“Cluster analysis of the capitals of European countries by the “green” image
indicators in the context of sustainable development”

AUTHORS

ARTICLE INFO

DOI
RELEASED ON
RECEIVED ON
ACCEPTED ON

LICENSE

JOURNAL
ISSN PRINT
ISSN ONLINE
PUBLISHER
FOUNDER

Olha Zinchenko

R

Viktoriia Redko

R

Vladyslav lakovenko
R

Irina Privarnikova

R

Olha Zinchenko, Viktoriia Redko, Vladyslav lakovenko and Irina Privarnikova
(2025). Cluster analysis of the capitals of European countries by the “green”
image indicators in the context of sustainable development. Environmental
Economics, 16(2), 104-118.doi:10.21511/ee.16(2).2025.08

http:/dx.doi.org/10.21511/ee.16(2).2025.08
Friday, 30 May 2025

Thursday, 27 March 2025

Wednesday, 21 May 2025

@) ev |
This work is licensed under a Creative Commons Attribution 4.0 International
License

"Environmental Economics”

1998-6041

1998-605X

LLC “Consulting Publishing Company “Business Perspectives”

LLC “Consulting Publishing Company “Business Perspectives”

© The author(s) 2025. This publication is an open access article.

=//~/| BUSINESS
PERSPECTIVES

Nem—

businessperspectives.org



®®

Environmental Economics, Volume 16, Issue 2, 2025

w2 el

e—

BUSINESS PERSPECTIVES

LLC “CPC “Business Perspectives”
Hryhorii Skovoroda lane, 10,
Sumy, 40022, Ukraine

www.businessperspectives.org

Received on: 27t of March, 2025
Accepted on: 21°¢ of May, 2025
Published on: 30t of May, 2025

© Olha Zinchenko, Viktoriia
Redko, Vladyslav Iakovenko, Irina
Privarnikova, 2025

Olha Zinchenko, Doctor of Economics,
Professor, Department of Marketing
and International Management, Oles
Honchar Dnipro National University,
Ukraine.

Viktoriia Redko, Ph.D., Associate
Professor, Department of Tourism
Business and Hospitality, Oles Honchar
Dnipro National University, Ukraine.
(Corresponding author)

Vladyslav Takovenko, Ph.D., Associate
Professor, Department of Economics,
Entrepreneurship and Enterprise
Management, Oles Honchar Dnipro
National University, Ukraine.

Irina Privarnikova, Ph.D., Associate
Professor, Department of Marketing
and International Management, Oles
Honchar Dnipro National University,
Ukraine.

This is an Open Access article,
distributed under the terms of the
Creative Commons Attribution 4.0
International license, which permits
unrestricted re-use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

Contflict of interest statement:
Author(s) reported no conflict of interest

104

Olha Zinchenko (Ukraine), Viktoriia Redko (Ukraine), Vladyslav Iakovenko (Ukraine),

Irina Privarnikova (Ukraine)

CLUSTER ANALYSIS
OF THE CAPITALS OF EUROPEAN
COUNTRIES BY THE “GREEN"
IMAGE INDICATORS

IN THE CONTEXT OF
SUSTAINABLE DEVELOPMENT

Abstract

Ongoing urbanization presents significant environmental challenges, which can be ad-
dressed through targeted investments in green infrastructure. Such investments not
only mitigate ecological impacts but also enhance a city’s brand value and attractive-
ness to investors and residents. This study evaluates how green infrastructure, along
with environmental, social, and economic indicators, influences the formation of a
“green” image of the capitals of European countries. The “green” image is conceptualized
as the perception of a city as environmentally friendly and sustainable, increasing its
appeal to various stakeholders. Using k-means cluster analysis based on 10 indicators
across 29 capitals of European countries, four distinct clusters were identified accord-
ing to their potential for sustainable development. The second Cluster (Berlin, Helsinki,
Ljubljana, Madrid, Riga, Sofia, Tallinn, Vilnius, and Zagreb) showed the strongest
“green” image, with extensive green areas and low pollution levels balanced by solid
socio-economic indicators. The first Cluster (London, Luxembourg, and Paris) had a
high quality of life but relatively limited green space. The third Cluster (Amsterdam,
Copenhagen, Dublin, Lisbon, Prague, Rome, Stockholm, and Vienna) combined high
living costs and life expectancy with moderate green coverage. Most remaining cities,
including Athens, Brussels, and Kyiv, were placed in the fourth Cluster, indicating a
need for more robust environmental policies. The findings highlight that expanding
green spaces, maintaining low pollution levels, and supporting high life expectancy
is key to enhancing a city’s green image, thereby boosting its investment appeal and
overall quality of life.

