<@ sustainability

Article

Sustainable Cities and Communities in EU Member States:
A Multi-Criteria Analysis

Ewa Roszkowska 1*(®, Marzena Filipowicz-Chomko 1@, Dorota Gérecka 2

check for
updates

Academic Editor: Irene Voukkali

Received: 7 October 2024
Revised: 8 December 2024
Accepted: 21 December 2024
Published: 24 December 2024

Citation: Roszkowska, E.;
Filipowicz-Chomko, M.; Gérecka, D.;
Majewska, E. Sustainable Cities and
Communities in EU Member States: A
Multi-Criteria Analysis. Sustainability
2025,17,22. https://doi.org/10.3390/
sul17010022

Copyright: © 2024 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

and Elzbieta Majewska 3

Faculty of Computer Science, Bialystok University of Technology, Wiejska 45A, 15-351 Bialystok, Poland;
m.filipowicz@pb.edu.pl

Faculty of Economic Sciences and Management, Institute of Economics and Finance,

Nicolaus Copernicus University in Torun, Gagarina 13A, 87-100 Torun, Poland; dgorecka@umk.pl
Faculty of Economics and Finance, University of Bialystok, Warszawska 63, 15-062 Bialystok, Poland;
e.majewska@uwb.edu.pl

*  Correspondence: e.roszkowska@pb.edu.pl

Abstract: Sustainable Cities and Communities within the European Union (EU) are crucial
for achieving Sustainable Development Goal (SDG) 11, which aims to make cities and hu-
man settlements inclusive, safe, resilient, and sustainable. This goal is particularly pertinent
to the EU due to challenges such as urbanization, climate change, infrastructure demands,
transport issues, and natural resource management. The implementation of SDG 11 across
Europe shows varying levels of success among countries and regions, highlighting the need
for tailored, local strategies for sustainable urban development. The primary goal of this
paper is to employ the Multi-Criteria Method Integrating Distances to Ideal and Anti-Ideal
Points to determine the Sustainable Cities and Communities Index (SCCI). Using Eurostat
data, this method provides a comprehensive evaluation and ranking of EU countries based
on their performance in achieving SDG 11 in EU countries in 2015 and 2020. By integrating
various indicators related to urban sustainability—such as access to public transport, air
quality, land use, and housing conditions—the SCCI offers a nuanced understanding of how
different countries perform relative to one another. The SCCI facilitates the identification of
best practices and areas requiring improvement by comparing each country’s performance
to ideal and anti-ideal points. This comparison allows policymakers to develop more
targeted and effective strategies. Additionally, it highlights disparities between countries
and regions, which is essential for fostering regional cooperation and ensuring equitable
progress towards sustainable urban development across the EU. This study confirmed
significant disparities among EU countries in the realization of SDG 11 in 2015 and 2020,
revealing that Italy achieved the most substantial progress, while Spain experienced the
greatest regress during the analyzed period.
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1. Introduction

The concept of Sustainable Development (SD) has gained widespread recognition as a
critical objective for human society in the 21st century. It has evolved significantly over time,
driven by challenges such as environmental degradation, population growth, and social
inequality. While the initial focus was primarily on ecological protection, SD has expanded
to include social and economic dimensions. Today, it seeks to achieve a balanced integration
of three core pillars: environmental protection, social equity, and economic stability [1-4].
The primary goal is to meet the present generation’s needs without compromising future
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generations’ ability to satisfy their own. This approach encourages balanced decision-
making considering natural resources, human well-being, and economic growth, ensuring
long-term responsibility for future generations.

The growing recognition of SD as a global priority has led to adopting frameworks
like the 2030 Agenda for Sustainable Development, which includes the 17 Sustainable
Development Goals (SDGs). These goals address issues related to people, prosperity, the
planet, partnerships, and peace to build a more sustainable world. The SDGs emphasize
the importance of strategic implementation to achieve a better future by focusing on areas
that significantly impact human well-being. They target key challenges such as poverty,
inequality, climate action, and urban development. Halkos and Gkampoura [5] provide
a comprehensive literature review regarding SDG goals and targets, while Diaz-Lopez
et al. [6] analyze the scientific evolution of the Sustainable Development Goals through a
systematic, extensive literature review of bibliographic records on the SDGs.

One of these goals, Goal 11: Sustainable Cities and Communities, seeks to make cities
inclusive, safe, resilient, and sustainable. It should be emphasized that cities are becom-
ing increasingly prominent as focal points for social and economic activity. The urban
environment is becoming the primary location for individuals to establish their place of
residence. In mid-2023, it was estimated that approximately 4.6 billion of the world’s more
than 8 billion people resided in urban areas, representing 57% of the global population. By
2030 and 2050, this proportion is projected to reach 60% and 68%, respectively [7]. These
statistics are even more pronounced in the European Union, where it is estimated that 76%
of the population will live in urban areas by 2023 and around 80% by 2050. The overall
urban population is set to increase in 15 EU Member States, ranging from +2.3% in Croatia
to +35.4% in Malta [8]. Additionally, it is projected that the level of urbanization all over
Europe will reach approximately 83.7% by 2050. It is also noteworthy that cities generate
over 80% of the global GDP yet simultaneously consume approximately two-thirds of
the world’s energy. Responsible for a significant proportion of worldwide energy con-
sumption, which generates approximately 70% of global greenhouse gas emissions, urban
areas are also particularly vulnerable to the impacts of climate change. Furthermore, cities
worldwide generate over 720 billion tons of waste annually. Over 70% of waste generated
worldwide still goes to landfills or waste dumps, which harms the environment and po-
tentially threatens public health [9,10]. All these circumstances highlight the urgent need
for sustainable solutions for cities since a sustainable city reduces energy consumption,
protects the environment, promotes urban density, eases traffic congestion, mitigates urban
heat island effects, supports urban agriculture, recycles waste, ensures clean water, and
expands green spaces. Additionally, sustainable cities foster walkable neighborhoods,
local employment, human well-being, civic engagement, and efficient information manage-
ment [11-13]. Therefore, sustainable urban development is essential to achieving long-term
social and environmental well-being [14-16]. Given the wide range of factors involved,
from energy efficiency and waste management to green spaces and social well-being, a
multidimensional assessment is crucial for effective policymaking and urban planning.

Kumar [17] conducted a comprehensive review of publication and citation trends,
sources, trending topics, thematic evolution, and a thematic map using metadata extracted
from the Scopus database to assess the published literature on SDG 11. The paper of
Caprotti et al. [18] discusses key opportunities and challenges for policy and practice
related to SDG 11, while Nabiyeva et al. [19] analyze SDG good practices data collected by
the UN globally between 2018 and 2021 to understand how SDG 11 is being implemented.
The analysis is structured around five critical criteria: geographic distribution of good
practices, actors involved in addressing SDG 11, progress toward SDG 11 targets, areas
of implementation focus, and the scale of actions taken. A total of 86 of the 193 countries
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that endorsed the 2030 Agenda reported at least one good practice related to SDG 11. The
findings highlight disparities in reporting between developed and developing countries
and suggest the need for improved reporting, increased public sector involvement, and
a greater focus on social equity in urban sustainability efforts. Ionescu et al. [20] assess
the progress of EU Member States in achieving the goals of SDG 11 from the 2030 Agenda
based on an analysis of crucial indicators published by Eurostat.

Effectively implementing SDGs requires continuous monitoring to assess progress
and inform policy decisions. To facilitate this, indicator-based systems, such as those used
by Eurostat, have been developed to track advancements toward the SDGs [21]. The com-
plexity of each country’s path toward sustainable development cannot be fully captured by
a single ranking indicator [22-24]. Thus, multi-criteria decision-making (MCDM) has be-
come an established method in the literature for assessing sustainable performance [25-29].
Lindfords [26] reviewed the use of multi-criteria methods in sustainability assessments,
highlighting the need for transparency in methodological choices. El Gibari et al. [27] review
the post-2002 literature from leading JCR-indexed journals to identify and classify MCDM
methods for aggregating single indicators into composite ones, categorized into five types:
elementary methods, value- and utility-based methods, outranking approaches, data envel-
opment analysis, and distance functions. Diaz-Balteiro et al. [28] analyzed 271 papers from
the ISI Web of Science, finding that the most common methods were the Analytic Hierarchy
Process (AHP) and Weighted Arithmetic Mean (WAM). Similarly, Sousa et al. [29] exam-
ined 143 studies from the Scopus database on Multi-Criteria Decision-Making (MCDM)
techniques for advancing the SDGs, identifying popular methods such as the AHP and
Technique for Ordering Preferences by Similarity to Ideal Solution (TOPSIS).

MCDM allows for the integration of different perspectives and criteria, enabling the
creation of aggregate measures that provide a more nuanced understanding of progress
across various dimensions of sustainability. This approach is fundamental when assessing
complex SDGs, such as Sustainable Cities and Communities. Considering the diverse
factors at play, including pollution, waste management, transport, land use, and social
well-being, a comprehensive assessment is essential for effective urban development policy.
The multidimensional evaluation issue in SDG 11 was addressed by Berisha et al. [30], who
proposed a set of procedural, instrumental, and financial indicators to assess the quality of
spatial governance and planning to make cities and territories more sustainable. Also, the
paper of Lami et al. [31] proposes new indicators to monitor SDG 11 targets on affordable
housing and inclusive urbanization to support urban policymaking.

