registreerimise tunnistus nr 2017620569, 29. mai 2017). Kujundatud
andmebaas on loodud klastrite lokaliseerimise piirkondade kindlaksmadramiseks
vastavalt elanikkonna t66hdive andmetele erinevat tllpi tegevustes. Klastristruktuuri
mdju majandusele hinnati 6konomeetrilise modelleerimise pdhjal.

Arendatud tooriistade testimise osana madrati kindlaks Vene Fdderatsiooni 83
piirkonna klastristruktuur ja konstrueeriti aastatel 2008-2016 Vene Foderatsiooni
territooriumi 37 klastri lokaliseerimise kaardistus. Jargmisena hinnatakse Venemaa
37 klastri lokaliseerimise moju regionaalsele kogutoodangule. Selle tulemusel
madadratletakse kogutoodangule pikas perspektiivis positiivse mdjuga klastrite
loetelu: , Autotodstus”, ,Anallitilised instrumendid”, ,Aerokosmose tehnika“,
,Biofarmaatsia“, , Infotehnoloogia“, ,Metallurgiat6ostus®, ,Plastikud”, ,, Tootmisseadmed”
ja ,Keemiat6ostus”.

Sellest tulenevalt analtusisin Uksikasjalikult Ghte Venemaa piirkonda — Peterburi.
Analiiisis hindasin Peterburi toostusspetsiifilise klastristruktuuri diinaamikat aastatel
2008-2016, tegin kindlaks toostusklastrite arengut piiravad tegurid; maaratlesin
Peterburi klastrite edendamise institutsionaalsed vormid ja pohjendasin Peterburi klastri
toostuspoliitika meetmeid. Selle tulemusena oli vdimalik teha jareldus Peterburi Gisna
hasti arenenud klastristruktuuri kohta. Aastatel 2008-2016 nditas Peterburi metaklastri
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rihma intensiivset arengut, mida v&iks pidada uuenduslikuks tdanu kdrgtehnoloogiliste
tootmisrajatiste koondumisele aparaadiehituse ja elektroenergeetika valdkonnas.
Uuringu tulemusena koostati Peterburi riikliku klastripoliitika meetmete soovituslikud
juhised ja suunised.

Jargmisena (ldistasin teooriat {leminekumajanduse klastrite kohta, klastrite
arendamise ja moodustamise lahenemisviise, empiirilise anallilsi tulemusi ja tdin vélja
klastri toostuspoliitika mehhanismid

Mehhanismid hélmavad klastri toostuspoliitika eesmarke, pohimotteid, vahendeid ja
osi. See pbhineb jargmistel raamelementidel: to0stusriigi prioriteetsed klastrisuunad,
klastri toostuspoliitika meetmed ja vahendid. Klastri toostuspoliitika mehhanismi kdigi
elementide vastastikkus toob kaasa positiivse slinergia, mida valjendatakse Marshalli
valismdjudes klastri ettevOotete omavahelisest suhtlusest ja mis tagab piirkonna
elanikkonna kasvava joukuse. Klastri toé6stuspoliitika prioriteetsed suunad maéaratakse
kindlaks territooriumi uuritud klastri makrostruktuuri pdhjal, sealhulgas piirkonna klastri
ettevotete anallisitud lokaliseerimise taseme ja nende suhteliste eeliste pdhjal.
Piirkondliku klastri todstuspoliitika kujundamisel lahtutakse piirkonna klastrite sidususe,
tbhususe ja ressursside kattesaadavuse uuringutest ning piirkonna klastrite
edendusvormide institutsionaliseerimisest. Klastri téostuspoliitika vahendid maaratakse
kindlaks toostusklastri struktuuri terviklikkuse ning té6stusklastri ettevGtete sidususe,
t6hususe ja vastupidavuse anallilisimisega.

Samuti laiendasin labiviidud analtitsi pdhjal klastrite klassifitseerimise ldahenemist,
mille algselt esitasid Martina Fromhold-Eisebith ja Gunter Eisebith. See lahenemisviis
tootati valja teise kategoriseerimise mddtme kasutuselevdtmise kaudu, eristades
klastrite otsest ja kaudset edendamist, ka tdnu institutsioonilistele eeltingimustele. See
on graafiliselt esitatud klastri edendamise vormide Umberkujundamisprotsessina ja
nende muutmisena riiklikuks klastripoliitikaks. Umberkujundamisprotsess vdib alata
eradiguslike tdostusalgatustega, mida saavad seejarel toetada kohalike omavalitsuste
organid, ning selle tulemusena muutub t60stusettevGtete kaudselt tdusev edendusvorm
kaudselt kahanevaks edendusvormiks. VG&i kohalikul tasandil alustatud erasektori
toostusalgatusi toetavad eradiguslikud toostuseliidrid piirkondlikul v6i foderaalsel
tasandil ning seega muutub t66stusettevotete kaudselt tdusev edendamine otseselt
tousvaks edendamiseks. Olenemata, kas kohalikud omavalitsused voi t6ostusiihendused
toetavad piirkondlikul tasandil klastrite edendamist, saab sellest riikliku toostuspoliitika
vorm, mida vaib liigitada klastrite edendamise otsese kahaneva vormina.

Vastavalt vilja tootatud mehhanismile vGivad pakutud vahendid olla suuniseks
piirkonna majanduse klastrimiseks prioriteetsete valdkondade kindlaksmé&aramisel,
riikliku  toostusklastripoliitika meetmete ja instrumentide valjatéotamisel ja
pdhjendamisel; investeeringud, mille eesmark on stimuleerida piirkondliku majanduse
uuenduslikku arengut; klastrite infrastruktuuri loomine, klastritegevuste seadusandliku
ja teabetoetuse susteem.
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Abstract:

Identification, development, and management of the cluster structure of territories is an important factor of economic growth.
The purpose of this study is to determine the cluster structure of Russian regions and assess the impact of these cluster
specialization on the size of gross regional product (GRP). For this purpose, the methodology of the European Cluster
Observatory was used and the following indicators were calculated: ‘Location quotient’, ‘Cluster size’, and ‘Cluster focus’ for
37 clusters in 83 regions of the Russian Federation within the period from 2009 to 2018. The calculation was performed using
the developed automated database ‘Clusters of Russian regions’.

Based on the results obtained, the cluster specialization was determined and hypotheses were tested on the presence
of positive externalities, i.e. on the existence of a positive correlation between the cluster specialization of regions and the size
of their GRP from 2011 to 2015. Thus, the authors conclude that the increased specialization of Russian regions lled to positive
agglomeration effects - externalities. The proposed toolkit can serve as a reference for the development and justification of
the state industrial cluster policy.

Keywords: cluster structure of regions; location quotient; gross regional product; agglomeration externalities.
JEL Classification: 040; R11; C38.
Introduction

Creation and development of clusters allows unlocking the potential of the region and strengthening its
competitiveness (Porter 2001, Ketels and Memedovic 2008). Characteristics such as the size, level of localization,
and focus of clusters determine the volume and the quality of knowledge that circulates between enterprises and
organizations of clusters under study (Lindqvist 2009). As a consequence, development of clusters should lead to
the emergence of synergetic effects that have a positive impact on the growth of the region's economy (Zemtsov
et al 2017; Rudskaya and Rodionov 2017; Schepinin 2018) and on strengthening its innovative potential
(Lebedevet al 2018, Kozlovet al. 2017). However, regardless of the type of a cluster, the question of assessing the
impact of cluster specialization on the economy of the region remains open and subjective to different
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interpretations (Beaudry and Schiffauerova 2009; Peiré-Signes ef a/. 2015; Falcioglu, Akglingor 2008; Morrissey
2016).

The goal of the study therefore is to determine the cluster regional structure of Russia and to assess its
impact on the regional development factor - gross regional product (GRP).

In this paper, the authors follow the top-down approach to cluster identification. This approach assumes that
on the basis of macroeconomic data on the structure of employment in the region, it is possible to determine the
‘critical mass’ of the cluster core and form ‘benchmark clusters’. Compliance of a particular cluster with the
benchmark determines its relative strength and competitiveness. Besides, the more developed the cluster
specialization of the region is, the more positive externalities are generated within it (Lindgvist 2009; Protsiv 2016;
Solvell ef a/ 2003).

In this study, the cluster structure of the territory is understood as an agglomeration, which includes
industrial, infrastructural, and raw material clusters localized in the territory and interconnected within the framework
of vertical and horizontal integration. The territorial structure of Russia has a regional division and consists of 85
Federation subjects. The rest of the work is organized in the following manner: the next sections gives the
background on clusters and agglomeration effect. It also explains in details different methodologies common in
cluster identification. The third section elucidates the methods used for this work followed by the results and
discussion. The last section concludes.

1. Research Background
1.1. Clusters and Agglomeration Effects

The theoretical basis of the study in this paper is the cluster theory put forward by Porter (2001, 1998); Delgado ef
a/2014); and further developed by the European Cluster Observatory (Lindqvist 2009; Solvell ef a/. 2003; Ketels
and Protsiv 2014). According to Porter, M. a cluster is ‘a group of geographically neighboring interrelated companies
and related organizations operating in a particular field, characterized by commonality of activities and mutually
supplementing each other' (Porter1998). As a result of establishing specific forms of spatial concentration of
enterprises, i.e. clusters, agglomeration externalities usually emerge in the regional economy (Paci and Usai 2008;
Bishop and Gripaios 2010). In the early 20tcentury, agglomeration externalities, which are expressed in the
economy from co-localization and geographical concentration of companies in certain areas were considered as
an integral element of competitiveness within the framework of economic geography and the theory of
competitiveness (Hallet 2002).

Thus, Marshall (1920) developed the idea that spatial concentration of companies belonging to the same
industries may become a source for developing such agglomeration effects (external savings). In other words,
according to Marshall, the specialization of the economy of a certain territory is directly related to the creation of
innovations in its industries (Marshall1890). Thus, the easier and faster it is to exchange knowledge and resources
on the territory of an agglomeration, the more fruitful it becomes for creation and development of innovations
(Ahlfeldt and Feddersen 2018).

On the other hand, Jacobs (1969) took the position that it was not the industries, activities, or
interrelationships that were important, but the spatial concentration of the economic activity noticeable in that given
area. In her opinion, development of new types of business, products, and technologies is conditioned by proximity
of enterprises belonging to different types of the economic activity, as a result of the application and adaptation of
ideas used in them. As a consequence, the central idea of Jacobs' research is the need to strengthen the positive
agglomeration effects and, consequently, the innovative potential of enterprises by providing conditions for
diversification of the economy in any territory (Content and Frenken 2016; Liang and Goetz 2018).

Therefore, from Jacobs’ point of view, co-localization of enterprises of different industries is the major source
of positive agglomeration effects which contradicts Marshalls summation that auxiliary clusters are not integral part
of the agglomeration, but only ‘surround’ it, as the effect of joint placement of enterprises that make up an industrial
agglomeration. (Zhu ef a/. 2017; Suedekum and Blien 2005; Caragliu ef a/. 2016).

Reasoning out these aspects shows that M. Porter's cluster theory combines the main ideas proposed by
A. Marshall and J. Jacobs. Hence, the concept of the cluster involves consideration of enterprises that operate in
inter-complementary and interrelated industries, combining the Marshall effects of geographical concentration of
enterprises in the same industry and agglomeration externalities of Jacobs that focuses on the results of the co-
localization of enterprises with different types of activities in a certain area. This way, the links between enterprises
are understood as both vertical value chains and horizontal links that emerges from the exchange between inter-
complementary technologies, products, services, specialized factors of production (Porter 2001; Sahdev 2016) and
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further implying that the main difference between cluster formations and other agglomeration forms is their inter-
sectoral nature.

As established, agglomeration externalities (proximity effects) and spatial concentration (agglomeration)
have a certain influence on each other but exist separately. Therefore, the increasing attractiveness of territories
for business maybe due to the development of agglomeration effects, which leads to an increase in the geographical
concentration of enterprises. On the other hand, more efficient use of the existing skills and development of new
ones, along with increased labor force mobility, are also the result of the increased geographical concentration that
leads to localization and enhanced agglomeration effects (Peir6-Signes ef a/. 2015).

In the framework of the research, the authors take the position that implies that it is difficult to determine the
nature of the origin of externalities, as well as to identify and measure separately the effects of A. Marshall and J.
Jacobs. This approach was successfully used by Lindqvist (2009) to study the cluster structure of the Swedish
economy. Along this line, the paper will attempt to determine the presence or absence of the influence of cluster
specialization and diversification of the regions on indicators such as the GRP (gross regional product) of regions,
without identifying the nature of the externalities.

1.2. Approaches to Cluster Identification

Akey issue in the cluster theory may be the problem of identifying clusters in regions (individual territories) (Brachert
etal.2011; Taranova efal. 2015; Heuvel ef a/. 2010). Based on the analysis of foreign experience, we can highlight
a number of methodological approaches to identifying clusters, but the main challenge is that there are still
significant differences in application of tools in practice when you take into account the existing information and
analytical base. Within the framework of the first approach - ‘bottom-up’ - identification of clusters takes place based
on previously known information that emphasizes that enterprises and industry leaders are located in a certain
territory (Porter ef a/. 2011; Boix ef a/. 2015). The second approach - ‘top-down'’ - searches for spatial localization
of clusters is based on statistical data on specific and interrelated activities in the area. Besides, national samples
or benchmark clusters are used to identify specific regional clusters.

Correspondingly, within the framework of the top-down approach to cluster identification, this work uses two
main and constant properties of clusters, namely, functional connectivity and geographical proximity.

To achieve the best results of cluster identification using the top-down approach, it is necessary to use a
combination of methodologies that focus on identifying both functional and spatial relationships. This approach is
implemented in the methodology developed by M. Porter (2001), Delgado ef a/. (2014, 2015) where Porter defined
the structure of ‘benchmark’ clusters in the American economy on the basis of a detailed analysis of activities
included in the American classifier SIC (Standard Industrial Classification). This method has become classical and
is used in many countries especially in Europe where many countries have used this approach or its modifications
to identify their regional clusters.

Furthermore, the US Department of Commerce used the results obtained by Porter to map US clusters
based on the ‘benchmark’ cores of the cluster groups he had identified (Harvard Business School 2018). These
results were used in the development and implementation of the European Cluster Observatory project aimed at
analyzing and mapping clusters of the EU countries (Protsiv 2016). In this project, the composition of Porter's
‘benchmark’ clusters was adapted to the specifics of the EU economy on the basis of data from the European
classifier NACE (Solvell e a/. 2003). In the Russian Federation, such adaptation based on the NACE classifier has
not been fully carried out. As a rule, in the framework of national studies in Russia, either separate clusters or
cluster initiatives are considered (Islankinaef a/. 2017, Uskovaet a/. 2010, Kutsenko, 2015), and most times only
formal clusters, created and supported by the state (National Research University Higher School of Economics
2019). The cluster structure and the identification of latent clusters have been practically ignored (Shchepakin and
Zhukova2013, Kiseleva and Chunina 2018).

The context of the cluster identification method is the assumption that the volume and quality of knowledge
circulating between enterprises and organizations included in a cluster under study depends on the size of the
cluster and the level of its specialization. The European Cluster Observatory defined these factors as ‘Location
quotient’, ‘Size’ of the cluster and ‘Focus’ of the cluster region (Lindgvist2009). Values of the factors within certain
thresholds reflect whether the studied cluster has reached sufficient ‘critical mass’ to generate positive external
effects and relationships. These values are calculated using employment statistics (see Figure 1).
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Calculation of regional industrial cluster characteristics
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Source: Developed by authors.
Figure 1. Methodology for identification of cluster localization area

Lindqvist (2009) proposes to use a value higher than 2 for the location quotient and a mark of 10% for ‘Size’
and ‘Focus’ meaning the region should be in the first 10% on the values of the parameter’s ‘size’ or ‘focus’. If the
values of the region are higher than the limit values, the region can get a ‘star’. Each region can get maximum 3
stars for each cluster. The more stars there is, the greater the power of the cluster in the region (see Figure 1).
Apart from this, a star cannot be assigned to a cluster in a region if the number of employees in that cluster does
not exceed 1000 people. The sum of stars in all clusters of regions will determine the level of their specialization.
Thus, application of this methodology will allow the determination the number of clusters and the level of relative
specialization of such regions.

1.3. Location Quotient (LQ) as a Measure of Concentration and Specialization

LQ is one of the most frequently used statistical parameters for identification of a cluster in the given territory and
assessment of the level of specialization of the region in the activities under study (9). It is often used as the only
measure that determines the specialization of a region by a particular activity. In this regard, scientific literature
widely considers the question of what value of ‘location quotient’ is sufficient and necessary to identify a cluster in
a given territory. For example, 1 (Bishop ef a/ 2003); 1.25 (Feser and Bergman 2000); 1.3 (Braunerhjelm and
Carlsson1999); 2 (Lindqvist 2009); and 3 (Isaksen1996) are allocated as boundary values of LQ. Scientists continue
to use an arbitrary boundary LQ value as a uniform measure in all studies, ignoring the fact that it is impossible to
determine one correct LQ value that will be true for all cases (Peir6-Signes ef a/. 2015).

To overcome the need to determine the LQ boundary value randomly, O'Donoghue and Gleave (2004)
suggest using the standardized LQ (SLQ) value to identify clusters in the regions where the concentration of certain
clusters is extremely high. The SLQ value should be higher than 1.96 for a two-way test and 1.65 for a one-way
test. Peir6-Signes ef a/ (2015) and others developed this idea and proposed classification of the cluster
concentration force based on SLQ values. So, if the SLQ value is between 1.25 and 1.96, it is considered as a ‘low
concentrated cluster’, if between 1.96 and 3, it is a ‘medium concentrated cluster’, and if the SLQ is above 3, itis a
‘highly concentrated cluster’. The main limitation in using SLQ is that LQ values must be normally distributed, which
depends directly on how the initial employment data are aggregated by a region and a sector of the economy.
Within this study, the authors take the position that the threshold value should be set at 1.3. This is because a lower
threshold value, compared to the one used by the European Cluster Observatory, is more suitable for the specific
domestic conditions because of the available databased. For example, statistics on the number of employed people
do not take into account self-employed people, referring a large share of the employed to large and medium-sized
enterprises, which results in the presence of high employment in individual clusters without high competition.

Accordingly, the adaptation of the results of the study of M. Porter's ‘benchmark’ clusters will be used for study
using the Russian Classifier of Economic Activities (OKVED) to determine the ‘benchmark’ clusters characteristic
of the Russian Federation. The criteria and methods proposed by the European Cluster Observatory will be used
to determine the relative strength of clusters identified, /e. the extent each cluster is localized in a particular region.
Consequently, the cluster structure of Russian regions and the level of sectoral specialization of regions will be
determined. Additionally, to determine the importance of agglomeration effects in the study, the impact of
localization of clusters of a region on the gross regional product is estimated. This is relevant for the study of the
cluster structure in the Russian Federation, as scientific literature, which that calculates the cluster specialization
of Russian regions and assess its impact on the size of the gross regional product is still visibly lacking.
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2. Research Methodology
2.1. Cluster Identification

To identify and analyze the cluster structure in the territory of Russia, statistics between 2009 and 2018 on the
number of employees were grouped according to the cores of clusters designed by M. Porter. To implement this
approach, it was essential to correlate the codes of the European Classifier NACE, used by the European Cluster
Observatory for cluster identification, and Russian OKVED. Because of this adaptation, a list of economic activities
by OKVED were identified, showing a detailed core 37 clusters. The study takes these as cluster benchmarks. To
determine the regions of cluster localization for the purpose of automating calculations when processing large data,
the database ‘Clusters of Russian regions’ was developed, which has a state certificate RID No. 2017620569 dated
May 29, 2017 (Babkin et a/. 2017).

2.2. Modeling and Hypothesis Formulation

To analyze the impact of the cluster structure in territories on the economy of the region, econometric modeling
was conducted in the program STATA MP14. As a result, the connection between cluster specialization parameters
and the gross regional product size was assessed. The task was solved in two stages. At the first stage, the
interconnection between the fact of clusters presence in the region and the GRP level was assessed. At the second
stage, the interrelation between the level of cluster structure development and the GRP size was assessed, i.e. the
value of multiplicative effect of cluster localization in the region or quantitative assessment of externalities generated
by regional specialization.

At the first stage, hypotheses were tested on the existence of a correlation between the presence of cluster
jin region i and its GRP size at different time, namely, in the current and previous periods. The impact of cluster
specialization in 2011, when the Russian economy began to recover from the global financial crisis of 2008-2009,
is considered separately.

Thus, Aypothesis fis given: the presence of a cluster in a region causes a larger economy not only in a
particular year, but also in the long term.

If a certain set of activities has a sufficient critical mass in a region at the beginning of the period under
consideration, then subsequently, GDP in that region will be higher than in regions where its ‘critical mass’ is
insufficient.

The following models were developed to test these hypotheses:

lnGRPit = BO + BiClusterJ-it + Sjit (1)
ll’lGRpit = BO + BiClusterjit_l + Ejit (2)
lnGRPit = BO + BiClusterjitzzon + Sjit (3)

where InGRP;, is a natural logarithm of the GRP size (RUB, in constant prices of 2011) generated in region /at
moment £Cluster;;, is a binary variable taking value 1 if cluster /is localized in region /at moment 4 and 0 if
not.;Cluster;ic_1 is a binary variable taking the value of 1 if cluster jwas detected in region /at moment #7, and 0
if not.Cluster;it—»011 is a binary variable taking the value of 1 if cluster /was detected in region /in 2011, and 0 if
not.€j;¢, is a random value characterizing the deviation of the real value of the resultant feature from the value of
the regression equation;(3, is a constant value.

At the second stage, according to the model proposed by Lindqvist, the analysis of the influence of the
cluster structure in the region on the GRP size is carried out.

Thus, hypotheses As given: there exist an interrelation between the level of cluster structure development
in region | and on the GRP size at diifferent points of time.

In this case, the hypothesis of a correlation between the general level of regional specialization and the GRP
size was tested. It was also implied that this relationship is also significant in time. This means that if at the beginning
of the period a region had a high level of specialization (it has a large number of clusters with a sufficient volume
of ‘critical mass’), then in the future its volumes of the economy will be on average higher than those of regions with
a lower level of specialization. The models used for testing hypothesis 2 are as follows:

InGRP = B¢ + BiDev_of _clustery, + €;¢ (4)
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InGRP,; = By + BiDev_of _clusterit=z011 + Eit (5)
InGRP;; = B¢ + BiDev_of _clustery;_, + ;¢ (6)

where Dev_of _cluster;, is a variable reflecting the general development level of the cluster structure of the
economy of region /at moment £ That is the level of specialization of the region. This variable is calculated by
adding the ‘stars’ obtained by all cluster groups /in the given region at moment £ according to the results of
evaluation of ‘location quotient’, ‘cluster size’, and ‘cluster focus’. According to Lindqvist, this approach allows
reflecting the level of specialization of the region and development of the cluster structure in
it.Dev_of _clusterj,_, is a variable reflecting the general development level of the cluster structure of the
economy of region 7at moment ~7.Dev_of _clusteri—,14 is a variable reflecting the general development level
of the cluster structure of the economy in region /in 2011.

3. Results and Discussion

Database of the cluster structure of 83 Russian regions and build localization charts for 37 clusters in the territory
of the Russian Federation from 2009 to 2018 was determined using the employment data posted in the Unified
Interdepartmental Statistical Information System (EMISS) (Federal Statistical Service 2017, 2019). Data from 2011
to 2015 were used for the econometric analysis. This is because since 2016, the OKVED codes in Russia has
changed, which has had a negative impact on the structure of data for a number of clusters.

3.1. Localization Analysis on the Example of Biopharmaceutical Cluster of the Russian Federation

To test whether the presence of a cluster in a region causes a larger economy not only in a particular year, but also
in the long term, a case of the results on Biopharmaceuticals one of the 37 clusters examined is used. The structure
of the Biopharmaceuticals cluster includes two main activities in accordance with OKVED ‘22.4 - Manufacturing of
pharmaceutical products’ and 22.5 - Production of soap; detergents, cleaners, and polishers; perfumes and
cosmetics.’

From the results of the study on the regions (appendix1) where there is a sufficient concentration of workers
in the biopharmaceutical cluster according to the methodology, diagrammatic maps were drawn (see Figure 2 and
Figure 3) and regions of the Biopharmaceutical cluster localization in Russia were identified. From this figure,
Biopharmaceuticals cluster is localized in 2018 in the following regions: Moscow, Moscow region, Tula, Kursk, and
Kaluga regions; St. Petersburg; Kurgan region; Novosibirsk region. Showing that the cluster is mainly located in
the Central Federal District. Here, the largest cluster size is achieved mainly in Moscow - 15.49%, in the Moscow
Region - 15.44%. The largest localization is achieved in the Kurgan region - 4.67%. The leading subject of the
Russian Federation in terms of the number of employees in the cluster group industries is Moscow (18120 people)
and the Moscow region (18070 people), where such large enterprises for the production of medicines as chemical-
pharmaceutical plant JSC ‘Akrikhin’, JSC ‘Valenta Pharmaceutical’, LLC ‘KRKA-RUS’, ‘Biokad’ and others are
located. The largest value of the location quotient is inherent to the cluster group of the Kurgan region, which
indicates that the number of employees of the Kurgan region in the cluster of Biopharmaceuticals is several times
higher than the uniform distribution of workers in accordance with their total number.

2009 year

Source: Developed by the authors
Figure 2. Diagrammatic maps of specialization of Russian regions between 2009: biopharmaceutical cluster
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2018 year

Source: Developed by the authors.
Figure 3. Diagrammatic maps of specialization of Russian regions between 2018: biopharmaceutical cluster

The reason for this is not farfetched. The region is home to the largest enterprise of the domestic
pharmaceutical industry, JSC ‘Sintez’, which provides about 3% of the Russian medicines. More so, Saint
Petersburg ranks third in the number of employees working in the branches of the Biopharmaceutical cluster, behind
Moscow and the Moscow region. In the territory of the region, there is a number of enterprises of the corresponding
branches: LLC ‘Novartis Neva’, LLC ‘Geropharm’, JSC ‘Pharmasintez’, LLC ‘Immuno-Gem'. A distinctive feature of
biopharmaceutical enterprises in St. Petersburg is a developed structure of scientific and practical departments
responsible for the development of new drugs. In addition, in 2010, a pharmaceutical cluster of St. Petersburg was
created, later expanded to a cluster of Pharmaceutical and Medical Industry, designed to promote creation,
production, and introduction of innovative drugs, reproduced drugs, and medical equipment, and as part of the
Special Economic Zone, biomedical enterprises, including the pharmaceutical cluster, are granted tax and customs
benefits. This result suggest that localization of the Biopharmaceuticals cluster is gradually strengthening around
individual regions and unified territorial inter-regional cluster groups are being formed.

This confirms the application of the developed database allows analyzing regions of clusters localization in
the territory of Russia and evaluating the dynamics of localization. The results of the analysis can become the basis
for assessing effectiveness of federal and regional programs of cluster development.

The advantage of the developed database is that relying on the results of its application; it is possible to
create diagrammatic maps of concentration and localization of clusters in regions of the Russian Federation (level
NUTS-2). Generally, this project is a direct analogue of a joint project of Harvard Business School and the US
Department of Economic Development (Harvard Business School 2018) — US cluster mapping — and the EU
Commission project — European observatory for clusters and industrial change (Protsiv 2016). Implementation of
this database in the Russian Federation will allow managing the development of territories and the determination
of the places of concentration for clusters formed by the state and for latent i.e. implicit clusters, which emerge from
the interaction of factors of the first and the second nature.

The level of details for the social and economic data collected by the official state statistics services meets
the levels from NUTS - 0 (country level) to NUTS - 2 (level of federation subjects). Unfortunately, the level of detail
NUTS - 3 (level of cities and districts) for the used data is not available. In this respect, relevant EU and US projects
can provide more detailed and accurate information about the places of concentration of the activities under study.

3.2. Econometric Modeling

Next, the hypothesis on the correlation between regional cluster localization in 2011 and the GRP in 2011-2015 is
tested. In this case, it is assumed that the presence of cluster /in region /in the base year (2011) has a continuous
effect on the GRP in Russian regions in subsequent years (2011 - 2015).

According to the results (appendix 2), there is a significant positive correlation between the presence of 17 out of
19 industrial clusters in the region and the GRP. This correlation is maintained for all 17 clusters during the test of the
second group of hypotheses, which suggests a positive short-term effect of the cluster's presence in the region at time #
7on the GRP at time t. However, the long-term five-year effect is observed only in 10 cases. Thus, only the presence of
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such clusters as Automotive Industry, Analytical Tools, Aerospace Engineering, Biopharmaceutics, Information
Technology, Steel Industry, Plastics, construction, Production Equipment, and Chemical Industry in 2011 has had a
positive effect on the GRP within 2011-2015. The effect of such clusters as Medical Instruments, Shoes, Lighting and
Electric Equipment, Textile, and Heavy Engineering is insignificant in the long run. This result may indicate a lack of an
obvious correlation between the presence of these clusters in the regions and their GRP. Therefore, it is safe to conclude
that the presence of industrial clusters in the regions is generally associated with higher levels of the GRP in the regions
in the current and short-term periods. However, in the long five-year term, only a number of clusters show a significant
positive correlation.

Thus, in general, there is a positive correlation between the presence of an industrial cluster in the region and the
size of the gross regional product. As a result, it is possible to conclude that there are externalities (Marshall 1890; Arrow
1962; Romer 1986). In other words, specialization of regions on certain types of activities can generate positive effects
for a region.

Likewise, based on the obtained data, it can be concluded that there is a significant positive correlation
between the level of regional cluster specialization and the level of the GRP as presented in Table 1. This correlation
is maintained in both, the short and long terms, explaining 30.4% and 32.1% of the variation respectively. In general,
each additional ‘star’ assigned to a region based on the analysis of its cluster specialization parameters is
associated with higher GRP levels in both the short and long terms. This means that an increase in the level of
cluster specialization of any cluster in the region will have a positive effect on the volumes of the GRP concluding
the second hypothesis test.

Table 1: Level of cluster structure development on the volumes of the GRP

Level of cluster specialization Equation 4 Equation 5 Equation 6

Level of cluster structure development in the current 0.0581***
period (0.00461)

0.0602***

Level of cluster structure development in period #7 (0.00455)

Level of cluster structure development in the reference 0.0599***
period (2011) (0.00438)

11.65"* 11,63 11.65"*

(0.0848) (0.0828) (0.0795)
Number of observations 400 400 400
R2 0.285 0.305 0.321
R2adjusted 0.283 0.304 0.319
Root mean square error 0.935 0.922 0.908

Constant

Source: Authors’ own calculation.

Note: Standard regression coefficient errors are presented in brackets; ***p<0.01, **p<0.05, *p<0.1 are the levels of coefficient
significance

The result strongly supports that higher cluster specialization in a region produces positive agglomeration
effects due to a higher geographical concentration and co-location of clusters in the constituent entities of the
Russian Federation. Thus, the second hypotheses is hereby been confirmed that the development of regional
cluster specialization has a positive effect on the volumes of the GRP in the regions.

The result also shows that it is possible to confirm the presence of positive externalities emerging as a result
of specialization of economic activity of the Russian regions. That is, concentration of many clusters with sufficient
critical mass in one region leads to generation of positive effects for the region as a whole. These positive effects
are manifested as an average difference in Gross Regional Product between regions with high and low
specialization of their economies and are preserved in both short and long term periods. In other words, if a region
initially had higher specialization, its GRP would be higher in the future than in regions with lower specialization.
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The main aspects of the theory by Marshall, Jacobs, and Porter were considered within the framework of
this study. Based on the analysis of scientific literature and international practice of using localization indicator as
a basis for identification and comprehensive analysis of the level of cluster development, the most promising
methods and approaches were identified as the methodology developed by a representative of the European
Cluster Observatory. The method was chosen because it allows the evaluation of the relative level of development
of cluster specialization in the region.

Conclusions

Based on the results of these calculations using ‘Location quotient’, ‘Cluster size’, and ‘Cluster focus’ indicators for
37 clusters in 83 regions of the Russian Federation in the period from 2009 to 2018, the level of cluster specialization
of each region was assessed. Later, the influence of the level of cluster specialization development in a region on
the GRP size was assessed and results confirmed hypotheses that there is a positive correlation between the level
of cluster specialization development in the region and the GRP size in the period from 2011 to 2015. This shows
positive agglomeration effects from high cluster specialization of the region confirming the hypothesis on the
positive interrelations between regional specialization and volumes of GRP.

The scientific novelty of the work lies in identification of the cluster structure in the Russian Federation,
development of a software solution that allowed automatic calculation of cluster localization in the regions of the
Russian Federation. Other contribution of work is the generation of a report on the state of clusters, as well as a
proof of positive externalities of individual clusters for regional development of the Russian economy. Besides, the
paper used information and analytical systems for calculations and mapping the cluster structure, which allowed
automating routine operations and presenting results in the form of tables and diagrammatic maps. Thus, the results
obtained and the developed analytical tools can serve as a guideline for developing and justifying the state cluster
policy and for evaluation of investment effectiveness, aimed at stimulating cluster development of the regional
economy.

