®

Check for
updates

Discriminant Analysis of Smart City Profiles
Across Countries: A Multivariate Approach

1(X) 2 1

Tommaso Fili , Tiziano PavaniniZ @, Enrico Ivaldi® @, and Enrico Musso

I Ttalian Centre of Excellence in Logistics, Transport and Infrastructures, University of Genoa,
Genoa, Italy
tommaso.fili@edu.unige.it
2 Department of Architecture and Urbanism (DAStU), Politecnico di Milano, Milan, Italy
3 Department of Humanistic Studies, [ULM University - Faculty of Communication, Milan,
Italy

Abstract. According to the United Nations, more and more people will live in
cities in the coming years. This poses serious challenges to local governments in
terms of pressure on transport infrastructure, waste management, lighting, sew-
erage systems and the environment. In such a context, city management needs to
become increasingly efficient and intelligent, thanks to the fundamental support
of technology, the Internet of Things (IoT) and artificial intelligence (AI). The
so-called Smart Cities (SCs) are thus developing across the globe to address this
profound change. This study applies linear discriminant analysis (LDA) to a dataset
of 102 smart cities from around the world, each described by six key dimensions
of smartness: mobility, environment, government, economy, people, and living.
The aim of this paper is to assess whether smart cities from the same country tend
to share similar profiles and to identify the most distinctive national patterns in
smart city development. Results show high accuracy in classification, with most of
the cities correctly attributed to their country based on their smart characteristics.
Canonical discriminant functions yield appreciable separation between countries,
highlighting stable national models and outliers. Additionally, results suggest that
national agendas and regional contexts play an important role in shaping smart
cities.

Keywords: Smart cities - Discriminant analysis - Multivariate statistics - Urban
development - Smart governance - Canonical plot

1 Introduction

Urbanization is arguably one of the most significant trends of the 21% century. According
to data from the United Nations, the urban population constituted over 56% of the global
total by 2021, and it is projected to increase to nearly 70% by 2050 (United Nations,
2019). This population shift presents both opportunities and challenges. While cities are
recognized as drivers of economic growth and innovation, they are also facing increased
pressure on infrastructure, services and the environment (Dameri et al., 2019). The accel-
eration of urbanization demands new paradigms of urban development and governance
that can effectively address aspects of sustainability, inclusivity, and resilience.
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To serve these requirements, the smart city was brought about as a topic of research
and discussion for academics, policymakers, and citizens (Bogdanov et al., 2019). This
paradigm shift resulted in a great expansion of the scale of research on smart cities,
along with growth in the number of participating disciplines. These include, but are not
limited to, urban studies, geography, computer science and public administration.

The smart city idea is inherently elastic, with varied interpretations based on the
disciplinary context and policy issues of the observer. This has led to a failure of hav-
ing a unifying definition that covers everyone (Ivaldi et al., 2020; Gracias et al., 2023).
However, a consensus has been reached on a multidimensional approach including tech-
nological infrastructure, environmental sustainability, quality of governance, economic
performance, human capital, and quality of life (Giffinger et al., 2007; Caragliu et al.,
2011). Several studies have attempted to classify smart cities based on these dimensions,
often using cluster analysis, principal component analysis, or composite indices (Lom-
bardi et al., 2012; Neirotti et al., 2014; Eskantar et al., 2024; Penco et al., 2024), such
as Pena’s Distance (DP2) (Ciacci et al., 2021). According to Bogdanov et al. (2019),
the definition of smart city has evolved over time, moving from an initial focus on
the technological component, often defined as an intelligent city, information city, or
techno city, to a broader vision that includes human and social aspects, quality of life,
and sustainability. The concept of the smart city is inherently linked to the pursuit of
sustainable development, defined as “meeting the needs of the present without compro-
mising the ability of future generations to meet their own needs” (Maxim, 2018), which
is enabled by the proper utilization of social capital and emerging technologies (Poletti
and Michieli, 2018).

From the literature review of the SC concept, a development in its definition is
seen, moving from a technologically focused approach to a broader view that includes
sustainability principles (Shao and Min 2025).

Technology has been identified as playing a pivotal role in the advancement of SCs.
Digital technologies, data, and new models of governance are used in smart cities to
increase efficiency, sustainability, and quality of life in cities. According to market fore-
casts, global investment in smart city technology is estimated to exceed USD 820 billion
by the year 2025 (Chan, 2022). Across the globe, most cities have incorporated smart
approaches with the goals of enhancing mobility, reducing environmental impacts, facil-
itating participatory governance, and promoting economic and social innovation (Ivaldi
and Ciacci 2023). Crucial in the development of SCs is the integration of information
and communication technology (ICT) with conventional urban infrastructure to improve
services and operational efficiency (Ahad et al., 2020; Penco et al., 2021). A wide range
of enabling technologies, such as edge computing, unmanned aerial vehicles (UAVs),
blockchain, and digital twins, have been seen to be critical in the development and sus-
tainability of smart cities (Fatima et al., 2019; Agboola et al. 2023; Majeed et al., 2021;
Derenetal.,2021). Edge computing, for instance, optimizes resource utilization and opti-
mizes real-time functionality in major sectors like healthcare, transportation, energy, and
water supply (Khan et al., 2019). UAVs are regularly scrutinized for their potential to
advance service and city surveillance (Mohamed et al., 2020), and blockchain adoption
is seen as a means of delivering secure data transfer and facilitating IoT (Internet of
Things) applications in urban environments (Majeed et al., 2021).
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Yet another crucial field of study in the development of smart cities is cybersecurity.
Smart city systems are more interconnected and, as such, vulnerable to attacks that
can undermine the integrity of the IoT infrastructure. For this reason, studies are being
conducted on the use of deep learning-based approaches to overcome security challenges
and enhance threat identification (Pan et al. 2021). Concurrently, the use of technical
standards has become crucial in realizing interoperability across various systems and
technologies (Lai et al., 2020). These technologies have also given rise to initiatives
aimed at addressing significant urban issues, such as energy efficiency, data governance,
and citizen privacy (Kirimtat et al., 2020; Kim and Feng 2024; Javed et al. 2022).

