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The role of e-government systems in ensuring government
effectiveness and control of corruption

E. Agbozo "<, B. K. Asamoah

Ural Federal University, Ekaterinburg, Russia; e-mail: eagbozo@urfu.ru

ABSTRACT

E-government systems are a part of the general process of digital transformation
in the public sector: countries with efficient e-government manage to reduce
the administrative burden on private citizens and businesses and to improve
government performance, transparency and accountability. This article brings
to light the connection between the development of e-government systems and
such factors as the rule of law and control of corruption. The study relies on a
path model, which was built and statistically tested by using linear regression
analysis to authenticate the veracity of the model’s components. The model uses
three indicators adopted from the World Bank’s Governance Indicator project -
the rule of law, control of corruption, and government effectiveness. The data
to measure the e-Government Development Index (EGDI) in fifteen countries
was provided by the e-Government 2016 Survey conducted by the United Na-
tions. The findings reveal a positive complementary relationship between the
rule of law in a country and the development of an e-government system, which
enhances the government’s effectiveness. The article describes a shift towards a
more citizen-centric e-government implementation strategy, which can be rec-
ommended in particular to policy-makers in developing economies. The pro-
posed model can be recommended as a measurement tool to assess effective
governance in any given country.

KEYWORDS

government effectiveness,
e-government, rule of law, control
of corruption, citizen-centric
governance, government policy
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Posib cucTEM 3JIEKTPOHHOTIO IIPAaBUTEIHCTBA
B o0ecnneyennu 3¢ PpeKTUBHOCTH rocyIapCTBEHHOr0 yIIpaBjIeHUusa

M KOHTPOJISI KOpPYyNIUH

3. Ar6o3o >4, b. K. Acamoa

Ypanvckuii pedepanvroiii ynusepcumem, Examepunbype, Poccust; e-mail: eagbozo@urfu.ru

AHHOTAIINA

CucTeMbl 97IEKTPOHHOTO IPABUTENIbCTBA ABIAIOTCA 4acThI0 OOIIero mporecca
1udpoBoit TpaHCPOPMALMK B TOCYRAPCTBEHHOM CeKTOpe: CTpaHaM ¢ ¢ dek-
TVBHBIM 37IeKTPOHHBIM [IPABUTEIbCTBOM YAAETCSI CHUSUTD aIMIHUCTPATUBHYIO
HArpysKy Ha 4YaCTHBIE JIMI[A ¥ TPERUPUATIS, a TaK)Xe HOBBICUTH 3 deKTuB-
HOCTb, IPO3PAYHOCTD U MOJOTYETHOCTD IMPABUTENbCTBA. ITA CTAThsl PACKPHI-
BaeT CBSA3b MEX/IY PasBUTHEM CUCTEM /IeKTPOHHOTO [IPABUTEIbCTBA VM TAKUMM
(akTOpaMu, Kak BEepXOBEHCTBO 3aKOoHa 1 Oopbba ¢ xoppymumert. Vccnenosa-
HIfe OMMPAETCs] Ha MOJEb POCTa, KOTOpast OblIa MOCTPOEHA M CTATHUCTIYECKN
IPOTECTMPOBAHA C VCIOIb30BaHMEM JIMHEITHOTO PErpecCOHHOr0 aHaIn3a i
IPOBEPKM TOCTOBEPHOCTI 37IEMEHTOB MOJEIM. B Mofienu MCIomb3yoTcst Tpu
[OKasaress, paccunThiBaeMble BceMMPHBIM OGaHKOM: BEPXOBEHCTBO 3aKOHa,
6oppba ¢ Koppymuueit u 3¢ HeKTUBHOCTb NPaBUTENbCTBA. [JaHHbIe IS M3Me-
peHus MHJeKCca pa3BUTHA 37IeKTpoHHoro npasutenbcTsa (EGDI) B marHapnatu
CTpaHax ObUIM ITpefoCcTaBIeHbl B paMkax O630pa 9/IeKTPOHHOTO IIPaBUTENIbCTBA
2016 ropa, nposegennoro OOH. ITonmyyeHHble HaHHbIE CBUETENBCTBYIOT O IIO-
3UTVMBHON B3aVIMOJIOIIO/IHAIONIEll B3aIMOCBA3M MEXy BEPXOBEHCTBOM 3aKOHa
B CTpaHe U Pa3BUTIEM CUCTEMbI TIEKTPOHHOTO [IPABUTENIbCTBA, KOTOPasi OBBI-
maet 3QQPeKTUBHOCTD IPABUTENBCTBA. B cTaThe ONMMCHIBAETCS CABUT B CTOPO-
Hy 60J1ee OpMEHTUPOBAHHOI Ha TPKAAH CTPATerny BHEAPEHVS 9/IEKTPOHHOTO
IIPABUTEIbCTBA, KOTOPas MOXKET ObITh PeKOMEHJOBaHa, B YaCTHOCTH, JIMLAM,
OIIpee/AOLIMM ITOJIMNTYKY B Pa3BUBAIOLIMXCA cTpaHax. [IpeiokeHHas MOzieNb
MOXeT OBITb pEKOMEHIOBaHa B KadeCTBe MHCTPYMEHTa OLeHKN 3¢ dexTusHO-
CTU TOCYHAPCTBEHHOTO YIIPaB/IeHs B II000I CTpaHe.

© E. Agbozo, B. K. Asamoah, 2019
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Introduction

Just as technological innovation is aimed
at optimizing the business process or the work
of enterprises and at giving them a competitive
advantage, e-government is aimed at improv-
ing the efficiency, effectiveness and transparen-
cy of governance and public service delivery [1].
The aim of innovation in the public sector, that
is, electronic government (or e-government), is
to provide quality public service delivery, reduce
stress and bureaucracy in accessing public ser-
vices, build trust in government and government
accountability to its citizens and users [2]. Apart
from improving citizens’ access to public services
and being a transformative tool [3], e-govern-
ment also makes it possible to promote business
to business (B2B) networking, acting as a link be-
tween businesses and enabling resource flow and
efficient communication [4].

In recent years, e-government research and
implementation has transitioned into the phase
of citizen-centric or citizen-centered e-govern-
ment, which seeks to put citizens at the core
of these public service innovations [5; 6]. For
a long period, most governments have focused
on infrastructure provision rather than on sat-
istying the citizens/users (the main reason why
these implementations exist) [7; 8]. That being
said, if citizen-centric e-government is fully
embraced and implemented effectively, it will
enhance user satisfaction and increase govern-
ment effectiveness.

For e-government to successfully fulfil its
purpose in any given environment, the following
factors are necessary: citizen satisfaction, secu-
rity, privacy and trust, support from the govern-
ment, ICT skills, facilities offered, efficiency, in-
novative thinking, strategic ICT thinking within
government, rule of law, availability of ICT in-
frastructure and ICT amenities [9; 10].

This study investigates e-government and its
influence on government effectiveness by build-
ing a model which takes into account certain fac-
tors and tests them.

This paper is organized as follows. The next
section provides a review of the research litera-
ture on this problem. After that, in the method-
ology section, we are going to describe our re-
search model and postulate the hypotheses we
are going to test. Then, we are going to discuss
the findings, and the final section concludes
and discusses the policy implications of the

results.

Literature Review

This study is centered on effective governance,
which is achievable when e-government is citi-
zen-centric. A citizen-centric e-government sys-
tem encourages users to interact more freely and
effectively with their governments and thus leads
to enhancement of the quality of public services
[5]. A citizen-centric e-government involves par-
ticipation of users/citizens [6] before, during and
after the delivery of e-government services. Gov-
ernments must fully transform from agency-cen-
tric to citizen-centric in order for e-government
capabilities to be fully realized [11].

Eger & Maggipinto pointed out that e-gov-
ernment does not encompass technology alone
but also includes rules and procedures. Thus, their
study concludes that “e-government operates un-
der the Rule of Law, protecting general principles
such as equality, administrative transparency,
rights protection for all citizens” [12, p. 23]. This
assertion indicates the significant role played by
the rule of law in any successful e-government en-
deavor. The rule of law is a powerful anti-corrup-
tion predictor and e-government has the potential
of curbing corruption [13].

When the rule of law is upheld and followed,
it leads to development and prosperity. The rule
of law contributes to the protection of such core
values as human freedom, which, in its turn, fos-
ters an environment for economic development
[14]. Socio-economic development policies are at
the heart of e-government initiatives [15]. Thus,
e-government development and economic devel-
opment are interdependent. This means that in an
environment where the rule of law is supported
by institutions, e-government systems can flour-
ish. E-government cannot be successful in chaotic
systems (primarily where the rule of law is vio-
lated), which can be illustrated by an example of
corruption in developing economies, which leads
to the failure of e-government projects [16].

Previous studies failed to examine the effect
of e-government on government effectiveness.
For example, Ifinedo [17] theorized models yet
did not provide sufficient evidence to demon-
strate the positive influence of the rule of law on
e-government growth in transition economies
of Central and Eastern Europe. Krishnan & Teo
[18] focused on e-government maturity, using
the growth model to determine the value of good
governance on e-government maturity. Another
study [19] focuses on government efficiency and
e-government growth.
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Our study focuses on another aspect — on the
impact of e-government development on effective
governance. We are going to address the following
research questions:

1. Does the rule of law influence the devel-
opment of e-government and corruption control?

2. Does e-government development influence
corruption control?

3. Does e-government development enhance
government effectiveness?

The next section outlines the research model
and posits the hypotheses.

Research Model and Hypotheses

To answer the research questions and test the
hypotheses, we need to develop a viable method-
ological framework [20]. Model validation and
model development are necessary for research be-
cause they enhance our knowledge base and also
provide the empirical basis for the construction of
a comprehensive theory for further studies [21].

The research model for this study consists of
the following components: the rule of law, cor-
ruption control, e-government development, and
government effectiveness.

Rule of law

According to the World Justice Project, the
rule of law is defined by these four universal prin-
ciples: accountability, just laws, open government,
and accessible and impartial distribution of jus-
tice'. In other words, the strong adherence to for-
mal procedures and requirements is crucial [22].
The factors considered in the Rule of Law Index
include: (1) constraints on government powers,
(2) absence of corruption, (3) open government,
(4) fundamental rights, (5) order and security, (6)
regulatory enforcement, (7) civil justice, (8) crim-
inal justice and (9) informal justice. Thus, the rule
of law index is considered in this study as a repre-
sentation of the rule of law in any given country.

Corruption control

Mungiu-Pippidi and Dadasov [23] describe
corrupt activities as a result of individual be-
havior by self-seeking agents (bureaucrats), who
abuse their position for personal gains and there-
by betray top-level policy-makers interests. Fur-
thermore, the researchers highlighted the fact that
corruption is a function of monopoly power over

' What is the Rule of Law? Retrieved from: https://world-
justiceproject.org/about-us/overview/what-rule-law (Accessed
10 August 2018)
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a good or service, the discretion to decide who re-
ceives it, and the degree of accountability of public
authorities [23]. Our study uses the World Bank
Groups World Governance Indicator - control
of corruption, which captures perceptions of the
extent to which public power is exercised for pri-
vate gain, including both petty and grand forms of
corruption, as well as exploitation of the state by
elites and private interests*

As such, anti-corruption policies are used
by policy-makers to ensure effective governance.
Corruption control is an important component to
be included into our model.

E-government development

Research on e-government has investigat-
ed monitoring and evaluation of public sector
e-services and infrastructure maturity over dif-
ferent periods. Benchmarking of e-government
maturity performed by the United Nations’ is a
comprehensive assessment of the distribution
of e-government in various governments across
all nations. The 2016 UN report highlighted the
following key points as factors which determine
the development of e-government: the existence
of Whole-of-Government Approaches (WGAs),
e-participation, open government data or elec-
tronic and mobile services. Hence, e-government
development requires strong political commit-
ment, government-wide vision, collaborative
leadership, as well as appropriate legislation and
holistic institutional frameworks*. E-government
development influences national progress [24].

This study associates e-government develop-
ment with the UNDESAs e-Government Deve-
lopment Index (EGDI).

Government effectiveness

Government effectiveness encompasses the
ability of the government to provide quality pub-
lic services and its ability to formulate credible
and quality policies [25]. Government effective-
ness has a positive impact on innovation and so-

2 World Bank (2016). The Worldwide Governance Indica-
tors (WGI) project. Retrieved from: http://info.worldbank.org/
governance/ WGI/ (Accessed 10 August 2018)

* United Nations (2016). United Nations e-government
survey 2016: e-government in support of sustainable develop-
ment. New York. Retrieved from: http://workspace.unpan.
org/sites/Internet/Documents/UNPAN97453.pdf  (Accessed
10 August 2018)

* United Nations (2016). United Nations e-government
survey 2016: e-government in support of sustainable develop-
ment. New York. Retrieved from: http://workspace.unpan.
org/sites/Internet/Documents/UNPAN97453.pdf  (Accessed
10 August 2018)
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cio-economic activities of companies and enter-
prises, creating perfect conditions for economic
prosperity [26].

Corruption
/ Control
A
E-Government Government
Rule of Law [—HI—¥ Development HAP Effectiveness

Figure 1. Proposed research model

Figure 1 illustrates the proposed research
model. The rule of law influences e-government
development and the control of corruption.
E-government development has a significant im-
pact on the control of corruption and, most im-
portantly, on government effectiveness.

The next section expounds on the methodol-
ogy of the study.

Methodology

For the purpose of this study, we used three
(3) governance indicators for 2016 from the World
Bank’s Governance Indicator project — the rule of
law, control of corruption, and government eftec-
tiveness’. The e-Government Development Index
(EGDI), the indicator which measures e-govern-
ment performance country-wise, was derived

> World Bank (2016). The Worldwide Governance Indica-

tors (WGI) project. Retrieved from: http://info.worldbank.org/
governance/ WGI/ (Accessed 10 August 2018)

from the UN’s e-Government 2016 Survey [25].
The reason for selecting 2016 was due to the fact
that these are the most recent data available for
the EGDI indicator on the current state of e-gov-
ernment in all countries.

In selecting the countries for our comparative
analysis, we chose three countries from each con-
tinent. One country was selected for each of the
EGDI ranges: 0-0.39 (low), 0.4-0.59 (medium),
and 0.60-1 (high). The countries and their respec-
tive indicators are shown in Table 1.

For the purpose of this study and due to the
numerical nature of variables, a linear regression
analysis was performed on the presented data set
in the R programming language. The study ex-
plored the relationship between the dependent
and independent variables for each scenario (hy-
pothesis) of the model (see Figure 1).

The regression analysis was chosen for this
study because it allows us to identify mathemati-
cal relationships between dependent and indepen-
dent variables as well as describe the impact that an
independent variable has on a dependent variable
[28]. Thus, a simple linear regression analysis was
used to verify the association between each inter-
connected component of the proposed model.

The results were expressed as the quality of
the adjusted model called R-squared (R?). R* rang-
es from 0 to 1 and describes the amount of varia-
tion in the response that is explained by the least
squares line [29].

Table 1
Countries and selected indicators for 2016
Region Country E-government Government | Rule of law Control
development index | effectiveness of corruption

Mauritius 0.6231 1.0 0.8 0.3

Africa Ghana 0.4182 -0.2 0 -0.2
Guinea 0.1226 -1.0 -1.3 -0.9

USA 0.8420 1.5 1.7 1.3

Americas Cuba 0.3522 -0.1 -0.4 0.1
Bolivia 0.4821 -0.6 -1.2 -0.7

Republic of Korea 0.8915 1.1 1.1 0.4

Asia Jordan 0.5123 0.1 0.3 0.3
Pakistan 0.2583 -0.6 -0.8 -0.9

Finland 0.8817 1.8 2.0 2.3

Europe Belarus 0.6625 -0.5 -0.8 -0.3
Albania 0.5331 0 -0.3 -0.4

Australia 0.9143 1.6 1.8 1.8

Oceania Papua New Guinea 0.1882 -0.7 -0.8 -0.9
Samoa 0.4019 0.5 0.8 0.3

Source: World Bank (2016). The Worldwide Governance Indicators (WGI) project. Retrieved from: http://info.worldbank.org/
governance/ WGI/ (Accessed 10 August 2018); United Nations (2016). United Nations e-government survey 2016: e-government
in support of sustainable development. New York. Retrieved from: http://workspace.unpan.org/sites/Internet/Documents/UN-
PAN97453.pdf (Accessed 10 August 2018).
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Research Findings

This section presents the results of the anal-
ysis performed on the given data (see Table 2) by
using the selected linear regression test. In the
sub-sections below we describe the results of the
relationship test.

Rule of Law and E-Government Development
(RoL > EGDI)

First, we tested the following hypothesis:

H1: The presence and effectiveness of the
rule of law has a positive and significant effect on
e-government development in any country.

