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Abstract: As urban challenges intensify amid rapid growth, climate change, and resource scarcity,
aligning smart city development with sustainability goals has become a global imperative. This study
presents a bibliometric analysis of 615 publications indexed in Scopus from 2012 to 2024, exploring
the evolving landscape of research at the intersection of smart cities and sustainability. Using
Biblioshiny and VOSviewer, the study maps co-authorship patterns, keyword co-occurrence, and
thematic structures to identify dominant trends, gaps, and emerging themes. The results reveal a

s

strong focus on core concepts such as “smart cities,” “sustainability,” and “climate resilience,” with
emerging interest in artificial intelligence, big data, and social equity. China, Italy, and Spain lead in
global scholarly contribution, while collaboration networks remain concentrated in the Global North.
Thematic evolution indicates a transition from purely tech-driven frameworks toward integrated,
human-centric approaches addressing inclusivity, resilience, and governance. Despite increased
contributions, social dimensions of sustainability remain unexplored, especially in Global South
contexts. This study offers actionable insights for researchers, urban planners, and policymakers
aiming to leverage digital innovation for inclusive and sustainable urban transformation aligned with

SDG 11 and beyond.

Keywords: Smart Cities; Sustainability; Climate resilience; Urban innovation; SDG 11

1. Introduction

The fast pace of global urbanization creates unprecedented challenges and opportunities for
sustainable development. While cities continue to serve as the primary engines of economic growth
and innovation, they face increasing pressures in terms of climate change, resource consumption,
social inequality, and environmental degradation. The United Nations’ 2030 Agenda for Sustainable
Development, specifically Sustainable Development Goal 11 (SDG 11) — “Make cities and human
settlements inclusive, safe, resilient, and sustainable” - acknowledges the key role of urban
sustainability in the attainment of global sustainable development (Guo, 2024). This necessitates a
cognitive analysis of the contributions the research societies are working towards the achievement of
SDG 11 and associated SDGs. Cities are categorized based on their diverse socio-ecological aspects
that require greater accessibility in view of multidisciplinary approaches that address the intricate
relationships between the environmental, social, and economic dimensions of sustainability
(Macaione et al., 2024). Concurrent to this, research from recent years remarks that urban
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sustainability has developed from the manner of siloed approaches to that of more holistic
frameworks in recognition of the interconnection between various urban challenges (Spiliotopoulou
& Roseland, 2021; Quitzau et al., 2022; Bibri ef al., 2024).

The emergence of smart city approaches, and the technology linked policies has augmented the
complexity of the research in urban sustainability (Rani et al.,, 2021). The combination of digital
technologies and data-driven methods for urban development and related strategies has evoked
innovative opportunities for sustainable development at the same time questioned about its equity
and accessibility (Bachmann ef al., 2022). This technological dimension has spawned many research
streams on how smart city solutions can contribute to multiple SDGs simultaneously.

Resilience to Climate Change and the adaptation efforts are presently the emerging topics in
urban sustainability research. Cities are observed as the crucial contributors to globally responsible
emissions to climate change and, potentially, as leaders in climate action (Sancino et al., 2021; Lin et
al., 2021). The study by Zuccaro et al., (2018) describes the length at which cities are progressively
implementing and integrating approaches to climate resilience that encompass both mitigation and
adaptation strategies to address multiple SDGs. This is because the challenges of urban sustainability
cannot be addressed in isolation.

Greater care and attention have been dedicated to the socio-ecological facets of urban
development in tune with sustainability with respect to the pandemics in 2019  that signified the
need for better research to bring about the existing urban inequalities and vulnerabilities. Further
progressively, research studies on inclusive urban development have emphasized how cities would
ensure sustainability and prepare cities itself for sustainable initiatives that benefit city communities
with its residents in an equitable manner by providing affordable housing, public welfare and
utilities, transportation, and inclusive mobility solutions (Pineo, 2020). Research by Chen (2023)
remarks that smart city says that smart city expansion and progress must ensure sustainable practices
integrating human welfare considering the socio-ecological and surrounding environments. Urban
happiness can guide this, focusing on green spaces, pollution control, and infrastructure
improvements rather than technology-centric solutions (Adel & HS Alani, 2024).

The positive association observed between urban sustainability research and SDG execution is
inevitably essential for any further improvement in the attainment of goals. As discussed, though
SDG 11 has explicitly emphasized sustainable cities and communities, the contribution of urban
sustainability research to the achievement of multiple SDGs at once is also very prevalent. Citing an
example referring to the research on urban green infrastructure which contributes to SDG 11
(Sustainable Cities) (Gelan & Girma, 2021), SDG 13 (Climate Action) (Lombardia & Gomez-Villarino,
2023), SDG 3 (Good Health and Well-being) (Shackleton, 2021), and SDG 15 (Life on Land) (Rozas-
Vasquez et al., 2022). Assessing the associations to understand its impact of research on sustainable
development outcomes.

Regardless of the hike in the number of research studies on urban sustainability (Sharifi, 2020;
Wang & Zhou, 2022; Zeng et al., 2022), a systematic analysis is essential to explore the ways in which
this research landscape has emerged and futuristically how it would advance in the attainment of
SDGs. Bibliometric analysis is a powerful tool for mapping and understanding the structure and
dynamics of scientific research in this field (Pessin et al., 2022; Chandran & Sarath Chandran MC,
2024). The analysis supports the trends, gaps, and opportunities in research by assessing publication
patterns, citation networks and thematic evolution.

