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Exploring the smart city agenda using knowledge networks
— The emergence of a new global city landscape

Zs6r1a VIKTORIA VIDA! and BaLiAzs BORSI?

Abstract

In the era of digital transformation, cities increasingly adopt technology-based smart city (SC) agendas.
However, implementation depends heavily on locally available scientific knowledge that is simultaneously
embedded in global networks. To explore this paradoxical tension, this study provides a nuanced, global-
scale analysis of the nexus between academic SC knowledge production and urban economic status. We used
Web of Science (WoS) publication metadata (keywords and affiliations) across two distinct periods: 2010-2017
and 2018-2022. First, we employed network analysis (keyword-based thematic networks) to reveal academic
SC knowledge segments. Then, we used affiliation data of publications for mapping SC knowledge hubs by
scientific output globally. Finally, we derived SC knowledge ranking from collaboration data, adopting the
Globalization and World Cities (GaWC) ranking methodology. We used the GaWC economic-related rank-
ing for capturing economic status, based on the international corporate advanced producer services-related
firms’ data in 2016 and 2020. Our findings confirm that academic SC knowledge is highly interdisciplinary
with a strong technological focus. While an increasing number of cities accumulate SC knowledge produc-
tion, it becomes concentrated within a small subset of hubs. In addition, emerging economies such as China,
India, South Korea, and Brazil as newly prominent regional hubs, are strengthening their position in the
global knowledge landscape. Comparing SC knowledge ranking with GaWC ranking, focusing on change
in time, our analysis reveals four distinct urban trajectories: dynamic cities of economic and SC knowledge im-
portance; SC knowledge accumulators; economic weight gainers; and potential laggards. Although European cities
dominate the top 100 in the rankings, a dynamic shift appears: European cities are mostly sliding into the
economic weight gainer or potential laggard categories, while Asian (especially Chinese) cities dominate the
dynamic category. These trajectories signal an emerging global urban paradigm where local SC knowledge
increasingly complements traditional economic dimensions, particularly in less prominent cities.

Keywords: smart city, science mapping, knowledge network, global smart city knowledge space, global city
network, city rankings
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Introduction

Cities are the primary engines of the global
economy, acting as concentrated hubs of pop-
ulation, finance (BarLanp, P.A. et al. 2020),
and knowledge. Several factors determine
the global status of cities; among these, the
economic role of the city is traditionally con-

sidered a significant one that influences ur-
ban development.

Knowledge has also been increasingly
contributing to city status, along with the
rising complexity of urban activities. Not
only more people live in cities than in rural
areas, but there are more devices connected
in real-time than people, including smart-
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phones, public LCDs, or sensors deployed
on trams, just to mention a few (TowNSEND,
AM. 2014; UN 2022; BriGLAUER, W. et al.
2024). Based on the connectedness of de-
vices, cities have been increasingly adopting
technology-based Smart City (SC) agendas
(Haque, A K.M.B. et al. 2022; Ton, C.K. 2022;
Sorri, K. et al. 2024). This SC transforma-
tion is manifested in the growing output of
SC-related knowledge and in emerging SC
activities.

Furthermore, cities are both independent
hubs and parts of a globally interconnected
network. This network approach to deter-
mining cities” global rank is well captured
in the concept of Globalization and World
Cities (GaWC) network, based on economic
and business-related linkages between cities.
These change over time and the global city
rankings reflect global influence correlated
with economic growth (Tayror, PJ. 2001,
2004; TavLor, PJ. et al. 2002; DerUDDER, B.
and TayrLor, PJ. 2005, 2020; Liu, X. et al. 2013;
BeLDERBOS, R. et al. 2022).

Based on these considerations, this re-
search aims to evaluate the thematic structure
and spatial-temporal evolution of SC aca-
demic knowledge, and the relationship with
SC activities, ultimately deploying a network
approach to contrast these emerging knowl-
edge-based urban structures against tradi-
tional economic configurations. To achieve
this, the study first delineates the subfields
of SC research (the SC knowledge segments),
then maps the geographical footprint of its
publication output over time. Finally adapts
the GaWC framework to construct SC knowl-
edge-based global city rankings based on
scientific collaborations between cities. To
grab the changes in time, we compare two
time periods, which allows us to examine
the changing patterns of SC knowledge
segments, how SC knowledge hubs appear
globally at the city levels, and, compared
with GaWC rankings, what the differences
are in time and in city development dimen-
sions.

By contrasting this relational network with
traditional economic-focused ones, the study
seeks to isolate contemporary trends and
possible new paths of global urban devel-
opment. To guide the empirical investiga-
tion, the overarching aim is operationalised
through the following specific research ob-
jectives and corresponding research ques-
tions:

ROL1: To explore academic SC knowledge
segments and the relation with SC activities.

RO2: To identify global SC knowledge
hubs by mapping their geographical distri-
bution based on publication output and city
involvement.

RO3: To compare SC knowledge-based
city rankings against GaWC economic-based
rankings to identify emerging global SC
knowledge hubs beyond established bench-
marks.

The paper is structured as follows. Firstly,
we review the literature, conceptualising
SC transformations and arguing how this
phenomenon is worth scrutinising more in
depth as a global city phenomenon. We in-
troduce the GaWC framework and propose
to include academic SC knowledge in un-
derstanding global city status. At the end
of this section, we highlight the importance
of academic local and global knowledge in
the case of adopting SC activities. Secondly,
we describe our data and methods of map-
ping SC knowledge segments, visualising
SC knowledge hubs and how GaWC rank-
ing approach will adapt for SC knowledge
ranking. Thirdly, we present the results, be-
ginning with the thematic segmentation of
SC knowledge, followed by its geographical
and temporal distribution, and comparing
the GaWC-derived global city SC knowledge
rankings with the original economically fo-
cused GaWC ranking. The last section of
the paper concludes with a discussion of
findings and limitations. Our work advances
the understanding of SCs and informs future
research, encouraging extended global, local,
social, and technological perspectives.
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Literature review
Smart city transformations

The smart city (SC) literature highlights
multiple interrelated dimensions, includ-
ing technology, efficiency, citizenship, so-
cial organisation, and sustainability in urban
development (Tranos, E. and GerTNER, D.
2012; CoccHia, A. 2014; ALsiNo, V. et al. 2015;
ZUBIZARRETA, 1. et al. 2016; ErReEmiA, M. et al.
2017; ANDREANT, S. et al. 2019; Znao, F. et al.
2021; MortaHEB, R. and Jankowski, P. 2023).
In this study, we adopt the smart city as an
urban system that supports economic and
social activity through intelligent govern-
ance, technological and non-technological
innovation, and efficient resource manage-
ment, while reducing environmental im-
pacts and improving quality of life for urban
stakeholders (VAN DER HooGeN, A. et al. 2019;
Kesnavarzi, G. et al. 2021; KUENTZ-SIMONET,
V. et al. 2023).