Keywords sustainable development, “green” image, “green” urban
areas, “green” infrastructure, European green policy,
“green” investments, “green” economy, cluster analysis
JEL Classification Q56, R11, R52

INTRODUCTION

One of the greatest issues of the modern world is the global environ-
mental crisis. Its consequences have become the main reason for the
introduction of the European green policy in 2019 (EU, n.d.). The
primary objectives of this policy are achieving ecological stability in
Europe by 2050, economic recovery from the aftermath of the cri-
sis, poverty reduction, and making the European economy environ-
ment-friendly. The European Climate Law and The CHG Footprint
Reduction Law, both of which were adopted in 2021, allowed the de-
velopment of the “Fit for 55” package, which is designed to reduce the
European Union’s greenhouse gas emissions by 55% by 2030 and in-
cludes the mechanisms suitable to combat the climate changes and
related energy, transport, land utilization, and taxation problems. In
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addition, the EU has developed the EU’s biodiversity strategy for 2030, EU forest strategy for 2030, EU’s
plastics strategy, Soil strategy, Environment action program for 2030, and Zero pollution action plan for
air, water, and soil as part of the European Green Deal, a new circular action plan to facilitate the transi-
tion to a climate-neutral, resource-efficient economy, recognizing that human well-being and prosperity
depend on healthy ecosystems (EU, n.d.).

The environmental crisis and its consequences have the highest influence on cities and their ecosystems.
This is because the cities consume 70% of light energy while being responsible for 80% of greenhouse
gas emissions (World Resources Institute & Ross Center, 2023). In addition, the populace of these cities,
including the capitals, keeps on growing (World Bank Group, n.d.). This results in an overall reduction of
the environmental quality. With the introduction of a new program in 2016, the UN has defined sustain-
able urban development as the most important step in achieving the Millennium Development Goals
(UN-Habitat, 2022). This sustainable development revolves around the development of rural communes
capable of satisfying the needs of the modern generation without depriving future generations of the
same capability (Panchyshyn & Vdovyn, 2023). The prolonged urbanization is connected with numer-
ous environmental drawbacks, including air pollution, high levels of noise, and general reduction of rec-
reational space (Orak et al., 2015). By complying with the UN Global Compact Cities Programme (UN
Global Compact, n.d.) and the established European green policy (EU, n.d.), the European countries
attempt to combat the aforementioned drawbacks by investing in environment-friendly projects, such
as the development of “green” infrastructure, implementation of “green” construction, “green” trans-
port, expansion of “green” municipal areas, etc. In addition, they attempt to maximize the co-benefits,
such as increasing brand value and publicity capital. The aforementioned co-benefits play an important
role in the global economy and act as an essential financial resource (Panteleychuk, 2009) since they
are capable of increasing the volume of investments, migration flow, competitive power of the specified
city, quality of life, and the ability to combat eco risks. This is why image capital may become the key
economic mechanism to ensure the goals of long-term sustainable urban development under conditions
of high social and economic risks.

1. LITERATURE REVIEW

velopment are its capability to generate income
and provide employment to the local population.

The role of cities in achieving the global sustain-
able development goals is defined by The Global
Goals (n.d.), whereas the main aim is to “make
the cities and urban settlements more inclusive,
safe, stable and integral.” However, there is still
no unified approach toward implementing sus-
tainable development. Some researchers (Battisti
et al., 2023; ITU, 2016; Krasnikova et al., 2021;
Stukalo et al., 2018) dedicate their scientific works
to developing an integrated approach to explain-
ing and implementing municipal sustainable de-
velopment. In contrast, others (Rua et al., 2021;
Smirnova & Privarnikova, 2015; Al-Nasrawi et
al., 2017; Russo et al., 2016; Al-Nasrawi et al., 2015;
Oetomo & Santoso, 2023) study only certain as-
pects of the aforementioned municipal sustainable
development.

For example, ITU (2016) claimed that the pri-
mary components of a city with sustainable de-
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Another critical aspect is the capabilities to satisfy
the primary needs of the local population (includ-
ing safety, health care, education, etc.) regardless
of their race, gender, or wealth, protect and main-
tain the ecologic balance, and ensure the reign of
democracy, social justice, and stability. Battisti et
al. (2023) believe that the end goal of municipal
sustainable development is to ensure the prosper-
ity of the citizens based on a healthy municipal
ecosystem. The effective functioning of such an
ecosystem revolves around its integration with
other aspects of municipal management (Battisti
et al., 2023).

There are also numerous suggestions related to
steady urbanization. For instance, certain research-
ers suggest renovating old or otherwise vulnerable
buildings as a part of sustainable development (Rua
et al., 2021). Others propose the implementation of
IT into the entire municipal infrastructure to create

105



Environmental Economics, Volume 16, Issue 2, 2025

<«

smart” cities (Smirnova & Privarnikova, 2015; Al-

Nasrawi et al., 2017; Russo et al., 2016; Al-Nasrawi
et al., 2015; Oetomo & Santoso, 2023), while some
devote their attention to the development of social
infrastructure (Razumkov-centre, 2021). All of the
aforementioned articles, however, view the green
space expansion alongside the creation of new rec-
reational zones as a factor of an indirect influence,
which allows to maintain the quality of life in cit-
ies (Orak, 2015; Smirnova & Privarnikova, 2015;
Kosyk & Letik, 2021) and reduces the influence of
a greenhouse effect (EC, n.d.; Russo et al., 2016; Al-
Nasrawi, 2015). Battisti et al. (2023) suggest that
apart from the ecologic, economic, and social func-
tions, the green urban zones also have cultural, his-
torical, and city-forming functions, giving different
cities their own unique and representative identity.