Recent bibliometric studies have started exploring specific aspects of urban sustainability
research. For instance, Wang et al., (2023) discussed trends in the research on urban climate resilience,
whereas (A. Ravisankar et al., 2024) through bibliometric analysis discussed how to achieve SDG 11
by attaining rapid urbanization through sustainable cities and sustainability within the frames of
publication and citation trends portraying new emerging themes like sustainability, remote sensing,
and machine learning post-SDG 2030 agenda (Whittingham et al., 2022). Therefore, it is necessary to
conduct the bibliometric analysis of smart cities and sustainability research that identifies how the
collective research of the urban sustainability field can contribute to SDG achievement.

The global spread of urban sustainability research also calls for attention. Though cities in the
Global South face severe challenges with respect to sustainability, the aspect of production is
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observed to be skewed toward institutions in the Global North (Fuhr, 2021). Thus, it is vital to identify
the topographies and the likely inequalities to confirm the guaranteed representation of inclusive
research in this area.

Knowledge co-production and transdisciplinary has evolved as the notable topics of research on
urban sustainability (Kruijf et al, 2022). Research concurrently has progressed including the
participation of several stakeholders, policymakers, and communities, which is considered integral
to the research process (Grill, 2021). The trend observed in research towards a higher participatory
method reflects the fact that successful solutions for urban sustainability require diverse perspectives
and forms of knowledge. The temporal development of urban sustainability research is also
important. With the adoption of the SDGs in 2015, there is a clear growth in research focusing on
SDG targets and indicators (Michalina et al., 2021). Nonetheless, this does not suggest that there has
been such research having impacted policies and practices much or has a significant contribution
toward the SDGs (Sianes et al., 2022).

Innovative methodologies have also transformed urban sustainability research (Birsu Ece Kaya
& Ikbal ERBAS, 2023). Big data analytics, Al, and other advanced computational methods have been
integrated to provide new avenues for understanding and addressing urban sustainability challenges
(Bibri et al., 2024). The urgency of urban sustainability challenges, combined with the approaching
2030 deadline for the SDGs, makes it particularly important to understand how research is
contributing to sustainable urban development (Patel et al., 2024). This understanding can help to
identify research gaps, promote more effective resource allocation, and guide for future research
priorities.

Related Studies

The last several decades have experienced growth in diversified research works, mainly due to
novel contributions related to smart cities and sustainability (Table 1) creating knowledge areas
which could enhance information related to appropriate urban development policies, use of
technologies, and sustainability principles in their processes.

Table 1. Recent studies related to Smart Cities and Sustainability.
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The findings from the recent studies point toward the direction and dynamic nature of research

into smart cities and sustainability, underpinned by technology integration, governance, and

environmental principles in making complex solutions for urban challenges. In this light, the present

study seeks to answer the following research questions:

RQ1: How the concept of ‘Smart Cities and Sustainability” developed over the past decades?
RQ2: Who are the key contributors to Smart Cities and Sustainability research?
RQ3: What are the emerging themes and future directions for research in Smart Cities and
Sustainability?
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2. Literature Review
2.1. Overview of Urban Sustainability Research

Urban sustainability research has witnessed drastic changes in the last decade in response to a
global phenomenon known as urbanization and an unprecedented demand to meet issues such as
climate change, depletion of resources, and socio-economic inequalities (Li et al., 2022). According to
the United Nations SDGs, with a specific reference to SDG 11, cities need to become inclusive, safe,
resilient, and sustainable (Diaz-Sarachaga et al., 2018). The focus on sustainability and urban
development has instilled research interest among scholars to work on this topic, bringing more
research outcomes in this area. Recent research studies show that the role of cities is dual in nature
contributing as sources and solutions to sustainability challenges, urging more integrated methods
to support urban planning with technological innovations and imperatives (Spiliotopoulou &
Roseland, 2021; Quitzau et al., 2022; Chen, 2023).

2.2. Research Clusters and Key Themes
2.2.1. Smart Cities and Sustainability Indicators

Smart City agendas combined with sustainability indicators have recently gained much
attention. Digital technologies are Digital technologies are used in smart city frameworks to improve
urban efficiency and manage sustainability goals with its inclusivity, resilience, and environmental
balance (Quijano et al., 2022). Bibliometric analysis emphasize that metrics should quantify social
inclusiveness, environmental health, and economic resilience effectively so that technology can
meaningfully contribute to more equitable outcomes (Chandran et al., 2024). Studies recommend that
there has been a transition towards “smart sustainable cities,” in which technology advancement is
steered with equity-oriented and environmentally conscious approaches (Sharifi et al., 2024).

2.2.2. Climate Resilience and Urban Adaptation

Climate resilience has become an emerging central theme in the urban sustainability research.
Cities are taking on a set of integrated mitigation and adaptation strategies that can help them reduce
vulnerabilities and build up their resilience to climate-related shocks (Jaiswal et al., 2024). Various
studies have, including urban infrastructure and governance systems, identified the relevance of
indicators in a resilience-based framework (Suarez et al., 2024; Ge et al., 2024). In fact, more recent
studies point to green infrastructure's ability to reduce urban heat islands (Pereira et al., 2023) and
improve air quality (Chandran ef al., 2024) which further helps meet several SDGs (Tate et al., 2024).

