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ABSTRACT KEYWORDS

By exploring and defining characteristics of a smart city research smart city; centres of
and innovation centre, we contribute to the discussion on smart  excellence; urban research
city development capacity. To do so, using a qualitative method, and innovation;

we review definitions of the concept and map international ~ Multidisciplinary;
groups and institutes affiliated with this domain. Our main result experiments

is an overview of global research centres dealing with smart cities.

One of the key implications of this paper is that instead of a strict

definition, the important aspect appears in the framing provided

by the complex real-life challenges that require and enable cross-

disciplinary research, even though the concept keeps evolving.

1. Introduction

Smart city (SC), a constantly evolving thematic domain, appears as an umbrella term
that hosts multidisciplinary research on specific domains such as mobility, energy, built
environment, data, and governance. As the term implies, the essence of the theme lays
in real-life phenomena and artefacts in the actively changing life surroundings for a
constantly increasing number of people all over the world. Cities, as such, consist of
vast amount of people and human interaction, technologies that enable constantly
advancing abilities for people to perform in improved ways, as well as practices and
processes for groups and communities to collaborate and coordinate mutually impor-
tant activities. Conceptually, and in more precise terms, Batty et al. (2012) have
described the theme addressing ‘constellations of instruments across many scales that
are connected through multiple networks which provide continuous data regarding the
movements of people and materials in terms of the flow of decisions about the physical
and social form of the city’. A more general formulation is that most smart cities’
research is about how digital processes can inform physical processes or are substituting
for these (Batty 2020). One may argue that the concept encapsulates a huge variety of
issues to consider extending towards being fuzzy and fluid.
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At the same time as the SC concept requires constant elaboration, it offers
multiple opportunities and a conceptual umbrella for researchers and innovators
to connect their ideation and development efforts. This research is interested in this
from different viewpoints: geographical (east-west, culturally grounded approaches),
time (how has it evolved, future research), science of cities (multidisciplinarily,
wicked problems, surprising researcher combinations for new innovative ideas),
and lively multistakeholder-research-innovation-nexus (city-industry-academia)
collaboration.

The main research question is interested in understanding the operational part of
smart city research, that is, which are the actual research groups globally dealing
with the concept and what are their disciplinary focus areas. The academic literature
so far has focused too much on defining smart city as a phenomenon, resulting in
quite a fuzzy outcome without any robust consensus on the concept. On the other
hand, the literature lacks a systematic overview of who are the actual smart city
research actors. Understanding these actors can help to reason the smart city as
a concept and therefore contribute to the smart city literature. That is, smart city
research can be conceptualised by understanding what smart city researchers actu-
ally do. As a sub research question, this paper addresses the general definition of
a smart city: What is the concept and definition of a smart city? We acknowledge
that such an overarching question is a broad and bold endeavour, particularly as our
interest goes beyond keyword-specific research based on papers that label themselves
under the domain of smart cities.

The aim of this study is to review the smart city as an evolving and broadening
theme and map it with smart city-related research groups in different urban data
and technologies centres globally. There are different approaches to smart and
sustainable cities in different regions ranging from planned cities in Asia to co-
creative ones in Europe. This paper identifies conceptual and operational character-
istics for a smart city centre with combined international and regional impact. To
do so, first, we perform a literature review of smart city as a keyword
domain; second, we map this with established academic centres that work on SC.
Thus, one contribution of the paper is an updated list of smart city research groups
globally, including identification of respective themes and approaches (i.e. overview
of academic centres and research groups). Furthermore, this paper provides an
overview of what kind of research relates to smart city research, independent
from the thematic label, and introduces a research and innovation agenda for
a novel smart city centre. The practical aim of the paper is to use the learnings in
the forming of a recently founded smart city centre of excellence with a significant
grant funding from the European Union, not to mention the considerations of the
future orientation of the centre.

The rest of this paper is structured as follows. The next section presents a review
of the relevant literature on smart cities, bringing some definitions, approaches, and
models. Afterwards, how this study was performed is explained. The results section
shows the centres dealing with smart city-related themes. Furthermore, the in-depth
case study of the FinEst Centre for Smart Cities, a rather recently established centre,
is presented. The last section brings theoretical and practical implications and final
considerations.
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2, Literature review: smart city concept and its models

Since the origin of the explicit smart city literature, several conceptions of smart city
have emerged, varying according to the main ‘smart’ characteristics (Caragliu and Del
Bo 2020). A smart city strategy involves application of technology in order to

e improve environmental quality in urban space, reducing CO, emissions, traffic,
and waste;

e optimise energy consumption, by building efficiency and renewable energy pro-
duction; and

e increase quality of life, delivering better public and private services, such as local
public transport, health services, and so on (Dameri and Cocchia 2013).