Table 2
Regression coefficients on e-government
development (EGDI)
Independent| S t Pr(>|t|)
Variable
RL.EST

Result

0.05306 | 3.607 | 0.00319** | Supported (H1)
Significance codes:

* p<0.05, ** p<0.01; *** p<0.001
Adjusted R-squared: 0.4618

Rule of Law and Corruption Control
(RoL > CoC)

The second hypothesis to be tested was as fol-
lows:

H2: The presence and effectiveness of the rule
of law has a positive and significant effect on con-
trol of corruption in any country.

Table 3
Regression coeflicients on corruption control
(CC.EST)
Independent| f8 t Pr(>|t])
Variable
RL.EST

Result

0.1546 | 3.188 | 0.00781** | Supported (H2)
Significance codes:

* p<0.05, ** p<0.01; *** p<0.001
Adjusted R-squared: 0.7948

E-Government Development
and Corruption Control (EGDI > CoC)

The third hypothesis looked the follo-
wing way:

R*=0.7948

Corruption
Control

H3: E-Government development (effective-
ness and quality of service delivery) has a positive
and significant effect on the level of corruption
control in any country.

Table 4
Regression coefficients on corruption control
(CC.EST)

B |t [Pl

1.6445 | 2.544 |0.02575% | Supported (H3)
Significance codes:

* p<0.05, ** p<0.01; *** p<0.001
Adjusted R-squared: 0.7948

Independent Result
Variable

EGDI

As it can be seen from Table 4, the results
prove the hypothesis that e-government develop-
ment has a positive and significant effect on cor-
ruption control in any country.

E-Government Development > Government
Effectiveness (EGDI > GE)

H4: E-Government development (effective-
ness and quality of service delivery) has a positive
and significant effect on government effectiveness
in any country.

Table 5
Regression coefficients on government
effectiveness (GE)

Independent| S t Pr(>|t]) Result
Variable
EGDI 3.795 | 0.00223** | Supported (H4)

Significance codes:
* p<0.05, ** p<0.01; *** p<0.001
Adjusted R-squared: 0.4891

As Table 5 illustrates, the results of our analy-
sis prove the hypothesis that e-government devel-
opment has a positively significant influence on
government effectiveness. Our results thus agree
with those of the studies referenced in the preced-
ing sections, which assert that e-government con-
tributes to people’s trust in the government and
the governments accountability (characteristics
of an effective government).

0.00781%**

5
0.021575*

Rule of Law [~ 0-00319%*—

E-Government |
Development

R*=0.4618

R?>=10.4891
Government
Effectiveness

Figure 2. Path diagram of the conceptual model of government effectiveness based

on the development of e-government
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Our observations agree with the study of Kim
[13], who concludes that the rule of law is a fun-
damental precondition of government effective-
ness and an important tool in fighting corruption
(see Figure 2).

From the theoretical standpoint, our con-
ceptual model affirms the fact that adherence to
the rule of law influences corruption control and
e-government development; e-government devel-
opment, in its turn, influences corruption control
and government effectiveness.

Discussion

This study presents e-government as a key
factor that shapes government effectiveness. The
model we built and the analysis of the available
data indicate that the rule of law is significant
in controlling corruption and creating room for
e-government development. E-government de-
velopment also significantly influences the con-
trol of corruption and enhances government ef-
fectiveness.

The results obtained are in line with the study
of Diez et al. [29], who found that states which
adhere to the rule of law have an enabling envi-
ronment for e-government to flourish because it
encourages e-participation. Following this line
of reasoning, it can be concluded that the devel-
opment of e-government creates transparency in
governance and enhances trust among citizen-
ry and, therefore, helps fight corruption [30; 31].
Moreover, our results agree with those of Smith

[32], who pointed out that e-government helps the
state address vital questions and needs of citizens.

This study’s findings contribute to the theo-
retical discussion of e-government development
by highlighting its role in ensuring effective gov-
ernance. The model is highly recommended as a
measurement tool to assess effective governance
in any given country. The constituents of the mod-
el have proven to be important indicators, thus
their combination may be useful for policy-and
decision-makers.

Conclusion

The above-described study involved the anal-
ysis of selected development indicators (factors) —
the rule of law, corruption control, e-government
development, and government effectiveness — and
the role they play collectively in ensuring govern-
ment effectiveness (with e-government as the
core component). We found that the rule of law
together with promotion of e-government sys-
tems enhances the efficiency of public services.
Thus, creation of a citizen-centric e-government
environment becomes one of the crucial tasks for
modern states in the digital era.

Just as every research has certain hindering
factors, this study is no exception. To begin with,
for our model, we used a limited number of fac-
tors, so further research is needed to expand the
model and test other contributing factors. More-
over, 52 it would be productive to use cross-sec-
tional panel data for different time periods.
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ABSTRACT

In order to address vital environmental issues, China and Russia have estab-
lished a set of cooperation mechanisms, such as the Sub-Committee on Envi-
ronmental Protection of the Regular Meeting of the Prime Ministers of China
and Russia. There is currently a multi-level environmental cooperation system
between the two countries. In recent years, China and Russia have strength-
ened their ecological cooperation and have achieved certain results in the con-
servation of cross-border water resources and establishment of transboundary
nature reserves. There are still, however, many problems to handle such as the
discrepancies in legislation and the limited character of investment each of the
countries is willing to make into environmental protection. Therefore, as the
article shows, it is necessary to formulate a unified regulatory framework; to
establish a resource protection zone; to enhance joint monitoring of the water
quality in transboundary rivers as well as soil and air quality in adjacent areas;
and, finally, to raise public awareness in both countries of environmental secu-
rity and nature conservation. In 2017, Russia hosted the Year of Ecology, which
was a good opportunity for both countries to promote information exchange
and cooperation in the sphere of joint monitoring and governance, environ-
mental legislation, and ecological education.
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Kuraiicko-Poccuiickoe 3K0JIOTHYeCKOe COTPYAHUYECTBO:
NPOoIILIoe, HACTOAIIEeE U OyaylIee
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AHHOTAIIUSA

[l pelieHNs HaCYIIHBIX 9KOJIOTMYecKuX npo6binem Knrait u Poccns cosgamm
PAL MEXaHM3MOB COTPYJHMYECTBa, TaKMX Kak [TogxoMurer 1o oxpaHe okpy-
>Karolelt cpenbl PerynspHoit Bctpeun npeMbep-MuHUCTpoB Kuras u Poccun.
B nacTosiee BpeMa MeX/y IByMs CTpaHaMU CyLECTBYeT MHOTOYpOBHeEBas
CHCTeMa 3KOJIOTMUYEeCKOTO COTpyHMYecTBa. B mocnenume roppt Kurait u Poc-
CUSl YKPENUIM CBOE 3KOMOTMYECKOe COTPYJHUYECTBO M HOCTUITIM OIpefie-
JICHHBIX Pe3y/lIbTaTOB B COXPAHEHUM TPAHCIPAHMYHBIX BOJHBIX PeCypcoOB
U CO3[JaHMI TPAHCIPAaHUYHBIX IIPUPOAHBIX 3aroBefHMUKOB. OJHAKO BCe ele
OCTaeTcsi MHOTO IIPO6jIeM, TaK/MX KaK HeCOOTBETCTBUA B 3aKOHOJIATE/IbCTBE
U OTPAaHMYEHHBIN XapaKTep MHBECTULMII, KOTOPble CTPaHbl TOTOBbI BHECTH
B OXpaHy OKpyskaroieit cpensl. [IoaToMy, Kak IIOKa3aHO B CTaTbe, HEOOXO-
IuMO chOpPMyINpPOBaTh eAMHYI0 HOPMAaTMBHO-IIPAaBOBYIO 6asy; CO3HaThb pe-
CYPCHYIO OXPAaHHYIO 30HY; YCUINTb COBMECTHBIII MOHUTOPYHT KayecTBa BOJbI
B TPaHCT'PAHMYHBIX peKax, a TakK>Ke KauecTBa IIOYBbLI U BO3[yXa B IIpujera-
IOLIMX pajloHaX; 1, HAKOHeL], TOBBICUTb OCBEJOMIEHHOCTDb OOI[eCTBEHHOCTH
B 00eux cTpaHax 00 9KOTOTMIECKOI 6€30IaCHOCTH ¥ COXPAHEHNN IPUPOLIBI.
B 2017 ropy B Poccun npourern o sxooruy, KOTOPBIit cTas it 06enx cTpaH
XOpOILIeil BO3MOXKHOCTBIO COLe/ICTBOBAaTh 0OMeHY MHpopMareit u CoTpys-
HIYECTBY B 00/1aCTM COBMECTHOTO MOHMTOPUHTA U YIIPaBIeHNsI, 9KOTIOIMYe-
CKOT'O 3aKOHOJJaTe/IbCTBA U 9KOJIOTMYECKOTO 00pa3oBaHus.
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Introduction

China and Russia are currently experiencing
the best period of history in their relationship,
both in terms of political and economic cooper-
ation. China and Russia have a common border
separated by the Amur, Songhua River and Wusu-
li River and Xingkai Lake. Shared water resources
determine the need for cooperation between the
two countries in the sphere of environmental pro-
tection. In addition, there is also a land boundary,
which is more than 4,300 kilometers long. There-
fore, both countries face a number of environ-
mental problems associated with the conservation
of forests, protection of wildlife and plant life, pre-
vention of air pollution and so on. These problems
are a part of large-scale global issues such as the
global warming and resource depletion.

Like in many other countries in the world, the
environmental conditions in China and Russia
leave much to be desired. According to the 2017
Bulletin on the State of Ecological Environment,
239 cities in the country’s 338 prefecture-level
cities or 70.7% do not meet the air quality re-
quirements'. In Russia, the amount of recycled
and neutralized waste increased by 1.9 times
compared to 2010. In 2017, the total amount of
solid chemical waste exported from Russia was
274.4 million cubic meters, 16.6% more than in
2010. In 2017, the amount of municipal solid
waste exported to waste treatment plants reached
27.9 million cubic meters, accounting for 10% of
the total municipal solid waste?. Thus, it can be
seen that both China and Russia are facing se-
vere environmental pressures.

Methodology

The study uses methods of comparative anal-
ysis, by focusing on both quantitative and qual-
itative indicators to show the similarities and
differences in China’s and Russia’s approach to en-
vironmental protection.

It should be noted that comparative stud-
ies on ecology and environmental protection in
China consider cases of other countries trying

! 2017 China Ecological Environment Bulletin (2018). Re-
trieved from: http://www.mee.gov.cn/gkml/sthjbgw/qt/201805/
t20180531 442212.htm (Accessed 1 October 2018)

? Ministry of Natural Resources of the Russian Fede-
ration: State Report “On the condition and protection of
environment in the Russian Federation in 2017” (Decem-
ber 2018). Retrieved from: https://nangs.org/analytics/
minprirody-rossii-gosudarstvennyj-doklad-o-sostoy-
anii-i-ob-okhrane-okruzhayushchej-sredy-rossijskoj-feder-
atsii-pdf (Accessed 1 October 2018)
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to solve similar problems. For example, much
attention is paid to water issues in the studies of
Liya Su, Jingling Liu, Per Thorse Christensen [1],
Shaofeng Jia, Yuanyuan Sun, Jesper Svensson,
Maitreyee Mukherjee [2]. Kai-Yi Zhouand and
William R. Sheate compare Chinese legislation
with that of Northern European countries [3]. It
should be noted here that similar studies on Rus-
sian environmental problems were conducted by
Russian researchers.

After the end of the Cold War, the traditional
geopolitical pattern and political relations under-
went tremendous changes. The security issue has
expanded from the traditional military and po-
litical spheres to economic, social, and environ-
mental fields [4]. Environmental security, espe-
cially cross-border environmental security issues,
is particularly prominent in geopolitical relation-
ships. As geopolitical and economic relations be-
tween China and the neighbouring country were
developing, more and more attention started to
be given to cross-border environmental securi-
ty as a part of national environmental security,
for example, protection of cross-border water
resources [5-7] and joint construction and co-
ordination management of cross-border nature
reserves [8; 9].

Chinas environmental problems are dis-
cussed both nationwide [10], and across entire
Asia [11], since they greatly affect the neighboring
countries. Some studies consider a range of tools
to address these problems, in particular by chang-
ing taxation [12; 13].

Environmental issues faced by Russia are
discussed by Russian and European researchers
[14; 15]. Russian researchers often approach envi-
ronmental problems by focusing on questions of
sustainable development and conduct their analy-
sis on the national and interregional levels rather
than on the level of international cooperation.

This study compares the Russian and Chinese
approaches to solving environmental problems
and discusses the prospects of interstate cooper-
ation. The purpose of the study is to outline the
prospects for Russian-Chinese cooperation and
propose measures to strengthen this relationship.
In order to achieve this goal, we need to analyze
the current state of Sino-Russian environmental
cooperation; identify the possible impediments;
and devise recommendations for handling them.
The hypothesis behind this study is that the envi-
ronmental policies of China and Russia should be
based on cross-border cooperation.
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The structure of the article is based on the
“point-by-point” scheme, that is, for each of the
given parameters, information about one coun-
try is first provided, followed immediately by the
description of the other country. After discussing
the parameters, the findings are presented and
suggestions are made to address the problems.

Natural resources of Russia and China

Russia is known to be a rich country, abun-
dant in resources such as oil, natural gas, tim-
ber, minerals and fresh water. Although China’s
resources can also be sufficient, due to the rapid
economic development in recent years, the en-
vironment has suffered from serious pollution
and damage. For example, if we consider water
resources, China’s per capita freshwater resourc-
es are much lower than Russia’s, but the average
annual water consumption is significantly higher
than that of Russia (see Table 1). It can be said that
compared with Russia, China faces more serious
problems in environmental protection and sus-
tainable development. On October 18, 2017, Chi-
nese President Xi Jinping emphasized in his re-
port that “constructing ecological civilization is a
millennium plan for the sustainable development
of the Chinese nation. It is necessary to establish
and practice the concept of green mountains. The
basic national policy of conserving resources and
protecting the environment treats the ecological
environment as life”® China has turned sustain-
able development into a basic national policy and
decided to contribute to the world’s environmen-
tal security.

Table 1

Russia’s and China’s freshwater resources

and their use

Fresh- | Annual Freshwater use (%)
water | average | aori- indus-| house-
reserves| freshwa- | cyl- | try | hold
per cap-| tercon- | tyre con-
ita, m” | sumption, sump-
billion m® tiOIII)
Russia| 29.013 47,9 15 69 16
China 2.062 594,2 64 22 13

Source: The table is based on the data of the National Statis-
tics Office of the Russian Federation. Retrieved from: http://www.
gks.ru/bgd/regl/b18 39/Main.htm (Accessed 1 October 2018)

At present, the comprehensive strategic part-
nership between China and Russia has entered
the “best period in history”. The integration of the

3 XilJinping. (2017-10-28) Decisive victory to build a well-
off society in an all-round way to win the great victory of socialism
with Chinese characteristics in the new era. People’s Daily, 001.
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Belt and Road Strategy and the Eurasian Econom-
ic Alliance has become a top priority in the com-
prehensive strategic partnership between China
and Russia. It will promote social and economic
development of the two countries and their neigh-
bours. As regional powers, China and Russia have
always been committed to maintaining regional
security and promoting regional development.
Cooperation in the field of environmental conser-
vation is among the most important areas.

History and the current status
of Sino-Russian environmental
cooperation

Sino-Russian  environmental cooperation
began in the 1980s (see Table 2 below). This co-
operation first focused on the protection of the
boundary rivers. On October 23, 1986, China and
the Soviet Union signed the Agreement on Water
Resources Management. On May 27, 1994, China
and Russia signed the cooperation agreement in
the field of conservation, utilization and repro-
duction of aquatic resources in the Heilongjiang
and Wausuli Rivers; on April 25, 1996, the Agree-
ment on the Establishment of a Forbidden Fish-
ing Area between China and Russia in Xingkai
Lake was signed [16]. The cooperation between
China and Russia began to expand when in May
1994, the Agreement on Environmental Protec-
tion Cooperation between the Government of the
People’s Republic of China and the Government
of the Russian Federation was signed. In No-
vember 1997, China and Russia signed the “Joint
Statement”, which emphasized the importance
of environmental cooperation and described the
responsibilities of the two countries to prevent
cross-border pollution and ensure rational and
economical use of natural resources (including
transboundary water resources)*.