2.2.3. Inclusivity and Equity in Urban Development

Inclusive urban development has gained prominence, especially in light of the socio-economic
disparities accentuated by the COVID-19 pandemic (Prabhakar, 2024). Studies advocate for
frameworks that prioritize affordable housing, accessible public spaces, and equitable mobility
solution (Suarez et al., 2024). This complements the focus on addressing equity and access challenges
in urban sustainability by emphasizing that integrating social justice into these frameworks is
essential for achieving truly inclusive and sustainable urban environments (Mohapatra ef al., 2024).

2.2.4. Geographical and Methodological Insights

Much attention is observed about the geographical disparity seen in urban sustainability
research with institutions in the Global North contributing excessively to the literature (Gelan &
Girma, 2021). Despite the pressing challenges faced by cities in the Global South, research outputs
remain concentrated in regions with greater access to funding and institutional resources (Fuhr,
2021). It is observed methodologically, big data analytics, machine learning, and the adoption of the
bibliometric approach has facilitated research on the trends to trace emergent themes in this area
(Nageye et al., 2024).

Although significant progress has been achieved, critical gaps remain in the integration of smart
city and sustainability research. A large proportion of the frameworks lack the inclusiveness needed
to address socioeconomic gaps, and transdisciplinary approaches are underrepresented in focusing
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on stakeholders outside academia. Hence, the present study aims to bridge the above gaps through
a comprehensive bibliometric analysis of smart cities and sustainability research. By mapping the
intellectual structures and identification of key trends, the study thus aligns with the research
objectives of exploring contributions to the SDGs. Further the study emphasizes actionable insights
for policymakers and practitioners to drive urban sustainability while addressing gaps in equity,
inclusivity, and environmental resilience.

3. Materials and Methods

3.1. Bibliometric Literature Review

A systematic literature review approach was adopted with the help of PECO (Population,
Exposure, Comparator, and Outcome) approach (Morgan et al., 2018) for the specification of the
domain. The focus in on areas within the domain that include both direct and indirect indicators,
which effectively address the core themes surrounding smart cities and sustainability. The intentional
application of the PECO approach ensured a standardized and replicable review protocol, hence
aligning methodology with the thrust of the study to address the sustainability challenges in
advancing SDG 11 objectives (A. Ravisankar et al., 2024). The literature gathering process began from
a set of keywords that have been informed by foundational works within the domain. We utilised
the Scopus database, known for its strong citation coverage and frequent use in bibliometric analysis.
Our procedure started with a keyword search of “smart cities”, “sustainable cities, “sustainable
development” and “smart communities” within the Scopus database, focusing on the “title of articles,
abstract and keywords” field. This has helped to gather the dataset that closely matches the scope of
objectives set to investigate sustainable urban development and its contribution to the attainment of
SDG 11. The initial set of keywords in Scopus database was the inclusion criteria which is depicted
in Table 2 and Appendix L.

Table 2. Criteria for selection of articles from Scopus Database.

Inclusion Criteria Exclusion Criteria
Peer reviewed studies Duplicate studies
English No other languages
Title, Abstract and keywords related to smart In print / SSRN / In Press / Patents

cities, sustainable cities and communities,
sustainable development

Document reporting indicators including Documents without indicators
review papers, conference papers.

The search was restricted to documents classified as journal articles, in the language of English,
and of the document type “article, books, reviews, conference papers”. The search results showed
that there was an average annual growth rate of 45.09% in research articles published in 314 journals,
197 conference papers, 70 book chapters, 21 reviews, 9 conference reviews, and 3 books, between 2012
and 2024 (Table 3). A comprehensive review of article titles and abstracts was carried out to narrow
it down to relevant materials on sustainability, smart cities and communities and sustainable
development. From there, 1,721 articles were short-listed, narrowed down to this pool of documents,
where it was selected through the inclusion criteria of articles demonstrating indicators with their
units or having descriptive explanations that were found relevant for the study. Hence, the final
screening process yielded a total of 615 articles for inclusion in the study with an average of 18.85
citations per document. These 615 research papers formed our final dataset depicted in Fig. 1.

Table 3. Overview of Bibliometric Review — Scopus database from 2012 — 2024.

Description Results
Timespan 2012:2024
Sources (Journals, Books, etc.) 353

Documents 615
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Annual Growth Rate % 45.09
Document Average Age 4.41
Average citations per doc 18.85
References 25547
Document contents

Keywords Plus (ID) 2948
Author's Keywords (DE) 1763
Authors

Authors 1891
Authors of single-authored docs 66
Authors collaboration

Single-authored docs 70
Co-Authors per Doc 3.41
International co-authorships % 21.3
Document types

Article 314
Book 3
Book chapter 70
Conference paper 197
Conference review 9
Review 22

The dataset showed completeness in main fields: Author, Journal, Document Type, Publication
Year, Language, Title, and Total Citations. Other fields considered for the study were Affiliation,
Abstract, Cited References, Corresponding Author, and Keywords. This robust dataset provides a
solid foundation for the study.
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keyword |, "smart city” ) OR limit-to ( exact keyword |, “sustainable development” ) OR § TEEr rEVIEWed.
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to ( subj area , "mult* ) ) AND ( limit-to { doctype , "ar” ) OR limit-to { doctype , "ep" ) ).
Second Filtration g
1721 Articles s Publication year copus
Third Filtration Fourth Filtration
e Reading Title, abstracts, 1123 Articles s Documents  reporting
and Keywords indicators.
615 Articles

Figure 1. Article selection for bibliometric review using PRISMA Model.