A multi-criteria approach has been applied to evaluate the implementation of
SDG 11 in the European Union Member States [32-34]. Bartniczak and Raszkowski [32]
utilized Hellwig’s method to assess the progress toward achieving SDG 11 in the EU
countries between 2005 and 2020. Watrobski et al. [33] employed a method combining the
MCDA approach with the Data vARlability Assessment Technique for Order of Preference
by Similarity to Ideal Solution (DARIA-TOPSIS) to evaluate the issue of sustainable cities
and communities across 26 European countries. In another study, Watrébski et al. [34]
proposed the Temporal VIKOR method, which, combined with the measurement of data
variability, enables the aggregation of alternative efficiencies over time. The practical utility
of this approach was demonstrated through a temporal evaluation of sustainable cities
and communities in alignment with the UN’s SDG 11 framework. In turn, Gérecka and
Roszkowska [35] proposed a novel multi-criteria approach for evaluating and ranking
countries’ progress towards achieving the Sustainable Development Goals, particularly
SDG 11 on Sustainable Cities and Communities. Their framework incorporates various
types of reference points (individual and whole sets) and uses modified TOPSIS and BIPO-
LAR methods. It was applied to assess 27 EU countries in two years, namely 2015 and 2019.
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Pricope et al. [36] introduced the European Development Scoreboard for SDG 11 at the
European level, utilizing 15 sustainability indicators. Their study analyzed the progress
of EU Member States from 2010 to 2022 to SDG 11. The findings highlight significant
disparities among countries in their capacity to meet the SDG 11 targets, reflecting varied
approaches and outcomes in urban development across Europe during this period.

The main aim of this study is to propose a Sustainable Cities and Communities Index
(SCCI) based on a Multi-Criteria Method that integrates Distances to Ideal and Anti-Ideal
Points (MIDIA) [37]. This method is designed to rank and compare EU countries in terms
of the level of implementation of SDG 11, and thereby, it provides an opportunity to com-
prehensively measure progress toward achieving Goal 11 of the Sustainable Development
Goals (SDGs) in EU Member States.

Firstly, incorporating indicators from Eurostat allows for a detailed and standardized
assessment of various aspects of urban sustainability. Eurostat’s comprehensive data covers
various topics, including air quality, waste management, land use, housing conditions,
and public transport accessibility. This extensive dataset enables a thorough evaluation of
urban environments across multiple dimensions, ensuring that the index reflects diverse
and relevant aspects of sustainability.

Secondly, the MIDIA method offers several advantages for aggregating these indi-
cators. Using coefficients of distance importance, MIDIA balances the significance of
proximity to both the ideal and anti-ideal solutions in country evaluations [37]. The ideal
point represents a theoretical best-case scenario, where each criterion achieves its max-
imum possible value for benefit criteria and minimum possible value for cost criteria.
Conversely, the anti-ideal point represents a theoretical worst-case scenario, where each
criterion achieves its minimum possible value for benefit criteria and maximum possible
value for cost criteria. This approach allows for flexible adjustments according to specific
priorities and objectives, providing a nuanced understanding of each country’s perfor-
mance across multiple criteria. The MIDIA method thus enhances decision-making by
offering a detailed comparison based on well-defined reference points. It is worth noting
that the MIDIA approach can be viewed as an extension of Hellwig’s approach, designed
to facilitate the ranking of alternatives based on these two reference points [38-40].

Thirdly, the application of the dynamic MIDIA method, based on the common ideal
and anti-ideal points, enabled the ranking of countries and a comparative assessment of the
magnitude and direction of changes in the realization of SDG 11 in EU countries, observed
both in individual years and throughout the entire period under study.

The results of the analysis enabled us to address the following research questions:

Q1: What are the differences in achieving SDG 11 between EU countries in 2015 and 2020?
Q2: What is the ranking of the EU countries in terms of their achievement of SDG 11 in
2015 and 2020?

Q3: How does the parameter « affect the ranking of countries in the Sustainable Cities and
Communities Index (SCCI)?

(Q4: What are the differences in achieving SDG 11 between EU countries during the
studied years?

Q5: Which countries have demonstrated the most significant progress in achieving
SDG 11 in 2020 compared to 2015?

Q6: Which countries have experienced the most significant declines in their progress
towards achieving SDG 11 in 2020 compared to 2015?

Q7: Which indicators have the most significant impact on changes in the ranking positions
of countries concerning SDG 117

The article is organized as follows. Section 2 introduces the indicators related to SDG
11, providing detailed descriptions of their characteristics, and outlines the methodology
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applied for further analysis. Section 3 analyzes the results obtained using the Sustainable
Cities and Communities Index to rank EU countries, followed by an in-depth discussion of
the findings. The paper concludes with a summary of key insights and a discussion of this
study’s limitations.

2. Materials and Methods
2.1. Materials

This section demonstrates the indicators that will be employed in subsequent phases
of the research, accompanied by their statistical analysis.

Table Al in Appendix A presents a set of nine indicators, accompanied by brief descrip-
tions, which are utilized in the 2024 edition of the EU SDG monitoring report. Compared
to the 2023 edition, the indicator Soil sealing index [sdg_11_32] has been relocated from
SDG 15 and replaced the previous indicator, Settlement area per capita [sdg_11_31]. The
indicators in Table A1 are organized into three domains: Quality of life in cities and commu-
nities (indicators C1-C4), Sustainable mobility (indicators C5 and C6), and Environmental
impacts (indicators C7—C9). The metadata for all indicators can be accessed on the Eurostat
website [41].

The research sample consisted of eight SDG 11 indicators (C1-C8) for all EU Member
States, employing statistical data sourced from Eurostat for the years 2015 and 2020 (Euro-
stat, [41]). The indicator C9, which measures the proportion of the population connected to
at least secondary wastewater treatment [sdg_06_20], was excluded from further analysis.
The decision was necessitated by the presence of data gaps. Concerning the years 2015 and
2020, data for Luxembourg and Portugal were unavailable. Furthermore, data for the year
2015 were not available for Cyprus and Slovakia, while Malta had a value of zero for this
year. For the year 2020, data for Germany and Italy were missing.

It is important to note that the Eurostat database, at the time of download, contained
data for some indicators up to 2023. These included the Population living in households
considering that they suffer from noise [sdg_11_20] and the Population reporting the
occurrence of crime, violence, or vandalism in their area by poverty status [sdg_16_20].
Nevertheless, a comprehensive dataset could only be assembled for the year 2020. This
was achievable for all countries except Poland, where the values for indicators C1, C2, and
C4 were replaced with 2019 figures due to data deficiencies.

Tables 1 and 2 present basic descriptive statistics of the SDG 11 indicators for 2015 and
2020, while Figures 1-3 show the graphical representations of their distribution in the form
of boxplots.

Table 1. The descriptive statistics for the SDG 11 indicators in 2015.

Descriptive Statistics c1 C2 C3 C4 C5 Cé6 Cc7 C8
Min 0.50 8.20 4.00 2.80 2.50 10.00 0.74 10.90
Max 19.80 25.80 204.00 26.30 10.10 30.50 17.24 66.70
Mean 5.47 16.10 69.56 11.74 5.94 18.13 3.73 35.36
Standard deviation 5.10 491 44.83 4.65 211 427 3.50 14.63
Coefficient of variation 93.24 30.51 64.45 39.55 35.45 23.53 93.93 41.37

Source: Eurostat website [41].
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Table 2. The descriptive statistics for the SDG 11 indicators in 2020.
Descriptive Statistics C1 C2 C5 Cé C7 C8
Min 1.00 8.00 2.40 2.00 5.80 0.74 10.90
Max 14.30 30.80 19.10 8.50 21.20 17.95 70.30
Mean 4.21 16.03 9.21 4.57 13.26 3.78 39.67
Standard deviation 3.27 5.65 4.58 1.58 3.43 3.61 14.57
Coefficient of variation 77.80 35.22 49.70 34.60 25.88 95.55 36.72

Source: Eurostat website [41].
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Figure 3. The boxplots of the SDG 11 indicators from the domain of Environmental impacts in the
years 2015 and 2020.

In 2015, the indicators C1 and C7 exhibited high variation, with values of 93.24 and
93.93, respectively. The smallest variation (23.53) was observed for indicator C6 (Table 1).
The countries with the best performance were Cyprus (C1), Ireland (C2), Finland (C3),
Croatia (C4), Malta (C5), Hungary (C6), Sweden (C7), and Germany (C8). Conversely, the
most concerning situations were noted in Romania (C1), Germany (C2), Bulgaria (C3, C4,
C5), Portugal (C6), and Malta (C7, C8).

Table 2 indicates that in 2020, the variation was the highest for C7 (95.55) and the
lowest for C6 (25.88). The leading countries for the C3, C4, C6, C7, and C8 indicators
remained the same as in 2015. Malta and Finland excelled in C1, Estonia led in C2, and
Sweden performed best in C5. The countries in the worst positions were Romania due to
C1 and C5, Malta due to C2, C7, and C8, Bulgaria due to C3 and C4, and Lithuania for C6.

Figures 1-3 display the distribution of SDG 11 indicators across three areas: Quality
of life in cities and communities, Sustainable mobility, and Environmental impacts, in the
form of boxplots. Based on the results presented in Tables 1 and 2, these visualizations
provide a clear overview of key statistics such as medians, quartiles, and potential outliers.
By comparing 2015 and 2020, the boxplots reveal trends indicating both progress and
setbacks across countries. This representation highlights changes in central tendencies and
data spreads, offering valuable insights into the EU country’s performance and progress in
achieving SDG 11.

Considering the mean in the domain of Quality of life in cities and communities, there
is progress in all indicators, the most significant in C3 and the least significant in C2. The
variation decreased for C1 and increased for C2, C3, and C4. Moreover, there are outliers
for indicators C3 and C4 in 2015 (Bulgaria) and C1 in 2020 (Romania).

In the domain of Sustainable mobility, there is progress in the mean value of indicator
C5 and regress in C6. The variation decreased slightly for C5 and increased for C6. Further-
more, outliers can be observed for indicator C6 in 2015 (Hungary, Slovakia, Czechia, and
Portugal) and 2020 (Hungary).

Changes in the values of indicator C7 in the domain of Environmental impacts were
slight (Figure 3). Moreover, outliers can be observed for both years analyzed (Malta,
Netherlands, Belgium). For C8, there was progress in the mean level and a decrease
in variation.

