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Purpose: The purpose of this article is to study the role of technology in key areas of sustainable
cities, such as infrastructure and transportation management, waste management, energy
consumption or quality of life of residents. In addition, a ranking of selected European cities
was constructed in terms of the adaptive potential of artificial intelligence in the perspective of
sustainable urban development.

Design/methodology/approach: The research used a taxonomic method, a comparative
method and a literature study.

Findings: The greatest potential for adapting strategic solutions using artificial intelligence to
create smart cities in light of achieving the Sustainable Development Goals, among the cities
accepted for analysis, was demonstrated by Paris, where for almost a decade now local
authorities have focused on implementing the city as a platform model.

Originality/value: The article addresses current trends in regional development, in particular,
the development of the smart city, taking into account the challenges of implementing artificial
intelligence. The research is focused on the possibilities of using new technologies in the
adaptation of urban communities to such phenomena as an aging population, or the
implementation of sustainable development strategies. This is an important and innovative
approach in regional research.
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1. Introduction

Progressive urbanization, urban population growth, and the growing challenges of climate
change are making cities prime areas for implementing innovative solutions to support the idea
of sustainable development (Niedziela-Wawrzyniak, 2023). Today's socio-economic and
environmental challenges call for modern, open-ended governance models that will enable
urban residents to not only maintain their current standard of living, but also raise it while

maintaining environmental sustainability. One of the more promising tools in this regard is
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artificial intelligence (AI), which offers advanced capabilities for data processing, process
automation and efficient management of urban resources (Blicharz, 2023).

Despite the growing interest in smart cities, the role of artificial intelligence in the
implementation of sustainable urban development strategies is still under-researched. There is
a lack of in-depth and comprehensive studies to assess to what extent European cities are
actually implementing Al-based solutions in their development policies, and what real impact
these technologies have on improving the quality of life of residents, the efficiency of resource
management and reducing negative environmental impacts.

The purpose of the article is to study the role of technology in key areas of sustainable cities.
Referring to the main objective, a ranking of selected European cities in terms of the adaptive
potential of artificial intelligence in the perspective of sustainable urban development was
constructed. The analysis of this issue prompts the key research questions: To what extent are
European cities using Al to support sustainable development? Which areas of city functioning
are most susceptible to transformation through this technology? In which areas can the
development of artificial intelligence positively affect regional development? With regard to
the research questions, a research hypothesis was formulated: artificial intelligence and new
technologies are leveling social problems in smart cities.

The structure of the article includes a review of the literature on sustainable cities and the
role of artificial intelligence in their transformation, the methodology of the study based on
taxonomic and comparative analysis, the presentation of the results, and conclusions on the role
of artificial intelligence in creating more sustainable urban spaces. The issue addressed not only
answers the existing research gap, but also brings new value by proposing to local authorities
the adaptation of Al in the context of urban sustainability and current socio-regional challenges.
The study focuses on the role of technology in key areas of sustainable city operations, such as

infrastructure and transportation management, education or quality of life for residents.

2. The importance of artificial intelligence in shaping smart cities

2.1. Artificial intelligence in the context of sustainable urban development

The origins of the development of artificial intelligence can be traced back to the 1950s,
when Alan Mathison Turing published a landmark article entitled “Computer Machinery and
Intelligence” in the pages of the Oxford journal Mind. At the very beginning of his paper,
Turing offered readers a reflection on the fundamental question: “Can machines think?”, which
has become one of the key issues in the further development of Al research (Rashid et al., 2024).
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Artificial intelligence is present today in almost all areas of life. Its capabilities are used in
business, IT, security systems, agriculture, as well as in everyday activities, among others.
Such a wide application confirms its versatility, innovative nature and rapid pace of
development. Al's particularly great potential is evident in working with huge data sets from
the Internet, as well as in tasks requiring creativity or evaluation and analysis (Szews, 2024).
Al is particularly effective in analyzing large data sets generated in digital environments,
as well as in tasks requiring creativity, evaluation and decision-making (Ljepava, 2022).
Artificial intelligence is increasingly applied in many spheres of socio-economic life. It is being
used as a key tool in the strategic planning of manufacturing enterprises, assisting supply chain
management and supporting managers at various decision-making levels. Increasingly, cities
and regions are also implementing Al-based solutions to improve the management of daily
processes and increase the efficiency of public administration (Czyzewska-Misztal, 2024).