The establishment of smart cities also entails hard challenges on the policy and gov-
ernance fronts. A significant challenge that remains to be addressed pertains to the realm
of security and privacy within the ambit of smart city networks, particularly in the context
of utilizing 10T and blockchain technologies. In response to these challenges, researchers
have proposed nature-inspired secure data dissemination models as a potential solution.
These models aim to enhance trust and ensure safe data protection (Qureshi et al., 2020).
Additionally, there is a call for better legal and technical means of safeguarding citizen
rights (Hernandez-Ramos et al. 2020; Xihua and Goyal 2022).

There have been advances in anomaly and intrusion detection (Houichi et al., 2022) as
well, mirroring the growing complexity of cybersecurity systems. Furthermore, informa-
tion systems and governance frameworks are identified as being instrumental to success-
ful smart city strategy execution. For instance, Zhou et al. (2020) identified governance
policy and ICT research as innovation drivers and future development in smart city field
based on scient metric analysis with CiteSpace.

Within this context, significant research questions are raised: Do smart cities in
similar circumstances across a nation exhibit analogous characteristics? Is there one
overarching national pattern of smart city development, or do cities follow divergent
paths regardless of their geographical location? These are not only theoretically signif-
icant questions but also for policymaking, as they pertain to the influence of institutional
context, types of governance, and socio-economic scenarios.

The present study aims to provide answers to the questions by employing a multivari-
ate statistical method. Specifically, we apply Linear Discriminant Analysis (LDA) to 102
SCs worldwide to examine whether they can be correctly categorized into their coun-
tries of origin based on their performance in six smartness dimensions: Smart Mobility,
Smart Environment, Smart Government, Smart Economy, Smart People, and Smart Liv-
ing. These dimensions have been well-rooted in the smart city literature (Marchesani
et al. 2024; Grossi and Welinder, 2024; Perifian-Pascual, 2023; Mora et al., 2019; Dameri
and Benevolo, 2016). and offer an overall framework of the features that define a city’s
smartness.

LDA offers a promising methodology for exploring the research questions above
since it allows researchers to explore whether groups defined by some attributes (e.g.,
nations) can be distinguished consistently from multivariate profiles. Past applications
of LDA in urban studies have examined regional economic performance (Steiniger et al.,
2008), quality of life (Batég and Batog, 2019), or innovation potential (Lane 2008), but
its application to the smart city case remains limited. This paper seeks to fill this gap
by applying LDA to a wide and diverse dataset of smart cities worldwide. By exploring
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the degree of homogeneity among cities within a country and among countries, our
main goal is to render transparent the structural tendencies which underline smart city
development. Our results have implications for both academic scholarship and urban
policy because they offer evidence of the degree to which national level variables shape
local urban policy and the global geography of smart city innovation.

The study is organized into five sections. The “Introduction” delineates the signifi-
cance of comprehending the factors that determine the development of smart cities and
presents the literature review. The second section, entitled “Methodology”, presents
the dataset utilized in the study, along with a detailed exposition of the methodol-
ogy employed. “Results” outlines the main findings of the analysis, while the fourth
section, entitled “Discussion”, discusses these findings. Finally, in “Conclusions” the
implications of the findings, the limitations of this study and the future agenda are
stated.

2 Methodology

This study is a quantitative multivariate design with linear discriminant analysis (LDA)
as the statistical technique to determine linear combinations of variables that best dis-
tinguish between two or more groups as defined in advance (Rencher, 2002). The LDA
is suited to our research question, i.e., to identify country level patterns in the smart
profiles of cities.

2.1 Dataset and Variables

For the sake of this paper, publicly accessible information from the IMD Smart City
Index 2024 report published by the International Institute for Management Development
(IMD) has been used, which provides comprehensive data on the performance of smart
cities according to significant dimensions of health, safety, mobility, and governance.

The dataset includes 102 smart cities from various regions including Europe, North
America, Asia, and Oceania. Each city is described by six dimensions of smartness
commonly cited in the literature:

— Smart Mobility,

— Smart Environment,
— Smart Government,
— Smart Economy,

— Smart People,

— Smart Living.

These dimensions are derived from the framework proposed by Giffinger et al.
(2007), one of the most influential models in smart city studies. The raw data for the six
dimensions were obtained from a standardized smart city ranking report and normalized
to ensure comparability across cities.
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2.2 Statistical Method

We applied LDA using the six smartness dimensions as predictors and the country of
origin as the grouping variable. The LDA model computes one or more discriminant
functions, linear combinations of input variables, which maximize between-group over
within-group variances so that group separability is optimal (Hair et al., 2010). Model
performance is assessed through percent correct classified observations, overall model
significance test (Wilks’ Lambda test), and investigation of posterior probabilities of
group membership. The analysis also produces a canonical plot, which visualizes the
discriminator scores for the first two canonical functions and allows for an intuitive
assessment of group clustering. The LDA has requirements of multivariate normality and
equality of covariance matrices across groups. We conducted preliminary diagnostics to
check for these assumptions. While there were minimal deviations, the analysis is robust
due to the quite balanced group sizes as well as the interpretive nature of our objective.
Limitations are the potential biases in city and source selection, as well as excluding
qualitative factors that can also contribute to smart city development. Besides, the used
variables are dependent on subjective questionnaires, which can introduce cultural biases
in the way individuals from various countries perceive and rate certain aspects, which
can affect comparability of data. Future research can include mixed methods to resolve
these limitations.

3 Results

3.1 Multivariate Significance and Canonical Functions

The data set consists of 102 cities that are unevenly distributed across nations. Italy (15
cities), Germany (14), and Finland (11) have the highest representation, while numerous
others such as Austria, Slovenia, Slovakia, Belgium, and Luxembourg have a single
city’s representation. This unequal distribution reflects the difference in maturity and
availability of smart city data in nations. While nations with greater numbers of cities
contribute to strong estimations of group centroids, less-represented nations might bring
about more variation.

