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A B S T R A C T

With the rise of global urbanization, cities encounter considerable socioeconomic and environmental challenges 
embodied in the 17 Sustainable Development Goals (SDGs) of the United Nations 2030 Agenda for Sustainable 
Development. Therefore, the crucial importance of urban planning cannot be underestimated in pursuing sus-
tainable development. Among urban sustainability efforts, the smart city has emerged as a crucial paradigm for 
integrating innovation and sustainability to enhance urban living and achieve SDGs. The study aims to classify 
the Italian regional capital cities based on their progress in smart cities-related SDGs to understand the key 
implementation strategies, define the gaps between cities and identify priorities for action. For cluster analysis, 
34 indicators related to SDG 9 (Industry, Innovation, and Infrastructure) and SDG 11 (Sustainable Cities and 
Communities) were considered. The main results reveal significant variability in performance across Italian 
cities, suggesting that they are at different stages of development in achieving SDGs 9 and 11. Northern Italian 
cities outperform their southern counterparts in industry, innovation and infrastructure. Larger cities often suffer 
from more serious and structural problems in urban sustainability. This study guides policy by pinpointing 
effective strategies and gaps across Italian cities, enhancing collaborative efforts and best practice sharing. It also 
informs SDG progress assessments, directing investments and prioritizing development needs, thus advancing 
smart city policies and urban sustainability.

1. Introduction

The global population is increasingly concentrated in urban areas, 
with approximately 68 % of the world’s population living in cities by 
2050 (UN-SDSN, 2019). The high population density, intensity of 
human activities, and built environment inefficiency hinder the sus-
tainable development of cities, making them disordered and unorga-
nized (Johnson, 2008). As cities are major consumers of global resources 
and the largest producers of greenhouse gas emissions, they have to face 
very critical challenges (e.g., overcrowding, degradation, traffic 
congestion, pollution, waste management, energy shortage, land loss, 
inequalities, crime) (Kummitha and Crutzen, 2017).

The early efforts to promote urban sustainability date back to the late 
1980s, when the World Commission on Environment and Development 
(WCED) of the United Nations published the Brundtland Report (WCED, 
1987). According to the report’s agenda, urban sustainability efforts aim 
to promote urbanization patterns and implement policies that prioritize 
the needs of inhabitants without compromising those of future 

generations. Subsequently, global interest has increasingly focused on 
cities for the success of the 2030 Agenda for Sustainable Development 
(McGranahan and Satterthwaite, 2014). Indeed, in 2015, the United 
Nations set 17 Sustainable Development Goals (SDGs) as reference tar-
gets for the global community by 2030 (UN-SDSN, 2015). Covering a 
broad range of issues, SDGs are an ambitious challenge for all countries 
to address the growing economic, social and environmental concerns, 
representing guiding principles toward sustainable development (Le 
Blanc, 2015; Sachs, 2012). The wider international approaches and 
methods have gradually modified the framework for sustainable 
development urban policies, as many countries lack a well-defined state 
and regional framework to address (Camerin et al., 2024; Zimmermann 
and Fedeli, 2021).

The increasing attention on urban areas has generated a large body 
of literature demonstrating that they are more inclined to initiate 
transformational actions, guiding the desired global changes (Masuda 
et al., 2022). Urban policies in many cities worldwide aim to drive ac-
tivities in key sectors for sustainability, such as water, housing, land use, 
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climate change, transport and economics (OECD, 2022). Furthermore, 
cities are believed to be more innovative than central governments and 
can develop strategies to finance various projects that may require less 
capital than central government initiatives (Caragliu and Del Bo, 2019). 
The potential for city governments to learn and share knowledge on how 
to shape solutions tailored to local challenges makes them the best 
candidates for achieving SDGs (Leavesley et al., 2022). Since almost 
one-third of the 232 SDG indicators may be measured locally, cities are 
crucial units for acting and tracking advancement toward sustainable 
development (Akuraju et al., 2020). They are not only executive actors 
but key players without whom most of the 2030 Agenda will not be fully 
realized (Satterthwaite, 2014).

Under this perspective, cities are required to enable better urban 
planning models to facilitate achieving sustainability goals at the city 
scale.

Among these models is the smart city, which has gained substantial 
attention in recent years thanks to widespread political support and 
marketing promotion (Masik et al., 2021). The smart city paradigm 
emerged in the early 1990s from the doctrine of technological change 
(Gibson et al., 1992). Although it was originally technology-centred, the 
role of non-technological factors (i.e., people, institutions, social inno-
vation, knowledge economy) has been increasingly recognized 
(Giffinger et al., 2007). To date, the smart city represents a holistic 
approach to planning and managing city activities based on the simul-
taneous integration of technological, social, economic, environmental 
and institutional aspects, aiming to improve citizens’ quality of life 
(Caragliu et al., 2011). The foundation of smart city initiatives lies in the 
strong connection between sustainability and innovation (Jain et al., 
2023). Indeed, innovation is crucial for achieving sustainable develop-
ment goals (Schraven et al., 2021) to overcome challenges and introduce 
new solutions (Bibri, 2022). Ignoring this connection in urban devel-
opment can lead to risks, such as prioritizing short-term gains and 
commercial interests over environmental concerns and fostering 
marginalization, elitism, utilitarianism and materialism (Yigitcanlar 
et al., 2019).

The existing scientific literature on the relationship between smart 
cities and SDGs is fragmented and lacks critical exploration of the 
theoretical principles underlying this connection (Sharifi et al., 2024; 
Blasi et al., 2022). Research evaluating progress towards urban sus-
tainability has not adequately investigated the role of the smart city 
(Berisha et al., 2022; Koch and Krellenberg, 2018). Moreover, the results 
of studies examining the contributions of smart cities in achieving sus-
tainable urban outcomes are often nonlinear (Yigitcanlar and Kamruz-
zaman, 2018) and previously adopted measurement and evaluation 
tools have frequently been criticized (Sharifi, 2019, 2020; Ciacci et al., 
2021). Finally, there is a lack of specific studies that deeply analyze the 
ability of Italian cities to pursue sustainability and innovation goals. 
Considering that Italian cities face various challenges, it is useful to 
examine how they align with the SDGs and how they react to global 
changes through sustainability and innovation strategies (Battarra et al., 
2018). To fill these gaps, the present study introduces an innovative 
approach by using SDG indicators to measure the principles of smart 
cities. This represents a significant advancement in understanding how 
smart city policies are evolving. By classifying the 21 Italian regional 
capitals (including the autonomous provinces of Trento and Bolzano) 
according to their progress on smart cities-related SDG indicators, the 
study aims to define differences between city groups, understand the 
main challenges, and identify priorities for action or areas where further 
efforts and investments are needed. A cluster analysis based on 
Euclidean distance was performed using 34 indicators associated with 
two smart-cities SDG indicators, i.e., SDG 9 (Industry, Innovation and 
Infrastructure) and SDG 11 (Sustainable Cities and Communities). 
Subsequently, a one-way Analysis of Variance (ANOVA) was carried out 
to evaluate the presence of a statistically significant difference between 
the separate clusters of each observed indicator. The remainder of the 
study is as follow. In the next section, the theoretical background of the 

research and the related literature are explained. In the Section 3, the 
two-step methodological strategy adopted is described. In Section 4, the 
empirical analysis results are shown and discussed. Finally, conclusions 
and implications are presented in Section 5.

2. Literature review

The previous scientific literature reveals a lack of agreement on the 
smart city idea and the best pathways to achieve urban smartness 
(Hollands, 2020). The various available definitions can considerably 
diverge due to the multiple entities involved and the many functions 
that smart cities perform (Mora et al., 2017). In its early stages, the 
evolution of the smart city notion was driven by a technocratic and 
efficiency-based perspective that recognized technology as the means to 
optimize the urban transformation process (Harrison and Donnelly, 
2011; Ahad et al., 2020; Konbr and Abdelaal, 2022). Over time, there 
has been an evolution in the smart city notion to include soft elements 
(human and social capital), recognizing the central role of people 
(Komninos et al., 2019). The latter perspective involves a multidimen-
sional city view (Giffinger and Gudrun, 2010), requiring more holistic 
objectives (Blasi et al., 2022). Nowadays, smart city goals openly 
address social, environmental and economic challenges as equally 
important as technological ones (Bouzguenda et al., 2019). Indeed, 
embracing and leveraging ICT, smart cities can catalyze significant 
changes by fostering connections between innovation and sustainability 
(Bibri, 2020).