Cities are evolving, and many are current-
ly engaged in processes of SC transformation
(Arpio, EP. et al. 2019; Kumar, H. et al. 2020;
Day, Y. et al. 2024). This dynamism, reflected
in the production of SC-related knowledge,
provides a useful analytical entry point. To
understand how SCs evolve in practice, it
is necessary to examine the specific activi-
ties that constitute them. Accordingly, the
literature has developed a range of frame-
works that specify which urban functions
are involved and how they are coordinated.
A widely used framing is provided by Arrio,
EP. et al. (2019), who argue that SCs offer
quality of life, business and innovation op-
portunities, and infrastructure and natural
environments for citizens to live-and-play as
well as dynamic spaces to work-and-learn.
Building on this, we adopt the framework of
Kumag, H. et al. (2020), which maps SC solu-
tions, aiming to structure the full spectrum
of services capable of rendering a city smart,
into four broad domains derived from large-
scale crowdsourcing and expert validation:

information and communication technolo-
gies (ICT) infrastructure; environment pro-
tection and cleanliness; government plan-
ning, policy design and execution; smart
services.

Integrating these frameworks allows the
identification of the key combinations of
activities that underpin SC development.
For example, if a city authority deploys
digital sensors and restricts combustion
engine car circulation based on real-time
smog data, this constitutes an SC project.
Executing it requires the cross-coordinated
management of sensor networks, pollu-
tion control, transportation, urban zoning,
and citizen participation. Consequently, ad-
vancing SC transformations requires mobi-
lising complex and diverse sets of related
knowledge.

In Figure 1 the two axes represent the
social vs. physical, and live/play vs. work/
learn components of the SC framework, as
described by Arrio, EP. et al. (2019), and the
digital dimension — as offered by MoRrTAHEB,
R. and Jankowski, P. (2023) — is added. The
three grey fields frame the aggregated com-
binations of these components, as in Appio,
E.P. et al. (2019). The coloured fields represent
the major SC activities, originally described
as SC solutions in Kumar, H. et al. (2020),
which are mapped onto the space defined
by the axis components. Taken together, the
figure offers a bird’s-eye view of the main
activities and activity fields of the SC.

Figure 1 provides an overview of SC ac-
tivities. The axes distinguish social versus
physical dimensions (vertical) and live/play
versus work/learn functions (horizontal),
following Arrio, EP. et al. (2019). A digital
dimension is added based on MortaHEB, R.
and Jankowsky, P. (2023). The resulting space
defines combinations of urban functions,
within which the major SC activity fields
from Kumar, H. et al. (2020) are positioned.
The figure, thus, provides a bird’s-eye view
of the main activity domains and their inter-
relations in smart city systems.
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Fig. 1. Overview of SC activities. For detailed explanation see the text. Source: Combined from and simplified
based on Arrio, E.P. et al. (2019), Kumar, H. et al. (2020), and MorraHes, R. and Jankowski, P. (2023).

As we can see, the SC agenda requires not
only interconnected technologies, but also
engaged citizens through public initiatives
KesHavarzi, G. ef al. 2021; McLean, D. et al.
2021), a focus we term the socio-technological
duality.

Given the interdisciplinary nature of SC
development, it is necessary to understand
how related knowledge domains are struc-
tured and evolve. Therefore, this study con-
nects SC activities with the structure of ac-
ademic knowledge as represented in WoS
publications (RO1), enabling an analysis of
how thematic research patterns align with
urban transformation processes.

The global city landscape and the GaWC
framework

While SC activities are implemented and
appear locally, cities are not isolated islands,
dynamics reinforce each other globally as
well. Globalization has transformed the ur-
ban hierarchy, leading to the connection of
not only countries but also cities (SasskN,
S. 1991; DERUDDER, B. et al. 2003; TayLor, PJ.
2004; DeruDpDER, B. and Tayror, PJ. 2005;
DEeRrRUDDER, B. and WitLox, F. 2010; KrRATKE,
S. 2014; VaN pe Viver, E. et al. 2014; PEeris,
A. et al. 2018; Acuto, M. and LerreL, B. 2020;
Acuto, M. and Lerrer, B. 2020. LerreL, B. et
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al. 2023). The foundational work of SasseN, S.
(1991) introduced the concept of the “global
city”, identifying strategic hubs like New
York, London, and Tokyo as the primary
command centres of the global economy.
Within this framework, global cities serve
as crucial geographic hubs that concentrate
the advanced producer services necessary
to manage and control geographically dis-
persed economic activities. Building on this
concept, the Globalization and World Cities
(GaWC) rankings are determined using an
Interlocking Network Model (INM) that con-
ceptualises the world city network through
the locational strategies of advanced pro-
ducer service firms (TAyLOR, PJ. 2001). Rather
than assessing cities based on their internal
economic attributes, this relational approach
evaluates cities as nodes that are intercon-
nected by the global office networks of trans-
national firms (as sub-nodes) in sectors like
accountancy, advertising, banking, and law
(TavLor, PJ. et al. 2002). This model assumes
that the presence of offices of firms in two
cities creates links, and a flow of information,
capital, and labour (TayLor, PJ. 2011).

Through this relational lens, the GaWC
framework maps a “world city network”
characterized by hierarchical tendencies and
complex regional patterns (TaYLoOR, PJ. et al.
2002; DERUDDER, B. et al. 2003). This method-
ology has proven to be highly effective in
yielding notable global city rankings that
change over time, capturing the shifting ge-
ographies of corporate influence, econom-
ic growth, and global commodity chains
(DERUDDER, B. et al. 2012; Ly, X. et al. 2013;
DEeRrRUDDER, B. and Tayror, PJ. 2020; BELDERBOS,
R. et al. 2022).

The role of academia and the knowledge-based
global network

Since SC activities rely on diverse exper-
tise, understanding how SC knowledge is
structured is essential. SC knowledge em-

braces specific academic knowledge fields,
where expertise, information, and under-
standing are organised, developed, and
shared (IsrAILIDIS, J. ef al. 2021).