3.2. Data Analysis

Bibliometric analysis was used to find the answer to the research questions as it offers a precise
scientific methodology (Chandran & Sarath Chandran MC, 2024;.Chandran ef al., 2024; Leonardo et
al., 2024) that starts with core topic identification, helps follow developments in research, maps
collaborative networks, and analyzes publication patterns in order to understand smart cities and
communities’ sustainability research further and avoid an unbalanced empirical reliance that usually
made research streams highly fragmented and contentious. Bibliometric analysis is a technique that
was first employed by Pritchard in 1969 (Pritchard, 1969). It has become widely popular in facilitating
quantitative analysis since its inception.

Bibliometric analysis has not been widely applied in smart cities and sustainability research by
using indexed keywords from multiple authors. However, earlier research has indicated that the
inclusion of unsuitable keywords may influence findings results, particularly in the categorization of
themes and the detection of emerging trends within specific domains of research (Leonardo et al.,
2024). To overcome this limitation, we exclusively focused on titles, keywords and abstracts that help
improve the accuracy and reliability of results and also provide a very robust framework for scientific
analysis.

The collected data was imported to R-studio (R-Programming) (Aria & Cuccurullo, 2017) and
then processed for analysis using the bibliometrix R package (Web Interfaces) (Knell, 2014). In this
step, the application used was biblioshiny for generation of collaboration maps and network analysis.
Dimensions for the research comprised authors, articles, journals, countries, as well as significant
metrics like contributions, keywords, H-indexes, and citations. A particular focus was also given to
collaboration and co-citation networks within authors. Further we developed co-citation plot,
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collaboration plot, thematic map, and thematic evolution map using biblioshiny. On the other hand,
keyword analysis, included co-occurrence mapping, and visualization was done using the word
cloud. Further, we followed the recommendation of Van Eck and Waltman to do the keyword
analysis and bibliometric pairing using the VOSviewer (van Eck & Waltman, 2010).

4. Results
4.1. Collaborations and Scientific Research Production

Figure 2 represents the trend of publications on smart cities and sustainability from 2012 to 2024.
In the initial years of this period, the trend of publication was slow, with minimal growth up to 2014.
However, from 2014 onwards, there was a marked and steady increase in scientific output. The
publications peaked in 2023 with a count close to 100 articles, followed by a slight decline in 2024.
This trend is an indication that there has been considerable interest and recognition of scholars
toward smart cities and sustainable development related to global agendas on sustainability and the
challenges they face in urbanization. Moreover, the annual growth (25.08%) trend also depicts a
significant scholarly focus on these topics.

The international collaboration in smart cities and sustainability research is highlighted in Fig.
3, where Italy and China collaborated with 210 articles, and cooperated with Spain 193 joint
publications. Other significant Collaborations include India and Brazil 113 articles, Indonesia, and
Greece with 72, Malaysia and USA 54, and with China 47. China and India have developed quite
strong networks especially with European and North American peers, highlighting an active role to
address the issues of sustainability. As a major regional player in Oceania, Australia demonstrates
strong networks with Europe, Asia, and the United States. China is clearly the most collaborating
country, exhibiting dense networks of different countries that underline its role as a pioneer in this
arena. This global trend of partnership is testimony to the collective international call to accelerate
research on smart cities and sustainability toward the achievement of the SDGs.

Articles 100

75

50

25

o

2012
2014
2016
2018
2020
2022
2024

Year

Figure 2. Publication Trend — Annual Scientific Production.


https://doi.org/10.20944/preprints202504.0109.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 April 2025

11 of 27

Longitude

Latitude

Figure 3. Country Collaboration Map.

4.2. Top Journals

Table 4 depicts the top significant ten Journals according to their total number of citations in the
topic of smart cities and sustainable development. The findings indicates that, ‘Cities” which is
published by Elsevier, leading at 1,875 citations at the top showing great influence and strength in
the area. Secondly it is recorded by Sustainability with 942 (MDPI), followed by 760 citations for
Sustainable Cities and Society, Journal of Cleaner Production and Energies covers 627 and 289
citations, Smart Cities with 222, Journal of Building Engineering with 186 citations, Social Indicators
Research with 117, International Journal of Public Sector Management 56, Environment and
Urbanisation by Sage with 53 citations. Of the top ten journals, four are published by Elsevier, which
indicates strong presence and leadership in publishing high-impact research in this area. MDPI has
also made significant contributions with three journals included in the list. The representation of
journals from various publishers such as Springer, Emerald, and Sage highlight the interdisciplinary
nature of the research in smart cities and sustainability. These journals have the high citation counts
because of growing scholarly interest and relevance in furthering research toward the fulfillment of
SDGs. The ranking stresses the critical importance of high-impact journals for research contributions
as well as international collaboration in this important area.

Table 4. Top 10 Journals in the order of highest number of citations.