In this context, the smart city has emerged as a paramount driver of 
sustainable development (Schraven et al., 2021), contributing in several 
and changing ways to the achievement of the SDGs (Blasi et al., 2022; 
Sharifi et al., 2024). The smart city’s potential to address SDGs has 
recently been increasingly recognized. Several efforts have been un-
dertaken to investigate the links between these two concepts, until 
introducing the concept of smart sustainable cities (Ahvenniemi et al., 
2017; Bibri and Krogstie, 2017). In particular, it is demonstrated that 
implementing smart city initiatives is more or less connected to the 
targets and indicators of all SDGs, providing multiple benefits for sus-
tainable urban development (Siragusa et al., 2020). For instance, smart 
city sensors ensure real-time feedback on various indicators, such as air 
quality (SDG 13), water pollution (SDG 14) and natural resources pro-
tection (SDG 15). Smart city solutions can optimize the use and man-
agement of resources, contributing to the goals of clean water and 
energy (SDGs 6 and 7). Advanced waste management systems in smart 
cities enhance recycling rates and reduce landfill disposal, promoting 
responsible consumption and production (SDG 12). Smart trans-
portation systems, such as intelligent traffic management and alterna-
tive mobility solutions (e.g., e-mobility and sharing mobility), reduce 
emissions and pollution, supporting sustainable cities and communities 
(SDG 11). By leveraging digital platforms, smart cities enhance trans-
parency and citizens’ engagement in governance, giving them a voice 
and aligning with the goals of strong institutions (SDG 16) and part-
nerships (SDG 17). The integration of ICT in public services improves 
accessibility and quality, allowing for better medical care (SDG 3) and 
higher educational levels (SDG 4). Smart cities foster innovation and 
economic growth by creating an environment conducive to new business 
models and technological advancements (SDGs 8 and 9). Finally, smart 
city initiatives contribute to bridging social and territorial divides, 
reducing poverty and hunger (SDGs 1 and 2), gender diversity (SDG 5) 
and inequalities (SDG 10). These are just a few possible interconnections 
between the smart city paradigm and the SDGs, which need to be 
carefully considered in urban agendas. According to Sharifi et al. (2024), 
Table 1 summarizes each SDG’s main direct and indirect benefits within 
a smart city context.

Among all the SDGs, the importance of developing innovative solu-
tions to address urban sustainable development challenges is evident in 
SDG 11 (Sustainable Cities and Communities) (Jain et al., 2023; Tura 
and Ojanen, 2022; Visvizi and del Hoyo, 2021a). It aims to make cities 
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Table 1 
Major direct and indirect benefits of smart city in relation to each SDGs.

SDGs Direct benefits Indirect benefits Key references

- Provide means to 
identify better 
urban poor and 
understand their 
needs

- Enabling 
economic 
growth 
- Efficiency 
improvement 
and operational 
optimization

Ismagilova et al. 
(2019), Joia and 
Kuhl (2019),
Vinuesa et al. 
(2020)

- Offer solutions to 
identify groups 
that lack access to 
food during times 
of crisis

- Promotes 
sustainable 
behaviors that 
lead to better 
food access 
- Reduced food 
waste through 
enhanced supply 
chain 
management 
- Offers more 
efficient ways of 
food production 
and conservation

Baena et al. 
(2020), Ryan 
et al. (2020),
Varghese et al. 
(2021), Vinuesa 
et al. (2020)

- Improved health 
monitoring and 
surveillance

- Enhanced 
indoor and 
outdoor air 
quality 
- Reduced traffic 
congestion and 
increased share 
of active 
transportation 
- Improved 
access to 
healthcare 
services for 
vulnerable 
groups

De Las Heras et al. 
(2020), Hannan 
et al. (2020),
Ismagilova et al. 
(2019), Liaqat 
et al. (2021), Liu 
et al. (2021)

- Enhanced 
accessibility 
during crisis times 
such as the 
pandemics and 
syndemics

- Improved 
methods for 
evaluation of 
educational 
programs

Nikitin et al. 
(2016)

- Not mentioned 
in the reviewed 
papers

- Provision of 
alternative 
means of 
financing to 
secure support 
for empowering 
women 
- Enable better 
participation of 
women in the 
society

Sagaris and 
Tiznado-Aitken 
(2020), Vinuesa 
et al. (2020)

- Real-time 
monitoring of 
water and 
wastewater 
resources 
- Early warning 
systems and 
predictive models 
for water 
management

- Efficient 
management of 
water 
distribution and 
wastewater 
systems 
- Enhanced 
accessibility to 
safe drinking 
water in water- 
stressed areas 
- Improved 
fundraising for 
water 
management 
projects

Blasi et al. (2022),
Mora et al. 
(2021),
Parmentola et al. 
(2022), Vinuesa 
et al. (2020)

Table 1 (continued )

SDGs Direct benefits Indirect benefits Key references

- Promotion of 
decentralized 
energy systems 
- Integration of 
renewables and 
electric vehicles

- Energy saving 
- Identification 
of cases of illegal 
wiretapping 
- Demand 
optimization and 
energy resilience 
- Better 
awareness of and 
control over 
energy 
consumption 
- P2P energy 
trading at the 
community scale

Blasi et al. (2022),
Lazaroiu and 
Roscia (2018),
Liaqat et al. 
(2021), Ryan 
et al. (2020)

- Simplified and 
safer access to 
banking and 
finance for small- 
and medium-sized 
enterprises

- Improvements 
in innovation 
and productivity 
- Promotion of 
green economy 
- Creating more 
decent and 
dignified 
working 
conditions

Ismagilova et al. 
(2019),
Savchenko and 
Borodina (2020),
Truby (2020)

- Accelerate 
innovation

- Strengthen the 
innovation 
capacity of 
developing 
economies 
- Promotion of 
green industries

Ismagilova et al. 
(2022), Mora 
et al. (2021),
Parmentola et al. 
(2022)

- Reduce 
transaction costs 
that can facilitate 
remittance to 
residents in 
developing 
country cities

- Improved 
mobility and 
access to services 
- Promotion of 
participatory 
mechanisms and 
democratic 
processes 
- Help identify 
sources of 
inequality 
- Improved 
service 
accessibility 
- Can overcome 
urban-rural 
disparities

Blasi et al. (2022),
Kourtit et al. 
(2020), Mhlanga 
(2022), Vinuesa 
et al. (2020)

- Optimization of 
urban 
management

- Mainstream 
citizen 
engagement in 
urban 
management 
- Potential to 
reduce travel 
demand

Alagirisamy and 
Ramesh (2022),
Grossi and 
Trunova (2021),
Tura and Ojanen 
(2022), Visvizi 
and del Hoyo 
(2021a), (2021b)

- Contribute to 
better waste and 
wastewater 
management

- Optimization 
and enhanced 
awareness of 
natural resource 
management

Ismagilova et al. 
(2019), Liu et al. 
(2021), Vinuesa 
et al. (2020)

- Improved 
modeling of 
climate change 
and its impacts

- Facilitate 
integration of 
renewable 
energy into 
energy systems

Hannan et al. 
(2020), 
Parmentola et al. 
(2022), Vinuesa 
et al. (2020)

(continued on next page)
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and human settlements inclusive, safe, resilient, and sustainable, 
addressing several factors that can significantly impact the quality of life 
in cities (e.g., housing conditions, public transportation, waste man-
agement, air pollution, water supply, land consumption and public 
green spaces) (UN-Habitat, 2016). The smart city, through integrated 
urban planning and the strategic use of ICT, enables greater access to 
public services, the improvement of environmental conditions, the 
optimization of resource usage, the advancement of infrastructure, the 
promotion of human knowledge and socioeconomic development 
(Grossi and Trunova, 2021), all contributing to SDG 11 (Visvizi and del 
Hoyo, 2021a).