Nevertheless, universities have already
started acting as catalysts for locally appli-
cable knowledge. First, academia serves as
a bridge for managing knowledge within
the city. For instance, universities can assist
a city’s public health department by ana-
lysing data and research from local hospi-
tals to enhance healthcare services. Second,
researchers help filter external knowledge
entering the city. Third, universities and
research centres generate locally relevant
new knowledge. Fourth, researchers evalu-
ate external knowledge to ensure its effective
application in the city. They might assess
and pilot-test new educational technologies
before integrating them into local schools
(findings by Arprro, L. et al. [2019] with own
explanation and examples).

Crucially, this locally available academic
knowledge is embedded in the global sci-
entific knowledge networks. Guansari, H.
et al. (2024) emphasise the important role of
academic SC centres in connecting SC theo-
ries and actions. Furthermore, the growing
adoption of technology, and local, knowl-
edge-driven SC agendas in many urban ar-
eas indicates a shift in the global city land-
scape (WaLL, R.S. and StavropouLos, S. 2016;
Haque, A K.M.B. et al. 2022; Ton, C.K. 2022;
BricLAUER, W. et al. 2024; Sorry, K. et al. 2024).

MarrhiEssEN, C.W. et al. (2010) inspired by
the GaWC network approach, studied aca-
demic knowledge collaborations on the city
level. Other studies on scientific co-author-
ship and academic networking also dem-
onstrate that cities like Tokyo, New York,
Paris, London, and Beijing operate as major
knowledge hubs, reflecting hierarchies re-
markably like the economic rankings ob-
served in GaWC studies (MarsonoBg, M. et
al. 2016a; Cao, Z. et al. 2023). Mapping this
publication output and city-level involve-
ment offers a robust foundation for iden-
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tifying which urban nodes are developing
into key administrative centres for smart city
discourse globally (RO2).

The global connectivity of local knowledge
is essential, as rapid technological advance-
ments could otherwise render SC initiatives
obsolete (Arpio, E.P. et al. 2019). Therefore, we
argue that the academic knowledge crucial
to the emergence and development of SCs is
globally connected in ways that the existing
literature has not yet fully quantified. By
adapting the GaWC framework to researcher
collaborations and publication outputs, it be-
comes possible to map the geographical foot-
print of SC knowledge. Evaluating this novel,
knowledge-based global city network di-
rectly against traditional, economic-focused
GaWC rankings provides an opportunity to
isolate contemporary trends, identify emerg-
ing knowledge hubs (RO3).

Data and research methodology

For revealing the SC academic knowledge
segments, we use publications’” metadata
from the WoS database, with a document
search based on SC definitions and smart
urban phenomena (Cocchia, A. 2014; ALsINO,
V.etal. 2015; EREmM1a, M. et al. 2017). Using the
search profile in Table S1 (in Supplement) and
more precisely the terms from the literature
in Table S2 (in Supplement), metadata from
over 28,000 journal articles were download-
ed. Articles without a publication year and
those published in 2023 were omitted. Only
English-language articles and proceedings
papers were retained. In Figure 2 the number
of articles by year is presented. We see the
novelty of the field and the different trends
of output over time. Articles published be-
fore the 20102022 period were excluded.
This initial period, presumably the most di-
verse in terms of conceptual usage, contains
only 802 articles. Based on the publication
trends between 2010 and 2022 two periods
were considered for longitudinal compari-
son: 2010-2017, when the number of articles

grew rapidly, and 2018-2022, when research
output began to consolidate. This division
makes it possible to compare SC knowledge
segments, examine differences between the
emerging and settled periods, and assess the
global emergence of geographical hubs, as
well as to observe differences when compar-
ing these two periods with GaWC.

Number of publications from WoS over
time, based on Table S1 research profile. We
included the articles between 2010-2022 and
split the time span into two periods as there
was a big difference in the trend of the number
of articles. We distinguished an emerging pe-
riod between 2010-2017, when the number of
articles rose dynamically, and a consolidated
period between 2018-2022, when the num-
ber of publications stagnated at a high level.

The authors and WoS-defined keywords in
25,782 articles were pre-processed through a
systematic manual keyword standardization
and restructuring (KSR) procedure (Borsi, B.
et al. 2025). The KSR procedure improves the
results of revealing SC segments, as instead
of raw keywords, cleaned and systemati-
cally standardized ones are used during the
thematic mapping process. Pre-processed
keywords occurring fewer than 20 times
were deleted, as they do not contribute sig-
nificantly at this scale. Metadata from 22,190
articles, associated with 772 pre-processed
keywords, were retained.

To explore academic SC knowledge seg-
ments (RO1), we used science mapping tech-
niques, namely co-keyword analysis, which
is highly effective for identifying conceptual
contents in a field (Zuric, 1. and Cater, T.
2015). This method is a thematic-detection
technique using network analyses as fol-
lows. First, a similarity matrix of the arti-
cles (nodes) was created, based on shared
pre-processed keywords (edges). The cosine
similarity of document vectors was applied
as the similarity measure (SaLron, G. and
McGirr, MJ. 1983). Second, the similarity
matrix was transformed into a proximity
network of papers, with communities (clus-
ters) detected using the Louvain method
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Fig. 2. Number of publications in SC field between 1990-2022. Source: Authors’ own elaboration.

(BLonDpEL, V.D. et al. 2008). The clusters with
the Louvain method are non-overlapping,
and within a cluster, the density of the co-
keywords is high, while between them is
low. The resulting two networks for the
two periods, with 6,012 and 16,178 articles
as nodes, are science maps that contain se-
mantic linkages between the articles (Figure
51 in Supplement).

To identify potential global SC knowledge
hubs (RO2), we associated articles with the
cities where they were produced, based on
authors’ affiliations. If an article was a col-
laboration of multiple authors from the same
city, that city was credited with one article.
If an article had one author with multiple af-
filiations, each city was assigned a fraction of
the article. The resulting data was projected
onto a global map.

Next, for a comparison with GaWC eco-
nomic-related ranking, we adapted the GaWC
methodology for SC knowledge-based city
ranking (RO3).

The concrete short methodology of the
original Interlocking Network Model (INM)
is the following: To quantify these relation-
ships, the model assigns a service value (v)
to the office of a specific firm (j) situated
in a given city. Service value is a range be-
tween 0 and 5, based on the importance of
the firm’s office, e.g. no presence in a city: 0;
headquarters: 5. The elemental connectiv-
ity between city a and city b generated by
firm j is calculated as the product of their
respective service values (TayLor, PJ. et al.
2002). A city’s global connectivity (C,) is sub-
sequently modelled by aggregating these
products across all firms and all other cities
within the network:

This measure, the city’s proportional con-
nectivity rank, is the proportion of a city’s
global connectivity score (C,) shared with



334 Vida, Zs.V. and Borsi, B. Hungarian Geographical Bulletin 75 (2026) (3) 327-355.

the total connectivity score, which is the
global sum of cities’ global connectivity
scores. The city’s proportional connectivity
rank value (GaWC rank) reflects its relative
degree of integration into the global service
economy. We use 2016 and 2020 (latest) rank-
ing data which fit to our research periods.?