Rank Source Total Citations  Publisher
1 Cities 1875 Elsevier
2 Sustainability (Switzerland) 942 MDPI
3 Sustainable cities and society 760 Elsevier
4 Journal of cleaner production 627 Elsevier
5 Energies 289 MDPI
6 Smart cities 222 MDPI
7 Journal of Building Engineering 186 Elsevier
8 Social indicators research 117 Springer
9 International Journal of Public Sector Management 56 Emerald
10 Environment and Urbanisation 53 Sage

4.3. Top Articles
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Table 5 highlights the most cited articles in the domain of smart cities and sustainable
development, published between 2012 and 2024, emphasizing their critical contributions to the field.
Identifying these highly cited works is essential, as they serve as foundational references and guide
future research directions. In this regard, Ahvenniemi et al. (2017), discussed the conceptual
differences between sustainable and smart cities which stands at the highest number citations i.e., 944
which is ranked as first. The second most cited paper is related to methodology to smart cities model
by Lazaroiu & Roscia, (2012) with 473 citations. Another important work is related to Kaika, (2017)
who examined the implications of resilience and indicators in the context of smart cities with 363
citations. Further the work by Klopp & Petretta, (2017) who studied the complexities and politics
surrounding urban SDG indicators for sustainable cities attracting 325 citations. Of the top five,
Huovila et al. (2019), focused on the discourse on standardized indicators for assessing smart
sustainable cities, with 255 citations. These top-cited works underscore the interdisciplinary nature
of research in smart cities and sustainability, addressing critical themes such as conceptual
frameworks, methodological advancements, circular economy practices, and ICT applications. Their
high citation counts highlight their significant influence and the growing scholarly interest in
advancing sustainable urban development.

Table 5. Most cited Top 10 Journals in Scopus from 2012 and 2024.

Total

Ra Article Citation TePer
nk s Year
1 | What are the differences between sustainable and smart cities? 944 104.89
Definition methodology for the smart cities model 473 33.79
3 | ‘Don’t call me resilient again!": the New Urban Agenda as immunology 363 40.33
.. or ... what happens when communities refuse to be vaccinated with
‘smart cities” and indicators.
4 | The urban sustainable development goal: Indicators, complexity, and 345 38.33
the politics of measuring cities.
5 | Comparative analysis of standardized indicators for Smart sustainable 325 46.43
cities: What indicators and standards to use and when?
6 | Circular economy in the building and construction sector: A scientific 255 51.00
evolution analysis.
7 | ICT and sustainability in smart cities management. 243 24.30
8 | Evaluating Urban Quality: Indicators and Assessment Tools for Smart 219 27.38
Sustainable Cities.
9 | On the evolution of “Cleaner Production” as a concept and a practice. 207 25.88
10 | A critical review of selected smart city assessment tools and indicator 200 28.57
sets.

4.4. Top Authors

We identified 652 different authors from this study. One of the primary objectives of conducting
bibliometric analysis is to identify the core authors within a specific domain who have significantly
contributed to the literature on the subject matter (Donthu et al., 2021). Table 6 presents the leading
authors in smart cities and sustainability, ranked by fractionalized and complete article counts.
Fractionalized counting is used here to provide a more reliable measure of an author’s contributions
when co-authored articles. Based on the analysis, Garau C is the most contributed author with 9
articles and a fractionalized score of 2.50, which reflects the notable contribution to the domain.
Sharifi A ranks second with 7 articles and a higher fractionalized score of 3.83, which indicates
significant individual input across fewer co-authored works. Other authors, like Abu-Rayash A,
Angelakoglou K, Giourka P, and Huovila A, published 4 articles each with fractionalized scores
between 0.68 and 2.50, which reflected different levels of collaboration and individual input. This
study points out the top authors in the literature on smart cities and sustainability and the
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fractionalized scores reflect the level of collaboration that is made in this interdisciplinary field while
identifying key individual researchers who are pushing forward. This analysis provides a basis for
understanding the scholarly landscape and identifying most influential authors whose works are
pivotal for future studies.

Table 6. Top Contributed Authors.

Authors Articles Articles Fractionalized
Garau C 9 2.50
Sharifi A 7 3.83
Abu-rayash A 4 2.50
Angelakoglou 4 0.68
Giourka P 4 0.68
Huovila A 4 1.03
Marsal-llacuna M-L 4 4.00
Nikolopoulos N 4 0.68
Ohri A 4 1.25
Shelestov A 4 0.90

4.5. Thematic Analysis

One of the core objectives of the present study is to identify the thematic base and direction of
smart cities and sustainability research and outline possible avenues for further research. The present
study identifies the top authors in the field which gives a complete overview of the most important
contributors who have been propelling research development. The thematic depth of their
contributions is outlined through the analysis, which is useful for giving an overview of the
interdisciplinary nature of smart cities and sustainability studies. We utilised four analytical methods
for thematic analysis: thematic map analysis (Fig. 5), three field thematic evolution map (Fig. 6), most
relevant author keywords (Fig. 7), and the thematic keyword map (Fig. 8) (Chandran ef al., 2024).
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Figure 4. Keywords Sources of Production Overtime.

The annual production trends of top five leading sources in the field of smart cities and
sustainability are between 2012 and 2024, with a peak contribution between 2016 and 2024 (Fig. 4).
From the journal ‘Sustainability’ presents the highest and most consistent growth, peaking around
2021, as it is one of the leading preferred publication platforms for interdisciplinary research in
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sustainability. This peak period underlines a multidisciplinary approach to addressing global urban
and environmental challenges, driven by the growing global interest in achieving SDGs and
advancing research in smart cities and sustainability practices as supported by Patel et al., (2024).

The thematic map (Fig. 5) provides an overview of the research field in smart cities and
sustainability, categorizing themes based on their centrality and impact. Motor themes, such as smart
city, sustainable city, and indicators, emerge as critical and highly influential areas, driving the
research discourse and shaping advancements in urban sustainability and development. Basic
themes, such as smart city, sustainability, and sustainable development, are the building blocks of
the discipline, providing foundational knowledge but are less dynamic than motor themes. Further,
emerging themes, such as smart cities, sustainability, and sustainable development, indicate areas
that are gaining momentum or losing steam in the research landscape. Interestingly, no distinct niche
themes are identified, suggesting a well-integrated research focus with few isolated high-impact
studies.