In addition to the specific urban-based SDG 11, among the smart 
cities-related SDGs that have received more attention in the literature, a 
primary role is taken by SDG 9 (Industry, Innovation and Infrastructure) 
(Clement et al., 2023; Parra-Domínguez et al., 2022). It aims to build 
resilient infrastructure, promote innovation and foster equitable, 
responsible and sustainable industrialization. In this sense, by providing 
several solutions that allow diverse innovations to emerge, the smart 
city offers a great opportunity for advanced manufacturing, infrastruc-
ture, research and development (Kummitha, 2019). These innovations 
strengthen the urban economy’s productivity and competitiveness, 
creating a favorable environment for start-ups and technology com-
panies and contributing to SDG 9 (Nam and Pardo, 2011).

Although smart cities are often promoted as advanced solutions to 
numerous problems to improve urban life, they also present some dis-
advantages that have been analyzed in the academic literature. Ziosi 
et al. (2023) refer to ethical concerns of smart cities in four dimensions: 
(i) network infrastructure, with its associated issues of control, surveil-
lance and data privacy and ownership; (ii) post-political governance, 
including conflicts between public and private decision-making; (iii) 
social inclusion, referring to citizens participation, inequalities and 
discriminations; (iv) sustainability, especially considering the environ-
mental issues that technologies might cause, such as energy consump-
tion. Similarly, Sharifi et al. (2024) argue for addressing trade-offs 
regarding privacy and cybersecurity, infrastructure upgrade costs, 
biased decision-making, reproduction of social biases, the digital divide 

and lack of skills, and limited legal frameworks. Moreover, technological 
development within smart cities can foster e-gentrification processes, 
expelling low-income residents with limited digital skills from more 
technologically advanced areas (Middha and McShane, 2022; Mykh-
nenko, 2023). Government interventions and multi-level governance 
mechanisms are key to overcoming these problems and ensuring equi-
table urban development (Sharifi et al., 2024).

3. Methodology

The study area includes a sample of 21 cities to support the analysis 
of sustainability and innovation in Italian municipalities. Specifically, 
Italian regional capitals (including the autonomous provinces of Trento 
and Bolzano) were selected due to the availability and goodness of the 
necessary data. Defining this city’s sample guarantees that valid and 
comparable information is obtained. The geolocation of the 21 analyzed 
cities is shown in Fig. 1.

3.1. Data collection

The adoption of the SDGs by all United Nations member states, 
fostered by the United Nations Sustainable Development Solutions 
Network (UN-SDSN, 2015), offers an adequate framework to track the 
impacts of smart cities-related measures in the context of Italy. There-
fore, two specific goals were chosen from the 17 SDGs for which the 
smart city is crucial, i.e., (i) SDG 9 (Industry, innovation, and infra-
structure) and (ii) SDG 11 (Sustainable cities and communities). As 
illustrated in Table 2, the degree of achievement of both selected targets 
was measured employing a total of 34 indicators, of which 11 for SDG 9 
and 23 for SDG 11. A database was created with all indicators data for 
the year 2022. Since the analysis is based on data collected in a single 
year, it may not capture long-term trends or seasonal variations crucial 
for understanding cities’ progress toward sustainability goals. The in-
formation was extracted from various institutional sources, including 
mainly ISTAT (Istituto Nazionale di Statistica), but also ISPRA (Istituto 
Superiore per la Protezione e la Ricerca Ambientale) and CRESME 
(Centro Ricerche Economiche Sociologiche e di Mercato per l′Edilizia). 
Some indicators are defined at the city level (NUTS 3), while others are 
derived from data at the regional or provincial level (NUTS 2). Although 
they may not accurately capture local dynamics, the latter are a reliable 
proxy for urban data when unavailable and provide additional infor-
mation concerning the external endowment of cities.

Because of the high number of heterogeneous indicators included in 
the analysis and their low degree of dependency, cluster analysis was 
selected as the most suitable research method to group and identify 
similarities among the observed cities (Scott and Knott, 1974). Cluster 
analysis is designed to classify single observation units according to their 
similarity, aiming to form a series of very homogeneous groups. The 
clustering of observation units relies on different characteristics (in-
dicators) measured for each observation unit (cities). The initial step is 
to select an adequate distance measure, as it is required to establish how 
"similar" or "different" they are from each other (Fraley and Raftery, 
1998). Various distance measures are available in the literature and the 
widely employed are Euclidean distance, squared Euclidean distance, 
Mahalanobis distance, Minkowski distance and Manhattan distance 
(Hair et al., 2010). In the present study, the Euclidean distance measure 
was used, calculated by the expression (1): 

d2
ij =

∑p

k=1

(Xik − Xjk) (1) 

where p is the number of indicators, xik is the value of the observation 
unit xi for the indicator Xk, and xjk is the value of the observation unit xj 
for the indicator Xk. Utilizing this distance measure and the starting data 
matrix (n x p) (n objects classified according to p indicators), a distance 
matrix (n x n) is constructed, which expresses the level of similarity or 

Table 1 (continued )

SDGs Direct benefits Indirect benefits Key references

- Monitoring of 
water pollution

- Reducing 
marine pollution 
through 
automatic 
identification 
features

Parmentola et al. 
(2022), Vinuesa 
et al. (2020)

- Not mentioned 
in the reviewed 
papers

- Contribute to 
the protection of 
natural resources

Ghadami et al. 
(2021), Lovich 
and Ennen 
(2021), Tian et al. 
(2021)

- Improved 
opportunities for 
citizen 
participation

- Enhanced 
transparency 
- Better crime 
control

Allam (2018),
Artusio et al. 
(2017),
Ismagilova et al. 
(2022), Moura 
and Gomes 
(2017)

- Enhanced 
platforms for 
facilitating 
communication 
and collaboration 
among 
stakeholders

- Enhanced 
capacity to 
monitor the 
progress toward 
achieving SDGs 
- Enhanced trust 
among 
stakeholders

Ismagilova et al. 
(2019), Nelson 
et al. (2019),
Sethi and Sarangi 
(2017), Sharifi 
and Allam (2021)

Source: Sharifi et al., (2024).
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difference between all pairs of grouped objects (Elmore and Richman, 
2001).

The current study developed three agglomerative hierarchical clus-
tering analyses: one for each of the two targets expressed in Table 2 and 
the last one that simultaneously considered both targets with their 
overall associated 34 indicators. Ward’s method was applied for each 
analysis. In addition, the R package NbClust was employed to determine 
the relevant number of clusters in each analysis. It provides 30 indices 
that establish the number of clusters in a dataset and proposes the best 
clustering scheme among different obtained results by changing all 
combinations of number of clusters, distance measures and clustering 
methods (Charrad et al., 2014). After determining the best number of 
clusters, agglomerative hierarchical clustering based on Ward’s method 
was carried out and displayed in dendrogram form (Murtagh and Leg-
endre, 2014).

Finally, one-way ANOVA was applied to determine whether a sta-
tistically significant difference existed between the separate clusters of 
each observed indicator (Ward, 1963).). The ANOVA was computed for 
just one of the three cluster analyses, namely the one that takes into 
account all smart city-related goals and their corresponding indicators 
simultaneously. R software was used to analyze the collected data and 
all needed statistical computations. Table 3 shows the descriptive sta-
tistical measures, i.e., selected indicators’ minimum, maximum, average 
and standard deviation values.

4. Results and discussion

Cluster analysis was applied to standardized values of each indicator 
by using Ward’s approach and the squared Euclidean distance as dis-
tance measurements between observation units (i.e., observed cities). 
Fig. 2 presents a dendrogram that visually interprets the procedure and 
results of the hierarchical agglomeration for the observed cities. It shows 
the analysis of SDG 9 and SDG 11 individually and the combined anal-
ysis of both SDGs 9 and 11.

4.1. Clustering based on SDG 9

The first clustering of Italian regional capital cities was conducted 
using 11 indicators related to SDG 9. This analysis identified three 
distinct clusters, each reflecting different performance levels and char-
acteristics regarding the development of manufacturing, research, 
innovation and digital infrastructure: (1) Venezia, Ancona, Milano, 
Torino, Bologna, Trento and Trieste; (2) Potenza, Perugia, L′Aquila, 
Aosta and Bolzano; (3) Bari, Catanzaro, Napoli, Palermo, Cagliari, 
Roma, Campobasso, Genova and Firenze (Fig. 2a). Looking at the results 
in Table 4, it can be observed that cities in Cluster 1 ranked first in most 
of the SDG 9 indicators, showing a robust manufacturing sector, a strong 
presence of technology industries and excellent universities and 
research facilities that attract large investments in R&D. These cities are 
leaders about SDG 9, with a strong technological base and a favorable 
environment for industrial development. Their economies are diversi-
fied, with a mix of industrial and service sectors that contribute to their 
economic resilience (The cities in Cluster 1 are all located in northern 
Italy, except Ancona, located in central Italy. Indeed, northern Italian 
cities are generally characterized by advanced infrastructure and well- 
developed industries (Crescenzi and Rodríguez-Pose, 2011; Camagni 
and Capello, 2004). Therefore, to maintain their leadership, northern 
Italian cities should invest in centres of excellence for research and 
innovation. Industrial automation and the adoption of artificial intelli-
gence are essential to maintain their leading position in the advanced 
manufacturing sector. It is also advisable to promote the development of 
integrated technological districts that combine housing, industry and 
services, thus creating fully sustainable urban ecosystems (Konbr et al., 
2023).