The authors plan to expand and modify the methodology proposed by representatives of the European
Cluster Observatory and use it to assess the level of cluster localization in the given territory and other parameters
characterizing the clusters. Therefore, it will be possible to measure not only the cluster specialization of the region,
but also its strength, expressed in the success of the cluster in terms of dynamics of change in its economic
indicators.
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Appendix 2: Results of the analysis on the presence/absence of clusters on the GRP level

Models Variables

Automotive Industry

Analytical Tools

Aerospace Engineering

Biopharmaceutics

Information Technology

Medical Instruments

Telecommunications

Production Equipment

Lighting and Electrical Equipment

Heavy Engineering

Plastics

Steel Industry

Chemical Industry

Shoes

Clothing

Equation 1

Coefficients with variable
Cluster;;;

Equation 2

Coefficients with variable

Cluster jt-1

High technology clusters
0.326™**
(0.0293)
0.439™*
(0.0355)
0.918™*
(0.103)
0.556***
(0.0897)
1.300**
(0.122)
0.538™*
(0.165)
0.121**
(0.0217)
0.909**
(0.0643)
0.222**
(0.0261)
0.200***
(0.0250)

Traditional clusters
0.499**
(0.0734)
0.620***
(0.0350)
0.805***
(0.0512)
0.128*
(0.0666)
-0.254***

0.382+**
(0.0509)
0.439"
(0.0354)
0.872+**
(0.148)
0.612+*
(0.0857)
1304+
(0.139)
0.367*
(0.119)
0.143+*
(0.0433)
0.918"
(0.119)
0.232+*
(0.0350)
0.184%**
(0.0247)

0577
(0.149)
0.649"
(0.0609)
0.801*
(0.0574)
0.183"*
(0.0574)
-0.309"*

Equation 3

Coefficients with variable
Clusterjio11

0.370*
(0.166)
0.404*
(0.154)
1.194*
(0.142)
0.856***
(0.148)
12427
(0.173)
0.175
(0.174)
)
(0.161)
0.940"
(0.160)
0.226
(0.160)
0.206
(0.160)

0.559"*
(0.158)
0.694*+*
(0.164)
0.873"
(0.170)
0.249
(0.120)
0.422%
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Equation 1 Equation 2 Equation 3

Models Variables Coefficients with variable  Coefficients with variable  Coefficients with variable
Cluster;;; Cluster jit-1 Clusterjio11
(0.0568) ) (0.174)

0.167*** 0.206** 0.019
Construction Technology

(0.0557) (0.0843) (0.184)
0.979"* 1063 1.175%
(0.169) (0.156) (0.187)

Construction

0.307*** 0.323"* 0.246
(0.0195) (0.0179) (0.160)
-0.169™ -0.0824 0470
(0.0150) (0.0773) (0.167)
-0.0344 -0.0251 -0.0251
(0.0326) (0.0259) (0.175)

Paper Products

Textile

Stone Quarries

Source: Authors’ own calculation

Note: Standard regression coefficient errors are presented in brackets; *** p<0.01, ** p<0.05, * p<0.1 are the levels of
coefficient significance
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Abstract. The aim of this research is to show how the process of data analysis can be automated through development of an information
system. The information system can be used for the identification of economic clusters and analysis of the regional potential for economic
growth. The authors used data on the Russian Arctic regions with extreme social, geographical, and economic conditions collected from
2009 to 2016 as an example. The authors have designed a database using MS Access software. The authors used the methodology of the
European cluster observatory and the approach suggested by M. Porter to identify economic clusters. This methodology was complemented
by introduction parameters, which mirror the strength and employment dynamic of the clusters. Based on the employment data of 83
Russian regions during the period of 20092016 the authors have calculated cluster localization parameters for nine Russian regions, which
are partly or fully located in the Arctic zone. The authors suggest that the cluster structure in this area is weak and most of the significant
clusters are declining. The only significant cluster, which is growing in all regions, is the «Oil and Gas» cluster. In conclusion, the authors
state that the obtained results are vital for policy makers and can be used for elaborating the regional economic development strategy in
order to support regional diversification and specialization, which are closely related to positive spillovers.

Keywords: Arctic region, economic cluster, cluster identification, MS access, data processing, regional policy making
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JEL Classifications

1. Introduction

Creating conditions for the economic development of regions is one of the most important tasks for regional
governments, who nowadays, in large part, are supported by informational systems (Morrissey, 2016; Rytova &
Gutman, 2019). During this process, a regional government should take into account social, economic, and
geographical factors, which can affect the development of each concrete territory (Andreyeva et al., 2018; Dvas et
al., 2018; Baltgailis, 2019; Petrenko et al., 2019).

* The reported study was funded by the Russian Foundation for Basic Research (research project No. 18-310-
20012).
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A combination of these factors determines whether a certain region will or will not be capable of developing
industries which will be competitive at national and international scales. Consequently, analysts should process
multidimensional data which reflect the current situation. Based on such analyses, they should receive specific
results, which can be used for determining potential directions for development of the region (Degtereva et al.,
2018; Kichigin, 2017; Kozlov et al., 2017; Thill, 2019). Therefore, it is essential to develop informational systems
to support and enhance the processes of policy making and, consequently, positively affect regional economic
development (Chun et al., 2010; Hochtl et al., 2016; Velasquez & Hester, 2013; Prodani et al., 2019).

A cluster approach to regional economic development put forth by Porter (1998) and developed further by a
number of authors (Delgado et al., 2014, 2015; Tvaronavi¢iené, 2017; Tvaronavi¢iené¢ & Razminiené, 2017;
Razminiené & Tvaronaviciené, 2018; Bubliené et al., 2019), is one of the most innovative and effective tools for
policy implementation. The results of applying a cluster approach in American (Gupta, et al., 2006; Guzman &
Stern, 2015; Peir6-Signes, et al., 2015; Porter et al., 2011), European (Crawley & Pickernell, 2012; Looijen &
Heijman, 2013; Sellar, et al., 2011) and Russian (Islankina & Thurner, 2018; Kutsenko et al., 2017; Rodionova et
al., 2017) territories are widely represented in scientific literature. However, these applications are lacking in two
main aspects which are essential for using this approach effectively in practice. The first aspect is that most of
them are focused on receiving results, rather than making the process reproducible and applicable for other
researches and practitioners. The second aspect is that they aim at finding global linkages between some factors
and the level of cluster development (Akpinar et al., 2017; MATICIUC, 2015), but do not focus on concrete
results for a concrete set of territories with extreme social, economic, and geographical conditions. This gap may
lead to the development of a «cure» which is suitable for all territories, but in some extreme cases is ineffective
and should be combined with some «additives». Therefore, it is necessary to describe how we can create an
information system which will provide an analytical background for the development of the cluster-based policy
and give examples of applying these results in territories with extreme social, economic, and geographical
conditions.

As an example of such territories, we have chosen Russian regions which are partly or fully located in the Arctic
zone (Leksin & Porfiryev, 2017). These are poorly developed territories which have a certain economic potential
(Borisov & Pochukaeva, 2016; Komkov, et al., 2017; Korovkin, 2016). Developing these territories is claimed to
be one of the top priorities for a balanced development of the Russian Federation (Gutman et al., 2018;
Romashkina et al., 2017; Tatarkin et al., 2017). Developing an effective cluster-based policy, which relies on the
results of comprehensive and multidimensional analysis, is key for long-term socioeconomic growth of the
Russian Arctic regions (Komkov et al., 2017; Rytova et al., 2017).

Therefore, the aim of this research is to show how, through development of an information system, the process of
data analysis can be automated, which is necessary for identifying and analyzing economic clusters. In addition,
we demonstrate a potential approach to cluster structure analysis of the Russian Arctic regions, which have both
extreme social, geographical, and economic conditions and a potential for economic growth, during 2009-2016.

2. Data and methods
2.1. Data and cluster identification methodology

In order to gather the information necessary for calculating the parameters of cluster localization, we obtained
detailed data on employment from three main sources: the joint economic and social data archive of the Higher
School of Economics (HSE, 2018), the Central Statistical Database of Russia (Federal State Statistics Service,
2019), and United Interdepartmental Information-Statistical Service (MinComSvyaz, 2019). These sources
provide official data obtained from the Russian Federal State Statistics Service. We used data from united
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interdepartmental information-statistical service as the main source of data, as it is better structured and contains
more information. In some cases, when there were not enough data for some of the regions, we used data from the
central statistical database of Russia and the joint economic and social data archive of the Higher School of
Economics. The data were organized in the form presented in Table 1. As a result, we received 28044
observations for calculating the localization parameters of 37 clusters for 83 regions of Russia for the period of
2009-2016.

Table 1. Specifying the data used for identifying economic clusters in Russia

Federal District Region Year Cluster OKVED codes Number of the
employed
. Each of the 37 clusters is
. List of 37 clusters,
List of 8 Federal Identifvine the identified accordin composed of several For each code we
Districts, which List of 83 Russian ymg A g OKVED codes. filled the number of
. . K time: to M. Porter’s .
include Russian regions . . Therefore, for each people employed in
. 2009-2016 classification for o .
regions . cluster, we detail its the region
each region o
composition

Employment statistics by activity type were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019).
Authors composed clusters based on employment statistics of separate types of activities, presented in each region.

We follow the methodology developed by Porter (1998), which is now used by the U.S. Mapping project and the
European Cluster Observatory for identifying and monitoring cluster development. In particular, we use three
coefficients which show the localization properties of each cluster: localization, focus, and size. This
methodology was presented in detail by both developers (Ketels & Protsiv, 2014), their followers (Kopczewska,
2018; Kopczewska et al., 2017) and the authors of this research study (Berawi, 2017; Berawi et. al., 2018;
Schepinin et. al., 2018) in earlier works. The European Cluster Observatory defined these three factors as the
«Localization coefficient» (1), «Size» (2), and «Focus» (3). The values of the factors, within the threshold values,
reflects whether the examined cluster has or has not achieved a sufficient «critical mass» to generate positive
external effects and relations. These indicators are calculated using employment statistics and are reflected in the
following formulae:

LQ=22/%, (1)

where LQ is the «Localization coefficient»; Ej; is the number of people employed in cluster i in region g; Eg is the
total number of people employed in region g; E;is the number of people employed in cluster i; and £ is the total
number of people employed.

Size = -2, @)
E;

where Size is the «Size» of cluster i; Ejg is the number of people employed in cluster i in region g; and £; is the
number of people employed in cluster 1.

EA
Focus = =%, (3)
Eﬂ'
where Focus is the «Focusy» of cluster i; Ej is the number of people employed in cluster i in region g; and E, is the

number of people employed in region g.

G. Lindqvist, a Swedish economist from the European Cluster Observatory (Lindqvist, 2009), establishes the
following criteria as the threshold values, which mark significant cluster groups in a region:
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1) «Localization coefficient» > 2;
2) the region should be included in top 10% in «Sizey;
3) the region should be included in top 10% in «Focus».

In addition, a region cannot receive a star if critical mass of the cluster is less than 1000 employed people.
If a criterion is fulfilled, the cluster earns one «star». Thus, the maximum a cluster can receive is three «starsy.
The number of «stars» determines the strength of the cluster group

Table 2. Level of region specialization in types of activities performed by cluster i in region g

Level of region specialization Average number of stars, obtained by cluster i in region g
High (2.3;3]
Medium (1.7;2.4]
Low [1; 1.7]
Region has no specialization in this type of activity [0; 1)

Source: Compiled by aurhors

In order to systemize the results and present them more clearly, we also separate regions by two dimensions: the
level of specialization in types of activities, performed by cluster i (Table 2) in region g and the dynamic state of
employment of cluster i in region g (Table 3). We have built dimension «levels of region specialization» in types
of activities performed by cluster 7 in region g based on the average number of stars which cluster 7 in region g
receives for the analyzed period, while the second dimension is based on the employment dynamics, calculated
through the growth rate:

X

GR_, =| 252 _1(x100% (4)
xigt:O
xi 1+1

GR =| ==L 1 |x100% (5)

igt

The growth rate allows estimating the change in clusters’ critical mass and reflecting the dynamic aspect of
cluster growth, where x;g-9 is the number of people employed in cluster i in region g at the beginning (¢ = 0) of
the analyzed period, and x;¢ is the number of people employed in cluster i in region g at the time ¢ > / and Xg-; -
at the time ¢ + /. GR— 1s the measure for calculating long-term employment dynamics, while GR; is used for the
short-term. In Table 3 we propose a possible classification of dynamic states of the cluster depending on the
values of GR-p and GR; at the end of the period and their overall dynamics. It complements the existing
localization measures, since the main problem of the «Size», «Focus», and «Localization coefficienty is their
independence from the time trend. It means that if employment of the cluster, employment of the whole cluster
group, and total employment are decreasing, the «Localization coefficient» remains stable, and vice versa, since it
cannot catch up with dynamic changes in employment in certain cases.

Table 3. Types of dynamic state of employment of cluster 7 in region g

Dynamic state Characteristic Interval for ZR'ZO and GRi,
Strong growth Strong positive employment dynamics [10; +o0)
Moderate growth Moderate positive employment dynamics [5; 10)
Stable Stable employment dynamics with slight changes in employment (-5;+5)
Employment dynamics with rough positive and/or negative changes . .
Unstable at the beginning, in the middle or at the end of the period [3; tee) and/or (-20; -5]
Moderate decrease Moderate negative employment dynamics (-10; -5]
Strong decrease Strong negative employment dynamics (-o0; -10]

Source: Compiled by aurhors
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2.2. Description of information system used for automated cluster identification

The database «Clusters of Russia’s Regions» was developed and registered in 2017 in order to support research of
the cluster structure in Russia. During the development process, we wanted to achieve the following objectives:

structuring and rationalizing big data concerning employment in different clusters in the Russian regions;
creating a convenient system for data input and editing;

creating a computing mechanism for estimating the localization coefficients for clusters in a certain year;
creating a flexible system which can be modified in case some regions have to be added or new clusters have
to be defined;

e automating the estimation results and converting them into analytical reports.

A user receives the results of analysis in the form of summary tables, where main results are given for each region
and each cluster. The results are calculated in accordance with the methodology discussed in Paragraph 2.1.

Based on the research of the data structure we created four entities: «Federal District», «Region», «Cluster», and
«Employment». These entities allow us to minimize input errors and provide integrity of data. The entity «Federal
District» has two attributes: an identifier (which is a primary key), and a label. This table is a glossary, which
provides secure and convenient input of data in interconnected objects and access to the groups of regions. The
entity «Region» belongs only to one Federal District and cannot exist independently. Therefore, apart from its
own primary key, it has a secondary key for connection with the entity «Federal District». The entity «Cluster»
has two main attributes: a short label and a named key. Additional attributes are used for interface organization,
because long labels take too much space and are not suitable for usage in headlines and summary tables. The
entity «Employment» contains two external keys for connection with «Region» and «Cluster» and a nested
primary key, which protects the table from data duplication since only one cluster i can be created for each region
in a certain time period. Therefore, each cluster can be uniquely determined through such attributes as year,
region, and cluster. For the sake of convenient data processing, we have also added a counter, which defines the
unique nested key. The database evaluates the following attributes: «Localization coefficient», «Size», «Focus»,
and «Number of stars» (Table 4).

Table 4. Attributes of entity «kEmployment»

Attribute title Attribute label
Year YearEpml
Region IdRegion
Cluster IdIndustry
Empig Empig
Size Esize
Focus EFocus
LQ ELQ
Stars Estars

Source: Compiled by aurhors

In order to organize the data input and provide immediate access to the clusters, a temporary entity,
«Computation», with a varying number of attributes, has been introduced. It adapts for each region and cluster in
a specific time period.

The physical model is SQL-based and realized in DBMS MS Access 2007 (Figure 1).
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Employment
IdEmplayment
% id Region Inelustry
% i Industry 7 Tdinclustry
Empig MNamelndustry
% YearEmpl Mameshortind
EStars Stricline

Terrtory
T 1dTer ritary
MameTerritory

Fegion

% Idregion ELQ
1dl_Territory ESize
EFocus

MameRegion

Source: Compiled by Authors
Figure 1. Physical model of «Clusters of Russia’s Regions».

The table «kEmployment» contains data, which is used for calculation and data processing. Other tables provide a
safe and convenient form for data input and make the main table free from redundant data. Using equations 1-3
the program calculates total employment by each region, each cluster, and each year. In order to implement
calculations, we developed a chain of query operators and the function CalcStars (Figure 2). The program
calculates the results and inputs them into the main table. The data from this table has to be analyzed and selected
for display. A chain of query operators for displaying the result is presented in Figure 3.

8] )
Emplovment ._Em[\:\ el —
2arEmpl
2 IdEmployment ’E dndistry q OCalcStars Employment L
'1.? !d_Regron i EI;}pi IdEmployment == IdEmployment
7 id_Industry = Empig P id_Region
: Empig L VearEmpl P id Industry
' vearkmpl b ELQ Empig
EStars OEmpy ESize —\ b YearEmpl
— id_Region — EFocus % EStars
Eolee Empg Estars J’(g ELQ
EFacus = YearEmpl 1 id_Inclustry \ ESize
— ic_Region EFocus
QEmp
Emp
— YearEmpl —

Source: Compiled by Authors
Figure 2. A calculation model of the database
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Region OResults
% IdRegion 7 IdRegion
id_Territory ' /— 1d_Territory
MameRegion / MameRegion
/ /—< Idindustry
Mamelnclustry
Industry stars
% 1dindustry LQ
Mamelncustry Sl
MNameShortind hoedls
S Em ployment Empig
IEmplayment YearEmpl
¥ id_Region
g id_Inclustry
Empig
? YearEmypl
EsStars
ELQ
ESize
EFocus

Source: Compiled by Authors
Figure 3. A chain of query operators for displaying the result

3. Results of database application
3.1. General information

In accordance with the methodology for cluster identification discussed in Section 2.1 and the database design
presented in section 2.2, we have received analytical results for all 83 Russian regions for the 20092016 period.

.anmumd.m 'L:m.m st thn Hapatias

Adchanashih Obiaet wcindng ' s Semmin Aniccomous
A £ = Salha =
 Sents Ao Sy Dhrug . o
-n,.gu..;.g. I—— nru-:-. hlmmal Amarasa

Source: Compiled by Authors
Figure 4. The map of Russian regions, which are fully or partly located in the Arctic zone
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Here we discuss only the results obtained for the Russian regions, which are partly or fully located in the Arctic
zone. These regions are the following:

Murmansk Oblast;

Chukotka Autonomous Okrug;

Komi Republic;

Arkhangelsk Oblast including Nenets Autonomous Okrug;
Yamalo-Nenets Autonomous Okrug;

Sakha Republic;

Republic of Karelia;

Krasnoyarsk Krai;

Khanty-Mansi Autonomous Okrug.

The geographical location of the regions we analyze is presented in Figure 4. Next, we present a detailed analysis
of cluster specialization of each Arctic region of Russia and, after that, aggregate the results for all arctic regions.

Komi Republic cluster specialization analysis

The overall employment dynamic in Komi Republic was negative. The total number of employed people
decreased by 13.97% or by 53,967 people over eight years. Analyzing the employment statistics in Komi
Republic during the period of 2009-2016, we have detected five clusters: Transportation and Logistics, Oil and
Gas, Paper Products, Business Services, and Construction, with all of them receiving at least one star. It means
that the level of localization of these clusters, at least in one year, was relatively high in accordance with the
values of the «Localization Coefficient», «Size», and «Focusy». The detailed results are presented in Table 5.

Komi Republic had a medium specialization level in Transportation and Logistics and the critical mass of this
cluster was unstable during the analyzed period. After a decrease of the clusters’ employment by 1.07% in 2010,
there was a significant growth of the clusters’ critical mass from 36,403 up to the 43,756 people; that is, by 19.7%
in 2012. After that, there was a stable decrease in the Transportation and Logistics cluster’s critical mass: 19.35%
in 2016 compared to 2012. Nevertheless, the overall specialization of the region in Transportation and Logistics
activities remained at a medium level, since two localization measures out of three fulfilled the threshold
requirements.

Komi Republic had a high specialization level in Oil and Gas and the critical mass of this cluster grew
significantly during the analyzed period, despite some falls in 2011 and 2016. The overall increase of the cluster’s
critical mass was 25.76% over eight years. This resulted in a stronger specialization of the cluster and its
stabilization at the high level, since three out of three localization measures fulfilled the threshold requirements.

Komi Republic had a high specialization level in Paper Products and the critical mass of its cluster substantially
decreased during the period of 2009-2016. The overall decrease of the clusters’ critical mass was 27.61% over
eight years. In addition, the decrease in the critical mass of the Paper Products cluster in Komi Republic was
significantly greater than the overall decrease in the critical mass of the Paper Products Cluster, being 27.61%
compared to 4.78%. It resulted in Komi Republic losing one star of cluster specialization in 2016, since one of the
three localization measures did not fulfill the threshold requirements.
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Komi Republic lost specialization in Business Services in 2012, since the cluster’s critical mass decreased by
23.02% over eight years, while the cluster’s overall critical mass increased by 7.41%. The breakpoint was in
2011-2012, when two localization measures did not fulfill the threshold requirements.

Specialization of Komi Republic in Construction was detected in the period of 2012-2013, when a sudden
increase in employment levels brought about a fall in the construction cluster localization. However, it was a
short-term increase, which did not allow the regional specialization to strengthen in the long run. Therefore, the

long-term decrease of the cluster’s critical mass in Komi Republic was 21.80%.

Table 5. Employment-based parameters of significant clusters in Yamalo-Nenets AO

Year | 2009 ‘ 2010 ‘ 2011 ‘ 2012 2013 2014 ‘ 2015 ‘ 2016
Parameter
Common employment parameters
E (people) 47427502 | 46719007 | 45872388 | 45898382 | 45815640 | 45486400 | 45106533 | 44446352
Eg; (people) 386402 382869 383163 382155 373393 360442 347562 332435
Transportation and Logistics cluster parameters
Ei(people) 3489740 3370683 3371228 3400956 3360962 3377649 3352174 3308218
Eig (people) 36797 36403 41187 43756 41241 39560 37282 35289
GR: (%) -1.07 13.14 6.24 -5.75 -4.08 -5.76 -5.35
GR=0 (%) -1.07 11.93 18.91 12.08 7.51 1.32 -4.10
Number of stars 1 1 2 2 2 2 2 2
LO 1.29 1.32 1.46 1.55 1.51 1.48 1.44 1.43
Size (%) 1.05 1.08 1.22 1.29 1.23 1.17 1.11 1.07
Focus (%) 9.52 9.51 10.75 11.45 11.04 10.98 10.73 10.62
Oil and Gas cluster parameters
Ei(people) 504955 504478 517301 536739 556754 578881 594546 606641
Eig (people) 14858 15782 15357 15699 16624 18676 19911 18685
GR: (%) 6.22 -2.69 2.23 5.89 12.34 6.61 -6.16
GR=0 (%) 6.22 3.36 5.66 11.89 25.70 34.01 25.76
Number of stars 3 3 3 3 3 3 3 3
LO 3.61 3.82 3.55 3.51 3.66 4.07 4.35 4.12
Size (%) 2.94 3.13 297 2.92 2.99 3.23 3.35 3.08
Focus (%) 3.85 4.12 4.01 4.11 4.45 5.18 5.73 5.62
Paper Products cluster parameters
Ei(people) 137015 136152 137499 136273 132216 128119 125839 130471
Eig (people) 4810 4709 4444 4195 4181 3769 3611 3482
GR: (%) -2.10 -5.63 -5.60 -0.33 -9.85 -4.19 -3.57
GR=0 (%) -2.10 -7.61 -12.79 -13.08 -21.64 -24.93 -27.61
Number of stars 3 3 2 3 3 3 3 2
LO 4.31 422 3.87 3.70 3.88 3.71 3.72 3.57
Size (%) 3.51 3.46 3.23 3.08 3.16 2.94 2.87 2.67
Focus (%) 1.24 1.23 1.16 1.10 1.12 1.05 1.04 1.05
Business services cluster parameters
Ei(people) 2969478 2921201 2880799 3146204 3237312 3272631 3257275 3189467
Eig (people) 32156 32050 31026 29169 27946 26602 26282 24755
GR: (%) -0.33 -3.20 -5.99 -4.19 -4.81 -1.20 -5.81
GR=0 (%) -0.33 -3.51 -9.29 -13.09 -17.27 -18.27 -23.02
Number of stars 2 2 1 0 0 0 0 0
LO 1.33 1.34 1.29 1.11 1.06 1.03 1.05 1.04
Size (%) 1.08 1.10 1.08 0.93 0.86 0.81 0.81 0.78
Focus (%) 8.32 8.37 8.10 7.63 7.48 7.38 7.56 7.45
Construction cluster parameters
Ei(people) 3425797 3430749 3163493 3254308 3225983 3123938 2983398 2800194
Eis (people) 28568 28673 29713 35404 34969 29572 24566 22340
GR: (%) 0.37 3.63 19.15 -1.23 -15.43 -16.93 -9.06
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GR=0 (%) 0.37 4.01 23.93 22.41 3.51 -14.01 -21.80
Number of stars 0 0 0 1 2 0 0 0

LO 1.02 1.02 1.12 1.31 1.33 1.19 1.07 1.07
Size (%) 0.83 0.84 0.94 1.09 1.08 0.95 0.82 0.80
Focus (%) 7.39 7.49 7.75 9.26 9.37 8.20 7.07 6.72

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

Out of the five clusters identified in Komi Republic during 2009-2016, only two clusters had a relatively high
critical mass, which was enough for the region to have specialization in these types of activities. One cluster was
decreasing—Paper Products—and one was growing—Oil and Gas. In addition, the region had medium
specialization in Transportation and Logistics, which had unstable growth rates. The Business Services cluster
was decreasing steadily, which resulted in Komi Republic losing specialization in this type of activity, and the
Construction Cluster showed unstable employment dynamics.

Yamalo-Nenets AO cluster specialization analysis

The overall employment dynamic in Yamalo-Nenets AO was positive. The total number of people employed
increased by 5.65%, or by 18,018 people over eight years. Analyzing Yamalo-Nenets AO employment statistics
during the period of 2009-2016, we detected five clusters: Transportation and Logistics, Maritime, Oil and Gas,
Business Services, and Construction, which have received at least one star. Detailed results are presented in Table
6.

Table 6. Employment-based parameters of significant clusters in Yamalo-Nenets AO

Year | 5009 ‘ 2010 2011 ‘ 2012 2013 ‘ 2014 ‘ 2015 ‘ 2016
Parameter
Common employment parameters
E (people) 47427502 46719007 45872388 45898382 45815640 45486400 45106533 44446352
Eg (people) 319089 314503 311693 328308 333527 329129 331108 337107
Transportation and Logistics cluster parameters
Ei(people) 39386 35633 36513 40414 41824 37802 34637 34997
Eig (people) -9.53 2.47 10.68 3.49 -9.62 -8.37 1.04
GR: (%) -9.53 -7.29 2.61 6.19 -4.02 -12.06 -11.14
GR=0 (%) 2 2 2 2 2 2 2 2
Number of stars 1.68 1.57 1.59 1.66 1.71 1.55 1.41 1.39
LO 1.13 1.06 1.08 1.19 1.24 1.12 1.03 1.06
Size (%) 12.34 11.33 11.71 12.31 12.54 11.49 10.46 10.38
Focus (%) 39386 35633 36513 40414 41824 37802 34637 34997
Maritime cluster parameters
Ei(people) 148225 152423 136905 129441.6 126963 116436.8 116557 114799
Eig (people) 2468 2267 2212 2153 2151 2102 2110 2093
GR: (%) -8.14 -2.43 -2.67 -0.09 -2.28 0.38 -0.81
GR=0 (%) -8.14 -10.37 -12.76 -12.84 -14.83 -14.51 -15.19
Number of stars 1 1 1 1 1 1 1 1
LO 2.47 2.21 2.38 2.33 2.33 2.49 2.47 2.40
Size (%) 1.67 1.49 1.62 1.66 1.69 1.81 1.81 1.82
Focus (%) 0.77 0.72 0.71 0.66 0.64 0.64 0.64 0.62
Oil and Gas cluster parameters
Ei(people) 504955 504478 517301 536739 556754 578881 594546 606641
Eig (people) 31962 31838 33940 35253 37616 39032 40693 41514
GR: (%) -0.39 6.60 3.87 6.70 3.76 4.26 2.02
GR=0 (%) -0.39 6.19 10.30 17.69 22.12 27.32 29.89
Number of stars 3 3 3 3 3 3 3 3
LO 9.41 9.38 9.66 9.18 9.28 9.32 9.32 9.02
Size (%) 6.33 6.31 6.56 6.57 6.76 6.74 6.84 6.84
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Focus (%) [ 10.02 [ 10.12 [ 10.89 [ 10.74 [ 1128 [ 11.86 [ 1229 [ 1231
Business Services cluster parameters

Ei(people) 2969478 2921201 2880799 3146204 3237312 3272631 3257275 3189467
Eig (people) 20241 23056 24426 27574 28247 28332 29160 31328
GR: (%) 1391 5.94 12.89 2.44 0.30 2.92 7.43
GR=0 (%) 1391 20.68 36.23 39.55 39.97 44.06 54.71
Number of stars 0 0 1 1 1 1 1 1

LO 1.01 1.17 1.25 1.23 1.20 1.20 1.22 1.30
Size (%) 0.68 0.79 0.85 0.88 0.87 0.87 0.90 0.98
Focus (%) 6.34 7.33 7.84 8.40 8.47 8.61 8.81 9.29
Construction cluster parameters

Ei(people) 3425797 3430749 3163493 3254308 3225983 3123938 2983398 2800194
Eig (people) 49716 48086 44634 51707 52911 52487 53417 55937
GR: (%) -3.28 -7.18 15.85 2.33 -0.80 1.77 4.72
GR=0 (%) -3.28 -10.22 4.00 6.43 5.57 7.44 12.51
Number of stars 2 2 2 2 2 2 2 2

LO 2.16 2.08 2.08 2.22 2.25 2.32 2.44 2.63
Size (%) 1.45 1.40 1.41 1.59 1.64 1.68 1.79 2.00
Focus (%) 15.58 15.29 14.32 15.75 15.86 15.95 16.13 16.59

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

Yamalo-Nenets AO had a medium specialization level in Transportation and Logistics and the critical mass of
this cluster was unstable during the analyzed period. After a 9.53% decrease of the cluster’s employment in 2010,
there was a significant growth of the cluster’s critical mass, from 35,633 up to 41,824 people employed; that is, by
17.3% in 2013 compared to 2010. After that, there was a stable decrease of the Transportation and Logistics
cluster’s critical mass: 16.32% in 2016 compared to 2013. Nevertheless, the overall specialization of the region in
Transportation and Logistics activities remained at a medium level, since two localization measures out of three
fulfilled the threshold requirements.

Yamalo-Nenets AO had a low specialization in Maritime. However, the critical mass of this cluster decreased by
15.19% during the analyzed period. The region still has a certain margin of safety in relative terms, since the
overall employment in Maritime activities decreased by 22.55% over eight years. However, in terms of absolute
values, the region was continuously losing its specialization in this type of activity.

Yamalo-Nenets AO had a high specialization level in Oil and Gas, and the critical mass of this cluster was
growing significantly during the analyzed period. The overall increase of the cluster’s critical mass was 29.89%
over eight years. This resulted in a stronger specialization of the cluster and its stabilization at a high level, since
three localization measures out of three fulfilled the threshold requirements.

Yamalo-Nenets AO was strengthening its specialization in Business Services, since the cluster’s critical mass in
Yamalo-Nenets AO increased by 54.07% over eight years, while the cluster’s overall critical mass increased by
7.41%. The breakpoint was in 2011, when one localization measure fulfilled the threshold requirements.

Yamalo-Nenets AO had a medium specialization level in Construction and the critical mass of this cluster was
unstable during the analyzed period. There was a 3.28% decrease in the cluster’s employment in 2010, and a
7.18% decrease in 2011. After that, there was a significant growth of the cluster’s critical mass, from 44,634 in
2011 up to 55,937 people; that is, by 25.32% in 2016. It resulted in a stronger specialization of the cluster and its
stabilization at a high level, since two localization measures out of three fulfilled the threshold requirements.
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Yamalo-Nenets AO was strongly specialized in only one cluster, showing a steady growth of the critical mass—
the Oil and Gas cluster. In addition, the region had a medium specialization in the Transportation and Logistics
and Construction clusters, which had unstable growth rates. The Maritime cluster was decreasing considerably,
which resulted in Yamalo-Nenets AO losing specialization in this type of activity. The Business Services cluster
demonstrated an intensive growth, which resulted in a stronger specialization of the cluster, since one localization
measure out of three fulfilled the threshold requirements.

Republic of Karelia cluster specialization analysis

The overall employment dynamic in the Republic of Karelia was negative. The total number of people employed
decreased by 17.42%, or by 40,822 people over eight years. Analyzing employment statistics of the Republic of
Karelia during the period of 2009-2016, we detected four clusters: Transportation and Logistics, Maritime, Paper
Products, and Furniture, which received at least one star. Detailed results are presented in Table 7.

The Republic of Karelia had a low specialization level in Transportation and Logistics, and the critical mass of
this cluster was steadily decreasing during the analyzed period. After an 8.15% decrease of the cluster’s
employment in 2010-2011, there was a slight growth of the cluster’s critical mass from 23,972 up to 24,285
people employed; that is, by 1.31% in 2013 compared to 2012. After that, there was a stable decrease in the
Transportation and Logistics cluster’s critical mass: 18.04% in 2016 compared to 2012. Therefore, the long-term
decrease of the cluster’s critical mass in the Republic of Karelia was 23.74% over eight years. It resulted in the
Republic of Karelia losing one star of cluster specialization in 2013, since two of the three localization measures
did not fulfill the threshold requirements.

The Republic of Karelia had a low specialization in Maritime. However, the critical mass of this cluster was
unstable. The region still has a certain margin of safety in relative terms, since the overall employment in
Maritime activities decreased by 22.55% over eight years. However, in terms of absolute values, the region
demonstrated a cyclic growth and a decrease of the critical mass by 9.01% over eight years. Nevertheless, the
region gained one additional star in 2016, which can be attributed to the overall decrease of the Maritime critical
mass.

