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ABSTRACT
Relevance. Outdated tools and instruments for development and governance 
prevent the effective use of data and digital platforms in Russian cities, thus cre-
ating obstacles for the implementation of smart  new solutions. Moreover, the 
established system of smart city evaluation is ‘overloaded’ with indicators. For 
these reasons, the smart city concept is inadequate for today’s reality of most 
Russian municipalities, making it difficult for them to meet the national goals 
for the digitalization of the country’s economy. The relevance of this study is 
determined by the need to adjust the smart city concept for municipal economy 
in Russia and to propose a modified version of this concept. Research objective. 
This study aims at creating a modified smart city concept by changing evalua-
tion criteria and using a simulation model of municipal economy. Results. The 
study found that the established smart city concept is not entirely suitable for 
implementation in Russian municipalities. The lack of adequate methodology of 
smart city evaluation impedes efficient economic development of municipalities. 
Data and methods. The study applies a simulation model of municipal economy, 
which is built by using simulation modelling methods and the Bass diffusion 
model. Conclusions. The proposed modifications of the smart city concept can 
provide a springboard for economic development of Russian municipalities to 
achieve the goals of national digital strategies. 
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Упрощение концепции Smart City для экономики 
муниципального образования в контексте управления 

изменениями
О.О. Комаревцева
Российский экономический университет им. Г.В. Плеханова, Москва, Российская Федерация; komare_91@mail.ru
АННОТАЦИЯ
Актуальность. Устаревшие инструменты для развития и управления не по-
зволяют эффективно использовать данные и цифровые платформы в горо-
дах России, создавая препятствия для реализации новых умных решений. 
Более того, сложившаяся система оценки умного города «перегружена» по-
казателями. По этим причинам концепция умного города неадекватна сегод-
няшним реалиям большинства российских муниципальных образований, 
что усложняет им достижение национальных целей по цифровизации эко-
номики страны. Актуальность исследования определяется необходимостью 
корректировки концепции умного города для муниципальной экономики 
в России и предложения модифицированной версии этой концепции. Цель 
исследования. Цель исследования заключается в формировании упрощен-
ной концепции Smart City, за счет изменения критериев оценки и примене-
ния имитационной модели функционирования экономики муниципального 
образования. Результат. Исследование показало, что устоявшаяся концепция 
умного города не совсем подходит для реализации в российских муници-
пальных образованиях. Отсутствие адекватной методологии оценки умно-
го города препятствует эффективному экономическому развитию муници-
палитетов. Данные и методы. В исследовании применяется имитационная 
модель экономики муниципального образования, построенная с использо-
ванием методов имитационного моделирования и диффузионной модели 
Басса. Выводы. Предлагаемые модификации концепции умного города мо-
гут стать трамплином для экономического развития муниципальных обра-
зований России и достижения целей национальных цифровых стратегий.
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муниципальная экономика, 
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управление изменениями, 
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Introduction 
Outdated tools and instruments for deve- 

lopment and governance prevent the effective 
use of data and digital platforms in Russian cit-
ies, thus creating obstacles for the implemen-
tation of smart  new solutions. Moreover, the 
established system of smart city evaluation is 
‘overloaded’ with indicators. For these reasons, 
the smart city concept is inadequate for today’s 
reality of most Russian municipalities, making 
it difficult for them to meet the national goals 
for the digitalization of the country’s economy. 
Therefore, it is necessary to adjust the estab-
lished smart city concept to make it suitable for 
Russian cities. 

The smart city is commonly understood as an 
urban area that uses different digital technologies 
and methods for data collection. Insights gained 
from such data about citizens, devices, buildings, 
etc. are then processed and analyzed to monitor 
and manage traffic and transportation systems, 
power plants, utilities, water supply networks, 
waste, crime detection information systems, 
schools, libraries, hospitals, and other community 
services (Anthopoulos et al., 2016).