In the context of developing sustainable cities, artificial intelligence is becoming
an increasingly important tool to support both urban planning and urban infrastructure
management. Its use can significantly improve decision-making processes, increase the
efficiency of managing urban resources and services, and improve the quality of life of
residents. Al can play a key role in creating intelligent transportation systems, monitoring air
pollution, managing energy, and responding to social needs in real time (Blicharz, 2023).

Sustainable development is based on three key foundations: meeting human needs, ensuring
social justice, and taking into account environmental constraints. This means consciously and
responsibly shaping the relationship between economic development, care for the environment
- especially the natural environment - and the realization of various human needs, which largely
affect the quality of life (Mierzejewska, 2015).

2.2. Smart city technologies and the integration of Al into urban policies

The term “Smart City” has begun to reflect the key needs of residents of modern cities.
The term is most often associated with openness to modern solutions, the ability to adapt
dynamically, and the use of innovative technologies to improve the quality of life in urban
spaces (Czemiel-Grzybowska, 2023).

Today's cities are facing increasingly complex challenges, such as economic crises, climate
change, aging populations, infrastructure overload, the emergence of online retail, and the need
to ensure a high quality of life for residents (Podgoérniak-Krzykacz, Przywojska, 2023).
In response to these problems, the smart city concept, which aims to create more efficient,
sustainable and crisis-resilient urban structures by integrating modern technologies, including
artificial intelligence (Al), into urban policies, is gaining importance (Widuch, 2022).

The term smart city can be defined in different ways, but all theoretical approaches
emphasize that these are cities that use information and communication technologies (ICT) to
solve social and development problems. A smart city is one that simultaneously develops

modern technological infrastructure and invests in human and social capital, offering residents
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access to e-services and digital solutions to support daily life (Legutko-Kobus, 2021).
Integrating Al with city policies is becoming the foundation of modern governance - supporting
urban planning, transportation, waste management, environmental protection, as well as
security and civic participation (Lee and Lee, 2015).

In the context of integrating Al into urban policies, it is worth noting selected European
cities that represent different levels of sophistication and adaptation strategies. In cities such as
Paris, Madrid, Rome, Brussels, Budapest, Helsinki, Riga, Vilnius and Tallinn, there is
a noticeable increase in the importance of Al as a tool to support the implementation of smart
city strategies. For example:

e Paris is investing in Al-based urban platforms to manage mobility, air quality and

energy, while developing a “city as a platform” model (Arduin et al., 2016).

e Madrid is pursuing a strategy of advanced digital transformation of urban space, based
on the integrated development of social, environmental and economic components.
A key element of this strategy is the use of real-time data to increase the efficiency of
public services and improve emergency management systems (Orejon-Sanchez et al.,
2022).

e Budapest is focusing its efforts on developing a modern transportation infrastructure,
using digital technologies to improve the city's operations. The city government is
implementing public transportation management systems that rely on data analysis to
enable more efficient route planning and optimize the operation of public transportation
and city services (Hamadneh, Jaber, 2023).

e Helsinki is developing the “City as a Service” concept, which aims to create citizen-
centered city services. Here, Al is supporting urban planning, transportation
management, digital healthcare and predicting demand for public services, among other
things. The city also relies on transparency - residents have access to data on the
operation of Al-based systems, which increases public trust and promotes acceptance
of innovations (Anttiroiko, Sahamies, 2022).