Table 7. Employment based parameters of significant clusters in the Republic of Karelia

Year | 5009 2010 ‘ 2011 ‘ 2012 ‘ 2013 2014 ‘ 2015 ‘ 2016
Parameter
General employment parameters
E (people) 47427502 46719007 45872388 45898382 45815640 45486400 45106533 44446352
Eg (people) 234310 228336 226165 225442 220074 211446 205299 193488
Transportation and Logistics cluster parameters
Ei(people) 3489740 3370683 3371228 3400956 3360962 3377649 3352174 3308218
Eis (people) 26100 24582 23972 24285 23232 21923 21375 19903
GR: (%) -5.82 -2.48 1.31 -4.34 -5.63 -2.50 -6.89
GR=0 (%) -5.82 -8.15 -6.95 -10.99 -16.00 -18.10 -23.74
Number of stars 2 2 2 2 1 1 1 1
LO 1.51 1.49 1.44 1.45 1.44 1.40 1.40 1.38
Size (%) 0.75 0.73 0.71 0.71 0.69 0.65 0.64 0.60
Focus (%) 11.14 10.77 10.60 10.77 10.56 10.37 10.41 10.29
Maritime cluster parameters
Ei(people) 148225 152423 136905 129442 126963 116437 116557 114799
Eis (people) 1731 1590 1628 1755 1811 1734 1623 1575
GR: (%) -8.15 2.39 7.80 3.19 -4.25 -6.40 -2.96
GR=0 (%) -8.15 -5.95 1.39 4.62 0.17 -6.24 -9.01
Number of stars 1 1 1 1 1 1 1 2
LO 2.36 2.13 2.41 2.76 2.97 3.20 3.06 3.15
Size (%) 1.17 1.04 1.19 1.36 1.43 1.49 1.39 1.37
Focus (%) 0.74 0.70 0.72 0.78 0.82 0.82 0.79 0.81
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Paper Products cluster parameters

Ei(people) 137015 136152 137499 136273 132216 128119 125839 130471
Eig (people) 7794 7279 7156 7067 6501 5910 5604 5583
GR: (%) -6.61 -1.69 -1.24 -8.01 -9.09 -5.18 -0.37
GR=0 (%) -6.61 -8.19 -9.33 -16.59 -24.17 -28.10 -28.37
Number of stars 3 3 3 3 3 3 3 3

LO 11.51 10.94 10.56 10.56 10.24 9.92 9.78 9.83
Size (%) 5.69 5.35 5.20 5.19 4.92 4.61 4.45 4.28
Focus (%) 3.33 3.19 3.16 3.13 2.95 2.80 2.73 2.89
Furniture cluster parameters

Ei(people) 314686 316139 294371 298059 294375 278843 267375 259033
Eig (people) 2439 2329 1991 1809 1603 1418 1426 1431
GR: (%) -4.51 -14.51 -9.14 -11.39 -11.54 0.56 0.35
GR=0 (%) -4.51 -18.37 -25.83 -34.28 -41.86 -41.53 -41.33
Number of stars 1 1 1 0 0 0 0 0

LQ 1.57 1.51 1.37 1.24 1.13 1.09 1.17 1.27
Size (%) 0.78 0.74 0.68 0.61 0.54 0.51 0.53 0.55
Focus (%) 1.04 1.02 0.88 0.80 0.73 0.67 0.69 0.74

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

The Republic of Karelia had a high specialization level in Paper Products and the critical mass of its cluster was
strongly decreasing during the period of 2009-2016. The overall decrease of the cluster’s critical mass was
28.37% over eight years. In addition, the decrease of the Paper Products cluster’s critical mass in the Republic of
Karelia was significantly higher than the overall decrease of the Paper Products cluster’s critical mass, being
27.61% compared to 4.78%. It led to a decrease in the cluster localization parameters, but it did not result in
losing the specialization, since three localization measures out of three fulfilled the threshold requirements.

The Republic of Karelia lost specialization in Furniture Production in 2012, since the cluster’s critical mass
decreased by 41.33% over eight years, while the cluster’s overall critical mass went down by only 17.69%. The
breakpoint was in 2011-2012, when LQ did not fulfill the threshold requirements, along with Focus and Size.

Therefore, the Republic of Karelia was highly specialized only in one type of activity—Paper Products. However,
the critical mass of this cluster greatly decreased during the analyzed period. In addition, the region had a low
specialization in two other types of activities: Transportation and Logistics, which showed a decrease of the
critical mass, and Maritime, the critical mass of which was unstable. In one type of activity, the region showed
lack of specialization due to the continuously steady decrease in its critical mass.

Krasnoyarsk Krai cluster specialization analysis

The overall employment dynamic in Krasnoyarsk Krai was negative. The total number of employed people
decreased by 6.15%, or by 64,833 people over eight years. Analyzing the employment statistics in Krasnoyarsk
Krai during the period of 2009-2016, we detected four clusters: Transportation and Logistics, Business Services,
and Entertainment and Production Technology, which received at least one star. Detailed results are presented in
Table 8.

Krasnoyarsk Krai had a low specialization level in Transportation and Logistics. However, the critical mass of
this cluster was stable during the analyzed period. In the long-term, the critical mass of the cluster increased by
0.87%; that is, by 782 people employed. In addition, the overall employment in the Transportation and Logistics
cluster decreased by 5.2%. In total, it resulted in a slight increase of the relative localization measures of this
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cluster. However, it was not enough for significant strengthening of the regional specialization in this type of

activity.
Table 8. Employment-based parameters of significant clusters in Krasnoyarsk Krai

Year | 5009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016
Parameter
General employment parameters
E (people) 47427502 | 46719007 | 45872388 | 45898382 45815640 45486400 45106533 44446352
E; (people) 1054055 1056537 1049084 1056420 1042109 1046767 1021040 989222
Transportation and Logistics cluster parameters
Ei(people) 3489740 3370683 3371228 3400956 3360962 3377649 3352174 3308218
Eig (people) 89985 88687 89832 91984 91829 92266 91374 90767
GR: (%) -1.44 1.29 2.40 -0.17 0.48 -0.97 -0.66
GR=0 (%) -1.44 -0.17 2.22 2.05 2.53 1.54 0.87
Number of stars 1 1 1 1 1 1 1 1
LO 1.16 1.16 1.17 1.18 1.20 1.19 1.20 1.23
Size (%) 2.58 2.63 2.66 2.70 2.73 2.73 2.73 2.74
Focus (%) 8.54 8.39 8.56 8.71 8.81 8.81 8.95 9.18
Business Services cluster parameters
Ei(people) 2969478 2921201 2880799 3146203.9 | 3237312 3272631.1 32572753 3189467
Eig (people) 74557 73045 75263 83302 83352 86755 81563 74253
GR: (%) -2.03 3.04 10.68 0.06 4.08 -5.98 -8.96
GR=0 (%) -2.03 0.95 11.73 11.80 16.36 9.40 -0.41
Number of stars 0 0 0 1 0 1 0 0
LO 1.13 1.11 1.14 1.15 1.13 1.15 1.11 1.05
Size (%) 2.51 2.50 2.61 2.65 2.57 2.65 2.50 2.33
Focus (%) 7.07 6.91 7.17 7.89 8.00 8.29 7.99 7.51
Entertainment cluster parameters
Ei(people) 1134931 1096820 1076443 1087827.8 1067113.6 1027259 1014388 1010873
Eig (people) 28162 28338 29061 29185 29604 29723 29290 28870
GR: (%) 0.62 2.55 0.43 1.44 0.40 -1.46 -1.43
GR=0 (%) 0.62 3.19 3.63 5.12 5.54 4.01 2.51
Number of stars 1 1 1 1 1 1 2 2
LO 1.12 1.14 1.18 1.17 1.22 1.26 1.28 1.28
Size (%) 2.48 2.58 2.70 2.68 2.77 2.89 2.89 2.86
Focus (%) 2.67 2.68 2.71 2.76 2.84 2.84 2.87 2.92
Production Technology cluster parameters
Ei(people) 630556 608180 619596 614537 602202 587375.7 571254 545333
Eig (people) 20539 20599 19981 20140 19771 19170 19031 19658
GR: (%) 0.29 -3.00 0.80 -1.83 -3.04 -0.73 3.29
GR=0 (%) 0.29 -2.72 -1.94 -3.74 -6.67 -7.34 -4.29
Number of stars 1 2 1 1 1 1 2 2
LO 1.47 1.50 1.41 1.42 1.44 1.42 1.47 1.62
Size (%) 3.26 3.39 3.22 3.28 3.28 3.26 3.33 3.60
Focus (%) 1.95 1.95 1.90 1.91 1.90 1.83 1.86 1.99

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

The specialization of Krasnoyarsk Krai in Business Services was detected in 2012 and 2014, when a sudden
increase in employment levels resulted in a growth of the Business Services cluster localization. However, it was
a short-term increase which did not allow the region to strengthen its specialization over a long-term period.
Therefore, the long-term decrease of the cluster’s critical mass in Krasnoyarsk Krai was 0.41%.

Krasnoyarsk Krai had low specialization in Entertainment activities, which demonstrated a stable critical mass. In
the long term, the critical mass of the Entertainment cluster grew by 2.51%; that is, 708 people. However, during
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the analyzed period there was a growth stage—from 2009 to 2014, the critical mass increased by 5.54%—and a
decrease stage—from 2014 to 2016, it decreased by 2.87%. In addition, the overall employment in the
Entertainment cluster decreased by 10.93%; that is, by 124,058 people employed. Due to this situation, the
relative specialization of the region in Entertainment increased during 2015-2016 from one to two stars, since two
of the three localization measures fulfilled the threshold requirements.

Krasnoyarsk Krai had low specialization in Production Technology, which was demonstrated by the stable state
of its critical mass. In the long term, the critical mass of the Production Technology cluster decreased by 4.29%;
that is, by 881 people employed. Nevertheless, with the overall employment of the Production Technology cluster
decreasing by 13.52% (i.e. by 85,223 people employed), the relative specialization of the region in this type of
activity grew in 2015, since two of three localization parameters fulfilled the threshold values.

Therefore, Krasnoyarsk Krai did not have high specialization in any type of activity. However, there are three
groups of activities in which this region had low specialization: Transportation and Logistics, Entertainment, and
Production Technology. All three clusters demonstrated a stable condition of their critical mass. In Business
Services, the region had no specialization, since the critical mass of this cluster was too low.

Arkhangelsk Oblast (including Nenets AO) cluster specialization analysis

The overall employment dynamic in Arkhangelsk Oblast was negative. The total number of people employed
decreased by 11.44%, or by 50,660 people over eight years. Analyzing Arkhangelsk Oblast employment statistics
during the period of 2009-2016, we detected four clusters: Transportation and Logistics, Maritime, Paper
Products, and Furniture, which received at least one star. Detailed results are presented in Table 9.

Arkhangelsk Oblast had a medium specialization level in Transportation and Logistics, and the critical mass of
this cluster was unstable during the analyzed period. The long-term decrease of the cluster’s critical mass over
eight years was 5.94%; that is, 4,392 people employed. However, the overall specialization of the region in this
type of activity increased, since the employment of the whole cluster also decreased by 5.2%, or by 181,522
people employed.

Arkhangelsk Oblast had low specialization in Maritime. However, the critical mass of this cluster decreased by
31.68%, or by 1,195 people during the analyzed period. The decline of this cluster was faster at the regional level
than at the country level, meaning that the region was losing both its relative and absolute specialization in this
type of activity.

Arkhangelsk Oblast had a high specialization level in Paper Products, and the critical mass of its cluster was
strongly decreasing during the period of 2009-2016. The overall decrease of the cluster’s critical mass was
24.81%; that is, by 2,268 people employed over eight years. In addition, the decrease of the critical mass of the
Paper Products cluster in Arkhangelsk Oblast was significantly higher than the overall decrease of the critical
mass of the Paper Products cluster, being 24.81% compared to 4.78%. It resulted in Arkhangelsk Oblast losing
specialization in this type of activity. However, it still had a certain margin of safety, since all three localization
parameters fulfilled the threshold conditions.

Therefore, Arkhangelsk Oblast, in total, had clusters with decreasing critical mass, which resulted, in some cases,
in a rise in relative specializations, but a decrease in absolute values.
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Year | 2009 ‘ 2010 2011 2012 2013 ‘ 2014 ‘ 2015 ‘ 2016
Parameter
General employment parameters
E (people) 47427502 46719007 45872388 45898382 45815640 45486400 45106533 44446352
Eg (people) 442903 433931 436355 418786.1 409795 405572.6 399017 3922432
Transportation and Logistics cluster parameters
Ei(people) 3489740 3370683 3371228 3400956 3360962 3377649 3352174 3308218
Eig (people) 73878 71412 72084 68609 67490 67275 68010 69486
GR: (%) -3.34 0.94 -4.82 -1.63 -0.32 1.09 2.17
GR=0 (%) -3.34 -2.43 -7.13 -8.65 -8.94 -7.94 -5.94
Number of stars 2 2 2 2 2 2 2 2
LO 2.27 2.28 2.25 2.21 2.25 2.23 2.29 2.38
Size (%) 2.12 2.12 2.14 2.02 2.01 1.99 2.03 2.10
Focus (%) 16.68 16.46 16.52 16.38 16.47 16.59 17.04 17.72
Maritime cluster parameters
Ei(people) 148225 152423 136905 129441.6 126963 116436.8 116557 114799
Eig (people) 3772 3802 3949 3701 3192 2568 2554 2577
GR: (%) 0.80 3.87 -6.28 -13.75 -19.55 -0.55 0.90
GR=0 (%) 0.80 4.69 -1.88 -15.38 -31.92 -32.29 -31.68
Number of stars 1 1 1 2 1 1 1 1
LO 2.73 2.69 3.03 3.13 2.81 2.47 2.48 2.54
Size (%) 2.54 2.49 2.88 2.86 2.51 221 2.19 2.24
Focus (%) 0.85 0.88 0.90 0.88 0.78 0.63 0.64 0.66
Paper Products cluster parameters
Ei(people) 137015 136152 137499 136273 132216 128119 125839 130471
Eig (people) 9141 8578 8548 8308 7778 7448 7012 6873
GR: (%) -6.16 -0.35 -2.81 -6.38 -4.24 -5.85 -1.98
GR=0 (%) -6.16 -6.49 -9.11 -14.91 -18.52 -23.29 -24.81
Number of stars 3 3 3 3 3 3 3 3
LO 7.14 6.78 6.54 6.68 6.58 6.52 6.30 5.97
Size (%) 6.67 6.30 6.22 6.10 5.88 5.81 5.57 5.27
Focus (%) 2.06 1.98 1.96 1.98 1.90 1.84 1.76 1.75
Furniture cluster parameters
Ei(people) 314686 316139 294371 298059 294375 278843 267375 259033
Eig (people) 5145 4776 4429 4122 3566 3450 3492 2935
GR: (%) -7.17 -7.27 -6.93 -13.49 -3.25 1.22 -15.95
GR=0 (%) -7.17 -13.92 -19.88 -30.69 -32.94 -32.13 -42.95
Number of stars 1 1 1 0 0 0 0 0
LO 1.75 1.63 1.58 1.52 1.35 1.39 1.48 1.28
Size (%) 1.63 1.51 1.50 1.38 1.21 1.24 1.31 1.13
Focus (%) 1.16 1.10 1.01 0.98 0.87 0.85 0.88 0.75

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service,

Calculations were performed by authors.

2019), (MinComSvyaz, 2019)

Arkhangelsk Oblast lost specialization in Furniture Production in 2012, since the critical mass of the cluster in
Arkhangelsk Oblast decreased by 42.95%; that is, by 2,210 people over eight years. Meanwhile, the overall
critical mass of the cluster decreased by only 17.69%. The breakpoint was in 2011-2012, when LQ fulfilled
neither of the threshold requirements, nor did Focus or Size.

Khanty-Mansi AO cluster specialization analysis

The overall employment dynamic in Khanty-Mansi AO was negative. The total number of people employed
decreased by 2.18%, or by 16,772 people over eight years. Analyzing employment statistics in Khanty-Mansi AO
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during the period of 20092016, we detected three clusters: Transportation and Logistics, Oil and Gas, and
Construction, which received at least one star. Detailed results are presented in Table 10.

Khanty-Mansi AO lost specialization in Furniture Production in 2010, since the cluster’s critical mass decreased
by 13.93%; that is, by 9617 people over eight years. Meanwhile, the cluster’s overall critical mass decreased by
only 5.2%. Therefore, the region was steadily losing its specialization in this type of activity due to the decrease
of the cluster’s critical mass.

Table 10. Employment-based parameters of significant clusters in Khanty-Mansi AO

Year | 2009 2010 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016
Parameter
General employment parameters
E (people) 47427502 46719007 | 45872388 45898382 45815640 45486400 45106533 44446352
E; (people) 770656 770048 771193 774807 771928 769370 761089 753884
Transportation and Logistics cluster parameters
Ei(people) 3489740 3370683 3371228 3400956 3360962 3377649 3352174 3308218
Eig (people) 69030 68126 65137 64990 64567 61782 59825 59413
GR: (%) -1.31 -4.39 -0.23 -0.65 -4.31 -3.17 -0.69
GR=0 (%) -1.31 -5.64 -5.85 -6.47 -10.50 -13.33 -13.93
Number of stars | 0 1 0 0 0 0 0 0
LO 1.22 1.23 1.15 1.13 1.14 1.08 1.06 1.06
Size (%) 1.98 2.02 1.93 1.91 1.92 1.83 1.78 1.80
Focus (%) 8.96 8.85 8.45 8.39 8.36 8.03 7.86 7.88
Oil and Gas cluster parameters
Ei(people) 504955 504478 517301 536739 556754 578881 594546 606641
Eig (people) 119572 121334 124170 129379 134175 139619 146402 150665
GR: (%) 1.47 2.34 4.20 3.71 4.06 4.86 2.91
GR=0 (%) 1.47 3.85 8.20 12.21 16.77 22.44 26.00
Number of stars | 3 3 3 3 3 3 3 3
LO 14.57 14.59 14.28 14.28 14.30 14.26 14.59 14.64
Size (%) 23.68 24.05 24.00 24.10 24.10 24.12 24.62 24.84
Focus (%) 15.52 15.76 16.10 16.70 17.38 18.15 19.24 19.99
Construction cluster parameters
Ei(people) 3425797 3430749 3163493 3254308 3225983 3123938 2983398 2800194
Eis (people) 93202 93124 87788 87179 80821 77105 72677 68966
GR: (%) -0.08 -5.73 -0.69 -7.29 -4.60 -5.74 -5.11
GR=0 (%) -0.08 -5.81 -6.46 -13.28 -17.27 -22.02 -26.00
Number of stars | 2 3 3 2 2 2 2 2
LO 1.67 1.65 1.65 1.59 1.49 1.46 1.44 1.45
Size (%) 2.72 2.71 2.78 2.68 2.51 2.47 2.44 2.46
Focus (%) 12.09 12.09 11.38 11.25 10.47 10.02 9.55 9.15

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

Khanty-Mansi AO had a high specialization level in Oil and Gas, and the critical mass of this cluster was growing
significantly during the analyzed period. The overall increase of the cluster’s critical mass was 26% over eight
years. This resulted in the strengthening of the cluster’s specialization and its stabilization at a high level, since
three localization measures out of three fulfilled the threshold requirements.

Khanty-Mansi AO had a medium specialization level in Construction and the critical mass of this cluster was
greatly decreasing during the analyzed period. The long-term decrease of the cluster’s critical mass was 26%, or
24,236 people employed. Nevertheless, the specialization of Khanty-Mansi AO in Construction remains at a high
level, despite the fact that it is constantly decreasing.
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We identified three clusters in Khanty-Mansi AO: Transportation and Logistics, Oil and Gas, and Construction.
Only the Oil and Gas cluster showed strong growth of its critical mass, while the other two clusters were
decreasing in terms of the number of people employed.

Murmansk Oblast cluster specialization analysis

The overall employment dynamic in Murmansk Oblast was negative. The total number of people employed
decreased by 11.11%, or by 34,409 people employed over eight years. Analyzing employment statistics in
Murmansk Oblast during the period of 2009-2016, we detected two clusters: Transportation and Logistics and
Maritime, which have received at least one star. Detailed results are presented in Table 11.

Table 11. Employment-based parameters of significant clusters in Murmansk Oblast

Year | 5009 ‘ 2010 ‘ 2011 ‘ 2012 | 2013 ‘ 2014 ‘ 2015 | 2016
Parameter
General employment parameters
E (people) 47427502 | 46719007 | 45872388 | 45898382 45815640 | 45486400 45106533 | 44446352
E; (people) 309727 301079 300264 300209 296615 288905 281950 275318
Transportation and logistics cluster parameters
Ei(people) 3489740 3370683 3371228 3400956 3360962 3377649 3352174 3308218
Eig (people) 47243 44929 42501 41274 40302 38585 37209 36936
GR: (%) -4.90 -5.40 -2.89 -2.35 -4.26 -3.57 -0.73
GR=0 (%) -4.90 -10.04 -12.63 -14.69 -18.33 -21.24 -21.82
Number of stars 2 2 2 2 2 2 2 2
LO 2.07 2.07 1.93 1.86 1.85 1.80 1.78 1.80
Size (%) 1.35 1.33 1.26 1.21 1.20 1.14 1.11 1.12
Focus (%) 15.25 14.92 14.15 13.75 13.59 13.36 13.20 13.42
Maritime cluster parameters
Ei(people) 148225 152423 136905 129441.6 126963 116436.8 116557 114799
Eig (people) 8734 8016 7464 7834 7466 7170 6832 6321
GR: (%) -8.22 -6.89 4.96 -4.70 -3.96 -4.71 -7.48
GR=0 (%) -8.22 -14.54 -10.30 -14.52 -17.91 -21.78 -27.63
Number of stars 3 3 3 3 3 3 3 3
LO 9.02 8.16 8.33 9.25 9.08 9.70 9.38 8.89
Size (%) 5.89 5.26 5.45 6.05 5.88 6.16 5.86 5.51
Focus (%) 2.82 2.66 2.49 2.61 2.52 2.48 2.42 2.30

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

Murmansk Oblast had a medium specialization level in Transportation and Logistics, and the critical mass of this
cluster was steadily decreasing during the analyzed period. The overall decrease of the critical mass of the
Transportation and Logistics cluster located in Murmansk Oblast was 21.82%; that is, 10,307 people employed
over cight years. Therefore, all three localization parameters of the cluster decreased. Nevertheless, its
specialization remains at the level of two stars.

Murmansk Oblast had a high specialization level in Maritime, and the critical mass of its cluster was steadily
decreasing during the period of 2009-2016. The overall decrease of the cluster’s critical mass was 27.63% over
eight years. In addition, the decrease of the Maritime cluster’s critical mass in Murmansk Oblast was higher than
the overall decrease of the Maritime cluster’s critical mass, being 27.63% compared to 22.55%. It resulted in
Murmansk Oblast decreasing in overall specialization in this type of activity in the long run.

Therefore, there are only two significant clusters in the Murmansk region: Transportation and Logistics and
Maritime. The critical masses of both clusters were steadily decreasing during the analyzed period. Consequently,
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the region lost its specialization and should promote new core activities, which can be part of its long-term
development.

Sakha Republic cluster specialization analysis

The overall employment dynamic in Sakha Republic was negative. The total number of people employed
decreased by 6.22%, or by 22,722 people employed over eight years. Analyzing the employment statistics in
Sakha Republic during the period of 2009-2016, we detected two clusters: Entertainment and Oil and Gas, which
have received at least one star. Detailed results are presented in Table 12.

Sakha Republic had not had a specialization level in Oil and Gas until 2011. Due to a significant growth of the
cluster’s critical mass over a long-term period of 3,535 people employed, or 83.65%, one of the localization
parameters fulfilled the threshold requirement and the region received one star in this type of activity. Therefore,
the region has a potential for strengthening its specialization if the critical mass continues to grow.

Table 12. Employment-based parameters of significant clusters in Sakha Republic

Year | 5009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 2014 ‘ 2015 ‘ 2016
Parameter
General employment parameters
E (people) 47427502 | 46719007 | 45872388 | 45898382 45815640 45486400 | 45106533 44446352
Eg (people) 365340 353047 355669 354493 351108 348962 344686 342618
Oil and Gas cluster parameters
Ei(people) 504955 504478 517301 536739 556754 578881 594546 606641
Eig (people) 4226 3836 6529 7120 7043 7209 7313 7761
GR: (%) -9.23 70.20 9.05 -1.08 2.36 1.44 6.13
GR=0 (%) -9.23 54.50 68.48 66.66 70.59 73.05 83.65
Number of stars 0 0 1 1 1 1 1 1
LO 1.09 1.01 1.63 1.72 1.65 1.62 1.61 1.66
Size (%) 0.84 0.76 1.26 1.33 1.27 1.25 1.23 1.28
Focus (%) 1.16 1.09 1.84 2.01 2.01 2.07 2.12 227
Entertainment cluster parameters
Ei(people) 1134931 1096820 1076443 1087827.8 1067113.6 1027259 1014388 1010873
Eig (people) 12374 12200 12150 12571.8 12340.6 12059 11995 11942
GR: (%) -1.41 -0.41 3.47 -1.84 -2.28 -0.53 -0.44
GR=0 (%) -1.41 -1.81 1.60 -0.27 -2.55 -3.06 -3.49
Number of stars 1 1 1 1 1 1 1 1
LO 1.42 1.47 1.46 1.50 1.51 1.53 1.55 1.53
Size (%) 1.09 1.11 1.13 1.16 1.16 1.17 1.18 1.18
Focus (%) 3.39 3.46 3.42 3.55 3.51 3.46 3.48 3.49

Source: Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)
Calculations were performed by authors.

Sakha Republic had a low specialization in Entertainment; the critical mass of this cluster was at a stable level.
The long-term change of the critical mass was negative. It declined by 3.49%, or 432 people over eight years.

Therefore, Sakha Republic has a potential for strengthening its specialization in Oil and Gas and Entertainment
activities.

Chukotka AO cluster specialization analysis

The overall employment dynamics in Chukotka AO was negative. The total number of people employed
decreased by 9.72%, or by 2,946 people employed over eight years. Analyzing the employment statistics in
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Chukotka AO during the period of 2009-2016, we did not detected any clusters which could receive at least one
star. The general results of the employment dynamics are presented in Table 13.

Table 13. Employment-based parameters of significant clusters in Chukotka AO

Year | 5009 ‘ 2010 ‘ 2011 2012 ‘ 2013 ‘ 2014 ‘ 2015 ’ 2016
Parameter
Genera employment parameters
E (people) 47427502 | 46719007 | 45872388 | 45898382 | 45815640 | 45486400 | 45106533 | 44446352
E; (peaple) 30300 30055 29914 29494 28983 27902 27758 27354

Employment statistics were obtained from: (HSE, 2018), (Federal State Statistics Service, 2019), (MinComSvyaz, 2019)

Source: Combined results of the Russian regions cluster parameters analysis
Combined results of the Russian regions cluster parameters analysis

Table 14 gives an analytical interpretation of the computational results presented earlier. The table includes only
those clusters which were significant in at least in one Arctic region. Therefore, nine clusters out of 37 are
presented. Boxes with the symbol «-» in Table 14 refer to the unidentified (insignificant) clusters. We did not
mark them in order to make it clearer for analysis. Other boxes include the characteristic of the cluster in a
specific region in accordance with the classification, presented in Section 2.1.

Table 14. State of development of identified clusters in Russian arctic regions for 2009-2016

. . Arkhangelsk
Region Komi Yamalo- | Republic Krasnoyarsk Oblast Khanty- Murmansk Sakha Chukotka
Republic Nenets of Krai including Mansi Oblast Republic AO
Cluster AO Karelia AO
Nenets AO
. Medium | Medium Low Medium No spec./ Medium
Transportation spec./ Low spec./ spec./
and Logistics spec./ spec./ Strong Stable spec./ Strong Strong B B
Unstable | Unstable Unstable decrease
decrease decrease
SLZZV/ Low Low spec./ SHL%h/
Maritime - pec. spec./ - Strong - pec. - -
Strong Strong
Unstable decrease
decrease decrease
SHlih/ SHL%h/ High spec./ No spec./
Oil and Gas pec. pec. - - - Strong - Strong -
Strong Strong cowih cowth
growth growth & &
High High High spec./
P d spec./ ) spec./ ) ) ) ) )
aper products Strong
Strong Strong
decrease
decrease decrease
No
Business spec./ No spec./ No spec./
. Strong - - - - - -
services Strong Unstable
d growth
ecrease
No Medium Nie(ilcu/m
Construction spec./ spec./ - - - S?ron. - - -
Unstable | Unstable &
decrease
Low spec./ Low
Entertainment - - - Stabﬁe ’ - - - spec./ -
Stable
s I\:‘: / No spec./
Furniture - - pec. - Strong - - - -
Strong
decrease
decrease
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Information
Technologies ] ] ] ) ] ) ] ] ]
Tourism - - - - - - - - -
Production Low spec./
Technology ] ) ] Stable ) ) ] ) ]

Source: The table is constructed based on the results presented in section 2 methodology implementation. Detailed results are presented in
Section 3. Abbreviation «Spec.» refers to the term «Specialization. Symbol «-» refers to the situation, when a cluster’s critical mass is too
low, i.e. it is now identified in the region. The first line each box presents the evaluation result of region specialization in types of activities
performed by a cluster i in the region g. (see Table 2 for more details). The second line refers to the type of dynamic state of employment of
cluster i in region g. (see Table 3 for more details).

Tables 14 and 15 provide some valuable insights concerning the overall situation in the Russian Arctic regions.

The first insight is that the overall state of the most typical significant clusters for these regions is not satisfactory,
since there is only one significant cluster which achieved a steady growth. We can see that, in general,
employment in such clusters as «Transportation and Logistics», «Maritime», «Paper Products», «Construction,
«Entertainment», and «Furniture» was mostly either decreasing or unstable, which means that these clusters were
steadily declining in a long term perspective during the analyzed period. On the other hand, the only significant
cluster which achieved a steady growth in all regions where it was present was the «Oil and Gas» cluster.

Table 15. Cross-matrix of the state of development of the clusters in Russian Regions for 2009-2016

Level of region

specialization . .
S| ecil:;?z};tion s elz\c/liz‘liilzl;ll:;on Low specialization S| ecizll\lli‘;ation
Dynamic state P P P
of employment
Strong employment . Oil and Gas (1)
growth Oil and Gas (3) Business Services (1)
Moderate employment R R R R
growth
Transportation and Logistics
Stable employment level - - Ente rtai(nlr)nent @ -
Production technology (1)
Transportation and . .
Unstable employment R Logistics (3) Maritime (1) Business SelelCeS (1)
growth Construction (1) Construction (1)
Moderate decrease in R R R R
employment
. . . Transportation and

Strong decrease in Paper products (3) Tra]il(s)p(i)srttilect;(J(ri )a nd Transportatlo(r; )a nd Logistics Logistics (1)
employment Maritime (1) Con s%ruc tion (1) Maritime (2) Business Services (1)

Furniture (2)

Numbers in brackets reflect the number of regions where the cluster is present.

Source: Compiled by Authors

The second insight refers to the overall cluster structure of the Russian Arctic region. A majority of clusters in
Russian Arctic regions are not significant, meaning that there are relatively too few employees. Therefore, the
localization of these clusters is slightly above average, which is not enough for generating positive spillovers or
organizing export activities.

These two insights can potentially become a basis for elaborating a policy which will slow down the decrease of
the discussed clusters and, consequently, support diversification and specialization of the economy, since it is
associated with positive spillover effects.
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Discussion and conclusion
This research study provides several results, which contribute both to practical and theoretical fields.

First, we present the architecture of the database for automated identification of clusters in the Russian regions.
This architecture can be used for creating any other database to calculate cluster localization parameters in any
other country or region.

Secondly, we, in brief, present methodology for cluster identification and discuss how clusters can be identified
from the perspective of the European Cluster Observatory. We complement this methodology through presenting
two additional dimensions, which can be used for better interpretation and systematization of results. The
dimension «Level of region specialization» depends on the average number of stars obtained by a certain cluster
in a certain region. The dimension «Dynamic state of employmenty represents the pattern of employment change
during the analyzed period.

Thirdly, we present the main results for cluster identification using the example of the Russian Arctic regions. It
is stated that most of the significant clusters are decreasing, while the only cluster which achieved steady growth
in terms of localization parameters was «Oil and Gas». The obtained results allowed us to conclude that the
cluster structure of the Russian Arctic regions is poor in the sense that there are few significant clusters and that
most of them are weak and decreasing. This result can be used as a basis for elaborating regional economic
policy to support regional diversification and specialization.

There are also several opportunities for further research. Firstly, the presented database can be modified in order
to provide results, which are more valuable. Currently it calculates only four parameters, which reflect
localization parameters and regional specialization. It can be expanded in order to calculate more metrics, which
are based not only on employment data, but also on salary and sales data of the clusters. In addition, functions
can be included to compose indexes based on several parameters. In addition, it could be interesting to tackle the
technical issues connected with data input. At the moment, before data are input to the database, a big job has to
be done, which is connected to acquiring and formatting data. If it were possible to connect the database directly
to the State Statistical Service systems, the time spent waiting to receive a result would significantly decrease.
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Abstract. The paper is devoted to the identification of the "Information
Technologies" cluster in the regions of the Russian Federation and
verification of the assumption that there is an interaction between the degree
of cluster representation in the region and the GRP size. The authors
considered the main theoretical and methodological provisions concerning
the identification of clusters with the Top-down approach. Based on the
develops of M. Porter and G. Lindqvist, the "Information Technologies"
cluster characteristics such as local content, size and focus were calculated
for 80 regions of the Russian Federation. The conclusions about the specifics
of the cluster development in the country were made. Using the methods of
regression analysis, the authors tested a number of hypotheses and revealed
the presence of a positive interaction between the GRP volume and the
"Information Technologies" cluster presence in the regions of the Russian
Federation, as well as the local content, size and focus of this cluster in the
regions of the Russian Federation.

1 Introduction

Regional economic growth is a relevant studies trend [1]. Issues related to the relationship
between the economic growth and development of information technologies in separate
countries and regions are also the subject of many scientific studies [2, 3, 4, 5, 6]. In
particular, in terms of the development and institutionalization of the concepts "digital
economy" [7, 8] and "sixth technological mode" [9] which is based on the convergence of
nanotechnologies, biotechnologies, information technologies and cognitive science, the
authors deem that it is advisable to perform an empirical study on the analysis of information
technologies cluster development in the regions of the Russian Federation and the
identification of the relationship between its characteristics and regional economic growth.
The information technologies are one of the drivers of economical growth in the modern
world. Mainly, the studies related to the assessment of ICT effect on the economical growth
at the national level are divided into two large categories. The first category includes the
studies which reflect ICT interest bearing deposit to GDP growth. For example, the studies
of M. Timmer, G. Ypma & B. Van Ark [10], D. Jorgenson & K. Vu [12] et al. The second
group includes the studies using the cross-country methods of regression analysis to assess
the ICT effect on the economical growth. This category include studies of Z. Latif, S. Latif,
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L. Ximei, Z. H. Pathan, S. Salam, & Z. Jianqiu [13], T. Niebel [14], et al. In this case, the
studies of the second group are usually devoted to two problems:

e assessment of the impact of investments in ICT on the economic growth of the

regions;

e assessment of the impact of technologies penetration and distribution, their level of

use on economic growth.