From that perspective it is no wonder that a strong critique of this technology-
centric vision emerged with the publication by Hollands (2008) ‘Will the real smart city
please stand up?. The heavily business-driven and deterministic approach to city
making was also refuted by several other academics (Neirotti et al. 2014; Soderstrom,
Paasche, and Klauser 2014).

The first smart city definitions were focused on the technology perspective.
Technology can be seen as an enabling force for the development of new forms of
intelligence and collaboration to advance the problem-solving aptitude of the city
(Angelidou et al., 2018). However, recent definitions are no longer limited to infor-
mation and communication technology (ICT) diffusion, being shifted more towards
people and community needs (Albino, Berardi, and Dangelico 2015). Table 1 shows
smart city definitions from highly cited references from different years, based on
a keyword search (‘smart cit*”) on Web of Science and Scopus. In addition, it coupled
with the back and forward method (Webster and Watson 2002) to select other
relevant literature.

As seen in the examples in Table 1, a new league of smart city definitions has
surfaced over the last decade (c. 2010-2020) with an emphasis on creativity, human
capital, education and learning, social inclusion, and governance. In addition, it high-
lights the need of multiple actors and partnerships for innovation (Ferraris, Santoro,
and Pellicelli 2020). With the diversification of the underlying foundations of the smart
city concept, the meaning of the label itself has become fuzzy and is used in ways that
are inconsistent (Praharaj and Han 2019). Likewise, there are different approaches
related to the smart cities discourse (Komninos and Mora 2018). For instance, on
one hand, the technology-driven approach indicates that the deployment of digital
technology improves the quality of life, whereas on the other hand the human-driven
approach endorses the key role of human capital and citizen skills (Kummitha and
Crutzen 2017). Moreover, the planning of a smart city initiative can be top-down or
bottom-up (Komninos and Mora 2018). This could be simplified by organising the
definitions in Table 1 based on their emphasis on top-down (Top-down) or bottom-up
(Bot-up) approaches, and technology (Tech) vs. human emphasis (Hum) - keeping in
mind that human emphasis means here a mere notion of human capital or citizen skills
(Komninos and Mora 2018). It can be seen that a technology-oriented bottom-up
approach is missing or at least weaker than the other three. This observation has



URBAN RESEARCH & PRACTICE (&) 115

Table 1. Smart city definitions and approaches.

Approach

Top- Top- Bot- Bot-
down down up up
+ + + +
Smart city definition Reference Tech Hum Tech Hum

The vision of ‘Smart Cities’ is the urban centre of the future, (Hall et al. 2000, 1) X
made safe, secure environmentally green, and efficient
because all structures — whether for power, water,
transportation, etc., are designed, constructed, and maintained
making use of advanced, integrated materials, sensors,
electronics, and networks which are interfaced with
computerised systems comprised of databases, tracking, and
decision-making algorithms.
A smart city is a city well performing in a forward-looking way in (Giffinger et al. 2007, X
these six characteristics [economy, people, governance, 11)
mobility, environment, and living], built on the ‘smart’
combination of endowments and activities of self-decisive,
independent and aware citizens.
A city to be smart when investments in human and social capital (Caragliu, Del Bo, X
and traditional (transport) and modern (ICT) communication and Nijkamp
infrastructure fuel sustainable economic growth and a high 2011)
quality of life, with a wise management of natural resources,
through participatory governance.
A city in which ICT is merged with traditional infrastructures, (M. Batty et al. 2012) X
coordinated and integrated using new digital technologies.
A smart city is defined with the meaning of smartness (Nam and Pardo X
penetrating the urban context, the role of technologies in 2014, p. S2)
making a city smarter, and focal domain (infrastructures and
services) that need to be smarter.
As a concept, SC is described in various ways, but a general (Yeh 2017, 556) X
definition involves the implementation and deployment of
information and communication technology (ICT)
infrastructures to support social and urban growth through
improving the economy, citizens’ involvement and
government efficiency.
Smart cities stand for an idea of where the city wants to be in the (Angelidou et al., X
future and how it imagines itself transformed by taking 2018)
advantage of the capabilities of digital technology and
innovation networks.
A smart city not only includes the application of ICT in its (Wu and Chen 2019, X
infrastructure but also has the capacity to integrate people, 2)
information, and technology in building an efficient,
sustainable, and resilient infrastructure that provides high-
quality services and promotes the quality of life of its
residents.

something to do with the general requirement of people first in smart city discussions
that started around 2005.