However, the implementation of Al in urban policies is not a uniform process - it depends
on many factors, such as the level of digital sophistication, availability of data, competence of
officials, infrastructure and the organizational culture of the administration. Equally important
are mechanisms for collaboration with the private sector and academia to create innovation

ecosystems.
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3. Methodology

The study consisted in developing a ranking of selected European cities on the basis of
characteristics describing the level of regional development. The basic element of the analysis
was the selection of a group of diagnostic variables that best reflect the degree of development
of cities. The initial set of diagnostic characteristics was selected from available statistical data
on the basis of a substantive criterion. The components of the substantive criterion were the
purpose and subject of the study, as well as the time frame in which the study was conducted
(Szarek, 2021). In addition, the selection of variables was determined by the availability and
completeness of empirical data, which were obtained from the databases of the statistical office
of the European Union (Eurostat). As a result, ten diagnostic variables of the set of diagnostic
characteristics were qualified for the study. All of the variables selected for the study were
identified as stimulants. Stimulants are characteristics that have a positive impact on the
analyzed area. The first step in the calculation was the estimation of Pearson's linear correlation
coefficient. Pearson's linear correlation coefficient takes values in the range of [-1, 1].

The closer this value is to one, the stronger the relationship is. In the literature,
it is assumed that 7, < 0.3 — designates an insignificant correlation; 0.3 <1, < 0.5 —
average correlation; 7y, > 0.5 — clear correlation. The Pearson's linear correlation
coefficient was estimated using the following formula:

ey = nQXy)-QxQY)
VI X2 =X X)?]* [nXY2 - (ZY)?]

(1

where:

Ty~ Pearson's linear correlation coefficient,
n — number of elements in the set,

X — explanatory variable,

Y — explained variable (Chudy-Hyski, 2006).

The criterion used for the classification of features was the value of the sum of modules of
the correlation coefficient number for individual variables (s.m.), and namely {s.m. < 8} was
the determining condition for qualification of diagnostic features for creation of the ranking.

The next criterion for the selection of diagnostic variables was their sufficiently high degree
of variation. The degree of differentiation of individual characteristics was estimated on the
basis of the coefficient of variation. It was established that the value of the coefficient of
variation of the studied diagnostic variables should exceed (>10%), which means that the trait
indicates significant variation (Szarek-Orlecka, 2025).

Continuing with the analysis of selected diagnostic variables, standardization was

performed using the formula:
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where: z;; — standardized value of the diagnostic feature x; over time t (Murawska, 2010).
Using estimated standardized values of the diagnostic features, a index of standardized sums

for individual regions was calculated according to the formula:

7= &0

)

where: n — number of diagnostic variables.
The natural breaks method divides into five classes, where:
class 1: 72’ > 2.00,
class 2: 2.00 < Z’it < 0.00,
class 3: 0.00 < Z’;; < -0.5,
class 4: -0.50 < Z’;: < -0.80
class 5: -0.80 < Z’;; <-1.00.

The survey made it possible to rank selected European cities based on their level of regional

0O O O O O

development. An important element of the study was the adequate selection of diagnostic
variables that met statistical, substantive and data availability criteria. Five class of regional
development were identified. Class 1 included cities with the highest level of regional
development. Class 2 is represented by cities with relatively high, but not the highest level of
development. Class 3 includes cities with a moderate level of development. Class 4 includes
cities with a low level of development, in need of development support or intervention,
while the final class five includes cities with the lowest level of regional development.

The survey made it possible not only to assess the relative level of development of cities,

but also to identify areas requiring support in the context of spatial planning and regional policy.