A turning point in the Sino-Russian environ-
mental cooperation became the Songhua River
water pollution incident in 2005. On November
13, 2005, the explosion of the double-benzene
plant of Jilin Petrochemical Company in China
caused an environmental disaster on the Songhua
River, which seriously affected the residents’ living
conditions in the adjacent areas of the two coun-
tries. In order to protect people from pollution,
the two countries decided to further strengthen

* China Environmental News reporter talks Li Ping, di-
rector of the Environmental Protection Department of Heilong-
jiang Province — wins understanding and trust by hard work
(2010). Retrieved from: http://www.hljdep.gov.cn/zmhd/
zxft/2010/02/10271.html (Accessed 1 October 2018)
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their cooperation in monitoring of the water qual-
ity in the rivers. Since then, the two governments
have begun to address and pay more attention to
the importance of environmental cooperation. In
2006, China and Russia signed the “Sino-Russian
Joint Monitoring Plan for Water Quality of Trans-
boundary Waters”, which expanded joint monitor-
ing to cross-border water in the Ergun, Heilong-
jiang, Wusuli River, Suifenhe and Xingkai Lakes.
Thus, water monitoring was raised from the local
to national level: the corresponding national de-
partments of the two countries started to exchange
information about their monitoring results.

The two countries also established the Envi-
ronmental Protection Subcommittee within the
Chinese-Russian Prime Ministers’ Regular Meet-
ing Committee in the same year. Thus, the high-
est level of environmental cooperation between
the two countries was established. Since then, the
countries have been taking turns to hold meetings
of the Sub-Committee. Within the framework of
the Sub-Committee, the two countries are now
closely cooperating in the three core areas, in-
cluding emergency response to pollution and en-
vironmental disasters; establishing transbound-
ary nature reserves and biodiversity conservation;
cross-border water monitoring and protection.

In addition, cooperation is now realized on
the level of research organizations and research
groups: since 2008, in Heihe City, Heilongjiang

Province, there has been held “Heilongjiang Hei-
he Sino-Russian Forestry Ecological Construction
Academic Forum”. In 2013, the “Russian-Chinese
Forum on the Conservation and Rational Use of
Forest Resources” was held for the first time in the
Amur region. These two local forums are aimed
at enhancing scientific research in the sphere of
environmental conservation®.

China and Russia have launched environ-
mental cooperation programs within the frame-
work of international organizations such as the
SCO and BRICS. In September 2013, the Chi-
na-Shanghai Cooperation Organization Environ-
mental Protection Cooperation Center was estab-
lished. The center is committed to implementing
the consensus of the Shanghai Cooperation Or-
ganization Leaders Meeting and promoting envi-
ronmental protection cooperation and exchanges
between China and Shanghai Cooperation Orga-
nization member states. China and Russia rely on
China-Shanghai Cooperation Organization Envi-
ronmental Protection Cooperation Center to car-
ry out multilateral ecological cooperation under
the framework of the SCO and BRICS and work
together to solve global environmental problems.

Both countries have established a mechanism
of environmental cooperation between Chinese
and Russian enterprises. In 2015, the China-Rus-
sia Friendship Peace and Development Commit-

® Heihe Daily, June 13, 2013, version 001.

Table 2

Regulations and agreements on the environmental cooperation between Russia and China

Regulations and agreements

Content

Protection, Utilization and Reproduction of
Aquatic Resources in the Heilongjiang and
Ussuri Rivers (signed on 27 May, 1994)

Sino-Russian Cooperation Agreement on the |Protecting the aquatic resources of the Heilongjiang and the Wusuli River;
promoting utilization and reproduction of aquatic resources in the two
boundary rivers

Sino-Russian Agreement on Xingkai Lake
Nature Reserve (signed on 25 April, 1996)

Protecting flora and fauna in nature reserves; promoting bilateral cooper-
ation in the sphere of environmental conservation and sustainable use of
natural resources;

64

monitoring and research of natural ecosystems;
raising awareness of the purpose and meaning of nature conservation
among citizens of both countries

Sino-Russian Joint Statement (signed in
November 1997)

Prevention of cross-border pollution;
Promotion of sustainable use of natural resources (including transboundary
water resources)

Joint Monitoring Plan for Sino-Russian
Transboundary Water Quality (signed on 2
June, 2006)

Joint monitoring of the Ergun River, Heilongjiang River, Wusuli River,
Suifen River and Xingkai Lake;

Monitoring of water quality in Sino-Russian transboundary waters on the
national level;

Monitoring to be carried out by the corresponding national departments

Sino-Russian Transboundary Water Use and
Protection Cooperation Agreement (signed
on 29 January, 2008)

Defining the use, protection and detection of transboundary water bodies;
Stipulation of the relevant responsibilities of the two governments, includ-
ing responsibilities to inform each other about the situation in the bound-
ary river waters, facts of water pollution and so on, and the responsibilities
to take measures when necessary

R-ECONOMY 4
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Table 3

Joint Chinese-Russian events in the field of environmental protection in 2017

Area

Event description

2017)

Bird protection and wildlife survey work (April, Bagua Island National Nature Reserve and Russia’s Basdak Nature Reserve
monitored endangered birds, such as the Oriental white stork and great egret

Bird and fish protection

Researchers from China and Russia jointly conducted wildlife inspections
in Honghe Nature Reserve

Bird protection (April, 2017)

The First Xingkai Lake International Love Bird Festival

Environmental protection (October, 2017)

Honghe Reserve and Bastak Reserve jointly published the album “People
and Nature”

Protection of biodiversity and promotion of
environmental security (29 May - 3 June, 2017)

“Belt and Road”Baikal Eco-Forum

Research of fauna and flora

Background survey of animals and plants in Xingkai Lake and the Song
Acha River Basin

tee added an ecological council, which provided
an important communication channel for civil
cooperation in this sphere.

Achievements in Sino-Russian
environmental cooperation

Within the multi-level Sino-Russian envi-
ronmental cooperation system, both countries
have managed to achieve certain results in pro-
tecting cross-border water resources, establish-
ing transboundary nature reserves and ensuring
biodiversity conservation®. In 2013, experts from
the Chinese Academy of Sciences and Changbai
Mountain Reserve visited the “Far East Leopard
Habitat” Nature Reserve in Russian Primorye and
planned to sign an agreement with the Russian
partners to protect the north-eastern tiger. Russia
and China’s future plans include the establishment
of protected areas for protection of the far eastern
leopard the north-eastern tiger. At the moment,
most of the cooperation is realized in the form of
information exchange’.

As for biodiversity conservation, the two
countries have established four cross-border na-
ture reserves: Xingkai Lake Nature Reserve, Sanji-
ang Nature Reserve, Bagua Island Nature Reserve
and Honghe Nature Reserve [17]. The Sino-Rus-
sian cross-border nature reserve cooperation plan
is to meant to intensify the information exchange
and improve the level of cooperation for protec-
tion of rare animals and plants. Table 3 shows
some of the joint environmental activities in 2017.

¢ China Environmental News reporter talks Li Ping, di-
rector of the Environmental Protection Department of Heilong-
jiang Province - wins understanding and trust by hard work
(2010). Retrieved from: http://www.hljdep.gov.cn/zmhd/
zxft/2010/02/10271.html (Accessed 1 October 2018)

7 Russia and China agreed to protect tigers together (2013).
Retrieved from: http://www.cntour2.com/viewnews/2013/01/25/
xCv0gEO4XrigDVKIMBA30.shtml (Accessed 1 October 2018)
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Problems in Sino-Russian
environmental cooperation

Russia and China have a number of similar
problems of economic development, they also
have comparable goals and conditions and can,
therefore, build their interaction in all areas on
a solid foundation of good neighbourly relations
[18]. In recent years, the rapid economic develop-
ment and industrialization have put enormous
pressure on the environment of the neighbor-
ing regions of the two countries. The intensity of
ecological protection measures and the ability of
ecological restoration do not compensate for the
deterioration of the natural environment.

The first problem to be considered here is the
limited investment both countries make into en-
vironmental protection. According to the experi-
ence of developed countries, the national environ-
mental protection investment generally accounts
for more than 2% of GDP, and 3% can bring about
significant improvements in the sphere of envi-
ronmental conservation. For nearly ten years,
China’s environmental protection investment has
been below 2% of GDP, and it was below 1.5%
for a long time. Russias environmental protec-
tion investment accounts for less than 1% of GDP.
Therefore, there is a huge gap between Chinese
and Russian investment and that of developed
countries.

The second problem concerns water resourc-
es. The Heilongjiang, Wusuli River, Xingkai Lake
and Suifen River in Heilongjiang Province are
adjacent to Russia. The deterioration of water re-
sources will affect the living conditions and so-
cio-economic development in the region and have
a serious impact on the climate and ecosystem. In
November 2005, the water pollution incident oc-
curred on the Songhua River; in September 2006,
yet another incident of water pollution occurred
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Figure 1. Investment into environmental protection, percentage of GDB, %
(The chart uses the daa of the China Environmental Statistics Yearbook
and the National Statistics Office of the Russian Federation)

on the Niuhe River in Jilin; in November 2006,
the Russian side found that water near the villag-
es in Khabarovsk regions was contaminated with
camphor and requested the Chinese side to ana-
lyze the concentration of camphor in the waters of
the Songhua River and Tongjiang, and to inform
the Russian side of the results®. These incidents
show how vulnerable is the natural environment
in the region. After that, China and Russia took
some steps to establish joint monitoring of water
quality in the boundary rivers and achieved cer-
tain results.

Russia and China formulated the “Sino-Rus-
sian Joint Monitoring Plan for Cross-border Wa-
ter Quality”. This plan proposes to conduct joint
monitoring of the transboundary waters of the
Heilongjiang, Wusuli River, Erguna River, Suifen
River and Xingkai Lake. Joint monitoring has been
realized since 2007 [19]. However, there are still
some problems in the cooperation between the
two countries: the number of water tests is insuffi-
cient; the water quality related data and boundary
river water database need to be improved; the wa-
ter quality testing standards of the two countries
lack uniformity; there is also a lack of a unified
information platform and management supervi-
sion platform; the differences in management de-
partments and management systems between the
two countries lead to a lack of understanding on
the responsibilities of the sides and so on.

8 China Environmental News reporter talks Li Ping, di-
rector of the Environmental Protection Department of Heilong-
jiang Province — wins understanding and trust by hard work
(2010). Retrieved from: http://www.hljdep.gov.cn/zmhd/
zxft/2010/02/10271.html (Accessed 1 October 2018)
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The third problem is the conservation of for-
est resources. Forestry resources in the adjacent
areas of China and Russia are extremely rich. Ac-
cording to the data of the National Forest Register
as of January 1, 2018, the total area of the Russian
Federation with forest distribution is 184.45 mil-
lion hectares, and the forest area is 1,147 million
hectares. The areas with the highest forest cover-
age are the Far Eastern Federal District and the
Siberian Federal District. In China, Heilongjiang
Province is the main national forest area and a
source of timber. As of 2017, the province’s forest
coverage rate was 47.07%, and forest accumula-
tion was 1.994 billion cubic meters’.

The problem of illegal logging in the adjacent
regions of China and Russia is really serious and
involves severe violations of operating procedures
in timber harvesting. The Russian forest area
mainly develops logging and paper industries, and
the paper industry also causes some serious water
pollution and air pollution to the region. Niko-
la Smatakov, Director of the forest project of the
Russian branch of the WWE said that the Russian
timber prices are extremely low: for example, the
cost of logging 1 cubic metre of eucalyptus wood
in the Far East is only 41 rubles, while the market
price may exceed 10 thousand rubles, which leads
to ineflicient use of resources and people being
unwilling to restore the forest area. The ecologist
also added that because the regulatory authorities
often have incomplete information about forest

° Bulletin on the State of the Environment of Heilongjiang
Province in 2017 (2018). Retrieved from: http://www.hljdep.

gov.cn/hjgl/hjjc/hjzkgb/2018/06/19044.html (Accessed 1 Oc-
tober 2018)
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resources and that there is a risk of deforestation,
with the amount of illegal harvesting of some
valuable tree species (eucalyptus, oak, ash) being
twice or more than the legally allowed amount of
forest harvesting [8].

The fourth problem is protection of rare an-
imal and plant species. In addition to forest re-
sources, a large part of wetland is located in the
area of the Wusuli River Basin and Xingkai Lake.
The flora and fauna are very rich, and it is the main
habitat of many endangered species and the stop-
over of migratory birds. So far, Heilongjiang Prov-
ince has established 250 nature reserves of various
types and levels, including 40 at the national level,
84 at the provincial level, 55 at the municipal level,
and 71 at the county level, with the total area of
7.9 million hectares. The total area of nature re-
serves accounts for 16.7% of the province’s total
area, and the area of the Heilongjiang River Basin
Conservation Area accounts for about 40% of the
total area of the province’s nature reserves'’.

In recent years, the demand for rare animals
and plants has increased due to the eating habits
of the people of Northeast Asian countries and
the improvement of people’s living standards.
The problem of reduced income and unemploy-
ment in the Russian Far East will lead people to
take risks and steal rare animals and plants. The
old laws and regulations cannot prevent illegal
poaching, and the relevant law enforcement de-
partments lack the necessary power and resourc-
es, which leads to illegal hunting and theft. There
are transfer channels between China and North
Korea and rare animals and plants, such as gin-
seng, the far eastern leopard, lynx, camphor, and
leeches, are in a lot of danger.

Therefore, it is imperative to improve environ-
mental cooperation between China and Russia.
The environmental problems of China and Rus-
sia, especially the problems in the adjacent areas,
will inevitably require the two countries to work
together to enhance the existing environmental
cooperation system and maintain the ecological
harmony shared by the two countries.

Prospects for Sino-Russian
environmental cooperation

China and Russia have established a robust
system for cooperation in the sphere of environ-

10 Report on the Sino-Russian Transboundary Nature Re-
serve and Biodiversity Conservation in Heilongjiang Province in
2016 (2017). Retrieved from: http://www.hljdep.gov.cn/hjgl/

zrbh/swdyxbhyswaqgl/2017/04/15484.html (Accessed 1 Octo-

ber 2018)

mental protection. At the same time, the urgen-
cy of environmental issues requires that the two
countries should maximize the efficiency of this
cooperation.

In 2017, Russia held the Year of Ecology,
which included such activities as improvement of
environmental legislation, promotion of environ-
mentally friendly technologies, improvement of
solid waste treatment methods, establishment of
special nature reserves, protection of water, for-
ests, rare animals and other resources, and pop-
ularization of ecological education. As a result,
7,000 activities at the federal and regional levels
are scheduled to be completed by 2025, and emis-
sions of air pollutants and river networks have de-
creased by 284,000 tons per year. A state registry of
objects that have a negative environmental impact
was created with 87,953 of such objects registered.
The national parks Sengileevsky Mountains (Uly-
anovsk Region) and Kislovodsky (Stavropol Ter-
ritory) were established. A large number of events
focused on Lake Baikal, including “Eco-Genera-
tion” flash mob and the Baikal Ecological Water
Forum, attended by more than 1,000 people''. The
Russian experience of the Year of Ecology has set
a good example for China.

1. Expanding cooperation

There are a number of areas in which Russia
and China can expand their cooperation: for ex-
ample, the protection of the boundary river and
the boundary lake. It is necessary to control the
pollution of industrial and agricultural wastewa-
ter and domestic sewage; prevent pollution acci-
dents; protect vegetation and wetlands; organize
restoration or reforestation projects to guarantee
the recovery of forests and grassland in former
agricultural areas; enhance joint monitoring and
control over the quality of water; improve the da-
tabase on the quality of water in boundary rivers;
organize regular updating and harmonization of
water quality testing standards; facilitate infor-
mation exchange on the state of border rivers;
establish a unified information platform and a co-
ordinated supervision platform. There should be
created transnational authorities with clearly de-
fined rights and responsibilities, in charge of the
protection and control over the environment in
the boundary areas.

As for the establishment of transboundary
nature reserves and biodiversity conservation,

' (2017) Results of the Year of Ecology in Russia. Moscow,
p. 14.
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under the supervision of the Sino-Russian Envi-
ronmental Protection Sub-Committee, Sanjiang,
Honghe, Bagua Island and Xingkai Lake Nation-
al Nature Reserves in Heilongjiang Province are
engaged in active cooperation with Russia. The
Sanjiang National Nature Reserve has signed an
agreement with Khabarovsk and Jewish Autono-
mous States to jointly protect the natural environ-
ment between the Wusuri River and Heilongjiang
River Basin. The Honghe National Nature Reserve
promotes Sino-Russian ecological cooperation
through the GEF Wetland Project and is commit-
ted to the task of biodiversity conservation in pro-
tected areas'’. The two countries can continue to
expand their cooperation in testing, scientific re-
search, publicity, resource conservation, eco-tour-
ism, cross-border nature reserves, and so on.

