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Abstract: In recent years, Bulgarian municipalities have introduced smart
development systems. The Bulgarian state is at the top of the world rankings
regarding household internet access and connection speed. The authors
develop and validate a GIS-based model for the analysis and evaluation of
sustainable cities. The authors conclude that in a global digital economy and
society, Bulgarian regions need to improve the accessibility of WI-FI
networks to meet the challenges of Smart Development. In recent years, the
authors have observed a growth of Smart Cities initiatives in large areas of
Northeast Bulgaria. However, Bulgarian municipalities in the study area are
lagging in deploying smart governance systems.

Key words: Smart sustainable development, GIS, model, Bulgarian
municipalities, territorial sustainability.

1. INTRODUCTION

Creating appropriate conditions and an information environment is an important
prerequisite for the long-term smart sustainable development of Bulgarian
municipalities. Important factors for this are the introduction and use of ICT and
achieving territorial sustainability through effective smart governance. Modern ICT
development predetermines the construction of sustainable cities. In this regard, a
sustainable city integrates modern information and communication technologies, urban
systems management, applying smart solutions together with the concept of sustainable
development. The Internet of Things and wireless networks create intelligent data
collection and management conditions using the multi-level smart city architecture [1].
The construction of smart city architecture is due to smart city planning [2].

The Bulgarian state is improving internet access and technology. In this regard,
Bulgaria is deploying successfully 5G technologies. These significant advances in the
implementation of smart governance solutions at the macro level do not automatically
transfer to the local level. The authors identify this problem in the smart sustainable
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development of municipalities in the Northeast region. In this regard, the authors
develop a GIS-based model to analyze and evaluate Smart city construction in the
Northeast region under study. The authors introduce following a certain sequence
based on criteria and evaluation indicators to assess the sustainability and smartness of
four municipalities - Varna, Dobrich, Shumen, and Targovishte. The analysis is based
on criteria such as - the presence or absence of electronic services; and the possibility
to order and pay for services electronically. The authors use good research practices in
the study [3]. The results show that the studied cities are beginning to become smart
and sustainable cities.

2. INTELLIGENT SUSTAINABLE CITY DEVELOPMENT THEORY
FRAMEWORK

In the modern conditions of digitalization of socio-economic and territorial
processes, the achievement of sustainable development is dictated by the efficient use
of resources and their management using information and communication technologies
(ICT). Achieving sustainability in the development of territorial units is directly
dependent on achieving smart development in the context of building a Smart City.
'Smart spatial development' refers to the strategic and holistic approach of using
technology, data, and innovation to promote sustainable and efficient development in a
specific geographical area. This includes using different aspects of smart city concepts
to optimize resource use, improve quality of life, and promote economic growth.

Research in the field of smart cities examines the smart city in three main aspects:
technology, population, and politics [4]. The main focus for turning cities into
intelligent systems is on the use of IC technologies [5]. Other authors emphasized
increasing energy efficiency and achieving environmental sustainability, as the main
element of smart cities [6]. The realization of this concept is related to the rational
management of urban systems and their resources. In modern conditions, improving
the management process of urban systems is related to the application of the concept of
IoT, which allows the integration of platforms into a single system and increases their
interconnection [7]. Cyber security, privacy protection, and the formation of an
information society are essential parts of the development of smart cities. The growing
informatization of processes in modern society also gives rise to several challenges
related to the confidentiality of information and data protection [8]. Citizen-local
government interaction through ICT requires significant measures in terms of data
security policy and data privacy [9]. A main emphasis in the application of ICT is the
limitation of unfair and corrupt practices [10].

The concept of the smart city foregrounds digital technologies and the possibilities
of integration with the existing (traditional) infrastructure [11]. Such an example can
be municipal services such as public transport, theaters, cinemas, health and
educational facilities, local and state institutions, and other socio-cultural activities. In
this way, simplification and optimization of processes, and improvement of the user
experience, which does not require radical changes in the established patterns of
behavior, are achieved. The smart development of cities is defined as one of the main



International Journal on Information Technologies & Security, Ne 4 (vol. 15), 2023 83

factors for achieving the goals of sustainable development [12]. Thus, the two concepts
have their points of contact.