Green urban zones are defined as pivotal factors
in shaping the municipal landscape, allowing for
a better understanding of their role in creating
an attractive municipal green space. This space is
an influential element of any city and a great way
to support the local residents’ physical and men-
tal well-being. Finally, it also positively affects the
municipal image (Battisti et al., 2023). Rodriguez
Romero et al. (2017) arrived to the same conclu-
sion. They claim that historically developed green
areas and their connection to historical landmarks
are crucial for the cultural development of every
municipal image, which makes the city distinct
and recognizable while retaining and preserving
its cultural and historical value.

Currently, the scientific discourse regarding the
opportunity to capitalize on this “green” image is
not well-developed. These capitalization opportu-
nities mostly revolve around the development of
new “green” brands capable of fulfilling the role of
the global “nodes of attraction” not only for new
investments but also for intellectual assets and la-
bor forces.

There are also no practical methods of rating the
countries according to different indicators regard-
ing their attractiveness for “green” investments.
For instance, the existing UN rating “Sustainable
development,” created by the Bertelsmann
Foundation and Cambridge University (Sachs et
al., 2023), focuses solely on how different coun-
tries reach the defined sustainable development
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goals and how it affects the nation’s well-being.
However, the aforementioned aspects of “green”
development, including the development of “green”
infrastructure, remain outside of this focus. In
addition, this rating evaluates the entire country
without considering different territorial attributes.

The Global Liveability Ranking uses different eval-
uation methods. The overall rating is defined ac-
cording to six indicators: stability, healthcare, cul-
ture, environment, education, and infrastructure
(EIU, 2023). Even though there is a criterion such
as “environment,” it assesses only the emissions
per capita without considering the development
of green space. This index also evaluates the city’s
attractiveness only in terms of migration, leaving
the investment attractiveness outside the main fo-
cus and evaluating it only indirectly.

The economic power is evaluated by the Global
Competitiveness Index, which is based on the
analysis of the competitive ability of different
countries (WEF, 2020). The index itself utilizes the
methodology of the World Economic Forum and
has the following twelve pillars of competitiveness:

o Institutions;

o  Appropriate infrastructure;

o Stable macroeconomic framework;

«  Good health and primary education;

« Higher education and training;

« Efficient goods markets;

o Efficient labor markets;

o Developed financial markets;

«  Ability to harness existing technology;

o Marketsize — both domestic and international;

o Production of new and different goods using
the most sophisticated production processes;

o Innovation.

These twelve pillars are divided into three groups:
basic conditions for development, amplifying fac-
tors, and innovative factors. Still, this index does
not define “green” development as the pillar of
competitiveness and does not consider the inter-
nal territorial disparity of each specific country.

The importance of complying with the European
green policy and following the Sustainable
Development Goals on both the regional and lo-
cal levels, where the most resources are consumed
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while the communities and new enterprises de-
velop, proves the necessity to divide the country’s
territory depending on how well the aforemen-
tioned policy is implemented and how many of
the aforementioned goals are achieved. The in-
vestment assets in the modern information soci-
ety greatly depend on the territorial image (that of
an entire country, region, or city). The image itself
serves as the foundation of the national country’s
brand and thus affects its investment, migration,
and tourist attractiveness. Overall, numerous fac-
tors influence the territorial image, including the
attractiveness for tourists and business people,
comfortable living and working conditions, as
well as natural beauty affected by the number of
green zones. However, the modern tendency to re-
duce urban green space (Ocheretnyi et al., 2017)
and growing urbanization-related issues threaten
to deprive certain capitals of their positive “green”
image that serves as the primary foundation for
implementing the sustainable development strat-
egy and achieving the corresponding goals.

Dividing cities into clusters according to their

“green” image is important from both a scientific
and practical standpoint. Scientifically, the meth-
odology can be expanded and a broader dimen-
sional analysis carried out. In practice, the rating
system for evaluating economic and social attrac-
tiveness can be improved.

The purpose of this paper is to evaluate the influ-
ence of green infrastructure and related ecologi-
cal, social, and economic factors on the formation
of the “green” image of the capitals of European
countries and to classify these cities according to
their potential for sustainable urban development
using k-means clustering.