The GaWC INM model faces three main
criticisms (DERUDDER, B. and PARNREITER, C.
2014). First, although critics argue that the
model’s undirected network structure ig-
nores corporate hierarchies, this aligns well
with our analysis of co-authorship, which is
inherently undirected. Second, the model’s
assumption of a homogeneous space ig-
nores geographical boundaries; however,
since global scientific collaboration faces
similar spatial constraints (HoEkmAaN, J. et al.
2010; MaisoNoBE, B. ef al. 2016b; WUESTMAN,
M.L. et al. 2019; Csomo6s, G. et al. 2020), these
shared distortions justify the comparabil-
ity of the rankings. Third, although critics
note the model’s narrow focus on advanced
producer services, alternative frameworks
like the Extended Interlocking Network
Model (EINM), which incorporates sectors
like media and NGOs, lack uniform global
data. This narrower interpretation, however,
allows us to make comparisons across the
various dimensions that shape urban devel-
opment. Consequently, the original INM re-
mains the methodologically superior choice
for this research.

In the case of a SC knowledge-based global
network, sub-nodes are authors, nodes are
cities and the networks are based on collabo-
ration links. Our adaptation of the GaWC
methodology for SC knowledge ranking
for the two periods (2010-2017, 2018-2022)
is based on three factors: article quantity,
global linkages, and the diversity of aca-

3 The source of GaWC rank data was https://www.
Iboro.ac.uk/ microsites/geography/gawc/world202
0.html. (Accessed 11 March 2024.) As the webpage
renewed the earlier one is available here: https://
web.archive.org/web/20240608095604/https://www.
Iboro.ac.uk/microsites/geography/gawc/world2020
t.html

demic SC knowledge (thematic segments)
in each city. Specifically, we constructed an
adjacency matrix to create a weighted net-
work between cities based on co-authorships
across different cities. We got a collaboration
network at the city level, where cities are
the nodes and the links between them are
the co-published papers. The edge weights
reflected the strength of collaboration be-
tween two cities counted on the number
of shared articles. Intra-city collaborations
and single-authored works were excluded,
as they do not reflect the collaborative nature
of global SC knowledge production (HaLL,
K.L. et al. 2018). For example, a link between
Manchester and Warsaw would be estab-
lished if authors from both cities contributed
to the same article. We excluded cities that
had fewer than two articles in each period or
fewer than two connections to other cities,
as these do not form the “triadic relation-
ships” that are necessary for establishing
lasting and meaningful links. Thus, a total
of 673 cities in 2010-2017 and 1,724 cities in
2018-2022 was ranked.

In the SC knowledge-based ranking, the
number of collaborated papers in a certain
cluster corresponded to the service value
in the GaWC ranking. The further counting
of ranking follows the same way as in the
GaWC ranking.

Finally, we compared the SC city rankings
with the GaWC rankings for 2016 and 2020.
This comparison allowed us to analyse the
longitudinal dynamics of SC knowledge in
241 cities that appear in both the GaWC and
the SC knowledge-based rankings. Figure 3
shows the full research workflow.

In Figure 3 the fields on the far left (green
fields) show the work stages. The next section
on the left presents the workflow for extract-
ing SC knowledge themes, the geographical
mapping of SC knowledge and the rankings.
On the right side, the extraction of the GaWC
ranking is shown. Fields with dotted borders
represent logical and mathematical opera-
tions performed to extract content valuable
for the analysis. Orange cells highlight ma-
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Fig. 3. Research workflow. For detailed explanation see the text. Source: Authors’ own elaboration.

jor steps directly supporting the research
objectives, while yellow cells briefly outline
these objectives. A detailed description of
the workflow is provided in section “Data
and research methodology”.

Results

ROL1: The relationship between academic SC
knowledge segments and SC activities

The network-based analysis of scientific
articles, operationalised through keyword
co-occurrence, reveals that SC knowledge
segments are dominated by interdisciplinary
approaches with a strong technological foun-
dation. The clusters (segments) were named
based on the most frequently connected key-

words across the articles (top of the Figure 4,
and Figure SI in Supplement). We studied
the content of the clusters by word clouds
representing the proportional frequency of
keywords across the clusters, available in
Figures S2a and S2b (in Supplement). In both
periods, the largest cluster of articles — rep-
resenting approximately one-third of the SC
knowledge — focused on sustainable urban
development, which encompasses not only
technological considerations but also social,
governance, and citizenship dimensions.
The content of this cluster remained consist-
ent across both periods, suggesting a robust,
maturing sub-discipline. This persistence
reflects the evolving intersection of sustain-
ability and complex SC concepts, supported
by increasingly interconnected technological
knowledge bases.
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An observable evolution in technological
knowledge emerges across the two periods.
In the first period, two application areas —
transportation and energy systems —became
prominent. Due to their shared technologi-
cal challenges, such as optimization, traf-
fic control, and grid integration, these ar-
eas merged into one thematic cluster in the
second period. Emerging in the first period
were data, sensor networks, and the Internet
of Things (IoT), while Machine Learning, a
“disruptor” technology relying heavily on
Big Data, notably emerged in the second pe-
riod. Additionally, the general notion of the
“digital city” —initially distinct from sustain-
ability — began to merge with sustainable
urban development in the second period.

The SC activities (see Figure 1) are well-
represented by the identified clusters, which
visually capture the key themes of SC knowl-
edge. In Figure 4 we represented the con-
nection between SC activities and the SC
academic knowledge. The numbers in the
table indicate the number of articles in which
a term or word referring to a specific field of
study appears among the keywords of SC'’s
scientific articles. If a term is crossed out, it
was not found among the keywords. When
only one part of a term is crossed out, the
remaining part appeared among the key-
words. For each SC activity that appeared no-
tably frequently in a given cluster, we high-
lighted the number of occurrences (number
of articles) in the table using the cluster’s
colour. This made it possible to see which SC
activities appear in which academic fields of
knowledge through scientific publications.
Most SC activities are concentrated within
the Sustainable urban development cluster,
with related engineering and technological
domains also represented. Technological
consolidation and an increasing focus on
specific areas are observable between the
two periods. This shift is reflected in the
network data as a decrease in the number of
clusters and an increasing concentration of
articles around fewer, more focused topics
(Javep, AR. et al. 2022).