In this case, the problem of the influence of the cluster structure considered from the
perspective of the macro level and, in particular, the ICT cluster on the economic growth of
the regions remains open and little presented in the literature.

Thus, the study purpose is to find the relationship between the regional economic growth
and the development of the "Information Technologies" cluster in the Russian Federation. To
achieve this goal, the authors revealed the main theoretical and methodological provisions
related to the identification of clusters using the top-down approach, estimated the local
content, size and focus of the cluster group "Information Technologies" in 80 regions of the
Russian Federation in the period from 2008 to 2016, marked the significant clusters and built
four groups of regression models reflecting the positive relationship between the
development of the "Information Technology" cluster and the real GRP growth in the region.

2 Cluster and its identification

One of the key aspects of the cluster theory is the problem of clusters identification within
separate territories — regions. As foreign experience shows, the existing methodological
approaches with a low variety of tools differ considerably in practice. There are many pairs
of categories for characterizing the process and techniques for clusters identification,
however, most of them are based on two main approaches [ 15]. In the first approach that can
be called "down", the clusters are identified in a specific area based on the presence of
enterprises and industries-leaders known in advance. The second approach uses a technique
conventionally called "top" where spatially localized industries oriented to the specific types
of economic activity are detected. Further, to detect and perform initial analysis of specific
regional clusters, a nationwide reference sample is used.

The meaning of "reference" clusters is to determine the types of economic activity which
are most often located near each other, and, therefore, have the effect of complementarity.
Since "the degree to which the industries actually colocalized in the space indicates the
importance of local inter-industry contacts" [16], if spatial affinity is between two or more
industries, it will serve to synergy the cluster specialization industries.

The approaches to identification of clusters "top", taking into account two invariable
characteristics of clusters — functional connectivity and geographical proximity — are
conventionally divided into 2 types: 1) functional, focused on detection of certain types of
the clusters;2) spatial, focused on detection of the geographic clusters.

It is now generally recognized that the best results of identification of the clusters "top"
are achieved through a combination of functional and spatial approaches. Such synthetic
approaches include the approach of M. Porter. The M. Porter’s method became classic and
one of the most widespread in other countries. Many European and a few domestic attempts
to identify and map the clusters do not just use the Harvard approach as the technique, but
are based on its results.

As a result of numerous studies, M. Porter was able to fully determine the structure of
"reference" clusters based on the variety of activities represented in the American Classifier
SIC (Standard Industrial Classification) [17].

Subsequently, the "reference" cores of the cluster groups were widely used by the US
Department of Commerce, which supports the project of US clusters mapping [18]. The
composition of the "reference" cluster core was adapted for the European Union taking into



SHS Web of Conferences 44, 00050 (2018) https://doi.org/10.1051/shscont/20184400050
CC-TESC2018

account the application of the European NACE classifier in the project of the European
cluster observatory for identification and mapping of economic agglomerations of the EU
countries [19].

Full adaptation of foreign Standard Industrial Classification to the Russian analogue —
OKVED has not been carried out to date.

The solution of this problem by adapting the structure of the "reference" cluster cores for
the Russian economy in accordance with the Standard Industrial Classification OKVED will
allow determining the composition of the most probable cores of cluster groups of RF entities
and can be widely used as an adequate basis for approbation of foreign methods of cluster
analysis.

3 Top - down approach for cluster identification

In the framework of the "top" approach, the filling of cluster groups within the territory of
the federation entities in accordance with the identified "standards" allows to form
conditional clusters, but the clusters identification suggests confirmation of the hypothesis of
their existence within the specified territory that can be achieved with the use of statistical
tools in accordance with the methodology proposed by the European cluster observatory [ 19].

The presence and development of positive economic externalities affecting the activities
of enterprises included in the cluster is determined by the presence of a certain "critical mass"
of the cluster group core. As a consequence, the formed "reference" cores of the cluster
groups shall be investigated for the presence of specified "critical mass" that determines the
relative strength and competitiveness of the local cluster.

This method is based on the assumption that the volume and qualitative level of
knowledge circulating between enterprises and organizations included in the cluster under
investigation depends on the cluster size, its specialization level, and the extent to which the
studied region is aimed at products production in related areas included in the cluster. These
3 factors are determined by the European cluster observatory as the "Localization
Coefficient" (1), "Size" (2), "Focus" (3). The factor values within the threshold values reflect
whether the studied cluster has achieved a sufficient "critical mass" to generate the positive
external effects and relations. These indicators are calculated according to the employment
statistics and are specified in the following formula:
Empig , Emp;

LQ = (M

Empg Emp
where LQ is the "localization coefficient"; Empig is a number of employees in the cluster
group 1 in region g; Emp, is the total number of employees in the region g; Emp; is a number
of employees in the cluster group i; Emp is the total number of employees.
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Emp:
Size = 210 )
mp;
where Size is the "Cluster group size”; Empig is a number of employees in the cluster group
11n region g; Emp; is a number of employees in the cluster group i.

Focus = Empig 3)
mpg
where Focus is the cluster group “focus”; Empi, — is a number of employees in the cluster
group 1 in region g; Emp, is a number of employees in the region g.

G. Lindqvist, a Swedish economist from the European Cluster Observatory [20] sets the
following criteria as the threshold values that feature the meaningful cluster groups in the
region:

1) "Localization coefficient" (3.1) > 2;

2) the region shall be among the 10% of the regions leading by “Size” (3.2);

3) the region shall be among the 10% of the regions leading by “Focus” (3.2);

Fulfillment of the constraint conditions for each indicator means assignment of a "star”
to the cluster group 1. Thus, as much as possible, one or another cluster group can receive 3
"stars". A number of "stars" determines cluster group strength.

In addition, none of the "stars" can be assigned if the total number of workers in the cluster
core does not exceed 1000 persons.

As a result, the implementation of the described methodology makes it possible to obtain
data on a number and strength of the studied cluster groups in all regions of the studied
country (group of countries).

It should be noted that the restriction by the "Localization coefficient" is a variable value.
Thus, M. Porter, when studying the "core" of clusters (i.e., the clusters in the strict sense),
determined the threshold value of the localization coefficient at 1.0 [17], and the US
Department of Commerce uses the threshold value 1.3 [18]. In our study, when selecting the
strong clusters, it is proposed to use a threshold value of 1.3.

Thus, in the course of the cluster analysis, adaptation of the results of the synthetic
approach to the Russian economy makes it possible to identify the cluster "standards" typical
for the studied area, and the use of the European Cluster Observatory criteria makes it
possible, firstly, according to employment statistics, to check the hypothesis of a specific
cluster groups strength in one region or another by a number of assigned "stars", and
secondly, to identify the regions where the studied clusters are significant. The identification
of such regions allows speaking both of the existence of interterritorial clusters, which
accounting allows for a more effective regional policy, and the existence of competing
"centers" of concentration of relevant industries capable of "draining" the employment of
other cluster groups through the action of more significant positive agglomeration
externalities within their territory.

The application of criteria for the level of cluster groups’ development makes it possible
to identify strong clusters within the country and its regions, but does not provide sufficient
information about the factors of the cluster geographical concentration — agglomeration
external effects which determine a level and potential of cluster group development within
the studied territory.
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4 The results of assessment of the "Information Technologies™
cluster development in the regions of the Russian Federation
in the period from 2008 to 2016

To assess the development of the "Information Technologies" cluster in the regions of the
Russian Federation, the authors compared the activities according to the NACE classifier,
which M. Porter assigns to the "Information Technologies" cluster with the corresponding
activities according to the OKVED-2001 classifier (see Table 1).

Table 1. Correlation of activity types included in the "Information Technology” cluster according to
the NACE and OKVED-2001 classifiers.

Cluster Activities according to NACE | Activities according to OKVED (Russia)

(Europe)
Information ; 26.20 | Manufacture of 30.0  Production of office equipment and
Technology computers and computer technologies
peripheral equipment
58.21  Publishing of 72.20 : Software development and
58.29  computer games; consulting in this field

62.01  Other software
publishing; Computer
programming
activities

Further, the authors calculated a level of localization, size and focus of this cluster for 80
regions of the Russian Federation for the period from 2008 to 2016 and identified 13 regions,
where at least once per this period a cluster was identified in accordance with the criteria
presented above. The calculation results for Moscow and St. Petersburg are presented in Fig.
1.

As 0f2016, the "Information Technologies" cluster is represented in the following regions
(see Table 2): St. Petersburg, Moscow, Yaroslavl Region, Novosibirsk Region, Tatarstan and
Penza Region. The cluster is the largest in Moscow and St. Petersburg —30.52% and 16.14%
of all persons employed in the cluster in the Russian Federation, in this case, the cluster focus
— a share of persons employed in the cluster in relation to all ones in the region — in Moscow
it is increased from 0.96% to 1.2%, and in St. Petersburg — from 0.58% to 1.47%. High cluster
localization in these cities with relatively small values of focus and size is explained by the
higher population in them and by the fact that they are the main administrative, managerial
and economic centers of the country.
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Fig. 1. Dynamics of changes in the level of localization, size and focus of the"Information
Technologies" cluster in Moscow and St. Petersburg.

Table 2. A number of stars assigned to the "Information Technology" cluster in some regions of
Russian Federation.

2008 | 2009 [ 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Republic of Bashkortostan | 2 1 2 3 1 1 1 0 0
Republic of Tatarstan 1 1 1 1 1 1 2 2 3
Khabarovsk Territory 0 0 0 2 2 1 0 0 0
Vladimir Region 0 0 3 0 0 0 0 0 0
Kaluga Region 2 1 0 0 0 0 0 0 0
Novosibirsk Region 3 1 0 3 3 3 3 3 3
Penza Region 2 2 2 2 2 2 2 2 2
Perm Territory 0 0 0 0 1 0 1 2 0
Yaroslavl Region 0 1 1 2 2 2 2 2 2
Kursk Region 3 2 0 0 0 0 0 0 0
Nizhny Novgorod Region | 2 2 2 3 3 2 2 1 1
Moscow 3 3 3 3 3 3 3 3 3
Saint Petersburg 3 3 3 3 3 3 3 3 3

In the period from 2008 to 2016, a stable growth of indicators characterizing the cluster
development occurred only in two regions: St. Petersburg and the Republic of Tatarstan. So,
in St. Petersburg, the growth of the level of the localization (ELQ) for nine years was 1.05
units, the size (ESize) by 6.09 percentage points and the focus (EFocus) by 0.89 percentage
points. In Tatarstan, the level of localization increased by 0.71 units, the focus — by 0.43
percentage points, and the size by 2.24 percentage points. The simultaneous increase in all
three indicators reflects the increase in specialization of these regions on the "Information
Technologies".

As well as the stable presence of the "Information Technologies" cluster is observed in
the Penza and Novosibirsk regions although the dynamics of its development in these regions
is not unambiguous. Thus, in the Penza region there is cluster weakening over the past nine
years for all three indicators. While in Novosibirsk region, despite the general trend to its



SHS Web of Conferences 44, 00050 (2018) https://doi.org/10.1051/shscont/20184400050
CC-TESC2018

increasing, the cluster development dynamics is characterized by constant downturns and
upturns.

5 The relationship between the regional economic growth and
the development of the "Information Technologies" cluster in
the Russian Federation.

5.1 Model, hypothesis and study method

The relationship between the regional economic growth and the development of the
"Information Technology" cluster in the Russian Federation was measured using the
regression analysis tools available in the STATA MP14 program.The basic study tool was
the Linear regression with panel-corrected standard errors proposed by Beck and Katz as an
alternative to the feasible generalized least squares (FGLS) based algorithm proposed by
Parks and Kmenta in 1986 [21, 22].

In the framework of this study, 12 models were built and tested, in the framework of
which the presence or absence of relationship between the characteristics of the "Information
Technologies" cluster and the GRP size was assessed. These models are divided into 4 groups
depending on the hypotheses to be tested.

The first group of models can be represented as an equation as follows:

InGRP;; = By + B1InRIiFA;; + B,InTRE;; + Y;ClusterIT;; + ¢ Year, + € + Uy (4)

where:

InGRP;; —base logarithm of GRP (rub., in constant prices of 2008) generated in region i at
time t;

InRIiFA;; —base logarithm of investments (rub., in constant prices of 2000) in the fixed
capital carried out in region i at time t;

InTRE;;- base logarithm of a number of workers employed in the region (million persons) in
region i at time t;

ClusterIT;;- a binary variable that takes the value 1 if there is an "Information technology"
cluster in the region, and otherwise, it is 0.

Year, — binary variables that take the value 1 if the observation refers to a certain year t, and
otherwise, it is 0.

For dependent and independent control variables to graduate heteroscedasticity resulting
from the uneven social and economic position of the regions, the functional form of the basic
logarithm was taken. In addition, the logarithmic specification of the regression equation
made it possible to linearize the presented function by analogy with the Cobb-Douglas
production function, which allows interpreting their coefficients as elasticity.

The H1 hypothesis is tested in the framework of the first group of models, according to
which there is a statistically significant relationship between the GRP volume and the
presence of the "Information Technologies" cluster in the region.

The second, third and fourth groups of models were constructed by analogy with the first

one:
InGRP;; = By + B1InRIiFA;; + B,InTRE;; + Y;LQ;; + ¢ Year, + &;; + U, (5)
InGRP;; = By + B1InRIiFA;; + B,InTRE;; + Y;Size;; + ¢Year; + €;; + U (6)
InGRP;; = By + B1InRIiFA;; + B,InTRE;; + Y;Focus;; + ¢Year, + &;; + U, (7
where:
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LQ;;- the value of the localization coefficient of the "Information technology” cluster in
region i at time t;

Size;; - the size of the cluster group i at time t, %;

Focus;, - the focus of the cluster group i at time t, %.

In the second model the H2 hypothesis of statistically significant relationship between the
localization level of the "Information Technology" cluster in the region and with the GRP
volume, the third — the H3 hypothesis of the presence of positive relationship between the
size of the"Information Technology" cluster in the region and with the GRP volume, the
fourth — the H4 hypothesis on the presence of positive relationship between the focus of
the"Information Technology" cluster in the region and with the GRP volume.

In groups of models 2, 3 and 4, the indexes: 1 corresponds to the models built based on
80 regions of the Russian Federation, 2 — based on 13 regions, where the minimum required
value for two parameters of three was achieved at least once per 2008 — 2016 according to
the "Information Technology" cluster, 3 — based on 13 regions with an adjustment for annual
fixed effects.

5.2 Empirical results of the study

The main empirical results of the study are presented in the Appendix. Based on these
calculations, we can conclude that there is an interaction between GRP volumes and the main
characteristics of the "Information Technology" cluster (see Tables 3 and 4).

So, according to the results of models 1.1 — 1.3, there is a statistically significant
interaction between the GRP volume and the cluster presence in the region. That is, in
regions, where the presence of this cluster is recorded, the GRP level is higher on average
(hypothesis H1 is confirmed).

Models 2.1 — 2.3 show the presence of positive interaction between the level of local
content of the "Information Technologies" cluster in the region and the GRP volume. That
is, in regions, where the employment level in the "Information Technologies" cluster is
higher, the GRP level is higher on average (hypothesis H2 is confirmed).

Models 3.1 — 3.3 show the presence of positive interaction between the size of the
"Information Technology" cluster in the region and the GRP volume. That is, in regions,
where the employment share in the "Information Technologies" cluster is more relative to
everybody employed in the region, the GRP level is higher on average (hypothesis H3 is
confirmed).

Models 4.1 — 4.3 show the presence of positive interaction between the focus of the
"Information Technology" cluster in the region and the GRP volume. That is, in regions,
where the employment share in the "Information Technologies"cluster is more relative to
everybody employed in the region, the GRP level is higher on average (hypothesis H4 is
confirmed).

In this case, these interactions are maintained even when we control in the models the
volumes of investment in fixed assets by organizations, manpower in the region and annual
fixed effects.
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Table 3. Empirical results of the estimation relationship between "Information technology" cluster
characteristics and Gross regional product (models 1 and 2).

MODELS Model 1 Model 2
VARIABLES 1.1 12 13 2.1 22 23
Whether cluster 1.290%%% 0.153%%% ,152%%*
"Information (0.144)  (0.0265) (0.0265)

technologies" presented
in the region or not

LQ 0.930%** 0.0999%** 0.104***
(0.0417) (0.0207) (0.0189)
Natural logarithm of real 0.720%** (.725%*%* 0.476**% (0.474%**
investments in fixed (0.0293) (0.0284) (0.0536) (0.0489)
assets
Natural logarithm of 0.345%** (.340%** 0.821%** (.820%**
total regional (0.0343) (0.0337) (0.0784) (0.0724)
employment
Constant 12.13%%% 4 500%%* 4 356%** |11 73*** 7 179%*%* 7 104%%*
(0.0297)  (0.332) (0.328) | (0.0277) (0.624)  (0.571)
Observations 640 640 640 640 104 104
R-squared 0.104 0.944 0.948 0.266 0.971 0.976
NumberofRegionID 80 80 80 80 13 13
Year FE No No Yes No No Yes
chi2 79.94 34153 35068 | 496.1 3765 3791
rmse 1.052 0.262 0.256 0.952 0.184 0.174

Standard errors in parentheses
#x%k p<() 01, ** p<0.05, * p<0.1
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Table 4. Empirical results of the estimation relationship between «Information technology» cluster
characteristics and Gross regional product (models 3 and 4).

MODELS Model 3 Model 4
VARIABLES 3.1 32 33 4.1 42 43
Size 0.0271%%* 0.0217*** (.0222%**
(0.00176) (0.00141) (0.00137)
Focus 0.584*** 0.351*** (.303***
(0.0504) (0.0556) (0.0668)

Natural logarithm of real 0.449%*% (. 435%*%* 0.483**% (.469***
investments in fixed (0.0484) (0.0411) (0.0489) (0.0492)
assets
Natural logarithm of 0.699%** (. 710%** 0.804%** ().834%**
total regional (0.0647)  (0.0576) (0.0734) (0.0762)
employment
Constant 4.592%*% 7 564%*% T 630*** |4 334%** 7 ()94%*k* T D()5H**

(0.321)  (0.550)  (0.471) | (0.339) (0.567) (0.574)
Observations 640 104 104 640 104 104
R-squared 0.953 0.983 0.988 0.951 0.972 0.975
Number of Region ID 80 13 13 80 13 13
Year FE No No Yes No No Yes
chi2 47263 6055 6511 43222 2778 3128
rmse 0.242 0.142 0.123 0.247 0.180 0.178

Standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1

6 Conclusion

The relevance of measuring the impact of the information technology development on the
GRP level is difficult to overestimate in the modern world. This work shows that the
assessment of this contribution can be made from different sides including using
macroeconomic data based on the cluster structure of the regions. Based on the theoretical
and methodological developments of M. Porter and G. Lindqvist, the authors analyzed the
main characteristics of the "Information Technology” cluster identified on the basis of
employment data in the regions of the Russian Federation. Using the methods of econometric
analysis, the authors have revealed the existence of positive interaction between the GRP
volumes and the characteristics of the "Information Technologies" cluster based on the
example of the regions in the Russian Federation. In this case, the positive significant
interaction remained both in models built across all the regions and in models built around
the regions where at least once in 2008 — 2016 the cluster existence was recorded.

It should be noted that the conclusions drawn under this study reflect the situation in the
Russian Federation and the authors of future studies shall interpret these results with care
when their extrapolation to other regions.

As guidelines for future studies, the authors consider it important to perform a more
detailed examination of the «Information Technologies" cluster and its impact on GRP of the
regions. In particular, in addition to the characteristics of the cluster based on the employment

10
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level, the assessment aspects Jacobian proximity effects and "Marshallian" proximity effects
and their interaction to GRP volumes in the regions are relevant.

Acknowledgment: The study was performed under support of the Russian Federation President Council
on Grants (project HIII —3792.2018.6).
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Research of Cluster Structure in Regions
of Russia (Case Study: St. Petersburg)

Tatiana Jurievna Kudryavtseva

Abstract The purpose of this study is to analyze the regional cluster structure of
the Russian economy. To achieve this goal the following things were done. The
cluster groups’ kernels structure, which had been developed by the European
cluster observatory, was adapted for the Russian economy. Statistical databases
were created with the number of employees and number of companies for the
regions of the Russian Federation over the period of 2008—-2012. The geographical
concentration of cluster groups was assessed. The cluster groups developed in the
Russian regions, for example in St. Petersburg, were identified according to the
European cluster observatory criteria. Detection of positive agglomerative effects
of concentration or urbanization in advanced cluster groups of the region allows
assessing the innovative potential of the region development. The results of the
study can be used to substantiate actions following the regional cluster policy.

Keywords Regional economy of Russia ¢ Cluster groups ¢ Geographical
concentration * Urbanization ¢ Localization « Regional cluster policy

1 Introduction

Russian literature has been focusing a lot on examining clusters as specific forms of
inter-organizational cooperation between economic agents (Andreev and Naumova
2012; Kharlamova 2012; Vorobyev and Lipatnikov 2012; Babkin et al. 2011). This
growing interest of the Russian scientific community has been supported by gov-
ernmental initiatives aimed at developing regional clusters as forms of industrial
engineering that boost innovative activities.

After it was analyzed the cluster policy of St. Petersburg was characterized as
sector, technological and innovative, focused on supporting the largest and
advanced industrial sectors and, in addition, as tactic, aimed at funding the private
sector or, in the context of federal special purpose programs with poor regional
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financing, and concentrated on supporting the few strong and stable regional
clusters. The analysis has revealed that an important element of efficiency of such
a policy is to assess objectively how strong and stable are the clusters that the
regional government bodies are developing through application of scientifically
grounded methods and identification of the cluster groups in the region.

The purpose of this paper is to analyze the cluster structure of the federal
subjects of Russia (regions of Russia), i.e., to identify regions, localization of
different cluster groups and do comparative research of agglomeration externalities
resulting from collocation of enterprises belonging to different clusters in the
regions of Russia, for example St. Petersburg.

2 Methodology

A cluster is a specific form of agglomeration of enterprises which directly entails
appearance of specific agglomeration externalities, i.e., proximity effects that are
caused by collocation of enterprises. Agglomeration and agglomeration externali-
ties are inter-influencing but at the same time independent phenomena.

High geographical concentration of enterprises in the same industry, which is
also called localization, is a sign of industrial specialization of an area and can be
defined by the degree of the employment non-uniformity in a certain industry by
regions in comparison with, for example, the general number of population or
working people. This type of concentration strengthens “Marshallian” proximity
effects, i.e., concentration effects.

Uneven general agglomeration clearly shows intensity of economic activities in
a region and is called urbanization. This type of concentration encourages “Jaco-
bian” proximity effects, i.e., urbanization effects caused by concentration of any
industrial companies in a certain area.

Geographical concentration localizes and increases proximity effects, such as,
for example, labor resources mobility, efficient use of existing skills and develop-
ment of new ones. Proximity effects, in their turn, boost and support geographical
concentration and, thus, make areas where they are distributed economically
attractive (Lindqvist 2009).

The cluster theory, developed by Porter (2005), is intermediate in between
“Marshallian” and “Jacobian™ proximity effects While “Marshallian” effects show
result of geographical concentration of enterprises in the same industry and “Jacobian”
effects reflect agglomeration externalities, related to co-localization of enterprises
involved in different lines of business in a certain area, the concept of a cluster implies
considering companies that operate in inter-related and complementary industries
(Simmie 2013). The inter-industry nature of clusters is one of the key distinctions of
this type of enterprises’ agglomeration in comparison with other agglomeration forms.

The localization coefficient, which is used as the most common measurement of
geographical concentration to identify and analyze cluster groups, does not help to
make a judgment about factors causing collocation of enterprises. At the same time,
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decomposition of Ripley’s K-function by concentration and urbanization indices,
presented in Lindqvist (2009), allows selecting factors encouraging geographical
concentration of clusters.

Concentration index (Conc) shows the degree of attraction to collocate for
enterprises of a certain cluster group in comparison with the degree of attraction
to co-localize for companies involved in all sorts of business. If the index value is
more than 1, it signals that these enterprises are prone to collocation, which implies
a positive economic effect from concentration for the enterprises in this cluster.

The urbanization index (Urb) demonstrates the degree of attraction between the
enterprises of a certain cluster group to co-localize with enterprises involved in all
sorts of business in comparison with the degree of attraction between enterprises
involved in all sorts of business to collocate with each other. Thus, if the index
degree is more than 1, it means that the enterprises in the cluster under examination
have a tendency to be located in areas with high density of enterprises operating in
all sorts of business, which, again, implies positive effects from urbanization for the
enterprises in this cluster group.

Values of concentration and urbanization indices depend on the selected dis-
tance value in terms of which the trend for collocation of enterprises is studied. The
distance in terms of which this trend is looked into can vary depending on the
purpose of the analysis. The key issue of this paper is to define the proneness of
cluster enterprises to collocate within the limits of one subject of the Russian
Federation. A federal subject has been chosen as a unit of territorial division
because a cluster is seen, first of all, as an innovation-oriented form of enterprises’
agglomeration. Innovative policy is normally implemented at the regional level
since distribution of non-formalized knowledge, which can only be obtained
through social interaction and is, at the same time, a major factor contributing to
innovation, is limited by a region, in accordance with empirical research (Lindqvist
2009; Gerben 2004). As a result, the transformed formulae have the following form:

where N—is the number of federal subjects; nj—is the number of enterprises
belonging to i-cluster in j-federal subject; nyj—is the number of enterprises engaged
in all sorts of business in j-federal subject.
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Depending on the presence of positive or negative proximity effects from
collocation with enterprises of an analogous cluster group (Conc is more or less
than 1), and, also, from collocation with enterprises engaged in all sorts of business
(Urb is more or less than 1), all clusters can be classified as concentrated or
scattered, and urban or rural (Lindqvist 2009).

In order to research proximity effects from collocation of enterprises, belonging
to various cluster groups, on the basis of statistics about the average number of
workers within the limits of regions and on the basis of 4-digit OKVED codes
(Russian Classification of Economic Activities). 36 cluster groups have been
formed. In 2012 the total number of people working for the enterprises belonging
to the cluster groups was 1974.87 thousand people for the Russian Federation (41 %
of the national employment). When defining the industry contents of the cluster
groups, the ECO methodology was used and matching between NACE rev.1 and
OKVED classifier codes was done. It has to be mentioned that so as to avoid dual
accounting of the employed or companies that may arise due to overlapping cluster
groups, the object of the analysis is cluster kernels exceptionally, which implies
referring each type of business activities to a single cluster only (Porter 2003).

In order to determine the geographical limits of the clusters in Russia and the
regions of their localization, relative indices have been calculated, which charac-
terize significance or strength of a cluster in the region and assess presence and
development of positive economic effects influencing the companies included in a
cluster. Thus, the ECO methodology implies that a cluster group is important in the
region in case there is correspondence to two or more of the following criteria:

1. Localization coefficient > 2;
2. The region belongs to 10 % regions, leading by Size;
3. The region belongs to 10 % regions, leading by Focus.

Rating formulae of indices are given in Lindqvist (2009). The threshold value of
the localization coefficient is variable. Thus, Porter (2005) defined the threshold
value of the localization coefficient at the level of 8.0—1.0 (Porter 2005) whereas
U.S. Department of Commerce sets the threshold value equal to 1.3. Because of its
nature, the localization index evaluates non-uniformity of the size distribution in a
certain area. It is obvious that differences in defining the limits of the index are
caused, first of all, by varying geographical features of Europe and America: thus,
the average density of population in Europe is 72 people per km? whereas it is
32 people per km? in America. Owing to a vast territory and relatively low density
of population equal to 8.2 people per km?, economic geography of Russia is more
similar to America rather than to Europe, which is why we use the value 1.3 when
identifying significant clusters of a region in our study. Moreover, a cluster group of
aregion cannot be recognized as significant if the total number of people working in
this group is fewer than 1000 people.

The revealed complex of important clusters localized in a certain region forms
the cluster structure of this region. The research results of St. Petersburg’s cluster
structure are presented below.
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Fig. 1 Level of non-uniformity in distribution of the number of employees in clusters by federal
subjects of Russia (agglomeration coefficient value) at the average in 2008-2012

3 Results

On the basis of the statistics about the number of enterprises and organizations by
areas and types of economic activities in 2012, agglomeration, concentration and
urbanization indices have been calculated for each cluster group (Fig. 1 and
Table 1). With the analysis of the employment statistics by the ECO methodology,
strong cluster groups of subjects of the Russian Federation have been discovered.
The calculations have been worked out by the ECO methodology for all subjects of
the Russian Federation for 2008—-2012. Table 2 includes a fragment of the calcula-
tion results for the important clusters of St. Petersburg.

Analysis of the cluster structure of the St. Petersburg economy led to the
following conclusions. As a result of defining the list of important clusters of the
region and on the basis of the data on overlapping clusters by related industries set
by M. Porter (2003), a map of overlapping for the important clusters of
St. Petersburg has been created. Table 2 and Fig. 2 demonstrate that 8 important
clusters of St. Petersburg have been identified: “Information Technology”, “Science
and Education”, “Trade”, “Biopharmaceuticals”, “Lighting and Electrical Equip-
ment”’, “Electric Power Generation and Transmission”, “Finance Services”, “Ana-
lytical Tools”. These ones account for the cluster structure of St. Petersburg that is
represented in Fig. 2.

A comparative analysis of the cluster structure of the St. Petersburg economy in
comparison with other regions led to the following conclusions.

The region accommodates a majority of cluster groups with a high degree of
urbanization and concentration, namely: Biopharmaceuticals, Information Tech-
nology, Science and Education, Finance Services, etc. (see Table 1). The enter-
prises of these clusters belong to concentrated cluster groups of the city and
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Table 1 Concentration and urbanization of cluster groups in Russia in 2012

Cluster group Conc |Urb | Cluster group Conc | Urb
Information technology 2.02 |1.81 | Analytical tools 1.09 ]0.98
Science and education 1.92 | 1.74 | Aerospace engineering 1.05 |08
Entertainment 1.79 | 1.62 | Lighting and electrical 1.03 [0.99
equipment
Mass media and printing 1.74 | 1.59 | Construction 1.02 |1.01
industry
Finance services 1.68 | 1.53 | Plastics 1.02 ]0.75
Oil and gas 1.61 |0.76 | Chemical industry 0.96 |0.83
Fishery and fish products 1.61 |0.35 |Production equipment 0.95 [0.89
Business services 1.55 | 1.47 | Heavy mechanical engineering 092 |09
Telecommunications 1.53 | 1.44 | Paper products 0.92 ]0.81
Biopharmaceuticals 1.52 | 1.36 | Metal industry 0.92 [0.69
Medical instruments 1.4 1.34 | Electric power generation and 091 [0.78
transmission
Trade 1.38 1.33 | Tourism 0.9 0,85
Plant industry and animal 1.37 10.28 | Clothes 0.89 [0.79
production
Quarries 1.33 | 0.44 | Agricultural products 0.89 [0.58
Textile 1.28 |0.84 | Construction materials 0.88 [0.63
Jewelry 1.17 | 1.06 | Footwear 0.86 [0.65
Tobacco 1.13  |0.79 | Transport and logistics 0.84 [0.76
Leather 1.11 | 1.05 | Furniture 0.82 |0.67
Motor vehicle industry .11 0.7

experience considerable positive proximity effects due to being located so close
both to each other and to the enterprises engaged in any other lines of business.
These cluster groups have a high potential to develop in big cities or federal
subjects with high density of population and significant economic activity.

So the cluster “Biopharmaceuticals” correspond to two and more strength
criteria in St. Petersburg, Kursk Oblast, Moskow Oblast, Tula Oblast, Kurgan
Oblast and Penza Oblast, Republic of Tatarstan. St. Petersburg ranks No. 3 in
terms of the number of the employed in the cluster Biopharmaceuticals, falling
behind only Moscow and Moscow Oblast. In 2010 there started a program of the
governmental support of the St. Petersburg pharmaceutical cluster, which was later
expanded to the pharmaceutical and medical industry cluster with the purpose to
help create, produce and bring into use innovative medical products, generic drugs
and medical equipment. Indirect evidence, proving efficiency of these measures, is
the growing number of workers in this cluster in St. Petersburg, which has increased
by 11 %, with the total number of people employed in this industry falling by 16 %
countrywide.

The dynamically developing cluster “Information Technology” demonstrated
the biggest value of the localization coefficient in Moscow. This region employed
most people in this sector (35.6 % of the total number of the employed in the
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Fig. 2 Map of important overlapping clusters in St. Petersburg

Information Technology cluster all over Russia) in 2012. However, the growth
dynamics of the St. Petersburg cluster is significantly bigger than that of the
Moscow cluster both in absolute and relative indices. Thus, the number of workers
in the cluster rose by 76 % in St. Petersburg while in Moscow it grew only by 5 %
over 2007-2012.

St. Petersburg is one of the country leaders in terms of the total number of
workers in the cluster group “Analytical Tools” giving way only to Moscow. It is
worth specific mentioning that in 2006 a special economic zone of the technology
implementation type was created, which is meant to encourage entrepreneurship by
a number of businesses that include precision and analytical instrument industry
and belong to the cluster “Analytical Tools”. Residents of this zone are provided
with tax and customs incentives, and have opportunities to follow a simplified
procedure so as to obtain a plot of land and have favorable rent conditions. In 2008
the St. Petersburg Association of Enterprises of Radioelectronics, Instrument Engi-
neering, Means of Communication and Infotelecommunications was set up. It has
been used as a basis of the St. Petersburg innovation territorial cluster of
radioelectronics, instrument engineering, means of communication and infotelec-
ommunication, which obtains governmental support through a number of federal
grant programs. Undoubtedly this entails additional positive economic effects
caused by the location of the enterprises belonging to the cluster industries in
St. Petersburg.

The cluster “Science and Education” is one of the most common clusters in
Russia and features an extremely high degree of concentration and urbanization
with a rather low agglomeration value at the same time (see Table 1 and Fig. 1). The
low value of the agglomeration coefficient means that enterprises of this industry
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are widely spread in Russia. The high urbanization level is confirmed with a clear
strength of the cluster “Science and Education” in the densely populated federal
subjects of Russia with high economic activity. Absolute leaders in terms of the
importance of this cluster are Moscow, St. Petersburg and Moscow Oblast. Most
people employed in the cluster “Science and Education” work in Moscow. How-
ever, in relative terms, the share of people working in this cluster from the total
number of employed is higher in St. Petersburg than in Moscow (9.37 % and 8.75 %
respectively). St. Petersburg is one of the biggest scientific and educational centers
in Russia and has more than 350 scientific organizations including 70 organizations
of the Academy of Sciences of the Russian Federation and other state academies,
56 public and 45 private institutions of higher education. Among them there are
many leading universities that train specialists in natural, technical and humanitar-
ian sciences. Revealingly, with general fall in the number of the cluster group in
Russia by 7 %, the cluster “Science and Education” of St. Petersburg demonstrates
a slight growth in employment.