The implementation of SDG 11 in the domain of Quality of life in cities and commu-
nities was monitored through four indicators (C1-C4). In 2020, compared to 2015, some
countries made progress within each indicator, while others experienced a decline. The
changes varied in magnitude and direction, reflecting different levels of achievement and
value (Figures 4-7).

Regarding the Severe housing deprivation rate by poverty status (C1), progress was
observed in 19 countries in 2020 compared to 2015, with the greatest improvements in Hun-
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Figure 7. Changes in the value of indicator C4 (destimulant) in 2020 compared to 2015.
Green: progress; red: regress.

In terms of Premature deaths due to exposure to fine particulate matter (PM2.5) (C3),
an improvement was observed in all countries except for a slight regress in Ireland. The
greatest progress in 2020 compared to 2015 was noted in Bulgaria, Hungary, and Greece,
while the smallest improvements were seen in Finland and Sweden, where the situation for
this indicator was already very good in 2015.

In 2020, compared to 2015, 22 countries reported improvements in the Population
reporting the occurrence of crime, violence, or vandalism in their area by poverty status
(C4), while 5 countries experienced a decline. The most notable progress was seen in Italy,
Austria, Bulgaria, and Latvia, whereas the smallest and least significant gains were found
in Ireland, Finland, Denmark, and Croatia. Conversely, Greece and Spain faced the most
significant deterioration, with Malta experiencing only a slight decline.
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The implementation of SDG 11 in the area of Sustainable mobility was monitored
through two indicators (C5-C6). An interesting trend emerges when comparing 2020 to 2015:
while all countries showed improvements in their standing concerning C5, they experienced
a decline in C6 during the same period. Additionally, the fluctuations in the values of these
indicators revealed varying degrees of intensity for both of them (Figures 8 and 9).

° : I s | |
05

-1
15

Cyprus
Czechia
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

Figure 8. Changes in the value of indicator C5 (destimulant) in 2020 compared to 2015. Green: progress.
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Figure 9. Changes in the value of indicator C6 (stimulant) in 2020 compared to 2015. Red: regress.

During the studied period, all countries reported progress regarding Road traffic
deaths, by type of roads, with the most significant improvements observed in Bulgaria and
Belgium, while the smallest improvements were noted in the Netherlands and Malta. In
turn, in the case of the Share of buses and trains in inland passenger transport, all countries
reported regress during the studied period. The most significant decline was observed in
Hungary, Poland, and Spain, while the smallest decrease was noted in Sweden.
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Finally, implementing SDG 11 in the area of Environmental impacts was monitored
through two indicators (C7-C8). In 2020, compared to 2015, no country experienced
progress in C7, while most countries demonstrated progress in C8 (Figures 10 and 11).
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Figure 11. Changes in the value of indicator C8 (stimulant) in 2020 compared to 2015 Green: progress;
red: regress.

When comparing 2020 to 2015, almost all countries reported regress regarding the
Soil sealing index (Figure 10). Malta experienced an extremely high level of regress, while
Cyprus, the Netherlands, and Belgium noted moderate declines. In contrast, the remaining
countries exhibited only a slight decrease, while the values for Estonia, Latvia, and Sweden
remained unchanged.

In 2020, in comparison to 2015, 20 countries demonstrated an improvement in the
Recycling rate of municipal waste, whereas six countries exhibited a decline. The most no-
table progress was observed in Slovakia, with moderate improvements in Croatia, Czechia,
Latvia, and Lithuania. Conversely, the most minor gains were found in Cyprus, Estonia,
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Ireland, and France. Sweden, in turn, experienced the most significant deterioration. The
value of the Recycling rate of municipal waste in Malta remained unchanged.

2.2. Methods

The assessment of Goal 11: Sustainable Cities and Communities requires a multidi-
mensional analysis that utilizes multiple indicators to capture the complexity of this issue.
In this study, we will apply a Multi-Criteria Method Integrating Distances to Ideal and
Anti-Ideal Points (MIDIA) method [37] to develop a Sustainable Cities and Communities
Index (SCCI).

The MIDIA method was selected due to its capability to comprehensively evaluate the
implementation of SDG 11 across EU countries, leveraging distances to ideal and anti-ideal
reference points. By considering coefficients of distance importance from the ideal solution,
the method enables a balanced assessment of proximity to both best-case and worst-case
scenarios, ensuring a nuanced and flexible comparison of sustainability progress across
multiple dimensions.

Let O ={0{,0,,...,05} be a set of m objects (countries), C = {Cy,Cy,...,Cy} a
set of n indicators (criteria), I and | represent the sets of stimulants and destimulants
(C=1U]), respectively, and x;; denotes the value of indicator C; for country O; (where
i=1,2,...,m; j=1,2,...,n). The construction of the Sustainable Cities and Communities
Index (SCCI), based on the MIDIA approach, involves several steps [37]:

First, construct the decision matrix:

D = [x;], (1)

where each entry x;; represents the value of the j-th criterion for the i-th object.
Next, determine the vector of weights

w=[wy,..., Wy 2)

with w; > Oforj=1,...,n and the sum of weights 27:1 wj = 1.

There are three main types of methods for determining weights: subjective, objective,
and integrated [42-45]. Subjective weights rely on expert judgment, objective weights
are based on the statistical properties of the data, and integrated methods combine both
approaches. In socio-economic multi-criteria analysis, weight assignment often involves
subjective decisions, as no universally accepted method exists. Weights are typically
determined based on factors such as economic relevance, data reliability, and availability
and can greatly affect the results [46-48]. Among these approaches, studies [47,48] show
that equal weighting is the most commonly used in practice. This method is often chosen
because of its simplicity, the assumption that all criteria hold equal importance, or when
there is insufficient data to justify different weights.

In the next step, build the ideal point:

I=[xf,...,xf] (©)

where x]* is defined as the maximum value for stimulant criteria and the minimum value
for destimulant criteria across all objects.
Conversely, build the anti-ideal point

Al = [x7,...,x,] (4)

where x; is the minimum value for stimulant criteria and the maximum value for destimu-
lant criteria.
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The next step is to normalize the decision matrix to create
D = [z;] (5)
using the standardization formula:
Xij — Xj
zij=—¢ (6)

]

where X; = Lym, x;j is the mean value, and §; = \/ Lym, (xij — f]-)z is the standard
deviation for the j-th criterion.

This normalization process standardizes the range of different criteria to a uniform
scale, facilitating comparison and integration in the overall evaluation (i = 1,...,m,
j=1,...,n).

Build the weighted normalized matrix:

~

D= {xi]}/ (7)
where each entry ;ij = w;jz;j (i=1....mj=1,...,n).

Then, calculate the distances of each object O;, from the ideal point I using the Eu-
clidean distance measure:

d1;(0;, 1) = E (51-, 7) - \/ Yo (G- 5 ) ®)

~ o~ . . .
where x;j, x; are weighted normalized values x;; and x;r, respectively.

Similarly, calculate the distances from the anti-ideal point Al

dAI;(O;, Al) = E(O;, Al) = \/2;?_1 (3?,-]- - E;)z )

where }ij, ;; are weighted normalized values x;; and X respectively.
Next, determine the closeness measure DI; of each object to the ideal point:

dl;
DI; =1— d—+'7, (10)
and the closeness measure D AI; to the anti-ideal point:
dAI;
DAL = ——, (11)

~F e 2
where d™- = \/ 2;7:1 (x i X ) is the distance between ideal and anti-ideal solutions.

Finally, calculate the overall measure SCCI(«); for each object:
SCCI(w); = aDI; + (1 — a) DAI,. (12)

Here, a € [0, 1] represents the weight assigned to the distance from the ideal solution,
while 1 — « is the weight assigned to the distance from the anti-ideal solution. These values
of « and 1 — & determine the balance between the importance of proximity to both the ideal
and anti-ideal solutions.

Setting « = 1 (SCCI(1)) means that only the distance to the ideal solution is consid-
ered when evaluating alternatives, which corresponds to Hellwig’s method [37,38]. On the
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other hand, setting « = 0 (SCCI(0)) means that only the distance to the anti-ideal solution
is considered. Values of & between 0 and 1 represent a balance between the importance of
both distances. If both are equally important, « is set to 0.5.
The objects are ranked in descending order based on the values of SCCI(«x);. A higher
SCCI(e); value corresponds to a higher-ranking position for the respective alternative.
The MIDIA method can be summarized in nine sequential steps (see Figure 12):

N
« Determination of the Decision Matrix
¢ Constructa matrix where rows represent alternatives (e.g., countries) and
columns represent criteria (e.g., sustainability indicators). )
i N
eDetermination of the System of Weights
*Assign weights to each criterion based on their importance.
J
N
eDetermination of Ideal and Anti-ldeal Points
¢|dentify the ideal and anti-ideal reference points for all criteria.
J/
*Normalization of the Decision Matrix A
*Normalize the matrix to make the criteria comparable across different units and
scales. )
eCalculation of the Normalized Weighted Decision Matrix h
*Apply the weights to the normalized decision matrix to reflect the relative
importance of each criterion. )
eCalculation of Euclidean Distances A
eCompute the distance of each alternative from both the ideal and anti-ideal
solutions using Euclidean metrics. )
eComputation of Relative Closeness )
eCalculate the relative closeness of each alternative to the ideal and anti-ideal
solutions. )
« Aggregation Measure Construction h
*Build an aggregation measure using coefficients that reflect the importance of
SR istances to both the ideal and anti-ideal solutions. )
*Ranking of Alternatives )
*Rank the alternatives based on their relative closeness to the aggregated measure,
providing a comprehensive evaluation. y

Figure 12. Steps of MIDIA method.

This study applied a modified dynamic version of the MIDIA method by determining
the “global” or common ideal and anti-ideal points for each feature, using the maximum
and minimum values over the entire study period. Instead of yearly values, the distance
was calculated using the feature’s minimum and maximum across the whole period, i.e.,
common ideal or anti-ideal. This dynamic approach enabled the creation of a country
ranking and a comparative assessment of the scale and direction of changes in SDG 11 over
both individual years and the entire period.

