o ey z
<@ sustainability ﬂw\p\py

Article
Scientific Landscape of Smart and Sustainable Cities
Literature: A Bibliometric Analysis

Agnieszka Janik'®, Adam Ryszko *© and Marek Szafraniec

Faculty of Organization and Management, Silesian University of Technology, Roosevelt 32 Str.,
41-800 Zabrze, Poland; agnieszka.janik@polsl.pl (A.].); marek.szafraniec@polsl.pl (M.S.)
* Correspondence: adam.ryszko@polsl.pl

check for
Received: 21 December 2019; Accepted: 19 January 2020; Published: 21 January 2020 updates

Abstract: The smart sustainable city (55C) is a concept created in response to problems and challenges
arising from rapid urbanization. This is a relatively new term that is developing dynamically, which
is confirmed by the growing number of publications over recent years. For this reason, this article
presented an up-to-date comprehensive bibliometric analysis to describe and assess the scientific
landscape of smart and sustainable cities literature. The analysis was based on two bibliographic
sources—the Web of Science Core Collection and the Scopus database. It covers publications on the
SSC, as well as documents describing the smart city (SC) and the sustainable city (SuC) concepts
separately. VOSviewer and Biblioshiny were selected as software tools for the bibliometric analysis.
Based on the descriptive bibliometric analysis, quantity and quality indicators were determined
separately for the SC, SuC, and SSC concepts, while the network analysis mapped and covered the
level of multi-faceted scientific cooperation in the field of the SSC research. The analysis results were
intended to familiarize scholars and practitioners with the most prolific authors, sources, institutions,
and countries in the analyzed scientific field, to identify the most influential research channels and
impact from authors, sources, countries, and research topics, to determine major clusters of the SSC
research and also to provide valuable information for further investigation.

Keywords: smart city; sustainable city; smart sustainable city; bibliometric analysis

1. Introduction

A city is a place where a large number of people live and work. It is a human settlement, which
differs from others not only by its relatively great size but also by its functions entrusted by public
administration authorities. According to the United Nations data, the number of city dwellers has
increased significantly over the last century. In 2018, it totaled 55% of the world’s population. It is
expected that this percentage will continue to grow (reaching 68% in 2050), which will be the result of
the ongoing gradual relocation of residents from rural to urban areas in parallel with the increase in
the overall global population. Almost 90% of this increase will occur in peripheral countries [1].

People are moving to urban areas, hoping for better education and better job opportunities and
seeking a higher standard of living. The growing number of city dwellers creates many problems and
challenges that cities now have to face. These problems and challenges include:

e growing demand for land designated for urban development, which results in a reduction in
green areas and agricultural land,

e growing environmental threats due to increased air pollution and bigger amounts of liquid and
solid waste produced by people living in urban areas,

e increasing demand for resources (water, food, fossil energy resources, etc.) due to the growing
needs of urban residents,
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e increasing demand for public services, such as sanitation, public transport, health care,
and education,

e growing number of vehicles, causing congestion and traffic jams, as well as greater air pollution,

e increasing the application of new technologies in the development and management of cities,
which can improve the living conditions of some city residents, but can also socially exclude those
incapable of adopting new solutions.

All these problems and challenges of city life are well-known, and yet people still want to move
from rural to urban areas (especially in peripheral countries). In addition, the bigger number of city
residents, combined with increased wealth of urban communities, will only aggravate the situation.
Therefore, it has become essential to answer the question of how cities should develop and how they
should be managed to meet the challenges of urbanization.

Following the sustainable development concept introduced at the end of the 20th century,
the concept of sustainable city development was created. According to it, a ‘sustainable city’ (SuC)
is a city organized in a way which ‘enables all its citizens to satisfy their own needs and to enhance
their well-being without damaging the natural environment or endangering the living conditions of
other people, now, or in the future’ [2]. Including the principles of sustainable development in the
process of designing, building, and managing cities aims to ensure the economic development of cities
and to reduce inequalities between citizens, to improve the quality of life and also the quality of the
environment [3]. It should be noted that the United Nations Agenda 2030 for the 11th sustainable
development goal (SDG 11) recommends making cities more sustainable, resilient, and inclusive [4].

The growing number of urban residents has caused a significant increase in the demand for
urban services, which, in many cases, cannot be sufficiently and effectively provided using the existing
infrastructure. For this reason, cities began to search for and introduce new intelligent technologies
to fulfill their functions better. This resulted in the implementation of the ‘smart city’ (SC) concept.
According to it, a city is smart if it uses clever solutions to thrive and improve the quantity and quality
of public services provided to its residents [5,6]. The implementation of new intelligent technologies is
considered a key factor in solving urban problems, and for that reason, the United Nations Agenda
2030 in the 9th sustainable development goal (SDG 9) recommends increased application of the
information and communication technology (ICT) to build a resilient infrastructure with investments in
irrigation, energy generation, and information and communication technologies [4]. However, it should
be noted that although the implementation of new technologies can bring many benefits to cities,
it can also negatively affect the quality of the environment or the quality of life of inhabitants [7]. It is,
therefore, very important to find such innovative solutions and advanced technologies that will allow
cities of the 21st century to be both smart and sustainable [8].

The above-mentioned approach has become the pillar of the ‘smart sustainable city” (SSC) concept.
According to it, the ‘smart sustainable city is a city that: (1) meets the needs of its present inhabitants
without compromising the ability of other people or future generations to meet their needs, (2) does
not exceed environmental limitations in resource sharing and pollution assimilation, and (3) uses new
information and communication technologies and advanced technologies to support the tasks entrusted
toit’ [9]. The concept has mainly developed in ecologically and technologically advanced countries [10],
but given the fact that in the coming years the largest increase in urban areas will take place in
peripheral countries, it is important that these countries should be able to benefit from the experience
of developed countries in creating smart sustainable cities. Unfortunately, the literature and practice
present varied definitions and dimensions of the SSC, which makes it difficult to understand the concept
unequivocally. For this reason, it is necessary to conduct a thorough analysis to identify the most
interesting research directions of the SSC concept development. Although several articles reviewing
the literature on the SSC have been published in recent years, they focus primarily on reviewing the
SSC definitions and dimensions [6,10,11], trying to find the answer to a research problem defined
in relevant articles [12,13] or carrying out a bibliometric analysis in the field of the SC [14-16] or the
SuC [17,18], based on a selected single bibliographic database. There are also publications presenting
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the results of a bibliometric analysis carried out in the field of the SSC [19], but they focus on general
results from a few years ago, which undoubtedly needs expansion and updating due to the significant
increase in the number of the latest SSC publications. Therefore, this paper presented a comprehensive
quantitative evaluation of the SSC scientific landscape, based on the development of the SC and the SuC
literature, in particular. The detailed and longitudinal bibliometric analysis of the SSC research filled
the gap identified in rigorous, systematic, and objective examination of the global patterns and trends
of research in this field from multiple perspectives. It was based on two bibliographic sources: the Web
of Science (WoS) Core Collection and the Scopus database. Three types of bibliometric indicators were
used: quantity indicators (for measuring productivity), quality indicators (for measuring the impact),
and structural indicators (for measuring the connections) [20]. A network analysis (i.e., co-keyword
analysis, co-authorship analysis, and co-citation analysis) was also performed, and major clusters of
the SSC research were identified.
The results achieved in the analyzed domain would enable researchers and practitioners:

e  toknow the most prolific authors, sources, institutions, and countries in the analyzed scientific field,

e to identify the most influential research channels and impact from authors, sources, countries,
and research topics in the SSC literature,

e to determine how the SSC publications are clustered,

e  to provide valuable information for further investigation and to determine publication strategies.

The structure of this paper is as follows: Section 2 is an overview of the SC, SuC, and SSC
definitions. The research methodology is described in Section 3. Section 4 presents the results and
discussion of the bibliometric analysis. Finally, Section 5 offers conclusions and indicates possible
directions for future research and limitations.

2. Towards Smart and Sustainable City—Literature Review

The SSC concept is derived from the combination of the SC and the SuC. It is conceptually difficult
to describe, mainly due to the diversity of definitions of the SC and the SuC. Therefore, to present the
essence of the SCC, it is necessary to explain the meaning of the SC and the SuC concepts.