Cluster 2 includes cities that, while not major industrial hubs, possess 
a moderate economic profile with significant potential for development 
(Fig. 2b). These cities show good performance in some areas, but have 
room for improvement in others. In particular, the industrial presence is 
significant, but not at the same level as Cluster 1 cities. It is more focused 

Fig. 1. Italian cities sample.
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on services and small businesses, with a strong emphasis on digitaliza-
tion, which is essential to promoting economic growth in medium-sized 
cities (Audretsch and Thurik, 2001). On the other hand, cities in Cluster 
2 show a variable level of investment in research and development. For 
instance, Bolzano is known for its advanced research hubs that can 
provide a competitive advantage (Cooke and Leydesdorff, 2006), while 
other cities such as Potenza and L′Aquila may have more limited in-
vestments. In general, there is a commitment to R&D to promote eco-
nomic growth, but with uneven results (Capello et al., 2011). Cities in 
this cluster should benefit from specialized research hubs that exploit 
regional specificities, such as technological agriculture and sustainable 

tourism. Supporting the digitalization of small and medium-sized en-
terprises and improving access to the internet and digital technologies 
are key steps to stimulate economic growth and increase 
competitiveness.

Cluster 3 is the most numerous, including 9 cities (Fig. 2c). They 
register the lowest average values for many of the indicators considered. 
This result indicates the need for these cities to make significant 
improvement in industry, innovation and infrastructure, especially in 
terms of manufacturing and digitalization. Cluster 3 comprises pre-
dominantly southern Italian cities. Indeed, there is evidence that the 
digital transformation of manufacturing firms in southern Italy is still in 

Table 2 
Targets and related indicators included in the study.

Target Target description Indicators Sources Territorial 
level

Building resilient infrastructure and promoting innovation and 
equitable, responsible and sustainable industrialization

1 Value-added of manufacturing industry (euro per 
capita)

Istat NUTS 2

2 Value-added of manufacturing industry to total 
economy (%)

Istat NUTS 2

3 Employment in manufacturing industry to total 
economy (%)

Istat NUTS 2

4 Research intensity (%) Istat NUTS 2
5 Researchers in full-time equivalent 

(per 10,000 inhabitants)
Istat NUTS 2

6 Knowledge workers (per 100 employed) Istat NUTS 2
7 Firms with product and/or process innovative 

activities per 100 firms (%)
Istat NUTS 2

8 Productive specialization in 
high-tech sectors (%)

Istat NUTS 3

9 Fixed network coverage of ultra-fast internet 
access (%)

Istat NUTS 3

10 Firms with at least 10 employees in web sales to 
end customers (%)

Istat NUTS 2

11 Firms with at least 10 employees in web sales to 
firms and public institutions (%)

Istat NUTS 2

Making cities and human settlements inclusive, safe, resilient, and 
sustainable

1 People living in housing with structural or 
moisture problems (%)

Istat NUTS 2

2 People living in overcrowded housing (%) Istat NUTS 2
3 People living in housing with noise from 

neighbors or street (%)
Istat NUTS 2

4 Illegal building rate (per 100 constructions) CRESME NUTS 2
5 Households reporting difficulties with public 

transport connections (%)
Istat NUTS 2

6 Students who habitually travel to the place of 
study only by public means (%)

Istat NUTS 2

7 Employed people who habitually travel to the 
workplace only by private means (%)

Istat NUTS 2

8 Seat-km offered by the local public transportation 
system (per inhabitant)

Istat NUTS 3

9 Regular users of public transportation (%) Istat NUTS 2
10 Waterproofing and land use 

(m2 per inhabitant)
ISPRA NUTS 2

11 Population at risk of flooding (%) ISPRA NUTS 3
12 Population at risk of landslides (%) ISPRA NUTS 3
13 Landfilling of municipal waste (%) ISPRA NUTS 2
14 Municipal waste generated 

(kg per inhabitant)
Istat NUTS 3

15 Air pollution (%) Istat NUTS 2
16 Annual average concentration of PM10 

(micrograms per m3)
Istat NUTS 3

17 Annual average concentration of PM2.5 
(micrograms per m3)

Istat NUTS 3

18 Annual average concentration of NO2 
(micrograms per m3)

Istat NUTS 3

19 Predicted daily limit value exceedances for PM10 
(number of days)

Istat NUTS 3

20 Predicted daily limit value exceedances for O3 
(number of days)

Istat NUTS 3

21 Anomalies from climatological values 1981–2010 
(number of summer days)

Istat NUTS 3

22 Anomalies from climatological values 1981–2010 
(number of tropical nights)

Istat NUTS 3

23 Incidence of urban green areas on urbanized area 
(m2 per 100 m2)

Istat NUTS 3
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its early stages and many firms have yet to develop the necessary ca-
pabilities to fully embrace technological innovation (Abid et al., 2022). 
Despite the difficulties, Cluster 3 cities have great potential for devel-
opment, with opportunities for expansion and modernization of infra-
structure and industries, also supported by national and European funds. 
The development of training initiatives to enhance digital and techno-
logical skills is essential to stimulate innovation and improve local 
employability. Significant interventions are required to improve their 
performance and create an enabling environment for sustainable 
development, approaching the levels of cities in Clusters 1 and 2.

4.2. Clustering based on SDG 11

The second clustering of Italian regional capital cities is based on 23 
indicators of SDG 11 (Sustainable Cities and Communities). This anal-
ysis provides valuable insights into each urban group’s specific needs 
and priorities on their path to sustainability. The indicators cover 
various aspects of urban sustainability, including housing conditions, 
urban transportation, waste management, land consumption, air pollu-
tion and environmental risks. The analysis identifies three distinct 
clusters: (1) Potenza, Campobasso, Catanzaro, Bari, Palermo, Ancona, 
Cagliari, Trieste, Perugia and L′Aquila; (2) Aosta, Trento, Bologna, 
Firenze, Bolzano, Genova and Roma; (3) Napoli, Torino, Milano and 
Venezia. Cluster 1 is the largest, demonstrating diversified urban sus-
tainability performance. As shown in Table 5, cities in Cluster 1 have the 
lowest average percentage of people living with overcrowding and noise 
issues but the highest for people living in dwellings with structural or 

damp problems and illegal building. The difficulties related to urban 
mobility are due to poor public transportation offers, high connection 
difficulties and low attitudes of citizens to use public transport regularly. 
Although these cities produce, on average, smaller quantities of urban 
waste, they have the highest incidence of urban waste in landfills, 
indicating serious deficiencies in the waste collection and management 
system. Cluster 1 also has the highest average levels of land consumption 
and the lowest incidence of urban green areas, denoting heavy urbani-
zation with possible negative impacts on biodiversity and quality of life. 
These factors could also cause the dangerous climatological anomalies 
recorded in these cities, especially onsummer days. The landslide risk is 
also considerable, compared to a lower flood risk level.

On the other hand, the environmental performance is better, 
revealing the lowest average levels of air pollution in these cities. It 
should be noted that Cluster 1 cities are located in different geographical 
areas of Italy between the south, the islands and the centre (with the 
exception of Trieste). Geographical diversity implies variousclimatic 
and environmental conditions that may influence sustainability prior-
ities (Gao et al., 2021). These cities also vary in size and population, 
influencing their ability to implement sustainable policies 
(Vandecandelaere et al., 2021). For example, Bari and Palermo are large 
urban areas, while Potenza and Campobasso are smaller. Although 
considerable differences characterize them, they face common chal-
lenges. The need to improve housing conditions, public transport, waste 
management and sustainable land use represent key development goals 
for all cities in Cluster 1.