On the left of Figure 4, the SC activities (see
Figure 1) are repeated. At the top, in coloured
rectangles, the SC thematic clusters are shown
with the number of articles in each cluster. The
numbers in the table represent the number of
articles whose keywords contain the terms
describing the SC activity category. Note:
fully and partially strikethrough terms were
not found. In case of partially strikethrough,
only the remaining parts were found. Num-
bers highlighted with a coloured background
are the highest in their row and/or decisive
for the thematic clusters depicted at the top.
For an overview of SC activities, see Figure 1.

Overall, global scientific SC knowledge
predominantly focuses on technology, po-
sitioning it at the technological end of the
socio-technological duality that shapes the
contributions of universities and academia
to the SC agenda.

RO2: Mapping global SC knowledge hubs

The number of cities involved in academic
SC knowledge production increased rapidly
until around 2017. Since then, consolidation
has been observed, with approximately 1,600
cities globally contributing annually. While
the volume of knowledge production con-
tinues to rise in cities in developing regions,
cities in more developed regions are showing
signs of consolidation (Figure 5).

Despite the growing number of cities, SC
research is becoming increasingly concentrat-
ed in a smaller subset of cities. Occasionally,
significant shifts at a more detailed level ac-
company this concentration. For example, cit-
ies such as Casablanca, Bucharest, Budapest,
Sao Paulo, Rio de Janeiro, Montreal, Ottawa,
Sydney, and Melbourne — previously less
prominent in this domain — have emerged as
regionally notable producers (Figure S3a and
S3b in Supplement). Emerging economies
are strengthening their positions in the SC
knowledge landscape, with cities in China,
India, South Korea, and Brazil making no-
table contributions (Table S3 in Supplement).
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Fig. 5. Continued.
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The bars on the maps represent the total
number of articles produced at each city lo-
cation, across two periods. Fractional counts
were applied; for instance, if an article in-
volved three cities, each city was assigned a
count of 0.33. Below the map, the number of
articles (bars) and cities involved in academic
SC knowledge production (lines) are shown
by major regions, with a summary provided
in the Total chart. Note: The y-axes of the
smaller graphs are scale-independent and
not directly comparable.

As we will demonstrate through the net-
work-based data used for the results, high
publication output from a city is rarely
achieved without substantial inter-city col-
laborations. Major article-producing cities
are typically connected to many others, serv-
ing as hubs for scientific knowledge.

RO3: Comparing SC knowledge-based city
ranking with GaWC ranking

Although we assumed that the two types of
rankings represent different dimensions of
urban development, the correlation between
them suggests a weak-to-moderate relation-
ship (0.506—-0.620) (Table S4 in Supplement).
This weak-to-moderate correlation justifies
our initial selection of these two dimensions,
as it demonstrates that traditional corpo-
rate economic weight does not automatically
guarantee a central position in global SC
knowledge production. However, high cor-
relation is observed between the two peri-
ods within SC knowledge ranking (0.812)
and GaWC ranking (0.933), pointing to deep
structural path-dependencies within each
respective network.

In analysing the rankings, first, we com-
pared the top 50 cities separately in all four
rankings, focusing on the changes between
the two periods. Sixteen cities are consistent-
ly ranked among the top 50 in all four rank-
ings. However, they differ in their signifi-
cance and dynamic characteristics. Beijing
leads in SC knowledge production through

cross-city collaboration and is the sixth most
important global city. London, despite los-
ing some of its SC knowledge edge, remains
top-ranked in economic significance. Sydney,
still in the top 10 global cities, excels in SC
knowledge collaborations and significance.
Among smaller cities, Prague is an important
economic hub and local regional centre, but
more populous cities have surpassed it in SC
knowledge (Table 1).

Table 1 summarises the top 50 cities in
the four city rankings used in the article,
involving 241 cities which are equally found
in all four rankings. (For methodological de-
tails of the rankings see section “Data and
research methodology”.) Table 1 includes
rank changes for cities appearing in both the
SC rankings (left) and the GaWC rankings
(right), indicated by arrows. In the middle,
the 16 cities consistently featured in all four
rankings are listed in descending order of
their combined position.