The smart city concept integrates informa-
tion and communication technologies (ICT) 
and various physical devices connected to the 
IoT network to optimize the efficiency of city 
operations and services and connect to citizens. 
This way city officials are able to interact direct-
ly with both community and city infrastructure 
and to monitor what is happening in the city 
and how the city is evolving. ICTs are used to 
enhance quality, performance and interactivity 
of urban services, to reduce costs and resource 
consumption and to increase contact between 
citizens and government (Chan et al., 2019). The 
smart city applications are developed to manage 
urban flows and allow for real–time responses. 
The smart city may therefore be more prepared 
to respond to challenges than the one with a sim-
ple “transactional” relationship with its citizens 
(Habib et al., 2020).

The purpose of this research is to propose a 
modified smart city concept by changing the as-
sessment criteria and applying the simulation 
model of municipal economy. Our research ob-
jectives are as follows:

– to consider the key features of the smart city 
concept;

– to select indicators for assessing the modi-
fied city concept for municipal economy;

– to build a simulation model of municipal 
economy within the framework of the proposed 
modified smart city concept.

Theoretical framework
The smart city status cannot be assigned to 

all municipalities for a number of reasons. First, 
the high debt dependence and budget deficit of 
municipalities prevent their governments from 
implementing the smart city concept (Medvedev 
et al., 2015). To address this issue, it is necessary 
to enhance the innovative potential of munici-
palities. The smart city concept creates a techno-
logically active urban environment and is based 
on the creation of an online platform (Barriga et 
al., 2016). Thus, the smart city concept introdu- 
ces information and communication standards to 
improve the life of the population (Horejsi et al., 
2020). However, for successful implementation of 
this concept, an adequate regulatory legal frame-
work is required (Zhuhadar et al., 2017).

For the municipal level, statistical studies are 
carried out according to the given estimated pa-
rameters of smart-elements (Glebova et al., 2014). 
Most systems of smart city evaluation, however, 
are ‘overloaded’ with indicators and criteria (De 
Domenico et al., 2015), which unnecessarily com-
plicates the process of evaluation. For example, 
Scornavacca et al. (2020) outline more than 15 cri-
teria of a smart city. Another problem is the lack 
of statistical information necessary for smart city 
evaluation (Khatoun & Zeadally, 2016). Official 
statistics fail to provide data on the indicators ‘the 
level of citizens’ involvement in city management’ 
(Cao, Wang, 2011). Moreover, the existing evalu-
ation systems can be rather subjective and there is 
no universal agreement among the research con-
cerning the indicators and criteria to be applied. 
For example, Tan & Taihagh (2020) choose as the 
key indicator ‘the level of activity of Internet users’ 
while Ishkineeva & Akhmetova (2015), ‘the level 
of civil initiatives on local issues’. 

Finally, the models for the implementation of 
the smart city concept are not adapted to the char-
acteristics of Russian municipalities (Komarevt-
seva, 2017). This drawback stems from the lack of 
regulatory framework and the smart city design 
tools for municipal economy. The problem that 
has arisen is based on insufficient introduction 
of digital technologies into municipal economy 
(Hämäläinen, 2020). 

Today the smart city concept is considered as 
a theoretical tool for the development of territo-
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ries. Research within the framework of the smart 
city concept includes areas for the development 
of smart cities, technologies for modernizing the 
environment, the conceptual apparatus, on-line 
model of city management, stages of implemen- 
ting the smart city concept and so on. In Russian 
practice, the smart city concept is not adapted 
to municipal economy. The lack of an adequate 
methodology for assessing the implementation 
of technologies in municipalities impedes “smart 
development” of small territories. This factor de-
termines the relevance of the topic of this study.

Method and Data
In our study we are going to build a simula-

tion model of municipal economy by applying the 
method of simulation modeling (Min et al., 2015) 
and the Bass diffusion model (Svítek et al., 2020).

To assess and build the simulation model of 
the feasibility of introducing smart city technol-
ogies in a municipality, we used statistical data 
from the report of socio–economic development 
of the city of Orel in 2017–2019. The indicators 
used in the report make it possible to form a rel-
evant system for aligning the key aspects of the 
smart city concept with the main areas of the mu-
nicipality’s development. 