2. Environmental education

The Russian government has always attached
great significance to the building of ecological
culture by focusing on environmental education,
especially among younger generations, environ-
mental awareness, and mass communication of
environmental information. It is largely this ex-
perience that China can learn from. According to
the regulations of the Russian Ministry of Educa-
tion, the environmental education curriculum is
compulsory for Russian schools. However, at this
stage, China is experiencing serious shortages of
qualified teachers, specializing in environmental
education and the quality of such education still
leaves much to be desired. Therefore, the second-
ary education system in China should include
environmental education in the list of its top pri-
orities, start to provide high quality courses and
teaching materials, and guide students to imple-
ment the ecological civilization concepts in their
daily lives.

Russia also invests into popularization of en-
vironmental action and raising environmental
awareness. The “Russian Federal Environmental
Protection Law” stipulates that “environmental
protection legislation and ecological security leg-
islation should be popularized among residents”
[20]. The same should be done in China: a flexible
and diverse approach should be applied to pop-
ularize and publicize relevant laws and policies,
to enhance public environmental awareness and

12 China Environmental News reporter talks to Li Ping, Di-
rector of the Environmental Protection Department of Heilong-
jiang Province (2010). Available at: http://www.hljdep.gov.cn/
zmhd/zxft/2010/02/10271.html (Accessed 1 October 2018)
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public engagement. Chinese citizens should learn
about the eco-friendly technologies and sustain-
able consumption.

3. Enforcing environmental legislation

In Russia, the main principles of environmen-
tal legislation are established by the Constitution.
The “Russian Federal Environmental Protection
Law” adopted in 2002 has the status of the basic
law and forms the foundation for other normative
documents. The country’s environmental policy is
described in such documents as “Environmental
Protection for 2012-2020", “Strategy of Environ-
mental Security until 2025”, and the ‘Russian Na-
tional Environmental Strategy. In addition, there
are annual reports issued by the Russian Ministry
of Natural Resources and Environmental Protec-
tion. The purpose of these reports is to ensure that
state authorities, social organizations and the pub-
lic should be aware of the state of environmental
protection, which includes ensuring the rational
use of natural resources, restoration of natural re-
sources and implementation of the country’s sus-
tainable development strategy [20].

The Chinese side also has some relevant pol-
icies. The report of the 19" National Congress
pointed out that the reform of the ecological
civilization system would be accelerated. The re-
form includes promotion of “green” development,
protection of ecosystems, changes in the system
of environmental supervision and measures to
address some specific environmental problems.
The report also incorporates the principle of “har-
monious coexistence of man and nature” into the
basic strategy of the country’s development. It is
planned that by 2035, “there would be some fun-
damental improvements of the environment and
the goal of beautiful China would be realized”.

The newly revised Environmental Protection
Law of the People’s Republic of China came into
force on January 1, 2015. Although Russia’s En-
vironmental Law has some differences from Chi-
nas Environmental Protection Law, they also have
quite a lot in common: for example, both laws es-
tablish some basic rules and principles of environ-
mental protection, appoint specific government
agencies in charge of environmental manage-
ment. However, many places in the “Environmen-
tal Protection Law of the People’s Republic of Chi-
na’ are not as comprehensive as the Russian law.
For example, unlike its Russian counterpart, the
Chinese law provides no description of the basic
system of environmental protection, instead some
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parts dealing with this topic are scattered across
different articles of the law. In addition, China’s
law does not mention ecological identification, in-
ternational cooperation and other relevant topics.
Therefore, China can learn from Russia’s experi-
ence of environmental legislation.

Conclusion

In today’s rapidly developing world, air, wa-
ter and soil pollution is becoming one of the most
serious global problems. Many countries are now
trying to develop and implement various strate-
gies in the sphere of environmental cooperation.
China and Russia share a borderline of more than
4,000 kilometers and have common rivers, which
means that there are some mutual expectations
and responsibilities concerning nature conserva-
tion and sustainable development.

As regional powers, China and Russia have
been committed to maintaining regional secu-
rity and promoting regional development. Envi-
ronmental protection is one of the key areas of
cooperation between the two countries. Some
significant results have already been achieved in
the sphere of protection of cross-border water
resources, creation of transboundary nature re-
serves and ensuring biodiversity conservation,
for example, the two countries have established

twelve transboundary protected areas. Various
types of cooperation agreements at the national
and local levels have been signed, cooperation in-
stitutions for information exchange and monitor-
ing have been founded. Of course, there are still
many problems that need to be addressed such as
the lack of a unified information platform and su-
pervision platform, relevant databases, protection
of rare animal and plant species. The 2017 Year of
Ecology in Russia provides China with some valu-
able lessons to learn from.

In recent years, the Chinese government has
attached great importance to environmental pro-
tection. Under the guidance of Xi Jinping, China
is putting a lot of effort into promotion of sus-
tainable development methods, prevention and
control of air, water and soil pollution. There are
hopes that in the future, the cooperation between
China and Russia will be carried out under the
framework of the “Belt and Road” Initiative and
the Eurasian Economic Union.

In summary, we believe that although the co-
operation between China and Russia in the sphere
of environmental protection is not as close as their
economic cooperation, it has made certain prog-
ress in recent years. There is a growing awareness
in both countries that this cooperation is mutually
important.
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ABSTRACT

The article aims to study the theoretical and empirical foundations of combin-
ing free economic zones with industrial clusters. The theoretical foundation is
provided by the concept of a cumulative and circular process and the theory of
“new economic geography”. The empirical part deals with the creation of clus-
ter-type economic zones in Russia and Kazakhstan. The symbiosis of special
economic zones (SEZs) and clusters is expected to enhance export potential
and act as a powerful catalyst for national innovative development. Establish-
ment of clusters within the framework of the existing SEZs can bring to these
zones highly efficient projects for manufacturing export-oriented products.
Methodologically, the research relies on systemic and structural-functional
approaches, the logical method and the method of formalization as well as on
the comparative and grouping methods applied to analyze SEZs. The study also
provides a general overview of the SEZs and clusters operating in Russia and
Kazakhstan and indicates their main types and characteristics. The practical
significance of this research is that its findings can be used to devise recom-
mendations for improving economic performance of both countries, attracting
new technologies and investments and addressing social and economic prob-
lems of the regions.
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KiacTepHbIii MOAX0] K OPraHU3alluHd 0COOBIX 9KOHOMUYECKUX 30H

B Poccuu u KazaxcraHe
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AHHOTAIIUA

Llenbio cTaTby ABJAETCA M3ydeHVe TEOPETUYECKUX Y IMIMPUIECKUX OCHOB
00 BbeqHeHNsT CBOOOTHBIX 9KOHOMUYECKIX 30H C IPOMBIIITIEHHBIMY KTacTe-
pamu. TeopeTudeckas 0CHOBa 06ecIiedNBaeTCsl KOHIEIVel KyMY/IATYBHOTO
U KPYTOBOTO IIpoLiecca 1 Teoplell «HOBOI 9KOHOMIYECKOI reorpadum». IM-
[UpUYecKasi YaCTh MOCBSIEHA CO3/IaHNMI0 SKOHOMIYECKMX 30H K/TaCTEPHOTO
tuma B Poccun u Kasaxcrane. Oxkumaercs, 4To cuM6O103 0COOBIX SKOHOMMUYE-
ckyx 30H (O93) U KIIacTepOB YCUIIUT SKCIIOPTHBIIT IIOTEHIIMA/I U CTaHEeT MOLIL-
HBIM KaTa/lI/13aTOPOM HAI[MOHAIPHOTO MHHOBAL[MOHHOrO pasButus. Co3gaHue
K/IaCTepOB B paMKax cyulecTByomux O93 MoXKeT IPUHECTI B 3TU 30HBI BbI-
cok09(eKTUBHbBIE IIPOEKTHI MO IIPOU3BOACTBY IKCIOPTHO-OPUEHTIPOBAH-
HOIT IPORYKIMM. MeTO0I0rMIecK NCCIefOBaHIe OIPAaeTCs Ha CUCTEMHBII
U CTPYKTYPHO-(DYHKIVIOHATbHBII OJXOBI, IOTMYECKUIT METOJ, M METOR, pop-
MaJIM3alny, a TAK)Ke Ha CPaBHUTENbHBIN U IPYIIIIOBOI METO/DI, IPMMeHseMble
st ananusa O93. B uccnemoBannm taxke mpuBoguTcs oot 063op 033
" K/IacTepoB, pyHumonupytomux B Poccun n Kazaxcrane, u yka3bIBaloTcs UX
OCHOBHBI€ TUIIBI U XapaKTePUCTUKN. [IpakTiyeckas 3HaYMMOCTD 3TOTO UCCTIe-
[IOBaHMS 3aK/II0YAETCSI B TOM, UTO €I0 Pe3y/IbTaThl MOTYT OBITh MCIIONb30BaHbI
1A pa3paboTKU peKOMEHIALIMIL [T0 YIYYIIeHII0 9KOHOMIYEeCKIX OKa3aTesel
obenx CcTpaH, NMPUBIEYCHNI0 HOBBIX TEXHOIOIMII U VMHBECTULIMIT VM PELIeHII0
COIMA/IbHBIX 1 9KOHOMIYECKIX IIPOO/IEM PErMOHOB.
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Introduction

The Russian Federation and the Republic of
Kazakhstan are united by a common history, con-
ditions of economic development, cultural tradi-
tions and geographical boundaries. Similarity of
initial characteristics of the national socio-eco-
nomic and political systems determines the com-
monality of the key tasks both countries have to
address. One of the main priorities for both coun-
tries is diversification of economy, stimulation of
innovations and attraction of investments. In his
message to the Federal Assembly in 2018, Russian
President Vladimir Putin pointed out that to en-
sure a further structural change of national econ-
omy and to enhance its competitiveness it is nec-
essary to use the available “sources of growth” at a
fundamentally different level. These include labor
productivity, increased investment and develop-
ment of non-commodity exports'. The message of
President Nursultan Nazarbayev to the people of
Kazakhstan emphasizes that the fourth industrial
revolution requires profound technological, eco-
nomic and social changes as well as new manage-
ment tools®.

Therefore, in both countries, there is a need
for full support of regional development and clus-
ter initiatives in the form of various legislative, ad-
ministrative, managerial and financial-economic
measures. In this respect, the key institutional
link between these measures may become zones
with special conditions for economic activity or
special economic zones (SEZs). Such zones make
it possible, on the one hand, to make the econo-
my more open, guarantee economic security and
stimulate economic growth on the regional level.
On the other hand, it gives new impulses to ter-
ritorial economic systems, activates development
potential of territorial clusters and enables the
government to launch new large-scale projects
using positive effects of scale.

Taking into account the above-mentioned
considerations, in this article we are going to com-
pare the experience of creating and SEZs in Russia
and Kazakhstan, including the peculiar character-
istics of such zones and mechanisms of their op-
eration.

We compared zones with special conditions
of economic activity by applying the cluster ap-
proach and providing recommendations as to
how adjust the priorities for SEZs in order to fos-
ter knowledge-intensive economy and to stimu-
late the development of high-tech industries and

services.

Methodology

Most studies of the available international
experience of SEZs and the possibilities of their
use in Russia and Kazakhstan were conducted af-
ter 1990 [1-10]. The cluster approach, which has
been actively developing since the 1990s, offers
considerable opportunities of modernizing SEZs.
The cluster theory was introduced and popular-
ized by Nobel laureate Michael Porter, who iden-
tified such key features of clusters as territorial
specialization, competition and cooperation [11].

Alfred Marshall laid the foundations of the
geographical clustering theory of firms [12]. Ac-
cording to Marshall, the geographical proximity
of firms (“industrial district”) creates external
effects (“benefits of agglomeration (or localiza-
tion)”), which stem from the unification of the la-
bor market, flow of knowledge, and specialization.
Firms within Marshallian industrial districts gain
advantages in the form of access to specialized hu-
man resources and skills, lower costs, knowledge
transfer and increased productivity. Porter em-
phasizes the role of these advantages in increas-
ing productivity and competitiveness of firms,
regions and countries in their theory of industrial
clusters. Porter puts the main emphasis on “com-
petitiveness” (of firms, industries, regions and
countries) in global economy. Openness of firms
and industries to foreign competition is consid-
ered as a driving force for formation and develop-
ment of the cluster. The concept of SEZs has much
in common with Porter’s concept of clusters.

Theoretical foundations of the cluster ap-
proach in organization of SEZs are described
by D. Peter [13], M. Amiti, B. S. Javorcik [14],
J. A. Mathews [15], and P. R. Krugman [16] (see
Table 1).

The heterodox approach ignores the role of
agglomeration savings, suggesting that free eco-
nomic zones themselves provide a platform for
attracting export-oriented foreign direct invest-
ment, creating a favorable investment climate.
Therefore, there is no need to combine it with
clusters.

SEZs are, in fact, geographically concentrated,
state-supported agglomerations of internationally
competitive enterprises. They have a number of
advantages such as efficient infrastructure, favor-
able business environment, few regulatory restric-
tions and a minimum of bureaucracy. The role of
SEZs in shaping the savings from agglomeration
and its advantages is ignored in the existing lit-
erature largely due to the assumption that SEZs
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Table 1

Theoretical foundations of the cluster approach in organization of special economic zones

Approaches, concepts and theories

Description

Heterodox approach
(M. Amiti, B. S. Javorcik)

The heterodox approach ignores the role of agglomeration savings, suggesting that
the free economic zones provide a platform for attracting export-oriented foreign
direct investment, thus creating favorable investment climate. Therefore, there is no
need to combine free economic zones with clusters

lar process (J. A. Mathews)

Concept of a cumulative and circu- |Internationally competitive clusters in host countries act as a factor in attracting
foreign direct investment, which triggers the process of “circular and cumulative
causality” or a chain reaction. Clusters begin to expand, trying to settle near SEZ, the
latter serving as growth poles for regional development

Theory of “New Economic Geog-
raphy” (D. Peter, P. R. Krugman)

Concentration of production in one region can lead to even greater concentration

of production in this region due to international trade. Thus, it can be assumed that
SEZs, which are agglomerations of trade-oriented, highly competitive firms, have bet-
ter prospects for attracting investment to the rest of the host country than inward-ori-
ented clusters. Therefore, they can act as a “big push” by the government or growth
poles. Trade benefits are higher when agglomerative savings are applied to goods, since
concentration of world production in one place provides substantial benefits

Source: [13-16]

are commercial enclaves with small internal con-
nections, where cheap labor is used to implement
poor-quality production. But global experience
shows that such zones are evolving and their
characteristics change over time. They are getting
bigger, and now zones are better integrated into
economy, produce more technological and capi-
tal-intensive products. In this regard, it is neces-
sary to move to a new theoretical paradigm based
on clustering and agglomeration savings in order
to capture the potential benefits of SEZs. This new
approach, drawing from the cluster theory, will
expand our understanding of their benefits and
their underlying mechanisms [17].

The cluster approach is, first of all, a new
management technology which enhances com-
petitiveness of a particular region or industry and
the state as a whole. The cluster approach is a nat-
ural stage in economic development and its wide-
spread distribution can be considered as a main
feature of all highly developed economies.

As international practice shows, free eco-
nomic zones can be a part of a cluster. In turn,
interacting clusters may be a part of special eco-
nomic zones. A similar merging process can serve
as the beginning of formation of a new type of
zones — cluster zones. China uses the cluster ap-
proach to create zones (open cities, “Chinese ti-
tanium valley”) aimed at developing manufactur-
ing industry. The UAE achieved a positive effect
by combining territorial clusters into zones and,
conversely, dividing SEZs into clusters. They es-
tablished 15 SEZs on the basis of seaports and
airports and thus managed to ensure an increase
in export and import of goods and services, an

R-ECONOMY 4

increase in foreign direct investment, which led
to intensification of international economic rela-
tions [15; 18-27].

Today, clusters are recognized as one of the
most important tools of enhancing innovative
industrial development, competitiveness and efhi-
ciency of national economy.

The scheme for assessing the potential of clus-
tering in SEZs may be as follows: first, it is nec-
essary to identify the companies and firms that
manufacture goods and provide services for ex-
port, taking into consideration their location and
the share of exported goods in their production.
Second, we should identify large firms which
produce or are able to organize production of
competitive goods. Analysis of the value chain re-
veals the firms that provide services and/or that
are engaged in supplying semi-finished products.
Moreover, it is important to look at the horizon-
tal and vertical chains connecting various firms.
Third, we need to identify organizations that can
provide information, R&D and education ser-
vices and organizations that can provide financial
support to potential cluster members. Finally, we
should consider those governmental organiza-
tions that can facilitate the development of the
cluster in question by attracting companies of all
the above-mentioned types to the SEZ.

Possibilities of integrating SEZs
and clusters in Russia and Kazakhstan

Today, the governments of Russia and Ka-
zakhstan are searching for new tools of economic
development that would allow these countries to
ensure a competitive advantage in domestic and
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global markets. One of such tools is the integra-
tion of SEZs and clusters.