In linear discriminant analysis (LDA), when the result is graphed (e.g., Fig. 1),
there is usually the presence of axes labeled “Canonical 17 and “Canonical 2” These
labels are names for the first two canonical functions, linear combinations of the original
variables (in this case: smart mobility, environment, government, economy, people, and
living), that the model identifies to best distinguish groups of cities by country of origin.
The “Canonical 1” function is the linear combination that best separates the countries.
Therefore, it is the primary discriminant axis, and it picks up the largest amount of
between-group variation. If one were to use one dimension to guess a city’s country,
this function would give the most useful criterion. On the other hand, the “Canonical 2”
function is orthogonal to the first and accounts for further variation not yet explained
by Canonical 1. While it accounts for less overall variance, it offers informative details
that continue to distinguish groups. The strength of this visual representation is its
interpretability: it transforms a complex multivariate space to a plain, two-dimensional
map, in which relationships and differences between groups are apparent and accessible.
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In addition to the significance of discriminant functions and multivariate tests, we
examined the detailed classification table to assess individual city-level performance.

Table 1. Canonical discriminant analysis results: Eigenvalues, canonical correlations, and signif-

icance tests

Countries Eigenvalue Percentage Cumulative Canonical Wilks’ lambda
percentage correlation

County 1 3.163.226 80.66% 80.66% 0.998423 2.05 x 1077

County 2 6.167.457 15.73% 96.39% 0.99199 6.5 x 1077

County 3 7.238.097 1.85% 98.24% 0.937343 0.004073

County 4 3.935.297 1.00% 99.24% 0.89296 0.033556

County 5 18.802 0.48% 99.72% 0.807962 0.16561

County 6 1.096.486 0.28% 100.00% 0.723195 0.476989

Countries Approx. F NumDF DenDF p-value

County 1 21.94 210 370.02 2.4 x 107132

County 2 11.02 170 312.56 4.68 x 10772

County 3 5.73 132 253.36 8.76 x 10733

County 4 4.23 96 192.48 1.02 x 10717

County 5 3.06 62 130 442 x 1078

County 6 241 30 66 0.00
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Table 1 reports, for each city, the squared Mahalanobis distance to its group cen-
troid, the posterior probability of correct classification, the corresponding negative
log-probability, and whether the city was misclassified.

The performance of the model is quantified through percentage of well-classified
observations, Wilks’ Lambda test of overall model significance, and an examination of
posterior probabilities of group membership. Table 1, of Canonical discriminant func-
tions, shows that 80.7% of variance is explained by the first function with an extremely
high canonical correlation (0.998). The second function accounts for the remaining
15.7%, and the two functions together explain over 96% of explained variance. That is a
good discrimination ability to distinguish between groups. All functions are significant
with F-values between 3.06 and 21.94, and p-values less than 0.001, indicating that the
differences between group centroids are significant.

As the Table 2 reveals, all multivariate test statistics strongly reject the null hypothesis
of no differences between groups. These findings stress the discriminant model’s robust-
ness and in addition that smart cities evidence strong alignment with respective national
profiles. The co-occurrence of high posterior prob-abilities and minimal classification
errors highlights the occurrence of strong and consistent cross-national patterns.

There were 101 of the 102 cities that were properly classified into their own coun-
try of origin, and the accuracy was 98.0% within the training set. Six dimensions of
smartness were utilized to produce such high accuracy by serving as predictors. The
only misclassification was when an Australian city was incorrectly classified into Sin-
gapore. This case is particularly noteworthy, as the posterior probability for the correct
group (Australia) was relatively low (0.275), while the probability for Singapore was
substantially higher (0.706).

Table 2. Global significance tests for the canonical discriminant function.

Test statistic Value Approx. F
Wilks’ lambda 2.05 x 1077 21.94
Pillai’s trace 4.832.697 7.81

Hotelling-Lawley trace | 3.921.472 110.99
Roy’s greatest root 3.163.226 596.49

NumDF DenDF p-value

210 370 2.4 x 107132
210 396 4.46 x 10768
210 273.53 9.6 x 107196
35 66 1.55 x 10~70

This misclassification likely reflects a strong similarity in the smart city profiles
of these two countries, especially in the dimensions of Smart Living and Smart People.
Additionally, the model exhibits a remarkably high entropy R? value of 0.995, indicating
that nearly all the variance necessary for distinguishing among countries is captured by
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the discriminant functions. The model’s fit is also confirmed by the extremely low —2 log-
likelihood value (3.15), which indicates the perfect correspondence between observed
and predicted classifications. Both the input data quality and high discriminative ability
of the selected smartness variables are supported by the obtained results. The linear
discriminant analysis model is highly stable, accurate, and interpretable despite some
instances of rare nations.

4 Discussion

The findings of this study validate the hypothesis that national context is a significant
element in encouraging the development of smart cities. The strong correlation between
cities and their country of origin, as evident from LDA, emphasizes the contribution of
national policies, institutional setup, and financing mechanisms in the advancement of
urban innovation.

Those countries with more centralized smart city strategies, such as Singapore and
Norway, tend to have more uniform city profiles. This uniformity likely stems from
the imposition of top-down planning, national standards, and homologous cultural or
institutional values. In comparison, those countries with decentralized schemes, such as
Italy or Spain, tend to have more diversified cities and thus be more likely to have more
dispersed patterns in the canonical plot.

These results are consistent with the findings of Neirotti et al. (2014), who recognized
national models of governance as the most significant factors to the adoption and imple-
mentation of smart city initiatives in both European and non-European nations. Similarly,
in their work, Mora et al. (2017) argue that political cultures and national systems play
a decisive role in local digital transformation policies and formulate convergent models
in the same country. Lombardi et al. (2012) further indicate that institutional capacity
differences and policy coordination at the national level have a significant effect on the
performance of smart cities, especially in the fields of governance and the economy.

The use of linear discriminant analysis in this study adds to these results by sta-
tistically confirming the presence of national patterns through objective, data-based
classification. As opposed to previous studies that relied on qualitative typologies or
case studies based on self-report, our approach allows for a proper multivariate anal-
ysis of empirical performance data. Furthermore, the limited instances of dispersion
or misclassification merit particular consideration, as they have the potential to unveil
either original deviations or lacunae in local implementation. The greater the dispersion
observed among certain European countries, it may be indicative of both the hetero-
geneity of urban traditions and the varying degrees of central government intervention
in smart city policy.

The use of LDA is a powerful method for distinguishing among national smart city
models and represents a valuable resource for comparative studies as well as policy
evaluation. These results are likely to shape more holistic and context-sensitive smart
city strategies by emphasizing the structural similarities and differences within as well
as across nations.
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5 Conclusions

This study demonstrates that smart cities are not isolated contexts but are deeply embed-
ded in national scenarios. Using linear discriminant analysis (LDA), we confirmed that
smart cities can be successfully separated into their respective countries on six key
dimensions of smartness. The high accuracy of classification, stable posterior probabil-
ities, and evident group separation in the canonical plot all provide strong evidence for
the existence of nationally homogeneous smart city models.