2. METHODOLOGY

This study examined the relationship between ur-
ban green infrastructure and the development of
a green territorial image in 29 European capitals
(27 EU Member States, London (the UK), and Kyiv
(Ukraine)). The choice of European capitals was
driven by their advantages in terms of high urban
population density and the availability of compre-
hensive environmental and socio-economic data
from geographically diverse locations. A dataset

http://dx.doi.org/10.21511/ee.16(2).2025.08
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was compiled, including 10 indicators, which were
selected based on the criterion of comprehensive
coverage of environmental and socio-economic
factors that form a sustainable urban model and an
attractive green image of urban areas. The main da-
ta sources were the European Environment Agency
(EEA) and Numbeo (n.d.a, n.d.b). Specific indica-
tors included area of urban green spaces (km?),
availability of street trees (km?), natural and semi-
natural areas (km?), recreational and sports areas
(km?), private gardens (km?), high nature value
agricultural land (km?), water and wetlands (km?),
average cost of housing (euro/m?) average life ex-
pectancy (years), pollution index (dimensionless).
To allow comparison between cities of different
sizes, each of the first seven environmental indi-
cators (measured in km? or linear kilometers) was
normalized by dividing it by the total area of the
respective city (km?), resulting in a proportion. The
remaining socio-economic indicators (average cost
of housing, average life expectancy, and pollution
index) were used in their original units.

Pearson correlation coefficients (p) were calcu-
lated to examine the linear relationships between
the average cost of housing, average life expec-
tancy, and city pollution index using an aggre-
gated dataset of 29 metropolitan cities. Scatter
plots were created to visually represent these cor-
relations. K-means clustering was used to identify
distinct groups of cities based on the full set of 10
normalized variables. The purpose of the cluster
analysis in this study is to identify typical groups
of European capitals that share similar combina-
tions of environmental, social, and economic in-
dicators, enabling a comprehensive assessment of
their “green” image. This approach allows for the
analysis of cities not only through individual in-
dicators but also in terms of the overall structure
of interrelationships among them. The number of
clusters (k) was set to 4, and the algorithm was ini-
tialized using the k-means++ method to optimize
centroid placement. For each of the four resulting
clusters, descriptive statistics (mean and standard
deviation) were calculated for all 10 variables. This
analysis aimed to describe the key characteristics
of each Cluster and assess intracluster variability.
Clustering helps reveal hidden patterns and fac-
tor combinations that contribute to a stronger or
weaker “green” image, which may remain unno-
ticed when examining indicators separately.
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3. RESULTS AND DISCUSSION

Territorial image is a stable associational idea or
opinion about a specific territory. It is primar-
ily influenced by the historical development and
opinions of different groups of people and reflects
the attributes of a certain territory, affecting its
competitiveness and satisfaction of the people’s
wants, business, and state on a particular territory
(Takovenko et al., 2023; Zinchenko, 2018).

Territorial image is a complicated definition since
it also affects the conditions to ensure the satis-
faction of wants of the people, for example, when
the quality of life is high. However, ensuring the
aforementioned conditions often requires invest-
ments in the development, promotion, and im-
plementation of resource-saving technologies, as
well as eco-friendly projects and programs based
on the concepts of environmentalism. Doing so
allows one to maintain the appropriate competi-
tive image of a certain territory (Zinchenko, 2018).
Thus, aterritorialimage associated with the “green”
economy becomes a “green” image. This results
in establishing a strong connection between eco-
nomic growth and ecologic stability. Moreover,
this “green” image increases the attractiveness of
a particular territory as a place for comfortable
work and living, a hotspot for tourists, or provides
a good opportunity for the stakeholders to invest
in different “green” projects, such as “green” infra-
structure or tourist facilities. The “green” image of
a territory refers to the perception and reputation
of a geographical area as environmentally friendly,
sustainable, and committed to ecological values.
It encompasses the region’s visible efforts in green
infrastructure, renewable energy, sustainable ur-
ban planning, and environmental protection, con-
tributing to its attractiveness for residents, tourists,
and investors.

The value of green space and the way it affects the
state of different territories are the main founda-
tions of the “green” image of different cities in
European countries. Most of these cities inher-
ited their green space from the past or appeared
as a result of the new environmental policy. The
“green” image dramatically affects the city’s first
impression, specifically about its living conditions
and tourism potential. These two attributes affect
investment attractiveness. Accordingly, the cities
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of European countries with high population were
chosen to better represent the diversity in geo-
graphical settings and the number of urban green
zones in the analysis. The highest rate of urban
population is always in the capital cities (World
Bank Group, n.d.). Thus, 29 capitals of European
countries were chosen for the analysis. Out of
these cities, 27 are the capitals of the EU countries,
while the other two are the capital of Great Britain
- London, and the capital of Ukraine - Kyiv.

A unique set of indicators was developed to estab-
lish the connection between the sustainable devel-
opment of cities of European countries and their
current “green” image. The similarities in terms
of these 10 indicators were used as the founda-
tion for evaluating the potential of the capitals of
European countries in terms of development of
the “green” image (Figure 1).

Green space is an important element of the munic-
ipal economy in terms of developing a “green” im-
age since it provides many ecological and aesthetic
advantages. Thus, the total size of green space and
the total size of recreational areas were defined
as the indicators for evaluation. Table 1 explains
these indicators in detail.