Then we compared the changes in ranking
places between the two rankings. This type
of comparison allows us to determine which
dimension of urban development (economic
or academic) is more significant for each city.
Based on this, we observed four categories:
dynamic cities of economic and SC knowledge im-
portance, when the rank change was positive
in both rankings; SC knowledge accumulators,
when SC knowledge rank changed positively
but GaWC rank negatively; economic weight
gainers, when GaWC rank changed positively
but SC knowledge rank negatively; potential
laggards, when the rank change was negative
in both rankings. Figure 6 illustrates these
dynamics focusing on the top of the rank-
ings. 54 cities rank in the top 100 across all
four rankings, with European cities domi-
nating this combined list. Looking deeper,
we can see notable differences. In the dynamic
cities of economic and SC knowledge importance
group many Chinese cities are significantly
strengthening their positions as both global
economic hubs and centres for SC knowl-
edge, joined by a few cities from other emerg-
ing economies and even less from the de-
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Table 1. Top 50 cities in the SC knowledge, and Global World City (GWC) rankings
SC knowledge ranking Rank Rank GWC ranking
Rank 50102017 | 20182022 | change change 2020 2016 Rank
1 |Beijing Beijing 0 0 London London 1
2 | London Hong Kong T1 0 | New York New York 2
3 |HongKong |Seoul 17 71 |Hong Kong Singapore 3
4 |Rome Shanghai T2 -1 |Singapore Hong Kong 4
5 | Wuhan Sydney 116 T4 | Shanghai Paris 5
6 | Shanghai Nanjing T14 0 Beijing Beijing 6
7 | Barcelona Wuhan 1 -2 Citiesinthe 11 |Dubai Tokyo 7
8 |Milan London 1-6 top500nall -3 |Paris Dubai 8
9 |Melbourne | Guangzhou 125 rankings 1 -2 | Tokyo Shanghai 9
10 | Seoul Melbourne -1 0 Sydney Sydney 10
11 | Madrid Riyadh - 117 |Los Angeles | Sao Paulo 11
12 | Bucharest Shenzhen 721 HongKong 19 |Toronto Milan 12
13 | Singapore Xi'an 110 Beijing 172 |Mumbai Chicago 13
14 | Paris Singapore -1 London 1712 | Amsterdam | Mexico City 14
15 | Turin Madrid {-4 Shanghai {-3 |Milan Mumbai 15
16 | Stockholm Islamabad - Sydney 71 | Frankfurt Moscow 16
17 | Tokyo Barcelona {-10  Singapore 1 -3 |Mexico City |Frankfurt 17
18 | Athens Chengdu T12 Seoul 4 -7 |Sao Paulo Madrid 18
19 | Berlin Hangzhou 121 Tokyo 1 -6 | Chicago Warsaw 19
20 | Nanjing Bucharest 1-8 Paris 74 | Kuala Lumpur | Johannesburg | 20
21 | Sydney Rome 1-17  Madrid -3 |Madrid Toronto 21
22 | Dublin Tokyo 1 -5 Melbourne | -6 |Moscow Seoul 22
23 | Xian Jeddah - Guangzhou T2 |Jakarta Istanbul 23
24 | Bologna Montreal - Milan 173 |Brussels Kuala Lumpur| 24
25 | Vienna Paris -1 Lisbon 1 -6 | Warsaw Jakarta 25
26 | Naples Lisbon 71  Stockholm {-4 |Seoul Amsterdam 26
27 | Lisbon Changsha - Prague | -7 |Johannesburg | Brussels 27
28 |Prague Brisbane T3 15 | Zurich Los Angeles 28
29 |Bangalore Chennai - 71 |Melbourne Dublin 29
30 | Chengdu Bangalore -1 1 -7 |Istanbul Melbourne 30
31 |Brisbane Athens 1-13 175 | Stockholm Washington 31
32 | Amsterdam | Istanbul 12 |Vienna New Delhi 32
33 | Shenzhen Chongging - T4 | Guangzhou Zurich 33
34 | Guangzhou |Berlin 1-15 1 -5 |Dublin Vienna 34
35 | Tianjin Turin 1-20 0 Buenos Aires | Buenos Aires 35
36 |Jinan New Delhi - T4 |Luxembourg | Stockholm 36
37 | Zurich Milan 1-29 - Montreal Guangzhou 37
38 |Ottawa Budapest - 711 | Munich Bogota 38
39 |Birmingham |Doha - { -7 | New Delhi Miami 39
40 | Hangzhou Taichung - 12 | Santiago Luxembourg 40
41 | New York Moscow - 175 |Boston Riyadh 41
42 | Cardiff St. Petersburg| 15 - Shenzhen Santiago 42
43 | Bristol Qingdao - -2 |Riyadh Barcelona 43
44 | Toronto Warsaw - 0 Lisbon Lisbon 44
45 |Manchester | Valencia - 0 Prague Prague 45
46 | Harbin Ottawa -8 - Bangalore Boston 46
47 | St. Petersburg | Prague 1-19 1 -16 | Washington | Copenhagen 47
48 | Pune Stockholm 132 1 -10 |Bogota Athens 48
49 | Kolkata Bologna 1 -25 {-10 | Miami Munich 49
50 | Florence Naples 1-24 - Rome Atlanta 50

Sources: SC knowledge rankings computed by the authors. The source of Global World City rankings: https://
www.lboro.ac.uk/microsites/geography/gawc/world2020.html. (Accessed 11 March 2024). As the webpage
renewed the earlier one available here: https://web.archive.org/web/20240608095604/https://www.lboro.ac.
uk/microsites/geography/gawc/world2020t.html.
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Fig. 6. Changes in the ranking of cities positioned in the top-100 in both networks and in both periods. For
detailed explanation see the text. Source: Authors’ own elaboration.

veloped nations. Montreal, for example, has
made notable advancements in both areas.
Europe is represented in this group only by
one of the top 100 cities, Lisbon.

Conversely, in the potential laggards group,
many European cities, such as Paris, Bar-
celona, Dublin, and Athens are indicated,
showing a decline in both economic and SC
knowledge importance.

In the economic weight gainer group, sev-
eral European cities — such as Amsterdam,
Berlin, Zurich, Rome, and Manchester —have

improved their economic positions but have
seen a decline in their significance as SC
knowledge hubs.

In the SC knowledge accumulator group cit-
ies like Budapest, Warsaw, and especially
Helsinki appear to have experienced a de-
cline in their global importance while im-
proving their role in SC knowledge.

Figure 6 depicts the intersection of the
top 100 cities from the four rankings. (For
methodological details of the rankings see:
Data and research methodology.) Cities are
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positioned along two axes,
indicating rank changes in
the SC knowledge rankings
(x-axis) and GaWC rankings
(y-axis). Colours correspond
to the four quadrants de-
fined by these axes.

Finally, we applied the
same approach globally to
the 241 cities that appear in
every ranking for both pe-
riods. From a more global
perspective, we determined
which cities and macro-re-
gions are dominating each
group. In the dynamic cities of
economic and SC knowledge im-
portance group, mostly cities
of Asia, particularly China,
have appeared, highlighting
an increasing SC knowl-
edge connectedness along-
side economic connected-
ness. However, this group
also has aregional character,
including cities from other
macro-regions, such as Aust-
ralia, the Middle East, Euro-
pe, and the Gulf Coast re-
gion of Florida. Cities in the
SC knowledge accumulators
group are representing most-
ly India, the Middle East,
Latin America, and Central
and Eastern Europe.

In contrast, in the economic
weight gainer group, in two
developed macro-regions —
Europe and North America -
a notable number of cities
have moved down the SC
knowledge rankings, while
a significant fraction of these
cities has managed to en-
hance their global economic
connectedness and influ-
ence (Figure 7). Most cities of
the potential laggards group

tion, where SC knowledge rankings computed by authors.

Fig. 7. SC knowledge rank and GaWC global city rank changes between 2016 and 2020. For detailed explanation see the text. Source: Authors’ own elabora-
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are found in Europe, with a significant num-
ber in Asia and North America. The map
shows 241 cities which are equally found in
all four rankings. Below the map, the table
summarises the number of cities in each cat-
egory by major regions.*

Discussion

In our exploration of academic SC knowl-
edge segments and their relationship with
SC activities (RO1) we synthesized data from
academic publications and we found that
SC knowledge segments are dominated by
interdisciplinary approaches with a strong
technological foundation. The uncovered SC
knowledge segments also represent the SC
activities that shape SC transformations, di-
rectly reinforcing the findings of Kumar, H.
et al. 2020). The predominance of technology-
oriented segments suggests that academic
SC knowledge remains driven by the search
for technical solutions to urban challenges.
While governance, participation, and sus-
tainability are visible components of the
intellectual structure, they appear largely
embedded within broader technologically-
focused research agendas. This high tech-
nological density aligns with the framework
of Bisry, S.E. and Krogsrtig, J. (2017), where
advanced ICT serves as the foundational en-
gine for modern urbanism.