Cluster 2 includes various cities in northern and central Italy. 

Table 3 
Descriptive statistical measures of selected indicators.

Target Variables Min. Max. Mean Std. Dev.

Value-added of manufacturing industry (euro per capita) 502.65 7207.65 3334.88 2076.24
Value-added of manufacturing industry to total economy (%) 3.60 25.40 13.75 6.96
Employment in manufacturing industry to total economy (%) 5.1 24.1 14.12 6.08
Research intensity (%) 0.58 2.33 1.27 0.5
Researchers in full-time equivalent (per 10,000 inhabitants) 9.5 46.3 24.43 10.6
Knowledge workers 
(per 100 employed)

13.5 23.2 17.11 1.99

Firms with product and/or process innovative activities per 100 firms (%) 34.1 59 47.68 6.6
Productive specialization in 
high-tech sectors (%)

2.84 11.05 6.34 2.15

Fixed network coverage of ultra-fast internet access (%) 22.20 81 60.79 15.62
Firms with at least 10 employees in web sales to end customers (%) 6.2 24.8 14.18 4.3
Firms with at least 10 employees in web sales to firms and public institutions (%) 4.3 16.6 10.15 3.57
People living in housing with structural or moisture problems (%) 8.3 26.4 16.73 4.6
People living in overcrowded 
housing (%)

14.5 38.5 24.73 6.26

People living in housing with noise from neighbors or street (%) 3.2 28.6 11.48 6.38
Illegal building rate (per 100 constructions) 3.3 54.1 19.6 18.75
Households reporting difficulties with public transport connections (%) 13.5 52.7 29.61 7.79
Students who habitually travel to the place of study only by public means (%) 17.7 43.6 27.08 5.7
Employed people who habitually travel 
to the workplace only by private means (%)

53.8 53.8 75.66 7.19

Seat-km offered by the local public transportation system (per inhabitant) 315 16,827 4589.38 3712.73
Regular users of public 
transportation (%)

6.5 22.6 11.63 4.36

Waterproofing and land use 
(m2 per inhabitant)

244 592 418.95 104.2

Population at risk of flooding (%) 0.3 51.1 9.95 14.32
Population at risk of landslides (%) 0 5.5 1.72 1.97
Landfilling of municipal waste (%) 0 90.4 27.21 21.47
Municipal waste generated (kg per inhabitant) 408 605 504.67 56.00
Air pollution (%) 6.1 100 69.15 26.42
Annual average concentration of PM10 (micrograms per m3) 16 37 24.24 6
Annual average concentration of PM2.5 (micrograms per m3) 9 24 14.95 4.81
Annual average concentration of NO2 
(micrograms per m3)

6 51 30.86 13.54

Predicted daily limit value exceedances for PM10 (number of days) 4 75 23.48 21.18
Predicted daily limit value exceedances for O3 (number of days) 0 72 22.76 18.99
Anomalies from climatological values 1981–2010 (number of summer days) 0 29 13.24 9.03
Anomalies from climatological values 1981–2010 (number of tropical nights) 0 37 17.19 9.78
Incidence of urban green areas on urbanized area (m2 per 100 m2) 4 16.9 9.28 3.82
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Fig. 2. Results of cluster analyses based on SDG 9, SDG 11, and both SDGs 9 and 11.
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According to Table 5, the housing condition indicators show good per-
formance in this cluster, but there is potential room for improvement 
regarding overcrowding and noise. The transport system is well func-
tioning. Indeed, although the offer could be improved by increasing 
seat-km per inhabitant, citizens do not report any particular difficulties 
with public transport connections. In addition, the results show that the 
cities in this cluster generally have a greater tendency to use public 
transportation regularly. This cluster presents intermediate values for 
municipal waste management, indicating possible margins to reduce the 
amount of waste produced per inhabitant and simultaneously reduce 
waste to landfills. With reference to environmental performance, inter-
mediate values are also observed for air pollution, urban greening, land 
use and risk of landslides. Instead, the risk of flooding appears sub-
stantial and current in these cities. In general terms, the Cluster 2 cities 
are well developed, but each of them has peculiarities that influence 
their performance with respect to SDG 11 indicators. For example, while 
the Alpine cities (Trento, Aosta and Bolzano) benefit from better air 
quality due to altitude and climate (Bertoldi and Tesser, 2018), the other 

cities might be more developed from an infrastructural point of view. 
Moreover, especially Roma and Firenze are cities with a vast cultural 
heritage and a strong tourist attraction (Formica and Uysal, 1996). 
Therefore, to enhance the quality of life for their residents by leveraging 
their potential, cities should focus not only on improving conditions 
related to overcrowding and noise, optimizing waste management and 
implementing flood risk reduction strategies, but also on enhancing 
their significant cultural heritage. In short, these cities need targeted 
policies to improve their quality of life further and contribute to the 
achievement of SDG 11.

Cluster 3 includes cities that have serious housing problems, such as 
overcrowding and noise from neighbours or the street. In addition, the 
average values for structural housing problems and illegal buildings are 
suboptimal. Urban mobility also shows performances that need signifi-
cant improvement. Although these cities have the largest public trans-
portation offer per inhabitant, citizens report the highest levels of 
connection difficulties, often favoring the use of private vehicles for 
their journeys. This demonstrates that urban mobility has many 

Table 4 
Average variables per cluster based on SDG 9.

Cluster 1 Cluster 2 Cluster 3

Average Rank Average Rank Average Rank

SDG9
Value-added of manufacturing industry (euro per capita) 5630.21 1 3127.55 2 1664.81 3
Value-added of manufacturing industry to total economy (%) 20.99 1 12.94 2 8.58 3
Employment in manufacturing industry to total economy (%) 20.36 1 13.48 2 9.62 3
Research intensity (%) 1.65 1 0.85 3 1.21 2
Researchers in full-time equivalent (per 10,000 inhabitants) 32.4 1 18.48 3 21.54 2
Knowledge workers 
(per 100 employed)

16.64 2 15.7 3 18.27 1

Firms with product and/or process innovative activities per 100 firms (%) 53.87 1 45.8 2 43.91 3
Productive specialization in 
high-tech sectors (%)

7.8 1 4.68 3 6.14 2

Fixed network coverage of ultra-fast internet access (%) 67.09 2 38.9 3 68.06 1
Firms with at least 10 employees in web sales to end customers (%) 11.94 3 17.6 1 14.02 2
Firms with at least 10 employees in web sales to firms and public institutions (%) 10.01 2 13.4 1 8.46 3

Table 5 
Average variables per cluster based on SDG 11.

Cluster 1 Cluster 2 Cluster 3

Average Rank Average Rank Average Rank

SDG11
People living in housing with structural or moisture problems (%) 19.21

3
13.71

1
15.8 2

People living in overcrowded 
housing (%)

21.56 1 27.61 2 27.63 3

People living in housing with noise from neighbors or street (%) 8.25 1 13.21 2 16.53 3
Illegal building rate (per 100 constructions) 29.88 3 6.89 1 16.15 2
Households reporting difficulties with public transport connections (%) 31.21 2 24.97 1 33.73 3
Students who habitually travel to the place of study only by public means (%) 26.22 2 29.5 1 25 3
Employed people who habitually travel 
to the workplace only by private means (%)

79.81 3 69.83 1 75.48 2

Seat-km offered by the local public transportation system (per inhabitant) 3039 3 4569.29 2 8500.5 1
Regular users of public 
transportation (%)

8.66 3 15.66 1 12 2

Waterproofing and land use 
(m2 per inhabitant)

473.4 3 382.14 2 347.25 1

Population at risk of flooding (%) 3.02 1 20.9 3 8.1 2
Population at risk of landslides (%) 2.08 3 1.5 2 1.23 1
Landfilling of municipal waste (%) 38.59 3 21.96 2 7.98 1
Municipal waste generated (kg per inhabitant) 488.7 1 518.86 2 519.75 3
Air pollution (%) 52.98 1 79.77 2 91 3
Annual average concentration of PM10 (micrograms per m3) 21 1 23 2 34.5 3
Annual average concentration of PM2.5 (micrograms per m3) 12.8 1 13.43 2 23 3
Annual average concentration of NO2 
(micrograms per m3)