The term ‘smart city’ (SC) was first used in the early 1990s in connection with the growing
significance of new information and communications technologies (ICT’s) and modern infrastructures
within cities. It has gained greater attention since 2008 due to the launch of the IBM Smarter Planet
project [21]. Since then, the concept has evolved, resulting in a variety of SC definitions. Being a
multifaceted, wide-ranging, and rather fuzzy notion, it is used in ways that are not always consistent.
According to Hall et al. [22], the SC ‘monitors and integrates the conditions of all of its critical
infrastructures ( ... ), can better optimize its resources, plan its preventive maintenance activities,
and monitor security aspects while maximizing services to its citizens’. Giffinger et al. [23] claimed that
the SC is “a city well performing in a forward-looking way in economy, people, governance, mobility,
environment, and living, built on the smart combination of endowments and activities of self-decisive,
independent, and aware citizens’. Harrison et al. [21] considered the SC as ‘an instrumented,
interconnected, and intelligent city, connecting the physical infrastructure, the IT infrastructure,
the social infrastructure, and the business infrastructure to leverage the collective intelligence of the
city’. Kourtit and Nijkamp [24] pointed out that SC is ‘the result of knowledge-intensive and creative
strategies, aiming at enhancing the socio-economic, ecological, logistic, and competitive performance’.
Yigitcanlar et al. indicated that the SC is ‘an ideal model to build cities based on a systemic approach,
which includes sustainable and knowledge-based development activities to generate desired outcomes
and future for all humans and non-humans’ [13,25]. It seems to be evident that there is no commonly
shared definition of the SC. However, there used to be two mainstream approaches to the concept:
the approach based on ICT and technology, in general, and the people-oriented approach [26].
Nevertheless, the SC notion technocentricity has been criticized recently [13], and it is emphasized
that the development of the SC should be based on a co-creative approach where citizens and other
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stakeholders shape SC services in a collaborative manner [27]. It must be noted that several similar
terms are often used interchangeably with the smart city. These include: “digital cities’, ‘virtual cities’,
‘cyber cities’, ‘networked cities’, ‘intelligent cities’, ‘knowledge cities’, ‘wisdom cities’, “ubiquitous
cities’, ‘real-time cities’, and “hybrid cities’, which combine these names [10]. However, these terms
refer to more specific aspects of the city [28]. In this way, the SC concept is wider. It often includes the
terms [29] and focuses on other issues [30].

The term ‘sustainable city’ (SuC) also emerged in the early 1990s. As no single definition of
‘sustainable development” has been accepted, the SuC does not have one common explanation either.
In addition, there are several similar notions often used interchangeably, including sustainable urban,
city sustainability, urban sustainability, sustainable urban development, sustainable city development.
According to Ewers and Nijkamp [31], the SuC is a city, which has the “potential to reach qualitatively a
new level of socio-economic, demographic, and technological output, which in the long run reinforces
the foundations of the urban system’. Girardet [2] claimed that the SuC ‘is organized to enable all
its citizens to meet their own needs and to enhance their well-being without damaging the natural
world or endangering the living conditions of other people, now, or in the future’. The United Nations
defines the SuC as a city, which ‘is built on social development, economic development, environmental
management, and urban governance to ensure ‘low ecological footprint” and eliminate the transfer of
economic, social, and environmental hazards to other locations and future generations’ [32]. Hiremath et
al. [33] described the SuC as a city that has achieved a balance between urban development and
environmental protection. In particular, it is a city that, now and in the future, can satisfy the basic
needs of its inhabitants, benefiting all sectors of society [34]. Wang et al. pointed out that the SuC
means ‘improving the quality of life in a city, including ecological, cultural, political, institutional,
social, and economic components without leaving a burden on the future generations’ [18]. In general,
the SuC integrates environmental, economic, and social considerations to achieve goals of sustainable
development. It should provide a safe and healthy urban environment where both people and nature
can develop. It must be noted that there are several terms similar to a sustainable city, including,
for example, ‘eco-cities’, ‘green cities’, or ‘resilient cities’. However, these notions refer to more specific
aspects of the city, so SuC seems to be a wider, more complex concept.

The ‘smart sustainable city’ (SSC) is a new phenomenon, and this notion became widespread in the
mid-2010s. Being relatively new, the phenomenon has been less explored than the SC and SuC concepts.
In general, the SSC is ‘a city that is supported by a pervasive presence and massive use of advanced
ICT, which, in connection with various urban domains and systems and with how these intricately
interrelate, enables cities to become more sustainable and provide citizens with a better quality of
life’ [35]. Dhingra and Chattopadhyay determined the SSC specific goals expected to be accomplished
in an adaptable, reliable, scalable, accessible, and resilient manner [36]. Therefore, the SSC represents
and involves ‘inherently complex socio-technical systems of all sorts of innovation systems’ [35].
In addition, Bibri [37] described the SSC as ‘a holistic urban development approach, which seeks
to explicitly bring together the sustainable city and the smart city as urban endeavors in ways that
address and overcome the key shortcomings of both classes of cities in terms of their contribution
to the goals of sustainable development’. The above-mentioned definitions indicate that the field of
the SSC is inherently interdisciplinary, comprising technological, social, environmental, economic,
cultural, and philosophical perspectives. This is due to the fact that it covers multidimensional
issues related to the development of sustainability awareness, rapid urban growth, and technological
development. However, research on the SSC is in its early stages, and it needs thorough clarification
and operationalization of its characteristics. Nevertheless, the SSC means that SC must contribute to
sustainability, including the environmental, economic, and social goals of sustainable development.
In this regard, Kramers et al. [38] suggested that the SSC concept should be understood ‘as a way of
emphasizing initiatives when smartness is (also) used to promote sustainability’. In addition, Hojer
and Wangel [9] claimed that the SuC becomes smart when it is supported by ICT.
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3. Materials and Methods

The structure of knowledge and the development of research in the fields of smart and sustainable
cities were assessed using bibliometric analysis. The analysis covered publications in the SSC field,
publications describing the SC concept and the SuC notion separately, as well as publications discussing
concepts that some authors connect with SC or SuC, such as the digital city or the green city. The choice
of such a scope of the analysis resulted from the fact that the SC and the SuC concepts had a significant
impact on the development of the SSC concept, and, therefore, they had to be included in the in-depth
analysis of the scientific landscape of the SSC.

The analysis presented in this article was carried out in the following phases:

Phase 1: Study design;

Phase 2: Data collection;

Phase 3: Initial data analysis;

Phase 4: Descriptive bibliometric analysis;

Phase 5: Network analysis;

Phase 6: Conclusions and directions for future research.

In the first phase of the study, online bibliographic databases were reviewed for the possibility
of using them for the research presented in this article. Two bibliographic sources were selected: the
Web of Science (WoS) Core Collection and the Scopus database. These databases provide reliable
and relevant information on scientific work and are most often selected for bibliometric analyses.
All types of scientific papers collected in the WoS and Scopus databases were chosen for the analysis.
Then, the bibliometric analysis software tools were reviewed. As the intention was to combine
information collected in the WoS and Scopus databases, VOSviewer and Biblioshiny were selected as
software tools for the bibliometric analysis. In the next step, a list of the search query words and the
Boolean operators were identified. Aiming to conduct an in-depth analysis, the following query words
were selected:

77

e intheextensive scientific field of the SC concept: “smart city/cities”, “intelligent city/cities”, “digital

"o

city/cities”, “virtual city/cities

” o v "o

cyber city/cities”, “networked city/cities”, “knowledge city/cities”,

“wisdom city/cities”, “ubiquitous city/cities”, “real-time city/cities”, “hybrid city/cities”;

v

e in the extensive scientific field of the SuC concept: “sustainable city/cities”, “sustainable urban”,

/a7 /a7 v /a7

“resilient city/cities”, “eco-city/cities”, “ecocity/ecocities”, “city sustainability”, “green city/cities”,
“urban sustainability”, “sustainable urbanization”, “sustainable city development”, “sustainable
urban development”;

”ou

e intheextensivescientific field of the SSC concept: “smart sustainable city/cities”, “sustainable smart

a7 i v

city/cities”, “smart and sustainable city/cities”, “sustainable and smart city/cities”, “sustainable

”ou Za7i

and smart urban”, “smart and sustainable urban”, “sustainable development of smart city/cities”,

V/a7i

“sustainable development”, “sustainability”.

The words ‘AND’ and ‘OR’” were used as the Boolean operators, resulting in a total of
36 combinations of specific query wording. The lists of query wording instances with relevant
Boolean operators are presented in Tables 1-3. In the last step of this phase, the time span of the analysis
was determined. Initially, no starting publication date was entered in the search. However, due to
the fact that the first publication in the analyzed field (regarding the SuC concept) appeared in 1983,
the timespan was narrowed down to 1983-2020.