It has to be said that in accordance with the overlapping defined by Porter (2003),
the cluster “Science and Education” has the biggest influence on such cluster groups
as “Biopharmaceuticals”, “Analytical Tools”, “Information Technology”. Thus, the
strength of the cluster group “Science and Education” considerably contributes to
developing a number of other science-driven cluster groups in St. Petersburg.

Production of lighting and electrical equipment in Russia is represented by
strong clusters in several federal subjects, including St. Petersburg, Smolensk
Oblast, Tver Oblast, Tula Oblast, Chelyabinsk Oblast, Republics of Mordovia,
Chuvashia and Mari El. The cluster “Lighting and Electrical Equipment” holds
the leading countrywide position in St. Petersburg. Its number grew by almost a
quarter over the period under review and was 9528 people in 2012.

The cluster “Electric Power Generation and Transmission” corresponds to 2 and
more criteria of importance in a number of federal subjects, which include
St. Petersburg, Pskovsk Oblast, Kursk Oblast, Kirovsk Oblast, Penza Oblast,
Samara Oblast, Saratov Oblast and the Republic of Udmurtia. St. Petersburg
holds the second position in Russia after Moscow in terms of the number of workers
in the cluster” Electric Power Generation and Transmission”, although the number
of people working here fell by 9 % over the 5 year period. In St. Petersburg there are
several key enterprises producing electrical machinery and equipment for thermal,
nuclear, hydraulic and gas-turbine power plants. Moreover, a distinctive feature of
some enterprises in St. Petersburg, belonging to the cluster “Electric Power Gen-
eration and Transmission”, is the fact that they operate as research and production
enterprises and associations.

The biggest share of the cluster group kernel “Trade” is taken by wholesale
trade, since the core activities of retail business account for local industries. A
distinctive feature of the Russian cluster “Trade” is its strong concentration in the
capital city with relatively low presence in other regions. Thus, 26.73 % of all the
workers in the cluster group were employed in Moscow in 2012. The second largest
cluster group “Trade” is located in St. Petersburg. Nevertheless, its size is 4 times
smaller than that of Moscow and takes 6.32 % of all the people working in the
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cluster group in all federal subjects. Although the size of the cluster group “Trade”
is diminishing both in Moscow and in St. Petersburg, the rate of drawdown in
St. Petersburg exceeds that of the cluster in the capital city.

The cluster group “Finance Services” is marked by a low agglomeration coef-
ficient (0.15), (see Fig. 1) which says for quite a uniform distribution of the number
of workers by federal subjects of Russia. Financial market of St. Petersburg is the
second largest regional financial market of Russia. However, it is falling behind
remarkably. Thus, the total number of people working in this cluster in
St. Petersburg is 5 times smaller comparing to the same cluster in Moscow and
takes just 4.71 % of the total number of those employed in the cluster group
industries throughout Russia. Nevertheless, the development level of the city
financial infrastructure is quite high: 45 commercial banks, more than 100 branches
of banks from other regions and over 400 financial and brokerage companies are
registered in St. Petersburg.

It has to be said that from 8 important cluster groups 7 ones, consistent with the
“wide” definition of the cluster, overlap each other, according to M. Porter (Fig. 2).
Since in this research cluster “kernels” are studied, it excludes any possibilities of
direct influence of the overlapping cluster groups on the strength level of each other
through inclusion of industries that belong to the kernels of other clusters and
components of the overlapping groups. However, almost 90 % of the important
cluster groups in St. Petersburg overlap each other. Correspondingly, it can be
assumed that this is caused by positive proximity effects in this region.

Thus, it can be concluded that the economy of St. Petersburg has a unique cluster
structure that is based on tight interaction between science and production.
St. Petersburg is a centre of localization for science-driven and high-tech cluster
groups that have high concentration and urbanization levels and, correspondingly,
are prone to be located in big cities.

4 Discussion

Comparison of the research results of the cluster structure of St. Petersburg and the
federal and regional industrial development programs has revealed that the follow-
ing meaningful clusters in the region are actively supported by the government:
“Information Technology”, “Biopharmaceuticals”, “Lighting and Electrical Equip-
ment”, “Electric Power Generation and Transmission”, “Analytical Tools”. At the
same time there are no development programs for the following important cluster
groups: Science and Education”, “Trade”, “Finance Services”. However, the Com-
mittee on Industry and Innovation Development of St. Petersburg implements the
development programs of car-making and ship-building clusters whose enterprises
are weakly localized in the region.

Today the literature includes active debates about the degree and ability of
government to affect the economy when applying the tools of industrial policy
(Hospers et al. 2009; Kaplina 2013; Babkin et al. 2013). We agree with the idea that
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the ability of government to create and develop clusters of industrial enterprises is
extremely limited. The major risk when implementing cluster policy is the wrongly
chosen subject of research since there is information asymmetry, lack of statistic
data and no effective tools for revealing clusters and their prototypes. Governmen-
tal policy focused on supporting the traditional and well-established enterprises in a
certain region partly solves social problems of the regions, but at the same time
makes worse the competitive environment, which is the basic factor for appearance
and development of a cluster. On the other hand, when hi-tech industries are
supported there are also risks caused by the lack of institutional infrastructure in
the region which patterns after successful inter-related industries and enterprises of
other regions. In this context, in St. Petersburg there is no program for developing
the cluster “Science and Education”, which is infrastructural for all the hi-tech
clusters, such as: “Information Technology”, “Biopharmaceuticals”, “Analytical
Tools”. As a result there are problems related to personnel and the chain from
development of a product to development of production equipment is broken.
However, positive effects from development programs of the high-tech clusters in
the region are also there since localization of such enterprises in St. Petersburg grew
over years 2008-2012 (see Table 2).

5 Conclusion

As a result of seeing into the theories of Porter (2003, 2005) and Lindqvist (2009),
one can conclude that a cluster is a specific form of agglomeration of enterprises,
which, correspondingly, entails specific agglomeration externalities, including both
concentration and urbanization effects. Identification of the regions where clusters
localize, analysis of positive proximity effects from concentration and urbanization
of a cluster group helps to evaluate a potential for development of a region and can
be used to assess efficiency of measures of regional cluster policy.

These methods have made it possible to define the important clusters of
St. Petersburg’s economy. Thus, it can be concluded that the economy of
St. Petersburg has a unique cluster structure that is based on tight interaction
between science and production. St. Petersburg is a centre of localization for
science-driven and high-tech cluster groups that have high concentration and
urbanization levels and, correspondingly, are prone to be located in big cities.

The major target of the further research is in-depth study of the condition and
dynamics of certain cluster groups developed in St. Petersburg so as to justify the
need for regional cluster policy measures and increase the efficiency of state
investments in the development of the cluster structure of the region.
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Abstract

The article presents the results of industry cluster structure research of the St. Petersburg economy.
There were found significant cluster groups, which include "Biopharmaceutical", "Trade",
"Information Technology", "Scientific research". "Analytical Tools", "Communication equipment”,
"Plastic", "Leather", "Aerospace". All clusters are evaluated from the point of view of uniqueness,
coherence and economic effectiveness for the level of wages criteria, profits and investments. Group
"Biopharmaceuticals", "Analytical tools" and "Communication equipment" are the most unique in the
city, i.e. they are poorly represented or absent in other regions of the North-West Federal District.
Cluster "Biopharmaceuticals" leads by the connectivity index with other cluster groups in the region
and enterprises of the cluster are characterized by the maximum level of profits, wages and
investments.

Keywords: Clusters, the cluster group, localization, economic effectiveness, the region's economy
Introduction

This article describes the results of the algorithm study testing of the regional economy cluster
structure, formed on the basis of a synthesis of research results M. Portera, the European Cluster
Observatory and Russian scientists.

Clusters, as a tool to increase the competitiveness of the region are considered in the scientific works
of M. Porter (2003), O. Solvell, G. Lindqvist and K. Ketels (2003), M. Enright, M.-P. Menzel, D.
Fornahla, E. Bergman, E. Feser. In clusters’ research the following Russian scientists are engaged:
LS Markov, V.M. Markova, G.B. Kleiner, A.V. Babkin (2013; 2014), E.E. Immodest, 1.V. Pilipenko,
V.P. Tretiak, D.V. Grushevskii, A.Y. Yudanov, A.Y. Skopin, S.M. Kadochnikov, P.V. Vorobiev,
E.S. Kutsenko (2014), D.G. Rodionov (2014), Zaborovskaia O.V. and others.

However, despite the large number of papers on this topic, the problem of an innovative economy
building through the creation and development of clusters is still barely developed. One of the key
issues of the clusters’ theory is the problem of the identification. International experience shows, that
existing methodological approaches with low diversity of tools vary considerably in practice. You
can point out many techniques to identify clusters, but most of them are based on two main
approaches. In the first, which can be called "from beneath", the clusters are identified in specifically
selected areas, based on the presence of previously known enterprises and industries leaders. The
second approach uses a technique conventionally called "from above" where spatial localization of
enterprises are sought, which are pointed to specific kinds of economic activities.

Approaches for identifying clusters "from above" traditionally divided into two types: 1) functional,
oriented at an identification of industrial clusters; 2) spatial, oriented at an identification of
geographical clusters.

Now it is generally accepted that the best results of identifying clusters "from above" is achieved
through a combination of industrial and spatial approaches. These approaches include a synthetic
approach of M. Porter (Harvard Business School) (2003). The M. Porter method became a classic and
one of the most widely used in other countries. Many European and a few local attempts of an
identification and mapping of the clusters do not just use the Harvard approach as a technique, but are
based on its results; followers of his methodology are scientists of the European Cluster Observatory
and Russian scientists (Lindqvist, 2009; Solvell, Lindqvist and Ketels, 2003; Kiselev, Kutcenko and
Karnaukh, 2014).
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Division of a given territory into regions

|

Formation of initial data base on the basis of an average employed number of enterprises by
OKVED of a researched territorv.

.

Determination of traded industries check-list in accordance with the M.Poter’s criteria and it’s
grouping into clusters

A

Calculation of a cluster group significance by the level of employment

Calculation of a cluster group signliﬁcance by the shipped products

Does a cluster have
more than 2 ”stars” by the level of employment?

Does a cluster have
more than 3 “stars” by the statistics of the shipped

products?

Formation of a significant cluster group check-list

y

Calculation of a cluster group uniqueness

v

Calculation of a total significance index

!

Calculation of a total coherence index on the basis of the indexes:
1. Quantity of significant cluster group intersections
2. Concentration and urbanization of a cluster groups

I

Calculation of a total effectiveness indexes on the basis of the indexes: an average wages, profit,
investments.

A 4

Significant cluster groups’ ranking in accordance with a development level

Fig 1. The algorithm of the determination of developed clusters of a region
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Methodology

Having analyzed the results of M. Porter research, the European Cluster Observatory and Russian
scientists, we propose to use an algorithm to identify and analyze cluster of the economy of the
region, which is shown in Fig. 1.

As it is shown in Fig. 1 in the first step a division of the studied area into regions must be performed.
Then, in accordance with the M. Porter procedure, it is necessary to divide the entire set of industries
NACE classifier into 3 types: local, traded (basic) and resource-dependent, with the help of the
criteria used in the methodology of M. Portera, as for further research only tradable sectorsr are
needed. Mainly they constitute the cluster groups. To determine the composition of the cluster
groups, i.e. for the formation of branches in cluster groups, we used the result of M. Porter’s research.
Cluster groups are co-localization patterns of industries or economic agglomeration that unite kind of
activities that are interrelated and tend to co-localization.

In the following stages analysis is carried out in accordance with the procedure of the European
Cluster Observatory, which is supplemented by the procedure proposed by Russian scientists to
determine the level of development of cluster groups.

The methodology of M. Porter was finalized and implemented in the project of the European Cluster
Observatory (2014) for the detecting and mapping economic agglomerations in the scale of the
European Union. Economic agglomeration - clusters were analyzed using indicators "localization
coefficient" (1), "size" (2), "focus" (3).

Emp;r . Emp:

_ ig ; Emp

LQ=—-/—"" ey
Empy ' Bmyp

where LQ — localization coefficient, Emp;, — the quantity of employed in cluster group i in the region
g, Emp, — the general quantity of employed in the region g; Emp; — the quantity of employed in
cluster group #; Emp — the general quantity of employed.

’ Emp;
Size =—4 )
where Size — the size of the cluster group i; Emp;, — the quantity of employed in cluster group i in

the region g; Emp; — the quantity of employed in cluster group i.
E
Focus =——= 3)
where Focus — the focus of the cluster group i; Emp;, — the quantity of employed in cluster group i in

the region g; Emp, — the quantity of employed in the region g.

G. Lindquist (2009) as a threshold value, characterizing significant cluster groups in the region, sets
the following criteria:

1) the coefficient of localization (1) > 2;

2) a region should be among 10% of the leading regions by size (2);

3) a region should be among 10% of the leading regions by focus (3).
Compliance to each criterion means that a cluster group is assigned by "star" (maximum is 3 "star"s).
The number of "stars" determines the strength of a cluster group. As a result, the implementation of

the described technique allows obtaining data of the number and strength of significant cluster groups
in all regions of studied country or group of countries.
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However, the procedure of detecting of the cluster groups by the methodology of the European
Cluster Observatory is insufficient. It makes it impossible to assess whether these groups have
priority with respect to each other, how effective enterprises are, how these groups relate to each
other, etc. Another reason for the failure of the calculation is too limited range of indicators (three)
under stringent quantitative restrictions and only on the basis of statistics of employment, so in
accordance with the algorithm in Fig. 1 calculation methodology is supplemented by statistics
indicators of localization of shipped products.

In accordance with the algorithm, the components of the aggregate development of cluster groups are
calculated, which are shown in Table 1, and developed by Kiselev A.N., Kutsenko E.S., A.P.
Karnaukh (2014). This figure can assess more accurately the potential development of clusters of this
or that industry trend in the region. The cumulative rate of development of the cluster group
integrates an extended amount of analyzed indicators and involves existing statistics more. Such
structuring of the indicators allows not only evaluating the overall development of cluster groups, but
to determine the proportion of such development as well. In conclusion, the algorithm clusters are
ranked in terms of development.

Table 1: The total index constituents of the cluster groups’ development level

Indexes’ groups Indexes’ check-list
The indexes of the a cluster group e Indexes of a cluster group significance on the basis
significance of indexes localization, size, focus, calculated by a

number of employees and by shipped products cost;
e index of uniqueness of a cluster group — Jinny

coefficient
The indexes of a cluster group e quantity of significant cluster group intersections;
coherence e indexes of concentration and urbanization of a
cluster group
The indexes of an economic e anaverage wages of employees by a cluster group
effectiveness of a cluster group e profit by a cluster group

e investments by a cluster group

Results

As a result of the implementation of the described procedure the following results of a study of the
cluster structure of St. Petersburg in comparison with the North-West Federal District were obtained.

Fig. 2 shows the ranks of Saint Petersburg in all identified cluster groups in the North-West Federal
District. Rank 1 means that St. Petersburg is a leader in this cluster group, i.e. this cluster group is
most concentrated in this region compared to other regions of the county. The diagram assesses
accurately the significance of the cluster group within the established criteria.

By the quantity of employed the greatest effect on the economy of St. Petersburg have the following
clusters: "Plastics", "Information Technology", "Scientific research activity", "Biopharmaceuticals",
"Trade", "Communication equipment”, "Analytical Tools", "Aerospace machinery". Enterprises of
the given clusters in St. Petersburg generate the greatest employment, compared to similar businesses
in the North-Western Federal District, i.e. clusters have a maximum size of the cluster group, as well
as prevail in the city's economy by employment statistics, i.e. clusters have a maximum focus. In
terms of "size" the city is a leader in almost all the cluster groups; it means that the multi-variant

development of cluster groups takes place (Fig. 2).
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Fig 2. Rank of Saint Petersburg by cluster groups of North-Western Federal District.

Fig. 3 is a diagram, which shows the results of the ranking of cluster groups according to the degree
of non-uniformity of their distribution in regions of North-Western Federal District. The most unique
in St. Petersburg, rather rare for other entities Northwest FD is a cluster group of
"Biopharmaceuticals". Further, the following groups: "Analytical Tools", "Communication
equipment”, "Leather" and "Aerospace". Other groups demonstrated the lowest uniqueness, i.e. they
are present in other regions of the North-West Federal District
anywhere.
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Fig 3. An average value of a cluster group significance rank of Saint Petersburg by the uniqueness
index

Thus, the calculation results of the significance of the indicators’ group, we can conclude that in St.
Petersburg there are nine significant cluster groups. The greatest significance has the
"Biopharmaceuticals" cluster, because an employment in this group is very unevenly distributed in
regions of North-West Federal District, and this group is concentrated in St. Petersburg. The group
leads by the number of the shipped products and by the number of employees in enterprises in this
group compared with the industrial structure of the North-West Federal District. Further, in
decreasing order of importance the following cluster groups: "Trade", "Information Technology",
"Scientific research". Groups: "Analytical instruments", "Communication equipment", "Plastic",
"Leather" are equally important for the city. However, the least unique group is "Plastics." Group
"Aerospace" is the least important for the city.

Next, we will consider the results of the calculations of the cluster group branches’ connectivity
indexes. The connectivity data of the cluster groups will help improve the efficiency of cluster policy
by means of efforts focusing on support and development of branches of intersecting cluster groups.
Fig. 4 shows the intersection of the significant clusters.
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According to the analysis calculations we can draw the following conclusions. A leader in terms of
connectivity is a group of "Biopharmaceuticals" — it is associated with the most significant cluster
groups in St. Petersburg. Next, it is necessary to point out closely related high-tech cluster groups,
"Analytical Tools", "Communication equipment", "Information Technology", "Aerospace". The
group "Trade" shows a low rate of coherence with other relevant groups, but the values of the
urbanization is the highest, which means that it tends to the other cluster groups that are most
represented in St. Petersburg, however, it demonstrates the presence of positive effects of the
employees number increasing of the group. The group "Leather" has no relations with other groups,
i.e. its support will only affect this given group.

Further, according to the algorithm the cluster groups’ effectiveness indicators were analyzed. The
results are shown in Fig. 5-8.

Wage levels’ leaders are cluster groups: "Information Technologies", "Scientific research" (Fig. 5).
Group "Trade", "Leather" are almost two times as behind as others. In other groups, the average wage
is about the same.

The cluster group "Leather" by the level of the average level of investment lies behind the other
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groups (Fig. 6). The group of "Plastics" is also lagging, where the average investment rate slightly
below 1 million rubles. All the other groups have approximately the same values for this index and
the average level of investment value in these groups is around 1.5 million rubles.

The absolute leader in terms of profit (Fig. 7) is a group of "Plastics", which exceeds the level of all
other groups for almost 20 times. The group of "Leather” products, on the contrary, generates the
lowest profit. Gains in other cluster groups are rather evenly distributed between 1.5 and 2 million
rubles. However, in the group of "Biopharmaceuticals" profit level slightly higher at 2.6 million.

plastics

leather products

1T

education and knowledge creation
distribution
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Fig 5. An average wages level in cluster groups, rubles
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Fig 8. An economic effectiveness index of enterprises in cluster group, points

The results of the synthesis of the cluster groups in terms of economic efficiency scores are shown in
Fig. 8.

The leaders in the aggregate indicator of economic efficiency are following cluster groups:
"Information Technology", "Scientific research". This means that the enterprise of the given cluster
groups in St. Petersburg has the greatest economic effectiveness, compared with similar enterprises in
other regions of the North-West Federal District. I.e. Enterprise industries, which are parts of these
groups, show the highest level of profit wage and investment activity in comparison with similar
businesses entities Northwestern Federal District. After the leading group are the following clusters,
"Biopharmaceuticals”, "Analytical tools", "Aerospace". The worst results the group "Trade"
demonstrates. Enterprises of St. Petersburg are included in this cluster group, lagging far behind in
terms of average monthly wages of similar enterprises subjects Northwestern Federal District.

Aggregate  indicator of the cluster groups’ significance is shown in  Figure
9.

6.0
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Thus, the study identified nine significant cluster groups in St. Petersburg, presented in Fig. 9. On the
basis of statistical data on the number of employees and the shipped products, it was calculated that
these groups prevail in the economy of St. Petersburg in comparison with the industrial structure,
both the city and the subjects of the North-West Federal District. The group of "Biopharmaceuticals",
"Analytical tools" and "Communication equipment" are the most unique in the city, i.e. these groups
are thinly represented or absent in other regions of the North-West Federal District.

It is important to note that all nine groups are at different levels of their development. The leader of
the groups is the developed cluster group of "Biopharmaceuticals". This group has the highest
significance values, i.e. cluster has the maximum number of points for employment and for the
volume of shipped products. That means that the share of employment (shipped products) of the
cluster of St. Petersburg in total employment (products shipped) of all cluster groups in the North-
West Federal District, as well as in total employment in St. Petersburg is the highest in comparison
with the same indexes of the given cluster in the subjects of the North-West Federal District. It means
that this cluster prevails in the economy of the city and the North West region by these indicators.
The cluster "Biopharmaceuticals" is also the rarest for other subjects of Northwestern Federal
District. This group is also leaders in terms of connectivity, i.e. activities, which are included in this
group are also in the maximum number of other cluster groups. Enterprises of the cluster are
characterized by the highest level of profit, wages and investment activity. Thus, it can be argued that
the cluster "Biopharmaceuticals" is the most economically developed in St. Petersburg.

Conclusion

If we analyze the clusters in the order of decreasing of the development level, then we have the
following groups: "Information Technology"”, "Analytical tools", "research activities" and
"Communication equipment". These high-tech and science-intensive groups are closely linked and
can form a single meta-cluster group. State support of one of these groups, as well as of intersecting
branches of this group, will influence both the group itself and other relevant cluster groups.

The group of "Aerospace" has the lowest value of the significance index; it means that this cluster
does not prevail in the city's economy in comparison with the cluster structure of the North-West
Federal District.

The cluster group "Trade" lags considerably behind the leaders in terms of development. The group is
characterized by rather low values of coherence and efficiency indicators, which means that this
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group has fewer industries covered by other relevant clusters and enterprise cluster characterized by
lower level of economic efficiency.

Low rate of cluster groups’ development of "Leather", "Plastics" is explained primarily by low level
of coherence or lack of it — "Leather Goods". A support of these groups will not have a multiplicative
effect on other significant cluster groups of the city. Also, these groups are characterized by a
relatively low level of wages, profits and investment activity of enterprises, which are parts of them.

A development of effective government support measures identified the cluster groups is an
opportunity for St. Petersburg to create the conditions for economic modernization and develop the
competitive clusters in the global market.
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Appendix 3
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Figure A3.1. Cluster maps of St. Petersburg for 2008 and 2012
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Figure A3.2. — St. Petersburg cluster map in 2012
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Appendix 4

Table A4.1. Comparative analysis of clusters localised in St. Petersburg and supported at the
federal and regional levels in 2016

State cluster programs

Cluster cores corresponding to state-
supported ones

Name

Support level

Clusters that are
localised in the
region

Clusters that are not
localised in the
region

Cluster of IT,
radio electronics,
instrumentation,
communications
and
infotelecommuni-
cations

Ministry of Economic
Development of the
Russian Federation
(Innovation
Territorial Cluster)

Analytical tools

Telecommunications

IT

Lighting and
Electrical
Equipment

Energy Production
and Transmission

Cluster of - . Biopharmaceuticals
. Ministry of Economic
medical,
harmaceutical Development of the
_p Russian Federation Medical
industry, .
L. (Innovation Instruments
radiation o
. Territorial Cluster)
technologies
Committee for
Cluster of Industry Transport and
shipbuilding Development and Logistics
Innovation
Cluster of Committee for
transport and Industry .
. Construction
infrastructure Development and
construction Innovation
Cluster of
transport
engineering Committee for Heavy Engineering
Cluster of Industry
mechanical Development and
engineering and Innovation llureical
metalworking Metallurgica
. Industry
Composite cluster
Committee for
Cluster of
Industry Aerospace
aerospace . .
. . Development and Engineering
instrumentation .
Innovation
Committee for
Industr .
Polymer cluster y Plastic
Development and
Innovation
Automotive Committee for .
Automotive Industry
proto-cluster Industry
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Development and
Innovation

Cluster of
jewellers

Committee for
Industry
Development and
Innovation

Jewellery

Consumer goods
cluster

Committee for
Industry
Development and
Innovation

Clothes

Footwear

Textiles
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Appendix 5

Table A5.1. Classification of St. Petersburg clusters as of 2016

Cluster classification
attribute

Characteristic of the
attribute

Clusters of the St. Petersburg
region

Explicitly descending form
of cluster promotion

The cluster is clearly
localised in the region and
promoted by the state

Analytical Tools

IT

Lighting and Electrical
Equipment

Energy  Production and

Transmission
Biopharmaceuticals
Medical Instruments
Plastic

Jewellery

Transport and Logistics

Explicitly ascending form
of cluster promotion

The cluster is clearly
localised in the region and
not promoted by the state

Science and Education
Trade

Business Services
Tobacco

Tourism

Implicitly descending form
of cluster promotion

The cluster is not clearly
localised in the region and
promoted by the state

Construction

Heavy Engineering
Metallurgical Industry
Aerospace Engineering
Automotive Industry
Clothes

Footwear

Textiles
Telecommunications

Implicitly ascending form
of cluster promotion

The cluster is not clearly
localised in the region and
not promoted by the
state, based on private
initiatives

Not identified
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Appendix 6
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[bookmark: _Toc74157673]Background and context

Placing economic agents in close geographical proximity to each other and establishing mutual relations for better performance in terms of a certain economic activity are factors that trace back to the advent of cities in the Ancient World. Clusters, bound by close ties, are still an important economic phenomenon in the 21st century, responsible for raising the most successful market players in a wide range of global sectors (Chen & Liu, 2021; Stavroulakis et al., 2021). Active participation in industrial clusters in the second half of the 20th century provided one of the best opportunities for small and medium businesses to survive and stay competitive at the regional, international, and even global levels (Porter, 1998a; Ranman & Kabir, 2021; Turkina & Van Assche, 2018). However, former market leaders can lose their positions due to the problems at the federal, state, and cluster levels (Porter et al., 2011), sanctions imposed against different sectors of the economy, which are followed by protecrionism policy towards domestic companies (Zemtsov et al., 2017), technological disruptions (Østergaard & Park, 
2015), competition from young, flexible, and innovative companies and start-ups 
(Ferràs-Hernández et al., 2017). Some of these large companies were also capable of using the huge potential and opportunities provided by industrial clusters. As a rule, they did this by placing key operations of the company in industrial clusters meticulously selected around the entire globe or using these industrial clusters as major innovators in the value chain (Chandrashekar & Hillemane, 2018).

However, the cluster phenomenon existed in the command economy of the USSR, where industrial policy was based on the development of territorial production complexes. The idea behind territorial production complexes was vertical and horizontal integration of enterprises to receive the economy from localisation. The main difference between territorial production complexes and clusters is the absence of competition between enterprises. Therefore, production chains in territorial production complexes were established and planned by the government (Pilipenko, 2004). During the transition from command to market economy, these linkages were disrupted, and production chains partly or fully were replaced by imports of final and intermediate products. Further, resource richness and oil dependence of Russia has boosted the decline of the manufacturing industries and territorial production complexes in transition stages from command to market economy.

Fromhold-Eisebith and Eisebith (2008) consider cluster policy as public and private measures that magnify agglomeration effects. However, in Russia, cluster policy is often implemented using the principle “cluster must be here” and often results in “state failures”, whose nature is close to “market failures”, since there is an information asymmetry in the system of public administration (Babkin et al., 2011). 

To make industrial policy effective, it is necessary to establish and implement scientifically proven priorities and the contents of industrial development programmes in the long run, taking into account the specifics of the transitional economies. These specifics arise from lower stages of economic development of the country, lower levels of integration in global value chains, political factors, disruption of the established production chains, resource dependence, and instability of the economy. If these specifics are not taken into account, then cluster-based economic policy will not be effective, since it mainly arises from the experience of the developed economy. 
For example, a study (Islankina & Thurner, 2018) on 25 pilot cluster initiatives in Russia that received financial support under the national programme and concluded that there was no relationship between the invested capital and the labour productivity of employees of enterprises that were part of cluster projects.

 To address this situation, there is a need for well-developed theoretical and methodological approaches to establishing industrial policy with due consideration of the factors of the institutional environment of the transitional economy.

[bookmark: _Toc74157674]Problem statement and research gap

Cluster industrial policy is the subject of scientific discussions (Lee et al., 2017). Many authors consider clusters in terms of their classification, identification (Kopczewska 
et al., 2017), and defining the factors that affect them positively (Lis et al., 2020; Slaper et al., 2018). Some others proceed from the theses of the official cluster policy and study the development of the clusters set up on the basis of regulations and decrees of the Government (Zemtsov et al., 2017). This limits the possibility of considering clusters that are set up due to private initiatives. However, an important question arises – whether the decision-makers have enough methods and tools to identify clusters and evaluate the effects of cluster industrial policy, taking into account specifics of transition economy.

In particular, institutional theory can be used to complement cluster-based economic policies and tools in the case of the institutional structure of the Russian transition economy. Therefore, this research is based on the idea that a successful cluster policy should be based on the current economy profile of the country, which reflects its specific features. For example, in the Russian case, it is necessary to take into account its resource richness and transition from command to market economy, in particular from territorial production complexes with fixed links between enterprises to clusters, which should be built in global value chains and compete with each other. Thus, it is necessary to identify the statistical parameters that reveal the concentrated types of activity in a certain territory, defining the connections between the types of activity and their clustering, as well as automating their calculations, mapping them on a regional level, and measuring the externalities that occur due to the clusters localised in the territory.

Some authors have studied different types of sectoral clusters localised in the Russian regions as well as the microstructure of individual clusters. For example, authors from the Russian cluster observatory mainly focus on the analysis of official clusters developed by the government. The literature does not pay enough attention to analysing the cluster structure of the regions of Russia or evaluating their impact on economic growth. This problem is especially crucial for the transitional type of the Russian economy. Therefore, to tackle this gap, the author developed a complex methodology for analysis of the territory cluster structure at micro-, meso-, and macro-levels and its’ application to the case of Russian regions.

[bookmark: _Toc74157675]Aim and scope of work

The research study is aimed at developing theoretical and methodological guidelines for forming and implementing cluster industrial policy at the micro- and macro-levels with regard to institutional, regional, and industry-specific factors in Russia.

The following research questions are addressed in this study:

RQ1: What methods and tools can be used to identify and analyse the cluster structure of the Russian transition economy?

RQ2: What is the effect of industrial clusters on the economy of Russian regions?

RQ3: What is the cluster industrial structure of Russia and St. Petersburg?

RQ4: What is the relationship between the objectives, methods, and elements of cluster policy in a transition economy?

The object of the research is industrial clusters at the macro- and micro-levels. 
The subject of the research is the theoretical and methodological grounds for forming and implementing cluster industrial policy in a transition economy.

Figure 1 portrays the overall logic of the research and illustrates the overall structure of the cover paper. 

The theoretical background relates to the first chapter of the cover paper. I discuss the existing background of cluster research and identify the research gap.

The research design of cluster structure identification and analysis is presented in Chapter 2 of the cover paper. Chapter 2 provides answers to RQ1 and presents the methodological background of the research.

Chapter 3 presents the results of cluster structure identification and analysis in Russia and the theoretical contributions of this research. 

Chapter 3.1 presents the results of Russia’s regional cluster structure study for the period of 2008–2016 and provides a partial answer to RQ3; the industrial clusters, determining the positive externalities for the economy of Russia’s regions, were identified for the period of 2008–2016, and the answer to RQ2 was presented. In more detail, the results of the research are presented in articles A1, A2, and A3 (Kudryavtseva & Olaniyi, 2019; Kudryavtseva et al., 2020; Rodionov et al., 2018). Chapter 3.2 presents a detailed analysis of one of the Russian regions – St. Petersburg in order to complete answer to RQ3. I evaluated the dynamics of the industry-specific cluster structure of 
St. Petersburg for the period 2008–2016, identified the factors limiting the development of industrial clusters, defined the institutional forms for promoting St. Petersburg’s clusters, and substantiated the action items of St. Petersburg’s cluster industrial policy. This section presents how instruments of cluster industrial policy can be applied at example of the concrete regions. In more detail, these results are presented in articles A5 and A4 (Kudryavtseva, 2015; Kudryavtseva, 2016).

The Discussion section provides answers to RQ4 and contributes to the theory by presenting the mechanism of cluster industrial policy in the transition economy.

[image: ]

Figure 1. – Flowchart

Source: composed by the author



[bookmark: _Toc517344495][bookmark: _Toc74157676]Abbreviations

		GRP

		Gross Regional Product



		IT

		Informational technology



		LQ 

		Locational quotient



		MAR

		Marshall – Arrow – Romer 



		NACE

		Nomenclature statistique des Activités économiques dans la Communauté Européenne



		OKVED

		Russian Classification of Economic Activities



		RIiFA

		Investment (rubles, at constant prices of year 2000) in fixed capital



		SIC

		Standard Industrial Classification



		TPC

		Territorial & Production complex







[bookmark: _Toc74157677]Literature review

In Section 1, I provide the theoretical and methodological background the research. First, I discuss the idea of the industrial cluster and its place in the framework of cluster industrial policy. Next, I briefly discuss the different externalities generated by clusters as part of the regional economy. After that, I discuss cluster policy from the position of the institutional economy. Next, I reveal the development of clusters in conditions of transition economy. At the end, I set ground for research of clusters in transition economy at example of Russia. Therefore, this literature review sets the foundation for the development of the methodology for forming and implementing cluster industrial policy at the micro- and macro-levels with regard to institutional, regional, and 
industry-specific factors in the transition economy.