The value of each indicator varies depending on
the total area of each capital and ranges from 26%
to 89% (Figure 2). It was found that Berlin has one
of the most developed green spaces among all of
the researched capitals, with a total of 9457.9 sq.
km., which is 54% of the total area. Valletta fol-
lows Berlin with its green space equaling 31% of
the total area of the capital. The most developed
green space is in Zagreb, which has a total area of
89% of the total size of the capital.

The average cost of accommodation and life expec-
tancy of each analyzed capital were used to evalu-
ate the social and economic influence. Earlier re-
search, for example, Barboza et al. (2021), proved
that the aforementioned indicators indeed influ-
ence the “green” image. The following capitals,
such as Athens, Brussels, Budapest, Copenhagen,
and Riga, have higher death rates due to the lack
of green zones (Barboza et al., 2021). The higher
death rates would have possibly been avoided if the
aforementioned countries had followed the WHO
recommendations to increase the number of mu-
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Indicator Characteristics Unit of measurement
4 3\ 4 3\ 4 3\
Green urban areas Area of green spaces of the city km?
. J/ . J/ . J/
' ( 3 ' 3 ' A
Trees (street trees .
) ’ Area planted with trees km?
isolated patches)
. . J/ . J/
( ) ( f undeveloped land with ( )
. Green areas of undeveloped land wit
Natural and semi-natural o : P km?
limited or no maintenance
|\ J J |\ J
' 3 ' 3 ' A
Sport and leisure Area for sports and recreation km?
. J/ . J/ . J/
4 3\ 4 3\ 4 3\
Private gardens Private green areas km?2
. J/ . J/ . J/
4 3\ 4 3\ 4 3\
HNV farmland The area of agricultural land km?
. J/ . J/ . J/
4 3\ 4 3\ 4 3\
Water and Wetlands The area of prominent wetlands km?
. J/ . J/ . J/
4 3\ 4 3\ 4 3\
Housing price per 1 sg.m. Average cost of housing Euro/m?
. J . J . J
4 3\ 4 3\ 4 3\
Average life expectancy Average life expectancy years
. J . J . J
4 3\ 4 3\ 4 3\
Pollution index City pollution index km?
. J . J . J

Figure 1. Key points of the research

Source: EEA (2021).
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Figure 2. The share of green infrastructure in the total area
of some capitals of European countries, %
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Table 1. Key indicators of the “green” image development in the researched capitals

Source: EEA (2021), Numbeo (n.d.a, n.d.b).
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nicipal green zones in the EU cities (Barboza et al.,
2021). The pollution rate of the cities was evaluated
according to data from Numbeo (n.d.a). The main
indicators are air, water, light, and noise pollution
rates, development of waste disposal, number of
green zones, overall cleanness of the municipal
territory, and living conditions. This value is an in-
versely proportional quantity. The highest possible
value is 100, which indicates the highest pollution
rate. The detailed analysis of a correlation between
the life expectancy plus the average cost of accom-
modation and the pollution rate of each of the ana-
lyzed capitals is shown in Figures 3 and 4.

According to the European Environment Agency
(EEA), despite the general reduction of the emis-
sion rates in the EU countries throughout 2005-
2020, air pollution remains a major risk factor for
human health. In 2020, 96% of the urban popula-
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tion in the EU was negatively affected by air pol-
lution at a much higher rate than that established
by the WHO as acceptable (EEA, 2022). The re-
lationship between these two values in the ana-
lyzed capitals was determined by analyzing the
correlation between life expectancy and the pol-
lution rate (Figure 3). This relationship is most
salient in such capitals as Amsterdam, Budapest,
Bucharest, Helsinki, Kyiv, Copenhagen, Lisbon,
Ljubljana, Luxembourg, Stockholm, Tallinn, and
Vienna. Another important factor of influence on
the “green” image is the average cost of accommo-
dation. An inverse relationship exists between this
indicator and the pollution rate (Figure 4).

Based on the analysis, an increase in the average
cost of accommodation and life expectancy com-
bined with the reduction of air pollution rate and
expansion of green space can be defined as the

http://dx.doi.org/10.21511/ee.16(2).2025.08
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Source: Numbeo (n.d.a, n.d.b).
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Figure 3. Correlation between the life expectancy and the pollution rate
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Figure 4. Correlation between the average cost of accommodation and the pollution rate

factors that influence the “green” image. The
analyzed capitals were divided by utilizing the
k-means clustering to prove theoretical assump-
tions. This made it possible for the cities to be
categorized according to their territorial at-
tributes, ecological and social conditions, and
economic potential regarding eco-friendliness.
These factors are seen as providing an oppor-
tunity for a better understanding of each city’s
potential regarding the development of a “green”
image. The peculiarities of the analyzed data
with different measurement values and hetero-
geneous attributes can explain the choice of the
aforementioned method.

http://dx.doi.org/10.21511/ee.16(2).2025.08

By applying k-means clustering, the underlying
structure of the data can be identified, the dataset
can be segmented, the dimensionality of the data
can be reduced, and potential anomalies can be
detected. The applied k-means clustering is char-
acterized by the use of 10 variables (Table 1). The
more variables there are, the harder it is to di-
vide the objects according to these variables, thus
making it more difficult to define the structure of
a cluster. However, this number is appropriate for
the case under study. The number of observations
(capitals) is 29. This number is rather small for
proper clustering. The fewer observations, the less
data to define the structure of a cluster. However,
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the lack of observations is balanced by the number
of variables, which allows the structure of a cluster
to be better defined.