In the second phase of the study, the analysis input data was collected. The final item of the data
was retrieved on 30 October 2019 from the WoS and Scopus databases. Various wording combinations
in the publication subject (TS) and the publication title (TT) for the WoS database and in the publication
TITLE-ABS-KEY and in the publication TITLE for the Scopus database were used to identify scientific
publications in the extensive field of the SC, SuC, and SSC concepts. The obtained results are presented
in Tables 1-3.
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Table 1. Results of initial bibliometric analysis of the extensive scientific field of the smart city
(SC)—searching by different query wording.

Web of Science Scopus
. Qw Qw Qw Qw
No. Query Wording (QW) Appearance in  Appearance as  Appearance in  Appearance as
Title of Topic of Title of Topic of
Publication Publication Publication Publication
#1 “smart city” OR “smart cities” 4264 9694 5976 18,695
w0 intelligent c1t.y' O”R intelligent 70 297 74 295
cities
#3 “digital city” OR “digital cities” 193 536 268 817
#4 “virtual city” OR “virtual cities” 117 387 172 601
#5 “cyber city” OR “cyber cities” 14 38 21 74
46 networked c1tvy' O”R networked m 63 28 58
cities
47 knowledge c1t.y' O”R knowledge 104 194 109 234
cities
48 wisdom c1t.y' O”R wisdom 10 28 12 34
cities
49 ubiquitous c1t'y' O”R ubiquitous 21 81 3 119
cities
#10 real-time c1t.y' O”R real-time 17 40 15 31
cities
#11 “hybrid city” OR “hybrid cities” 38 75 55 137
Extensive scientific field of SC (#1 OR #2 OR
#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR 4882 11,075 6752 20,655
#9 OR #10 OR #11)
Publications indirectly related to SC (#2 OR
#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR 628 1603 786 2309
#9 OR #10 OR #11)
Publications directly related to SC covered 4264 9694 5976 18,695

by detailed bibliometric analysis (#1)

Table 2. Results of initial bibliometric analysis of the extensive scientific field of the sustainable city
(SuC)—searching by different query wording.

Web of Science Scopus

Qw Qw aw aw

No. Query Wording (QW) Appearance in  Appearance as  Appearance in  Appearance as
Title of Topic of Title of Topic of
Publication Publication Publication Publication
# “sustainable city” OR 817 2161 860 2678
sustainable cities

#2 “sustainable urban” 1448 4425 1732 5980
#3 “resilient city” OR “resilient cities” 169 404 166 461
#4 “eco-city” OR “eco-cities” 241 561 292 647
#5 “ecocity” OR “ecocities” 30 71 35 100
#6 “city sustainability” 30 108 50 211
#7 “green city” OR “green cities” 193 427 223 630
#8 “urban sustainability” 576 1910 677 2326
#9 “sustainable urbanization” 89 275 101 362
#10 “sustainable city development” 21 82 26 109
#11 “sustainable urban development” 377 1552 467 2272
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Table 2. Cont.
Web of Science Scopus
. Qw Qw Qw Qw
No. Query Wording (QW) Appearance in  Appearance as Appearance in  Appearance as
Title of Topic of Title of Topic of
Publication Publication Publication Publication
Extensive scientific field of SuC (#1 OR #2 OR
#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR 3554 9249 4094 11,990
#10 OR #11)
Publications indirectly related to SuC (#2 OR
#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR 2770 7638 3274 10,034
#10 OR #11)
Publications directly related to SuC covered 817 2161 860 2678

by detailed bibliometric analysis (#1)

Table 3. Results of initial bibliometric analysis of the extensive scientific field of the smart sustainable

city (SSC)—searching by different query wording.

Web of Science Scopus
. QW (0)%Y QW (0)%
No. Query Wording (QW) Appearance in  Appearance as  Appearance in  Appearance as
Title of Topic of Title of Topic of
Publication Publication Publication Publication
# lslmart sustan}able c1t'y. C,),R 38 64 57 108
smart sustainable cities
# lslustalr.lable smart c1tyI C/)/R 33 63 41 83
sustainable smart cities
# fmart and sustau.lable c1t.y. O”R 23 51 o7 66
smart and sustainable cities
4 fustau.lable and smart city’ CZR 3 1 3 16
sustainable and smart cities
“sustainable city” AND “smart
#5 city” OR “sustainable cities” AND 7 159 11 265
“smart cities”
46 iustamable and srpart urban C”)R 7 17 8 1
smart and sustainable urban
“sustainable development of
#7 smart city” OR “sustainable 2 14 3 16
development of smart cities”
“sustainable development” AND
#8 “smart city” OR “sustainable 17 310 23 1031
development” AND “smart cities”
“sustainability” AND “smart city”
#9 OR “sustainability” AND 39 731 48 998
“smart cities”
Extensive scientific field of SSC (#1 OR
#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR 165 1117 215 1804
#8 OR #9 OR)

Publications directly related to SSC covered
by detailed bibliometric analysis

355

489

The final number of publications on SSC
covered by the network analysis

539

The third phase of the study consisted of a preliminary review of the collected data. This was
limited to the records directly related to the SC and the SuC. In the next step, the publications included
in the identified extensive scientific field of the SSC were screened (i.e., titles and abstracts) to indicate
the items directly related to the SSC concept. In addition, the papers defining the SC, SuC, and SSC
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concepts were selected to show the development of individual concepts and their impact on the
development of the SSC concept (this is presented in Section 2).

The database created in this way became the basis for descriptive bibliometric analysis (the fourth
phase of the study). The analysis was carried out separately for scientific papers, describing the
concepts of the SC, the SuC, and the SSC. For each of these concepts, the number of publications and the
total number of citations, the main research areas and research categories, the most productive authors,
sources, countries, and organizations publishing scientific works were determined. The decision
to conduct a separate descriptive analysis for each concept resulted from the fact that the concepts
appeared in different years, which affects the number of published articles or the number of citations
and makes it difficult to perform a joint analysis of all data.

In the fifth phase of the study, a network analysis was performed. To achieve the purpose of the
article, a decision was made to perform the network analysis for the SSC concept data collected from
the WoS and Scopus databases. This analysis was conducted using the VOSviewer (version 1.6.11)
(Centre for Science and Technology Studies, Leiden University, The Netherlands, 2019) and Biblioshiny
(based on R version 3.6.1, Bibliometrix package version 2.2.1)(University of Naples Federico II, Naples,
Italy, 2016) software tools. VOSviewer is powerful at showing networks of structures composed of
many elements based on a distance-based visualization approach. The created networks consist of
nodes and lines. Depending on the subject of the analysis, the nodes are represented, e.g., by keywords,
sources, countries, or authors. The nodes are grouped into clusters (i.e., each node is assigned to
exactly one cluster). The lines represent the relationships between them, e.g., co-occurrence, co-citation.
The number of obtained clusters can be determined (limited) by a clustering parameter (e.g., cluster
minimum size). However, to achieve the highest homogeneity of individual clusters, this was not
the case in the performed analyses. The clustering technique used by the VOSviewer is discussed
by Waltman, Van Eck, and Noyons [39]. The technique requires a relevant algorithm for solving an
optimization problem. For this purpose, VOSviewer uses the smart local moving algorithm introduced
by Waltman and Van Eck [40]. Biblioshiny is a proper tool for presenting general statistics and relations
between the most important scientific collaboration units, using the Three Fields Plot [41]. In the first
step of this phase, the data obtained from the two databases were converted into an appropriate format,
which could be processed using the selected software tool. This made it possible to create a common
database. Then, the data was cleaned by removing duplicates and misspelled elements. This enabled
the determination of the final number of publications covered by the network analysis (539 items).
The network analysis was divided into three parts: (1) Word, keyword, and co-keyword analyses;
(2) Scientific collaboration mapping; (3) Top authors, sources, and keywords relations. Word, keyword,
and co-keyword analyses are methods of describing and visualizing the structure of scientific fields
of a particular group of publications [42]. The level of scientific collaboration is measured, among
others, by citation and co-citation analyses [41]. Therefore, scientific collaboration was mapped and
analyzed using the results of the co-authorship network of countries and the citation network of
authors, countries, and sources. Top authors, sources, and keywords relations were developed using
the Three Fields Plot of the Biblioshiny package. The tool makes it possible to visualize the main items
of three selected fields (e.g., authors, authors” keywords, sources) and show how they are related using
a Sankey diagram. As for the network analysis, it was assumed that the networks would contain a
maximum range of information. Therefore, the boundary conditions were always set to the minimum
(1 occurrence/citation). Only in the network of keywords’ co-occurrence, was the threshold set to 3
(occurrences) to make the network legible and draw attention to the most significant elements, relations,
and structures thereof.

The final phase of the study included the presentation of conclusions on academic trends and
directions for future research in the SSC field.

All the phases of the study presented in this article are shown in Figure 1.
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Phase 1: Study design

1.1.