Many authors working in this field derive different models for evaluating smart
and sustainable development through different systems of indicators related to both
concepts [13]. Through the application of Geographical Information Systems, it is
possible to visualize and spatially analyze the progress of territories according to key
indicators for intelligent and sustainable development. Several GIS-based models of
spatial analysis and evaluation [14], as well as the integration of GIS technology and
smart city tools [15], are found in the scientific literature.

The concept of smart development focuses on creating a smart, sustainable, and
future-oriented environment that integrates technology, data, and people to shape the
development and growth of a specific territory. Thus, achieving smart development is
directly linked to achieving sustainable development. In many areas, they overlap and
share common goals. One of the main goals of smart and sustainable development is
the optimization and rational use of resources. Smart development uses approaches
based on information and communication technologies to improve the efficiency of
resources and their management and to limit their irrational use and harmful impacts
on people and nature. Sustainable development promotes the conservation and efficient
use of resources, considering long-term viability and minimizing environmental
impacts.

Both smart and sustainable spatial development approaches have a long-term
perspective in their planning processes. Both approaches value the use of new
technologies and digital solutions to increase efficiency, improve services, and address
environmental and social challenges. Integration of systems and processes underpins
both approaches. In general, smart, and sustainable territorial development share
common goals, yet the two concepts also have their differences [16].

Table 1. Differences between smart and sustainable development

Intelligent development Sustainable development
use of innovation and the balance between economic growth,
Focus technology in all spheres of | social justice, and environmental
social and economic life protection
narrower, focused on . .
J . broader, covering a wide range of sectors
Range technology-oriented
. and processes
solutions
an integrated approach - . .
nteg Pproa a multidimensional and integrated
Approach guided by technological
approach
advances
Balance driven by technological the emphasis is on balancing the three
progress and innovation dimensions

provides immediate benefits | long-term challenges, continuous efforts,

Time . :
and short-term returns and adaptations over time
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Smart development focuses primarily on the deployment and use of technology,
data centers, and innovation to optimize processes, increase efficiency, and improve
the quality of life in a specific territorial unit. Sustainable development focuses on
striking a balance between economic growth, social progress, and environmental
protection and encompasses a broader set of principles including long-term viability,
resource conservation, environmental balance, and social equity. However, the focus of
both concepts has tangential points - rational use, allocation, and management of
resources, and improving the living environment and well-being of people through ICT
and innovation.

3. RESEARCH METHODOLOGY AND METHODOLOGICAL
FRAMEWORK

For the implementation of the GIS-based model for the assessment of smart and
sustainable development of the municipalities of the Northeast planning region in
Bulgaria, it is necessary to adopt a conceptual framework - a sequence of steps and
actions for its implementation.

The main objective of the study is to analyse and assess the smart and sustainable
development of municipalities in the Northeast Planning Region through a developed
model.

Define a set of indicators reflecting Data collection, . Data =~
both the smart and sustainable integration and implementation in
dimensions of development. processing the GIS system

assessing progress towards
smart and sustainable
development

Spatial analysis and data

interpretation of : 7o
P visualization

results

[ Visualization and ]

Deriving a model for ]

Figure 1. Methodological framework

The developed model is based on the view that the studied issues are characterized
by complexity and a combination of different scientific fields. Therefore, the analysis
and evaluation of sustainable cities require the application of interdisciplinary and
network approaches that underpin the model proposed by the authors. For
completeness of the methodological apparatus, the authors wuse descriptive,
comparative, and GIS analysis in the study of municipalities.