'
'
' Motor Themes.
'
'

i
smart city - iconf 63.4%

sustainable cjty - conf 70%
Niche Themes indicators -iconf 33.3%

smart Gity - conf 36.6%
********************************************************************************************** sustainability -conf 58.4%- - ---------------
sustainable development - conf 58.5%

mpact

Emerging or Declining Themes

smart cities - conf 100% %]
sustainability - conf 41.6%

sustainable development - conf 41.5% Basic Themes

Centrality

Figure 5. Thematic Map Coupling. (Source: Field: ‘Author’s Keyword; No. of Words: 250; Minimum Cluster
Frequency (per 1000 documents): 5; No. of Labels: 3; Clustering Algorithm: Walktrap).

Moreover, thematic evolution map (Fig. 6) represents the progression of how research themes
have evolved on smart cities and sustainability; how emerging concepts are developed over time into
central ideas. Initial foundational studies include the works of Huovila et al. and Angelidou M., where
there as the establishment of indicators and frameworks in measuring smart and sustainable cities.
Countries like Spain, Italy, and India are prominent contributors, with their research emphasizing
urban sustainability, technological advancements, and policy frameworks. Over time, themes such
as smart cities, sustainable cities, and indicators have become core ideas, reflecting their central role
in advancing sustainable urban practices. The field has also seen significant interdisciplinary
expansion, with emerging themes like big data, AL and IoT highlighting the growing integration of
technology into sustainability efforts (Gu et al., 2025). Influential authors, including Huovila A.,
Angelidou M., and Bibri S.E., have played a key role in shaping the discourse, transitioning from
exploratory frameworks to widely accepted principles.

The visualization of the most relevant keywords (Fig. 7) reinforces this evidence by finding the
repeated and dominant concepts underlying research landscapes. Keywords such as smart city and
cities (316) and sustainability (106) surfaced most often to indicate their important role in molding
urban innovations and sustainable operations. Other frequently occurring terms consisted of
sustainable development, indicators, and energy efficiency, which imply the integration of
measurement frameworks into resource optimization schemes. Together, these insights recognize all
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the critical focus areas towards progression in sustainable urban practices and alignment with the
overall intent of global sustainability goals (Chandran, 2024).
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Figure 7. Most Relevant Keywords.

Thematic keyword map (Fig. 8) further combines the centrality of concepts like smart city and
sustainable development while mentioning the interaction of technology, environmental priorities,
and governance frameworks in shaping the research. Themes such as sustainability, urban growth,
and urban development highlight efforts toward sustainable urban transformation, while
technological terms like artificial intelligence, big data, and the IoT reflect the growing integration of
advanced technologies. Environmental priorities, including climate change, energy efficiency, and
environmental sustainability, emphasize resource optimization and impact mitigation.
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Figure 8. Thematic Keyword Map.

The most prominent keywords (Fig. 9) depicted the areas of most significant core interest. The
size and color of the boxes in the tree map obtained from the author's keywords represent frequency;
higher frequencies have larger sizes. The top five most frequently occurring keywords are “smart
city” with 312 occurrences (18%), “sustainable development” with 294 occurrences (17%), which
reflects the main focus of the research on integrating sustainability into urban development through
smart city initiatives followed by “sustainability” (71 occurrences, 4%), “urban growth” (64
occurrences, 4%), “decision making” (53 occurrences, 3%), and “urban development” (48
occurrences, 3%), showcasing the diverse aspects of urban transformation and governance addressed
in the literature.

The findings pointed to the fact that research on smart cities and sustainability is
multidimensional but mainly focuses on strategic integration, incorporating sustainability principles
in urban planning, making use of technological innovations, and the socio-economic and
environmental challenges (Leonardo et al., 2024). These highlights the field’s alignment with the
SDGs, offering valuable insights for policy making and economic strategies.
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4.6. Network Analysis

We used Co-word analysis, Co-Citation Network analysis, Global collaboration Network, and
Co-Occurrence Keyword Networks (Chandran & Sarath Chandran MC, 2024) to explore the scholarly
contributions of smart cities and sustainability in greater depth. These findings enhance our
understanding of the field by providing valuable insights into the field of scholarly collaboration and
knowledge dissemination. We further integrated multiple network analysis to form a complete
depiction of the literary scope in this field.

The co-citation network (Fig. 10) captures the interconnected but different research paths,
highlighting contributions of foundational work and emerging interdisciplinary perspectives that
shape the discourse on smart cities and sustainability. The largest cluster (red) shows the well-known
authors Albino V., Caragliu A. and Angelidou M. who significantly contributed the framework area
of smart cities and urban innovations with the biggest citation frequency showing their centrality in
the relevant field. The second cluster (green) includes authors like Huovila A. and Ahvenniemi H.
focused on a group of topics closely related with the red ones, indicating lower intellectual proximity
combined with a weaker thematic fit as well. The third cluster (blue) consists of authors; Bibri S.E.
and Girard P., who used an interdisciplinary research approach, aiming at the sustainable principles
within Smart City framework. This cluster is more distant from the others, suggesting a specialized
but less frequently co-cited research focus.