Selection of databases with bibliometric data:
the WoS and Scopus

1.2

Selection of software tools for analysis:
VOSviewer and Biblioshiny

1.3.

Selection of query wording and boolean operators:
combinations presented in Table 1, Table 2 and Table 3

1.

'S

. Selection of timespan:

1983-2020

v

Phase 2: Data collection

2.

-

. Data collection on publications in the field of SC literature:

11 075 publications in the WoS and 20 655 publications in Scopus

2.2

Data collection on publications in the field of SuC literature:
9 249 publications in the WoS and 11 990 publications in Scopus

2.3.

Data collection on publications in the field of SSC literature:
1 117 publications in the WoS and 1 804 publications in Scopus

v

Phase 3: Initial data analysis

3.1.

Determination of publications directly related to:
SC: 9694 in the WoS and 18 695 in Scopus
SuC:2 161 in the WoS and 2 678 in Scopus
SSC: 355 in the WoS and 489 in Scopus

3.2

Identification of publications describing definitions of SC, SuC and SSC

v

Phase 4: Descriptive bibliometric analysis

4.1.

Descriptive bibliometric analysis of SC research:
the number of publications and total citations, the main research areas and categories of
studies, the most productive authors, sources, countries and organizations

4.2

Descriptive bibliometric analysis of SuC research:
the number of publications and total citations, the main research areas and categories of
studies, the most productive authors, sources, countries and organizations

4.

(%)

. Descriptive bibliometric analysis of SSC research:

the number of publications and total citations, the main research areas and categories of
studies, the most productive authors, sources, countries and organizations

5.1.

5.2
5.3.

5.4.

5.

a1

5.6.

v

Phase 5: Network analysis of the SSC research

Converting data from the WoS and Scopus databases to appropriate format for
the bibliometric tools used in the study

Merging of data from the WoS and Scopus databases

Data reduction:

exclusion of duplicates and misspelled elements - the final number of publications
covered by the network analysis — 539 items

Keywords and co-keywords analysis:

most frequently used words, author keywords dynamics, co-occurrence,
network of authors’ keywords
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4. Results and Discussion

4.1. Descriptive Bibliometric Analysis of the SC Publications

The analysis resulted in 11,075 and 20,655 publications indexed in the WoS and the Scopus
database, respectively, covering the extensive scientific field of the SC (Table 1). The detailed analysis
that followed was focused on publications directly related to the SC, i.e., publications where the term
‘smart city’ or ‘smart cities” appeared as the topic or part of the title. The above-mentioned query
wording was revealed as the publication topic in 9694 records listed in the WoS database (including
three main document types: 5107 proceedings papers, 4081 articles, and 498 book chapters) and
18,695 records indexed in the Scopus database (including 11,910 proceedings papers, 4697 articles,
and 800 book chapters). Considering the analyzed query wording in the publication title, there were
4264 such publications indexed in the WoS database (including 2130 proceedings papers, 1762 articles,
and 321 book chapters) and 5976 publications listed in the Scopus database (including 3058 proceedings
papers, 2023 articles, and 415 book chapters).

Table 4 presents indicators of publication activity related to the SC concept based on records
included in the WoS and Scopus databases. It covers the number of publications (i.e., annual and
cumulative) for the period of 1991-2020 and the number of citations that these items have received.
The data indicated that from 2010 to 2019, the number of publications on the SC and of relevant
citations increased considerably.

Table 4. The number of publications and total citations related to the SC literature.

Web of Science Scopus

Year Number of Cumulative Number Total Number of Cumulative Number Total

Publications of Publications Citations  Publications of Publications Citations
1991 1 1 0 0 0 0
1992 0 1 0 0 0 0
1993 1 2 0 0 0 0
1994 0 2 3 0 0 0
1995 0 2 6 0 0 0
1996 0 2 1 0 0 0
1997 0 2 0 1 1 0
1998 0 2 0 1 2 0
1999 4 6 0 4 6 1
2000 1 7 0 18 24 8
2001 1 8 0 0 24 8
2002 1 9 1 2 26 11
2003 0 9 1 2 28 5
2004 1 10 0 1 29 18
2005 0 10 1 1 30 16
2006 3 13 0 3 33 13
2007 1 14 2 1 34 10
2008 3 17 6 6 40 28
2009 8 25 19 18 58 35
2010 15 40 22 36 94 44
2011 48 88 36 124 218 137
2012 90 178 89 217 435 317
2013 271 449 248 486 921 884
2014 527 976 897 797 1718 2261
2015 1046 2022 2364 1187 2905 4690
2016 1611 3633 4735 1931 4836 8556
2017 2289 5922 9260 4190 9026 15,194
2018 2316 8238 14,946 5307 14,333 27,792
2019 1450 9688 16,979 4236 18,569 34,094
2020 6 9694 78 126 18,695 1162

The search for the term ‘smart city” or ‘smart cities” in the WoS and the Scopus database returned
the first reference to it in 1991 [43] and in 1997 [44], respectively.
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The most cited article on the SC in the WoS database, with 1425 citations, was ‘Internet of things
for smart cities” written by Zanella et al. [45]. In the second place was ‘Smart cities in Europe’ written
by Caragliu et al. [5], cited 722 times. The study by Botta et al. [46] ‘Integration of cloud computing and
internet of things: A survey’ appeared in third place with 509 citations. The most cited publication on
the SC in the Scopus database, with 2264 citations, was ‘Fog computing and its role in the internet of
things’ [47]. Interestingly enough, this paper was not indexed in the WoS database. In the second place
in the Scopus database was ‘Internet of things for smart cities’ [45], with 1917 citations. ‘Smart cities in
Europe’ [5] took third place with 913 citations. Tables A1l and A2 in Appendix A show the most cited
publications on the SC in the WoS and Scopus databases. It should be noted that most studies on the
lists with the highest number of citations were from the period of 2011-2016.

In the next step, the main research areas and categories of studies on the SC were identified, together
with sources and authors with the most substantive contributions to the literature. Moreover, the most
productive countries and organizations in the field were indicated. The analysis results showed that:

e Studies on SC covered diverse research areas. According to the WoS database, these areas
included, in particular, Computer Science (4615 records with 47.6% of all publications on the
SC), Engineering (3970, 41%), and Telecommunications (1969, 20.3%). Considering the WoS
categories, the most popular were Engineering Electrical and Electronic (3334 records in the
WoS database with 34.4% of all publications on the SC), Computer Science Information Systems
(2062, 21.3%), and Telecommunications (1995, 20.6%). Moreover, the SC publications covered the
following subject areas in the Scopus database: Computer Science (13,385 records with 71.6% of
all publications on the SC indexed in the Scopus database), Engineering (7306, 39.1%), and Social
Sciences (4678, 25%).

e  Most publications on the SC indexed in the WoS database appeared in IEEE Access (228 items),
Sensors (222), and Lecture Notes in Computer Science (216). The most popular Scopus-indexed
sources were Lecture Notes in Computer Science (653), ACM International Conference Proceeding
Series (562), and HPCC/SmartCity/DSS 2019 Proceedings (383).

e  The most prolific authors with the most frequent contributions to the SC literature in the WoS
database were Neera Kumar (28 publications), Burak Kantarci (25), and Enrique Alba (24). The top
of the list of the most productive authors on the SC in the Scopus database was as follows: Paolo
Nesi (34), Enrique Alba (32), and Schahram Dustdar (29).

e  The most productive countries in the SC literature field indexed in the WoS database were China
(1269 WoS-indexed publications), the United States (1264), and Italy (1175). According to the Scopus
database, the order of the most prolific countries was as follows: China (3613 Scopus-indexed
records), the United States (2254), and India (1740).

e The most active organizations with regard to SC publications indexed in the WoS database were
the Chinese Academy of Sciences (103 WoS-indexed publications), the University of Bologna
(96), and the Polytechnic University of Milan (95). Most SC publications indexed in the Scopus
database were affiliated to the Moscow State University of Civil Engineering (194), the Chinese
Academy of Sciences (187), and the Polytechnic University of Milan (131).

The most productive authors, sources, countries, and organizations in the SC literature field are
presented in Tables A3 and A4 in Appendix A.

4.2. Descriptive Bibliometric Analysis of the SuC Publications

The analysis revealed 9249 and 11,990 records listed in the WoS and the Scopus database,
respectively, covering the extensive scientific field of the SuC (Table 2). The detailed analysis that
followed concerned publications directly related to the SuC, i.e., publications where the term ‘sustainable
city” or ‘sustainable cities” appeared as the publication topic or part of the title. The above-mentioned
query wording appeared as the topic of 2161 publications (including three main document types:
1254 articles, 611 proceedings papers, and 164 book chapters) and in the title of 817 records (including
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353 articles, 212 proceedings papers, and 108 book chapters) indexed in the WoS database. This wording
also appeared as the topic of 2678 publications (including 1573 articles, 526 proceedings papers,
and 269 book chapters) and in the title of 860 items indexed in the Scopus database (including
435 articles, 177 proceedings papers, and 121 book chapters).