In Russia, creation and development of clusters
should follow the guidelines for implementation of
the cluster policy in the constituent entities of the
Russian Federation, developed by the Ministry of
Economic Development of the Russian Federation
dated December 26, 2008 No. 20615-ak / d19.

Table 2 shows the mechanism for combining
clusters and SEZs in Russia.

One of the most successful SEZs of the indus-
trial production type is “Alabuga” located on the
territory of Tatarstan. The main factor of its effi-
ciency is the interest of regional officials.

Special attention should be paid to “Titanium
Valley” - an IPT special economic zone in Sverd-
lovsk region. Its success is determined by the fact
that titanium production has no competitors in
Russia and this zone offers the most attractive con-
ditions for taxing profits and customs privileges.

SEZ “Kaluga” in Kaluga region is a highly de-
veloped zone due to the competent management
system and the fact that its residents produce con-
sumer goods, including automobiles.

As for tourist and recreational areas, one of
the most effective SEZs is ‘Birch Katun’ located in
Altai. Its effectiveness is largely due to the experi-
mental tourism approach.

To creating a SEZ of the cluster type, it is im-
portant that the cluster SEZ should be divided
into several cluster formations in order to devel-
op the neighboring regions and territories and it

is also necessary to distribute benefits within the
SEZ according to differentiated (individual) ap-
proach, to stimulate various activities depending
on their priority level [28].

In Kazakhstan, the idea of cluster develop-
ment was identified as the main method of diver-
sifying the economy. For Kazakhstan, the cluster
approach is a fairly new tool, which has recently
started to play an increasingly important role in
the country’s innovative development. Mecha-
nisms for cluster stimulation and control are being
developed at the state level. In general, it should be
noted that cluster initiative is being implemented
in accordance with the President’s Message to the
People of Kazakhstan - “Towards Competitive
Kazakhstan, Competitive Economy, Competitive
Nation” of March 19", 2004°. The main objectives
of the cluster initiative are to create the necessary
conditions to maximize the country’s competitive
advantages in order to develop the non-commod-
ity sector of economy by involving private busi-
ness structures and improving the performance of
enterprises.

In March 2005, Kazakhstan launched the
project “Competitiveness Assessment of the Ex-
isting and Potential Sectors of Kazakhstani Econ-
omy and Elaboration of Recommendations for
their Development”. This project received the sta-
tus of a Kazakhstani cluster initiative. This proj-
ect was implemented by the Center for Marketing
and Analytical Research in cooperation with JE
Austin, an American consulting company.

Table 2
Clusters and SEZs in Russian regions
Region SEZ* Cluster**
Kaluga IPT “Kaluga” Pharmaceuticals, biotechnology, biomedicine
Republic of Buryatia |TRT “Birch Katun” Biopharmaceutical cluster
Altai region
Tomsk TIT “Tomsk” Complex processing of coal and industrial waste

Territory of Zelenog- | TIT “ Zelenograd”
rad, administrative
district of Moscow

Micro- and nanoelectronic products; electronic devices and equipment;
integrated technical IT systems based on electronic devices and devices

Sverdlovsk

IPT “Titanium Valley” |Manufacturing of titanium products; production of components and
equipment for metallurgy; engineering; aircraft industry; medical equip-
ment and supplies; oil and gas equipment

Republic of Tatarstan |IPT “Alabuga”

goods

Automotive industry; automotive parts; instrument-making; petrochem-
istry; composite and building materials; construction materials; consumer

St. Petersburg TIT “St. Petersburg”

IT technologies and telecommunications; pharmaceuticals and medical
technologies; instrument making; energy efficiency

Source: * Russia. Special economic zones. JSC “Special Economic Zones”. Retrieved from: http://www.eng.russez.ru/ (Accessed
14 February 2019); ** Map of clusters in Russia. Russian Cluster Observatory Institute for Statistical Studies and Economics of Knowl-
edge. Retrieved from: http://map. cluster.hse.ru/about/ (Accessed 14 February 2019)

Note: “IPT” stands for the industrial production type of SEZs; “TRT”, tourist and recreational type; “TIT”, technical-inno-

vative type.
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At the first stage, the selection was based on
such indicators as the share in GDP, GDP growth
and export in comparison with the growth of
similar indicators in the country, employment
rate and potential market attractiveness. The
selection segments were those sectors in which
Kazakhstan had competitive advantages: these
sectors belong to attractive markets and their de-
velopment is expected to lead to diversification
in the short or medium term. Thus, 24 sub-sec-
tors were identified.

At the second stage, markets (global, region-
al, and national) were analyzed and the potential
of industries was assessed. Moreover, forecasts
concerning the estimated supply and demand for
the next 5-10 years were made. In addition, the
analysis focused on structures of the already ex-
isting clusters and their cost-efficiency. As a result,
11 clusters were selected’.

The final selection stage dealt with the assess-
ment of the possibility of clustering and its out-

! Special economic zones in the Republic of Kazakhstan.
Official site of the National Agency for Export and Investment
“‘KAZNEX INVEST”. Retrieved from: http://www.kaznexin-
vest.kz (Accessed 25 April 2019)

comes, according to such parameters as leader-
ship, structure, and readiness for work.

This multi-stage selection process resulted in
the choice of seven “pilot” clusters (Table 3).

Table 3
“Pilot” clusters in Kazakhstan
Sector Cluster Region
Basic metallurgical Karaganda region
petrochemical Mangistau region

Market-oriented | textile industry Pavlodar region

production of
building materials

Atyrau region

transport logistics |Zhambyl Region
Innovative tourist Southern Kazakh-
stan
intellectual and Almaty region,
innovative Astana

Within the framework of the “SP FIID” pro-
gram and the Strategy “Kazakhstan - 2050, clus-
ters are planned to be created in the already exist-
ing SEZS (Table 4).

The following SEZs in Kazakhstan can be
used as a basis for creating high-tech manufac-
turing clusters (Table 5).

Table 4
SEZ and clusters in Kazakhstan and their specialization
SEZ Specialization Timeframes Cluster
Saryarka metallurgy, metalworking 2011-2036 |metallurgical
Seaport Aktau metalworking, instrument engineering 2002-2028 |metallurgical
Pavlodar petrochemistry 2011-2036 |petrochemical
National Industrial Petro- petrochemistry 2007-2032 | petrochemical
chemical Technopark
Chemical Park Taraz chemistry 2012-2037 |chemical
Ontustic textile 2005-2030 |textile industry
Astana-New City construction, industry 2001-2027 |production of building materials
Horgos — Eastern Gates trade, logistics 2011-2035 |transport logistics
Burabai tourism 2008-2017 |tourist
Technology Innovation Park  |IT-innovations, instrument engineering | 2003-2028 |intellectual and innovative

Source: Special economic zones in the Republic of Kazakhstan. Official site of the National Agency for Export and Investment
“KAZNEX INVEST”. Retrieved from: http://www.kaznexinvest.kz (Accessed 25 April 2019)

Table 5

Potential clusters of high-tech industries based on SEZs

Cluster specialization

Territory Integrator

technologies (“green” technologies, smart industry,
smart environment, e-commerce and media)

Information and communication technologies, advanced|SEZ “Technology Innovation
Park”

JSC TIT Management Company,
National Agency for Technological
Development

Production of new materials, advanced technologies

AEO “Nazarbayev University”, | Nazarbayev Research and Innova-
(energy-saving, 3D printing, biotechnology) and design|SEZ “Astana-New City”

tion System (NURIS)

Alternative energy

SEZ “Astana-New City”

JSC “Samruk Energo”

Metallurgy

SEZ “Saryarka”

AQ “Tau Ken Samruk”

Mechanical Engineering

SEZ “Saryarka”, SEZ “Seaport
Aktau”

JSC “Kazakhstan Engineering”

Chemistry

SEZ “Taraz”, SEZ “Pavlodar”

LLP “United Chemical Company”

Source: Decree of the Government of the Republic of Kazakhstan of October 11, 2013 No. 1092 “On the Approval of the Con-
cept for the Formation of National Clusters of the Republic of Kazakhstan until 2020”
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The use of SEZs is expected to provide favor-
able opportunities for the development of knowl-
edge-based industrial clusters. For cluster devel-
opment, it is necessary to organize a complete
production cycle of high-tech finished products
in strategically important sectors of the national
economy with high added value. The pre-requisite
for creating a high-tech cluster is to combine ad-
vanced research and hi-tech manufacturing. An-
other pre-requisite is the development of detailed
“road maps” (or implementation schedules) for
launching cluster projects.

Conclusion

A special economic zone with a cluster form
of organization is a group of economic entities
united by priority logistical links. Viewed from
the governmental perspective, it is a self-con-
tained autonomous unit in which the necessary
range of production, infrastructure and social
functions are performed.

Application of the cluster approach allows the
government to stimulate the activity of business
entities, improve the investment climate and busi-
ness environment in the region, develop econom-
ic, social, information and integration systems and
thus intensify the development of entrepreneur-
ship, attract investment and enhance econom-
ic growth. For example, in Kazakhstan, “pilot”
clusters were created in the following industries:
metallurgy (Central Kazakhstan); oil and gas engi-
neering (Western Kazakhstan); textile production
(South Kazakhstan); food industry (agricultural
areas); production of building materials (Almaty
region); tourism (Almaty); and transport logistics
(transport corridor between China and Europe).
At the same time, many Kazakhstani scientists be-
lieve that the country has a potential to create clus-
ters in other sectors of economy such as oil and gas
industry, biotechnology, pharmaceuticals, chemi-
cal industry, mechanical engineering, and IT.

As for Russia, in order to improve competi-
tiveness of different regions and their production,
the following options could be considered, involv-
ing creation of SEZs and clusters and their subse-
quent integration:

1. SEZ “Lotos” in Astrakhan region and a
new cluster for construction of modern offshore
facilities (ships and platforms, underwater in-
frastructure designs), special equipment for oil
and gas fields development on the Arctic shelf,
including underwater robotic complexes and
special equipment.

R-ECONOMY 4
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2. Cluster of innovative technologies ZATO
Zheleznogorsk, Krasnoyarsk and a new SEZ in
the field of space and nuclear technologies. This
will increase reliability and quality of GLONASS
spacecraft, make it possible to develop new types
of fuel for the power unit, and create new ways to
store irradiated nuclear fuel and tools for its pro-
cessing.

3. Cluster Technopolis “New Star” and a SEZ
in the field of rocket and aircraft engine engineer-
ing to consolidate Russia’s leading position in the
aircraft market.

In the future, such “symbioses” of the already
existing or evolving SEZs and clusters will enhance
the growth of the innovation sector of economy
and stimulate exports of goods and services pro-
duced within this sector. Moreover, such projects
will lead to an increase in the number of small and
medium enterprises; ensure the growth of direct
domestic and foreign investment; increase the lev-
el of labor productivity due to specialization and
outsourcing of non-core activities; raise the lev-
el of employment by attracting and forming new
companies in related and supporting industries.
The cluster approach activates socio-economic de-
velopment of the regions where clusters are based
and boosts the territory’s competitiveness.

When considering different options for
SEZ-cluster integration, we should keep in mind
that we cannot afford to make inefficient invest-
ment in the current economic situation. Projects
aimed at invention and introduction of new types
of goods and services should be encouraged to
create a temporary “monopoly of production” on
the world market.

Today, two groups of industries can become
points of growth: those that are able to compete
on the domestic market and have certain export
opportunities (automotive, engineering and spe-
cial shipbuilding industries) and those that are
able to compete on international markets such as
aerospace, nuclear energy and isotope production,
instrument engineering, software development.

The proposed SEZ-cluster integration me-
chanism should become a hothouse for the deve-
lopment of knowledge-based industries. Such
mechanism will make it possible to manufacture
products that are competitive on world markets,
primarily in the sectors strategically important
for Russia and Kazakhstan. The governments of
Kazakhstan and Russia should consider creating
interstate clusters, which can be implemented
within the framework of the Customs Union.
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ABSTRACT

Innovative development of territories is strategically important for the pros-
perity of any country. This article aims at describing original methodology for
comprehensive assessment of innovative development of Russian regions. The
proposed model takes into account specific features of innovative activity of
regions and identifies growth potential and resources of territories, taking into
account not only the innovation environment, but also areas of innovative ac-
tivity. The study relies on the statistical data provided by the Central Statistical
Database and the Unified Interdepartmental Information and Statistical Sys-
tem. In the course of processing and analyzing data, the index method, the mul-
tidimensional average method, factor-index analysis and other statistical data
processing methods are used. The research involves ranking Russian regions
according to their levels of innovative development and further dividing them
into groups of powerful, strong, medium and weak innovators. We also ana-
lyzed the dynamics of innovation in the regions by looking at the changes in
their ranking positions. The research findings brought to light the uneven de-
velopment of Russian regions. The proposed assessment toolkit can be further
used for drawing individual profiles for regions and formulating recommenda-
tions and guidelines for these regions’ development by taking into consideration
their strengths and weaknesses. The results of this study have theoretical and
practical significance and can be used as a tool for management of innovative
activities both at the level of individual territories and at the national level.
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HpaKanecxne ACIIEKTBHI OII€EHKHU
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AHHOTAILINA

VIHHOBaIMOHHOE Pa3BUTIE TEPPUTOPUIL ABIAETCSA CTPATETNUECKY BAXKHBIM JIJIA
mpoLBeTaHust TE0607t cTpanbl. Lepio JAaHHOT CTaTbhy SIBJISIETCS OIUCAHIUE OPU-
TVHA/IbHOV METOAMKI KOMIIJIEKCHOV OLJ€HKM HHOBAL[VIOHHOT'O PasBUTNA POC-
CUIICKMX peryoHOB. IIpennokeHHas: MOfe/Ib YUUThIBAET OCOOCHHOCTY IHHOBA-
LVIOHHOV aKTMBHOCTY PETVIOHOB U ONpefieNiAeT MOTEHIMANI pOCTa M PeCypPChl
TEPPUTOPUIL C YIETOM He TOIBKO IHHOBALMIOHHOV CPebl, HO ¥ HaIlPAB/ICHU
VHHOBAI[MIOHHOI JIesATeNbHOCTH. VIccmenoBaHye onmMpaeTcst Ha CTATUCTUIECKIe
[aHHble, TpefocTaBieHHble lleHTpanbHOM CTATUCTUYECKON 6a30il MaHHBIX
u Enunolt MexxBenoMCTBeHHON MHGOPMALMOHHO-CTATUCTUIECKOI CHCTEMOIL.
B nporecce 06paboTKy U aHaNIM3a HAHHBIX UCIIONB3YIOTCS MHEKCHBI METOT,
MEeTOJ MHOTOMEPHOTO CpefHero, (paKTOPHBIN MHAEKCHDI aHAIU3 M Apyrue
CTATUCTIYECKIIE METOfIBI 00paboTKM AaHHBIX. VccmenoBaHye BKIIOYaeT B cebs
paHXMpoBaHNE POCCUIICKMX PETMOHOB II0 YPOBHAM MHHOBAIIVIOHHOTO Pa3BI-
THs U Ja/IbHelilee pasfiefieHne UX Ha IPYINIIbI Haubosee CUIbHbIX, CU/IbHBIX,
CPeRHVX U ClabbIX HOBATOPOB. MBI TakoKe MPOAHAIM3UPOBAIN AUHAMMKY VH-
HOBALIUI B PErMOHaX, IIOCMOTPEB Ha M3MEHEHMUs UX PEMTUHIOBBIX ITO3ULINIL.
Pesynbrarsl nccnenoBanysA BEIABMIN HEPABHOMEPHOCTD Pa3BUTMA POCCUICKIX
pernoHoB. IIpemiaraeMplit MHCTPYMEHTAPWIT OLIEHKY MOXKET OBITDH Jiasee Jc-
I0/Ib30BaH [IJIs1 COCTAB/IEHNS OT/ebHBIX IIPOMIIIEN ISl PETMOHOB 1 pa3paboT-
KM peKOMEHJAIUI U PYKOBOIAIIMX IPUHIINIIOB A PasBUTHUA 3TUX PETMOHOB
C YYEeTOM VX CUJIBHBIX U C/IaOBIX CTOPOH. Pe3y/IbTaThl JAHHOTO MCCTIEOBaHUA
UIMEIOT TeopeTHdecKoe 11 IpaKTNIecKoe 3HaYeHe VI MOTYT ObITb MICIIOIb30BaHbI
B KaueCTBe MHCTPYMEHTA YIIPaBIeHNA MHHOBALMOHHOM JeATENbHOCTDIO KaK Ha
YPOBHE OTJENbHbBIX TEPPUTOPUIL, TAK M HA HALIMOHA/IbHOM YPOBHE.
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Introduction

Innovation is an important indicator of re-
gional development and development of the
country as a whole. Modernization has a signif-
icant impact on the country’s economic stability
and competitiveness on the international arena.