3. Results and Discussion

In the assessment of SDG 11, we constructed the SCCI for 2015 and 2020, with ten vari-
ants « € {0, 0.1, 0.2, 0.3, 04, 0.5, 0.6, 0.7, 0.8, 0.9, 1} and equal weights. Studies [46,49]
indicate that equal weighting is the most commonly used approach. This is often due to
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the belief that all criteria are equally important, its simplicity, or a lack of understanding
of causal relationships between indicators. It is also applied when there is no consensus
on alternative methods, when decision-makers have differing views, or when data are
insufficient to justify differentiated weights. Adopting this perspective, in our case, equal
weights were used to ensure that each criterion contributes equally to the overall evaluation,
treating all aspects represented by the indicators as equally important in the assessment of
SDG 11.

Firstly, according to Formulas (3) and (4), the ideal and anti-ideal points based on
max and min values, taking into account the data for 2015 and 2020 from the Eurostat
database [41], and criterion type were determined:

1(2015) = [0.50, 8.20, 4.00, 2.80, 2.50, 30.50, 0.74, 66.70],

AI(2015) = [19.80,25.80,204.00,26.30,10.10, 10.00, 17.24, 10.90].
1(2020) = [1.00, 8.00, 1.00, 2.40, 2.00, 21.20, 0.74, 70.30],
Al (2020) = [14.30,30.80, 153.00, 19.10, 8.50, 5.80, 17.95, 10.90].

Subsequently, the common ideal and anti-ideal points were established based on the
maximum and minimum values, considering the data for both 2015 and 2020 as well as the
criterion type.

I = [0.50,8.00,1.00, 2.40, 2.00, 30.50, 0.74, 70.30],

Al = [19.80,30.80,204.00, 26.30, 10.10, 5.80, 17.95, 10.90].

Following the next steps of the SCCI procedure, the data for 2015 and 2020 from
the Eurostat database [41] were normalized and weighted using Formulas (5)-(7). Then,
the Euclidean distances between the objects and the common ideal or anti-ideal solu-
tions were calculated using Formulas (8) and (9). After that, the values of DI and
DAI measures for all EU countries in 2015 and 2020 were computed by applying
Formulas (10) and (11). Finally, the values of the SCCI(«) were determined by Formula (12)
fora = 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1. The results for 2015 and 2020 are
presented in Tables 3 and 4.

Table 3. The values of SCCI(«) for EU countries in 2015 with different coefficients «.

SCCI(x) Values in 2015 for Different Coefficients «

Countries 0 o1 02 03 04 05 06 07 08 09 10 Max-Min
Austria 0706 0703 0699 0.696 0693 0.690 0687 0.683 0.680 0.677 0.674 0.032
Belgium 0618 0612 0.605 0599 0593 0586 0580 0573 0567 0561 0.554 0.064
Bulgaria 0532 0509 0486 0462 0439 0415 0392 0368 0345 0322 0.298 0.234
Croatia 0.697 0677 0657 0.637 0617 059 0576 0556 0536 0516 0.496 0.202
Cyprus 0.626 0617 0.608 0599 0590 0582 0573 0564 0555 0546 0537 0.088
Czechia 0.679 0674 0.669 0664 0659 0.654 0649 0.644 0639 0.634 0.629 0.049
Denmark 0.754 0748 0742 0737 0731 0726 0720 0715 0709 0704 0.698 0.055
Estonia 0755 0743 0731 0719 0708 0.696 0684 0.672 0.660 0.648 0.636 0.120
Finland 0.801 0787 0772 0758 0744 0729 0715 0700 0.686 0.671 0.657 0.145
France 0.667 0.660 0.653 0.646 0.639 0.632 0.625 0618 0611 0604 0.597 0.070
Germany 0.675 0661 0647 0633 0619 0.606 0592 0578 0564 0550 0.536 0.139
Greece 0573 0564 0556 0547 0539 0530 0522 0513 0505 0496 0.488 0.085
Hungary 0.685 0673 0.661 0649 0637 0.625 0613 0.601 059 0578 0.566 0.119
Ireland 0.806 0793 0780 0767 0754 0741 0.728 0715 0702 0.689 0.676 0.131
Ttaly 0556 0552 0548 0544 0540 0535 0531 0527 0523 0519 0514 0.042
Latvia 0.609 0598 0587 0577 0566 0555 0544 0533 0522 0511 0500 0.109
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Table 3. Cont.

SCCI(x) Values in 2015 for Different Coefficients «

Countries 0 01 02 03 04 05 06 07 08 09 10 Max-Min
Lithuania 0.657 0.641 0625 0608 0592 0576 0559 0543 0526 0510 0.494 0.164
Luxembourg  0.636 0.629 0.622 0615 0608 0.602 0595 0588 0581 0574 0.567 0.068
Malta 0612 0589 0567 0545 0522 0500 0477 0455 0432 0410 0.387 0.225
Netherlands ~ 0.621 0.606 0591 0575 0560 0545 0530 0515 0499 0.484 0.469 0.152
Poland 0.667 0.659 0.651 0.644 0.636 0.628 0.620 0613 0605 0597 0.590 0.077
Portugal 0.624 0.609 0594 0578 0563 0548 0533 0517 0502 0487 0471 0.153
Romania 0522 0508 0493 0479 0464 0450 0436 0421 0407 0392 0378 0.145
Slovakia 0721 0711 0702 0692 0.682 0.672 0.662 0.652 0642 0632 0.622 0.099
Slovenia 0.692 0.683 0.674 0666 0.657 0.648 0.640 0.631 0622 0614 0.605 0.087
Spain 0733 0724 0716 0707 0.699 0.690 0.682 0.673 0.664 0.656 0.647 0.086
Sweden 0.805 0793 0781 0769 0.757 0745 0733 0721 0709 0.698 0.686 0.120
min 0522 0508 0486 0462 0439 0415 0392 0368 0345 0322 0298 0.032
max 0.806 0793 0781 0769 0757 0745 0.733 0721 0709 0704 0.698 0.234

Table 4. The values of SCCI(«) for EU countries in 2020 with different coefficients «.

SCCI(«) Values in 2020 for Different Coefficients «

Countries 0 o1 02 03 04 05 06 07 08 09 10 Max-Min
Austria 0.765 0763 0761 0759 0757 0.755 0753 0.751 0749 0747 0.745 0.020
Belgium 0.653 0.650 0.646 0.643 0.640 0.637 0633 0.630 0627 0.623 0.620 0.033
Bulgaria 0529 0511 0492 0474 0456 0437 0419 0401 0382 0364 0346 0.183
Croatia 0.677 0662 0.646 0631 0615 0.600 0584 0569 0553 0538 0.522 0.155
Cyprus 0617 0607 059 058 0576 0566 0556 0545 0535 0525 0515 0.102
Czechia 0721 0717 0713 0710 0706 0.702 0698 0.695 0.691 0.687 0.683 0.038
Denmark 0.708 0702 0.695 0.689 0682 0.676 0669 0.663 0.656 0.650 0.644 0.065
Estonia 0.771 0757 0742 0727 0712 0.697 0.682 0.667 0652 0.637 0.622 0.149
Finland 0.772 0761 0751 0740 0730 0719 0709 0.698 0.687 0.677 0.666 0.106
France 0620 0611 0601 0592 0583 0573 0564 0555 0545 0536 0527 0.093
Germany 0715 0704 0693 0.682 0670 0.659 0648 0.637 0625 0.614 0.603 0.112
Greece 0526 0516 0505 0495 0484 0474 0463 0453 0442 0432 0421 0.105
Hungary 0.716 0706 0.697 0.687 0677 0.668 0658 0.648 0.639 0.629 0.620 0.096
Ireland 0.768 0759 0749 0739 0729 0.719 0709 0700 0.690 0.680 0.670 0.098
Ttaly 0.643 0641 0639 0637 0634 0632 0630 0628 0626 0.624 0.621 0.022
Latvia 0.643 0629 0615 0602 0588 0574 0560 0546 0532 0518 0.504 0.140
Lithuania  0.669 0651 0.633 0615 0597 0579 0561 0543 0525 0508 0.490 0.179
Luxembourg  0.677 0.670 0.664 0.657 0651 0.645 0.638 0.632 0625 0619 0.612 0.065
Malta 0594 0568 0542 0516 0490 0.465 0439 0413 0387 0361 0335 0.258
Netherlands ~ 0.609 0594 0580 0566 0552 0538 0523 0509 0495 0481 0.467 0.142
Poland 0618 0608 0599 0590 0580 0571 0561 0552 0543 0533 0.524 0.094
Portugal 0611 0595 0578 0562 0545 0529 0513 0496 0480 0463 0447 0.164
Romania 0560 0539 0518 0497 0477 0456 0435 0414 0393 0373 0352 0.208
Slovakia 0.760 0.756 0752 0747 0743 0739 0.735 0730 0726 0722 0718 0.042
Slovenia 0.699 0690 0.681 0.672 0.664 0.655 0646 0.637 0.628 0.620 0.611 0.088
Spain 0.644 0632 0620 0608 059 0584 0573 0561 0549 0537 0525 0.119
Sweden 0.758 0746 0733 0721 0709 0.696 0684 0.672 0660 0.647 0.635 0.123
min 0526 0511 0492 0474 0456 0437 0419 0401 0382 0361 0335 0.020
max 0.772 0763 0761 0759 0757 0755 0.753 0.751 0749 0747 0.745 0.258

Based on the results from Table 3 for 2015, the highest SCCI (ranked first—see also
Table 5) was recorded for Ireland (o« = 0) and Denmark (x = 0.9, 1), with Sweden achieving
the highest ranking for the remaining « values. The lowest SCCI (ranked last—see also
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Table 5) was observed for Romania at « = 0 and « = 0.1 and for Bulgaria at the other «
values. For 2020, as shown in Table 4, the highest SCCI (ranked first—see also Table 6) was
achieved by Finland for o = 0 and Austria for the remaining « values. The lowest SCCI
(ranked last—see also Table 6) was found for Greece at & =0, Maltaat « = 0.9 and =1,
and Bulgaria for the other « values.