Further, the global collaboration analysis (Fig. 11) between co-authors, revealing 10 different
clusters. The network shows diverse co-authorship network which is present within the smart cities
and sustainability field. Among the clusters, the largest (blue) cluster indicates key contributors such
as Angelakoglou K., Kourtzanidis K., and Nikolopoulos N., reflecting a highly connected co-
authorship network. The second prominent cluster (orange), with Garau C. and Pinna F. showing
strong collaborative ties. Likewise, the green cluster emphasizes Sharifi A. and Allam Z., while the
red cluster illustrates the collaboration of Ohri A. with others. The small clusters include authors like
Zhang Y. and Wang C. (purple), Yailymov B. and Shelestov A. (brown), and Huovila A. and
Airaksinen M. (green). Such groups represent a more localized or specific collaboration within a
larger field. While the clusters are very dispersed, this indicates that even though several very well-
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defined collaboration networks exist, there is still much to be learned through cross-regional and
interdisciplinary partnering (Leonardo et al., 2024). The visualization of varying degrees of co-
authorship and collaboration suggests the opportunity to extend global partnerships in the field of
smart cities and sustainability.
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Figure 10. Author Co-Citation Network.

The co-occurrence keyword network (Fig. 12) reveals seven distinct clusters, which represent a
particular subfield in the research areas of smart cities, sustainability, and sustainable development.
The largest and most central cluster (red) features keywords like smart city, sustainability, urban
planning, and sustainable city prominently, indicating that these are crucially important to the
research landscape and frequently interconnected. This cluster represents the embedding of core
themes like urban transformation, governance, and indicators within sustainability-focused urban
development. The second largest cluster (blue) contains keywords such as artificial intelligence, big
data, machine learning, and IoT, reflecting the technological progress that underpins smart city
innovations. These terms reflect increasing reliance on data-driven solutions and intelligent systems
in attaining sustainable urbanization. The green cluster focuses on terms such as smart governance,
mobility, and environment, which underlines the operational aspects of smart city implementation
and their alignment with sustainability goals.
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Smaller clusters, such as purple, features assessment tools and urban resilience, indicating their
role in evaluating and strengthening the adaptability of urban systems. Additional clusters that
include orange, which finds some terms like sustainable development goals. Brown cluster focusing
on smart and sustainable cities. These two clusters shine with their special contribution to the broader
discourse. The connections between these clusters above remind us that this is an interdisciplinary
field of practice combining governance, technology, and environmental strategies to solve the
challenge of global urban issues (Suarez et al., 2024).
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Figure 12. Co-Occurrence Keyword Network.

The co-word analysis network (Fig. 13), generated through VOSviewer, points out the
connectivity of key research themes in smart cities and sustainability. The overlay visualization of
keywords with at least five occurrences illustrates their relationship and thematic evolution. The
terms smart city, smart cities and sustainability are central to the network, which reflects their
dominance in shaping the research landscape. Surrounded by these core terms are the close relations
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of concepts such as urban planning, sustainability, indicators, and quality of life, thus reflecting the
leading themes of this direction. The network manifests significant interdisciplinary expansion over
time. Technological advancements such as Al IoT, and big data are moved together, indicating their
growing importance in improving smart city solutions. The focus is on the resource optimization and
ecological sustainability of environmental priorities, which includes climate change, energy
efficiency, and environmental indicators.
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Figure 13. Co-Word Analysis.

The terms that associate to policy framework and the operational strategies are observed to be
sustainable development goals, smart governance, and smart mobility (Fig. 13). Emerging research
directions that the network analysis identifies are digital twins, COVID-19, and electric vehicles, as
shown in the ways recent global challenges and innovations have shaped the field. The usage of
words such as resilience and social sustainability implies greater impact and significance on equity
and adaptability in urban development. The findings suggest that smart city research emerge with
multidisciplinary approach towards technology, environment and social aspects aligning with SDGs
(Alazab et al., 2021). The incorporation of these themes indicates a progressive approach to the
challenge of urban development while ensuring sustainable and inclusive development (Guo, 2024).
These findings highlight the significance of collaborative research and policy in stepping up
innovation and tackling the complex problems in urban life.

5. Discussions

Cities around the world are currently being confronted with unparalleled challenges from
increased urbanization, climate change, and resource depletion (Sancino et al., 2021). The integration
of smart city frameworks with SDGs has, therefore, become a necessity. The present study’s findings
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offer significant contribution into the changing landscape of research on smart cities and
sustainability. The study utilised bibliometric techniques (Pritchard, 1969) to analyze co-citation
(Fig.10), co-authorship (Fig. 11), and keyword co-occurrence networks (Fig. 12) to determine thematic
trends, influential authors (Fig. 6), and emerging areas of interest (Fig. 5 and 6) in the interdisciplinary
field. The results of the study further highlighted the integration of technological (Ullah et al., 2021),
environmental (Michalina et al., 2021), and governance frameworks (Patel et al., 2024) to realize
sustainable urban development.

The thematic analysis (Figure 4) identified the major role for the motor themes on the theme map
like smart city, sustainable city, and indicators. The basic themes that provide the foundational
knowledge for the domain are those that support these motor themes: sustainability and urban
planning. Emerging themes such as big data and Al showed a draining nature of the field (Bibri et al.,
2024) and this transition reflects the growing reliance on intelligent systems to address complex urban
challenges while promoting sustainability (Macaione et al., 2024).