19.4 1 40.29 2 43 3

Predicted daily limit value exceedances for PM10 (number of days) 12.3 1 17.71 2 61.5 3
Predicted daily limit value exceedances for O3 (number of days) 10.3 1 30.29 2 40.75 3
Anomalies from climatological values 1981–2010 (number of summer days) 16.8 3 9.43 1 9.5 2
Anomalies from climatological values 1981–2010 (number of tropical nights) 16.4 2 13.43 1 25.75 3
Incidence of urban green areas on urbanized area (m2 per 100 m2) 7.76 3 8.84 2 13.83 1
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inefficiencies. These cities are also the largest producers of municipal 
waste per inhabitant, highlighting the need for better management of 
the collection and disposal service. In addition, despite being the cities 
with, on average, the most urban green areas and the least land con-
sumption, Cluster 3 has the worst environmental values. In particular, 
these cities demonstrate the lowest air quality, recording the highest 
annual average concentration levels of PM10, PM2.5 and NO2, as well as 
the highest number of days of predicted daily limit value exceedances 
for PM10 and O3. Accordingly, relevant are the anomalies from clima-
tological values. In comparison, the risks of landslides and floods are 
more contained. It should be noted that Cluster 3 cities are some of the 
largest and most densely populated in Italy. For these cities, which are 
struggling with pollution, overcrowding and inefficient public transport, 
a cohesive policy approach is needed. Key strategies include improving 
public transit to reduce reliance on private vehicles, enhancing recycling 

and introducing waste-to-energy initiatives to manage municipal waste 
more effectively, and enforcing stricter emissions standards to improve 
air quality. Additionally, strengthening building regulations and offer-
ing renovation subsidies can address housing inadequacies. Imple-
menting flood mitigation and landslide risk assessment measures will 
protect these densely populated areas, enhancing their sustainability 
and livability in a culturally and economically significant context. 
Indeed, the bigger the cities, the more pronounced the economic, social 
and environmental inequalities may be (Sarkar, 2019).

4.3. Combined clustering of SDGs 9 and 11

The final cluster analysis simultaneously considered smart cities- 
related SDGs 9 and 11, using 34 indicators. Five clusters emerge, 
which offers a targeted analysis of the specific challenges and 

Table 6 
Average variables per cluster based on both SDGs 9 and 11.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Average Rank Average Rank Average Rank Average Rank Average Rank

SDG9
Value-added of manufacturing industry (euro per capita) 1864.81 4 5888.53 1 3400.32 3 4375.53 2 1215.39 5
Value-added of manufacturing industry to total economy (%) 8.83 3 21.72 1 8.43 4 19.53 2 7.5 5
Employment in manufacturing industry to total economy (%) 8.8 5 20.6 1 11.27 3 19.45 2 9.25 4
Research intensity (%) 1.63 2 1.77 1 1.02 4 1.22 3 0.83 5
Researchers in full-time equivalent (per 10,000 inhabitants) 28.97 3 32.76 1 29.4 2 22.63 4 13.95 5
Knowledge workers 
(per 100 employed)

20.27 1 16.96 3 14.57 5 16.73 4 17.2 2

Firms with product and/or process innovative activities per 
100 firms (%)

47.13 3 52.2 2 43.07 4 53.68 1 42.5 5

Productive specialization in 
high-tech sectors (%)

7.53 2 7.73 1 5.93 3 5.56 4 5.33 5

Fixed network coverage of ultra-fast internet access (%) 73.83 1 65.12 2 42.87 5 59.78 4 60.3 3
Firms with at least 10 employees in web sales to end 
customers (%)

18.83 3 11.7 5 19.83 1 12.88 4 14.47 2

Firms with at least 10 employees in web sales to firms and 
public institutions (%)

9.37 4 7.48 5 15.1 1 11.38 2 9.48 3

SDG 11 People living in housing with structural or moisture problems 
(%)

18.23 3 14.12 2 11.3 1 20.58 5 18.3 4

People living in overcrowded 
housing (%)

25.77 4 34.13 5 22.9 2 24.82 3 20.67 1

People living in housing with noise from neighbors or street 
(%)

18.37 5 14.56 4 6.9 1 10.23 3 9.15 2

Illegal building rate (per 100 constructions) 25.6 4 5.04 2 3.6 1 13.78 3 40.62 5
Households reporting difficulties with public transport 
connections (%)

36.27 5 26.5 2 22.8 1 28.33 3 33.13 4

Students who habitually travel to the place of study only by 
public means (%)

28.75 2 26.04 3 34.43 1 24.33 5 24.53 4

Employed people who habitually travel 
to the workplace only by private means (%)

68.53 2 77.22 3 66.33 1 82.4 5 78.08 4

Seat-km offered by the local public transportation system (per 
inhabitant)

5174.67 2 8344.6 1 2913.33 4 3979.5 3 2412 5

Regular users of public 
transportation (%)

16.3 2 11.58 3 16.93 1 9.3 4 8.23 5

Waterproofing and land use 
(m2 per inhabitant)

252.33 1 394 2 445.67 3 474.25 5 472.83 4

Population at risk of flooding (%) 5.93 3 25.16 5 11.7 4 1.25 1 4.2 2
Population at risk of landslides (%) 3.33 5 0.12 1 1.6 3 1.55 2 2.43 4
Landfilling of municipal waste (%) 17.77 2 14.92 1 19.23 3 29.1 4 44.92 5
Municipal waste generated (kg per inhabitant) 545 5 532.6 4 471 1 508.25 3 475.67 2
Air pollution (%) 89.06 4 91.67 5 67.37 2 70.05 3 41.6 1
Annual average concentration of PM10 (micrograms per m3) 28.67 4 30.2 5 20.67 2 22 3 19.5 1
Annual average concentration of PM2.5 (micrograms per m3) 16 4 20 5 12.67 2 13.5 3 11.75 1
Annual average concentration of NO2 
(micrograms per m3)

49 5 42.2 4 32 3 20.75 2 18.1 1

Predicted daily limit value exceedances for PM10 (number of 
days)

28.67 4 48.4 5 14 3 12.5 2 12.17 1

Predicted daily limit value exceedances for O3 (number of 
days)

22 3 46 5 26.33 4 13.5 2 8.17 1

Anomalies from climatological values 1981–2010 (number of 
summer days)

11.33 2 7.2 1 11.33 2 14.83 4 21.25 5

Anomalies from climatological values 1981–2010 (number of 
tropical nights)

28 5 20.4 4 3.67 2 13.5 2 18.33 3

Incidence of urban green areas on urbanized area (m2 per 
100 m2)

7.27 4 14.02 1 8.43 3 9.5 2 6.6 5
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opportunities for each urban group towards higher levels of innovation 
and sustainability (Table 6). These clusters illustrate how Italian 
regional capital cities vary regarding their progress and characteristics 
related to sustainable development indicators for smart cities. The city 
groups are composed as follows: (1) Genova, Roma and Napoli; (2) 
Torino, Milano, Venezia, Bologna and Firenze; (3) Trento, Aosta, and 
Bolzano; (4) Perugia, L′Aquila, Trieste and Ancona; (5) Potenza, 
Cagliari, Bari, Palermo, Campobasso, Catanzaro.

Cities in Cluster 1 rank last in manufacturing employment and sec-
ond to last in the value-added of the manufacturing industry, indicating 
that the manufacturing industry in this cluster is less developed 
compared to other clusters. However, they perform better in research 
intensity, knowledge sector employment, and high-tech industry 
specialization. Additionally, they have the largest fixed network 
coverage for ultra-fast internet access. Findings also show poor housing 
conditions, characterized by overcrowding, noise and squatting. 
Although these cities have a good seat-km ratio and the citizens are, for 
the most part, frequent public transportation users due to traffic con-
ditions, they also report the greatest difficulties with urban mobility 
connections. Finally, Cluster 1 cities are, on average, the largest pro-
ducers of urban waste and demonstrate worrying environmental con-
ditions regarding the annual average concentration of pollutants in the 
air (especially NO2 produced by emissions from motor vehicles, power 
plants and other industrial processes) and climatological anomalies. 
Therefore, these cities are characterized by significant urban complex-
ities. High population density and urban traffic pose challenges with 
negative implications for public health and the urban environment 
(Wubneh, 2023). They also need infrastructure modernization to 
improve urban resilience, which is essential to address the shocks caused 
by climate change and unforeseen events (Bruzzone et al., 2021). 
Moreover, Genova and Napoli are also important port cities that need to 
manage port activities in a sustainable way (Musso et al., 2000). 
Improvement in public transportation, waste management and housing 
conditions is essential to increase the quality of life in these cities. In 
particular, it would be useful to encourage policies for the imple-
mentation of an integrated public transport plan to improve connectivity 
and reduce traffic congestion, using intelligent traffic management 
systems to streamline urban flows.