In our study, innovative development is un-
derstood as the process of continuous develop-
ment of science, technology, methods of pro-
duction, technological processes as well as the
creation of conditions to stimulate innovation'.
Innovative development is a complex process
which has two main objectives: to realize inno-
vative projects (sustainable innovative activity)
and to develop innovative potential. Innovative
activity comprises a complex system of intercon-
nected elements and there is a perceived lack of
comprehensive methodologies for assessing in-
novative activity since the vast majority of the
existing tools focus only on individual aspects.
Therefore, our research is aimed at designing a
tool for integrated assessment and analysis of in-
novative development in Russian regions by tak-
ing into account the shortcomings of the existing
assessment methods.

Review of theoretical and methodological
approaches to assessment
of innovative development

In Russia, methods for assessing innovative
potential, innovative activity and the state of in-
novative environment are developed by such re-
searchers as L. V. Shabaltina [1], S. A. Novikov
[2], S. E. Tikhonova [3], T. N. Kosheleva [4],
L. V. Shlyakht [5], Yu. P. Anisimov [6], E. A. Lapte-
va [7], and by various associations and research
teams such as the Russian Research Institute of
Economics, Politics and Law in the scientific and
technical sphere? Higher School of Economics
and Management’; Center for Research and Sta-
tistics of the Russian Federation; Association of
Innovative Regions of Russia and the Ministry of

' Russian Federation Government Decree of 08.12.2011
N 2227-r “On approval of the Strategy of Innovative Develop-
ment of the Russian Federation for the period till 2020 (2017).
Retrieved from: http://innovation.gov.ru/ru/node/5320 (Ac-
cessed 10 August 2018)

2 Website of the Russian Research Institute of Economics,
Politics and Law in the Scientific and Technical Sphere. Retrieved
from: http://riep.ru/activity/publications/drugie-izdaniya/

Economic Development*; National Association of
Innovation and Information Technology’; and the
Institute of Innovative Economics of the Financial
University under the Government of the Russian
Federation®.

In our previous studies, we systematized and
classified the approaches to assessment of innova-
tive development proposed by Russian research-
ers [8]. We found that there is currently no agree-
ment among Russian researchers as to how define
different categories of innovative development
and assess them. The main drawback of these as-
sessment methodologies is that they use a large
number of qualitative indicators and, therefore,
expert and score assessments (for a more detailed
analysis of these approaches see [9]).

International studies are aimed at assess-
ing innovative development of countries (world
economies) and individual territories (states or
regions). To assess innovation, these studies use
specialized competitiveness indices developed by
the World Economic Forum (see Table 1).

The above-described indices are used by
rankings of world economies and innovation ter-
ritories. Our analysis has shown, however, that
foreign indices are either not applicable for Rus-
sia (complex and specialized indices) or require
substantial adaptation (specialized indices of in-
novative development). Thus, while the method-
ological toolkit proposed by Russian researchers
is based on the conceptual apparatus and the in-
terrelationship between the main innovative de-
velopment categories, in international method-
ologies, assessment of innovative development of
territories is mainly based on the results of inno-
vation implementation and the effects of their use
in related areas and industries.

Our research is aimed at developing a meth-
odology for integrated assessment of regional
innovative development, which will allow us to
take into account the interrelation between the
main categories of the innovation environment
[8] and the internal and external conditions for
innovation [11; 12]. Moreover, such method-
ology should enable us to assess the impact of

* Website of the Association of Innovative Regions of Rus-
sia. Retrieved from: http://www.i-regions.org/materials/re-
gional-research/2304 (Accessed 27 January 2019)

5 Website of the National Association of Innovation and
Information Technology Development. Retrieved from: http://

(Accessed 27 January 2019)

* Website of the Higher School of Economics. Innovative
development rating of the Russian Federation regions. Re-
trieved from: http://www.hse.ru/primarydata/rir (Accessed
27 January 2019)
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www.nair-it.ru/news (Accessed 27 January 2019)

¢ Website of the Financial University under the Russian
Federation Government. Index of innovative development of
Russia. Retrieved from: http://www.fa.ru/institutes/efo/sci-
ence/Pages/index.aspx (Accessed 27 January 2019)
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regional innovation on the country’s overall eco-
nomic development. This tool can be also used
for designing strategies of regional innovative
development.

Methodology for assessing regional
innovative development

The point of departure for our study is the as-
sumption that innovative development is a com-
plex and continuous process of improving the
conditions of innovative environment [13-15].
Therefore, we need to design an assessment model
that will allow us to take into account a complex

ment of the innovation component in certain cat-
egories (innovative climate, innovative potential,
innovative activity) in the context of the main ar-
eas of innovation activity.

We identified the following areas of innova-
tion:

— socio-economic (social and economic indi-
cators of the region’s development);

- production and technology;

— investment (innovation financing, funding
of reconstruction and modernization);

— R&D (development of science and strategies
for innovative development in Russian regions);

— human resources for R&D;

system of factors. Our methodology is based on a
- R&D funding.

qualitatively new approach, involving the assess-

Table 1
International studies of innovative development

1. Complex competitiveness indices
Growth Competitive- | Business Competitive- | Technology Achievement Index,
ness Index, GCI ness Index, BCI TAI
(Macroeconomic Com- |(Microeconomic Com-
petitiveness Index) petitiveness Index)

The aggregated competitiveness index consists | To calculate the integral index, | The index characterizes the close cor-
of 113 variables combined into 12 blocks, de- |indicators divided into indices that | relation between economic well-being
termining the national competitiveness of the | have the same weight are used: | and the development of innovation.
countries that are at different levels of econom-| the technology creation index, |It is calculated by using 53 parameters
ic development. the distribution index of modern | divided into 3 main groups: the pres-
2/3 of the variables are the result of the global |innovations, the distribution index| ence of conditions, readiness for use
survey of business leaders, of old innovations, the human | and the level of use of ICT. The basis
1/3 variables are taken from publicly available ability index. of calculation is the statistical data of
sources (statistics and research results of inter- | There is no specific set of indicators,| the United Nations, the International
national organizations)' because it is impossible to cover the | Telecommunication Union, the World
whole range of technologies Bank and surveys of top executives?
2. Specialized competitiveness indices
Innovation Capacity Index

It characterizes the innovation infrastructure (ability of the national economy to develop and commercialize the flow of
new technologies). To calculate this index, it is necessary to select indicators, determine the scores and calculate the inte-
gral indicator [10]

3. Specialized competitiveness indices (regional level)

Regional Innovation Scoreboard, RIS (European
Union)?

Index evaluates innovative activity by 11 indicators The composite index of innovation development includes
divided into 3 blocks: factors of innovative develop- | 20-30 indicators divided into 4 blocks with different weight fac-
ment, data on performance of companies, effectiveness| tors: human capital (30%), economic dynamics (30%), productivi-
of innovative activities of companies* ty and employment (30%), and well-being (10%)°
Indices combine resources and results of innovative activity

Networked Readiness Index, NRI

Portfolio Innovation Index, PII (USA)®

Source:

! Analytical portal by the main directions and humanitarian technologies markets. The Global Competitiveness Index. Retrieved
from: https://gtmarket.ru/ratings/global-competitiveness-index/info (Accessed 27 January 2019)

* Analytical portal by the main directions and humanitarian technologies markets. Networked Readiness Index. Retrieved from:
https://gtmarket.ru/ratings/networked-readiness-index/networked-readiness-index-info (Accessed 27 January 2019)

* The Regional Innovation Scoreboard. (2018). Retrieved from: https://ec.europa.eu/growth/industry/innovation/facts-fig-
ures/regional en (Accessed 27 January 2019)

* European Innovation Scoreboard. (2018). European Commission. Retrieved from: http://ec.europa.eu/growth/industry/ inno-
vation/facts-figures/scoreboa rds_en (Accessed 27 January 2019)

® Portfolio innovation index. (2018). Source or supplier information. Retrieved from: http://www.statsamerica.org/innovation/
reports.html (Accessed 27 January 2019)

¢ Innovation Index in American regions. (2018). U. S. Economic Development Administration. Retrieved from: http://www.
statsamerica.org/innovation/innovation index/methodology.html (Accessed 27 January 2019)
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Our model for the assessment of regional in-
novative development is shown in Figure 1 and
reflects the matrix structure of the main innova-
tion categories used for assessment [9]:

| | Innovative environment of a region |

Socio-economic area
Production and technology
Investment

Research and development
Human resources for R&D
R&D funding

L

Innovative development of a region

Figure 1. Matrix structure of the innovative
development assessment model [9]

Assessment results are represented in the
form of a ranking. For our model, we combined
two methodologies: the methodology proposed
by the Higher School of Economics and Manage-
ment, which evaluates indicators according to ar-
eas of innovation implementation, and the meth-
odology of the Association of Innovative Regions
of Russia and the Ministry of Economic Develop-
ment, which evaluates indicators according to in-
novation categories. The algorithm for calculating
the integral index of innovative development is
a complex multi-step process.

The stages of assessment reflect the analy-
sis procedure which involves selected indicators
and calculation of the integral index used to rank
regions according to their level of innovative de-
velopment.

These steps are as follows:

1. Data normalization

We have managed to achieve homogeneity and
comparability of indicators with the help of transi-
tion from absolute to weighted values. We propose
to normalize the indicators for a mini-max formula
(1). This method of rationing the source data is op-
timal, since it allows to fill a range of values tihtly
and evenly. The range of values is, determined by
the empirical magnitude of the data from 0 to 1.

= Xij ™ Xmini
Xy=r——f — M

Xmaxi ~ Xmini

R-ECONOMY 4

where X, is the transformed value of the i** indi-
cator in the j™ region; x; is the initial value of the
i"™ indicator in the j" region; Xmin: is the minimum
value of the i indicator among Russian regions;
Xmax i 18 the maximum value of the i* indicator
among Russian regions.

2. Significance of factors and calculation
of region-specific indices

In order to assess innovative development of
regions, we first need to decide whether our meth-
odology should take into account certain factors
or not. The role of these factors can be determined
by using expert assessments. To calculate partial
indices, it is proposed to use the multidimension-
al average formula (2). This is a generalized char-
acteristic of a certain phenomenon built on the
basis of converging its individual characteristics
into a single indicator, which is calculated from
the interrelation of attribute values for a unit of
aggregate to average values of these attributes.

moX

i
23 (2)

i=1""iaver
PIs=—,
m
where PIs is the region-specific index of the re-
gion by quantity by the block of indicators (area of
implementation // innovation category);i=1...m
is reduced partial indicators; m is the number of
reducible indicators; X, is the numerical value of
the ith indicator for the jth region in each block of
indicators (area of implementation // innovation
category); X, . isthe average value of the i indi-

aver
cator among all regions in the block of indicators.

3. Calculation of the Integral Index

We applied three-factor and six-factor mo-
dels of factor analysis to calculate the final indices
for the areas of implementation and innovation
categories and to calculate the integral index of
innovative development.

Due to the fact that the assessment model has
a matrix structure (Figure 1), we need to solve the
problem of classifying the indicators which must
simultaneously belong to one of the six implemen-
tation areas and characterize one of the three cat-
egories of innovation environment. Thus, innova-
tion climate characterizes external conditions of
the region’s environment, that is, how favourable
are the existing scientific, technological, industri-
al and socio-economic conditions for innovation
in the region [8].

In its turn, innovative potential characterizes
the conditions and reflects the dynamics of in-
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ternal factors of the regions innovative environ-
ment - a set of financial, human, scientific and
technical, organizational and managerial, infor-
mational, methodological and marketing resourc-
es that make the region capable of fulfilling a set of
innovative tasks [8].

Innovative activity characterizes effectiveness
of innovation. The level of innovative activity is an
indicator of economic development.

The assessment model uses 54 indicators,
which are divided into 3 innovative categories and
6 areas of innovative activity, thus forming 18 re-
gion-specific indices. Indicators are taken from
such sections of the state statistics as population;
labor market, employment and wages; science,
innovation and information society; macroeco-
nomic indicators. The proposed approach allows
us to calculate not only the integral index, but also
to determine development factors, growth driv-

ers, and bottlenecks of innovation activity in re-
gions and specific territories.

For example, in the socio-economic block, the
indicators that form the region-specific index by cli-
mate category include the index of physical volume
of GRP; production and technology includes the
coeficient of renewal of fixed assets; the investment
activity block, the volume of investment in fixed
capital per capita and the growth rate of investment
in fixed assets in GRP; R&D, the coeflicient of in-
ventive activity; the block of human resources for
R&D, the proportion of doctoral candidates and
candidates in the total economically active popula-
tion and the growth rate of researchers’ average sal-
ary; and, finally, for R&D funding, we used such in-
dicators as the share of domestic expenses on R&D
in the expenses of the consolidated budgets of Rus-
sian regions and the growth rate of organizations’
expenses on technological innovation.

Table 2

Ranking of Russian regions according to the value of the integral index
of innovative development for 2014-2016

Regional ranking by the value Regional ranking by the value Regional ranking by the value of the
of the ID index for 2014 of the ID index for 2015 ID index for 2016
No. Region No. |Region No. [Region
1 |Moscow 1 |Moscow 1 | Moscow
2 |St. Petersburg 2 |Moscow region 2 |St. Petersburg
3 |Republic of Tatarstan 3 |St. Petersburg 3 |Moscow region
4 |Moscow region 4 |Tomsk region 4 |Nizhny Novgorod region
5 |Nizhny Novgorod region 5 |Krasnoyarsk region 5 |Krasnoyarsk region
6 |Kaluga region 6 |Nizhny Novgorod region 6 |Tomsk region
7 |Perm region 7 |Republic of Tatarstan 7  |Republic of Tatarstan
8 |Tomsk region 8 |Perm region 8 |Tyumen region without autonomous districts
9 |Novosibirsk region 9 |Sverdlovsk region 9 |Tularegion
10 |Yaroslavl region 10 |Voronezh region 10 |Ulyanovsk region
20 |Lipetsk region 20 |Novosibirsk region 20 |Belgorod region
21 |Samara Region 21 |Ulyanovsk region 21 | Rostov region
22 |Republic of Bashkortostan 22 |Chelyabinsk region 22 |Chelyabinsk region
23 |Volgograd region 23 |Lipetsk region 23 |Lipetsk region
24 |Belgorod region 24 |Krasnodar region 24 |Leningrad region
25 |Chelyabinsk region 25 |Orenburg region 25 |Khabarovsk region
75 |Kostroma region 75 |Tyva Republic 75 |Chechen Republic
76 |Karachay-Cherkess Republic |76 |Mari El Republic 76 |Republic of Khakassia
77 |Amur region 77 |Chechen Republic 77 |Sevastopol
78 |Sevastopol 78 |Republic of Khakassia 78 |Jewish Autonomous Region
79 |Jewish Autonomous Region |79 |Sevastopol 79 |Karachay-Cherkess Republic
80 |Nenets Autonomous Okrug |80 |Jewish Autonomous Region 80 |Nenets Autonomous Okrug
81 |Republic of Ingushetia 81 |Nenets Autonomous Okrug 81 |Pskov region
82 |Republic of Crimea 82 |Republic of Ingushetia 82 |Republic of Ingushetia
83 |Tyva Republic 83 |Republic of Crimea 83 |Sakhalin region
84 |Chukotka Autonomous Okrug |84 |Chukotka Autonomous Okrug |84 |Chukotka Autonomous Okrug
35 }()ei(malo—Nenets Autonomous 35 Yamalo-Nenets Autonomous 85 ' Yamalo-Nenets Autonomous Okrug
rug Okrug

83
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Table 3

Groups of regions by value of the integral index of ID for 2014-2016

Group Group name Distribution of the regions
Value of the inte-| Regions’ actual value of | Number of regions in groups
gral index of ID | the integral index of ID | 2014 2015 2016
I |“Alpha regions” or powerful innovators > 100 122.70-44,800.07 2 3 3
II | “Beta regions” or strong innovators 10-100 13.14-96.80 3 5 4
I |“Gamma regions” or medium innovators 1-10 1.07-9.94 16 9 12
IV |“Delta regions” or weak innovators 0-1 0.00-0.82 64 68 66

The integral index of innovative development,
calculated with the help of the above-described
indicators, allows us to assess continuous devel-
opment of economy, science, technology, produc-
tion as well as the development of conditions nec-
essary for innovation. Innovative development is
a complex process which has two main objectives:
realization of innovation projects (ensuring sus-
tainable innovative activity) and development of
innovative potential in the existing innovative en-
vironment [8].

Results

The assessment method we propose is a mul-
tiftunctional tool that has several levels of possi-
ble practical results.

At the first level, this method allows us to form
a ranking of Russian regions by the value of the
integral index of innovative development (ID in-
dex) (see Table 2).