Table 5 presents indicators of publication activity related to the SuC literature based on the items
indexed in the WoS and Scopus databases. It contains the number of publications (i.e., annual and
cumulative) for the period of 1983-2020 and the number of citations that these items have received.

Table 5. The number of publications and total citations related to the SuC literature.

Web of Science Scopus
Year Number of Cumulative Number Total Number of Cumulative Number Total
Publications of Publications Citations Publications of Publications Citations

1983 0 0 0 1 1 0
1991 1 1 0 2 3 0
1992 9 10 0 4 7 2
1993 1 11 0 5 12 1
1994 7 18 0 9 21 7
1995 13 31 0 10 31 10
1996 13 44 1 25 56 18
1997 16 60 9 12 68 24
1998 21 81 11 21 89 47
1999 21 102 24 20 109 60
2000 18 120 19 31 140 55
2001 15 135 29 14 154 68
2002 29 164 42 34 188 104
2003 28 192 40 22 210 98
2004 31 223 61 33 243 124
2005 32 255 87 29 272 161
2006 35 290 128 61 333 238
2007 36 326 188 60 393 292
2008 32 358 218 64 457 419
2009 41 399 308 60 517 529
2010 72 471 425 99 616 643
2011 101 572 561 154 770 855
2012 89 661 724 132 902 1151
2013 105 766 944 161 1063 1523
2014 113 879 1303 192 1255 1886
2015 166 1045 1687 182 1437 2248
2016 242 1287 2193 207 1644 2670
2017 306 1593 2994 300 1944 3867
2018 320 1913 3979 378 2322 5140
2019 247 2160 4286 326 2648 5773
2020 1 2161 13 30 2678 209

The first reference to the SuC concept, recognizing the need for sustainable cities, was indexed in
the Scopus and the WoS database in 1983 [48] and 1991 [49], respectively.

The most cited article on the SuC, indexed in the WoS and Scopus databases, was ‘“The role of
urban parks for the sustainable city” by Chiesura [50] (with 830 citations in the WoS and 945 citations
in the Scopus database). The study by Kennedy et al. [51] titled “The changing metabolism of cities’
was in second place in the WoS (cited 522 times) and in the third place in the Scopus database
(577 citations). The second-place Scopus-indexed item was ‘Urbanization in developing countries:
Current trends, future projections, and key challenges for sustainability” by Cohen [52] (636 citations).
Interestingly enough, this paper was not indexed in the WoS database. The article ‘Rethinking
sustainable cities: Multilevel governance and the “urban’ politics of climate change’ by Bulkeley and
Betsill [53] ranked third in the WoS database with 446 citations. Tables A5 and A6 in Appendix A show
the most cited publications on the SuC in the WoS and Scopus databases. It should be added that most
studies on the lists with the highest number of citations were from the period of 2004-2007.
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The analysis of the main research areas and categories of studies on the SuC, including the most
productive sources, authors, countries, and organizations in the field, indicated that:

e Studies on the SuC covered diverse research areas. In the WoS database, the areas included,
in particular, Environmental Sciences and Ecology (819 records with 37.9% of all publications),
Urban Studies (561, 26%), and Science Technology other topics (492, 22.8%). The most popular
were the following WoS-indexed categories: Urban Studies (561, 26%), Environmental Studies
(491, 22.7%), and Environmental Sciences (490, 22.7%). In addition, the SuC publications indexed
in the Scopus database primarily concerned the following subject areas: Social Sciences (1307,
48.8%), Environmental Science (1068, 39.9%), and Engineering (751, 28%).

e  Themost popular WoS-indexed sources of publications on the SuC were Sustainability (107 records),
Sustainable Cities and Society (66), and WIT Transactions on Ecology and the Environment (63).
Most SuC publications indexed in the Scopus database appeared in WIT Transactions on Ecology
and the Environment (111), Sustainability (105), and Sustainable Cities and Society (71).

e  The most productive authors in the literature on the SuC in the WoS database were Kent E.
Portney (24 publications), Sheldon Kamieniecki (15), and Michael E. Kraft (15). The top of the list
of the most prolific authors on the SuC in the Scopus database was as follows: Simon Elias Bibri
(24), Peter Nijkamp (11), Kent E. Portney (10), and Tan Yigitcanlar (10).

e  The most active countries in the SuC literature field, according to the WoS database, were the
United States (324 publications), the United Kingdom (216), and China (188). The order of the
most productive countries in this field, as indicated by the Scopus database, was as follows: the
United States (383), the United Kingdom (297), and Australia (189).

e  The most prolific organizations with regard to the SuC publications indexed in the WoS database
were the University of London (39 records), the Royal Institute of Technology (31), and the University
of California (28). According to the Scopus database, the most active were the University of
Melbourne (33), the Royal Institute of Technology (32), and University College London (32).

The most productive authors, sources, countries, and organizations in the SuC literature field are
presented in Tables A7 and A8 in Appendix A.

4.3. Descriptive Bibliometric Analysis of the SSC Publications

The analysis indicated 1117 and 1804 publications listed in the WoS and the Scopus database,
respectively, covering the extensive scientific field of the SSC (Table 3). The items (i.e., titles and
abstracts) were screened to determine publications directly related to the SSC concept. The process
resulted in 355 publications (including 195 articles, 116 proceedings papers, and 29 book chapters)
indexed in the WoS database and 489 Scopus-indexed items (including 239 articles, 167 proceedings
papers, and 49 book chapters).

Table 6 presents indicators of publication activity related to the SSC literature based on items
indexed in the WoS and Scopus databases. It contains the number of publications (i.e., annual and
cumulative) for the period of 2005-2020 and the number of citations that these items have received.

The first-ever publication on the SSC, indexed in the WoS and Scopus databases, was a book
chapter titled ‘Smart and sustainable city—a case study from Hong Kong’ by Lau et al. [54]. It was
published in June 2005, which was correctly recorded in the WoS database. According to the Scopus
database, the publication was from 2008.

The most cited article on the SSC recorded in the WoS and the Scopus database (with 163 and
217 citations, respectively) was the paper by Lee et al. [55] titled “Towards an effective framework
for building smart cities: Lessons from Seoul and San Francisco’. The study ‘Smart and digital
city: A systematic literature review’ by Cocchia [14] appeared in second place in the WoS database
with 160 citations. Interestingly enough, this publication was not indexed in the Scopus database.
The article ‘Sustainable-smart-resilient-low carbon-eco-knowledge cities: Making sense of a multitude
of concepts promoting sustainable urbanization” by De Jong et al. [56] ranked third in the WoS database
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(158 citations) and second in the Scopus database (205 citations). In the third place in the Scopus
database was the study ‘Programming environments: Environmentality and citizen sensing in the
smart city’ by Gabrys [57] (180 citations). Tables A9 and A10 in Appendix A show the most cited
publications on the SSC in the WoS and Scopus databases. It should be added that most studies on the
lists with the highest number of citations were from the period of 2014-2017.

Table 6. The number of publications and total citations related to the SSC literature.

Web of Science Scopus
Year Number of Cumulative Number Total Number of Cumulative Number Total
Publications of Publications Citations  Publications of Publications Citations

2005 1 1 0 0 0 0
2006 0 1 0 0 0 0
2007 0 1 0 0 0 0
2008 0 1 0 1 1 0
2009 0 1 0 0 1 0
2010 1 2 0 0 1 0
2011 0 2 0 1 2 0
2012 1 3 1 4 6 2
2013 5 8 2 14 20 9
2014 16 24 23 21 41 59
2015 29 53 116 39 80 175
2016 30 83 167 54 134 242
2017 85 168 447 80 214 580
2018 104 272 869 142 356 1235
2019 83 355 1293 129 485 1907
2020 0 355 3 4 489 73

The analysis of the main research areas and categories of studies on the SSC, together with the

most productive sources, authors, countries, and organizations in the field indicated that:

Studies on the SSC covered diverse research areas. In the WoS database, the areas included, in particular,
Science Technology other topics (102 records with 28.3% of all publications), Engineering (101, 28%),
and Computer Science (87, 24.1%). The most common were the following WoS-indexed categories:
Green Sustainable Science Technology (101, 28%), Urban Studies (66, 18.3%), and Environmental
Sciences (61, 16.9%). According to the Scopus database, SSC publications primarily concerned the
following subject areas: Social Sciences (197 items with 40.3% of all Scopus-indexed publications),
Computer Science (192, 39.3%), and Engineering (192, 39.3%).