Results
The smart city concept centres around the 

idea of improving the quality of life in a city with 
the help of innovative (or smart) technologies. In 
this light, areas of the urban environment include 
smart management, smart technology, smart en-
vironment, smart ecology, smart infrastructure, 
smart finance, and smart economy. Importantly, 

active engagement of urban dwellers into their 
cities’ economic development is ensured with the 
help of digital technologies. 

The main problem that makes the research of 
smart city development in Russian municipalities 
difficult is the large amount of parametric data 
that need to be processed. This problem can be 
solved with the help of indicators of feasibility of 
smart city projects in Russian municipalities. Ta-
ble 1 highlights the indicators of the smart city 
concept that can be used for assessing municipal 
economy.

As we have pointed out above, the current 
system of indicators used for smart city evaluation 
has a number of drawbacks. Firstly, there is no cal-
culation of the final result and it is impossible to 
draw a conclusion about the development of mu-
nicipal economy. Secondly, the key areas include 
too many indicators. Thirdly, the statistical data 
necessary for evaluation are not always available. 
Thus, it can be concluded that the system of indi-
cators of the smart city concept is not adequate to 
the reality of Russian municipalities and statistical 
services. All of the above has led us to propose a 
modified smart city concept for more effective de-
velopment of municipal economy in Russia. 

The proposed indicators for evaluating smart 
city development include the following:

1. innovative diversity (ISC): 

,n
SC

e i n

P p GI
C C I

⋅
= −

⋅  (1)

where ISC is the criterion for innovative diversity; 
P is the volume of shipped innovative products, 
goods and services (million rubles); pn is the re-
search and innovative potential of the munici- 
pality; Ce is the costs of technological moderni- 

Table 1
Evaluation indicators of the modified smart city concept for municipal economy

Area Evaluation indicators Indicator description 
Smart economy The level of the development of R&D, on-line booking system, and com-

munication technologies
innovative diversity (ISC)

Smart management The level of informatization, openness of the city government, document 
circulation and strategic planning

information interaction of 
management agents (USC)

Smart population The level of accessibility of the labor market, activity of Internet users intellectualization of the 
population (NSC)

Smart technology The level of development of uninterrupted access networks, telemetry, 
free wireless access in transport

digital support (TSC)

Smart environment Elimination of landfills, monitoring of environmental safety ecological safety (ESC)
Smart infrastructure The level of development of car sharing public transport, network of fil-

ling stations for electric vehicles, information systems in urban planning
online media (FSC)

Smart finance The level of transparency in government procurement practices, the 
level of investment in the city’s economy

financial security (SSC)

Source: Komarevtseva, 2017; Merlino, Bruneo, Long, Puliafito, Distefano, 2015
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zation (million rubles); Ci is costs of introducing  
information systems into the economy of the 
municipality (million rubles); G is the amount of 
grants received by scientific and educational orga-
nizations of the municipality in the current year 
(million rubles); In is the total cost of intellectual 
property products registered on the territory of 
the municipality (million rubles). 

2. information interaction of management 
agents (USC):

1 1
,i u

SC i o
k u

I I
U u u

I I− −

   
= ⋅ − ⋅        

(2)

where USC is the criterion of information interac-
tion of management agents; Ik is the number of 
citizens’ initiatives registered through requests to 
local governments in the current year; Ik – 1 is the 
number of citizens’ initiatives registered through 
requests to local governments in the previous 
year; ui is the level of development of information 
systems of the municipal administration; Iu is the 
number of satisfied applications of citizens of the 
municipality, out of the number registered in the 
current year; Iu – 1 is the number of satisfied ap-
plications of citizens of the municipality, from the 
number registered in the previous year; uo is the 
level of information transparency of municipal 
government. 

3. intellectualization of the population (NSC):

,i n
SC d a

b a

K K
N u u

K K
   

= ⋅ − ⋅        
(3)

where NSC is the criterion of intellectualization 
of the population; Ki is the number of jobs in 
the innovation sector of municipal economy; Kb 
is the number of unemployed people in the mu-
nicipality; ud is the level of accessibility of labor 
market data; Kn is the number of people working 
in research and education; Ka is the economically 
active population; ua is the level of activity of In-
ternet users of the municipality. 