These findings reinforce the hypothesis that national policies, institutions, and sys-
tems of governance significantly influence the way in which cities approach smart devel-
opment, in line with New et al. (2017). In countries with centralized strategy and efficient
coordination capacities, cities are more uniform in their profiles. Conversely, coun-
tries with decentralized government or fragmented urban policies tend to show greater
heterogeneity among their cities.

Methodologically, the article under consideration pays particular emphasis to the
strength of LDA as an empirical validation of theoretical hypotheses in smart city studies.
The integration of canonical structure, classification accuracy, and multivariate signifi-
cance testing is a robust platform for the discovery of latent structures in multivariate data
sets. The practical applications of the research findings are highlighted. For policymak-
ers, awareness of the degree of national cohesion in smart city development can allow for
more targeted and strategic interventions. National governments can use this knowledge
to better align policies, share best practices between cities, and even out disparities. Fur-
thermore, the framework applied in this research offers researchers a convenient starting
point to undertaking more comparative studies longitudinally, regionally, and across
policy regimes.

It is crucial that future studies explore longitudinal trends to quantify the temporality
of such national profiles and the effects of individual policy instruments and funding
schemes. Furthermore, including Global South cities in the analysis would enable one
to assess the formalizability of these trends and to detect potential smart city typologies
in the world.

References

Agboola, O.P., Bashir, EM., Dodo, Y.A., Mohamed, M.A.S., Alsadun, I.S.R.: The influence of
information and communication technology (ICT) on stakeholders’ involvement and smart
urban sustainability. Environ. Adv. 13, 100431 (2023)

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

Batoég, B., Batég, J.: The application of discriminant analysis to the identification of key factors of
the development of Polish cities. Acta Univ Lodz Folia Oeconomica. 4(343), 181-194 (2019)

Bogdanov, O., Jeremi¢, V., Jednak, S., Cudanov, M.: Scrutinizing the smart city index: A
multivariate statistical approach. Zb Rad Ekon Fak Rij. 37(2), 777-799 (2019)

Caragliu, A., Del Bo, C., Nijkamp, P.: Smart cities in Europe. J. Urban Technol. 18(2), 65-82
(2011)

Chan, G.: China’s Digital Silk Road: Setting Standards, Powering Growth. Edward Elgar
Publishing, Cheltenham (2022)



Discriminant Analysis of Smart City Profiles Across Countries 443

Ciacci, A., Ivaldi, E., Gonzélez-Relaiio, R.: A partially non-compensatory method to measure the
smart and sustainable level of Italian municipalities. Sustainability. 13(1), 435 (2021)

Dameri, R.P., Benevolo, C.: Governing smart cities: An empirical analysis. Soc. Sci. Comput.
Rev. 34(6), 693-707 (2016)

Dameri, R.P., Benevolo, C., Veglianti, E., Li, Y.: Understanding smart cities as a glocal strategy:
A comparison between Italy and China. Technol Forecast Soc Change. 142, 2641 (2019)
Deren, L., Wenbo, Y., Zhenfeng, S.: Smart city based on digital twins. Comput. Urban Sci. 1, 1-11

(2021)

Eskantar, M., Zopounidis, C., Doumpos, M., Galariotis, E., Guesmi, K.: Navigating ESG com-
plexity: An in-depth analysis of sustainability criteria, frameworks, and impact assessment.
Int. Rev. Financ. Anal. 95, 103380 (2024)

Fatima, A., Abbas, S., Asif, M., Khan, M.: Optimization of governance factors for smart city
through hierarchical Mamdani type-1 fuzzy expert system empowered with intelligent data
ingestion techniques. EAI Endorsed Trans Scalable Inf Syst. 6(23), 157795 (2019)

Giffinger, R., Fertner, C., Kramar, H., Kalasek, R., Pichler-Milanovi¢, N., Meijers, E.: Smart
Cities: Ranking of European Medium-Sized Cities. Vienna Univ Technol, Vienna (2007)

Gracias, J.S., Parnell, G.S., Specking, E., Pohl, E.A., Buchanan, R.: Smart cities—A structured
literature review. Smart Cities. 6(4), 1719-1743 (2023)

Grossi, G., Welinder, O.: Smart cities at the intersection of public governance paradigms for
sustainability. Urban Stud. 61(10), 2011-2023 (2024)

Hair, J.F,, Black, W.C., Babin, B.J., Anderson, R.E.: Multivariate Data Analysis, 7th edn. Pearson,
Upper Saddle River (2010)

Hernandez-Ramos, J.L., et al.: Security and privacy in Internet of Things-enabled smart cities:
Challenges and future directions. IEEE Secur. Priv. 19(1), 12-23 (2020)

Houichi, M., Jaidi, F., Bouhoula, A.: Analysis of smart cities security: Challenges and advance-
ments. In: 2022 15th Int Conf on Security of Information and Networks (SIN), pp. 01-05.
IEEE, New York (2022)

Ivaldi, E., Ciacci, A.: Smart Sustainable Cities and knowledge-based economy: Policy implica-
tions. Springer, Cham (2023)

Ivaldi, E., Penco, L., Isola, G., Musso, E.: Smart sustainable cities and the urban knowledge-based
economy: A NUTS3 level analysis. Soc. Indic. Res. 150(1), 45-72 (2020)

Javed, A.R., et al.: Future smart cities: Requirements, emerging technologies, applications,
challenges, and future aspects. Cities. 129, 103794 (2022)

Kim, J.S., Feng, Y.: Understanding complex viewpoints in smart sustainable cities: The experience
of Suzhou. China. Cities. 147, 104832 (2024)

Kirimtat, A., Krejcar, O., Kertesz, A., Tasgetiren, M.F.: Future trends and current state of smart
city concepts: A survey. IEEE Access. 8, 86448-86467 (2020)

Lai, C.S., et al.: A review of technical standards for smart cities. Clean. Technol. 2(3), 290-310
(2020)

Lane, B.W.: Significant characteristics of the urban rail renaissance in the United States: A
discriminant analysis. Transp. Res. A Policy Pract. 42(2), 279-295 (2008)

Lombardi, P., Giordano, S., Farouh, H., Yousef, W.: Modelling the smart city performance. Innov.
Eur. J. Soc. Sci. Res. 25(2), 137-149 (2012)

Majeed, U., Khan, L..U., Yaqoob, I., Kazmi, S.A., Salah, K., Hong, C.S.: Blockchain for IoT-based
smart cities: Recent advances, requirements, and future challenges. J. Netw. Comput. Appl.
181, 103007 (2021)

Marchesani, F., Masciarelli, F., Ceci, F.: Digital trajectories in contemporary cities: Exploring the
interplay between digital technology implementation, the amplitude of social media platforms,
and tourists inflow in cities. Cities. 146, 104749 (2024)

MarketsandMarkets (2021) Smart Cities Market by Focus Area—Global Forecast to 2025.