The most productive sources of publications on the SSC in the WoS database were Sustainability
(23 items), Sustainable Cities and Society (23), and the Journal of Cleaner Production (14).
Most publications on the SSC indexed in the Scopus database appeared in Sustainable Cities and
Society (27), Sustainability (26), the ACM International Conference Proceeding Series (14), and the
Journal of Cleaner Production (14).

The most prolific authors in the literature on the SSC, according to the WoS database, were Simon
Elias Bibri (8 publications), Carl Adams (6), Ali El-Zaart (6), John Krogstie (6), and Tan Yigitcanlar
(6). The most productive authors on the SSC recorded in the Scopus database were Simon Elias
Bibri (26), John Krogstie (9), and Tan Yigitcanlar (7).

The most active countries in the SSC literature field, according to the WoS database, were Italy
(39 indexed records), Spain (37), the United Kingdom (36), and China (36). According to the
Scopus database, the most productive countries in this field were Italy (52), the United Kingdom
(51), and the United States (47).

The most prolific organizations in the SSC academic field included in the WoS database were the
Royal Institute of Technology (18 items), the Norwegian University of Science and Technology (11),
and Queensland University of Technology (7). According to the Scopus database, the most productive
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entities were the same, but in a different order: the Norwegian University of Science and Technology
(28), the Royal Institute of Technology (15), Queensland University of Technology (10).

The most productive authors, sources, countries, and organizations in the SSC literature field are
presented in Tables A1l and A12 in Appendix A.

4.4. Network Analysis

4.4.1. Word, Keyword, and Co-Keyword Analyses

This subsection presents the results of the most frequently used words and keywords, the author
keyword occurrence dynamic, and the co-occurrence network of author keywords in the SSC literature
indexed in the WoS and Scopus databases.

The analysis of the most frequent words and keywords was based on the number of relevant wording
occurrences in publications in the following types of categories: author keywords, words in titles, and words
in abstracts. The analysis results showed that 1666 author keywords were used in the SSC literature.
However, as shown in Table 7, there were only two author keywords that occurred more than a hundred
times. Although the key topics of the papers under consideration were issues related to the SSC, due to
the wide diversification of the concept forms used by authors, total occurrences of author keywords were
much fewer than the number of publications. The authors used the terms, such as ‘smart city’, ‘smart
cities’, ‘sustainable city’, ‘sustainable cities’. The main term ‘smart and sustainable cities” appeared in
keywords as ‘smart sustainable city/cities’, ‘sustainable smart city/cities’, ‘sustainable and smart city/cities’.
It was decided to show them in the original version separately as used by respective authors. The analysis
revealed that the most frequent keywords were as follows: ‘smart city’, ‘smart cities’, “sustainability’,
‘sustainable city’, ‘sustainable development’, and ‘smart sustainable cities’.

Table 7. Most frequently used words and keywords in the SSC literature.

Author Keywords Occurrences  Words in Titles  Occurrences ~ Words in Abstracts ~ Occurrences
Smart city 168 Smart 478 Smart 1833
Smart cities 113 Cities 309 City 1387
Sustainability 72 Sustainable 272 Cities 1379
Sustainable city 42 City 220 Sustainable 966
Sustainable 40 Urban 103 Urban 897

development

Smart sustainable cities 37 Sustainability 81 Development 607
Sustainable cities 37 Development 79 Data 442
Internet of things 29 Data 46 Sustainability 426
ICT 26 Case 38 Paper 404
Urban sustainability 25 Planning 35 Energy 331

In the next step, the dynamic of the time-dependent occurrence of author keywords was investigated.
It could be seen in Figure 2 that the number of all main-term occurrences per year increased over time,
but some of them grew more dynamically than others. The terms with the highest increase in occurrences
over time were: ‘smart city’, ‘smart cities’, ‘sustainability’, ‘sustainable cities’, and ‘sustainable development’.

To visualize the research hotspots in the SSC scientific field, the co-occurrence of author keywords
was analyzed. The keyword co-occurrence threshold was set to three, and 122 keywords out of
1666 were classified as visualization items. The keyword co-occurrence network is presented in
Figure 3. The size of the circles corresponded to the number of occurrences of the represented
keywords. The larger the circle, the more the author keyword had been co-selected in the SSC
literature. The topic similarity and its relative strength were demonstrated by the distance between
the elements of individual pairs. Different colors of the circles were assigned to individual keyword
clusters. The network in Figure 3 illustrates 16 distinct clusters, representing individual subfields of
the research areas in the SSC literature. Table A13 in Appendix A presents the main parameters of the
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top 10 occurrences of author keywords in the SSC literature. The links between particular keywords

indicated the number of papers in which the keywords co-occurred.
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Figure 2. Dynamic of author keywords in the smart sustainable city (SSC) literature.
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Analyzing Figure 3 and Table A13 in Appendix A, it could be concluded that:

e  The core topics in the SSC literature with the highest total link strength were: ‘smart city/cities’,
‘sustainable city/cities’, ‘sustainable development’, ‘ICT’, ‘big data analytics’, and “urban sustainability’.

e  Sixteen subfields (clusters of author keywords) were identified in the SSC scientific field, and the
five main subfields were as follows:

O red cluster grouping together such keywords as ‘smart city’, ‘sustainability’, ‘smart
sustainable city’, ‘innovation’, ‘smart mobility’, ‘renewable energy’, ‘case study’;

O green cluster grouping together such keywords as ‘smart sustainable cities’, “urban
sustainability’, ‘big data analytics’, ‘context-aware computing’, ‘cloud computing’,
‘environmental sustainability’;

O yellow cluster grouping together such keywords as “internet of things’, “iot’, ‘big data’,
‘information and communication technology’, ‘sustainable smart cities’, ‘city planning’;

O purple cluster grouping together such keywords as ‘sustainable urban development’,
‘sustainable smart city’, ‘eco-city’, ‘climate changes’, ‘urbanization’, ‘green city’;

@) light blue cluster grouping together such keywords as "technology’, ‘smart’, ‘sustainable’,
‘city’, ‘cities’, ‘governance’.

The obtained results demonstrated a considerable diversity of the co-occurrence of author keywords
in individual publications in the SSC literature. This proved the multi-faceted and multi-dimensional
character of this particular scientific field.

4.4.2. Mapping Scientific Collaboration

Regional collaboration and research hotspots could be provided with the visualization of
co-authorship occurrences of countries. The network illustrating such co-occurrences between
countries in the SSC literature is presented in Figure 4. The size of the circles represented the number
of occurrences of documents. The collaboration strength was demonstrated by the distance between
circles in individual pairs. Different colors of circles were assigned to individual collaboration camps.
In addition, Table A14 in Appendix A lists the main parameters of the top 10 occurrence countries.
The total link strength of a country indicated the number of papers in which the authors of a given
publication represent the two countries involved.

Analyzing the created network, it could be seen that:

e there were 66 countries represented by authors collaborating in the SSC literature;

e the United Kingdom and the United States were the countries with the greatest total link strength
when it comes to an international collaboration of authors;

e Italy, Spain, India, and Norway had a high number of publications, but their international
collaboration strength was relatively low.

The next step was the country-by-country citation analysis. Figure 5 shows the citation network
of countries, illustrating mutual international citations in the SSC literature. The size of the relevant
figures depended on the number of publications in a given country. The distance between two circles
representing two different countries reflected the number of mutual citations of authors coming from
them. The more often authors from one country cited authors from another, the shorter was the distance
between two circles representing two different countries in the presented network. The links number
(i.e., the number of other countries linked to the analyzed country by citations) and the total link
strength (i.e., the number of all citations of authors coming from the country) for the top 10 countries
are listed in Table A15 in Appendix A.
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Analyzing the created network, it could be seen that:

e there were 50 countries whose publications in the SSC literature had been cited by foreign authors;

e  [taly, the United States, and the Netherlands were characterized by the closest academic relationship;

e there were several scientific communities that had published in the SSC literature, and the biggest
two were the following groups of countries: (1) Italy, Australia, the United States, and the
Netherlands and (2) Norway, Sweden, the United Kingdom, and Finland;

e  despite the smaller number of publications, the international significance of countries, such as
Sweden, Australia, Brazil, Finland, South Korea, Greece, Taiwan, and Canada, was relatively high
(i.e., high total link strength relative to the number of publications).