[bookmark: _Toc74157678]Notions, classification criteria, and structure of an industrial cluster

To establish the background of the research, it is necessary to define the main concepts and terms that I use.

This research is based on combining the following principles of cluster theory: determining the statistical parameters, reflecting the types of activity concentrated in a certain territory, identifying the connections between the types of activity and their joining in clusters, evaluating the impact that clusters have on the development of the territory, automating cluster identification calculations, and cluster mapping. Let us consider these principles and their interconnections.

The principles of cluster theory were formulated by Haig, who analysed the structure of urban economics. Based on the analysed values of the localisation coefficient (relative concentration) of certain types of activity, he identified the basic part contributing to the economy of a region due to export and a non-basic part of the region’s economy, supporting the basic one (Rodwin, 2017). One of the constraints emerging when localisation coefficients are used for cluster identification that should be mentioned is cluster sensitivity to the administrative borders of the territories. This is because some clusters can have a clearly marked interregional rather than subnational nature, which cannot be registered and considered using localisation coefficients. This idea was then explored in the works by M. Porter, who used cost tables–output to determine the interrelated types of activity, identifying economic clusters (Delgado et al., 2015; Porter, 1998b; Xiao & Wang, 2019), and cluster mapping.

I use definition of the cluster, developed by M. Porter: “a geographic concentrations of interconnected companies, specialised suppliers, service providers, firms in related industries, and associated institutions (e.g., universities, standards agencies, trade associations) in a particular field that compete but also cooperate” (Porter, 1990, 2000). Later, this definition of the cluster was extended by various researchers and more commonly became the term industrial cluster (Cooper & Folta, 2017; Delgado et al., 2014; Ketels & Protsiv, 2014). For this term, I use the definition developed by Bortoluzzi et al. (2015): cluster is “a geographic concentration of interconnected firms, suppliers, and institutions in a particular field. It has the potential to affect competition by increasing the productivity of the companies in the clusters, driving innovation, and stimulating new businesses in the specific field”. Therefore, a considerable part of the social community and economic entities work together inside the industrial cluster, carrying out economically related activities, jointly developing and improving products, technologies, and organisational knowledge to create the best products and services on the market (Franco & Esteves, 2020; Halse, 2020). There are four main distinctions between industrial clusters and other agglomeration models.

First, industrial clusters imply intensive interactions that transfer knowledge between firms, and these interactions often become tighter than those inside a firm (Bachtiar 
et al., 2021; Brenner et al., 2011; Gress, 2015). To cooperate and compete simultaneously in a geographic zone calls for a well-developed social structure, which suggests and facilitates integration of knowledge and communication exchange, and contributes to joint identity among economic agents (Prause, 2014).

Second, industrial clusters include a totality of economic agents – both legal and natural – having special skills or knowledge related to the economic activity they carry out. These economic agents form institutions such as universities, research centres, industrial associations, and technological institutes, which stimulate mutual economic cooperation and the spread of technological knowledge between the members of an industrial cluster. One of the possible structures of an industrial cluster, which reflects the interrelation of its main elements, can be broken down into a core, production infrastructure, and business infrastructure. The core of a cluster is the totality of enterprises with the same or similar sector profiles. 

Third, a cluster is a specific form of spatial concentration of enterprises whose joint activity entails specific agglomeration externalities, that is, external effects. To ensure this interaction, there should be the so-called “social glue” (Morosini, 2002, 2004), binding a cluster and helping the social consolidation of various structural participants and integration of main knowledge, which occurs through cultural, organisational, and functional boundaries.

Fourth, this definition of an industrial cluster highlights that the final goal of industrial clusters is to create high-quality products and services that represent value for customers on the market. To reach this goal, industrial clusters should have the following characteristics: leadership, structural elements, communication, knowledge transfer, and professional rotations (Porter & Kramer, 2019; Xiangfeng, 2007).

Morosini (2002, 2004) suggested and substantiated the classification criteria of clusters, developing the theory of cluster classification and determining the development dynamics of a cluster, such as an institutional structure, the results of joint activity, economic connections, an interaction of the elements of a cluster, as well as the classification criteria of the competitive factors of clusters: external, internal, and social ones.

The main competitive factors of firms united in a cluster are external, internal, and social factors. The externalities of competition are legal regulation, consumers, raw material, technology, and knowledge markets; the internalities are the resources, processes, and competences of firms; and the social factors are acquisition, creation, and sharing knowledge, as well as behavioural and cultural standards. The degree of knowledge integration and the scope of competition are the major factors that precondition the economic performance of industrial clusters (Ketels & Protsiv, 2020). Firms in industrial clusters that demonstrate a high degree of knowledge integration and competing on the global level introduce more innovations are more inclined to growth, adapt faster to the changing environment, and have more stable economic performance in comparison with firms in less integrated clusters, where competition is strictly limited by local territorial boundaries (Dyba et al., 2020; Maghssudipour et al., 2020). Based on the scientific literature review, it can be concluded that the higher the degree of knowledge integration between the participating firms and the higher the level of global competition of the participating firms, the higher the competition of clusters.

[bookmark: _Toc74157679]Clusters as part of the regional economy

Thus, foreign studies broadly cover the results of the identified and analysed status of the cluster systems in individual countries and regions. For example, Looijen and Heijman (2013) identified and analysed agricultural clusters in the European Union. Lindquist (2009) analysed the concentration and urbanisation of industries in Sweden and built cluster maps for Sweden. Delgado et al. (2014) designed an algorithm for cluster identification and studied agglomeration effects of the US regional clusters (Delgado et al., 2015). 

Studying MAR, Jacobs, and Porter’s agglomeration externalities by evaluating their impact on regional and sectoral indicators is a popular area of research in cluster economics (Bavina, 2016; Beaudry & Schiffauerova, 2009; Zemtsov et al., 2017). The MAR concept (Marshall–Arrow–Romer, MAR) of externalities was formalized by (Shleifer, Glaeser, Kallal, Scheinkman, & Shleifer, 1992). The common part of MAR, Jacobs, and Porter’s models is the consideration of geographical effects from the spatial distribution of firms in a region (agglomeration pattern) (Kopczewska et al., 2017). The concepts of urbanisation and localisation can be used in a broad sense as agglomeration components, and, consequently, as elements of the economies of agglomeration. The economies of agglomeration or agglomeration effects are economic benefits obtained as a result of industries concentrated in one territory relatively close to each other (Macheras & Stanley, 2017; Pinto & Sablik, 2016). 

Economies of agglomeration can be divided into two types: economies of localisation or localisation effects and urbanisation economies or urbanisation effects. Urbanisation effects are produced due to many industries concentrated in one territory. Consequently, the diversified economic system allows enterprises to obtain benefits from various types of the economic activity undertaken in this territory (Dicken & Lloyd, 1990; Macheras & Stanley, 2017). Thus, Jacobs emphasizes the importance of competition and diversification, downplaying the role of specialisation (De Groot et al., 2009). 

The economy of localisation arises as a result of the concentration in one territory of firms working in the same industry or industries related to it. As a result, firms can join in clusters and obtain benefits, for instance, from sharing the infrastructure and creating enough demand for materials and components (Macheras & Stanley, 2017; Malmberg & Maskell, 2002). The study by Rodriguez-Clare statistically and dynamically models the efficiency assessment of state industrial policy, namely, cluster subsidising, in terms of achieving Marshall’s externalities (Rodríguez-Pose & Comptour, 2012; Rodríguez-Pose & Crescenzi, 2008). As a result, the author assessed the subsidising efficiency of the sectors highly prone to clustering in the context of growing wealth. The modelling also supported the conclusion that subsidising a sector makes sense only in cases where the protected sector has Marshall’s externalities, and the country has a natural comparative advantage in this sector.

Thus, the concept of the economy of localisation is, in fact, a synonym for MAR externalities, while urbanisation economies are a synonym for Jacobs externalities. Porter’s externalities have features and characteristics common to both models.

[bookmark: _Toc74157680]Cluster as the object of cluster industrial policy

There can be mainly two types of ‘cluster policy’: one supports the growth of existing or embryonic regional clusters, and the other allows the knowledge of how industrial development occurs in (successful or unsuccessful) regional clusters inform policy making in general (European Comission, 2002). One of the main tools of cluster policy is cluster initiatives, which are defined as organised efforts to increase the growth and competitiveness of clusters within the region, involving cluster firms, government and/or the research community (Chen et al., 2020; Sölvell et al., 2003).

The concept of a cluster has become a popular principle in the industrial policy of developed countries, stimulating industrial competitiveness and innovativeness based on sectoral specialisation and cooperation. Despite a broad public interest in the applicability of the concept of the promotion of industrial clusters, studies have only partially covered this subject. The discussions have only about what assets and dynamics underlie successful clusters (Lee et al., 2017; Van Den Berg & Braun, 2017) and how the “map of examples” can be empirically identified, categorised, or produced (Looijen & Heijman, 2013; Sternberg & Litzenberger, 2004; Zemtsov et al., 2017). Scholars are increasingly studying how the development of clusters can be supported internationally and whether that should be done in the first place (Delgado et al., 2014; Gibson, 2015; Ketels & Memedovic, 2008). However, three major drawbacks are common to these discussions. 

First, the focus has been on describing, comparing, and categorising official cluster policy (Boekholt & Thuriaux, 1999; Schönfeld & Jouaillec, 2008), which makes most researchers leave out the fact that cluster effects also rise from private initiatives, and often have nothing to do with industrial policy. This limits the number of clusters considered and limits the discussion about whether government bodies are a suitable option for supporting the development of clusters (Felzensztein et al., 2018; Lin et al., 2012; Prokhorova et al., 2018). 

Second, how institutional forms of cluster promotion, that is, the ways of organising, managing, and relative norms and clusters of interaction, affect the outcome has not been properly investigated, although there is the recognition that institutions are important assets of clusters and provide innovative support at the regional level (Kiese, 2019; Lundequist & Power, 2002; Yoon, 2017). 

Third, researchers rarely consider an important objective of evaluating the effects of cluster support as an ability to measure the performance of clusters, which is essential for justifying the choice of strategy and achieving the best results under the existing conditions, because this entails methodological complications (Kopczewska, 2018; Lindqvist, 2009; Russu, 2016). Thus, the theory of cluster industrial policy is a controversial area, which “astonishingly lacks a consensus about how clusters emerge and to what extent their appearance can be caused by target planning or political intervention”.

The study by Maskell and Lorenzen (2004b) proves a hypothesis that the spatial localisation of industrial clusters is the essence of the market organised in an especially reasonable way. To maximise the advantages of market relations and simultaneously keep transaction costs at a low level, firms take part in setting up institutions – they organise the market. (Maskell & Lorenzen, 2004a, 2004b). Consequently, a cluster is one of such specific market organisations structured by territorial lines since it can be used to create a set of institutions beneficial for certain types of economic activities, particularly for industries that have a high degree of uncertainty and well-developed social institutions. Common institutions in this form of market help the participants of a cluster end up with an environment that reduces obstacles for acquiring and using knowledge created or applied locally (Maskell & Lorenzen, 2004a, 2004b).

Therefore, in my opinion, the existing scientific approaches to this subject have some drawbacks: the fact that cluster effects arise, mainly, from private initiatives and often have nothing to do with “cluster promotion” policy has not been taken into account. Further, how institutional cluster promotion forms affect the result needs to be fully studied, and evaluating the effects from cluster support has not been practically considered. 

Therefore, it is essential to understand that the main risk in the pursuit of cluster industrial policy is the wrong choice of the control target due to information asymmetry, lack of statistics, and the absence of effective tools for recognising clusters and their prototypes (Babkin et al., 2011; Chain et al., 2019; Komorowski, 2020).

The key elements of the programme policy of cluster promotion are propaganda of specific industrial advantages in and outside a region aimed at improving the attractiveness and advancement of the environment where firms operate, consulting and providing specialised services, for example, in the field of finances, marketing, and designing; attracting new industrial investors, who can supplement regional value chains, or setting up start-ups to strengthen the system potential of a cluster (Kuzovleva et al., 2019).

Fromhold-Eisebith and Eisebith’s (2005) theory about forms of cluster promotion and the results of my own research (Kudryavtseva, 2016) in part of the transformation of forms of cluster promotion and their transformation into state cluster policy form the basis of this study. Therefore, I developed a classification based on the ideas of Martina Fromhold-Eisebith and Gunter Eisebith (Figure 2). This approach was developed through the introduction of the second categorisation dimension, differentiating explicit and implicit cluster promotion, also thanks to institutional prerequisites. It is graphically presented as a transformation process of cluster promotion forms and their conversion into state cluster policy. The transformation process can start with private industrial initiatives, which can then be supported by local government bodies, and as a result, the implicitly ascending promotion form of industrial enterprises will convert to an implicitly descending promotion form. Perhaps, private industrial initiatives started at the local level will be supported by private industrial elites on the regional or federal level, and, thus, the implicitly ascending promotion form of industrial enterprises will turn into an explicitly ascending promotion form. Finally, supported either by local government bodies or by industrial associations at the regional level, cluster promotion will have the form of state industrial policy, which can be classified as an explicitly descending form of cluster promotion.
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Figure 2 – Categorisation and transformation of cluster promotion forms

Source: composed by the author based on (Fromhold-Eisebith & Eisebith, 2005)



The suggested polarisation has a relation to classic “government-versus-market” arguments when “government-versus-industry” approaches are established. Nonetheless, ascending cluster promotion should not be equivalent to the effect obtained as a result of the action of purely market forces. On this point, descending and ascending initiatives address recognised market drawbacks, refer to the development of key cluster structures, and, in both cases, lead to active implementation of promotion measures. However, these activities are organised differently, depending on the forms that either rely on market mechanisms or on the state.

[bookmark: _Toc74157681]Cluster development in transitional economy

Clusters are part of the competitive environment of the economy (Ketels). Clusters have geographical boundaries, and cluster enterprises both compete and cooperate to solve individual tasks (Porter). Clusters in a transition economy have limited effectiveness, as the institutions of the market economy are at the stage of formation and function only in a limited way during the transition from a command economy to a market economy. Russia has been an example of a transition market economy since the 1990s. To date, some industry markets function effectively, and Russian enterprises compete in international markets, but most industry markets compete only at the local level. According to a study by Islankina and Thurner (2018), the main factors limiting the entry of Russian clusters into the international market are financial resources and the lack of qualified personnel, whereas cultural differences and geographical distances are much less important. However, Russia is a commodity economy, which also leads to the redistribution of resources in extractive industries and to the outflow of capital from industry (Ketels & Memedovic, 2008). In these conditions, the development of clusters is limited, and the state cluster policy requires taking into account the above factors of the institutional environment of Russia.

It is also necessary to take into account that Russia’s industrial policy was based on the formation of territorial production complexes for a long period (from 1930 to 1990). The main contribution to the science of the development of the theory of territorial production complexes (TPC) was made by N. Kolosovsky and his students. TPC is understood as “such an economic (mutually dependent) combination of enterprises in one industrial point or in the whole area, in which a certain economic effect is achieved due to a successful (planned) selection of enterprises in accordance with the natural and economic conditions of the area, with its transport and economic and geographical location” (Porosenkov, 2014). Using this theory, some large industrial complexes were created in the USSR: Timan-Pechora, Bratsko-Ust-Ilimsky, Sayan, West Siberian, Mangyshlak, Pavlodar-Ekibastuz, Karatau-Dzhambul, etc. (Agirrechu et al., 2004; Nesterova & Cherkasov, 2015). The main similarity between TPC and clusters is the geographical concentration of enterprises and their cooperation within the framework of vertical and horizontal integration, and the difference is the lack of competition in TPC.

In modern Russia, the historical trend of the high role of state influence on economic processes has been preserved. In this regard, various state programmes of cluster development and the support of cluster initiatives are being implemented at the federal and regional levels. Thus, in the context of the development of market economy institutions with the predominance of the commodity economy sector and on the basis of the long historical development of the TPC in Russia, a significant transformation of the industry structure is currently taking place, which requires the identification of regions of concentration of industries to form a cluster policy to obtain the positive regional effects (MAR) described in Section 1.2.

[bookmark: _Toc74157682]Current stage of research on clusters in Russia

Russian literature also includes works dedicated to analysing the status of Russia’s cluster system as a whole and the development of clusters in individual regions. Thus, Manukyan analysed the potential of the oil and gas cluster in the Samara Region (Manukyan, 2015), Zemtsov and Barinova (2016) analysed the status and advancement of promising 
high-tech clusters. Nemchenko and Luzina (2018) considered the oil and gas cluster of Tumen Region as a tool for modernising the region’s economy. Larichkin et al. (2011) analysed the case of the sea oil and gas sector in the territory of Murmansk Region. Islankina et al. drew up methodological guidelines for setting up and developing innovative clusters at the government level (Kutsenko et al., 2017). Khukhrin (2011) presented the analysis of the cluster policy concept in the agriculture of Russia from the position of a system and synergy approach, Vertakova et al. (2014) gave an example of a scheme for setting up a food cluster and an example of the organisational-economic cooperation structure in an industrial cluster. Markov et al. (2017) conducted a detailed analysis of the federal and regional cluster policy.

Only two large international projects are dedicated to automated calculation and further mapping of the results of the cluster development dynamics analysis for the purpose of monitoring and shaping cluster policy: US Cluster Mapping (Harvard Business School & U.S. Economic Development Administration, 2018) and European Cluster Initiative (Ketels & Protsiv, 2014). In Russia, there is a project called the “Russian Cluster Initiative” (HSE, 2019). However, in contrast to similar projects in the USA and the European Union, it presents information only about the location and main performance results of the formal clusters supported by the government. Thus, the national project does not pay enough attention to analysing and identifying clusters, that is, to the general structure of the regional economy.

Developing, spreading, and applying digital technology to provide support for decision-making processes is one of the areas developing in the context of the transition to digital economy (Korolev et al., 2017; Okrepilov et al., 2015). Technical solutions in this area are aimed at implementing information-analytical systems supporting managerial decisions at all levels of the socioeconomic system: at the level of individuals (Mangusheva & Khairulin, 2017), enterprises (Budina & Kezhapkina, 2015), clusters (Chertina, Kvyatkovskaya, & Khomenko, 2017), sectors (Agafonov & Vashchenko, 2016), regions (Medvedev et al., 2016), and countries (Ageeva, 2018). Thus, it becomes necessary to develop specialised decision and management support systems for every level of the socioeconomic system.

The relevance of building the system is preconditioned by the need to monitor and analyse the advancement of regional clusters so that the impact individual sectoral and national programmes have on their development can be assessed (Gerlitz et al. 2020; Meyer, 2020). Moreover, this system must ensure the automatic identification of the latent clusters located in a region’s territory, and these clusters must be supported in the same way as the formal clusters started by the government. Today, this system exists in the USA (Harvard Business School & U.S. Economic Development Administration, 2018) and the EU (Ketels & Protsiv, 2014). However, it has not been implemented in Russia. 
In addition, most research studies have focused on considering individual clusters in individual regions (see, for example, the works by the following authors: Larichkin et al., (2011); Manukyan (2015); Nemchenko & Luzina (2018); and others), rather than on analysing comprehensively the status of the regional cluster structure in Russia, such as in the works by Kudryavtseva and Skhvedian (2018), Islankina (2017), Zemtsova (2017).

[bookmark: _Toc74157683]RESEARCH METODOLODGY AND SETTING

Section 2 is dedicated to the description of the research methodology and its elaboration. First, I present and describe the research design for identifying and analysing the cluster structure of a territory. This framework answers the RQ1. Next, I briefly describe the developed database, which I used for cluster structure identification and analysis. Finally, I present the regression models and intuition behind them to answer RQ2.

[bookmark: _Toc74157684]Research design for cluster structure identification and analysis

Based on the literature review, I developed the research design, presented in Figure 3. This methodology was elaborated to study the cluster structure of territories to determine priority directions for industry clustering and ensure a growth of wealth due to the achievement of externalities from the localisation of cluster enterprises.

The cluster structure of territories is an agglomeration that includes interrelated and vertically and horizontally integrated industrial, infrastructural, and raw material cluster groups localised in a territory. 

In the research study, I developed a methodology for identifying and analysing the cluster structure of territories at the micro- and macro-levels (Figure 3) in conditions of transition economy, which allows us to answer RQ1.

The first block is the analysis of sectoral features of clusters, which includes determining the sectoral composition of “standard” clusters and calculating the agglomeration, urbanisation, and concentration indicators. Agglomeration reflects the degree of non-uniformity distribution of the employed in a cluster in a territory. Concentration and urbanisation show the degree of attraction of cluster enterprises to joint localisation with each other and the degree of attraction to joint localisation with enterprises involved in any other type of activity, respectively. As a result of the analysis, clusters will be categorized as concentrated and dispersed, urban, and rural (Kudryavtseva, 2018; Rodionov & Kudryavtseva, 2016). The list of standard (reference) clusters on the basis of which the study was conducted is provided in Appendix 2. 
The need to use standard clusters was informed by the conditions of a transition economy, in which value chains created within the planned economy system have been destroyed, and new ones are at the stage of formation and are not stable and 
well-established.

The second block is the analysis of economic parameters of a region’s clusters, which includes identifying strong clusters, that is, cluster groups having enough “critical mass” to produce positive agglomeration effects. According to the methodology developed by the European Cluster Observatory, a cluster is considered localised in a region if it meets at least two factors out of three – localisation coefficient, focus, and size (Kudryavtseva & Olaniyi, 2019; Kudryavtseva et al., 2018). The localisation coefficient shows how many times the share of employed in the cluster exceeds the average number of employed in the country; the size is the share of employed in the cluster in the region in comparison with the employed in the cluster countrywide; and the focus of the cluster is the share of employed in the cluster in comparison with the total number of employed in the region.
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Figure 3 – Research design for the identification and analysis of the cluster structure of a territory

Source: composed by the author
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This stage will allow us to determine the regions of localisation of industries, that is, the cluster structure of territories, on the basis of which the changed or transformed structure of industries in the regions during the transition to a market economy can be analysed. This block is supplemented with (1) a comparative analysis of the dynamics of regional cluster localisation, bind of regional clusters, and economic condition of clusters, which allows us to define the main development trends of the studied clusters; 
(2) competing concentration regions of cluster sectors, capable of affecting the employment of other cluster groups due to more significant positive agglomeration externalities in their territory; (3) clusters with a single sectoral belonging of its enterprise structure in the context of vertical and horizontal integration; and (4) economic performance indicators of cluster enterprises.

The third block involves identifying positive agglomeration effects due to the assessment of the impact produced by the level of cluster localisation in a region on economic growth based on econometric analysis methods (Kudryavtseva & Olaniyi, 2019; Kudryavtseva et al., 2018). This stage will allow us to identify clusters that give positive regional localisation effects – MAR – and can be potential objects of state investment programs. Thus, the increased specialisation of the region in the supported type of activity will ensure the economic growth of the region. 

Therefore, as the theoretical contribution of the research, I developed methodological tools to research the cluster structure of territories at the micro- and macro-levels, including analysis of sectoral specifics, localisation territory, and economic parameters of a cluster, evaluation of the impact of the cluster structure of a territory on the economy aimed at forming priority directions for industry clustering, measures, and tools of industrial policy. The proposed methodology is based on the application and study of methodological approaches of the leading national and foreign schools (Porter, European Cluster Observatory, and Russian Cluster Observatory) and using a convergence approach. Cluster industrial policy can be framed based on the obtained information.

[bookmark: _Toc74157685]Data collection and measurement

To determine the regions where the cluster localises, a database called “Clusters of Russia’s regions” was created (state registration certificate RIA No.2017620569 of May 29 2017). The developed database is a tool for studying the cluster structure of the Russian economy and one of the answers to RQ1. In terms of its functions, it is analogous to the US Cluster Mapping US Cluster Mapping (Harvard Business School & U.S. Economic Development Administration, 2018) and European Cluster Initiative (Ketels & Protsiv, 2014). As a result of database application, I used statistical properties of clusters in Russian regions to estimate the effect of industrial clusters on the economy of Russian regions, calculated by database, and answer RQ2. I also used a database to identify the cluster industrial structure of Russia and St. Petersburg and answer RQ3.

The database was designed to determine the regions of cluster localisation using data on the population employed in various types of activity (Kudryavtseva et al., 2020). To implement the suggested approach, statistic databases were established on the number of employed and the quantity of enterprises in the Russian regions, grouped according to the cluster cores for the years 2008–2016. To group the types of activity by clusters, a classification developed by Porter was used, and correspondence was established between such classifier codes as SIC, NACE, and OKVED (Russian Classification of Economic Activities) (Appendix 2).

As a result of this adaptation of the core, 37 cluster groups were filled with the types of economic activity according to 4-digit OKVED codes, considering the available detailed data. According to a certain composition of clusters, statistical databases were set up on the number of enterprises and organisations for the year 2016 and the number of employed in cluster groups for the years 2008–2016 in 83 Russian regions. 

Applying the database allowed us to achieve four major goals: 

- Minimising the storage of large volumes of information about the employed population by years and types of activity.

- Ensuring comfortable input and editing of information about the employed population of the regions

 - Creating a computational tool for evaluating the employment dynamics in Russian regional clusters by years.

 - Processing the information obtained as a result of computation in an analytical manner, selecting significant clusters according to the set criteria in each region of Russia.

[bookmark: _Toc74157686]Econometric modelling for evaluating the impact of industrial clusters on the economies of regions

To carry out the third phase of analysis of the cluster structure of territories, economic tools were used to evaluate the impact of industrial clusters on the economies of regions (Kudryavtseva & Olaniyi, 2019). As a result, agglomeration effects or Marshall’s externalities (Slaper et al., 2018) affecting the economic growth of regions were assessed. The econometric problem was formulated as an assessment of the bind between the level of cluster localisation in the Russian territory and the dynamics of gross regional product – RQ2.

The analysis was performed in two phases – 3.1 and 3.2. In phase 3.1, I evaluated the binding of industrial clusters and GRP level. In phase 3.2, I measured the interrelation between the development level of the cluster infrastructure and the size of the GRP, 
that is, the amount of multiplication effect from cluster localisation in the region. 
The study was conducted by econometric analysis methods using regression analysis tools of panel data available in STATA MP14 software.

3.1. In the first phase of the study, hypotheses were tested regarding the binding between the presence of cluster j in region i and the size of its GRP. The following models were built to check these hypotheses:
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where  is the natural logarithm of GRP (rubles, at constant prices of year 2011) generated in region i at time t;

 is the binary variable that takes a value of 1 or 0, depending on whether the presence of cluster j was or was not registered in region i at time t-1.

 is the binary variable that takes a value 1 or 0, depending on whether the presence of cluster j was or was not registered in region i in 2011.

 is the binary variable that takes a value of 1 or 0, depending on whether cluster j was or was not localised in region i at time t;

 is the natural logarithm of investment (rubles, at constant prices of year 2000) in fixed capital made in region i at time t-1;

 is the natural logarithm of the number of employed (mil. people) in region i at time t;

 is the binary variable that takes the value 1 or 0 depending on whether the region has the “information technology” cluster or not;

 is the size of the localisation coefficient of the “information technology” cluster in region i at time t.

 is the size of cluster group i at time t, in %.

 is the focus of cluster group i at time t, in %.

 are the binary variables that take the value 1 or 0, depending on whether the observation refers to concrete year t or not;

,  is the random variable specifying deviations of the real value of the effective sign from the value of the regression equation;

 is the constant.

3.2. In the second phase, according to the model suggested by G. Lindqvist (2009), analysis is carried out to measure the effect produced by the region’s cluster structure on the amount of GRP. Hypotheses are checked to see if there is dependence between the development level of the cluster structure in region i and the size of the GRP at different moments of time. Models used for testing the hypotheses are as follows:
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where  is the variable that shows the general development level of the cluster structure of the economy of region i at time t. This variable is calculated by adding “stars” obtained by all cluster groups j in the region at time t according to the results of evaluation of the “Localisation Coefficient”, “Cluster Size”, and “Cluster Focus”. According to Lindqvist (Lindqvist, 2009), this approach makes it possible to illustrate the specialisation level of the region and the development of its cluster structure.

 is the variable that shows the general development level of the cluster structure of region i in time t-1. 

 is the variable that shows the general development level of the cluster structure of the economy of region i in year 2011.
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[bookmark: _Toc74157687]Results, discussion, and implications

Section 3 provides the quantitate results of the research. I applied the developed in Chapter 1.4 concept and mechanism of cluster industrial policy and developed with the methodology in Section 2 to the case of Russian regions. Therefore, I fill the research gap regarding the identification of cluster industrial structure in Russian regions, show the results of application of the developed database for all Russian regions, and discuss in detail the case of St. Petersburg.

[bookmark: _Toc74157688]Identification and analysis of cluster structures in Russia’s territory

To test the methodology for identifying and analysing the cluster structure of a territory (Figure 3), clusters were identified by the federal subjects. See another example of the database application in the article by Kudryavtseva et al. (2020).

In the first phase of the study, I calculated the agglomeration coefficient with the aim of revealing the specifics of the sectoral structure of cluster groups affecting the spatial concentration. This indicator, which characterises the non-uniformity of distribution of the employed in cluster groups by the federal subjects, allowed us to assess the level of cluster concentration in the territory of Russia. 

First, I calculated the concentration and urbanisation indicators on the basis of statistics about the number of enterprises by federal subjects and types of activity. Next I identified cluster groups whose enterprise concentration within a region or a subject of Russia was caused by striving to be jointly located with similar enterprises or by an inclination to be based in territories with a high density of enterprises involved in any types of activity. In other words, we identified cluster groups whose joint localisation was preconditioned by the presence of various groups of agglomeration externalities: Marshall’s externalities or Jacobs’ externalities (Caragliu et al, 2016). According to the existing positive or negative Marshall’s externalities and Jacobs’ externalities, all clusters were categorised as concentrated or dispersed, and urban or rural (Figure 4). Thus, for example, the concentrated urban cluster groups – “Information Technology”, “Science and Education, “Media and Printing”, and others – experienced considerable positive effects from being in close proximity to each other and to enterprises involved in any other types of activity. These clusters had the strongest potential for development in regions with a high density of population and significant economic activity.

The main trends observed in the degree of cluster concentration and dominance of certain agglomeration effects resulting in this concentration have a universal nature and are true for the cluster structure of many countries.

In the second phase of the research study, I highlighted cluster groups of each federal subject whose cores had enough strength to have and develop positive agglomeration effects. As a result of the application of the database, the cluster structure was defined for 83 regions of the Russian Federation, and localisation maps were built for 37 clusters in the territory of Russia during the period from 2008 to 2016 (RQ4). 
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Figure 4 – Classification of Russian clusters by level of concentration and urbanisation

Source: composed by the author



For example, in 2016, the industrial cluster “Information Technology” was presented in the following regions – St. Petersburg, Moscow, Yaroslav Region, Novosibirsk Region, Tatarstan, and Penza Region (Figure 5). The cluster is biggest in the cities of Moscow and St. Petersburg, with 30.52% and 16.14% of the total number of employed individuals found in the cluster in Russia. However, the focus of the cluster – the share of the employed in the cluster in relation to the total number of the employed in the region – reduced in Moscow from 43.87% to 30.52%, and increased in St. Petersburg from 10.52% to 30.52%. Over the period considered, the concentration of the cluster in large cities and regional centres grew. The cluster was localise in the Kursk and Kaluga Regions. 

According to the tested hypothesis about a dependence between the presence of cluster j in region i and the size of its GRP, the following main results were obtained. Industrial clusters in Russia, such as as “Automotive Industry”, “Analytical Tools”, “Aerospace Engineering”, “Biopharmaceuticals”, “Information Technology”, “Metallurgical Industry”, “Plastics”, “Production Equipment”, and “Chemical Industry”, had a positive impact on the size of GRP in the long run (RQ3). See the detailed description and results in the article by Kudryavtseva and Olaniyi (2019). Only individual clusters had a positive regional effect, as the market infrastructure was not sufficiently developed, which is also discussed in this study (Ketels & Memedovic, 2008).
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Figure 5 – Values of localisation indicators of the information technology cluster in Russian territory in 2016

Source: composed by the author



The analysed influence of the localisation of the “Information Technology” cluster showed that in the regions where the value of the cluster localisation coefficient was higher by 1 unit at time t, the level of GRP was, on average, 11.1% higher. When the size of the cluster was higher by 1 percentage point at time t, the level of GRP was, on average, 2.52% higher. In clusters with a focus with 1 percentage point higher at time t, the level of GRP was, on average, 30.3% higher. The obtained results can be interpreted as agglomeration effects of the “Information Technology” cluster (RQ3). See the detailed description and results in the article by Kudryavtseva et al. (2018).

According to the tested hypothesis regarding the dependence between the development level of the cluster structure in region i and the size of GRP in the current period and in a long-term period (compared to year 2011), a meaningful positive dependence was obtained between the development level of the cluster structure of regions and the size of their GRP in both the short-term and long-term periods (RQ3). See the detailed description and results in the article by  Kudryavtseva and Olaniyi (2019).

[bookmark: _Toc74157689]Measures of St. Petersburg regional cluster policy

The St. Petersburg region is an industrial and research centre that has had a long history of development since the 18th century. The first Russian universities and large industrial enterprises whose activities were integrated into the TPC, which made it possible to produce knowledge-intensive and capital-intensive products, are represented here. 
St. Petersburg is a good case for assessing the effects of the development of the competitive environment, as a result of which the established value chains were first broken during the development and production of products in the 90s, and then the formation and development of a new cluster structure of the region took place.

The dynamics of the sectoral cluster structure of St. Petersburg were assessed for the period from 2008 to 2016, and the factors limiting the development of the production industry were identified (RQ4). 

Throughout the entire period from 2008 to 2016, St. Petersburg was the region where the following clusters were localised: industrial clusters: “Information Technology”, “Biopharmaceuticals”, “Analytical Tools”, “Lighting and Electrical Equipment”, “Tobacco”; and infrastructural clusters: “Science and Education”, “Energy Production and Transmission”, and “Trade.”

The analysed dynamics of the absolute number of employed by cores of cluster groups allowed us to draw conclusion about structural change in the economy of the region. 
It was defined that the trend towards reducing the number of employees is common for the majority of industrial clusters in St. Petersburg, apart from high-tech and 
science-intensive cluster groups, which demonstrate an increase in the number of employed.