444 T. Fili et al.

Maxim F (2018) The objectives of sustainable development, ways to achieve a better life for
current and future generations. In: Conferinta Internationala de Drept, Studii Europene si
Relatii Internationale, 6(VI):11-23.

Mohamed, N., Al-Jaroodi, J., Jawhar, I., Idries, A., Mohammed, F.: Unmanned aerial vehicles
applications in future smart cities. Technol. Forecast Soc. Change. 153, 119293 (2020)

Mora, L., Bolici, R., Deakin, M.: The first two decades of smart-city research: A bibliometric
analysis. J. Urban Technol. 24(1), 3-27 (2017)

Mora, L., Deakin, M., Reid, A.: Exploring current trends in scientific research on smart
specialisation. Sci. Reg. 18(3), 397-422 (2019)

Nations United: World Population Prospects. Economic and Social Affairs Department, New York
(2019)

Neirotti, P., De Marco, A., Cagliano, A.C., Mangano, G., Scorrano, F.: Current trends in smart
city initiatives: Some stylised facts. Cities. 38, 25-36 (2014)

New, J., Castro, D., Beckwith, M.: How National Governments can Help Smart Cities Succeed.
Center for Data Innovation, Washington, DC (2017)

Pan, S., Zhou, W., Piramuthu, S., Giannikas, V., Chen, C.: Smart city for sustainable urban freight
logistics. Int. J. Prod. Res. 59(7), 2079-2089 (2021)

Penco, L., Ciacci, A., Ivaldi, E.: The entrepreneurial ecosystem in the European Union smartcities.
In: Territorio, inteligencia y sostenibilidad: claves para los espacios regionales, pp. 39-54.
Asociacion Espafiola de Geografia, Madrid (2024)

Penco, L., Ivaldi, E., Ciacci, A.: Entrepreneurial ecosystem and well-being in European smart
cities: A comparative perspective. TQM J. 33(7), 318-350 (2021)

Perifidn-Pascual, C.: From smart city to smart society: A quality-of-life ontological model for
problem detection from user-generated content. Appl. Ontol. 18(3), 263-306 (2023)

Poletti, C., Michieli, M.: Smart cities, social media platforms and security: Online content
regulation as a site of controversy and conflict. City Territ. Archit. 5, 1-14 (2018)

Qureshi, K.N., Rana, S.S., Ahmed, A., Jeon, G.: A novel and secure attacks detection framework
for smart cities industrial internet of things. Sustain. Cities Soc. 61, 102343 (2020)

Rencher, A.C.: Methods of Multivariate Analysis, 2nd edn. Wiley, New York (2002)

Sajjad, M., et al.: Raspberry Pi assisted face recognition framework for enhanced law-enforcement
services in smart cities. Futur. Gener. Comput. Syst. 108, 995-1007 (2020)

Shao, J., Min, B.: Sustainable development strategies for smart cities: Review and development
framework. Cities. 158, 105663 (2025)

Steiniger, S., Lange, T., Burghardt, D., Weibel, R.: An approach for the classification of urban
building structures based on discriminant analysis techniques. Trans. GIS. 12(1), 31-59 (2008)

United Nations Department of Economic and Social Affairs (UN DESA): World Urbanization
Prospects: The 2018 Revision. United Nations, New York (2019)

Xihua, Z., Goyal, S.: Security and privacy challenges using IoT-blockchain technology in a smart
city: Critical analysis. Int. J. Electr. Electron Res. 10(2), 190-195 (2022)



	 Preface
	 Organization
	Keynote Speakers of the INPUT 2025 Conference
	 Senseable Cities
	 Land-value Capture Instruments: Alternative and Conflicting Rationales
	 Seven Questions for Urban AI
	 Contents

	AI and Machine Learning for Urban and Territorial Analysis and Forecast
	AI and Machine Learning for Urban and Territorial Analysis and Forecast

	Integrating Geographically Weighted Regression and Geospatial Clustering for Urban Energy Planning: A Case Study in Naples
	1 Introduction
	2 Background
	3 Methods and Materials
	4 Results
	5 Discussion and Conclusions
	References

	Spatial Crime Impedance: A Machine Learning Approach to Determine Risky Places
	1 Introduction
	2 Background
	2.1 Spatial Crime Impedance
	2.2 Machine Learning Models Applied on Spatial Analysis Through Image Recognition

	3 Materials and Methods
	3.1 Study Area and Datasets
	3.2 Methodological Workflow

	4 Results and Discussion
	4.1 Predicted vs. Actual Results and Model Probabilities

	5 Conclusion
	References

	From Strategy to Implementation: Lexical Analysis of RECs Legislation in the EU and Italy
	1 Introduction
	2 Lexicometric Analysis
	3 Results
	4 Discussion and Conclusions
	References

	Urban Planning in the Age of AI: Theoretical Approaches and Perspectives
	1 AI Adoption in Urban Planning
	2 A Methodological Approach
	3 AI for the Spatial Multi-Criteria Analysis: A Test Study
	4 Conclusions
	References

	Applying Object Recognition AI to Social Media Contents to Improve Cultural Landscape for Sustainable Tourism. The Case Study of the Winter Olympic Games 2026 in Milan
	1 Introduction
	2 Content and Objectives
	3 Method
	4 Identification of Relevant Locations in Milan
	5 Selection of Anonymized Profiles
	6 Recommendation of Personalized Itineraries
	7 Discussion and Conclusions
	References