At the second level, the regions are divided
into four groups according to the value of the in-
tegral index of innovative development (ID) (see
Table 3).

Regions of the first group — “alfa regions” —
have the highest value of the integral index of
innovative development: more than 100. This
group of powerful innovators includes regions
with the highest level of innovation development
of the territory.

Regions of the second group - “beta re-
gions” — have the value of the index from 10 to
100 and are called strong innovators.

Regions of the third group - “gamma re-
gions” — have the value of the index from 1 to 10
and are called medium innovators.

Regions of the fourth group - “delta re-
gions” — are weak innovators with an index value
from 0 to 1.

In addition, at this level, our methodology al-
lows us to analyze the distribution of regions by
the value of the integral index of ID and to analyze

R-ECONOMY 4

the structural shifts in the distribution of regions
(see Figure 2).
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EIV - “Delta Regions”, Weak Innovators

OIII - “Gamma Regions”, Medium Innovators
E ]I - “Beta Regions”, Strong Innovators

O1 - “Alpha Regions”, Powerful Innovators

Figure 2. Groups of regions according
to the integral index of ID

We found that Moscow, the city of federal
significance, ranked first and, accordingly, was a
member of the alfa-group with the maximum val-
ue of the calculated index. The leading positions
in 2014 were also held by St. Petersburg; in 2015
and 2016 the group of powerful innovators also
included Moscow region.

The second group, “beta regions’, in 2014,
2015 and 2016 included 3, 5 and 4 regions respec-
tively such as Nizhny Novgorod region and Ta-
tarstan. Tomsk region, Krasnoyarsk region, Perm
region were listed in this group in 2015 and 2016.

As part of the third group, “gamma regions’,
in 2014 there were 19% of regions; in 2015, 11%;
and in 2016, 14%. Kaluga, Sverdlovsk and Vo-
ronezh regions as well as Perm region ranked
among medium innovators.

The fourth group, “delta regions”, with the
lowest value of the index were the most numer-
ous — 75% (64 regions), 80% (68) and 78% (66) of
all regions in 2014, 2015 and 2016, respectively. It
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Table 4
Structural shifts of regions by value of the integral index of ID
I Group IT Group III Group IV Group ID per
n | averageID | n |averageID | n |averageID| n |averageID| year
2014 2 2,554.83| 3 91.95| 16 3.92| 64 0.08 64.16
C . 2015 3] 15,027.38] 5 2761 9 3.37| 68 0.09 532.43
omparison T
20145 2015 Remained in the same group 2 2 5 60 Nl
Moved up 1 3 4 ~| of reoi
of regions
Moved down - 0 0 8
2015 3] 15,027.38] 5 2761 9 3.37| 68 0.09 532.43
C . 2016 3 3,343.62| 4 45.15] 12 3.84| 66 0.06 120.73
omparison T
2015 > 2016 Remained in the same group 3 4 4 61 Number
Moved up 0 0 7 - X
of regions
Moved down - 0 1 5

is possible to explain such a high proportion of
regions in the group (caused by the decrease in
the calculated indicators) by the economic crisis
of 2014, its causes and consequences. Stagnation,
slowdown, and then sharp weakening of the na-
tional currency due to the significant decline in
oil prices and economic sanctions led to a rise in
inflation, a decline in real incomes of the popu-
lation and a change in consumer behavior. These
factors affected all aspects of regional perfor-
mance including innovative development, which
is illustrated by the changes in regions’ ranking
positions.

The analysis of the structural shifts focuses on
regions” positions in the rankings. For example,
sometimes regions remained within one group,
moved to an upper group or to a lower group (see
Table 4).

Figure 3 below illustrates changes in the num-
ber of regions in groups for 2014-2016.

{2016 compared with 2015 |

/1 2015 compared with 2014 |

O Remained in the
same group

OMoved up
O Moved down

Figure 3. Changes in the number of regions
in groups for 2014-2016

Thus, 81.2% of the regions (69) remained

in the same groups in 2015 in comparison
with 2014. Eight regions moved up (9.4%) and

R-ECONOMY 4

Moscow region entered the group of “alfa re-
gions”; three regions joined the group of “beta
regions” — Tomsk, Perm and Krasnoyarsk re-
gions; and four regions - Penza, Kaliningrad,
Krasnodar and Magadan regions - moved up
and joined the group of “gamma regions”; eight
regions (9.4%) moved down the ranking — No-
vosibirsk, Yaroslavl, Ulyanovsk, Sakhalin, Vlad-
imir, Tyumen, Lipetsk regions and the Republic
of Komi. All of them joined the group of weak
innovators with low values of the innovative de-
velopment index.

In 2016 compared to 2015, 84.7% of the re-
gions (72) remained in the same groups. Seven re-
gions moved to the group of “gamma regions” and
8.2% of the regions improved their position. Thus,
in 2016, among the regions classified as medium
innovators, Novosibirsk, Yaroslavl, Ulyanovsk,
Tyumen, Kursk, Tver regions and the Republic of
Sakha (Yakutia) retained their positions. Six re-
gions (or 7.1%) moved down. Perm region moved
from the group of strong innovators to medium
ones. Five regions entered the group of weak in-
novators: Rostov, Samara, Magadan, Penza and
Kaliningrad regions.

Division of regions into groups according to
the value of the index of ID can be represented in
the form of fields or matrices. We compiled distri-
bution fields of the four groups of regions for the
period 2014-2016. Thus, in the study we received
12 distribution fields, reflecting the full range of
values of the index. The distribution fields of re-
gions by groups for the whole period under re-
view look similar to the field of group I distri-
bution in 2016. This field is presented in Figure
4 (the first group of regions) as an example. The
regional distribution matrixes compiled by the
fields complete this level of results.
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Figure 4. The field of group I distribution (“alpha region” or powerful innovators), according
to the value of the innovative development index in 2016

The matrix of the distribution of regions for
2016 shows the regions included into selected
groups: group I - “alpha regions” or powerful
innovators; group II - “beta regions” or strong
innovators; group III - ‘gamma regions’ or medi-
um innovators; and group IV - “delta regions” or
weak innovators (see Table 5).

Table 5
Matrix of the distribution of regions in groups,
2016

Regions

Groups

Group I
Group II

Moscow, St. Petersburg, Moscow region (3)

Nizhny Novgorod region, Krasnoyarsk region,
Tomsk region, Tatarstan (4)

Group III | Tyumen region without autonomous districts,
Tula region, Ulyanovsk region, Republic of
Sakha (Yakutia), Kursk region, Sverdlovsk
region, Tver region, Novosibirsk region,
Kaluga region, Voronezh region, Perm region,
Yaroslavl region (12)

Group IV |Belgorod region, Rostov region, Chelyabinsk
region, Lipetsk region, Leningrad region,
Khabarovsk region, Republic of Mordovia,
Republic of Bashkortostan, Novgorod region
and others (66)

At this level, it is also possible to analyze the
dynamics of average values of the integral index of
ID by focusing on specific groups of regions.

The dynamics of average values of the integral
index reveals the factors that have the greatest in-
fluence on innovative development in different
groups of regions. For example, let us consider
Figure 5, which reflects the dynamics of the aver-
age value of the index in regions of the first group.

The high average value of the index in group
Iin 2015 was almost 6 times higher than in 2014
and 4.5 times higher than in 2016. The rise in 2015
was caused by a significant increase in indicators

R-ECONOMY 4

(10 times) of Moscow region, which is the leader
and which determines the innovative potential of
this group. If we look at another region — St. Pe-
tersburg, we shall see a simultaneous fivefold de-
crease in the indicators’ values in 2015 and their
subsequent fivefold increase in 2016, which gen-
erally caused a strong jump in the average value of
the index for the whole group in 2015. The same
changes in indicators brought the average value
of the innovative development index in 2014 and
2016 to a comparable value. Thus, the maximum
average index value of the first group was reached
in 2015 and the minimum, in 2014.

% 16 000
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o
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Innovative Development In

3,343.618

2,554.830

Group I (‘Alpha Regions’, Powerful Innovators)
02014 B2015 2016
Figure 5. Dynamics of the average value

of the innovative development index in group I
for 2014-2016

At the third level, we are going to analyze
the dynamics of the rankings positions of the re-
gions.

The regional rankings based on the innovative
development index for 2014, 2015 and 2016 allow
us to draw a number of conclusions, tracking how
the region’s position changed and how they either
moved up or dropped in the ranking depending
on their levels of innovative development.
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For example, in 2014, Novosibirsk region
ranked 9" and was a part of the third group with
the index value of 5.935, which almost twice ex-
ceeded the average index value of this group in
the give period. In 2015, the region dropped in
the ranking by 11 positions and moved to group
IV, “delta regions”, with the index value below the
average of this group. By 2016, Novosibirsk re-
gion regained its position in the group of “gam-
ma regions’, after having improved its position by
5 points compared with the previous period. At
the same time, it still lagged behind the average
indicator level for the group 1.6 times.

Thus, we can rank the regions according to
the intensity of changes in their ranking positions
for the period 2014-2016. Regions that improved
their positions in 2016 compared to 2015 are pre-
sented in Table 6, regions that moved down the
rankings in 2016 compared to 2015 are presented
in Table 7.

Compared with 2015, fifteen regions im-
proved their positions in 2016 by more than
10 points. As it can be seen from Table 5, five re-
gions moved to the group with a higher value of
the index of ID, from “delta regions” to “gamma
regions”. The Republic of Sakha (Yakutia) rose in

Table 6
Regions with a significant change in their ranking positions in 2015-2016
(improved positions, fragment)
No. Region 2015 2016 2015-2016
Rank | Group | Rank | Group | Rank change | Group change

1 |Republic of Sakha (Yakutia) 48 v 11 111 37 +1

2 |Kursk region 42 v 12 11 30 +1

3 |Tyumen region without autonomous districts 34 v 8 I 26 +1

4 |Kabardino-Balkaria 73 v 51 v 22 0

5 |Republic of Crimea 83 v 62 v 21 0

6 |Republic of Karelia 49 v 30 v 19 0

7 |Tver region 31 vV 14 III 17 +1

8 |Udmurtia 64 I\ 48 I\ 16 0

9 |Belgorod region 35 v 20 v 15 0

10 |Vologda region 59 v 45 v 14 0

11 |Komi Republic 56 v 42 v 14 0

12 |Omsk region 47 v 35 v 12 0

13 |Khanty-Mansi Autonomous Okrug — Ugra 44 v 32 v 12 0

14 |Khabarovsk region 36 v 25 v 11 0

15 |Ulyanovsk region 21 v 10 11 11 +1

Table 7
Regions with a significant change of their ranking positions in 2015-2016
(lost positions, fragment)
No. Region 2015 2016 2015-2016
Rank | Group Rank Group | Rank change | Group change

1 |Rostov region 11 III 21 v -10 -1

2 |Perm region 8 II 18 III -10 -1

3 | Kemerovo region 50 v 61 v -11 0

4 |Kostroma region 61 v 73 v -11 0

5 |Samara Region 17 III 31 v -15 -1

6 |Tambov Region 32 v 47 v -15 0

7 |Vladimir region 18 v 34 v -16 0

8 |Karachay-Cherkess Republic 62 v 79 v -16 0

9 |Pskov region 63 v 81 v -18 0
10 |Caliningrad region 12 111 40 v =22 -1
11 |Orenburg region 25 v 55 v =30 0
12 |Penza region 16 III 52 v -36 -1
13 |Magadan Region 13 111 58 v -46 -1
14 |Sakhalin region 19 v 83 v -65 0
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the ranking by 37 points: in 2016 it ranked 11"
and in the previous year, 48" by achieving signif-
icant improvements in all areas: socio-econom-
ic area, production and technology, investment,
R&D, human resources for R&D, and funding.
The transition of Kursk region to the group of
medium innovators is explained by a significant
increase in indicators characterizing production
and technology, investment and funding for R&D
as well as the factors shaping the innovative poten-
tial and innovative activity of the region. Tyumen
region closes the top three leading regions in 2016
ranking. It moved to the 8" position from the 34™
in the previous period due to its improved per-
formance in R&D, human resources for R&D and
funding, which is directly related to the growth in
indicators of innovative environment - innova-
tive potential and innovative activity.

Table 6 shows 14 regions and the change in
their ranking positions in 2016 compared to 2015,
which was more than 10 points. Sakhalin region
did not leave the group of “delta regions” in 2016
and led the top three outsider regions with a sig-

nificant loss of 65 positions. From the 19® place in
the 2015 ranking, in 2016, it dropped to the 83™
place due to a very low level of innovative activity
and low rates of research and investment activity.
Penza region closes the top three, it dropped from
the 36" place to the 52™ in 2016. The decline in
production and technology, investment activity
and R&D funding, affected the indicators of in-
novative activity in the region, which resulted in
the region’s joining the group of weak innovators.

At the fourth level, we are going to divide re-
gions according to the values of the final indices
in innovative categories and areas of implemen-
tation. This level allows us to analyze the relation-
ship between innovative development and the
factors of external and internal environment as
well as the relationship between the areas of im-
plementation of innovation activities.

Thus, the fields reflect the direct relationship
between innovative development and innovative
potential in 2016 (Figure 6) and between innova-
tive development and funding for R&D in 2016
(Figure 7).
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Figure 6. The field of dependence between innovative development
and innovative potential of regions in 2016
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At the fifth level, we are going to draw a profile
of a region depending on its innovative develop-
ment. The innovative profile relies on the results
of region-specific assessment, which allow us not
only to reveal the change in the integral index of
ID, but also the impact of final indices. The dy-
namics of changes in the final indices according to
innovative categories and implementation areas is
presented in Figures 8-9.

The dynamics of the values of region-specific
indices, which form the final indices according to

10

implementation areas and innovative categories,
are shown in Figure 10 (“Socio-economic area”)
and Figure 11 (“Innovative climate”).

A similar presentation has the dynamics of
region-specific indices in the following areas of
implementation: production and technology, in-
vestment activity, R&D, human resources and
funding for R&D.

A similar presentation has the dynamics of
region-specific indices in the categories “poten-
tial” and “activity”.
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Figure 8. Dynamics of the values of the final indices by areas of implementation for 2014-2016
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Analysis of the results at this level allows us to
rank regions according to the final indices - inno-
vative climate, innovative potential and innova-
tive activity in the regions. Similarly, it is possible
to rank regions according to the level of develop-
ment of the implementation areas of innovation
activities. Thus, we can make an overall assess-
ment of regions’ innovative development. The in-
tegral index of ID is calculated on the basis of final
indices of innovative categories and implementa-
tion areas, and final indices are calculated on the
basis of region-specific ones. The latter can be also
used to create a profile for each region. The inno-
vative profile of a region reflects the results of the
analysis of its innovative environment and show
the regions strengths and weaknesses, growth
drivers and resources. Therefore, profiling can be
useful to devise recommendations and guidelines
for further innovative development of the region.

Conclusion

In this research, we were trying to address the
problem of the lack of a generally accepted con-
ceptual and terminological apparatus for study-
ing innovation as well as a toolkit for a compre-
hensive assessment of innovative development.

The proposed methodology is suitable for
assessment of innovative development of terri-

tories taking into account such characteristics as
innovative environment and innovation activi-
ties. The methodology comprises a set of indices
including the integral index and region-specific
indices; criteria for ranking regions according to
their level of innovative development and fur-
ther classification of regions according to their
ranking positions; fields and matrixes of regions’
distribution according to their innovative devel-
opment; fields of dependence that show the re-
lationship between innovative development and
different categories of innovative environment
(external and internal factors); and tools for cre-
ating individual profiles of regions.

A limitation of this study is the use of official
statistics in calculations: these data are published
with a time lag, which may affect the picture we get
when assessing the regions’ innovative development.

The results described in this article may be
further used for studying innovation potential of
Russian regions and devising strategies and pol-
icies for enhancing innovation in these regions
and in the whole country. Further research in this
area may involve creation of profiles of innovative
development for specific regions, highlighting
their strengths and weaknesses. Moreover, the
proposed assessment toolkit may be applied in the
context of other countries.
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Transport system modelling based on analogies
between road networks and electrical circuits
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ABSTRACT

This article describes a probabilistic mathematical model which can be used to
analyse traffic flows in a road network. This model allows us to calculate the
probability of distribution of vehicles in a regional road network or an urban
street network. In the model, the movement of cars is treated as a Markov pro-
cess. This makes it possible to formulate an equation determining the probability
of finding cars at key points of the road network such as street intersections,
parking lots or other places where cars concentrate. For a regional road network,
we can use cities as such key points. This model enables us, for instance, to use
the analogues of Kirchhoff First Law (Ohm’s Law) for calculation of traffic flows.
This calculation is based on the similarity of a real road network and resistance
in an electrical circuit. The traffic flow is an analogue of the electric current, the
resistance of the section between the control points is the time required to move
from one key point to another, and the voltage is the difference in the number of
cars at these points. In this case, well-known methods for calculating complex
electrical circuits can be used to calculate traffic flows in a real road network. The
proposed model was used to calculate the critical load for a road network and
compare road networks in various regions of the Ural Federal District.