Table 5. The rankings of EU countries obtained by SCCI(«) in 2015 for different coefficients .

Position of EU Countries in 2015 for SCCI(x)and Different Coefficients «

Country
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Austria 8 8 8 7 7 7 5 5 5 4 4
Belgium 21 19 19 19 17 17 16 16 15 15 15
Bulgaria 26 26 27 27 27 27 27 27 27 27 27
Croatia 9 10 12 14 15 16 17 18 18 19 20
Cyprus 18 18 18 18 19 18 18 17 17 17 16
Czechia 12 11 10 10 9 9 9 9 9 8 8
Denmark 5 4 4 4 4 4 3 2 2 1 1
Estonia 4 5 5 5 5 5 6 7 7 7 7
Finland 3 3 3 3 3 3 4 4 4 5 5
France 14 14 13 12 11 11 11 11 11 11 11
Germany 13 13 15 15 14 14 15 15 16 16 17
Greece 24 24 24 23 24 24 24 24 22 22 22
Hungary 11 12 11 11 12 13 13 13 13 13 14
Ireland 1 2 2 2 2 2 2 3 3 3 3
Italy 25 25 25 25 23 23 22 21 20 18 18
Latvia 23 22 22 21 20 20 20 20 21 20 19
Lithuania 16 16 16 17 18 19 19 19 19 21 21
Luxembourg 17 17 17 16 16 15 14 14 14 14 13
Malta 22 23 23 24 25 25 25 25 25 25 25
Netherlands 20 21 21 22 22 22 23 23 24 24 24
Poland 15 15 14 13 13 12 12 12 12 12 12
Portugal 19 20 20 20 21 21 21 22 23 23 23
Romania 27 27 26 26 26 26 26 26 26 26 26
Slovakia 7 7 7 8 8 8 8 8 8 9 9
Slovenia 10 9 9 9 10 10 10 10 10 10 10
Spain 6 6 6 6 6 6 7 6 6 6 6
Sweden 2 1 1 1 1 1 1 1 1 2 2
Table 6. The rankings of EU countries obtained by SCCI(«) in 2020 for different coefficients .
Count Position of EU Countries in 2020 for SCCI(x)and Different Coefficients «
ormy 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Austria 4 1 1 1 1 1 1 1 1 1 1
Belgium 15 15 13 13 13 13 13 13 11 11 10
Bulgaria 26 27 27 27 27 27 27 27 27 26 26
Croatia 12 13 14 15 15 15 15 15 15 15 18
Cyprus 21 21 21 21 21 21 21 20 19 19 19
Czechia 7 7 7 7 7 5 5 5 3 3 3
Denmark 10 10 9 8 8 8 8 8 7 6 6
Estonia 2 4 5 5 5 6 7 7 8 8 8
Finland 1 2 3 3 3 4 4 4 5 5 5
France 19 19 19 19 19 19 17 17 17 17 15
Germany 9 9 10 10 10 10 10 11 13 14 14
Greece 27 26 26 26 25 24 24 24 24 24 24
Hungary 8 8 8 9 9 9 9 9 9 9 11
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Table 6. Cont.
C Position of EU Countries in 2020 for SCCI(x)and Different Coefficients «

ountry 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Ireland 3 3 4 4 4 3 3 3 4 4 4
Italy 18 16 15 14 14 14 14 14 12 10 9
Latvia 17 18 18 18 18 18 20 19 20 20 20
Lithuania 14 14 16 16 16 17 19 21 21 21 21
Luxembourg 13 12 12 12 12 12 12 12 14 13 12
Malta 24 24 24 24 24 25 25 26 26 27 27
Netherlands 23 23 22 22 22 22 22 22 22 22 22
Poland 20 20 20 20 20 20 18 18 18 18 17
Portugal 22 22 23 23 23 23 23 23 23 23 23
Romania 25 25 25 25 26 26 26 25 25 25 25
Slovakia 5 5 2 2 2 2 2 2 2 2 2
Slovenia 11 11 11 11 11 11 11 10 10 12 13
Spain 16 17 17 17 17 16 16 16 16 16 16
Sweden 6 6 6 6 6 7 6 6 6 7 7

To begin with, we conducted an analysis that allowed us to answer research question
Q1 regarding the differences in achieving SDG 11 between EU countries separately for each
analyzed year, 2015 and 2020.

Analyzing the SCCI coefficient values in Tables 3 and 4, we can observe that they
range from 0.298 to 0.806 for 2015 and from 0.335 to 0.772 for 2020.

The largest differences in SCCI values in 2015, due to the adopted « level, occur for
Bulgaria (0.234; a change from 0.532 for a = 0 to 0.298 for a = 1) and Malta (0.225; a change
from 0.612 for & = 0 to 0.387 for « = 1). In 2020, the largest differences concern Malta (0.258;
a change from 0.594 for « = 0 to 0.335 for « = 1) and Romania (0.208; a change from 0.560 for
x =0 to0 0.352 for a = 1).

The largest difference in SCCI values between EU countries in 2015 occurred for
« =1 and equaled 0.400. Denmark had the highest SCCI(1) = 0.698, while Bulgaria had
the lowest SCCI(1) = 0.298. Similarly, in 2020, the largest difference, equal to 0.410, was
observed for & = 1 (SCCI(1) = 0.745 for Austria and SCCI(1) = 0.335 for Malta). The smallest
differences in SCCI between Member States in both years (2015 and 2020) occurred for
« = 0. It is also worth noting that SCCI(0) took on higher values compared to other «
values (SCCI(0) € [0.522, 0.806] in 2015, and SCCI(0) € [0.526,0.772] in 2020). The SCCI
values for « = 0 and « = 1 in the years 2015 and 2020 are presented in Figures 13 and 14.

We will address question Q2 by presenting the rankings of EU countries based on their
progress in achieving SDG 11 in 2015 and 2020. This comparison will highlight the relative
performance of each country in terms of Sustainable Cities and Communities development
during these years.

Figures 15 and 16 show a graphical representation of the values of the SCCI(«) in
the area of Sustainable Cities and Communities in 2015 and 2020 obtained using different
values of coefficients «.

Figures 15 and 16 illustrate the impact of the « coefficient on the SCCI value. In both
years, a clear decreasing trend in the influence of the « coefficient on the SCCI value can be
observed. Typically, the SCCI value is highest for an « = 0 and lowest for an « = 1, with
the differences between these values varying across countries. Furthermore, in both 2015
and 2020, the largest differences in the SCCI value based on the « coefficient were observed
in Malta, while the smallest differences were noted in Austria. The complete rankings of
EU countries for both years based on the values of the SCCI are shown in Tables 5 and 6.
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Figures 15 and 16 show that none of the EU countries in 2015 and 2020 maintained the
same ranking positions for all coefficients «. From these figures, it appears that, in some
cases, tiny differences in SCCI values determined the ranking positions. The top positions
in the ranking in 2015, regardless of the adopted value of the « coefficients, were taken by
Sweden, Ireland, Finland, and Denmark, while Romania and Bulgaria occupied the lowest
positions. In 2020, Austria, Slovakia, Finland, and Ireland ranked highest, while Bulgaria,
Romania, Malta, and Greece were at the bottom.

The subsequent analysis will address question Q3 regarding the influence of the «
parameter on the ranking of countries in the Sustainable Cities and Communities Index
(SCCI) in 2015 and 2020.

From Table 5, we can observe that in 2015, the greatest change in position depending
on the chosen & coefficient was observed for Croatia, which changed its ranking positions
by as much as eleven places (from the 9th position for « = 0 to the 20th position for & = 1).
The next notable shifts (in rank by seven and six positions) occurred for Italy and Belgium,
respectively. Italy was ranked 25th for « = 0, 0.1, 0.2, 0.3, while for « = 0.9, 1, it was
ranked 18th. Belgium, in turn, was ranked 21st for « = 0 and 15th for « = 0.8, 0.9, 1. The
most minor changes (by just one position depending on the « considered) affected five
Member States: Bulgaria and Romania, which switched between 26th and 27th positions,
Spain, which ranked 7th for @ = 0.6 and 6th for other « values, as well as Slovenia, which
ranked 9th for « = 0.1, 0.2, 0.3 and 10th for other « values, and Sweden, which ranked 2nd
fora =0, 0.9, 1, and 1st for other « values.
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Figure 13. The values of SCCI(«) for « = 0 and « = 1 in 2015.
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Figure 14. The values of SCCI(«) for « = 0 and & = 1 in 2020.
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Figure 15. Graphical representation of SCCI(a) for EU countries for SDG 11 in 2015 obtained for
different coefficients «.
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Figure 16. Graphical representation of SCCI(«a) for EU countries for SDG 11 in 2020 obtained for
different coefficients «.