	New Simulation Methods and Models
	New Simulation Methods and Models

	Simple Structures to Tackle Complex Problems
	1 Introduction
	1.1 Tourism as Spatial Complex System
	1.2 Tourism Ecosystem, Tourism Systems, Destination Areas

	2 Final Remarks
	References

	Not just Urban, no Longer Rural: A Method for Classifying the Contemporary Urban - Rural Areas
	1 The Urban-Rural Distinction and the Degree of Urbanization
	2 Beyond the Urban-Rural Dichotomy: In-Between Territories
	3 Urban and Rural Between Demographic Crisis and New Technologies
	4 An Urban/Rural Classification Method: The Variables at Play
	5 First Results and Research Perspectives
	References

	Hurban Hierarchy Distributions: Zipf vs Sigmoid
	1 Exploring Rank-Size Distribution of Cities
	1.1 Limits of Zipf’s Rank-Size Law
	1.2 A Brief History of 15-Minytes City Concept

	2 The Sigmoid Distribution Function
	2.1 Zipf and Sigmoid (Sig) Distributions
	2.2 Comparison Between Zipf’s Law and the Sigmoid Function

	3 A Statistical Comparison Between Zipf’s Law and Sig’s Law
	4 Conclusion
	References

	Simulating Spatial Coupling of Residential Metro Stations in Shanghai: A Dual-Dimensional Model of Accessibility and Streetscape Experience for Regional Regeneration
	1 Introduction
	2 Literature Review
	3 Data and Simulation Methods
	3.1 Study Area and Subjects
	3.2 Model Indicator and Description
	3.3 Model Analysis Framework

	4 Analysis and Discussion
	5 Conclusion
	References

	Cases, Typologies, and Critical Reflections: Architectural Renewal Strategies in the Bund under the Continuity of Urban Character
	1 Introduction
	2 The Two Eras of Architectural Renewal on the Bund
	3 The Drivers of Renewal
	4 Identifying Renewal Typologies Through Case Study Analysis
	4.1 Analytical Design and Identification Method
	4.2 Typology and Characterization

	5 Typological Analysis
	5.1 The Symbolic Pastiche Typology: Reconstructing Historical Imagery
	5.2 The Symbolic Reinterpretation Typology: A Language of Metaphor
	5.3 The Contextual Integration Typology: Continuity of Fabric and Façade

	6 Conclusion: A Critical Reflection on the Renewal Typologies
	 References

	Cultural Heritage Documentation: Applying Holistic Interdisciplinary Approach for Sustainable Conservation and Management
	1 Introduction
	2 Identification and Documentation of Cultural Heritage
	3 Digital Technologies for Cultural Heritage: Methodologies and Applications
	4 Need for an Interdisciplinary Approach to Cultural Heritage Documentation
	5 A Conceptual Framework for Digital Cultural Heritage Documentation
	6 Digital Heritage Framework in Practice: A Case Study
	7 Conclusion
	References

	Public Spaces and Urban Intelligence. Integration of Social, Physical and Digital Components
	1 Introduction
	2 State. Networks and Identity of Public Spaces
	3 Methodology
	3.1 Expected Results

	4 Discussion. Working Hypothesis for a New Urban Planning
	5 Conclusion. Beyond the Pandemic. Integration of Social, Physical and Digital Components
	References

	Transition’s Management: Ecological, Energetic, Economic
	Transition’s Management: Ecological, Energetic, Economic

	Nature-Based Solutions and Nutrient Retention: An Ontological Approach to Support Spatial Planning
	1 Addressing Nutrient Retention in Agricultural Landscapes
	2 Methods
	2.1 Systematic Literature Review
	2.2 Formal Ontologies

	3 Results
	3.1 Key Findings from the Review
	3.2 OntoNbS-NutriScape

	4 Discussion
	5 Conclusion
	References

	Regulating Ecosystem Services and Climate Neutrality: Evidence from the Campania Region (Italy)
	1 Introduction
	2 Methodologies
	2.1 ESs spatial Analysis and Evaluation
	2.2 Spearman’s Rank Correlation

	3 Results
	3.1 The Spatial Identification of Six ESs
	3.2 Spearman’s Correlations

	4 Discussion and Policy Implications
	References

	Assessment of Ecosystem Services Values of Nature-Based Solutions in Nitrate Vulnerable Zones: The Case of Arborea
	1 Introduction
	2 Case Study
	3 Evaluation Framework for Nature-based Solutions
	4 Cost-Benefit Analysis
	5 Concluding Remarks
	References

	Mapping and Analyzing Ecosystem Service Hotspots and Their Correlations in the Campania Region, Italy
	1 Introduction
	2 ES Mapping and Assessment
	3 Regression Model and Results
	4 Hotspot Delineation
	5 Discussion
	References

	Green vs Biodiverse: The Implementation Gap of the EU 2030 Biodiversity Strategy Goals in European Green Capital Award-Winning Cities
	1 Introduction
	2 Purpose of the Study
	3 Methodology
	4 Results
	5 Conclusions
	References

	3S City (Smart, Safe, Sustainable)
	3S City (Smart, Safe, Sustainable)

	A Policy Brief for the Energy Regeneration of Public Housing Neighborhoods: Insights from a Case Study, Genoa
	1 Introduction
	2 Methodology
	2.1 The PB in Scientific and Grey Literature
	2.2 Proposal for a PB for the Energy Regeneration of Public Housing Neighborhoods

	3 Application, Preliminary Results and Conclusion
	References

	The Knowledge Transfer of Cities as Complex Systems in Sustainable Urban Regeneration in Shanghai
	1 Introduction
	2 Theoretical Paradigm of Cities as Complex Systems
	3 The Knowledge Transfer in Sustainable Urban Regeneration
	4 Regeneration Mechanisms in Transit-Oriented Multi-Station Urban Cores
	5 Conclusion: Toward Integrated Architecture-City
	References

	Assessing Spatial Vulnerability Throughout AHP: Flood Risk of Transportation Network in Pavia Province, Italy
	1 Introduction
	2 Methodology
	3 Results
	4 Discussion and Conclusion
	References