The strength dynamics of the developed cores of St. Petersburg clusters were analysed in detail, including research into the changes in relative abundance used to determine the important clusters of the Russian regions. The study included identifying the competing “focal points” of concentrated enterprises of the relevant cluster group in other Russian regions. 

As a result, the following conclusion can be drawn about a fairly well-developed cluster structure in St. Petersburg. In 2008, there were two related meta-cluster groups in the region – one concentrated around the “Science and Education” cluster, while the other referred to “Lighting and Electrical Equipment” (Appendix 3). In 2012, the cluster group became more advanced – there appeared a single science-intensive meta-cluster group due to the progress of the industrial cluster “Analytical Tools.” (See initial 
results for 2012 in T. J. Kudryavtseva (2016) and T. Kudryavtseva & Jurievna (2015); 
Appendix 3). In 2016, the region demonstrated further progress in the cluster structure – the science-intensive meta-cluster group expanded due to the industrial cluster “Medical Instruments” (Appendix 3, Figures 6). This meta-cluster group can be specified as an innovative one thanks to the concentration of high-tech production facilities in the field of instrument engineering and power engineering. Not only industrial but also infrastructural clusters, such as “Tourism”, “Trade”, and “Business Services”, were developing in the region.

To determine the institutional forms of cluster promotion presented by 
Fromhold-Eisebith and Eisebith and described in Section 1.3, as well as supplemented by me in Appendix 5, the cluster groups of the St. Petersburg region supported at the federal and regional levels were identified (see Appendix 4) and correlated with the identified significant clusters of the region as of 2016 (see Figure 6).

Based on the results of the analysis, it can be concluded that all significant industrial clusters localised in the region were supported at the federal level. Therefore, in accordance with the classification in Appendix 4-5, they were characterised as explicitly descending, that is, existing in the region and promoted by the state. Most clusters supported by regional authorities did not have sufficient concentration strength in the St. Petersburg region compared to other regions in Russia. Thus, they were characterised as implicitly descending, that is, clearly not existing in the region but supported by the regional authorities. There were also many infrastructure clusters in the region, but the clusters considered by the state as an object of cluster policy were Science and Education, Trade, Business Services, and Tourism. These clusters can be characterised as explicitly ascending, that is, clearly localised in the region but developing without the participation of the state.

The institutional forms of cluster promotion in St. Petersburg are identified; the measures of St. Petersburg cluster industrial policy aimed at overcoming the limitations are substantiated in detail by all groups of the region’s clusters.

Comparative analysis of the clusters localised in St. Petersburg and supported at the federal and regional levels in 2016 allowed us to assess the clusters that explicitly descending, explicitly ascending, and implicitly descending forms of cluster promotion (Figure 6). 



[image: ]

Figure 6 – St. Petersburg cluster map in 2016, which takes into account state programmes for regional cluster promotion. Explicitly descending clusters, that is, localised in the region and promoted by state—highlighted in green and encircled; explicitly ascending clusters, that is, localised in the region and not promoted by state—highlighted in green; implicitly descending clusters, not localised in the region and promoted by state—encircled.

Source: composed by the author



To evaluate the condition of the industries that form the cluster structure of a region, we analysed the labour security analysis of the cores of the cluster groups, the efficiency of fixed assets use, and the maturity of related cluster groups, which ensure and maintain the activity of cluster enterprises. According to the results obtained for each core of a cluster group, we highlighted the industries in which industries where actions need to be taken to increase labour security and raise industrial potential. We also pointed out related cluster groups whose development will strengthen the considered cluster cores.

Three directions for state support measures are suggested to develop St. Petersburg cluster structure with the help of industrial policy: (1) increasing the labour security of cluster industries and investing in training professionals in relevant fields; (2) improving the industrial potential of cluster industries with more efficient use of fixed production assets due to modernisation of production and technology base and investment into innovative technologies; (3) developing related cluster groups embracing both main suppliers of materials, equipment, etc., and enterprises using similar technologies. 
The details of individual measures to be taken for all groups of the region’s clusters for each of the suggested directions are provided in Appendix 6.

[bookmark: _Toc74157690]Discussion of results and implications

The developed research methodology of a territory’s cluster macrostructure was based on the theoretical assumptions according to which spatial localisation of industrial clusters is the essence of a market organised in the best way, while growth in wealth 
due to the clustering of economic sectors is achieved if a country (region) has a 
natural comparative advantage. The research methodology of a territory’s cluster macrostructure (RQ1) included analysis of sectoral specifics of clusters, analysis of localisation territory, economic parameters of clusters, and analysis of the impact of cluster structure on the territory’s economy. It provided consistent algorithms and tools that can be applied for cluster identification and analysis at macro-, meso- and micro levels. Applied tools of algorithmisation and automation were elaborated to research the cluster structure of territories – the database “Clusters of Russia’s Regions”. This was used to determine the cluster structure of 83 Russian regions and to build localisation maps of 37 clusters in Russian territory during the transition period from 2008 to 2016. This result is essential because researchers, especially those in Russia, usually take into account only one level. See, for example: (Nemchenko & Luzina, 2018; Schepinin et al., 2018) and etc.

Next, I present the classification of Russian clusters by the level of concentration and urbanisation. This result follows the idea presented by Lindqvist (2009) for the European countries case. This results allows us to classify the cluster by categories and make conclusions, which can be taken into account during cluster industrial policy elaboration. For example, if a cluster can be classified as Concentrated Urban, then it is mostly effective in high-density territories and big cities. This suggests that the state should enhance the specialisation of the regions on these clusters to obtain positive externalities for the whole region from their concertation. However, there were dispersed rural clusters, which were located far from the big agglomerations and near closely related enterprises. These results are important for the case of Russian regions because, previously, there was no such extensive research on Russian cluster classification. Further, it provides the first element of the evidence-based approach to policymaking, which I implemented in my mechanism. After that I present results from regression analysis, which state that the higher the specialisation of the region, the higher its economic development. Detailed results and their discussion are presented in the article by Kudryavtseva and Olaniyi (2019). These two findings partly answer RQ2 and RQ3. 

Next, to answer RQ2 and RQ3, I draw the example of St. Petersburg to show how the mechanism and the methodology can be applied for concrete region. I present the cluster industrial structure of St. Petersburg, draw connections between the clusters in accordance to the relations presented in Harvard Business School & U.S. Economic Development Administration (2018) and recommend directions for measures of 
St. Petersburg state cluster policy (Appendix 6). Based on the results of the analysis of Section 3.2, namely, that there is no implicitly ascending form of cluster promotion, 
it can be concluded that all private cluster promotion initiatives were supported by regional authorities and thus evolved (see Figure 2) into an implicitly descending form of cluster promotion. This trend can be assessed as positive, but it was associated with the risk of poor performance in regional industrial policy. The similar situation was modelled in detail in Section 3.2 (Figure 6, Appendix 4, 5), in which the cluster was supported in a region that did not have a comparative advantage over other regions of the Russian Federation. This part is significant to the scientific field because it shows which measures should be applied for each cluster depending on its’ characteristics (Appendix 6). Therefore, it is an example of the evidence-based measures that should be applied to the development of the cluster structures in a specific region using the proposed by the author methodology and classification presented in Appendix 5.

Therefore, taking into account empirical and theoretical results, it can be concluded that cluster industrial policy in Russia was usually performed by the state government without the use of a clear and consistent informational and analytical background. 
This implies, that state programmes, which aim at development of the territories, 
did not always take into account the current situation in the regions (Kozonogova et al., 2019; Zemtsov et al., 2017). Therefore, these programmes supported certain industries that even did not exist in regions (Babkin et al., 2013). Thus, I concluded that official cluster policy should be aimed at supporting explicitly descending clusters, since these clusters will ensure the biggest long-term regional Marshall’s externalities in the region.

 In this regard, I have developed the mechanism of cluster industrial policy in the transition economy as the answer to RQ4. The mechanism reveals relations between objectives, methods, and elements of cluster industrial policy. This implies, that development of the cluster industrial policy should address concrete aims and use special tools. This idea comes from the Delgado et al. (2015), Ketels and Memedovic (2008), and Ketels and Protsiv (2014), who emphasized that each region has a unique cluster structure and if it can be identified, then it can be managed properly. Therefore, this result contributes to the cluster theory as a whole and to the cluster industrial policy elaboration for the Russian case in particular. This makes it important for Russia, because currently there are no tools that can provide a solid quantitative background for decision making.

The mechanism developed in this research study includes theoretical and methodological principles, presented in Chapters 1 and 2, and empirical results, presented at Chapter 3. In my opinion, cluster industrial policy represents a set of legal, economic, organisational, educational, informational, social, infrastructural, and other measures of state influence on industrial activity of clusters aimed at developing competitiveness and raising localisation of cluster enterprises in a territory to achieve a clustering effect – growth in the wealth of population in a territory. The developed mechanism of cluster industrial policy includes the objectives, principles, tools, and components of cluster industrial policy (Figure 7). This result is a theoretical contribution to the field and corresponds to RQ4.

The developed mechanism of cluster industrial policy is based on the following framework elements: priority cluster directions of an industrial country, actions, and tools of cluster industrial policy. Reciprocity of all elements of the mechanism of cluster industrial policy brings about a positive synergy effect, which is expressed in Marshall’s externalities from the interaction of enterprises of a cluster and ensures the growing wealth of the population of a territory. Priority directions for the clustering industry are determined based on the studied cluster macro-structure of a territory, including the analysed localisation level of enterprises of a cluster in the territory and their comparative advantages. Regional cluster industrial policy is framed based on the research of coherence, effectiveness, and resource availability of clusters in a region, and the institutionalisation of the promotion forms of clusters in the region. The tools of cluster industrial policy are determined by analysing the integrity of the structure of an industrial cluster, as well as the coherence, efficiency, and resilience of enterprises of the industrial cluster.
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Figure 7 – Mechanism of cluster industrial policy in the transition economy

Source: composed by the author



I believe that an effective mechanism for industrial policy must follow all the principles of systems theory. The following principles can be defined in systems theory: consistency, communicativeness, integrity, hierarchy, equifinality, and feasibility (Blauberg et al., 1969). Based on the developed mechanism of cluster industrial policy, 
I propose the following interpretation of systems theory principles.

The law of consistency refers to the interaction of all elements of the mechanism of cluster industrial policy that gives a positive synergy effect, which is expressed in Marshall’s externalities resulting from the interactions of cluster enterprises and ensures that the wealth of the population in a territory grows.

The law of communicativeness suggests that the mechanism of cluster industrial policy must be considered as a subsystem of a higher order system. Consequently, cluster industrial policy should be framed with due consideration of the institutional environment of the transition economy, determining the priority direction for the development of the national economy, and satisfaction of social needs. The industrial policy of every country’s system has its specifics, which is confirmed by the analysis of the policies of developed countries.

The law of integrity posits that the mechanism of cluster industrial policy is based on the following framework elements, which were identified in the course of this research: priority directions of industry clustering, historical places of industry localisation, measures of regional cluster policy, and tools of cluster industrial policy. The priority directions of industry clustering are determined based on the study of the cluster 
macro-structure of a territory, which includes analysis of comparative advantages from locating cluster enterprises in the territory and the level of their localisation. Measures of regional cluster industrial policy are formed based on research into consistency, efficiency, and resource availability of clusters in a region, and institutionalisation of cluster promotion forms of the region. Tools of cluster industrial policy were determined through analysing the consistency of the structure of an industrial cluster, bond, effectiveness, and resilience of enterprises of the industrial cluster.

The law of hierarchy refers to the consistency of a complex hierarchical system that is revealed at every level of hierarchy. In this case, it implies that the priority directions of production sector clustering, measures, and tools of cluster industrial policy are also complex subsystems. Thus, industrial policy is an element of state economic, social, environmental, and other state policies, as well as regional policy; that is, it is an element of a multi-level system of public administration.

The law of equifinality is revealed in the marginal capabilities of tools and measures of cluster industrial policy applied in a country or a region to ensure growth in wealth without cardinal change in the mechanism of cluster industrial policy. In the context of the transition from planned to market economy, the elements of the mechanism of industrial policy have to adapt and advance continuously. 

The law of feasibility describes the degree of diversity of the mechanism of cluster industrial policy that must exceed the degree of diversity of the controlled system, that is, cluster enterprises. Consequently, to ensure growth in wealth, the state should use measures and tools of cluster industrial policy and consider all aspects of the activity of cluster enterprises, including regional, sectoral, and institutional ones.

Thus, the methodology of cluster industrial policy framing includes research into the cluster structure of a territory and the structure of an industrial cluster (Figure 2). Therefore, as the theoretical contribution of the research, I elaborate on the notion of cluster industrial policy and propose the mechanism of cluster industrial policy in a transition economy, which includes objectives, principles, tools, and its components. 









[bookmark: _Toc74157691]Conclusion

Thus, in this research, I developed the theory, methodology, and tools of cluster industrial policy in a transition economy and elaborated the elements of a cluster-based mechanism of effective industrial policy tested on the example of St. Petersburg.

The following are the theoretical contributions of the research:

1. As a result of the summarised theoretical approaches to cluster forming and development, namely institutional theory, theory of regional development, and cluster theory, based on the principles of system analysis, the notion of cluster industrial policy was interpreted, and a mechanism of cluster industrial policy in transition economy, including objectives, principles, tools, and its components, was elaborated. This mechanism takes into account the institutional peculiarities of countries with transitional economies. These peculiarities are determined by the historical localisation of the industries and changes in the links between them in conditions of the market economy. 

2. The economic structure of the region changes under the pressure of the market. Since it is unstable, the government should constantly monitor its development to manage these changes. Based on the application and study of methodological approaches of the leading national and foreign schools (Porter, European Cluster Observatory, Russian Cluster Observatory) and using a convergence approach, 
I developed methodological tools to research the cluster structure of territories at the micro- and macro-levels. This included an analysis of sectoral specifics, localisation territory and economic parameters of a cluster, evaluation of the impact of the cluster structure of a territory on the economy aimed at informing priority directions for industry clustering as well as measures and tools of industrial policy for transition economy. Cluster industrial policy can be framed based on the obtained information. The developed methodology allows for identifying regions of industry localisation, estimating the influence of clusters on gross regional product and economic growth, and supporting competitive value chains. 

3. In conditions of a transition economy, industries integrate into global value chains, which leads to the destruction of the uncompetitive industries. This requires the development of tools for monitoring and analysing the regional cluster structure. Methodological tools were suggested and tested for algorithmisation and automation of research into the cluster structure of territories – automated information systems, which makes it possible to monitor clusters constantly and systematically and thus correct cluster industrial policy. Methodological tools were developed and tested to model the evaluation of the impact produced by industrial clusters on the economy of regions based on the methods of econometric analysis.

The practical contributions of the research are as follows:

1. Using computations and the database “Clusters of Russia’s Regions” the cluster structure of the Russian regions and its dynamics were determined; the localisation regions of cluster cores in the period from 2008 to 2016 were identified; and the industrial clusters that determine positive externalities for the economy of Russia’s regions in the period from 2008 to 2016 were highlighted.

2. The dynamics of the sectoral cluster structure in St. Petersburg were assessed, cluster maps were drawn and analysed to find out about related meta-cluster groups, and the content characteristics of the region’s cluster structure were presented.

3. Explicitly descending and ascending forms of cluster promotion and an implicitly descending form of cluster promotion in St. Petersburg were determined, which allowed us to implement a differentiated approach to framing cluster industrial policy. Measures of St. Petersburg cluster industrial policy were substantiated in detail by all groups of the region’s clusters. 



Research limitations and further research

The research study used the classification of clusters proposed by Porter. The application of the classification proposed by M. Porter has essential limitations since interrelations of enterprises are considered to be set within sectoral and inter-sectoral cooperation and integration, which can be inconsistent with the sectoral structure of Russia. To solve this problem, research should be conducted to determine and systematise the microstructure of clusters in Russia, while the activity of individual enterprises localised in the territory should also be studied. In addition, types of economic activities, which should be considered as part of one cluster for Russia specifically, should be determined based on the analysis of input-output matrixes.

The research study was tested on the example of Russia, and includes the methodology of assessing the impact of industrial clusters on the economy of a region and the developed database. However, the suggested methodology is flexible and can also be applied to evaluate the impact of industrial clusters on other economic indicators of a region and for other regions (countries).

Further, the methodology proposed by the European Cluster Observatory can be supplemented and transformed so that it can be used to evaluate other indicators of cluster development. It is also planned to expand the functionality of the devised database to provide convenient input and editing of information about the employed population of regions, and introduce automated reports that reflect the dynamics of cluster development in the Russian regions. Moreover, the obtained results can be used to build spatial econometric models aimed at measuring spatial externalities for various clusters.

One more direction for further research is studying the mechanisms of knowledge spillovers and assessing the impact of government policy on cluster development at the micro level. 
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Cluster industrial policy and tools in the transition economy: The case of Russia

Effective cluster industrial policy is a priority for countries that aim to achieve economic growth, but it has certain limitations and problems of introduction at developing countries. According to institutional theory, one of the key factors is the social interaction between industrial subjects, which is realised in the framework of cluster interactions. Therefore, the current development stage of industrial policy is closely related to cluster policy. Its effective implementation depends on the interaction between state, business, and institutions of civil society. However, this interaction can be well established and regulated in developed economies, but for transition economies, it can be different. 
The main problem is about transition, given that forms and means of interaction between state, business, and civil society are changing, and all of them are trying to reach a new equilibrium state. Transition economies can also be characterised by the following specifics: a lower level of integration in global value chains, political factors, disruption of the established production chains, resource dependence, and instability of the economy. Therefore, it is essential to discuss cluster development and cluster industrial policy development in transition economies. The given task is particularly relevant to Russia in terms of long-term reformation and institutional transformations undertaken within the last 30 years. Therefore, the research aim was to determine principles, methods, and instruments for formation of the cluster industrial policy targeted at enhancing competitiveness and growing localisation of cluster enterprises in a territory to achieve the effect of clustering – welfare growth of the transition economy using Russia as an example.

The main tool of implementing the cluster industrial policy was a study on cluster structures at the micro- and macro-levels, that is, the cluster structure of a territory and the structure of an industrial cluster. The tool set included studying the industrial features of clusters, analysing their territory localisation, and evaluating the effect of the cluster structure on territorial economies. To automate the analysis of cluster localisation territories, I created a database called “Clusters of Russia’s Regions” (state registration certificate RIA No.2017620569 of May 29, 2017). The database was designed to determine the regions of cluster localisation using data on the population employed in various types of activity. The influence of the cluster structure on the economy was measured on the basis of econometric modelling.

By testing the developed tools, the cluster structure was defined for 83 regions of the Russian Federation, and localisation maps were built for 37 clusters in Russia’s territory during the period from 2008 to 2016. Then, the assessment of the localisation effect of 37 clusters in the Russian territory on the GRP was conducted. As a result, we identified a list of clusters – “Automotive Industry”, “Analytical Tools”, “Aerospace Engineering”, “Biopharmaceuticals”, “Information Technology”, “Metallurgical Industry”, “Plastics”, “Production Equipment” and “Chemical Industry” – which had a positive impact on the size of GRP in the long run.

Consequently, I conducted a detailed analysis of one of the Russian regions – 
St. Petersburg. The analysis evaluated the dynamics of the industry-specific cluster structure of St. Petersburg for the period 2008–2016, identified the factors limiting the development of industrial clusters, defined the institutional forms for promoting 
St. Petersburg’s clusters, and substantiated the action items of St. Petersburg’s cluster industrial policy. As a result, it was possible to draw a conclusion about a fairly 
well-developed cluster structure in St. Petersburg. In the period of 2008–2016, 
St. Petersburg showed intense development of a meta-cluster group that could be specified as innovative due to the concentration of high-tech production facilities in the field of instrument engineering and power engineering. The research findings resulted in recommended directions and guidelines for measures of St. Petersburg state cluster policy.

Next, I generalised theory on clusters in transition economies, the approaches for cluster development and formation, results of the empirical analysis and came up with the mechanism of cluster industrial policy. The mechanism includes the goals, principles, tools, and components of the cluster industrial policy. It is based on the following framework elements: priority cluster directions of an industrial country, actions, and tools of the cluster industrial policy. Reciprocity of all elements of the mechanism of the cluster industrial policy brings about a positive synergy effect, which is expressed in Marshall’s externalities from the interaction of enterprises in a cluster and ensures the growing wealth of the population in the territory. Priority directions for the clustering industry are determined based on the studied cluster macro-structure of a territory, including the analysed localisation level of enterprises of a cluster in the territory and their comparative advantages. Regional cluster industrial policy is framed based on the research of coherence, effectiveness, and resource availability of clusters in a region, and the institutionalisation of the promotion forms of clusters in the region. The tools of the cluster industrial policy are determined by analysing the integrity of the structure of an industrial cluster, as well as the coherence, efficiency, and resilience of enterprises of the industrial cluster.

Further, based on the conducted analysis, I augmented the approach for classification of clusters, initially presented by Martina Fromhold-Eisebith and Gunter Eisebith. This approach was developed through the introduction of the second categorisation dimension, differentiating explicit and implicit cluster promotion based on institutional prerequisites. It is graphically presented as a transformation process of cluster promotion forms and their conversion into state cluster policy. The transformation process can start with private industrial initiatives, which can then be supported by local government bodies, and as a result, the implicitly ascending promotion form of industrial enterprises will convert to an implicitly descending promotion form. Or private industrial initiatives started at the local level will be supported by private industrial elites on the regional or federal level, and, thus, the implicitly ascending promotion form of industrial enterprises will turn into an explicitly ascending promotion form. Finally, supported either by local government bodies or by industrial associations at the regional level, cluster promotion will have the form of state industrial policy, which can be classified as an explicitly descending form of cluster promotion.

In accordance with the developed mechanism and augmented approach for cluster classification, the priority directions of clustering territorial economies and the development and validation of measures and tools of the state cluster policy in transition economies can be identified.
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Klastri tööstuspoliitika ja üleminekumajanduse vahendid: Venemaa näide

Tõhus klastri tööstuspoliitika on prioriteet riikides, mille eesmärk on saavutada majanduskasv, kuid selle sissetoomisel arengumaadesse on teatud piirangud ja probleemid. Institutsionaalse teooria kohaselt on üks peamisi tegureid tööstuslike subjektide sotsiaalne koostoime, mida viiakse täide klastrite koostoimete raames. Seetõttu on tööstuspoliitika praegune arenguetapp tihedalt seotud klastripoliitikaga. Selle tõhus rakendamine sõltub riigi, ettevõtjate ja kodanikuühiskonna institutsioonide vastastikusest mõjust. Selline koostoime võib arenenud riikides olla hästi juurdunud ja reguleeritud, kuid erinev üleminekumajanduste puhul. Peamine probleem on üleminek, mis tähendab, et riigi, ettevõtete ja kodanikuühiskonna vahelise suhtluse vormid ja vahendid muutuvad ning kõik püüavad jõuda uude tasakaaluolekusse. Lisaks võivad üleminekumajandusi iseloomustada järgmised eripärad: madalam lõimumine ülemaailmsete väärtusahelatega, poliitilised tegurid, väljakujunenud tootmisahelate katkemine, ressursisõltuvus ja majanduse ebastabiilsus. Seetõttu on oluline arutada klastriarendust ja klastri tööstuspoliitika arendamist üleminekumajandustes. Antud ülesanne on Venemaa jaoks eriti oluline pikaajalise reformatsiooni ja institutsiooniliste muutuste tingimustes, mis on viidud läbi 30. aasta jooksul. Teadusuuringute lünga täitmiseks tuleb määrata kindlaks tööstuse klastripoliitika moodustamise põhimõtted, meetodid ja vahendid, mille eesmärk on suurendada konkurentsivõimet ja klastriettevõtete kasvavat lokaliseerimist territooriumil saavutamaks klastrite loomise mõju – üleminekumajanduse heaolu kasv Venemaa näitel.

Klastri tööstuspoliitika rakendamise peamine tööriist on klastri struktuuri uurimine mikro- ja makrotasandil, s.o. piirkonna klastristruktuur ja tööstusliku klastri struktuur. Instrumentaarium sisaldab klastrite tööstusspetsiifiliste tunnuste uurimist, nende lokaliseerimise piirkonna analüüsi ja klastristruktuuri mõju hindamist piirkonna majandusele. Klastrite lokaliseerimisalade analüüsi automatiseerimiseks loodi klastrite lokaliseerimise piirkondade kindlaksmääramiseks andmebaas “Vene regioonide klastrid” (RIDi riikliku registreerimise tunnistus nr 2017620569, 29. mai 2017). Kujundatud andmebaas on loodud klastrite lokaliseerimise piirkondade kindlaksmääramiseks vastavalt elanikkonna tööhõive andmetele erinevat tüüpi tegevustes. Klastristruktuuri mõju majandusele hinnati ökonomeetrilise modelleerimise põhjal.

Arendatud tööriistade testimise osana määrati kindlaks Vene Föderatsiooni 83 piirkonna klastristruktuur ja konstrueeriti aastatel 2008-2016 Vene Föderatsiooni territooriumi 37 klastri lokaliseerimise kaardistus. Järgmisena hinnatakse Venemaa 
37 klastri lokaliseerimise mõju regionaalsele kogutoodangule. Selle tulemusel määratletakse kogutoodangule pikas perspektiivis positiivse mõjuga klastrite 
loetelu: „Autotööstus“, „Analüütilised instrumendid“, „Aerokosmose tehnika“, „Biofarmaatsia“, „Infotehnoloogia“, „Metallurgiatööstus“, „Plastikud“, „Tootmisseadmed“ ja „Keemiatööstus“.

Sellest tulenevalt analüüsisin üksikasjalikult ühte Venemaa piirkonda – Peterburi. Analüüsis hindasin Peterburi tööstusspetsiifilise klastristruktuuri dünaamikat aastatel 2008–2016, tegin kindlaks tööstusklastrite arengut piiravad tegurid; määratlesin Peterburi klastrite edendamise institutsionaalsed vormid ja põhjendasin Peterburi klastri tööstuspoliitika meetmeid. Selle tulemusena oli võimalik teha järeldus Peterburi üsna hästi arenenud klastristruktuuri kohta. Aastatel 2008–2016 näitas Peterburi metaklastri rühma intensiivset arengut, mida võiks pidada uuenduslikuks tänu kõrgtehnoloogiliste tootmisrajatiste koondumisele aparaadiehituse ja elektroenergeetika valdkonnas. Uuringu tulemusena koostati Peterburi riikliku klastripoliitika meetmete soovituslikud juhised ja suunised.

Järgmisena üldistasin teooriat üleminekumajanduse klastrite kohta, klastrite arendamise ja moodustamise lähenemisviise, empiirilise analüüsi tulemusi ja tõin välja klastri tööstuspoliitika mehhanismid 

Mehhanismid hõlmavad klastri tööstuspoliitika eesmärke, põhimõtteid, vahendeid ja osi. See põhineb järgmistel raamelementidel: tööstusriigi prioriteetsed klastrisuunad, klastri tööstuspoliitika meetmed ja vahendid. Klastri tööstuspoliitika mehhanismi kõigi elementide vastastikkus toob kaasa positiivse sünergia, mida väljendatakse Marshalli välismõjudes klastri ettevõtete omavahelisest suhtlusest ja mis tagab piirkonna elanikkonna kasvava jõukuse. Klastri tööstuspoliitika prioriteetsed suunad määratakse kindlaks territooriumi uuritud klastri makrostruktuuri põhjal, sealhulgas piirkonna klastri ettevõtete analüüsitud lokaliseerimise taseme ja nende suhteliste eeliste põhjal. Piirkondliku klastri tööstuspoliitika kujundamisel lähtutakse piirkonna klastrite sidususe, tõhususe ja ressursside kättesaadavuse uuringutest ning piirkonna klastrite edendusvormide institutsionaliseerimisest. Klastri tööstuspoliitika vahendid määratakse kindlaks tööstusklastri struktuuri terviklikkuse ning tööstusklastri ettevõtete sidususe, tõhususe ja vastupidavuse analüüsimisega.

Samuti laiendasin läbiviidud analüüsi põhjal klastrite klassifitseerimise lähenemist, mille algselt esitasid Martina Fromhold-Eisebith ja Gunter Eisebith. See lähenemisviis töötati välja teise kategoriseerimise mõõtme kasutuselevõtmise kaudu, eristades klastrite otsest ja kaudset edendamist, ka tänu institutsioonilistele eeltingimustele. See on graafiliselt esitatud klastri edendamise vormide ümberkujundamisprotsessina ja nende muutmisena riiklikuks klastripoliitikaks. Ümberkujundamisprotsess võib alata eraõiguslike tööstusalgatustega, mida saavad seejärel toetada kohalike omavalitsuste organid, ning selle tulemusena muutub tööstusettevõtete kaudselt tõusev edendusvorm kaudselt kahanevaks edendusvormiks. Või kohalikul tasandil alustatud erasektori tööstusalgatusi toetavad eraõiguslikud tööstuseliidrid piirkondlikul või föderaalsel tasandil ning seega muutub tööstusettevõtete kaudselt tõusev edendamine otseselt tõusvaks edendamiseks. Olenemata, kas kohalikud omavalitsused või tööstusühendused toetavad piirkondlikul tasandil klastrite edendamist, saab sellest riikliku tööstuspoliitika vorm, mida võib liigitada klastrite edendamise otsese kahaneva vormina.