4. digital support area (TSC):
( ) ( ),SC u g i eT Z Z k i= ⋅ − ⋅  (4)

where TSC is the digital support area; Zu is the level 
of use of digital technologies in people’s daily life; 
Zg is the level of digital literacy of the population; 
ki is the coefficient of infrastructural accessibili-
ty of digital technologies; ie is the indicator of the 
effectiveness of digital technologies for municipal 
economy. 

5. ecological safety (ESC):
( ) ( ),SC e p n vE p k p k= ⋅ − ⋅  (5)

where ESC is the criterion of ecological safety; pe 
is the rate of environmental pollution of the ter-
ritory; kp is the coefficient of economic peril; pn is 
the indicator of excess of standards for the level 
of waste; kv is the coefficient of harmful environ-
mental impact of the municipality’s industrial en-
terprises. 

6. online media (FSC):
,SC o nF S S= −  (6)

where FSC is the criteria for online media; So is 
the amount of transactions made online (within  
the framework of infrastructure and transport 
services) (million rubles); Sn is the amount of 
cash transactions (within the framework of in-
frastructure and transport services) (million  
rubles).

7. financial security (SSC):

,r
SC

Z uD FS
R M K B

⋅+= −
+ +  (7)

where SSC is the criterion of financial security; D 
is the indicator of budget revenues of the mu-
nicipality (million rubles); F is the financial per-
formance of enterprises located on the territory 
(million rubles); R is the budget expenditures of 
the municipality (million rubles); M is the mu-
nicipal debt (million rubles); K is the accounts 
payable of enterprises located on the territo-
ry of the municipality (million rubles); Z is the 
amount of public funds saved through public 
procurement (million rubles); B is the amount 
of non-cash transfers within the framework of 
social and economic services for the population 
(million rubles); ur is the level of development of 
the banking system. 

The indicators reflect the specific focus of the 
modified smart city concept for municipal eco- 
nomy. For smart economy the focus is innovative 
diversity; for smart management, information 
interaction of management agents; for smart 
population, intellectualization; for smart tech-
nology, digital support for smart environment, 
ecological safety; for smart infrastructure, online 
media; and for smart finance, financial security. 
To evaluate smart city development according to 
the proposed criteria, we need to whether the re-
sults for each criterion are positive or negative: 
a positive result means that this aspect of the 
smart city concept is being successfully imple-
mented in the given city while a negative result 
means the opposite. 

The following table contains the resulting cri-
terion values for the city of Orel (Table 2).
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Table 2 
Evaluation of smart city development in Orel

Year ISC USC NSC TSC ESC FSC SSC

2017 –1.60 –1.42 –1.86 –0.18 –2.42 1.32 –0.90
2018 –0.84 –1.25 –1.58 –0.82 –3.24 3.42 –0.88
2019 –0.15 –1.20 –1.42 –0.90 –4.01 4.15 –0.82

Source: the authors’ calculations used statistical indicators 
of socio-economic development of the city of Orel in 2017–
2019 and formulae (1)–(6)

In 2017–2019, smart city development in 
Orel brought certain results. In this study, we 
are going to forecast the development of econo-
my in Orel for the period of 2019–2025. We will 
build a simulation model of the functioning of 
the municipal economy within the framework of 
the modified smart city concept. For simulation 
modelling we applied AnyLogic software. The 
method of imitation is the Bass diffusion. The 
simulation model is expected to show whether 
the economy of Orel will develop within the 
smart city concept until 2025.

At the initial stage, we check the resulting in-
dicator values for the smart city concept. 