	Applying DPSIR and AHP to Healthy City Planning: Insights from Stradella Case Study (Italy)
	1 Introduction
	2 Materials and Methods
	3 Case Study Application: Stradella Municipality
	3.1 Executing DPSIR to Identify Healthy City Determinants
	3.2 Performing Final Evaluation Using Decision Mentor

	4 Results and Discussion
	5 Conclusions
	References

	A Methodological Proposal about Risk Analysis by the DPSIR Model
	1 Risk Analysis and the DPSIR Framework: A Systematic Review
	2 Defining the DPSIR Components for Risk Analysis
	2.1 Integrating DPSIR and Risk Components

	3 DPSIR in Risk Management, Policy and Planning
	4 Discussions
	4.1 Data Availability: Spatial and Non-spatial Requirements
	4.2 Modeling Complex Systems: Simplification and Multilayer Concept
	4.3 The Response in Planning and Projects: Separation, Complementation, and Integration

	5 Conclusions
	References

	Greening the Industrial Past: A Data-Driven Approach to Urban Brownfield Transformation
	1 Introduction
	2 Literature Review
	3 Methods
	3.1 Case Study
	3.2 Data
	3.3 Methodological Framework

	4 Results
	4.1 Characterisation of Brownfields
	4.2 Transforming Brownfield Sites to Improve Access to Green Spaces

	5 Discussion
	5.1 Planning for Neglected Urban Open Spaces in Post-industrial Cities
	5.2 Outlook

	6 Conclusion
	References

	A Sustainable-Oriented Methodological Framework for the Development and Assessment of Urban Mobility Projects and Public Space. Application to a Case Study
	1 Overview of Existing Literature and Practices
	1.1 The Sustainability of Mobility Projects
	1.2 Projects of Mobility as Public Space

	2 Methodology
	2.1 The Pillars of Sustainability
	2.2 The Structure of the Multi-Criteria Analytical Design Grid
	2.3 Application Method

	3 Application of the Model to a Case Study
	3.1 The Regeneration Project of the San Simplicio Neighbourhood in Olbia
	3.2 Qualitative Assessment

	4 Conclusions
	References

	Impact Assessment of Nature-Based Solutions in Cities: Theoretical, Methodological and Practical Perspectives
	Impact Assessment of Nature Based Solutions in Cities: Theoretical, Methodological and Practical Perspectives

	Do Dense Cities Have Enough Space to Accommodate Nature-Based Solutions? A European Wide Data-Based Approach for Their Spatial Localisation
	1 Introduction
	2 Materials and Method
	2.1 Case Study
	2.2 Methodology

	3 Results
	4 Discussion and Conclusion
	References

	Nature-Based Solutions for Urban Resilience and Regeneration: A Comparative Analysis of Case Studies and Application Perspectives
	1 Introduction
	2 Theoretical and Conceptual Framework
	3 Methodology
	4 Case Studies
	4.1 Copenhagen: Blue and Green Infrastructure for Urban Adaptation and Regeneration
	4.2 New Orleans: Resilience and Environmental Justice in the Post-Katrina Era
	4.3 Additional Experiences: Milan, Singapore, Bogot and Barcelona
	4.4 Comparative Summary of the Case Studies

	5 Discussion
	6 Conclusions
	References

	Application of the InVEST Model to Calculate the Heat Mitigation of Green and Blue Elements in Urban Parks
	1 Introduction
	2 Materials and Methods
	2.1 Study Area
	2.2 Modelling Land Cover Transformation Scenarios
	2.3 Description of InVEST Urban Cooling Model
	2.4 Input Data Sources for InVEST Urban Cooling Model

	3 Results
	4 Discussion
	5 Conclusion
	References

	Fostering Nature-Based Solutions in Urban Planning: Results from a Systematic Literature Review
	1 Introduction
	2 Methods
	3 Results and Discussion
	3.1 Preliminary Analysis and Clustering
	3.2 In-Depth Analysis to Address the Research Questions

	4 Conclusion
	References

	Impact Assessment of Nature-Based Solutions in Cities: Simulation of Urban Aquaponic Systems in Stradella (Pavia, Italy)
	1 Introduction
	2 Literature Review
	2.1 Technological Advancements and Integration with Renewable Energy in Aquaponics
	2.2 Water Quality, Pollution Remediation, and Urban Water Treatment with Aquaponics
	2.3 Socio-economic Drivers of Urban Aquaponics

	3 Methodology
	3.1 Study Area: Stradella (Pavia, Italy)
	3.2 Simulation Model Design

	4 Results
	4.1 Technical Performance
	4.2 Environmental Performance
	4.3 Climatic Context: Monthly Rainfall Profile in Stradella
	4.4 Operational and Logistic Water Demand per Sqm
	4.5 Theoretical Framework and Equations
	4.6 Geographic Applicability and Context-Specific Design of Aquaponic Systems
	4.7 Economic Viability
	4.8 Fish Biomass Growth
	4.9 Water Recycling and Consumption Efficiency
	4.10 Nitrate Production and Nutrient Uptake

	5 Comparison with Similar Studies
	6 Discussion
	References

	The Role of Urban Agendas for Planning and Design the Connectivity of a Sustainable Infrastructure. NBS for the Integrated Projects of the Metropolitan City of Cagliari
	1 Background and Preliminary Steps
	2 The Integrated Projects as Operational Tools of the Metropolitan City of Cagliari Sustainable Agenda
	2.1 The Terramaini Green Wedge as a Connector of the Metropolitan Sustainable Infrastructure

	3 Including and Contextualizing NBS and Indicators in the Implementation and Planning Tools
	3.1 Compatibility with Impact Assessment Standards

	4 Conclusions
	References

	How Is the City Moving? Tracking Flows and Enhancing Planning Policies
	How Is the City Moving? Tracking Flows and Enhancing Planning Policies

	Exploring Mobility Barriers for Deaf Travellers Through Preliminary Survey Findings
	1 Introduction
	2 Method
	2.1 Literature Review
	2.2 Preliminary Questionnaire and Interview Structure

	3 Results
	3.1 Social Characteristics
	3.2 Travel Behavior
	3.3 Barriers and Facilitators

	4 Discussion and Conclusion
	References

	Gaps in Access and Availability of Data for the Georeferenced Description of Mobility Flows and Network Geometry. An Overview of Open-Source Data Availability in Italy: Initial Evidence from the MAC4TI Project
	1 Introduction
	2 Literature Review
	3 Methodology
	3.1 Data Source Research
	3.2 Database Construction