At a more granular level, we found that
the intellectual structure of SC knowledge is
divided between distinct technological-engi-
neering domains - such as Big Data, smart
energy systems, or machine learning — and
sustainable urban development knowledge,
which incorporates social and civil govern-

* The source of GaWC rankings: https://www.lboro.
ac.uk/ microsites/geography/gawc/world2020.html
3. (Accessed 11 March 2024). As the webpage re-
newed the earlier one available here: https://web.
archive.org/web/20240608095604/https://www.lbo
ro.ac.uk/microsites/geography/gawc/world2020t.
html

ance dimensions along with environmental
sustainability. This finding matches the SC
activity conceptualizations by experts; our
findings also align with studies that focus on
SC development (Mora, L. et al. 2019a) and
on the practices cities adopt to foster the SC
agenda (Mora, L. et al. 2019b).

However, the insight on the global divide
of SC knowledge is accompanied by signifi-
cant local variations. It remains uncertain
whether emerging city hubs in developing
countries, like European cities, and to lesser
extent cities in Australia and Latin America,
will embrace social and environmental sus-
tainability in the same way. Regions like East
Asia heavily prioritize technological infra-
structure (CueN, X. 2019; Kong, L. et al. 2020;
Javep, AR. et al. 2022), and emerging urban
environments in the Middle East, India, and
Africa similarly employ context-driven tech-
nological frameworks. Nevertheless, these
are increasingly adapted to local affordabil-
ity and socio-economic planning (Parx, J.
and Yoo, S. 2023). Whether or not developing
city hubs will achieve a true convergence of
sustainability and technological infrastruc-
ture is not self-evident. Emerging cities may
not mimic Western trajectories; instead, they
are likely to exhibit a hybrid model where
technology serves as the primary mecha-
nism to deliver basic needs.

By mapping global SC knowledge hubs
and the geographical distribution of publica-
tion output (RO2), we showed that a growing
number of cities contribute to and accumu-
late SC knowledge. Nevertheless, the major-
ity of output comes from just a few cities,
so concentration is evident in this sector as
well, similar to what FLorIDA, R. et al. (2017)
observed in other creative and intellectual
sectors.

In the comparison of SC knowledge-based
city ranking with GaWC ranking (RO3), a
weak-to-moderate relationship was found.
This correlation suggests that economic cen-
trality and SC knowledge centrality repre-
sent related but distinct dimensions of glo-
bal urban importance. Knowledge-intensive


https://www.lboro.ac.uk/ microsites/geography/gawc/world2020.html 3
https://www.lboro.ac.uk/ microsites/geography/gawc/world2020.html 3
https://www.lboro.ac.uk/ microsites/geography/gawc/world2020.html 3
https://web.archive.org/web/20240608095604/https://www.lboro.ac.uk/microsites/geography/gawc/world2020t.html
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business service research also emphasiz-
es the GaWC approach, which includes a
knowledge dimension rather than just an eco-
nomic one, as it uses advanced producer ser-
vices data (MULLER, E. and ZeNKER, A. 2001).

Cities topping these rankings show some
European dominance; however, almost all
Chinese cities are significant as both global
economic hubs and centres for SC knowl-
edge.

The temporal changes provided insights
into four city categories: dynamic cities of
economic and SC knowledge importance; SC
knowledge accumulators; economic weight
gainers; and potential laggards. Regional
variance is notable among these groups, and
from representing specialisation avenues
across SC knowledge and economic hub dy-
namics. From a global perspective, the four
identified city categories reveal that trajecto-
ries of urban development are becoming het-
erogeneous. Rather than following a single
pathway towards global prominence, cities
appear to specialise in different combina-
tions of economic integration and SC knowl-
edge accumulation. From this divergence, we
can deduce a structural decoupling in the
global urban hierarchy: while Asian hubs
are using knowledge accumulation as a dy-
namic vanguard for growth, several legacy
European hubs are experiencing a relative
decline in SC related academic discourse
despite maintaining corporate economic
weight. The rise of several cities in the SC
knowledge ranking without correspond-
ing gains in the economic ranking suggests
that scientific collaboration networks may
act as an early indicator of emerging urban
importance. Whether such knowledge ad-
vantages eventually translate into broader
economic influence remains an open ques-
tion. Conversely, cities that maintain strong
economic positions while showing compara-
tively weaker performance in SC knowledge
networks may face challenges in sustaining
long-term competitiveness within increas-
ingly knowledge-intensive urban environ-
ments.

Taken together, the results imply that
global city status is becoming increasingly
multidimensional. Economic connectivity
remains a defining feature of urban promi-
nence and SC knowledge networks reveal
additional forms of centrality that are not
fully captured by existing global city frame-
works.

We have to acknowledge several limita-
tions too.

First, the study relies on a single database
of academic publications for SC knowledge.
Although WoS provides extensive coverage
and is widely used in similar studies, it does
not capture all forms of SC-related knowl-
edge production, such as local journal pub-
lications, policy reports, industrial research
etc. We believe, however, that the scale of
our study and the international coverage of
the database provide a robust basis for the
analysis and conclusions.

Second, the study conceptualizes SC knowl-
edge through scientific publications and col-
laboration networks, reflecting the dynamics
of codified academic knowledge rather than
the practical implementations of SC agendas.
Cities may differ substantially in their ca-
pacity to translate scientific knowledge into
urban transformation.

Third, city-level knowledge hubs were
identified through author affiliations. While
this approach is common in spatial sciento-
metrics, with the increasing prevalence of
multi-institutional and internationally dis-
tributed research teams, geographical attri-
bution of knowledge production might seem
an oversimplification.