Collaboration and significance of individual sources in the creation of the SSC knowledge were
covered by the source-citation analysis. The source was understood as a journal, a book, or proceedings
indexed in the WoS and Scopus databases. Figure 6 shows the network of mutual citations of different
sources of the SSC literature. The size of the circles in the figure depended on the number of publications
of a given source. The distance between two circles representing two different sources reflected the
number of their mutual citations. The more often the publications of a given source cited the other
source publications, the shorter was the distance between the two sources in the network presented in
the figure. The links number (i.e., the number of other sources related to the analyzed source through
citations) and the total link strength (i.e., the number of the source total citations) for the top 10 sources
are listed in Table A16.
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Figure 6. Citation network of sources (min. number of documents: one) in the SSC literature.

Analyzing the created network, it could be seen that:

e there were 99 sources whose publications in the SSC literature had been cited by another source
and had created the network;

e there were two groups of significant sources with strong mutual relations: (1) Sustainability,
the Journal of Cleaner Production, the IOP Conference Series and Lecture Notes in Computer
Science and (2) Sustainable Cities and Society, the Urban Book Series, and the Journal of Big Data;
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e there were several top sources with a high value of the total link strength, including Sustainable
Cities and Society (total link strength: 191), Cities (95), Technological Forecasting and Social
Change (70), and Sustainability (66).

4.4.3. Top Authors, Sources, and Keywords Relations

The relations between the main authors” keywords, authors, and sources were visualized using
the Three Fields Plot. In this case, the relevant elements were represented in the diagram by rectangles
with a different color. The height of the rectangles depended on the value of the sum of the relations
arising between the element that the rectangle represents (one of the elements in the authors” keyword,
author, and source diagram) and the diagram of other elements. The more relations the element had,
the higher was the rectangle representing it.

Figure 7 presents the diagram for research in the SSC literature, focusing on relations between the
main authors’ keywords, authors, and sources. The analysis demonstrated in which sources the authors
of SSC publications had published most frequently and which research topics of the SSC concept they
had explored. The research topics were understood here as the authors” keywords. The analysis of the
top authors, sources, and keywords indicated that there were three authors (i.e., Simon Elias Bibri, John
Krogstie, and Tan Yigitcanlar) and five sources (i.e., Sustainable Cities and Society, Cities, Sustainability,
the Journal of Cleaner Production, and the Urban Book Series) having strong relations with the SSC
literature main research topics (‘smart sustainable cities’, ‘smart cities’, and ‘smart city’, in particular).
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Figure 7. Relations between author keywords (left), authors (middle), and sources (right) for research
in the SSC literature.

In addition, Figure 8 shows the relations between the main authors’ keywords, sources, and cited
sources. This diagram demonstrated the structure of top sources of publications (as the source and
cited source) in developing the knowledge in the main topics in the SSC literature. The topics were
represented by the authors’ keywords, and the source or cited source significance was represented by
the number of relevant relations. The analysis showed that the key sources of publications based on
their contribution to the exploration of the SSC literature’s main topics were Sustainable Cities and
Society, the Journal of Cleaner Production, Sustainability, Cities, and the Urban Book Series.
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Figure 8. Relations between author keywords (left), sources (middle), and cited sources (right) for
research in the SSC literature.

5. Conclusions and Directions for Future Research

Considering that, in the coming years, the number of city inhabitants worldwide would continue
to grow, it is extremely important to find solutions that would allow cities to meet the challenges of
urbanization. One of them is the SSC concept, but its implementation requires changes at all levels
of the city [11]. Therefore, scholars and policymakers responsible for urban development should
have extensive theoretical knowledge in this field. They should also familiarize themselves with the
achievements and failures of cities that have already implemented the SSC concept to benefit from
their positive experience and avoid repeating their mistakes.

For this reason, this article presented the scientific landscape of the SSC based on a bibliometric
analysis of 1983-2020 publications recorded in the WoS and Scopus databases. Apart from SSC publications,
the analysis also covered publications in the field of the SC and the SuC because the SC and SuC concepts
influenced the development of the SSC notion significantly. Because the bibliometric analysis enabled
a systematic and transparent review process based on the statistical measurement of science, scholars,
or scientific activities, it was possible to identify how the SSC concept and the research trends have changed
over the years and what research directions in the SSC field should be considered in the future.

The literature review indicated that the SSC notion is based on a blend of two complex concepts, the SC
and the SuC. In general, it could be stated that the SC focuses on the interconnectedness and advancement of
the physical, IT, social and business infrastructure to support the city’s collective intelligence, while the SuC
integrates environmental, economic, and social considerations to meet the goals of sustainable development.
The SSC integrates the two concepts of urban development, but according to different authors, these
are approached differently, depending on the starting point for creating the SSC. For some, the SSC is a
sustainable city that should become smart because thanks to intelligent solutions, it would be able to meet
the challenges of urbanization and achieve the goals of sustainable development [38,58,59]. Others suggest
that the starting point for the SSC creation is smart city, which should not focus on technology and smart
solutions only but should also take account of the impact of these solutions on the development of the
social, economic, and environmental capital [7,12]. As a result, the scope of the research is very wide,
and the directions of the SSC concept development are varied and cover diverse scientific areas.

The bibliometric analysis results proved that the number of publications on the SC, SuC, and SSC
concepts increased year by year. However, there were substantially fewer publications on the SSC than
on the other two concepts. Undoubtedly, this was due to the fact that the SSC concept is the newest,
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and the authors of the highest number of publications in the field started their publishing activity only
in 2014. This might point to a great current interest in this research area on the one hand, and to its
enormous potential on the other.

The descriptive bibliometric analysis indicated that studies on the SSC covered diverse research
areas, such as Social Sciences, Computer Science, and Engineering, in particular. The most
productive sources of publications on the SSC included Sustainable Cities and Society, Sustainability,
the ACM International Conference Proceeding Series, and the Journal of Cleaner Production.
Indisputably, the most prolific author in this area was Simon Elias Bibri. It must be noted that
the publishing activity of the above-mentioned researcher had increased significantly in recent years.
However, the SSC scientific landscape was mainly shaped by authors from the countries, such as Italy,
the United Kingdom, the United States, Spain, and China. In addition, considering the affiliations of
scientists focusing on the SSC concept, a few organizations should be distinguished. This especially
concerned the Royal Institute of Technology, the Norwegian University of Science and Technology,
and the Queensland University of Technology.

The network analysis resulted in more interesting findings. The co-occurrence network of authors’
keywords revealed that research in the SSC area primarily concerned the following topics: ‘smart
city/cities’, ‘sustainability’, ‘sustainable city/cities’, ‘sustainable development’, and ‘smart sustainable
cities’. However, the clusters obtained from the network analysis of authors’ keywords demonstrated
a considerable diversity of the co-occurrence of various topics (i.e., author keywords) in individual
publications in the SSC literature. For example, the ‘smart sustainable city’ keyword co-occurred,
in particular, with such other keywords as ‘smart city’, ‘sustainability’, ‘innovation’, ‘smart mobility’,
and ‘renewable energy’. The ‘smart sustainable cities” keyword co-occurred with “urban sustainability’,
‘big data analytics’, ‘context-aware computing’, ‘cloud computing’, and ‘environmental sustainability’.
In contrast, ‘sustainable smart city’ co-occurred with ‘sustainable urban development’, ‘eco-city’,
‘climate changes’, ‘urbanization’, and ‘green city’. This proved the multi-faceted and multi-dimensional
character of this particular scientific field. Moreover, it seemed to be an interesting topic for further
investigation based on a thorough review of the SSC literature.

The results of the countries” cooperation network analysis proved that there were two countries
(i.e., the United Kingdom and the United States), which are definite leaders in the field of co-authorship.
However, the citation network of countries showed that other countries (i.e., Norway, Italy, and Sweden)
have had the closest relations in this kind of collaboration. The citation network of sources analysis revealed
that there were two groups of significant sources cooperating in the SSC literature: (1) Sustainability,
the Journal of Cleaner Production, the IOP Conference Series, and Lecture Notes in Computer Science and
(2) Sustainable Cities and Society, the Urban Book Series, and the Journal of Big Data.

The bibliometric analysis identified the most frequent topics (i.e., author keywords) and also the
most productive authors, sources, countries, and organizations in the SSC literature. Indicating the
sources with the highest productivity and citations, these results could be used by future authors
of SSC publications to adopt an appropriate publication strategy. Moreover, the analysis provided
valuable information about the most active countries and academic organizations, as well as the
most influential authors in the field of the SSC, which could become the basis for establishing future
collaboration. The results of the analysis could also be useful for practitioners and decision-makers
in cities because they could indicate publications, which are the most influential in terms of the SSC
concept development, as evidenced by the number of citations that these publications receive.