Vastavalt välja töötatud mehhanismile võivad pakutud vahendid olla suuniseks piirkonna majanduse klastrimiseks prioriteetsete valdkondade kindlaksmääramisel, riikliku tööstusklastripoliitika meetmete ja instrumentide väljatöötamisel ja põhjendamisel; investeeringud, mille eesmärk on stimuleerida piirkondliku majanduse uuenduslikku arengut; klastrite infrastruktuuri loomine, klastritegevuste seadusandliku ja teabetoetuse süsteem.
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Table A2.1. Composition and types of investigated clusters
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Figure A3.1. Cluster maps of St. Petersburg for 2008 and 2012



[image: ]

Figure A3.2. – St. Petersburg cluster map in 2012
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Table A4.1. Comparative analysis of clusters localised in St. Petersburg and supported at the federal and regional levels in 2016

		State cluster programs

		Cluster cores corresponding to state-supported ones



		Name

		Support level

		Clusters that are localised in the region

		Clusters that are not localised in the region



		Cluster of IT, radio electronics, instrumentation, communications and infotelecommunications

		Ministry of Economic Development of the Russian Federation (Innovation Territorial Cluster)

		Analytical tools

		Telecommunications



		

		

		IT

		



		

		

		[bookmark: _Hlk65937791]Lighting and Electrical Equipment

		



		

		

		Energy Production and Transmission

		



		Cluster of medical, pharmaceutical industry, radiation technologies

		Ministry of Economic Development of the Russian Federation (Innovation Territorial Cluster)

		[bookmark: _Hlk65937395]Biopharmaceuticals

		



		

		

		Medical Instruments

		



		Cluster of shipbuilding

		Committee for Industry Development and Innovation

		

		Transport and Logistics



		Cluster of transport and infrastructure construction

		Committee for Industry Development and Innovation

		

		Construction



		Cluster of transport engineering

		Committee for Industry Development and Innovation

		

		Heavy Engineering



		Cluster of mechanical engineering and metalworking

		

		

		



		

		

		

		Metallurgical Industry



		Composite cluster

		

		

		



		Cluster of aerospace instrumentation

		Committee for Industry Development and Innovation

		

		Aerospace Engineering



		Polymer cluster

		Committee for Industry Development and Innovation

		Plastic

		



		Automotive proto-cluster

		Committee for Industry Development and Innovation

		

		Automotive Industry



		Cluster of jewellers

		Committee for Industry Development and Innovation

		Jewellery

		



		Consumer goods cluster

		Committee for Industry Development and Innovation

		

		Clothes



		

		

		

		Footwear



		

		

		

		Textiles
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Table A5.1. Classification of St. Petersburg clusters as of 2016

		Cluster classification attribute

		Characteristic of the attribute

		Clusters of the St. Petersburg region



		Explicitly descending form of cluster promotion

		The cluster is clearly localised in the region and promoted by the state

		Analytical Tools 

IT

Lighting and Electrical Equipment

Energy Production and Transmission

Biopharmaceuticals

Medical Instruments

Plastic

Jewellery

Transport and Logistics



		Explicitly ascending form of cluster promotion

		The cluster is clearly localised in the region and not promoted by the state

		Science and Education

Trade

Business Services

Tobacco

Tourism



		Implicitly descending form of cluster promotion

		The cluster is not clearly localised in the region and promoted by the state

		Construction

Heavy Engineering

Metallurgical Industry

Aerospace Engineering

Automotive Industry

Clothes

Footwear

Textiles

Telecommunications



		Implicitly ascending form of cluster promotion

		The cluster is not clearly localised in the region and not promoted by the state, based on private initiatives

		Not identified

















[bookmark: _Toc74157701][bookmark: _Toc71538315]Appendix 6 Table A6.1. Recommended directions for measures of St. Petersburg state cluster policy (a fragment of the table)





Cluster cores

Measures to be taken to develop the cluster core

Developing related clusters





Developing staff resources for sectors

Increasing production potentiation of sectors



Cluster of Information Technology, Radioelectronics, Instrument Engineering, Means of Communication and Infotelecommunications

Analytical Tools





Science and Equipment; Information Technology; Communication Equipment; Lighting and Electrical Equipment; Aerospace Engineering; Medical Instruments



Information Technology

Developing software and consulting in this field

Manufacturing office equipment and computers;

Science and Education; Analytical Tools; Communication Equipment; Transport and Logistics



Lighting and Electrical Equipment

Manufacturing electric lightbulbs and lighting equipment

Manufacturing electrical switchgear and relating equipment; 

Manufacturing electric lightbulbs and lighting equipment

Analytical Tools; Communication Equipment; Energy Production and Transmission; Aerospace Engineering



Energy Production and Transmission

Manufacturing electric motors, generators and transformers

Manufacturing chemical sources of electric energy (accumulators, primary cells and batteries based on them)

Lighting and Electrical Equipment



Telecommunications



Manufacturing insulated wires and cables

Information Technology; Analytical Tools; Lighting and Electrical Equipment
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Kmactep B! mesTensHocT o NACE (Espona) Bzl fentess Hoct 1o OKB]T (Poccns)
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49.50 Transport via pipeline 60.30 | Tpancnopruposanse no TpySonpososian
O6yss Footwear 15.20 Manufacture of footwear 193 | [pomssonictso obysx
Opexna " Apparel 1330 Finishing of textiles 17.30 | Otmenxa Tkanelt n TeKCTHILHBIX m3gemit
1391 Manufacture of knitted and crocheted fabrics 17.60 | TIpomss 0ACTEO TPHKOTAKHOTO NOTIOTHA
1431 Manufacture of knitted and crocheted hosiery; Manufacture | 17.71 | IIpoHsBoZIcTEO 1y I0MHO-HOCOMHBIX H3MeHIL;
14.39 of other knitted and crocheted apparel 17.72 | TIpomH3BOACTRO TPHKOTANHBIX JDKEMIIEPOB,
JKAKETOB, JKHJIETOB, KAP/IHT aHOB H AHATOTHYHBIX
i H3nemmit
14.12 | Manufacture of workwear; Manufacture of other outerwear; 18.21 | TpomsBoncteo crenonexmy IIpon3BoacTBO
14.13 Manufacture of other wearing apparel and accessories 18.22 | Bepxueit ontesmy; [Ipoiss0dcmso HamensHoo
14.19 18.23 | 6enws; TlponssoncTBO Mpodeit ONe:bI H
18.24 | akceccyapos
Ocsemenne 1 Lighting and 27.12 Manufacture of electricity distribution and control apparatus | 31.20 | IIpoH3BOACTBO 3MEKTP HYECKOH
snexrpooGopynosanne | Electrical PacmpeIeHTeNLHOMH H peryIHpyom et
Equipment anmaparypal
27.40 Manufacture of electric lighting equipment 31.50 | IIpom3BOMACTBO SNEKTP HIECKHX JAMII H
OCBETHTENILHOTO 06 0pyIOB aHHs
Tinactmaccet Plastics 20.16 Manufacture of plastics in primary forms; Manufacture of 2416 | IpoussoaicTBo IIACTMACC H CHHTETHYECKIX CMOJ
20.17 | synthetic rubber in primary forms 24.17 | B nepsmmbIx hopmax; Tipomssonctso
e . CHHTETHYECKOTO KAyIyka
2030 Manufacture of paints, varnishes and similar coatings, 2430 | Tipowssonets o Kpacox u maxon
| printing ink and masti,
22.29 Manufacture of other plastic products 25.24 | TIpoH3BONICTBO MPOMHX MIIACTMACCOBBIX H3/IeNHIl
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Kmactep B! nesTensHocT o NACE (Espona) Bzl fentesms HocT 1o OKB)T (Poccns)
TIpomnssoncteo 27.11 Manufacture of electric motors, generators and transformers 31.10 | TIpom3BOMCTBO SNEKT OZBHIATENE H, FEHEPATOPOB H
nepeaia SHEPTHH : TpancdopMaTopos
2343 Manufacture of ceramic insulators and insulating fittings 3140 | TIpoussocTBo XHMHUEC KX HCTOMHHKOB TOKA
(aKKyMyATOPOB, TIEPBIFTHEIX STEMEHTOB 1
Garapeit n3 HIX)
Paspiiedenust Entertainment 59.11 | Motion picture, video and television programme production 92.11 | IIpomseoxncteo ¢pummor; Ilpokar dumbmor; Ilokas
59.12 activities; Motion picture, video and television programme | 92.12 | umsmon
59.13 post-production activities; Motion picture, video and 92.13
television programme distribution activities
5920 | Sound recording and music publishing activities; Support 0231 | JlesmemmHocTh B 06MacTH HCKycCTBa;
90.02 activities to performing arts; Operation of arts facilities eATeNs HOCTh KOHIEPTHBIX H TeaTpaslb HbIX 3aJI0B;
90.04 JleATeNms HOCTE APMApPOK H MAPKOB ¢
arTpaknuonamu; IIpoyas 3penuiHo-
Da3BJIeKaTesh Hast eSTeLHOCTh
9311 Operation of sports facilities; Activities of sport clubs JleATem, HOCTH CTIOPTHBHLIX 06bekToB; [pouan
93.12 TeATeILHOCTS B 0BIACTH CrIOpTa
93.29 Other amusement and recreation activities TIpouas NesiTesbHOCTb N0 OPTAHH3ALHH OTABIXA H
pasBIledeHH i, He BKTIOYEHHAs B TPy THE
TPYNNHPOBKH
PacTeHHEBOACTBO 1 Farming and or11 Growing of cereals (except rice), leguminous crops and oil 0111 | BlpauiuBanie 3epHOBBIX, TeXHHH eCKAX H IPOHHX
JKHBOTHOBOZICTBO Animal 0113  seeds; Growing of vegetables and melons, roots and tubers; | 01.12 | celbCKOXO03HCTBEHHBIX Ky BTYP, HE BITIOMEHHBIX
Husbandry 0124 | Growing of pome fruits and stone fruits; Growing of other | 01.13 | B nipyrue rpynmupoBku; OB OIIEB OZICTBO;
01.25 + tree and bush fruits and nuts JIEKOPATHB HOE CaIOBOZICTBO H MPOH3BOICTBO
| NpORyKUHH NHTOMHHKOB; BhIpalnHBanne
pPYKTOB, OPEXOB, KYJLTYP U MPOH3BOACTBA
HAINTKOR W mpsHOCTeii
01.41 ing of dairy cattle; Raising of other cattle and buffaloes; | 01.21 | Passenenne kpymHoro poraroro ckota; Passesienne
01.42 Raising of other cattle and buffaloes; Raising of swine/pigs; | 01.22 | oBer, ko3, Tomazei, 0CT0B, MyIoB H JIOMAKOB,
01.45 Raising of poultry; Raising of other animals 0123 | Passenenne coumeit; Passenenne
01.46 01.24 | cembckoxo3siCTBeHHOMH NTHUBL, Passenenne
01.47 01.25 | mpounx xuBOTHBIX
0149 |
7731 Renting and leasing of agricultural machinery and equipment | 71.31 | ApeHnia ceJbCKOX03THCTBEHHBIX MalTHH B
oBopynio anns
PrIGOJIOB CTBO H Maritime 01.70 Hunting, trapping and related service activities 01.50 | OxoTa H pasBeneHHe JHKHX KHBOTHBIX, BKITIOMast

PBIGHAS MPOIYKIHS

npesoCTaBIIEHHE YCIIYT B STHX 06/acTsx
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Kacrep

Bl aesTerm RocTH o NACE (Espona)

Bzl Aestesb RocTH 1o OKBOJ (Poccns)

03.11 Marine fishing; Freshwater fishing; Marine aquaculture; 05.01 | PLiGon0BCTBO; PLIGOBOICTEO
03.12 Freshwater aquaculture 05.02
03.21
03.22
10.20 Processing and preserving of fish, crustaceans and molluses | 15.20 | IlepepaboTka i KoHcepBHpOBaHHe phIGo- I
MopenpomyKToB
13.94 Manufacture of cordage, rope, twine and netting 17.52 | TIpou3BoncCTB O KAHATOB, BEPEB OK, LITIArara u ceTei
C/x npomykums Agricultural 01.61 Support activities for crop production; Support activities for [ 01.41 | IIpemocTaNeHHe yciyr B o6nacTH
Products 01.62 animal production; Post-harvest crop activities; Seed 01.42 | pactenneronctea; IlpefocTaenHe yciyr B
01.63 processing for propagation 0BTACTH KHBOTHOBOZICTBA, KpOMe BeTepHHAPHBIX
01.64 yeayr
10.41 Manufacture of oils and fats 1541 | TIpousBoMcTBO HeOHHIIEHHBIX MACeI H FKHPOB;
| 1542 | TIpomse oACTEO padHHHP OBANHEIX MACEI H FKHPOB
1081 | Manufacture of sugar 15.83 | TIpomsmoxncteo caxapa
11.01 Distilling, rectifying and blending of spirits 1591 | TIpomssoficTBo /IHCTHIUTHD OBAHHBIX ATKOTOJTHHbIX
15.92 | manuTxor; TIpoH3B0ZICTEO STHIIOBOTO CIIHPTA H3
COPOKEHHBIX MATCPHAIIOR
11.02 Manufacture of wine from grape: Manufacture of cider and | 15.93 | IIpoH3BoicTB0 BHHOTpasiHOT0 BHHA; LIpOH3BONICTEO
11.03 other fruit wines; Manufacture of other non-distilled 15.94 | cunpa H NPOYHX ILIOZOBO-STOIHBIX BHH,
11.04 fermented beverages 15.95 | TIpom3BOACTBO MPOHX HETHCTHILTHPOBAHHBIX
HANHTKOB 13 cOPOKeHHBIX MaTepHATOB
CMI u nomarpagua | Media and 1723 Manufacture of paper stationery 2123 | [IpomsBoAcTBO NHCIEOY MAKHBIX H3ZETHi
Publishing
58.11 Book publishing; Publishing of directories and mailing lists: snanne xuur; Tsnante raset; V3MianHe AypHaton
58.12 Publishing of journals and periodicals; Other publishing H MepHONHYeCKHX MyGHKanHiy, 30arie
58.14 activities 3gyxosanuceil; IIpouHe BHIbI H3NATENLCKOMR
58.19 TeATebHOCTH
18.11 Printing of newspapers; Other printing; Pre-press and pre- Tlewaranse razer; BpoIIIOpOB 0HO-IlepeILIeTHAT i
18.12 media services; Binding and related services OTZesI0MHAS JIEAT &b HOCTh; II3roToBsIeHHE
18.13 newarmmx dopm; [pouas nomrpadmeckas
18.14 ZeATebHOCTE
1820 | Reproduction of recorded media Konupoane 3Bykozamnceit; Konnposanue

BHOeo3anucell; Konupoanue Man HHHBIX
HOCHTeJIeli HHOpMAIHH
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Kmactep B! nesTensHocT o NACE (Espona) Bzl fentesms Hoct 1o OKB]T (Poccns)
C1pontemnmbHbie Building 16.29 Manufacture of other products of wood manufacture of 20.51 | TIpom3BOMNCTBO MPOHHX
. : i s Tlponormkenne Ta6. 1.1.
TEXHOJIOTHH Fixtures articles of cork, straw and plaiting materials 20.52 | TIpomsBoxncTBO H3TENH .
MaTepHAIOB JUIA IUIETEHHs
2221 Manufacture of plastic plates, sheets, tubes and profiles; 2521 | TIpoH3BOMCTBO ITACTMACCOBBIX ILTHT, MOJIOC, TPYG
2223 Manufacture of builders’ ware of plastic 2523 | npodueit; TTpoH3BOZICTBO IIACTMACCOBBIX
H37IeNH, HCIOIB3Y €MBIX B CTPOHTENLCTBE
2341 Manufacture of ceramic household and ornamental articles | 26,21 | IIpoH:BOACTEO X03AHCTE EHHEIX H QEKOPATHBHEIX
KepaMH'1eCKHX H3/IesHil
23.52 Manufacture of lime and plaster 2651, | Hpouseodcmeo yemernma;, TIpoH3BONCTBO HIBECTH,
2652 | TIpomssomietso rmea
26.53
23.61 Manufacture of concrete products for construction purposes; | 26.61 | IIpoHseoncTBo H3menHii H3 GeToHa It
23.64 Manufacture of mortars; Manufacture of fibre cement; 26.62 | HCHOHL30BAHHA B CTPOHTEILCTBE, [Ipou3600Ccman
23.65 Manufacture of other articles of concrete, plaster and cement | 26.63  cuncosbix usdemuil ONA UCHOTL30BAHUA 6
23.69 26.64 | cmpoumenscmae; Ipoussodcmso mosaprozo
26.65 | Gemona; TIpoHsBONICTBO CYXHX GETOHHBIX cMeceit;
26.66 | IlpomseoncTBo H3menmit u3 acGecToneMeHTa H
BOJIOKHHCTOTO IleMeHTa; IIPOH3BONCTBO MPOTHX
H37IesHil H3 GeTOHa, THIICA H [eMeHTa
25.12 Manufacture of doors and windows of metal 28.11 | [Ipouseoocmen cimpoimens iy MEMaImINECKIX
28.12 | xouompysayuii; TIpOH3BOIICTEO CTPOHTEHLHBIX
MeTaUTHIeCKHX H3IeHil
2521 Manufacture of central heating radiators and boilers 2821 | [pouseoocmeo memanuieckux yucmeps,
2822 | pesepsyapos u npouix exocmeit; TIpoH3BOZICTBO
PAIHATOPOB H KOTJIOB NEHTPATLHOTO OTOIUIEHHS
2811 Manufacture of engines and turbines, except aircraft, vehicle | 29.11 | IlposBocTBo qBHIaTeelt H Typ6HH, KpoMe
and cycle engines B HAIIMOHHIX, ABTOMOGIUTLHEIX H MOTOIHKIETHBIX
B urareneii
2821 Manufacture of ovens, furnaces and furnace burners 29.21 | TIpomsBoACTBO Metielt 1 MEHBIX Top oK
31.02 Manufacture of kitchen furniture; Manufacture of mattresses | 36.13 | IIpoHsBOMICTBO KyXoHHOI MeGemm; LIpoHsB OfCcTE O
31.03 36.15 | matpacos
CrponTemcTBO Construction | 08.12 Operation of gravel and sand pits mining of clays and kaolin | 14.21 | PaspaboTka rpaBHAHBIX H MecTaHBIX Kapbepos;
14.22 | Jlo6bria rmHLI # KaoHHA
20.51 Manufacture of explosives 24.61 | IIpoHssoACTBO B3PLIBIATEIX BEleCTB
2332 Manufacture of bricks, tiles and construction products, in 2640 | TIpoussoaIcT8 0 KMPTIH a, veperHIbI H IPOTHX
baked clay CTPOHTELHBIX H3 eIt H3 0503OKEHHON TIHHBI
2351 Manufacture of cement 265 | Ipoussonctso nementa
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Kmactep B! mesTensHocT o NACE (Espona) Bzl fentesms Hoct 1o OKB3)T (Poccns)
25.11 Manufacture of metal structures and parts of structures 28.1 TIpoM3B ONICTBO CTPOHTEJIL HBIX METLTHIECKHX
i KOHCTPYKI[HH
4311 Demolition; 45.11 | PasGopka H cHOC 371aHHIL; IPOH3BOTICTBO 3EMILTHBIX
43.12 Site preparation pabor
4120 Construction of residential and non-residential buildings; 4521 | TIpomssonicTso 06MeCTpOHT eLHE paboT;
Construction of roads and motorways; 45.22 | VcTpoHCTBO NOKPBITHI 3IAHHI H COOPY>KeHH;
Construction of railways and underground railways; 45.23 | CIPOHTEIHCTBO JIOPOT, 25POZIPOMOB H CIIOPTHB HbIX
Construction of bridges and tunnels 4524 | coopysemmii; CTPOHTEI CTBO BOZHBIX
coopy:KeHmit
4331 Plastering 454 | TIpomsBonicTBO WITyKATypHEIX paboT
7732 | Renting and leasing of construction and civil engineering 7132 | Apennia CTpOHTeIb HEIX MAIIHH B 06OPY/IOB AHHS
machinery and equipment
Tabax Tobacco 12.00 Manufacture of tobacco products 16.00 | TipomssosicTso TabaubIx m3aemmit
TexcTHT: Textiles 13.10 Preparation and spinning of textile fibres 17.11 | Tpsnenne xyiomaroByMaHbx Bostokon; Kapiisoe
17.12 | mpsinenne mepctsmbIx Bosokos; Tpebennoe
17.13 | mpsinenne mepcTsHbIX Bosoko i, IIpsnenne
17.14 | mousHBIX BoMOKOH; TI3rOTOBIIEHHE HATYPATS HIX
17.15 | meNKOBBIX, HCKYCCTBEHHBIX H CHHTETHY eCKHX
17.16 | Bonokow; ITpOH3BOICTRO B eHHBIX HHTOK;
17.17 | IloaroToBKa H NpsfeHHe MPOMHX TEKCTHILHBIX
BOJIOKOH
13.20 Weaving of textiles 1721 | Tipomss onicTs o X/10MMaT 06y MaHbIX TKaHe f;
17.22 | TIpom3BOACTRO MEPCTSAHBIX TKAHEI H3 BOJOKOH
17.23 | xapmmoro mpszenust;, IIpoH3BOICTRO I ep CTAHBIX
17.24 | TxaHeit H3 BONOKOH TPeBEHHOTO MPSIEHHS;
17.25 | IIpomsBoncTRO IeIKOBBIX TKaHei; [IponsBonCcTBO
POYHX TeKCTHILHBIX TKaHeH
13.92 Manufacture of made-up textile articles, except apparel 17.40 | TIpoH3BOICTBO TOTOBBIX TEKCTHIIL HBIX H3IEIHI,
KPOME OZIEKIb
13.93 Manufacture of carpets and rugs; Manufacture of non- 17.51 | IIpou3BOMCTBO KOBPOB H KOBPOBBIX H3/IEIHIT;
13.95 | wovens and articles made from non-wovens, except apparel; | 17.53 | IIpoH3BOICTBO HETKAHBIX TeKCTHILHBIX
13.96 Manufacture of other technical and industrial textiles; 17.54 | marepHainoB H H3neNmHil H3 HHX; [IpOH3BOACTEO
13.99 | Manufacture of other textiles n.e.c. TPOYHX TEKCTH/ILHBIX H3/IeJIHH, He BKIIOYEHHBIX B
| IpyTHe IPYNIHDOB KK
14.14 | Manufacture of underwear 182 TIpOH3BOZICTB O HATENLHOTO Gelbst
28.94 Manufacture of machinery for textile, apparel and leather 29.54 | TIpou3BOMCTBO MAIIHH H 0GOPYIOBAHHS IS

| production

H3TOTOBJIEHHA TEKCTILHBIX, MBEHHEIX, MEXOBBIX
H KOKAHBIX H3feNHi
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Kmactep B! mesTensHocT o NACE (Espona) Buw aeaterts noctn 10 OKBS) 11p00 mycenme a6, 1.1,
Tenexommynnkaunn | Telecom 2731 Manufacture of fibre optic cables; Manufacture of other 31.30 | Ipomssonctso msosmp. .
27.32 electronic and electric wires and cables xabeneit
27.90 Manufacture of other electrical equipment 31.62 | TipomssocTB0 Mpotero MeKTpooBopyIoBanHs, He
BKITIOYEHHOTO B ZIPyTHE IPYNITHPOB KH, KpOME
3JIEKTPO0GOPY OB AHHSI ULl ABHIaTeNel H
TPAHCHOPTHBIX CPEICTB
2630 Manufacture of communication equipment 3220 | TIpomssomcTeo Mepenatommei anmaparypsL,
almaparypbl UL DPOBOXHOMH TeneoHHOH H
TenerpagHoi cBs3H
61.10 Wired telecommunications activi 6420 | JeATensHOCTE B 06ACTH 5MEKTP OCBAIN
61.20 Wireless telecommunicati ctivitie:
61.30 Satellite telecommunications activities;
61.90 Other telecommunications activities
IIponseoncTe entoe Production 25.30 Manufacture of steam generators, except central heating hot 28.30 | IIpon3BOMICTBO MApOBBIX KOTJIOB, KPOME KOTIIOB
oBopynoBanue Technology water boilers UEHTPATLHOTO OTOIUIEHHS; NPOH3BOMICTBO AIEP HBIX
peaxTopos
2815 Manufacture of bearings, gears, gearing and driving elements | 29.14 | TIpoHseoficTB0 HoNIANHAKOB, 3y64aTBIX Meperat,
5JIeMEHTOB MeXaHHYECKHX Nepead H IPHB 07I0B
2822 Manufacture of lifting and handling equipment 2922 | TIpoussoIcTE O MoTLeMHO-TPaHCTIOPTHOTO
0BopyioB aHHs
2829 Manufacture of other general-purpose machinery n.e.c. 2924 | TIpoussoaIcTB 0 MPOUHX MAMHH H 0Bopy OB auH
00lI1ero Ha3HAYEHHS, He BKJTIOUEHHBIX B IIpyTHE
TpYNNHPOBKH
2841 Manufacture of metal forming machinery; Manufacture of 2940 | TpomssoncTso cTanKoB
other machine tools
18.91 Manufacture of machinery for metallurgy 2951 | TIpomssoacTs 0 MaIHH 1 0BopyIoBaHH T
MeTamyprun
28.96 Manufacture of plastics and rubber machinery: 29.56 | TIpomsoIcTB0 MPOMHX MAIIHH H 060y OB aHH
28.99 Manufacture of other special-purpose machinery n.e.c. CIeNMATLHOTO HA3HAYEHMS, He BITIOTEHHLX B
IpyTHe IPYNIHDOB KK
30.99 Manufacture of other transport equipment n.e.c. 35.50 | IIpom3BOMACTBO MPOHHX TPAHCHIOPTHBIX CPENCTB H
060pYIOB aHHS, He BKTIOUEHHBIX B IPYTHE
TPYNNHPOBKH
Toprosist Distribution 46.16 Agents involved in the sale of textiles, clothing, fur, footwear | 51.16 | JlesiTe/bHOCTb areHTOR IO ONTOBOI TOPTOBIIE

| and leather goods

TeKCTHILHBIMH H3IEIHAMH, OZeKI0H, 06yBbI0,
H3IeIHAMH U3 KOYKH H MeXa
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Kmactep B! mesTensHocT o NACE (Espona) Bzl fentess HocT 1o OKB)T (Poccns)
4631 Wholesale of fruit and vegetables; 5131 | Omroas ToproBuis pyKTaMi, OBOIIaMH H
46.32  Wholesale of meat and meat products; kapTo demen;
4634 | Wholesale of beverages; 51.32 | OmnToBast TOPrOBII MACOM, MCOM NTHIBI,
46.35 | Wholesale of tobacco products; TPOZIyKTaMH H KOHCEPBAMH H3 MACA H MACA NTHIBL,
4637 Wholesale of coffee, tea, cocoa and spices; 51.33 | OnToBas TOPTOBII MONOYHBLIMHE NIPOTYKTAMH,
46.38 | Wholesale of other food, including fish, crustaceans and SHITAMH, THIIEBEIMH MACIIAMH H 5KHPAMH;
molluscs 51.34 | OnToBas TOPTOBII ATKOTOJLHEIMH H ZPYTHME
HaMHTKAMH;
51.35 | OnToBas TOProBII TAGATHEIMH H3TEHAME;
51.36 | OnToBas TOProBIIA CaxapoM H CaxapHCTHIMH
KOHIHTEPCKHMH H3ZIeJIHSMH, BKJIIOYas1 LOKOJAT,
51.37 | Omrosas Toprosis kode, TaeM, Kaxao H
TPSHOCTSMH;
51.38 | OmToBas TOProBIIA NPOTHMH NHIIEBLIME
npoxykTamH
46.41  Wholesale of textiles; Wholesale of clothing and footwear; 5141 OnToBast TOPTOBJIA TEKCTHILHBIMH H
46.42 | Wholesale of perfume and cosmetics; Wholes 51.42 | rananTepeitnsIMH m3zteHAME; ONTOBAST TOPTOBIBL
46.45 pharmaceutical goods; Wholesale of watches and jewellery | 51.43 | omexoi, Bimiouas HaTelbHoe Gemmbe, 1 06yBbIO;
46.46 : 51.44 | Onmosas mopeoena Geimosbimit
46.48 5145 | snexmpomosapam, paduo- i meneannapamypoit;
51.46 | Onmosas mopeosna usdemiams us KepamixiL i
5147 | cmexna, oboamu, wicmauum cpedcmeait;
OIToBast TOProBIs Map hroMepHBIMH
KOCMeTHUeCKHMH ToBapaMH; ONTOBas TOPTOBJI
apmaneB THIECKHMH H METHIHHCKHMH TOBapaMH,
H3TIEJTHAMH METHITHHCKOH TEXHHKH H
OpTONeNHYECKHMH HileHAMH; O IToBas TOPTOBIIA
TPOMHMH HENPOIOB 0I5 CTB EHHBIMH
| HOTPEB HT eI CKHMH TOB apans
4791 Retail sale via mail order houses or via Internet 52.61 Posnntnas Topropis no 3akazam; Posnminas
52.62 | ToproBIM B MANATKAX H Ha phIHKaX; IIpodas
52.63 | pO3HHMHAS TODTOBIIA BHE MATA3HHOB
Tpancropt & Transportation | 30.11 Building of ships and floating structures; Repair and 35.1 | CTpOHTEILCTBO H PEMOKT Cy7IoB
NorHcTHEA | and logistics 33.15 | maintenance of ships and boa
4931 Urban and suburban passenger land transport 602 | JleATemsHOCTH MPOHero CyXomyTHOTO

IIacCaKHPCKOTO TPAHCTIOPTA, NIOTHHSION eT0Cs
pacmucanmHio
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Kmactep B! mesTensHocT o NACE (Espona) Bzl fentests Hoct 1o OKB]T (Poccns)
50.10 Sea and coastal passenger water transport; Sea and coastal 61.10 | TesTensHOCTh MOPCKOTO TPAHCIOPTA,
50.20 freight water transport; Inland passenger water transport; 61.20 | JlesTenmsHOCT BHYTPEHHETO BOJHOTO TPAHCTIOPTA
50.30 Inland freight water transport
50.40
51.10 Passenger air transport; Freight air transport 62.10 | desTensHOCTh BO3OYIIHOTO TPAHCIOPTA,
51.21 I1OJTHHAIONEr0Cs PACTHCAHAIO
20 | [lesTemsHOCTh BOIYUIHOTO TPAHCIOPTA, He
TOTTHHAIOMET0CS PACTHCAHHIO
52.10 Warehousing and storage 63.11 | TpascropThas o6pa6oTka rpy30B; Xpasenne u
63.12 | cknanuposamme
Service activities incidental to land transportation; Service 63.21 | TIpouas BCIOMOT AT eNbHAs NEATENs HOCTD.
activities incidental to water transportation; Service activities | 63.22 | cyxomyTHoro TpaHcmopta; IIpouast
incidental to air transportation 63.23 | BCIOMOTATEN HAst eATeLHOCTh BOJHOTO
Tpancnopra; Tpouas BemoMoraTebHas
IesTeNLHOCTL BO3AYIIHOTO TPaHCIOpTa
53.10 Postal activities under universal service obligation; Other 64.11 | Jesmerm HocTh HaHOHAT, HOM MOUTHE, Kyphepekan
53.20 postal and courier activities 64.12 | nesremsHOCTh
77.34 Renting and leasing of water transport equipment 71.21 | Apenda npouux cyxonymmbix mpaHcnopmuuix
71.22 | cpedcme u obopydosans;, ApeHna BOTHBIX
71.23 | TpaHCHOPTHBIX cpeacTs 1 oGopyRoBanuss; Aperoa
03OV UHLIY MPAHCNOPMHbIY CPedCMS 1t
obopyoosaruz
Typsm Tourism 55.10 Hotels and similar accommodation 55.11 | JleATeIm HOCTB TOCTHHHII C PeCTOpAHAMEL;
| 55.12 | JlesTelnHOCTE TOCTHHHN Ge3 pecTopanoe;
55.20 Holiday and other short-stay accommodation; Camping 55.21 | JleATeImHOCTB MOJIOTEKHBIX TYPHCTCKHX JIarepeit
55.30 grounds, recreational vehicle parks and trailer parks; Other | 55.22 |  ropHbIX TypHCTCKHX 6a3; [eSTeNbHOCTS
55.90 accommodation 5523 | KeMmmuHroB; J[esTeNHHOCTS MPOTHX MECT A
TP OZKHB aHHS
49.32 Taxi operation 60.22 | JeatemnocTs Takch
77.11 Renting and leasing of cars and light motor vehicles 71.10 | Apenaa nerxotix apToMoG el
92.00 Gambling and betting activities 92.71 | JlesTerm: HOCTS Io OpraHH3aLHA A3apTHBIX HIp
9321 Activities of amusement parks and theme parks 9233 | JlesTems HocTh APMApOK H MAPKOB ¢
| 92.34 | artpaxunonamu; IIpouas 3peHIHO-
PasBIeKaTesh HAst ESTeLHOCTh
Trxernoe Heavy 2825 Manufacture of non-domestic cooling and ventilation 29.23 | IIpoussoaicTB0 MPOMBIILIEHHOTO XOTOHILHOTO H
MamHHO CTpoeHHe machinery equipment BEHTHJBHOHHOTO 060y IOBAHMS
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2830 Manufacture of agricultural and forestry machinery 2931 | IIpomsso/cTBO KoJTeCHBIX TPaKTOPOB;
29.32 | TIpoH3BOMCTBO MPOHHX MAUIHH H 0GOPYIOBAHHS
JUTA CeJILCKOTO H JIECHOTO X03AHCTBA.
2892 Manufacture of machinery for mining, quarrying and 2952 | TpoussoacTs 0 MammuH 1 0BopyIoBaHHA T
construction JOGBIMH MOJIE3HBIX HCKOMIAEMBIX H CTPOHTENLCTBA
2931 Manufacture of electrical and electronic equipment for motor | 31.61 | IIpoH3BOACTBO 311€KTP00GOPYNOBAHHS IS
vehicles 31.62 | meurarereii n TPAHCTIOPTHBIX CPEICTR;
Ipouseodcmeo npoueco snexmpoobopyosanis, He
EKIIOUEHHO20 6 Opyae apYNNUPOSKIL, KPOME
snexmpoobopydosaria Ora deucameneii i
mparcnopmsvix cpedcms.
30.20 Manufacture of railway locomotives and rolling stock 3520 | IIpomssomcTBo ee3HONOPOKHOTO TTO/B HAKHOTO
CcocTaBa (TOKOMOTHBOB, TPaMBAHHEIX MOTODHBIX
BAroHOB H MPOHeEro MOIBHAKHOTO COCTABA)
Dunancorsie yeryrn | Financial 64.11 Central banking; Other monetary intermediation 65.11 | [esmesm HocTh I{eHTpans Horo Ganka PoccHicKol
. Services 64.19 i 65.12 | ®enepauum; [Tpouee JeHeKHOE M0 CPETHHIECTBO
64.20 Activities of holding companies; Trusts, funds and similar 6521 | Dumancobul mu3mAT; IIpesiocTaBIIeHHE KPEHTa;
64.30 financial entities; Financial leasing; Other credit granting; | 65.22 | (HHAHCOBOE IOCPEHHTECTBO, He BKTIOICHHOE B
64.91 Other financial service activities, except insurance and 65.23 | mpyrHe rpymmHpOBKH
pension funding n.e.c.
65.11 Life insurance; Non-life insurance; Reinsurance 66.01 | CrpaxoBaHHe KH3HH H HAKOILICHHE;
65.12 66.02 | HerocynapcTsentoe mencHommoe oecretenye;
6520 | 66.03 | TIpoune b1 cTpaxopans
66.11 Administration of financial markets; Security and 67.11 | Vnpanenne uHAHCOBBIMH pHIHKAMI; BupskeBbie
66.12 commodity contracts brokerage; Other activities auxiliary to | 67.12 | onmepaunu ¢ ¢oHTOBbIMH NeHHOCTsMHE; IIpodas
66.19 financial services, except insurance and pension funding 67.13 | Bcnomoraterms Han meATesLHOCTS B chepe
¢unancoBoro mocpesHmecTBa
84.30 Compulsory social security activities 7530 | JlesTemsHoCTh B 061ACTH 06A3ATEN: HOTO
connamHoro obecnetenus
Xumueckan Chemical 15.11 [ Tanning and dressing of leather dressing and dyeing of fur 1910 | Qybrerue u omoenxa xovci
POMBIILIEHHOCTS products
20.11 Manufacture of industrial gases; Manufacture of dyes and 24.11 | TIpomsBoACTBO NPOMBIILIEHHIX Ta308;
20.12 pigments; Manufacture of other inorganic basic chemicals; | 24.12 | TIpoH3sBOZICTBO KpACHTENei H MHIMEHTOB;
20.13 Manufacture of other organic basic chemicals; Manufacture | 24.13 | TIpoH3BONCTEO MPOYHX OCHOBHEIX HEODTAHHMECKHX
20.14 of pesticides and other agrochemical products 24.14 | xuMmeckux Bemects; [TpOH3BOACTBO NP OHIX
OCHOBHBIX OPTaHHYECKHX XHMHTECKHX BelleCTB
20.41 Manufacture of soap and detergents, cleaning and polishing | 24.51 | IIpoHsBo/IcTEO [IHIepHHA, MbLIa; MOIOMIHX,

| preparations

MHCTSIHX TOJHPYIONHX CPENCTB
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2052 Manufacture of glues; Manufacture of essential oils; 24.62 | TIpomssonicTso KileeB B KenaTnua; 1[poHsBonicTso
20.53 anufacture of other chemical products 24.63 | sdmpe macem, ITpouseoocmen
20.59 24.64 | pomomamepuance; Ipoussoocmso zomosvix
24.65 | nesanucanssix nocumeneii urdopmay;
TIpom3B ONICTB O MPOYHX XHMHYIECKHX NPOMIYKTOB
23.14 Manufacture of glass fibres 26.14 | TIpomssonctso crekosooka
2320 Manufacture of refractory products 26.26 | TlpoussonicTso orHEyTIopoB
2391 Production of abrasive products 26.8 | TIpomssosicts 0 abpasHBHEIX M3femit
24.46 Processing of nuclear fuel 2330 | TIpomssoncTso sepHBIX MaTepHATOB
TOsemmpmbie wnemna | Jewelleryand | 25.71 Manufacture of cutlery 28.61 | [IpOH3BOACTBO HOKEBHIX HYIETHH H CTOTOBBIX
Precious 28.62 | mpuSopoB; [Tpou3s0dcmso uHCMpyMERMOS;
| Metals 28.63 | Ipouseoocmeo samxos u nemens
3211 Striking of coins; Manufacture of jewellery and related 3621 | Uexanxa MoHeT n Menanei; TIpoH3B o7IcTBO
32.12 : articles 36.22 | 10BETHPHBIX H37IENHIT H TEXHHYECKHX H3Ie Hil H3
JIParoleHHbIX MeTA/LIOB H IPAroueHHbIX KaMHel
32.13 Manufacture of imitation jewellery and related articles 36.61 | TIpomssoncTBo 1oBEMPHBIX HITEMHt 3

HeParolue HHbIX MaTepHAIoR







image23.emf

 




image24.emf

 




image1.png

SSSSS