Cluster 2 includes mainly Northern cities. They rank first in almost 
all SDG 9 indicators, indicating the presence of a well-developed 
manufacturing industry, excellent research hubs and robust digital 
infrastructure. Instead, performance in SDG 11 is variable. Although the 
dwellings are noisy and overcrowded, they do not present significant 
structural or irregularity problems. In addition, these cities are charac-
terized by the highest public transportation offers and households do not 
report great difficulties with urban mobility connections. Despite this, 
the use of public means instead of private ones should be further 
encouraged to reduce traffic and pollution problems. Indeed, the envi-
ronmental conditions in this cluster are the worst, recording the lowest 
air quality, the highest annual average concentration levels of PM10, 
PM2.5, and NO2, as well as the highest number of days of predicted daily 
limit value exceedances for PM10 and O3. In contrast, good results are 
recorded for urban waste management, land use and the incidence of 
urban green areas. Thus, Cluster 2 cities are among the leading eco-
nomic and industrial centres in Italy, with a strong orientation towards 
innovation. In particular, Torino, Milano and Bologna are leaders in 
innovation and industry and Milano is also an international financial 
and technological hub (Bertamino et al., 2017). Venezia and Firenze are 
focal points for world tourism (Formica and Uysal, 1996). In the face of 
very good infrastructural and industrial development, these cities show 
that housing conditions in general should be improved and huge efforts 
are needed to improve environmental conditions towards sustainability. 
To this end, green zones and low-emission areas need to be established, 
along with incentives for businesses and residences to reduce emissions 
and adopt sustainable practices.

Cluster 3 comprises mountain cities. These cities present medium 

levels of development in manufacturing industry and research. Although 
digital infrastructure is the weakest compared to the other clusters, 
companies seem to be committed to digitization and web services. 
Housing conditions are good, recording the lowest average percentage 
of people living in housing with structural or moisture problems, noise 
from neighbors or street and illegal building. Overcrowding levels are 
also quite low. Although public transportation provision in terms of seat- 
km could be increased, the results show a well-functioning and effective 
urban mobility service. In fact, cities in this cluster rank first in almost all 
indicators on urban transportation, showing the lowest level of 
connection difficulties declared by citizens and the greatest attitude 
towards regular use of public transport (including worker and student 
travel). Cluster 3 also has the lowest average amount of municipal waste 
generated per inhabitant, but with a large room for improvement in the 
collection and disposal service to reduce waste to landfills. With refer-
ence to environmental conditions, there are relatively low levels of 
pollution and climatic anomalies, although these could certainly be 
further improved. Indeed, these cities should commit to reducing 
pollutant exposures and effectively managing landslide and flood risks, 
while ensuring better management of urban land and green areas. It 
should be observed that Cluster 3 cities are small urban centres located 
in the Italian Alps. The results obtained related to SDG 9 could be 
explained by the profound changes that mountain regions have been 
experiencing over the years (Wilson et al., 2018). The difficult physical 
integration with lowland areas and the clash between the traditional 
economy and the market economy have produced growing weaknesses 
in these territories, including low competitiveness of small businesses, 
geographical isolation, depopulation, etc. Current conditions require the 
use of appropriate analytical and operational tools to manage change 
and address economic weaknesses by leveraging local know-how and 
sustainability (Zanon, 2007). Indeed, surrounded by natural landscapes, 
these cities are strongly committed to sustainable development. This is 
confirmed by the results that demonstrate successful public transport, 
waste management policies and good quality of living standards in 
general. Further efforts should be directed towards improving digital 
connectivity and services to support remote working and digital busi-
nesses, leveraging the smaller scale of the region to pilot innovative 
technological solutions.

Cluster 4 demonstrates good levels of manufacturing industry 
development and product/process innovation but seems weaker in 
research, specialization in high-tech sectors and digital infrastructure. 
Although dwellings are not very crowded and noisy, they are the ones 
with the most structural or moisture problems. While it does not show 
extremely negative values, public transportation should be improved, 
both in terms of seat-km and connection. In addition, citizens appear 
little inclined to use public transport regularly, especially workers and 
students who very often prefer to use private means. Despite a good 
incidence of urban green areas, Cluster 4 cities have the worst value 
concerning land use. They also perform poorly on urban waste man-
agement, with a high percentage of landfilling. On the other hand, 
environmental conditions appear much better in these cities, reporting 
generally low levels of pollution and little risk of landslides or flooding. 
Instead, worrying are the climatological anomalies in terms of number 
of summer days. These results can be attributed to an established in-
dustrial tradition in Cluster 4 cities, but more collaboration with 
research hubs and better digital connectivity could further increase their 
competitiveness (Mazzola and Bruni, 2000). Moreover, these findings 
point to the need for building maintenance and infrastructural im-
provements to ensure safe and healthy housing (Femenias, Geromel, 
2020). In particular, L′Aquila faced significant challenges related to 
post-earthquake reconstruction, highlighting the importance of resilient 
infrastructure (Alexander, 2013). Encouraging the use of public trans-
portation, urban planning practices, and waste management strategies 
are also essential to achieving sustainability goals in these cities.

Cluster 5 includes some southern cities. These cities are on average 
the worst in SDG 9, ranking last in many of the indicators analyzed. In 
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particular, they obtain the lowest score for manufacturing industry 
value added, research intensity, number of researchers, firms with 
product and/or process innovative activities and specialization in high- 
tech sectors. The situation is not much better in reference to SDG 11. 
Although the dwellings are not overcrowded or too noisy, they have 
serious structural or moisture problems. These cities also have the 
highest percentage of illegal building. Building codes should be strictly 
enforced to address illegal construction and ensure safety and environ-
mental compliance, as well as provide financial support for the reno-
vation of older buildings to address structural problems.

Urban mobility appears to be severely compromised. In fact, Cluster 
5 cities have the poorest local public transportation supply and the 
lowest propensity of citizens to use public means, who also report high 
connection difficulties. Politics could intervene by introducing financial 
incentives that could be useful to encourage public transit use, such as 
reduced fares and integrated ticket systems.

Land-use planning is inefficient, with the highest average levels of 
land consumption and the lowest average incidence of urban green 
areas. These cities also have the most municipal waste in landfills, 
reporting great difficulties in waste collection, storage and disposal 
systems. In contrast, environmental conditions are better, showing a 
more comforting performance than the other clusters. Despite Cluster 5 
cities being the best in terms of air quality, numerous climatological 
anomalies continue to occur. It should be noted that these cities are all 
located in southern and island Italy, with different socioeconomic and 
environmental conditions. The results indicate that they have a number 
of significant challenges in relation to SDG 9, attributable to a variety of 
reasons (e.g., lack of investment, inadequate infrastructure, unfavorable 
socioeconomic environment, low presence of academic and research 
institutions, limited government and private support for research, lack 
of skills and resources for innovation, poor business environment) 
(Caragliu and Del Bo, 2012; Bonaccorsi, 2008). In addition, the findings 
highlight the urgent need for interventions in the building sector, urban 
mobility, waste management and land use planning, while continuing to 
enhance the existing good environmental conditions in these cities.

In summary, Clusters 2 and 4 tend to show better performance in 
industrial and infrastructure development but need to improve urban 
sustainability. In particular, Cluster 2 differs in its leadership in inno-
vation, but demonstrates an urgent need to improve environmental 
conditions and air quality. Cluster 3 shows mixed results, with some 
specific excellences such as firm digitization, aptitude for public trans-
portation use and low air pollution. On the other hand, it needs to 
address specific challenges related to the profound changes that 
mountain regions have been experiencing over the years. Clusters 1 and 
5 suffer the most from an infrastructural point of view, showing poor 
housing conditions, complex urban mobility and inefficient waste 
management. It can be seen that Cluster 1, while demonstrating good 
research intensity and technological specialization, is characterized by a 
compromised urban environmental situation. Cluster 5, on the other 
hand, demonstrates significant problems in industry, research and 
innovation but boasts good environmental conditions, especially with 
reference to air pollution.