The research algorithm includes the introduction of a system of indicators for the
assessment of smart and sustainable urban development. Based on the proposed system
of indicators and criteria for the evaluation of municipalities, the authors calculate their
weighted values, which express the generalized model for the evaluation of
municipalities. The data included in the model covers the period 2015-2021. In this
way, it covers the implemented policies and initiatives from the two program periods
for the EU 2007-2013 and 2014-2020, as well as the measures under the current
program period 2021-2027.
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4. RESULTS AND DISCUSSION
4.1. Some remarks about the model for assessing a smart sustainable city

The model developed by the authors is aimed at assessing the smart sustainable
development of municipalities in Bulgaria. This model evaluates the smart
development of municipalities and their territorial sustainability. The main objective of
the model is to identify the degree of sustainability and smartness of cities and thus
outline the roadmap for their future development. A review of the scientific literature
shows that most of the studies are focused on the evaluation of individual systems of
city management - drinking water consumption [17], energy consumption [18], energy
efficiency [19], etc.

An important stage in the development of such a model for the analysis and
evaluation of Bulgarian municipalities is the definition of criteria and indicators in
different areas such as economic, environmental, social, ecological, smart, etc. The
complexity of developing an accurate and precise model depends on the choice of
indicators. This is also the biggest challenge for researchers. According to some
authors, the criteria that indicators should meet are - objectivity, relevance,
measurability, representativeness, accessibility, comparability, and the possibility of
validation [20]. The model presented in this study attempts to meet all these criteria by
refracting smart development through the prism of achieving territorial sustainability.
However, the model is debatable because it uses both quantitative and qualitative
indicators. Other challenges that such a model must overcome are the balance between
different groups of indicators and the wide variety of definitions available in the
literature.

4.2. Indicators for measuring territorial intelligence and sustainability

Since the concepts of smart and sustainable development of territorial units have a
common vision and share similar goals, it is necessary to consider common,
interrelated factors and criteria for achieving smart sustainability. On this basis, it is
necessary to derive a comprehensive system of indicators to measure progress towards
smart sustainability, based on the priorities and objectives of both concepts. Such
common assessment indicators could be:

* Digital infrastructure. Infrastructural provision is one of the main components of
a smart city, as it facilitates connectivity, improving communication and access to
services. The digital infrastructure includes the territory's broadband network
connectivity, the share of the population with access to the Internet, and others.

- Adoption of the IoT concept — individuals/businesses/administration using
Internet-connected devices and systems, and use of the Internet to interact with
administrative bodies and public institutions.

* Smart Governance. This indicator determines the progress of local government
in terms of the digitization of services and processes and is directly related to the
digital infrastructure. It is most often expressed in the e-governance services provided
by the municipality, such as:

- Availability of digital delivery platforms, by local administration and citizen
access to public services.
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- Availability and accessibility of public data for public use and transparency of
information.

- Availability of platforms and mechanisms for citizen participation in decision-
making processes.

* Sustainable infrastructure. This indicator determines the provision of the
territory with physical infrastructure directly related to sustainable development -
reduction of harmful effects on the environment from human activity, improvement of
mobility, public utilities, development, and people's lifestyle. Includes engineering and
technical infrastructure such as:

- Energy infrastructure - renewable energy installations, energy-efficient
buildings, energy-efficiency systems, and technologies.

- Transport infrastructure - provision of different modes of transport to
populations and settlements, quality of transport infrastructure, transport
management systems (smart mobility).

- Social infrastructure - provision of hospitals, healthcare facilities, and access to
social services.

- Waste management - the proportion of population and settlements covered by
waste collection systems, waste collection, and treatment facilities, and
intelligent waste management systems.

- Water management - efficient use of water, water supply and sanitation
systems, wastewater treatment plants.

* Innovation and technology. This summary indicator measures the investments
made and the innovations and technologies implemented by local authorities to
improve the public services provided the business environment, and the improvement
of living standards. Includes development of innovation, research, and development -
investment in research, and collaboration between academia and industry.

- The presence of innovation centers, technological enterprises, Start-up systems,
the share of employees in these types of enterprises, and the digital skills of the
population.

* Environmental sustainability - This indicator expresses the ecological condition
of the territory and the measures taken to limit the harmful effects on the environment.
It is directly related to the sustainable infrastructure indicator and includes activities
related to environmental management and protection:

- Air pollution - levels of harmful emissions and greenhouse gases, promotion
and investment in renewable energy sources, reduction of fuel use.

- Biodiversity conservation - protected areas, biodiversity conservation
investments, habitat restoration, and sustainable land use practices.