In Table 7, Spearman’s rank correlation coefficients between the SCCI(«) for different
« values in 2015 are presented. These values indicate a strong correlation between the rank-
ings. The lowest values are observed when comparing the rankings obtained using SCCI(1)
with SCCI(0) (0.870), SCCI(0) with SCCI(0.9) (0.885), and SCCI(1) with SCCI(0.1) (0.898).
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Table 7. The Spearman coefficient for SCCI(«) and different coefficients « in 2015.
Cscr::faff?::rl:t 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.0 1.000
0.1 0.995  1.000
0.2 0990 0996  1.000
0.3 0979 0988 0.996  1.000
0.4 0963 0978 0.987 0994  1.000
0.5 0955 0971 0980 0991 0.998  1.000
0.6 0937 0957 0969 0983 0.993 099  1.000
0.7 0924 0947 0960 0976 0987 0.991 0998  1.000
0.8 0913 0937 0952 0968 0980 0.985 0993 0997  1.000
0.9 0.885 0911 0928 0949 0966 0973 0985 0991 0.995  1.000
1.0 0.870 0.898 0916 0940 0958 0966 0981 0988 0.992 0.998  1.000
Table 6 illustrates that in 2020, Italy experienced the most significant rank shift based
on the selected alpha coefficient, altering its position by nine places—from 18th for « = 0 to
9th for & = 1. Next, Lithuania changed its position by seven places (from the 14th position
for & = 0 to the 21st position for « = 0.7, 0.8, 0.9, 1), while Croatia and Estonia changed
six places. Croatia ranked 12th for « = 0 and 18th for « = 1, and Estonia was the 2nd for
« = 0 and 8th for « = 0.8, 0.9, 1. In 2020, taking into account considered values &, seven
countries changed positions by one place: Bulgaria (from 26th for « = 0, 0.9, 1 to 27th for
others «), Ireland (from 3rd for « = 0, 0.1, 0.5, 0.6, 0.7 to 4th for other a), Netherlands
(from 23rd for « = 0, 0.1 to 22nd for other &), Portugal (from 22nd for « = 0, 0.1 to 23rd for
other #), Romania (from 26th for « = 0.4, 0.5, 0.6 to 25th for other &), Spain (from 17th for
« = 0.1, 0.2, 0.3, 0.4 to 16th for other «), and Sweden (from 7th for « = 0.5, 0.9, 1 to 6th for
other a).
Table 8 presents Spearman’s rank correlation coefficients for SCCI(«) across various
o values in 2020. These coefficients reveal a strong correlation among the rankings. The
lowest correlations were found between the rankings derived from SCCI(1) and SCCI(0)
(0.880), SCCI(0) and SCCI(0.9) (0.905), as well as SCCI(1) and SCCI(0.1) (0.907).
Table 8. The Spearman coefficient for SCCI(«) and different coefficients « in 2020.
g’g:faffg::t 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.0 1.000
0.1 0.993  1.000
0.2 0981 0992  1.000
0.3 0976 0989  0.999  1.000
0.4 0975 0988 0.998 0.999  1.000
0.5 0967 0982 0994 0995 0.996  1.000
0.6 0955 0973 0987 0988 0.990 0995  1.000
0.7 0947 0964 0982 0983 0984 0.990 0997 1.000
0.8 0920 0941 0966 0969 0969 0.979 0988 0992  1.000
0.9 0905 0929 0956 0961 0962 0973 0980 0985 0.996  1.000
1.0 0.880 0907 0938 0947 0947 0958 0970 0974 0986 0.993  1.000

It is worth noting that in 2015 and 2020, a similar trend was observed regarding the
Spearman correlation coefficient. Strong Spearman correlation values were found for the
SCCI(a) measure and the a coefficients, which varied by 0.1. As the difference between
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these coefficients increases, the Spearman correlation value gradually declines, ultimately
reaching its minimum when comparing the SCCI(0) and SCCI(1) measures.

Finally, by comparing the results obtained for 2015 and 2020, we will address the
research questions Q4-Q7 posed in this study and assess the changes in the implementation
of SDG 11 by EU countries. In particular, we will identify which countries have demon-
strated the most significant progress in achieving SDG 11 in 2020 compared to 2015 and
which have experienced the most notable declines during the same period. Furthermore,
we will examine which specific indicators had the most substantial impact on the shifts in
ranking positions for these countries concerning SDG 11.

Analyzing the results in Tables 9 and 10, we can observe the differences between
2015 and 2020 in the values of SCCI(x) measures and positions in the rankings of EU
countries obtained based on these differences for different values of a. The highest increase
in SCCI(a) in 2020 compared to 2015 (Table 9) for varying values of the coefficient « was
observed in Italy, with a range of [0.087, 0.107]. This was due to a change in the ranking
from 25th and 18th place for extreme alpha values (x = 0, « = 1, respectively) in 2015 to
18th and 9th place in 2020 (Tables 5 and 6). Such significant progress in achieving SDG
11 in Italy in 2020 compared to 2015 can be attributed to substantial improvements in C2
(Population living in households considering that they suffer from noise, by poverty status)
and C4 (Population reporting the occurrence of crime, violence, or vandalism in their area
by poverty status), and moderate advancements in C1 (Severe housing deprivation rate by
poverty status), C3 (Premature deaths due to exposure to fine particulate matter (PM2.5)),
C5 (Road traffic deaths, by type of roads), and C8 (Recycling rate of municipal waste). At
the same time, there was a moderate regress concerning C6 (Share of buses and trains in
inland passenger transport) and a very slight decline related to C7 (Soil sealing index). It is
crucial to recall (Figures 9 and 10) that all countries, including Italy, exhibited a decreasing
trend in relation to C6 and nearly all of them (though not all) in the case of C7. Significant
progress in achieving SDG 11 in 2020 compared to 2015 has also been observed for Austria,
Czechia, and Germany. All these countries demonstrated advancement in relation to C1,
C2, C3, C4, C5, and C8. However, the degree of progress observed was less substantial
than that observed in Italy. Furthermore, in line with other countries, they experienced a
regress regarding C6 and C7 (see Figures 4 and 11).

Table 9. The values of the differences in SCCI(«) for EU countries in 2020 compared to 2015, using
different coefficients .

Differences in SCCI(x) for EU Countries in 2020 Compared to 2015,

Countries Using Different Coefficients a. Max-Min
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Austria 0.060 0.061 0.062 0.063 0.064 0.065 0.067 0.068 0.069 0.070 0.071 0.012
Belgium 0.035  0.038  0.041 0.044 0047 0.050 0.053 0.057 0.060  0.063  0.066 0.031
Bulgaria ~ —0.003 0.002 0.007 0.012 0.017 0.022 0.027 0032 0.037 0.043 0.048 0.051
Croatia —-0.020 -0.015 -0.011 —-0.006 —0.001 0.003 0.008 0.013 0.017 0.022 0.027 0.047
Cyprus —-0.009 -0.010 -0.012 -0.013 -0.014 -0.016 -0.017 —0.019 —-0.020 —0.021 —0.023 0.014
Czechia 0.042 0.043 0.045 0.046 0.047 0048 0.049 0050 0.052 0.053  0.054 0.012
Denmark  —0.045 -0.046 —0.047 —0.048 —-0.049 -0.050 —-0.051 —0.052 —0.053 —0.054 —0.055 0.010
Estonia 0.016  0.013 0.010  0.007 0.004 0.001 —0.002 -—-0.005 -0.007 -0.010 -—0.013 0.030
Finland —-0.029 -0.025 -0.022 -0.018 -0.014 -0.010 —-0.006 —0.002 0.002  0.006  0.010 0.039
France —0.047 —-0.049 -0.052 —-0.054 —-0.056 —0.059 —0.061 —0.063 —0.066 —0.068 —0.070 0.023
Germany  0.040 0.043 0.045 0.048  0.051 0.054  0.056  0.059 0.062  0.064  0.067 0.027
Greece —0.047 —-0.049 -0.051 —-0.053 —0.055 —0.057 —0.059 —0.061 —0.063 —0.065 —0.067 0.020
Hungary 0.031 0.033 0.036 0.038 0.040 0.042 0.045 0.047 0.049 0.051 0.054 0.023
Ireland —0.038 —-0.035 —0.031 —-0.028 —0.025 —0.022 —-0.018 —0.015 —0.012 —0.009 —0.006 0.032
Italy 0.087  0.089  0.091 0.093  0.095  0.097 0.09  0.101 0.103 0105  0.107 0.020
Latvia 0.034 0.031 0.028 0.025 0.022 0.019 0.016 0.013 0.010 0.007 0.004 0.031
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Table 9. Cont.

Differences in SCCI(x) for EU Countries in 2020 Compared to 2015,
Using Different Coefficients a. Max-Min

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Lithuania 0.011 0.010 0.008 0.007 0.005 0.004 0.002 0.001 —-0.001 —0.003 —0.004 0.015
Luxembourg 0.041 0.042 0.042 0.042 0.043 0.043 0.043 0.044 0.044 0.044 0.045 0.003

Countries

Malta -0.018 —-0.022 —-0.025 -0.028 —-0.032 —-0.035 -0.039 —-0.042 —-0.045 -—-0.049 —0.052 0.034
Netherlands —0.013 -0.012 -0.011 -0.010 -0.009 -0.008 —-0.007 —0.006 —0.005 —0.004 —0.003 0.010
Poland —0.049 —-0.051 -0.052 —-0.054 —-0.056 —0.057 —-0.059 —-0.061 —0.062 —0.064 —0.066 0.017

Portugal -0.013 -0.014 -0.015 -0.016 —-0.018 —-0.019 -0.020 —-0.021 —0.022 —0.023 —0.025 0.012
Romania 0.038 0.031 0.025 0.019 0.012 0.006 —0.001 -0.007 -0.013 -0.020 —0.026 0.064
Slovakia 0.039 0.044 0.050 0.056 0.061 0.067 0.073 0.078 0.084 0.090 0.096 0.057
Slovenia 0.007 0.007 0.007 0.007 0.007 0.006 0.006 0.006 0.006 0.006 0.006 0.001

Spain -0.089 -0.092 -0.096 -0.099 -0.102 -0.106 -0.109 -0.112 -0.116 -0.119 -0.122 0.033
Sweden —0.047 —-0.048 —0.048 —-0.048 —-0.049 -0.049 —-0.049 —-0.049 —-0.050 —-0.050 —0.050 0.003
max 0.087 0.089 0.091 0.093 0.095 0.097 0.099 0.101 0.103 0.105 0.107 0.064
min -0.089 -0.092 -0.096 -0.099 -0.102 -0.106 -0.109 -0.112 -0.116 -0.119 -0.122 0.001

Table 10. The rankings of EU countries obtained based on differences in SCCI(«) in 2020 compared
to 2015 (Table 9) for different coefficients w.