Thus, a total of four clusters were acquired. This
number can be explained either by the real data
structure or as the result of the “retraining” of the
algorithm due to the limited number of observa-
tions. Ten similarity measures were chosen, but
the utilized algorithm used only three of them.
Three similarity measures is a small number to
define the general similarity. Nevertheless, the at-
tributes of the selection, particularly the index val-
ues, made it possible for the general similarity to
be defined in the end. After the initial setup and
data processing, four clusters were acquired and
analyzed. It is necessary to note that each Cluster’s
analysis should be evaluated only in comparison
with the other clusters.

The first Cluster contains the following cities
(Table 2): Paris (316,6205), London (858,7402), and
Luxembourg (679,4844). The analysis identified the
following similarities between these capitals. The
average values of such factors as “Green urban ar-
eas,” “Water and Wetlands,” and “Sport and leisure”
are lower than the average mean. The value of the
factor “Trees (street trees, isolated patches)” is high-
er than the average mean of Cluster 1, while the fac-
tor “HNV farmland” is nearing the average mean.

The factors “Natural and semi-natural” and
“Private gardens” have much higher upward devia-
tion from the average mean. It can be concluded
that these cities have a significantly higher num-
ber of natural and semi-natural zones and gardens

Table 2. Attributes of Cluster 1

compared to the others. The following two factors
had a major influence on the creation of Cluster
1: “Housing price per 1 sq.m.” and “Average life
expectancy.” This is explained by their higher
upward deviation from the average mean. It also
shows that London, Paris, and Luxembourg have
the highest accommodation costs compared to the
other capitals while simultaneously possessing a
higher quality of life. “Pollution index” has an av-
erage value lower than the average mean, which is
explained by its connection to the other evaluated
factors. The evaluated factors illustrate the overall
situation in the capitals from Cluster 1. These cit-
ies have a high number and area of green zones,
high accommodation costs, high number of gar-
dens, average life expectancy, and low pollution
rate.

Cluster 2 includes the following capitals: Zagreb
(1242,402), Berlin (20001,696), Sofia (962,984),
Tallinn (724,670), Helsinki (1372,449), Riga
(1074,629) and Madrid (643,712) (Table 3). The
percentage of green infrastructure in these capi-
tals varies from 54.1 to 88.6%.

The values of factors such as “Natural and semi-
natural,” “HNV farmland,” “Trees (street trees,
isolated patches),” “Private gardens,” and “Water
and Wetlands” are very high within Cluster 2,
which indicates that the analyzed cities have the
potential for developing a good “green” image.
This is also confirmed by the fact that the factor
“Green urban areas” is nearing the average mean.
In terms of investment attractiveness, there are
minor deviations from the average mean in such
factors as “Housing price per 1 sq.m.” and “Average

Source: Created based on the data from Statistica.

Variable

Descriptive Statistics for Cluster 1
The Cluster contains 3 cases

Standard Deviation Variance

Green urban areas

177.969
145.394
749.456
168.333
246.615
202.441
46.738
2,397.818
0.525
23.711
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Source: Created based on the data from Statistica.

Descriptive Statistics for Cluster 2
Variable The Cluster contains 7 cases
Mean Standard Deviation : Variance
Green urban areas 145.066 : 120.953 14630
Cussees  wsass e
7579.122 2487.181 6186071
Case T el T e
1998.849 1895.975 3594721
Csimws e s
4897699 3000
78.914 2.950
e

life expectancy.” The average life expectancy in the
analyzed cities is 80 years, corresponding with the
average mean of the entire set of clusters. The pol-
lution index has the lowest value, thus indicating
that these cities have lower pollution rates com-
pared to the other capitals. Overall, the acquired
results allow it to be concluded that the capitals in
Cluster 2 are characterized by a large number of
green areas, average accommodation costs and life
expectancy, and the lowest pollution rate, along
with a slightly lower number of recreational and
sports zones compared to other clusters.