- Waste management - measures to improve waste and wastewater management,
reduce the amount of waste generated by households and industry, involve
citizens in waste management, and separate waste collection.

* Social and cultural sustainability This indicator measures the measures and
actions taken by local roxxepamenT and the provided social services related to social
justice, well-being, and the quality of life of citizens, an essential element for achieving
sustainable development:

- Access to services - health, education, justice, transport, and mobility.
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- Social justice - material and social deprivation, populations at risk of poverty,
and social exclusion.

- Preservation of cultural and historical heritage - measures and investments to
preserve cultural diversity, support local cultural practices, and maintain
heritage sites.

* Economic development. This indicator determines the economic condition of the
territory and includes indicators for measuring economic growth:

- Assessment of the overall economic performance and growth of the territory -
GDP growth, GVA, the economic activity of the population, number of
enterprises, amount of investment in different sectors of the economy

- Socio-economic development indicators - employment and household income,
labor migration.

The economic condition of the territory determines its possibilities for achieving
intelligent and sustainable development and is related to all the listed indicators, as an
opportunity to undertake measures and activities to improve the environment for
people's living and activities.

Each of the indicators is relevant to all elements of sustainable development and
they cannot be categorically grouped by the respective dimensions of sustainable
development. A change in the values of one indicator has an impact on the values of
another indicator.

This system of indicators and benchmarks provides a generalized framework for
assessing the smart and sustainable development of municipalities. Using these
indicators, the progress of territorial units can be assessed, areas for improvement can
be identified and efforts can be directed towards achieving a smarter and more
sustainable urban environment.

4.3. Application of a model for assessing progress toward smart development
and territorial sustainability

Based on the indicators and criteria, it is necessary to derive a generalized model
for assessing the progress of municipalities toward achieving smart and sustainable
development.

Once the indicators have been identified and the necessary data and information
collected, it is necessary to determine the direction of movement of the value of each
indicator. The assessment of smart sustainable development is the determination of the
baseline and target values of the selected indicators. The indicators' baseline values are
those measured at a certain starting point in time, which must be the same for all
indicators. As the study is for the period 2015-2021, the baseline values are the 2015
indicator values. The data are from the National Statistical Institute of Bulgaria [21]
and Eurostat [22].

The target values are the desired values of the indicators at a future point in time,
which again should be the same for all indicators. The target values of the indicators
should reflect the objectives that the local government wants to achieve. Achieving the
target values means that the municipality is developing in the desired direction and that
the development process is balanced and sustainable. The target values for some of the
indicators have been taken as EU averages (for example average income levels of the
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population, unemployment, persons at risk of poverty and social exclusion, education
level of the population, harmful emissions, waste generated, energy efficiency, etc.).

In the next stage of the assessment, the weights of each of the indicators should be
determined. In assessing progress toward smart sustainable development, it is
necessary to consider which factors have a greater impact on the development of the
territory and which less and to weigh each indicator higher or lower accordingly.
Weighting is also necessary in cases where the difference between the baseline and
target importance of an indicator is small and small changes in the importance of an
indicator can lead to large progress in sustainability. Accordingly, weights are also
needed when there is a large difference between the baseline and target values of an
indicator and a large change in the value of the indicator leads to small progress. The
sum of the weights of the sustainability indicators for the municipality/region should
equal one (3 k= 1).

Once the baseline and target values of the indicators and their weights have been
determined, the process of calculating the progress of the municipality about each of
the indicators can proceed:

Lnn = Ityn — Ibmy (1
where: Imn - the desired progress of the m-th municipality for the period concerning the
n-th indicator; /tmn - target value of the n-th indicator for the municipality; /bmn -
baseline value of the n-th indicator for the respective municipality.

This index shows the change in the value of each of the indicators for smart and
sustainable development for a period of consideration towards the achievement of the
set goals.

After calculating the progress of each municipality with each indicator, the
progress rate of the municipality indicator should be found. This is calculated using the
formula:

Icmn— Ibmn
K = = —— )
where: Kmn - coefficient of the progress of the m-th municipality concerning the n-th

indicator; Icmn - current value of the n-th indicator of the m-th municipality.