Position of Countries Obtained Based on Differences in SCCI(«)

Country in 2020 Compared to 2015 for Different Coefficients a
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Austria 2 2 2 2 2 3 3 3 3 3 3
Belgium 8 7 7 6 5 5 5 5 5 5 5
Bulgaria 14 14 13 11 10 9 9 9 9 9 8
Croatia 19 18 16 15 15 14 11 11 10 10 10
Cyprus 15 15 17 17 18 18 18 19 19 19 18
Czechia 3 4 5 5 6 6 6 6 6 6 6
Denmark 22 22 22 22 23 23 23 23 23 23 23
Estonia 11 11 11 12 14 15 15 15 16 17 17
Finland 20 20 19 19 17 17 16 14 13 13 11
France 24 25 25 26 26 26 26 26 26 26 26
Germany 5 5 4 4 4 4 4 4 4 4 4
Greece 23 24 24 24 24 24 24 25 25 25 25
Hungary 10 8 8 8 8 8 7 7 7 7 7
Ireland 21 21 21 20 20 20 19 18 17 16 16
Italy 1 1 1 1 1 1 1 1 1 1 1
Latvia 9 10 9 9 9 10 10 10 11 11 13
Lithuania 12 12 12 14 13 13 13 13 14 14 15
Luxembourg 4 6 6 7 7 7 8 8 8 8 9
Malta 18 19 20 21 21 21 21 21 21 21 22
Netherlands 16 16 15 16 16 16 17 16 15 15 14
Poland 26 26 26 25 25 25 25 24 24 24 24
Portugal 17 17 18 18 19 19 20 20 20 20 19
Romania 7 9 10 10 11 12 14 17 18 18 20
Slovakia 6 3 3 3 3 2 2 2 2 2 2
Slovenia 13 13 14 13 12 11 12 12 12 12 12
Spain 27 27 27 27 27 27 27 27 27 27 27
Sweden 25 23 23 23 22 22 22 22 22 22 21

In turn, the most significant decrease in the SCCI measure, regardless of the a value
chosen, occurred in Spain, where the difference ranged [—0.122, —0.089], leading to a drop
of 10 positions in the ranking in 2020 compared to 2015 (from 7th place for « = 0.6 and
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6th place for other a values to 17th place for « = 0.1, 0.2, 0.3, 0.4, and 16th place for the
remaining « values) (Tables 5 and 6). For Spain, progress was observed only for C3, C5,
and C8. However, for both C3 and C5, progress was recorded for all countries except one
(Ireland), while for C8, no progress was recorded for seven countries. On the other hand, in
Spain, there was a regress for the remaining indicators, i.e., C1, C2, C4, C6, and C7, with
significant declines observed for C2 and C6 (Figures 4 and 11). A notable regress in the
attainment of SDG 11 in 2020 compared to 2015 has also been observed in Greece, Poland,
and France. All these countries have experienced a decline in C2, C6, and C7, with Greece
additionally regressing in C4 and France in C1 and C4 (Figures 4 and 11).

The most minor SCCI difference is observed for Lithuania with & = 0.7 (0.001) and
« = 0.8 (—0.001), Romania with « = 0.6 (—0.001), Estonia with « = 0.5 (0.001), and Croatia
with & = 0.4 (—0.001). In the case of Croatia and Romania, the ranking positions remained
unchanged (26th place for Romania and 15th place for Croatia), while in other cases, there
was a slight change (up to a maximum of two places).

For twenty-one countries, a consistent trend in the changes in the SCCI measure was
observed, regardless of the « coefficient. Ten countries made progress in achieving SDG 11,
namely Austria, Belgium, Czechia, Germany, Hungary, Italy, Latvia, Luxembourg, Slovakia,
and Slovenia. Conversely, eleven countries experienced regress: Cyprus, Denmark, France,
Greece, Ireland, Malta, the Netherlands, Poland, Portugal, Spain, and Sweden. For the
remaining countries, the differences in the SCCI measures for 2020 and 2015 exhibited both
positive and negative values. However, it is important to note that these differences were
not very significant.

In Figure 17, the rankings of EU countries in 2015 and 2020 based on SCCI for three
values « =0, &« = 0.5, « = 1 are presented.

2015 2020
——0 —-0.5 1 ——0 —-0.5 1
Austria ) Austria
Sweden 7 Belgium ) Sweden 57 Belgium
. Spain 24 Bulgaria . Spain . Bulgaria
Slovenia 21 Croatia Slovenia 21 Croatia
. 18
Slovakia Cyprus Slovakia 18 Cyprus
15 15
Romania < 12 Czechia Romania Czechia

\

y s /
Portugal \\X R
( 3\
0"
Poland >

Denmark

Denmark — \ \ 6 \/ y

3
_ \ 0 ' _
Estonia Poland / < Estonia
Netherlands f [ > Finland Netherlands .\/ e / \VQ\ Finland
Malta ZW | \ \\j \ France
Luxembourg Kj \\, Germany Luxembourg \ Germany
N

France Malta

Lithuania Greece Lithuania Greece

Latvia Hunga Latvia Hungary
Italy Ireland Eary Italy Ireland

Figure 17. Graphical representation of ranking of EU countries for the SDG 11 in 2015 and 2020 for
a=0,04=05a=1inSCCI.

For a clearer interpretation of the comparison between the years 2015 and 2020, we
will focus on three selected alpha levels: 0, 0.5, and 1. The results in Tables 5 and 6 and
Figure 17 indicate that Italy showed the most remarkable progress, improving by nine
positions for « = 0.5 and @ = 1 and by seven positions for « = 0. This improvement
was driven by significant advancements in nearly all indicators (except for C6 and C7;
Figures 4 and 11). Apart from Italy, seven other countries improved their ranking positions
in 2020 compared to 2015, considering « = 0, « = 0.5, and &« = 1. A major change occurred



Sustainability 2025, 17, 22

25 of 31

for Slovakia, which moved from 8th place for « = 0.5 and 9th for « = 1 to 2nd place in both
cases in 2020. Additionally, Austria saw a notable rise, improving by six places for « = 0.5,
achieving a leading position in the 2020 ranking. Similarly, Belgium improved its ranking
by six places in 2020 compared to 2015 for &« = 0, moving up from 21st to 15th position.

The largest decline (by 10 positions for &« = 0, « = 0.5, and & = 1) was observed for
Spain, which dropped from 6th place in 2015 to 16th in 2020. According to Figures 4 and 11,
Spain’s indicator values in 2020 were lower than in 2015 in five areas (C1, C2, C4, C6,
C7), with the most significant differences in C2 and C6. Moreover, Poland and France
experienced a substantial drop of eight positions for & = 0.5, moving from 12th and 11th
places in 2015 to 20th and 19th places, respectively, in 2020. Denmark and Sweden also saw
a decline in rankings across all three alpha levels. It is important to highlight that these
countries ranked at the top in 2015—Sweden in 1st or 2nd place, depending on the alpha
level, and Denmark in 1st place for & = 1. In 2020, however, Sweden dropped to 6th or 7th
place, and Denmark to 6th for « = 1. These decreases were largely influenced by significant
drops in the values of their indicators. Sweden'’s biggest change from 2015 to 2020 was in
the C8 indicator, along with C2, C4, and Cé. In the case of Denmark, the regress was in
indicators C2, C6, C7, and C8.

In discussing the results of this study, it is evident that the SCCI index, developed
using the MIDIA method, provided a robust framework for evaluating the implementation
of SDG 11 in EU countries. By utilizing Eurostat indicators, we ensured a standardized
evaluation of various aspects of urban sustainability, allowing us to capture essential trends
and changes over time. The analysis demonstrated significant disparities in progress among
EU Member States from 2015 to 2020, highlighting both advancements and setbacks in
urban sustainability. Our study revealed substantial variations in the progress of different
countries, addressing critical research questions about SDG 11 implementation.

This study employed the MIDIA approach [37] based on the concepts of ideal and
anti-ideal solutions, to develop an SCCI measure for monitoring progress toward SDG 11.
Notably, SDG 11 has also been analyzed using other methodologies, such as Hellwig’s
method [32], Temporal VIKOR [34], DARIA-TOPSIS [33], modified TOPSIS [35], and
the modified BIPOLAR method [35]. Despite utilizing different techniques to aggregate
individual indicators, those methodologies share common features by relying on reference
points such as ideal and anti-ideal solutions. They enable not only the comparison of the
studied objects but also the assessment of their quality, of what is considered perfect in a
given case and what is considered bad or highly undesirable. Unlike previous research,
this study [20] departs from the use of reference points and is founded on a distinct
methodological concept. It presents an innovative approach to constructing the European
Development Scoreboard for SDG 11, utilizing principal analysis and 15 sustainability
indicators. This framework provides a comprehensive assessment of the progress made by
European Member States toward SDG 11 during the period from 2010 to 2022.

Each approach provides valuable insights into sustainable development within the
scope of Sustainable Cities and Communities. All of the studies utilized data from Eurostat,
though they differed in terms of the temporal scope, the selection of countries examined,
and the set of indicators employed based on data availability. While equal weights for indi-
cators were applied in some studies [32,35], others, such as DARIA-TOPSIS [33], adopted
a CRITIC-based approach for weight determination, and Temporal VIKOR [34] utilized
entropy-based weights. Across all studies, the findings reveal significant disparities among
EU countries in their progress toward achieving SDG 11. In all compared studies, East-
ern European countries show lower positions compared to Western European countries.
Regardless of the methodology or year, a group of countries consistently ranks at the
top, demonstrating a high level of achievement in SDG 11. This group includes northern



Sustainability 2025, 17, 22

26 of 31

countries such as Sweden, Finland, Ireland, Denmark, and Estonia. Conversely, southern
countries such as Bulgaria, Romania, and Greece consistently appear among those with the
lowest levels of SDG 11 performance.