The keyword co-occurrence analysis (Fig. 12) further supports the importance of these themes,
where smart city and sustainability rank as the most connected terms. The emerging keywords such
as smart mobility and resilience indicated a new direction towards more real-world challenges, such
as climate change and social equity (Alazab ef al., 2021). These results clearly reflect the need to adopt
a multi-disciplinary approach in dealing with urban issues as a whole (Leonardo et al., 2024). The co-
authorship network (Fig. 11) shows the key authors who are the most influential ones, like
Angelakoglou K. and Nikolopoulos N., who are connected to the highest collaborative clusters. The
networks showed the international nature of the field which is evident by the dominant contributions
from authors belonging to countries like Spain, Italy, and India. However, the relatively less
connected nature of the smaller clusters’ mentions the potential benefits that could be obtained from
cross-regional and interdisciplinary collaborations in sharing knowledge and creating innovation in
the field (Gu et al., 2025).

The co-citation analysis (Fig. 10) portrays the intellectual structure of the field, by authors like
Albino V. and Huovila A. contributing to the foundations of the discourse. These authors” work forms
a foundation for subsequent studies, particularly for the development of frameworks and indicators
of smart and sustainable cities (Leonardo ef al., 2024). These frameworks are embedded within policy
and practice which continues to define an important frontier for progress in the field. Technological
advancements (Sharifi et al., 2024) became a fundamental driver of research in this field, as reflected
by the dominant usage of keywords like IoT, big data, and artificial intelligence in the co-word
analysis (Fig. 13). It increasingly represents essential tools for optimizing urban systems, enhancing
governance, and improving quality of life in cities (Ge ef al., 2024). This can be shown with the
integration of digital twin technologies and machine learning. Energy efficiency and renewable
sources, (Fig. 5 and 8) represents an improvement in alignment by smart city research with the rest
of global SDG goals (Ahvenniemi et al., 2017). These technologies not only reduce environmental
impacts but also promote economic and social benefits, particularly in underserved urban areas
(Suarez et al., 2024).

The findings of this study have significant implications for policymakers and practitioners
aiming to advance sustainable urban development. The emphasis on themes like SDGs and
governance suggests that aligning research with international frameworks can drive meaningful
progress (Filho et al., 2024). Policymakers should invest more in technology-driven solutions, such as
smart mobility and energy efficiency, to address pressing urban challenges (Zhang et al., 2024). Global
and interdisciplinary collaborations, as indicated in author co-citation analysis (Fig. 11) accelerates
knowledge dissemination and innovation. Partnerships between academia, industry, and
government can create synergies that enhance the practical implementation of research findings
(Saeed Esfandi et al., 2024). The future research should also focus on the open gaps identified in the
keyword analysis, especially those less emphasized about social sustainability and equity. These
dimensions can contribute significant difference in the general understanding of urban challenges
and ensure all segments benefit from the smart city initiatives.

Finally, the study captures the dynamic, interdisciplinary nature of research in smart cities and
sustainability. In this regard, the findings provide a guide for future research and policymaking in
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this field by identifying important themes, influential contributors, and emerging trends (Ullah et al.,
2021). Integrating technology, governance, and environmental strategies will prove to be
indispensable in addressing the complex urban challenges and achieving sustainable development
in cities worldwide.

The insights from this study provide a significant foundation for reshaping urban research
agendas and informing policy frameworks. By identifying underexplored themes such as social
equity, transdisciplinary governance, and Global South inclusion, the study supports city leaders,
urban researchers, and funding agencies in aligning future research and investments with SDG 11
priorities. These findings can guide evidence-based urban policy development that is both inclusive
and future-resilient.

6. Conclusions

The increasing pace of urbanization coupled with mounting sustainability concerns has
propelled smart cities and sustainability to the forefront of global research and policy agendas.
Through a comprehensive bibliometric analysis - the first of its kind in this domain - this study
illuminates the key themes, influential contributors, and emerging trends that have shaped the field's
evolution. The findings reveal a deeply interdisciplinary research landscape characterized by the
convergence of environmental strategies, technological innovation, and governance frameworks to
address complex urban challenges. Smart cities’ sustainability and urban development emerge as the
primary motor themes driving the research momentum. The analysis highlights the growing
prominence of cutting-edge technologies like artificial intelligence, big data analytics, and IoT in
pursuing urban sustainability goals.

In addition, the approach has changed from isolated strategies to holistic frameworks that can
address issues such as inclusion, resilience, and equity in the development of a city. In this regard,
the present study focused on how global collaboration works as one of the key drivers for innovation
and knowledge in this context. China, Italy, and Spain had become the leaders and they strongly
contributed to the research on smart cities and sustainability. Even the filed has made significant
progress, there is a need for more cross-regional and interdisciplinary partnerships to be developed
to meet the specific needs of cities within different contexts. As it stands, despite the paces the field
has taken, it is still lacking in some areas, especially in the realms of social sustainability and equity,
which require greater attention in future research. Addressing these dimensions is critical to ensure
that smart city initiatives are inclusive and beneficial to all sections of society, especially the
underprivileged. Policymakers and practitioners should emphasize such frameworks that integrate
sustainability principles with innovative technologies, thereby promoting collaboration between
governments, academia, and industries. Thus, the study contributes to an understanding of the
intellectual structure and thematic evolution of smart cities and sustainability research.

Although the results are insightful, there is a limitation associated with using Scopus only as the
database and geographical representation. Future research can be expanded further to include
databases such as WoS, SSCI, underrepresented regions and emerging contexts, thereby further
enriching the field. These gaps, along with the promotion of innovative solutions, will advance cities
toward becoming more resilient, equitable, and sustainable cities, aligned with global goals for urban
development.
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