Fourth, the SC knowledge rankings and
GaWC rankings capture fundamentally dif-
ferent forms of urban connectivity and the
observed differences may arise both from
genuine divergence between economic and
knowledge dimensions and from differ-
ences in the underlying network structures.
Future research should further investigate
the relationship between these dimensions
and the mechanisms through which they
interact.
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Finally, the analysis covers two broad
time periods and therefore captures rather
medium-term shifts. More detailed longitu-
dinal analyses may reveal new patterns in
the emergence, persistence, or decline of SC
knowledge hubs.
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Supplement
Table S1. SC research search profile
Search profile Hits m Web
of Science

TS = ("intelligent city" OR "knowledge city" OR "ubiquitous city"

OR "sustainable city” OR "digital city” OR "smart city" OR "future city"
OR "eco city" OR "eco-city" OR "compact city" OR "liveable city"

OR "digital city" OR "innovative city" OR "green city"),

OR

TS = ("intelligent cities" OR "knowledge cities" OR "ubiquitous cities"

OR "sustainable cities" OR "digital cities” OR "smart cities" OR "future cities"
OR "eco cities" OR "eco-cities" OR "compact cities" OR "liveable cities"

OR "digital cities" OR "innovative cities" OR "green cities"),

OR

TS = (urban OR city OR cities) AND ("smart econom*" OR "smart people”
OR "smart govern*"' OR "smart mobility" OR "smart environment*"
OR "smart living"),

AND
DT = ("Article” OR "Proceedings paper") and English (Languages)

28,444

Note: Our search profile based on SC definitions and smart urban phenomena (CoccHia, A. 2014; ALsiNo, V.
et al. 2015; EReEmia, M. et al. 2017). Publications’ metadata were downloaded from the Web of Science (WoS)

database on 18 May 2023. Source: Authors” own elaboration.

Table S2. Search string construction and supporting literature for each term

CoccHia, A. 2014 | knowledge city | knowledge cities; ubiquitous city | ubiquitous cities

urban + smart mobility; urban + smart environment®;

ALBINO, V. et al.
2015

cities + smart govern®; cities + smart mobility;
cities + smart environment?; cities + smart living;

urban + smart econom®; urban + smart people; urban + smart govern®;

urban + smart living; city + smart econom?; city + smart people;
city + smart govern®; city + smart mobility; city + smart environment*;
city + smart living; cities + smart econom?®; cities + smart people;

future city | future cities; eco city | eco-cities; smart city | smart cities;

Duycan, M. et al. |intelligent city | intelligent cities; sustainable city | sustainable cities;
2022 compact city | compact cities; liveable city | liveable cities; digital city |

digital cities; innovative city | innovative cities; green city | green cities

Note: In the table and in the search strings, the asterisk (*) is used as a truncation (wildcard) operator to
capture all word variants and derivatives complementing core smart city terms (e.g. ‘govern* captures
‘governance’, ‘government’, or ‘governing’; ‘environment® captures ‘environmental” and ‘environment(s)’;
and ‘econ* captures ‘economy’, ‘economies’, ‘economics’, etc.). Source: Authors’ own elaboration.
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Table S3. The top ten countries by production of SC knowledge
2010-2017 2018-2022
Country Number of Articles, Country Number of Articles,
cities | articles o cities | articles o

China 108 1037 14.5 China 203 2803 159
Italy 84 698 99 USA 428 1538 8.7
USA 253 581 8.2 India 260 1250 71
Spain 63 420 6.0 Italy 97 1025 5.8
India 123 406 5.8 United Kingdom | 80 726 41
United Kingdom | 57 359 5.0 Spain 85 703 4.0
Germany 81 237 34 Australia 35 524 3.0
Australia 26 196 2.8 Germany 130 494 2.8
France 69 183 2.6 South Korea 43 479 2.7
Japan 48 161 2.3 Brazil 135 467 2.6

Note: The table shows the total number of articles by cities within their respective countries (for details
see: Data and research methodology) across two periods. It includes only the top 10 producer countries.
Fractional counts were applied; for instance, if an article involved three cities, each city was assigned a
count of 0.33. Articles published from 2010 to 2017 are summarized on the left, while those published from
2018 to 2022 are summarized on the right. The percent of articles is computed as share of the total number
of articles. Source: Authors’ own elaboration.

Table S4. Spearman’s rank correlation coefficient between the four rankings

City rankings based on Global and world

Rankings Period SC knowledge cities ranking
20102017 | 2018-2022 2016 2020
City rankings based | 2010-2017 1.000 0.812 0.506 0.521
on SCknowledge | 2018-2022 - 1.000 0.579 0.620
Global and world 2016 - - 1.000 0.933
cities ranking 2020 _ _ - 1.000

Note: The table summarizes the Spearman ranking correlations between the four city rankings used in
the article, involving 241 cities (for details of deriving the rankings see: Data and research methodology).
Source: Authors” own elaboration.
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Fig. 52a. Word clouds of keywords proportional across the clusters, 2010-2017. Note: The figure displays

word clouds representing the number of articles in 2010-2017 by thematic clusters as described in Figure 4 at

the top and Figure S1 left side. Names of clusters: 1 = Sustainable urban development; 2 = Digital technology

and digital city; 3 = Systems, vehicles, transportation; 4 = Networks and sensors; 5 = Smart energy systems;

6 =Data and Internet of Things. Colours are used for distinction only and do not convey additional content.

Larger words indicate higher frequencies within their respective thematic clusters. Minimum keyword oc-
currence was set at 10. Source: Authors” own elaboration.
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Fig. 52b. Word clouds of keywords proportional across the clusters, 2018—-2022. Note: The figure displays word
clouds representing the number of articles in 2018-2022 by thematic clusters as described in Figure 4 at the top
and Figure 51 right side. Names of clusters: 1=Sustainable urban development; 2 Machine learning, networks;
3 = Internet of Things; 4 = Systems, vehicles, energy; 5 = Big Data, Internet of Things. Colours are used for
distinction only and do not convey additional content. Larger words indicate higher frequencies within their
respective thematic clusters. Minimum keyword occurrence was set at 10. Source: Authors’ own elaboration.
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Fig. S3a. Concentration of SC knowledge in cities, 2010-2017. Note: Lorenz curves are shown for major regions

and summarized in the TOTAL chart, across two periods. These curves plot the cumulative proportion of

cities (x-axis) against the cumulative proportion of smart city articles produced (y-axis). Each regional chart

includes the Gini coefficient, the total number of cities, and the total number of articles at the bottom-right.

At the top-left, the top 10 cities and their respective article counts are listed. Fractional counts were applied;

for instance, if an article involved three cities, each city was assigned a count of 0.33. Source: Authors” own
elaboration.
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Fig. 53b. Concentration of SC knowledge in cities, 2018-2022. Note: Lorenz curves are shown for major regions

and summarized in the TOTAL chart, across two periods. These curves plot the cumulative proportion of

cities (x-axis) against the cumulative proportion of smart city articles produced (y-axis). Each regional chart

includes the Gini coefficient, the total number of cities, and the total number of articles at the bottom-right.

At the top-left, the top 10 cities and their respective article counts are listed. Fractional counts were applied;

for instance, if an article involved three cities, each city was assigned a count of 0.33. Source: Authors’ own
elaboration.
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