The simulation model of the modified smart 
city concept in Orel is formulated the following 
way. Different aspects of the concept are aligned 
with specific ‘drives’ (‘drive’ here is understood as 
a system of variables and dynamic processes ac-
cumulated within one area of the smart city con-
cept). The category ‘drive’ is used in the simula-
tion modelling program AnyLogic. For example, 
the drive ‘Orel’ corresponds to the municipality 
of Orel; ‘economy’, to smart economy; ‘manage-
ment’, to management; ‘technology’, to smart tech-
nologies; ‘ecology’, to smart environment; ‘infor-
mation’, to smart infrastructure; and ‘finance’, to 
‘smart finance’. Dynamic variables enable us to 
make predictions based on the given parameters 
and the cyclical tuning of the municipal economy. 
The designation of dynamic variables is based on 
the criterion value.

For example, the criterion for innovative di-
versity is identical to ISC. The simulation model 
parameters are value-based. The model values 
reflect the final result of the dynamic variables. 
For example, for the criterion of innovative diver-
sity, the set of variables include P as the volume 
of shipped innovative products, goods and ser-
vices; pn the research and innovative potential of 
the municipality; Ce, the costs of re-equipping the 
economy towards technological equipment; Ci, 
the costs of introducing information systems into 

the economy of the municipality; G, the amount of 
grants received by research and educational orga-
nizations of the municipality in the current year; 
In, the total cost of intellectual property products 
registered on the territory of the municipality.

Verification of the model’s accuracy involves 
simulation assessment of the feasibility of smart 
city technologies in the ‘smart economy’ of Orel. 
The drive is ‘economy’ with the given dynamic 
variable and parameter values for 2019. In accor-
dance with Table 2, the final result of the indicator 
in ‘smart economy’ of Orel was –0.15 in 2019. This 
condition should be met in the simulation model.

Figure 1. Simulation of the modified smart city 
concept implementation in Orel 

Source: the authors’ calculations used statistical indicators 
of socio-economic development of the city of Orel 

in 2017–2019 and AnyLogic program

The purpose of simulation modeling is to 
build a modified smart city model for studying 
the municipal economy of Orel with a predictive 
function until 2025. To this end, it is necessary to 
identify the priority areas of economic develop-
ment to be included in the model. To simulate the 
model, we will form the estimated accumulators 
with the given dynamic variables and parameters 
of the economy of Orel. The forecasting lag is up 
to 2025. The limitations of the simulation model 
include the risk components from changes in the 
external environment and the transformations in 
the legislation in the field of the digital economy. 
These restrictions are determined by the level of 
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cyclicity of dynamic variables. The final model 
for the economy of Orel is presented in Figure 2 
below. 

Figure 2. The smart city model modified 
for the economy of Orel municipality 

Source: the authors’ calculations used statistical indicators 
of socio-economic development of the city of Orel 

in 2017–2019 and AnyLogic program

The smart city model modified for Orel mu-
nicipality shows positive dynamics and good 
prospects of smart infrastructure development 
for the period until 2025. The proposed modi-
fied smart city concept turned to be applicable 

for this city’s economy. The model’s important 
feature is the allocation of negative results for 
different spheres of the city’s economy. 

According to the forecasted values for 2025, 
we expect negative dynamics for the indicators. 
The areas that cause most concern are the techno-
logical development and environment. The prob-
lems in these areas may be solved with the help of 
special software products. 

Conclusion
Our research has led to the following conclu-

sions:
1. The smart city concept hasn’t been tested 

for the current state of most municipal economies 
in Russia. The main disadvantages of the exist-
ing concept of smart city include the following: 
insufficient assessment of the final results of the 
concept’s implementation in municipal economy, 
excess of indicators in the evaluation system of 
smart city development, and the lack of access to 
reliable statistical data.

2. To address the above-described shortcom-
ings, we created a simplified smart city concept 
for studying municipal economy. This concept in-
cludes nine areas assessed on the basis of the fol-
lowing criteria: innovative diversity, information 
iteraction of management agents, intellectualiza-
tion of the population, digital support area, eco-
logical safety, online media, and financial security.

3. The simulation model can be used for 
forecasting the development of a municipality, 
for example, such forecasting was conducted for 
the city of Orel until 2025. It should be noted 
that of all areas of municipal development, the 
development of smart economy and smart infra-
structure are of prime importance. 
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