Cluster 3 consists of Copenhagen (479,1271),
Vienna (271,6603), Prague (447,2935), Rome
(624,8226), Amsterdam (670,7193), Lisbon
(679,8217), Dublin (675,3918) and Stockholm
(759,9277) (Table 4). All of these capitals have very
low pollution index. However, despite the imple-
mentation of sustainable development, the con-
tinuous growth of the urban population and the

Table 4. Attributes of Cluster 3

development of tourism negatively impact some
of these capitals, thus lowering their potential for
the development of the “green” image. In addi-
tion, such factors as “Green urban areas,” “Trees
(street trees, isolated patches),” “Private gardens,”
and “Water and Wetlands” have a value below av-
erage. Overall, the capitals in Cluster 3 are char-
acterized by a lower number of green zones, trees,
natural and semi-natural territories, recreational
and sports zones, private gardens, and wetlands.
The living costs, however, are very high. It can be
explained by the fact that, over time, these cities
have been transformed into modern centers of in-
dustry, technology, and innovation. This also pro-
vides them an excellent foundation for the future
development of “green” technologies, making it
possible to make their economy more innovative
and attractive to investors.

Most of the analyzed capitals ended in Cluster 4
(Table 5). This Cluster includes Brussels (606,2242),

Source: Created based on the data from Statistica.

Descriptive Statistics for Cluster 3

Variable The Cluster contains 8 cases
Mean . Standard Deviation : Variance

Greenurbanareas & 90472 i 39.964
Trees (streetﬂt‘r‘ges, isolated pat'g‘h‘g—:@) """"""" 401506 ¢ 439.494
Natural and semi-natural 2110.539 1459.651
Sport ang isre o e e e
Privategardens G 208.749 i 226610
HNV farmland 515.065 332.960
Water and Wetlands e e 13024 A7SI
Housing priceperlsqm. & 8150154 ¢ 1157305 ¢ 1339355
Average life expectancy 81886 i 1041 r
Pollution index, max. 100, the less, the better 31.750 15.356 236
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Athens (510,8225), Warsaw (934,3902), Nicosia
(493,6324), Budapest (258,0396), Valletta (721,3908),
Bratislava  (571,5926), Bucharest (483,4688),
Ljubljana (835,5798), Kyiv (687,4407) and Vilnius
(913,4066).

Green urban areas comprise only 1.8% of the total
urban area in the analyzed cities. The only excep-
tion is Kyiv, which has 9.21% of green urban areas.
The overall value of the factor “Green urban areas”
is much lower than that of the other Clusters.

Factors “Trees (street trees, isolated patches),”
“Private gardens,” “HNV farmland,” “Water and
Wetlands,” and “Sport and leisure” have below av-
erage values. Factor “Natural and semi-natural” is
slightly above average, indicating that there are
natural and semi-natural territories within the
analyzed cities, though not as large as in the pre-
viously analyzed Cluster. Factor “Housing price
per 1 sqm.” has a much lower value compared
to Clusters 1 and 3. It can be concluded that the
accommodation cost is significantly lower in the
analyzed capitals from Cluster 4. The value of the
factor “Average life expectancy” is slightly below
the average mean, but the pollution index is high-
er, indicating that these cities are more polluted
compared to the previously analyzed.

Overall, Cluster 4 has a lower number of green
zones, trees, private gardens, and wetlands. The
number of natural territories, however, is high,
with lower accommodation costs and average life
expectancy. Compared to other Clusters, the pol-
lution rate is higher as well. The only exceptions are
Vilnius and Ljubljana. These capitals focus their

Table 5. Attributes of Cluster 4

economy on sustainable development goals. In ad-
dition, Ljubljana is the only capital with a “zero
waste” status (Zero Waste Europe, 2019). The case
of Kyiv warrants particular attention. Although
the city reports the highest share of green urban
areas among the cities in Cluster 4 (9.21%), the im-
pact of geopolitical factors on its environmental
profile must be considered. Due to the full-scale
war in Ukraine, which began in 2022, the process
of shaping the capital’s “green” image has been ef-
fectively halted. Even prior to the war, Kyiv’s en-
vironmental policy exhibited relative weaknesses.
However, the ongoing hostilities have introduced
new and urgent challenges - including pollution
from military activities, damage to infrastructure,
and the loss of green spaces. Now, these issues sur-
pass pre-war environmental concerns in terms of
their immediacy and severity.

The general analysis of the conducted cluster-
ing (Table 6) indicates that each of the defined
Clusters has its unique attributes and peculiarities
regarding the number of green zones, natural ter-
ritories, recreational and sports zones, as well as
the ecologic situation and quality of life.

According to the analysis, Cluster 1 is considered
to have very high potential in terms of the develop-
ment of the “green” image. More than 30% of the
area of the capitals analyzed in Cluster 1 are green
zones. These capitals have an innovative policy in
terms of sustainable development implementation.
They are leaders in developing the “green” infra-
structure, implementation and utilization of re-
newable energy, as well as eco-friendly transport.
These factors make these capital cities attractive

Source: Created based on the data from Statistica.

Descriptive Statistics for Cluster 4
Variable The Cluster contains 11 cases

Mean . Standard Deviation Variance
Green urban areas 49.447 35.793 1281
Trees (str(:e:e::t trees, isola::t::z:e:d patches) 286.727 421.103 177325:3:
Natural and semi-natural 2083.853 1645.256 2706868
ortandlesare s e
Private gardens 142612 123780 15322
HNV farmland 522.682 623.445 388683
Woersmawetngs T o hesy e
Housing price per1sgm. 3498.800 1262.378 1593599
Average life expectancy 78.851 3.095 10
Pollution 'i‘r'1‘aex, max. 1(5(3',‘the less, theml;)"etter """ 49.782 16.681 : H 278
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for investments. They also have their unique mu-
nicipal brand and identity, which is certified by
the low pollution rate and high accommodation
costs.