4. Results

The first step in the creation of a ranking of selected European cities in terms of regional
development was the estimation of correlations between diagnostic variables, which is
presented below (Table 1).
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Table 1.
Set of variables characterizing the potential for implementing new technologies and artificial
intelligence as a response to the challenges facing selected cities

Symbol* | Diagnostic variables
Xi(s) population living in private households (excluding institutional households)
Xos) lone pensioner (above retirement age) households
X3(s) number of registered cars per 1000 population
Xas) economically active population, total
X5(s) total employment/jobs (work place based)
Xe(s) employment (jobs) in mining, manufacturing, energy (nace rev. 2, b-e)
X7(s) employment (jobs) in trade, transport, hotels, restaurants (nace rev. 2, g to i)
X3(s) employment (jobs) in information and communication (nace rev. 2, j)
Xo(s) employment (jobs) in financial and insurance activities (nace rev. 2, k)
Xiogs) employment (jobs) in professional, scientific and technical activities; administrative and support
service activities (nace rev. 2, m and n)

* (s) — stimulant, (d) — destimulant.
Source: own elaboration.

The starting point for further research was the matrix of coefficients of correlation between
potential diagnostic features (Table 2).

Table 2.
Matrix of correlation between analyzed diagnostics variables
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
X1 1.00 0.98 0.08 1.00 0.99 0.95 0.98 0.98 0.97 0.97

X2 0.98 1.00 0.16 0.97 0.94 0.92 0.93 0.93 0.96 091
X3 0.08 0.16 1.00 0.04 -0.03 -0.08 0.07 -0.04 -0.06 0.06
X4 1.00 0.97 0.04 1.00 0.99 0.96 0.99 0.99 0.97 0.98
X5 0.99 0.94 -0.03 0.99 1.00 0.97 0.99 0.99 0.96 0.98
X6 0.95 0.92 -0.08 0.96 0.97 1.00 0.95 0.96 0.94 0.93
X7 0.98 0.93 0.07 0.99 0.99 0.95 1.00 0.99 0.92 0.99
X8 0.98 0.93 -0.04 0.99 0.99 0.96 0.99 1.00 0.94 0.99
X9 0.97 0.96 -0.06 0.97 0.96 0.94 0.92 0.94 1.00 0.90
X10 0.97 091 0.06 0.98 0.98 0.93 0.99 0.99 0.90 1.00
Source: author’s calculations.

Using the next criterion for the selection of diagnostic variables, namely a sufficiently high
degree of variability, no reduction in diagnostic variables was made (Table 3). For no diagnostic
variable did the estimated coefficient of variation take values below 10%. The variation in the
adopted characteristics indicates high significance between variables.

Table 3.
Numerical characteristics of diagnostic features in selected cities

Characteristic Diagnostic variables
X1(s) X2(s) X3s) X4(s) Xs(s) Xe(s) X7s) Xs(s) Xo(s) Xi0¢)
Maximum 12936,8 | 687,0 0,6 6710,6 | 61659 | 4447 | 13959 | 433,3 | 3543 | 1047,3
Arithmetic 3786,1 | 209,4 | 452,54 | 1960,8 | 1858,9 | 153,3 | 473,7 | 131,7 | 81,3 3374
mean
Standard 3764,3 | 190,8 | 0,08 | 1948,9 | 1805,2 | 124,1 | 419,5 | 130,8 | 101,2 | 335,9
deviation
Coefficient of | 99,42 | 91,12 | 19,13 | 99,40 | 97,11 | 80,97 | 88,57 | 99,28 | 124,51 | 99,59
variation (%)

Source: author’s calculations.
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Based on an examination of the coefficient of variation and linear correlation coefficient,

four diagnostic variables were selected (Table 4).

Table 4.
Set of diagnostic variables selected for creation of ranking

Symbol* | Diagnostic variables
Xis) population living in private households (excluding institutional households)
Xas) lone pensioner (above retirement age) households
Xas) economically active population, total
Xs(s) total employment/jobs (work place based)
Xe(s) employment (jobs) in mining, manufacturing, energy (nace rev. 2, b-e)
X(s) employment (jobs) in trade, transport, hotels, restaurants (nace rev. 2, g to i)
Xs(s) employment (jobs) in information and communication (nace rev. 2, j)
Xos) employment (jobs) in financial and insurance activities (nace rev. 2, k)
Xio(s) employment (jobs) in professional, scientific and technical activities; administrative and support

service activities (nace rev. 2, m and n)

* (s) — stimulant.
Source: own elaboration.