	4 Results and Discussion
	4.1 Datalist Analysis and Data Usability
	4.2 Data Classification
	4.3 Gaps and Structural Limitations for a Geodataset

	5 Conclusion
	 References

	Nudging Sustainable Mobility Data-Sharing: How Digital Applications May Support Targeted Planning Initiatives
	1 Introduction
	2 Green and Digital Nudging
	3 Guidelines for Sustainable Mobility Applications Design
	3.1 SBAM Guidelines

	4 Case Study: GreenGo
	4.1 Engagement Strategies

	5 Discussion and Conclusion
	References

	Chasing Mobility Habits: A Comparative Analysis of Survey Design Processes to Track University Communities Flows in Genoa and Catania
	1 Introduction
	2 Mobility Survey: Purposes and Approaches
	2.1 Genoa
	2.2 Catania

	3 Results
	4 Lessons Learnt and Policy Implication
	5 Conclusions and Future Steps
	 References

	Hide and Track: How Interviews Work for Investigating Users’ Mobility Habits, Genoa Smart City Case-Study
	1 Introduction
	2 Implementing Urban Mobility Surveys: Current State-Of-The-Art and Future Scenarios Forecasting
	2.1 Stated and Revealed Preferences Surveys
	2.2 Delivering Techniques: Telephone, Web or Mobile Interviews

	3 Genoa Smart City Project
	3.1 Description of the Case-Study
	3.2 Investigating Mobility Patterns

	4 Results
	5 Discussion and Conclusive Remarks
	References

	Discriminant Analysis of Smart City Profiles Across Countries: A Multivariate Approach
	1 Introduction
	2 Methodology
	2.1 Dataset and Variables
	2.2 Statistical Method

	3 Results
	3.1 Multivariate Significance and Canonical Functions

	4 Discussion
	5 Conclusions
	 References

	Innovations in the 15-Minute-City Approaches: Conceptual, Data-Driven, and Practical Developments Towards a Sustainable Urban Planning
	Innovations in the 15-Minute-City Approaches: Conceptual, Data-Driven, and Practical Developments Towards a Sustainable Urban Planning

	Fractal Models for Public Transport Optimisation: Facilitating Sustainable Tourism Access to “Cala Mariolu” in Sardinia (Italy)
	1 Introduction
	2 Literature Review
	2.1 Sustainable Tourism
	2.2 Concept of Fractals in Planning

	3 Data and Methods
	3.1 Methodological Framework
	3.2 Study Areas

	4 Results and Discussion
	4.1 Fractal Models
	4.2 Recommendations
	4.3 Applications in Urban Planning

	5 Conclusion
	References

	Mismapped Cities: The Risks of Using Big-Data in Urban Planning
	1 Introduction
	2 Case Study
	3 Datasets and Methods
	4 Results and Discussion
	4.1 Amount and Accuracy
	4.2 Categorisation
	4.3 Implications on 15-Minute City Modelling

	5 Conclusion
	References

	Reframing the 15-minute City Around Secondary Railway Stations: A Case Study of Roma Val d’Ala
	1 Introduction
	2 Literature Review
	3 Material and Methods
	4 Results and Discussion
	4.1 The Val d’Ala Case Study
	4.2 Spatial Assessment Results

	5 Conclusion and Future Developments
	References

	Enhancing Urban Accessibility Through MaaS: Integrating Public Transport and Pedestrian Networks Analysis in the City of Naples
	1 Introduction
	2 Goals of the Work
	3 Methodology
	4 Study Area
	5 Results
	6 Conclusions
	References

	The Development of DRT Services in the Era of Smart and Happy Cities: A Systematic Literature Review (SLR)
	1 Introduction
	2 The Main Factors Influencing the Development of DRTs
	3 Methodology and Results
	3.1 Scientometric Analysis
	3.2 Systematic Literature Review

	4 Discussion
	5 Conclusions and Final Remarks
	References

	Would You Walk Along This Path? Data-Driven Analysis and User Perceptions to Assess Walkability for Happy Cities
	1 Introduction
	2 Materials and Methods
	2.1 Datasets and KPIs Calculation
	2.2 Questionnaire on Pedestrian Mobility Perception

	3 Results of a Comparative Analysis
	4 Discussion and Conclusions
	References

	Beyond 15 Minutes: A Taxonomy for the City of Proximity
	1 Introduction
	2 Method and Materials
	2.1 Focus on Evolution of the Concept Through Most Significative Case Study
	2.2 Thematic Categorization Through Literature Review
	2.3 Taxonomy of X-Minute City Models and Case Study Sample Expansion
	2.4 Visual Mapping Using Ternary Diagram

	3 Results and Interpretive Insights
	4 Discussion and Conclusions
	References

	Circular Economy and Planning. Fostering Energy and Industrial Symbiosis in Cities and Ports
	Circular Economy and Planning. Fostering Energy and Industrial Symbiosis in Cities and Ports

	The Role of Household Power Plants in Circular Municipal Energy Production  Through a Hungarian Case Study
	1 Introduction
	2 Results
	3 Summary
	References

	Sustainable Energy Transition and Carbon Footprint in Italian Insular Context
	1 Introduction
	2 Method
	3 Case Study
	4 Results
	5 Discussions and Conclusions
	References

	Circular Economy, Industrial Symbiosis, Business Model Innovation and the Transition to Innovation Ecosystems. How Different Size Firms can Collaborate Fostering a Sustainable Business?
	1 Introduction
	2 Theoretical Background and Literature Review
	2.1 Innovation and Spatial Diffusion
	2.2 Industrial Localization and Innovation: Districts and Clusters
	2.3 Networks of Firms: Business and Cross-Sector Collaborations
	2.4 Innovation Circular Ecosystems and Industrial Localization

	3 Results and Discussion
	3.1 The Business Model Innovation Path within Circular Economy and Industrial Symbiosis - the Product Life Cycle

	4 Conclusion
	References

	Analyzing Urban Traffic Flows and Travel Patterns Using Automated Video-Based Classification
	1 Introduction
	1.1 Description of the Pilot Area

	2 Methods
	3 Results
	4 Discussion and Conclusion
	 References

	Author Index