Table 6. Key conclusions of the conducted
k-means clustering

Cluster 1. Paris, London, Luxembourg

Average number of trees and green zones

Average pollution rate
Cluster 2. Zagreb, Berlin, Sofia, Tallinn, Helsinki, Riga,
Madrid, Ljubljana, Vilnius
Large number of trees, green zones and naturalareas

Lower pollution rate
Cluster 3. Copenhagen, Vienna, Prague, Rome,
Amsterdam, Lisbon, Dublin, Stockholm
Lower number of trees, green zones and private garden

Lower pollution rate
Cluster 4. Brussels, Athens, Warsaw, Nicosia, Budapest,
Valencia, Bratislava, Bucharest, Kyiv

Lower number of trees, green zones and natural

High number of natural and semi-na

Lower number of recreational and s

Lower accommodation costs and life

Higher pollution rate

Cluster 2 has the highest potential in terms of the
“green” image since it has the highest number of
green zones, ranging from 54.1% to 88.6% of the
total municipal area and the lowest pollution rate.
The capitals from this Cluster are also very attrac-
tive to investors and are available as hot spots for
international tourists due to their thorough in-

Environmental Economics, Volume 16, Issue 2, 2025

vestment in their economy, ecology, and social
development.

Cluster 3 consists of the capitals with the high-
est accommodation costs, highest life expectancy,
and low pollution rate. While their quality of life
is high and their municipal identity is noticeable,
they have a lower potential for “green” image de-
velopment due to fewer green zones and areas.

Capitals from Cluster 4 have the highest pollution
rate with the lowest number of green areas, thus
having the lowest potential in “green” image de-
velopment. However, the following two capitals —
Ljubljana and Vilnius - have been excluded and
reassigned to Cluster 2. This decision can be ex-
plained by the fact that these capitals demonstrate
a sound sustainable development policy, an above-
average number of green zones, a below-average
pollution rate, and high levels of quality of life and
tourist attractiveness.

The clustering outcomes confirm the conclusions
of Battisti et al. (2023), who argue that green zones
perform ecological, economic, and social func-
tions and contribute to a city’s cultural and sym-
bolic identity, thereby strengthening its munici-
pal brand. The revealed correlation between the
extent of green areas and a city’s attractiveness
supports the findings of Rodriguez Romero et al.
(2017), who emphasize the role of historically em-
bedded green spaces in reinforcing municipal dis-
tinctiveness and cultural value. Furthermore, the
perspectives of scholars such as Orak et al. (2015)
and Kosyk and Letik (2021) are affirmed by this
study’s results, particularly in terms of the indi-
rect yet essential contribution of green zones to ur-
ban quality of life and climate change mitigation.

CONCLUSION

The study aims to assess the impact of green infrastructure alongside ecological, social, and econom-
ic factors on forming the “green” image of European capitals. These factors are centered around the
general increase in the number of green zones. Initially, data on 29 capitals of European countries
were analyzed. Subsequently, k-means clustering was applied to determine their potential for “green”
image development. For this analysis, 10 indicators were utilized. Based on the obtained results, the
29 capitals were then classified into four distinct clusters. The first Cluster consists of Paris, London,
and Luxembourg. The second Cluster includes Zagreb, Berlin, Sofia, Tallinn, Helsinki, Riga, Madrid,
Ljubljana, and Vilnius. The third Cluster comprises Copenhagen, Vienna, Prague, Rome, Amsterdam,
Lisbon, Dublin, and Stockholm. The fourth Cluster consists of Brussels, Athens, Warsaw, Nicosia,

http://dx.doi.org/10.21511/ee.16(2).2025.08
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Budapest, Valletta, Bratislava, Bucharest, and Kyiv. According to the analysis, the highest potential in
terms of the development of the “green” image is attributed to the second Cluster. This is certified by the
highest volume of green areas, the lowest pollution rate, and very high life quality. The costs of living
and accommodation, however, are high as well, but this is a plus in terms of sustainable development
since it increases the potential investment attractiveness, which may also draw tourists. More accurate
results may be acquired by analyzing the additional factors capable of directly or indirectly influencing
the development of the “green” image, such as the attractiveness of international investment and geopo-
litical conditions, particularly the impact of war in the case of Kyiv.

By applying the clustering method, a better understanding has been gained of the potential for develop-
ing a “green” image and making the analyzed capitals more attractive for comfortable living, tourism,
green business, innovations, etc. A prominent branch for future research is the influence of the afore-
mentioned “green” image on regional investment attractiveness, which is affected by the presence (or
lack thereof) of the “green” business.
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