Table 7 shows the results of the one-way ANOVA, which was used to 
determine whether there are statistically significant differences between 
the clusters based on the 34 sustainable development indicators. The 
results show that the clusters of cities differ in most indicators. In 
particular, they are statistically significant for 26 of the 34 indicators. 
Thus, it can be concluded that the clusters differ strongly in achieving 
the sustainable development goals related to smart cities. Overall, in-
dicators related to manufacturing, innovation, mobility, land manage-
ment and environmental conditions are the ones that lead to the greatest 
differences in the clustering of Italian regional capital cities in relation to 
SDGs 9 and 11.

5. Conclusions

Italian cities, like their global counterparts, face significant chal-
lenges due to urbanization’s effects, which pose risks to public health, 
resource management, and inhabitants’ quality of life (Grimm et al., 
2008; Legambiente.. 2023). In response to these challenges, smart city 
initiatives have increasingly been implemented, aimed at meeting the 
immediate and future demands of the tight deadlines of the United 
Nations 2030 Agenda for Sustainable Development (Caragliu et al., 

Table 7 
Results of the ANOVA.

Indicators F- 
value

Significance

SDG 9 Value-added of manufacturing industry (euro 
per capita)

17.79 0.00***

Value-added of manufacturing industry to total 
economy (%)

19.31 0.00***

Employment in manufacturing industry to total 
economy (%)

13.98 0.00***

Research intensity (%) 5.98 0.00***
Researchers in full-time equivalent (per 10,000 
inhabitants)

4.22 0.02**

Knowledge workers (per 100 employed) 6.86 0.00***
Firms with product and/or process innovative 
activities per 100 firms (%)

4.72 0.01***

Productive specialization in 
high-tech sectors (%)

1.34 0.3

Fixed network coverage of ultra-fast internet 
access (%)

1.9 0.16

Firms with at least 10 employees in web sales to 
end customers (%)

2.29 0.11

Firms with at least 10 employees in web sales to 
firms and public 
institutions (%)

3.53 0.03**

SDG11 People living in housing with structural or 
moisture problems (%)

3.69 0.03**

People living in overcrowded housing (%) 3.77 0.02**
People living in housing with noise from 
neighbors or street (%)

2.47 0.09*

Illegal building rate (per 100 constructions) 8.19 0.00***
Households reporting difficulties with public 
transport connections (%)

1.97 0.15

Students who habitually travel to the place of 
study only by public means (%)

2.35 0.01***

Employed people who habitually travel to the 
workplace only by private means (%)

6.58 0.00***

Seat-km offered by the local public 
transportation system (per inhabitant)

2.65 0.07*

Regular users of public transportation (%) 6.95 0.00***
Waterproofing and land use (m2 per inhabitant) 4.78 0.01***
Population at risk of flooding (%) 2.87 0.06*
Population at risk of landslides (%) 1.78 0.18
Landfilling of municipal waste (%) 2.03 0.14
Municipal waste generated (kg per inhabitant) 1.52 0.24
Air pollution (%) 5.48 0.01***
Annual average concentration of PM10 
(micrograms per m3)

4.86 0.01***

Annual average concentration of PM2.5 
(micrograms per m3)

3.04 0.05**

Annual average concentration of NO2 
(micrograms per m3)

16.74 0.00***

Predicted daily limit value exceedances for 
PM10 (number of days)

4.41 0.01***

Predicted daily limit value exceedances for O3 
(number of days)

6.12 0.00***

Anomalies from climatological values 
1981–2010 (number of summer days)

1.65 0.21

Anomalies from climatological values 
1981–2010 (number of tropical nights)

4.51 0.01***

Incidence of urban green areas on urbanized 
area (m2 per 100 m2)

5.55 0.00***

* Significant on 90 % level.
** Significant on 95 % level.
*** Significant on 99 % level.
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2011; Komninos et al., 2019).
Using cluster analysis, this study categorizes Italian regional capital 

cities based on their progress towards SDGs 9 (Industry, Innovation and 
Infrastructure) and 11 (Sustainable Cities and Communities), which 
serve as indicators of city smartness levels. It highlighted significant 
variance in results, with a marked disparity between northern and 
southern cities. Northern cities generally perform better in terms of in-
dustrial development, innovation and infrastructure thanks to stronger 
economic and infrastructural fabrics supporting smart technology inte-
gration. However, despite excellent infrastructural and industrial 
development, these cities demonstrate that housing conditions should 
be improved, and huge efforts are needed to improve environmental 
conditions towards sustainability. In contrast, Southern cities face sub-
stantial barriers, including inadequate infrastructure and limited access 
to technological innovations, which require targeted policy in-
terventions to elevate their capacities to achieve the SDGs (Accetturo 
et al., 2022; Ziosi et al., 2023). This analysis highlights the dual nature of 
smart city initiatives: while they offer a promising path toward 
achieving the SDGs, they also risk exacerbating urban disparities, as 
seen in the stark contrasts between Northern and Southern Italian cities 
(Sharifi et al., 2024). Larger cities grappling with structural complexities 
may face additional challenges in implementing equitable smart solu-
tions, potentially widening disparities and deepening inequalities 
among citizens (Middha and McShane, 2022; Mykhnenko, 2023). 
Furthermore, the technological advances that underpin smart city ini-
tiatives carry their risks, potentially introducing new social and eco-
nomic divisions (Ziosi et al., 2023). Addressing these issues requires a 
strategic and coordinated approach at the national and local levels, 
which is often lacking, thus limiting the effectiveness of these initiatives. 
Smart cities need to be developed with a holistic strategy that considers 
risks and benefits, ensuring that government interventions and multi-
level governance mechanisms prevent the rise of inequalities and 
maintain public trust. This implementation should be envisaged in a 
broader urban policy linked to the city scale (from metropolitan to 
medium-sized cities) and embedded in an integrated planning approach 
(Camerin et al., 2024).

The contribution of this study is twofold: first, it provides a nuanced 
understanding of how the SDGs of smart cities are being achieved in 
different Italian regions, identifying specific areas where progress is 
lagging and where targeted policy interventions are most needed. Sec-
ond, it offers practical insights for policy makers by highlighting the 
need for policies that are inclusive and adaptable to local specificities. In 
this sense, land use policies play a strategic role: the implementation of 
urban plans that promote green infrastructure and sustainable land use 
can improve the quality of urban life and reduce regional inequalities. 
These policies should be integrated into a national strategy that recog-
nizes and addresses local and regional specificities, supporting cities to 
become technologically smarter but also more sustainable.

In conclusion, although this study provides in-depth insights into the 
development of smart cities in Italy with respect to the Sustainable 
Development Goals, it has limitations that may affect the interpretation 
of the data. The analysis is based on data collected in a single year, 
which may not capture the long-term trends or seasonal variations that 
are crucial for a complete understanding of progress towards sustain-
ability. Furthermore, the robust methodology employed may not fully 
account for all local dynamics or policy specificities that may influence 
the implementation and success of smart city initiatives. Further studies 
could extend the analysis to other SDGs related to smart cities, applying 
these insights to other geographical contexts.

CRediT authorship contribution statement

Francesco Natale: Supervision, Investigation, Conceptualization. 
Roberta Barbieri: Writing – original draft, Investigation, Data curation, 
Conceptualization, Writing – review & editing. Benedetta Coluccia: 
Writing – original draft, Software, Methodology, Conceptualization, 

Data curation, Supervision, Writing – review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Data availability

Data will be made available on request. 

References

Abid, N., Marchesani, F., Ceci, F., Masciarelli, F., 2022. Assessing capabilities to embrace 
digital transformation: the case of southern Italy. In: Sustainable Digital 
Transformation: Paving the Way Towards Smart Organizations and Societies. 
Springer International Publishing, Cham, pp. 169–182.

Accetturo, A., Albanese, G., Ballatore, R.M., Ropele, T., Sestito, P., 2022. I divari 
territoriali in Italia tra crisi economiche, ripresa ed emergenza sanitaria. Banca 
d’Italia.

Ahad, M.A., Paiva, S., Tripathi, G., Feroz, N., 2020. Enabling technologies and 
sustainable smart cities. Sustain. Cities Soc. 61, 102301.
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