Using a taxonomic method, a ranking of the nine European cities selected for the study was
created, reflecting the potential for the development of artificial intelligence and new

technologies, as a response to the challenges facing the selected urban centers (Table 5).

Table S.
Ranking of European cities according to the standardized sum index
Class City
1 Paris
2 Madrid
3 Roma, Budapest, Brussel
4 Helsinki, Riga, Vilnius
5 Tallin

Source: own elaboration.

The final distribution of cities was influenced by the nine diagnostic variables indicated in
Table 4. The variables illustrate the scale of the phenomenon of the possibility of implementing
solutions using artificial intelligence as part of smart city and sustainable development

strategies, referring to the number of residents, their level of education, wealth, or loneliness.

5. Discussion and Conclusions

Smart cities aim to effectively manage the progressive process of urbanization, energy
consumption, care for the environment, appreciate the financial and living standards of
residents, and increase the capacity of human capital to effectively use and implement modern
information and communication technologies (ICT). Multisectoral cooperation plays

an important role in the smart city project, starting with smart transportation, cyber security,
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smart grids (SG), and next-generation communications supported by UAVs (5G and B5G)
(Ullah et al., 2020). All of the previous smart city sectors are heavily influenced by big data
analytics and the effective use of artificial intelligence, machine learning and DRL-based
techniques that can increase their efficiency and scalability in a smart city project.

Nowadays, it is often indicated in the literature that waste management is one of the biggest
challenges facing the world, whether in developed or developing countries. Population growth
has led to a significant deterioration in the hygienic situation of the waste management system
(Venkatesh et al., 2022). Many solutions are being implemented in the smart city to support
waste management.

Smart infrastructure, an essential component of smart cities, is equipped with wireless
sensor networks that autonomously collect, analyze and transmit structural data, called
“smart monitoring” (Luckey et al., 2021). The goals of intelligent monitoring, indicated in the
literature, can also respond to sustainable development goals. Artificial intelligence-based
applications targeting smart city residents have been adopted by various developing and
developed countries around the world. Artificial intelligence is and will be an indispensable
part of the smart city (Ashwini, 2022). In addition, urban mobility has seen significant
innovations through artificial intelligence applications such as autonomous vehicles (AVs),
electric vehicles (EVs) and unmanned aerial vehicles (UAVs). The impact of artificial
intelligence can be seen in the areas of energy management and sustainable development
practices, health care, environmental management, or the industrial sector (Szpilko, 2023).

The conducted study of the literature on the subject and the analysis of statistical data using
the taxonomic method made it possible to verify the research hypothesis and formulate
theoretical, methodological and pragmatic conclusions. A positive verification of the research
hypothesis was made, indicating that artificial intelligence and new technologies level social
problems in smart cities. As part of the methodological conclusions, it should be pointed out
that the taxonomic methods used, made it possible to categorize the cities selected for the study
in terms of the development potential of the smart city and to indicate the similarities of the
ongoing changes in the analyzed metropolises. The main conclusion of a theoretical nature is
that the topic of smart city considerations in combination with sustainable development and
artificial intelligence has become a permanent part of economic science. Referring to the
pragmatic insights of the research, first of all, there is a noticeable increase in the importance
of artificial intelligence as a tool to support the implementation of smart city strategies.
Secondly, the implementation of Al in urban policy is a multi-factor process. It depends not
only on the level of digital sophistication, the availability of data, the competence of officials,
the infrastructure and organizational culture of the administration, cooperation with the private
sector and academia, but also and perhaps most importantly on the residents. Thirdly, smart city
development strategies are a kind of response to the realization of sustainable development
goals. The suggestion for local authorities with custody of smart city development is to focus
even more on the needs of local residents in terms of education about sustainable lifestyles and
the use of artificial intelligence.
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