In addition, the analysis results proved that, so far, most publications indexed in the WoS and
Scopus databases have focused on showing the SSC concept theoretical foundations. There were also
publications describing practical aspects of the SSC concept implementation, but they usually related to
the implementation of smart solutions in cities (e.g., [58-60]). The publications presenting the experience
of cities in the implementation of the SSC concept were few (e.g., [61-63]), and an increase in its number
could only be observed in the last two years. It should be noted, however, that most of them were based on
the experiences of cities in developed countries. The number of publications concerning the SSC concept
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implementation in peripheral countries is very limited (e.g., [36,64]). Therefore, it seems important in
the future to give more attention to research showing good experiences in the implementation of smart
solutions that make it possible for cities to develop in a manner that could also be called sustainable.

The analysis of the SSC literature indicated some important research gaps and issues with a
potential future contribution. In general, there are growing expectations that smart cities will drive
sustainable development. For example, Martin et al. [61] identified the key tensions between smart
city visions and the goals of sustainable urban development. Hojer and Wangel specified the main
challenges for the SSC concept of practical use [9]. In addition, based on an extensive interdisciplinary
literature review, Bibri and Krogstie [10] delivered a comprehensive overview of the existing gaps in
research on the SSC of the future. It should be noted that there are promising recent research areas
concerning a holistic approach to the SSC concept [65-67].

Although every effort has been made to perform the bibliometric analysis in the best and most
accurate manner, the research has some limitations. The analysis presented in the article was based
on WoS- and Scopus-indexed publications only. For this reason, it could not be assumed as fully
complete as there might be other important SSC publications not included in the two databases.
However, the WoS and Scopus databases alone ensure the highest quality standards. In addition,
it must be noted that the number of publications exploring the SSC concept is expected to increase
dynamically in the future. Therefore, the obtained results should be treated with caution because
they might become obsolete rather fast. Nevertheless, the aim of this study was comprehensive
quantitative up-to-date evaluation of the SSC scientific landscape to identify the most prolific authors,
sources, institutions, and countries, to indicate the most influential research channels and impact from
authors, sources, countries, and research topics, as well as to provide valuable information for further
investigation and determine publication strategies.
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Table Al. Most cited publications in the SC literature indexed in the WoS database.
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Smart cities and the future Lecture Notes in
Schaffers, H., Komninos, N., internet: Towards .
. Computer Science, 6656, 351
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Table A3. Most productive authors, sources, countries, and organizations in the SC literature indexed in the WoS database.
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Table A7. Most productive authors, sources, countries, and organizations in the SuC literature indexed in the WoS database.
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Ali El-Zaart 6 Procedia Engineering 21 Netherlands 83 Norweglan University 17
of Science Technology

John Krogstie 6 Habitat International 19 Canada 72 University of Naples 17

Federico II




Sustainability 2020, 12, 779 30 of 39
Table A8. Most productive authors, sources, countries, and organizations in the SuC literature indexed in the Scopus database.
Author Number of Source Number of Count Number of Oreanization Number of
Publications Publications Yy Publications & Publications
WIT Transactions on
Simon Elias Bibri 24 Ecology and the 111 United States 383 University of Melbourne 33
Environment
Peter Nijkamp 11 Sustainability 105 United Kingdom 297 The Royal Institute of 32
Technology
Kent E. Portney 10 Sustalnablg Cities and 71 Australia 189 University College Ry
Society London
Norwegian University
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Marsal-Llacuna, M.-L., Colomer-Llinas, Lessons in urban monitoring taken from sustainable and livable Technological Forecasting and Social 110
J., Meléndez-Frigola, J. (2015) cities to better address the Smart Cities initiative Change, 90, 611-622
Vilajosana, I., Llosa, J., Martinez, Bootstrapping smart cities through a self-sustainable model based on IEEE Communications Magazine, 110

B. etal. (2013)

big data flows

51(6),6525605, 128-134
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Table A11. Most productive authors, sources, countries, and organizations in the SSC literature indexed in the WoS database.

33 of 39

Author Number of Source Number of Count Number of Oreanization Number of
Publications Publications y Publications 8 Publications
Simon Elias Bibri 8 Sustainability 23 Ttaly 39 Royal Institute of 18
Technology
. - Norwegian University
Carl Adams Sustamable. Cities and 23 Spain 37 of Science and 11
Society
Technology
Ali El-Zaart Journal of Cleaner 14 United Kingdom 36 Queensland University 7
Production of Technology
John Krogstie Cities 13 China 36 Beirut Arab University 6
Innovation Technology . .
Tan Yigitcanlar and Knowledge 7 United States 34 Indian Institute of 6
Technology
Management
Sustainable Smart Cities
. Creating Spaces for . . .
Mattias Hojer Technological Social and 6 Sweden 25 University of Girona 6
Business Development
Maria Lluisa Technologlcal . . University of
Forecasting and Social 6 India 20 6
Marsal-Llacuna Portsmouth
Change
. . Consiglio Nazionale
James Evans Energy Procedia 5 Brazil 19 delle Ricerche 5
IOP Conference Series
Maysoun Ibrahim Materials Science and 5 Australia 17 University of London 5
Engineering
Md Kamruzzaman Urban Book Series 5 Norway 16 University of Naples 5

Federico II
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Table A12. Most productive authors, sources, countries, and organizations in the SSC literature indexed in the Scopus database.
Author Number of Source Number of Count Number of Oreanization Number of
Publications Publications Ty Publications & Publications
. - Norwegian University
Simon Elias Bibri 26 SustamabIe. Cities 27 Italy 52 of Science and 28
and Society

Technology
John Krogstie 9 Sustainability 26 United Kingdom 51 Royal Institute of 15

Technology

ACM International Queensland Universit
Tan Yigitcanlar 7 Conference Proceeding 14 United States 47 y 10
. of Technology
Series

Carl Adams 6 Journal of C.leaner 14 Spain 46 Delft University of 9

Production Technology

. Lecture Notes in . . . .
Ali El-Zaart 6 . 13 China 39 University of Alicante 9

Computer Science

Virgilio Gilart-Iglesias 6 Urban Book Series 13 India 34 University of 6

Manchester

Maria Lluisa .. . . .
Marsal-Llacuna 6 Cities 12 Norway 34 University of Girona 6
Sara Heitlinger 5 ITU News 9 Sweden 26 Polytechnic Unlvers1ty 6

of Turin
Maria Dolores IOP Conference Series . University College
.. 4 Earth and 8 Australia 25 6
Anddjar-Montoya . . London
Environmental Science
TOP Conference Series Polytechnic Universit

James Evans 4 Materials Science and 7 Germany 19 y y 6

Engineering

of Milan
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Table A13. Main parameters of the top 10 authors” keywords (ranked by the total link strength) in the

co-occurrence network of author keywords in the SSC literature.

Keyword Number of Links Total Link Strength Occurrences
smart city 84 266 168
smart cities 71 208 112
sustainability 65 173 72
sustainable development 46 121 40
smart sustainable cities 36 117 37
sustainable city 40 103 42
sustainable cities 39 93 37
ICT 33 88 26
big data analytics 22 74 17
urban sustainability 28 68 25

Table A14. Main parameters of the top 10 countries (ranked by the total link strength) in the

co-authorship network of countries in the SSC literature.

Country Number of Links Total Link Strength Documents
United Kingdom 22 44 51
United States 20 43 47
China 18 29 39
Sweden 12 26 26
Italy 14 24 52
Australia 11 24 25
Netherlands 16 22 18
Spain 12 17 46
Pakistan 14 14 6
Brazil 9 13 19

Table A15. Main parameters of the top 10 countries (ranked by the total link strength) in the citation

network of countries in the SSC literature.

Country Number of Links Total Link Strength Documents
Norway 26 212 34
Italy 34 192 52
Sweden 32 172 26
United Kingdom 33 143 51
Australia 29 140 25
Brazil 30 126 19
Finland 30 99 8
Spain 22 94 46
United States 21 93 47
South Korea 23 81 15
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Table A16. Main parameters of the top 10 sources in the citation network of sources (ranked by the
total link strength) in the SSC literature.

Country Number of Links ~ Total Link Strength  Documents
Sustainable Cities and Society 49 191 27
Cities 39 95 13
Technological Forecasting and Social Change 29 70 6
Sustainability 22 66 26
Urban Book Series 8 60 13
Environmental Modelling and Software 32 49 1
Journal of Cleaner Production 14 34 14
Journal of Big Data 10 26 3
Ir1ter1r1a’c1onali/[]a(l)rl:;;:rlrIc;fn It’ubhc Sector 13 23 1
Journal of Open Innovation: Technology 12 23 5
Market, and Complexity
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