KEYWORDS

probabilistic mathematical

model, traffic flows, Ohm’s Law,
Kirchhoff’s First Law, regional road
network, traffic management

FOR CITATION

Tolmacheyv, A. V,, Sinitsyn, E. V.,
& Brusyanin, D. A. (2019)
Transport system modelling
based on analogies between road
networks and electrical circuits.
R-economy, 5(2), 92-98.

doi: 10.15826/recon.2019.5.2.010
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AHHOTAIIUA

ITpepnoxena BepOATHOCTHAA MaTeMaTUYeCKas MOJE/b, TO3BO/AIONIAA aHa-
JIN3NPOBATH TPAHCIIOPTHBIE IIOTOKN B HOPO)KHOI?I cetn. Irta MOJI€/1b I1I03BO-
JIA€T paCcCYNTATb BEPOATHOCTD PACIPENENIEHNA TPAHCIIOPTHBIX CPENCTB IIO
MOPOXKHOI CEeTU PErMOHa MM YIMIHO-JOPOXKHOI ceTu ropopa. B mopenn
IIBIDKEHIE aBTOMOOWIIel TPaKTyeTcsA KaK MapKOBCKMIT IIpoLecc. ITo 103BO-
nsieT cpopMyINpoOBaTh ypaBHEHUe, ONpefesiallee BEPOATHOCTb HaXOX/je-
HMA aBTOMOOM/IEN B K/IIOUEBBIX TOYKAX JOPOXKHOI ceTH. B KauecTBe TaKmx
K/TI0YE€BbIX TOYEK MOXXHO pacCMaTpuBaTb, HAIIpMMEpP: II€pECEUYEHUE YL
B Iopo/iax, IMMapKOBKNM WMIN ApPYyrne MecTa CKOIIEHUA aBTOMOOUIEN. B peru-
OHAJIbHOI CETV aBTOMOOVIbHbBIX AOpOr B KAa4€CTBE TAKMX K/IIOYEBBIX TOYEK
MO>KHO paccMarpuBarb ropopa. C IOMOLIbIO 3TOI Mofenu OblIa II0Ka3aHa,
B YaCTHOCTM, BO3MOXXHOCTD JICIIOJIb30BaTh aHaJIOrM IepBOro 3akoHa Kmpx-
roda (saxona OMa) Iy pacyeTa TPAaHCIOPTHBIX IOTOKOB. DTOT pacyeT OCHO-
BaH Ha 5KBMBAJIEHTHOCTY Pea/IbHO JOPOXKHOM CETU 3/IeKTPUYECKUM LM
COHpOTI/IB}IeHI/If/l. TpaHCHOpTHbe/I IIOTOK ABJIAETCA aHAJIOTOM 3JIEKTPUIECKOTO
TOKa, COITPOTUBIIEHME YyIaCTKa MEXXTY KOHTPOJ/IbHBIMI TOYKaMI - 3TO BpEMA,
Heo0Xoa1Moe JIA IepeXofia U3 ONHOI KII0UeBOl TOUKM B IPYTYI0, HAIIpsDKe-
HIE - 9TO pa3HUIIA B KO/INIECTBE aBTOMOOWIEN B 9TUX TOYKAX. B aTOM CIIy-
Yae /I pacdeTa TPAHCIIOPTHBIX IIOTOKOB B PEAIBHON JOPOXKHOI CETU MOTYT
ICIIOIb30BAThCA O0IIeN3BECTHBIE METOMIBI pacyeTa C/IOKHBIX 9/IEKTPUYECKIX
ueneii. [Tpepnokennas Mojenb UCIIONb30BaNACh /I pacyeTa KPUTUYECKOM
HarpyskKmu B IIOPO)KHOP‘I CETU N CpaBHEHUA HOPOX(HOI?I CE€TN B PA3/INIHbIX 006-
mactaAx Ypanbckoro defiepasbHOTO OKPYTa IO 3TOMY IOKa3aTelo.
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Introduction

The task of modelling road network dynam-
ics is a widely discussed topic in modern research
literature [1-6]. Despite the availability of fair-
ly complex software systems, such as VISUM, it
is still quite difficult to build simple models that
would allow us to analyse the distribution of traf-
fic flows across the road network, without detailed
information about the social, age and gender
structure of the population. Such macro-analysis
is necessary, for example, in strategic planning for
the development of urban transport, an integrated
transport service system and in dealing with other
problems.

In all these cases, it is useful to analyse not
the traffic flows that occur in specific periods of
time in a specific socio-economic, demographic
and transport context, but objective characteris-
tics of the transport network itself determined by
its technical, geometric and topological factors.
It is of theoretical and practical interest to com-
pare such objective characteristics of transport
networks of various cities with other macro-pa-
rameters characterizing their economic and social
development.

In a number of works (see, for example [1]),
the authors used models based on analogies be-
tween the transport flow and the flow of electric
current through resistance circuits. Such an anal-
ogy is justified by the fact that the movement of
automobiles, which is to some extent similar to
the movement of electrons in a conductor, can be
measured by the number of corresponding units
passing through a certain section per unit of time,
while the movement itself is caused by the exter-
nal electromotive force. In this case we can use the
analogue of Ohm’s Law for the road section be-
tween points 1 and 2 (Figure 1): [7]

I R oU. (1)
Here I is an analogue of electric current -
traffic flow, defined as the number of cars pass-
ing through the road cross-section per unit of
time. U is an analogue of voltage. It is natural
to assume that the analogue of the electric field
strength, the force causing the movement of
electric charges, is the gradient of the number of
cars going along the road in a certain direction.
Thus, U is the difference of the number of cars
between points 1 and 2.
The analogue of electric resistance for a high-
way section of the length — L (one row) with the

R-ECONOMY 4

allowed speed of movement v, — looks the follo-
wing way:

R :K. (2&)

Respectively:
v
oc=R"'=-"
I (2b)

The scheme for calculating “resistance” for a
specific road section is shown in Figure 1. If we
measure I as the number of cars passing per unit
of time through the cross section of the road part
1 > 2, for example: [I] = Number of cars per se-
cond, we can enter the current density j: [8]

- I 7 = E
] _Edl_ﬂE_;’ (33)
Here h is the width (cross section), E is an
analogue of the “electromotive force”, dl is the
vector along the elementary section of the road,
p and A are the “resistivity” and “conductivity”
of the road section, respectively. Comparing (3a)

with the traditional expression for j:

- E—

J =1y (3b)
where » is the surface density of cars, we obtain
the following:

E=n-h, (3¢)
p=h-v,. (3d)

Dimensions of the values in (3) (we will as-
sume that time is measured in seconds - [sec],
length in meters — [m], number of cars in units -
[units]) are as follows:

_ unit

[1]= o (4a)
q_ unit
[]] sec-m’ (4b)
[p] = sec, (4¢)
From (3c) we get:
it
[£]=="= (4d)

After taking an integral of both parts in (3a)
along the road section between points 1 and 2, we
find an analogue of Ohm’s Law:

2 2
kT gi=1dP -
U_gSE-dl_I?SZdl_I-Ru. (5)
1
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Figure 1. Scheme for calculating the “resistance”
of the road section

R, in (5) is the “resistance” of the road sec-
tion between points 1 and 2. For the permanent
velocity along the road section from (5) one can
easily obtain formulae (1), (2). The analogy be-
tween the traffic flow and electrical current in
conductors is described in more detail in the
next section'. We are going to use the above-de-
scribed formulae to compare regional transport
systems (see Section 3).

The analogy mentioned above can be used for
various purposes. Firstly, it is convenient to make
calculations regarding traffic flows in systems of
arbitrary complexity by applying standard ap-
proaches such as the methods used for the calcu-
lation of electrical circuits [7]. For example, two
parallel roads between points 1 and 2 (or two rows
of traffic on the same road) can be compared to a
parallel connection of electrical resistances. In full
accordance with the formulas for calculating elec-
trical circuits, the “resistance” of such a road is two
times less, and the conductivity is twice as high as
that of a road with single-row traffic. Surely, the
calculation of traffic flows in real road networks,
taking into account all the existing interconnec-
tions and conditions, is a rather complicated com-
putational problem, but methods for solving such
tasks are well developed [7]. Secondly, this anal-
ogy can be used to compare transport systems of
different regions. In this case, the “resistance” (or
“conductivity”) of a regional road network can be
used for such a comparison (for more on this see
Section 3).

! The laws describing the current flow in conductors
can also be formulated so that the electric current will be the
number of electrons flowing through a conductor cross sec-
tion per unit of time (instead of its traditional definition -
the amount of charge flowing per unit of time through the
conductor cross section). In this case, in the SGS system, the
resistivity will be measured in seconds [sec], and | E |, in units
per meter [unit / m].

R-ECONOMY 4

Probabilistic mathematical model

Let us now focus on the proposed mathemat-
ical model. This model also has an independent
value. It allows us to calculate the probabilities
of distribution of vehicles along a road network
and to estimate the risks of traffic collapses. Let
us consider an equation describing the probability
that in a road network containing » intersections?,
at intersection 1, there are X cars, at intersection
2, X, ..., at intersection n, X,. We will describe the
distribution of cars at intersections by the follow-

ing vector:
X={X,X,, ... X,} =X, (6)

where

le. =M, 7)

i=1
where M is the total number of the cars on the
roads of the city. In this case, as it was shown in
[9], the desired probability P(X |t) satisfies the
equation:
oP(X |t)

Y P(X|){1-2)Y P, = > X }+

i=1 i=1

+z§n“(Xl.+1)P(...,X,.+l, )+ (8)

i=1

n
+H1=-2) Y, B(X;+DP(s Xy Xy, 1),
i=lj#i
z is the probability of leaving the road, let z = 0
for the sake of simplicity, P; is the probability of
moving a car from intersection i to intersection
j. It is obvious that

n
2h=1

(10)
j=1
Let us calculate the averages [10]:
M
X, =<X;>= [X,P(X|0dX,, (1)
0
and dispersion:
;i =(X,— <X, >)(Xj—<XJ. >) =
(12)

M
in-Xi.P(X|t)dXi.de—<Xi > <X;>.
0

? Each intersection is a key point of the road network
such as a real intersections of city streets, parkings, and other
places of cars concentration. For regional road networks we can
use cities as such key points.
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It can be shown that
X~ M

Here M is the total number of cars. Thus, as
the coefficients of variation tend towards zero:

1
Cy,@{j)~——0,
v\ \/M 14
Multiplying (4) by and carrying out some
simple transformations, we get the following:

<X, >
—atl Z[sz <X >-Pp-< X, >, (15)

k=1
here N_o for k=1 PE=PH for k# 1 P are

deﬁneé in comments to equation (4) k = L.
It can be easily seen that for

0<X;>
or

(15) is equal to Kirchhoff’s First Law for the elec-
trical network [7]. Cars < X, > play the role of nod-
al potentials, and transition probabilities P, play
the role of conductivities of sections of the road
between intersections k and L. It is easy to see that
the dimensions of and correspond to formula (1)
introduced in Section 1.

It is well known that (15) is also equal to the
problem of random walks through the orient-
ed graph whose vertices correspond to points
{X,, X,, ..., X } and the transition probabilities
between the vertices are [11 12]. It should be
mentioned that despite the fact that methods of
graph theory are very popular in transportation
modelling [13-15], it is interesting to consider
the application of (15) for analysis of transport
systems on the basis of the graph theory ap-
proach and methods of machine learning [16].
This question will be addressed in our following
articles.

Despite the analogy drawn between road
networks and electric circuits, it is still quite dif-
ficult to solve equation (15). One of the problems
is how to determine the probabilities Py. In the
simplest case, we can assume that they are deter-
mined solely by the network infrastructure and
traffic management rules (a system of road signs,
traffic signal change intervals, etc). With a more
complex and rigorous approach, it is necessary to
take into account the dependence of parameters
on quantities, which will significantly complicate

the task.

Discussion

First let us consider in more detail the effects
that occur when a traffic flow passes through a
section of a road of length L, for example, a part
of a street between two intersections. Let us as-
sume that for safe driving the distance between
cars should not be less than the stopping distance
in case of emergency braking - . According to*:

3y v 2
ZS(V)=E+(E) , (16)

where v is the speed of the vehicle in (km / h). In
this case, the density of the traffic flow should not
exceed the value:

< v 1
TN (17)
With the help of (1) and (2) we can find that
the value of “voltage” satisfies the condition:

L
or Sls(_v) (18)

In (17), (18) L is the length and £ is the width
of the considered section of the road. It can be
shown from (2), (3) and (5) that U, is numerically
equal to the total number of cars in this section of
the road.

Let us now compare critical quantities N_
for different regions. We will use the data* on
the total length of roads with a hard surface in
the corresponding region and the fraction of the
roads with improved surface. We will assume
that on roads with improved surface, the speed
is 90 km / h, and on roads with usual surface, 40
km / h. The exact value of these velocities is irrel-
evant for our comparison. These critical values
N, (18) will be compared with the current total
number of cars in the region (public buses and
private cars). Figure 2 shows the data for Sverd-
lovsk region in recent years. As it can be seen, the
available number of cars significantly exceeds
the critical one. This means that even a fraction

N

fcr = I\;r’ (19)

of the current number of cars on the region’s roads
will make normal movement impossible. The av-
erage value of fraction f,, for Sverdlovsk region is
equal to 26%.

It is interesting to compare f,, for different re-
gions of the Ural Federal District. This compari-

U =N,

* Retrieved from: http://www.1gai.ru
* Retrieved from: http://www.gks.ru
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son is illustrated by Figure 3. The results show that
the transport systems of the regions in the Urals
Federal District are under considerable pressure
(with the exception, perhaps, of Kurgan region).
For example, the massive use of private vehicles
due to any reasons (holidays, emergencies etc.) in
most regions is bound to lead to a traffic collapse.

%
120

100+
80
60

40+

0- : : : :
Kurgan Sverdlovsk Chelyabinsk Tyumen Ural federal
region region region region district
Figure 3. Fraction (19) for different regions. The
authors made calculations by applying formula
(19) and using the available statistical data

(Regions of Russia. Key Characteristics of Subjects
of the Russian Federation (2018). Moscow)

Conclusion

The above-described probabilistic mathemat-
ical model, which determines the distribution of
cars along intersections of a road network, makes
it possible to substantiate the analogy between the
traffic flow and the electric current in an equiva-
lent electric circuit where the resistances are the

R-ECONOMY 4

times needed for a car to travel along a certain
road section.

At the same time, the main characteristics of
effective electrical circuits that correspond to real
road systems should be determined by taking into
account the actual location of roads, their catego-
ry, the number of traffic rows as well as the rules
of traffic regulation.

In the cases when the road contains several
rows, they can be considered as parallel resistanc-
es, the number of resistances corresponding to the
number of rows. The described analogy makes it
possible to reduce the task of calculating the traffic
flow of the urban street-road network to the cal-
culation of electric current in complex electrical
circuits. Despite the fact that it is also a difficult
task, it can be solved by using well-known meth-
ods and algorithms [17] implemented in various
software applications.

In the future, we are planning to provide a
detailed analysis of road networks in various re-
gions, taking into account all the factors described
above, as well as the social and economic char-
acteristics of the regions (see below). However,
in this article we limited ourselves to a compar-
ative analysis of the critical capacity of the road
network. The latter was understood as a critical
number of cars that can simultaneously be on the
roads of the region without violating traffic safety
requirements.

Our analysis shows that in almost all of the
given regions (Sverdlovsk, Chelyabinsk, and Tyu-
men regions) of the Ural Federal District, the
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number of the already existing personal vehicles
and public buses significantly exceeds the criti-
cal throughput of the road network. The only ex-
ception is Kurgan region. It should be noted that
cargo vehicles were not taken into account (part-
ly, this was due to the lack of reliable data on the
number of trucks on the roads of the Ural Federal
District). Of course, if we took trucks into consid-
eration, this picture would look even worse.

This situation indicates the potential instabil-
ity of the work of road transport. Holidays, emer-
gencies, bad weather conditions and so on may
cause a significant increase in the use of motor
vehicles or an increase in the “resistance” of road

sections (for example, accidents, repair works)
and cause traffic collapses.

In the future, we intend to present a more
detailed system for comparison of regional trans-
port systems by using the model described above.
We are going to take into account the exact geo-
graphical location of the road network and traffic
regulation rules; different types of transport; con-
ditions of population settlements and their struc-
ture; and the location of economic objects and
economic relations of territories.

We believe that this model can prove useful
for strategic planning of transport systems and
traffic management.
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