Given the variety of approaches available for assessing the level of implementation of
SDG 11 in European countries, it is advisable to employ the MAMIMCA (Multiple Assess-
ment, Multiple Importance, Multiple Criteria Analysis) methodology [49]. This approach
allows for the integration of diverse techniques, indicators, and weighting schemes, thereby
facilitating a comprehensive understanding of the pivotal factors for each methodology
and identifying the most balanced country in terms of sustainable cities and communities.
This represents a promising direction for further research.

4. Conclusions

This study evaluated the level of development of EU countries in relation to Sustain-
able Development Goal 11, which focuses on creating sustainable cities and communities.
By applying the Multi-Criteria Method Integrating Distances to Ideal and Anti-Ideal Points,
the Sustainable Cities and Communities Index (SCCI(«)) was developed to comprehen-
sively assess and rank EU Member States’ progress in achieving SDG 11 for the years 2015
and 2020. The SCCI(«) method, through its weighted system, allows for a balanced evalu-
ation of countries based on their distances from ideal and anti-ideal reference points. The
coefficient & € [0,1] is used to combine the importance of both the ideal (best performance)
and anti-ideal (worst performance) objects. When a = 1, only the distance to the ideal point
is considered, while when a = 0, only the distance to the anti-ideal point is considered. The
use of common ideal and anti-ideal points across the analyzed years enabled consistent
comparisons over time.

This study successfully quantified the progress of EU countries in achieving SDG 11,
addressing the key research questions and highlighting significant disparities across regions.
The SCCI(«) method, using indicators from the Eurostat database, effectively captured the
differentiation of EU countries’ performance concerning the SDG 11 goal.

The analysis conducted has enabled us to answer all the questions outlined in the
Introduction. This study showed that in both 2015 and 2020, the range of SCCI( ) values
systematically increased with higher « coefficients. For example, in 2015, the range between
the highest and lowest values was 0.284 for SCCI(0), increasing to 0.400 for SCCI(1).
Similarly, in 2020, the range expanded from 0.246 for SCCI(0) to 0.410 for SCCI(1). This
indicates that as « increased, countries became more differentiated in their progress toward
achieving SDG 11, with a greater emphasis on proximity to the ideal point.

Differentiation in progress toward SDG 11 was observed across the studied years,
regardless of the « coefficient. However, no single country consistently ranked as the best
or worst across all indicators used in the composite index SCCI(«x). In 2015, according to
SCCI(0), the top-performing SGD 11 goal countries were Ireland, Sweden, and Finland,
while Italy, Bulgaria, and Romania ranked lowest. For SCCI(1), Denmark, Sweden, and
Ireland were the top performers, with Malta, Romania, and Bulgaria at the bottom. A
similar trend emerged in 2020, where Finland, Estonia, and Ireland led for SCCI(0), and
Austria, Slovakia, and Czechia ranked highest for SCCI(1). Romania, Bulgaria, and Greece
occupied the lowest positions for SCCI(0)), while Romania, Bulgaria, and Malta occupied
the lowest positions for SCCI(1).

This study also revealed significant ranking shifts for certain EU countries depend-
ing on the « coefficient. For example, Croatia dropped from 9th place (x = 0) to 20th
place (x=1) in 2015, while Lithuania fell from 14th (o = 0) to 21st place (« = 1) in
2020, according to the SCCI measure. In contrast, countries like Slovenia, Spain, Sweden,
Bulgaria, and Romania in 2015, and Bulgaria, Romania, Ireland, the Netherlands, Portugal,
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Spain, and Sweden in 2020 showed minimal ranking changes—shifting by only one
position—regardless of «.

Overall, the results showed that Italy demonstrated the strongest performance, while
Spain showed the strongest regress in achieving SDG 11 during the analyzed years. Italy
showed progress when analyzing all criteria except for the Soil sealing index. Conversely,
Spain demonstrated improvements only in three out of eight specific criteria: Road traffic
deaths by type of roads, Premature deaths due to exposure to fine particulate matter, and
the Recycling rate of municipal waste.

The findings of this study present a valuable framework for policymakers, high-
lighting the necessity for customized strategies to tackle the diverse levels of progress in
sustainable urban development among EU countries. Additionally, the results invite a
broader reflection on their implications for policy and practice. Countries that have made
significant strides can serve as exemplary models, providing insights into effective gover-
nance, public engagement, and innovative solutions to urban sustainability challenges. In
contrast, nations that have encountered setbacks may gain from a deeper understanding of
the obstacles they face, such as economic limitations or infrastructure deficits. Ultimately,
this study not only underscores the advancements made toward achieving SDG 11 but
also reinforces the importance of ongoing evaluation and adaptive policymaking to foster
sustainable urban development throughout the EU.

Despite the strengths of this study, several limitations should be noted. First, it relies
on available Eurostat data, which may not capture all aspects of urban sustainability, and
some data were unavailable for certain countries. It is important to note that, due to these
data gaps, the analysis was limited to the years 2015 and 2020. Second, while the SCCI(«)
method is robust, it depends on the chosen « values, which could influence the rankings.
Future research could explore alternative aggregating methods and incorporate additional
indicators to present a more comprehensive sustainability assessment. Expanding the
analysis to include more recent data could also provide broader insights into SDG 11,
especially since the COVID-19 pandemic, which broke out in 2020, caused significant
changes in all spheres, including cities. The transformation of the quality of life in urban
areas included the role of transportation and land use, the presence of urban nature, the
availability of public space, the provision of facilities and services, housing options, and
information and communication technology (ICT) [50]. Moreover, regional disparities
within countries could be analyzed in future studies, offering a more granular view of
progress toward sustainable cities and communities.
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The following abbreviations are used in this manuscript:

AHP

DARIA-TOPSIS

Analytic Hierarchy Process

Data vARIability Assessment Technique for Order of Preference by Simi-

larity to Ideal Solution

MCDM Multi-criteria decision-making

MAMIMCA Multiple Assessment, Multiple Importance, Multiple Criteria Analysis

MIDIA A Multi-Criteria Method Integrating Distances to Ideal and
Anti-ideal Points

SCCI Sustainable Cities and Communities Index

SD Sustainable Development

SDG Sustainable Development Goal

TOPSIS Technique for Ordering Preferences by Similarity to Ideal Solution

EU European Union

VIKOR VlseKriterijumska Optimizacija I Kompromisno Resenje

Appendix A

Table Al. Indicators measuring progress on SDG 11 in the EU from the Eurostat database.

Indicator and Unit of Measure Indicator Description Indicator Type
Quality of life in cities and communities

C1: Severe housing deprivation rate by The indicator is defined as the percentage of the population destimulant
poverty status [sdg_11_11]; residing in a flat that is deemed to be overcrowded and
percentage of the population exhibiting at least one of the following measures of housing

deprivation: (1) a leaking roof, (2) the absence of a bath or

shower and indoor toilet, or (3) inadequate illumination

(too dark).
C2: Population living in households The indicator gauges the proportion of the population who destimulant
considering that they suffer from noise by indicate that they are affected by noise emanating from
poverty status [sdg_11_20]; neighbors or the street. The indicator takes into account both
percentage of the population the levels of noise pollution and the standards of acceptability

that people have established for themselves.
C3: Premature deaths due to exposure to fine  The indicator estimates the number of premature deaths due to ~ destimulant
particulate matter (PM2.5) [sdg_11_52]; long-term exposure to concentrations of PM2.5 above 5 pg/m3.
rate (number of premature deaths per PM2.5 are particles less than 2.5 um in diameter that can be
100,000 people) carried deep into the lungs, where they can cause inflammation

and worsen the condition of people with heart and lung disease.
C4: Population reporting the occurrence of The indicator demonstrates the proportion of the population destimulant
crime, violence, or vandalism in their area by  that has indicated that they are confronted with issues
poverty status [sdg_16_20]; pertaining to crime, violence, and vandalism within their
percentage of the population immediate vicinity. This describes the situation in which the

respondent deems crime, violence, or vandalism in the area to

be a problem for the household, even in the absence of

personal experience.

Sustainable mobility

C5: Road traffic deaths, by type of roads The indicator measures the number of persons killed in road destimulant

[sdg_11_40];
rate (number per 100,000 people)

accidents, including drivers and passengers of motorized
vehicles and pedal cycles and pedestrians. In the event of a
fatality occurring within 30 days of the accident, the individual
is counted as a road accident fatality.
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Table Al. Cont.

Indicator and Unit of Measure Indicator Description Indicator Type
C6: Share of buses and trains in inland The indicator gauges the proportion of buses, including coaches  stimulant
passenger transport [sdg_09_50]; and trolley buses, and trains utilized in inland passenger

percentage of passenger-km. transportation, quantified in passenger-kilometers (pkm). The

term “passenger transport” encompasses the movement of
individuals by passenger cars, buses, coaches, and trains.

Environmental impacts

C7: Soil sealing index [sdg_11_32]; The indicator provides an estimate of the expansion of sealed destimulant
percentage of total area land areas with impervious materials resulting from urban

development and construction activities (e.g., the construction
of buildings, infrastructure, and the installation of fully or

partially impervious artificial materials such as asphalt, metal,
and glass, plastic or concrete). It demonstrates the rate at which
land is sealed as areas transition to artificial and urban land use.

C8: Recycling rate of municipal waste The indicator measures the tonnage of municipal waste that has  stimulant
[sdg_11_60]; been recycled, expressed as a ratio to the total quantity of
percentage of total waste generated municipal waste generated. The term “recycling” encompasses

a range of processes, including material recycling, composting,
preparation for reuse, and anaerobic digestion.

C9: Population connected to at least The indicator quantifies the proportion of the population stimulant
secondary wastewater treatment [sdg_06_20]; connected to wastewater treatment systems that undergo at
percentage of the population least secondary treatment. The wastewater is treated by a

process that typically involves biological treatment with a
secondary settlement or other process, resulting in the removal
of organic material.

Source: Eurostat website [41].
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