This coefficient expresses the progress of the respective municipality according to
a certain indicator at the present moment - the current state against the set target values.

When defining the desired progress and the progress coefficients of the
municipality, the desired direction of progress must be taken into account, that is, what
the municipality is aiming for - a decrease or an increase in the value of the indicator
When the desired change in the indicator is n the direction of decrease, as in the
intromission levels" and "was generated", the formulas take the following form:

I = I?bmn _I Ityn (3)
mn— ICmn
Ko = =22 )

To calculate the value of development, it is necessary to derive a common
indicator that provides a synthesized assessment of the municipality's progress in terms
of smart and sustainable development. This indicator should bring together the
individual coefficients of progress about each of the indicators:
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Ykn*K.
Issq = % (5)
where: Issued - index of smart sustainable development; kn - the weight of the
municipality's progress factor about the n-th indicator (Zkn=1); n - the number of

indicators.

The development of a municipality is considered smart and sustainable if Issd has a
positive value. A positive value of the index means that none of the individual progress
coefficients for the indicators has a negative value, that is, there is no deterioration in
any of the sustainable development indicators. By applying this index, development is
assessed according to the Pareto optimality criterion. It is assumed that intelligence and
sustainability are achieved if the situation of any indicator improves, provided that there
is no deterioration in the situation of another. The closer the value of Issd is to one, the
closer the city/municipality is to the goals. Negative values indicate regression, and zero
values indicate lack of development [23].

The model thus derived for assessing smart and sustainable development and
determining the values of indicators, coefficients, and indexes is implemented in a GIS
environment using the smart mapping feature of ArcGIS Online [24].
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Figure 2. Smart Mapping of the Smart Sustainable Development Index of Municipalities using
ArcGIS.
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From the implementation of the GIS-based model for assessing the progress
towards smart and sustainable development of the municipalities of the North-Eastern
Planning Region, it is observed that for the period 2015-2022, all four municipalities
have made progress, but the municipality with the most significant progress is Varna -
the highest values of the index for smart and sustainable development. It can be said
that Varna municipality has made significant progress but still lags compared to the EU
average. The other municipalities have made relatively little progress. Thus, Varna is
positioning itself as a major urban center, an engine of growth for the North-East
planning region in Bulgaria.
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Despite the high scores of the four municipalities in terms of e-services provision,
the high percentage of the population with internet access and the relatively good
provision of ICT infrastructure, etc., there is a significant lag in the EU average (the
desired state) in terms of progress towards smartness and sustainability. This is due to
the low levels of social and economic resilience of the municipalities of Dobrich,
Shumen, and Targovishte. They have significant problems such as a declining and
aging population, low levels of population education and digital skills, higher levels of
unemployment and risk of poverty, lower incomes, low levels of investment, etc.

5. CONCLUSION

The main urban centers of the North-Eastern Planning Region in Bulgaria are
making progress in terms of smart and sustainable development. However, this
progress is insignificant, especially for the municipalities of Dobrich, Shumen, and
Targovishte. From the analyses made, it is noticed that about the indicators for
intelligent development - application of ICT, digital infrastructure, access to the
Internet, electronic services provided by the municipalities, and others, greater progress
is reported. Regarding the other indicators related to sustainable development,
however, social, economic, demographic, political, and environmental, the progress of
the municipalities is extremely small, below 0.5, with only the municipality of Varna
with 0.73. This is a basic prerequisite for the low values of the Index for achieving
intelligent and sustainable development. This requires taking significant measures by
local and national governments to achieve sustainability.

The application of the Geographical Information Systems allows the
implementation of multi-criteria spatial analysis and the comparison of municipalities
according to various indicators. Through GIS, a model of the development of the
territorial units was made, thus clearly showing the differences in the development of
the territory.

The proposed evaluation model provides a general idea of the smart and
sustainable state of municipalities. This model cannot be defined as universal.
Although it covers many indicators and measures, each territory is characterized by
specific needs and peculiarities, thus, the indicators included in the model can be
changed and adapted to specific territories of analysis.
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