There is also a strong consensus of the fact that smart city discussion is very scattered
and the work of defining and conceptualising it is still in progress (Albino, Berardi, and
Dangelico 2015; Cocchia and Dameri 2016; Dameri and Cocchia 2013; Fernandez-Anez
2016; Mora, Bolici, and Deakin 2017; Ojo, Dzhusupova, and Curry 2016). There is
a plethora of very different academic formulations of the smart city concept. Actually,
the style of those formulations could be called more description than definition.

The language game of smart city (Praharaj and Han 2019), or to be more precise,
labelling games and fuzziness of the definitions, can also be interpreted to arise partly
from the belief that technical solutions would be all we need to mitigate urban problems
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in a smart city. However, when the later smart city discussions have enlarged from
technical niches to fields such as social capital, everyday-life and governance, settings to
be solved and needed toolboxes have of course become more complicated.

Instead of trying to formulate one more definition of the concept of smart city, the
discomfort could be alleviated by the statement of Giffinger and Lii (2015, 12) that
actually all corresponding strategic discussions and efforts are more or less focusing on
three core dimensions, introduced by Nam and Pardo (2011):

(1) Technology and its mediated services making infrastructure more efficient;

(2) People in the context of social learning for strengthening human infrastructure
and collective decision-making;

(3) Institutions in the modified context of governance for institutional improve-
ments and the citizens’ engagement.

To put it even more concise, ‘... the concept of “Smart City” is evolving as a specific
approach to mitigate and remedy current urban problems between urban competitive-
ness and sustainability’ (Giffinger and L 2015).

When shifting from conceptualisation challenges to academic spread, Mora, Bolici,
and Deakin (2017) have collected bibliographical statistics from over 1000 English
publications and so-called grey literature, published 1992-2012 and having words
smart city or smart cities in title, abstract, or in a keyword list. They also calculated
the shares of citations the collected publications got during the period. Until 2002
writings done by American universities — typically in collaboration with corporates and
consultant companies, especially IBM and Forrester Research, ruled the statistics of
publications - and citations (IBM got 9% of total amount of citations). The subjects of
their writings were dominated by technical solutions with rather narrow scope. Also,
publications or citations from Asia, mostly Japan (Hitachi) and India (Tata group),
were rather corporate-driven, although being not very influential among smart city
literature (0.82% of total amount of citations). From 2002 onwards, especially from
2008 to 2010 on, European universities and more holistic scopes of smart cities really
took off. Their study showed Europe as the main contributor to the smart city research
as 52% of source documents were produced by organisations located in Europe and
they had the greatest impact; then North America also had a great contribution (16.6%
of production and 24.4 of citations), whereas Asia had a good contribution (23.3%) but
smaller (10.3%) impact (Mora, Bolici, and Deakin 2017).

The amount of the academic European activity, from the end of the first decade of
the twenty-first century, also made the whole smart city discussion to grow more than
10 times bigger than it was a couple of decades earlier. Respectively, the amount of
smart city researchers grew during the same period from less than 200 people to a
community ten times larger (Mora, Bolici, and Deakin 2017). The community is
probably even bigger than that, since the environmental reasons. Around 2010, there
was a rise in popularity of the smart city concept (or its near equivalents) also as a top-
level political initiative. During 2009, in addition to smart cities, the need to build the
actual ecologically healthy cities (Eco-Cities) got general top-level political awareness in
France and in the UK. Even more effective eco-city projects started in Abu Dhabi and
in China (Joss 2010). Consequently, since 2010 the European Union has used ‘smart’ to



URBAN RESEARCH & PRACTICE (&) 117

qualify sustainability projects and actions in the urban space (Dameri and Cocchia
2013), as for example, the programme Smart Cities and Communities from 2012. This
has enormously expanded the usage of ‘smart’ among the academics and the urban
developers who use European English as their professional language.

2.1 Two smart city models

The fuzziness between how smart city is defined in the literature versus what research-
ers are doing has a mutual share of two models: ‘planned tech-oriented cities’
versus ‘improving the existing ones’. Whichever way the smart city concept is under-
stood and implemented in different parts of the globe, it is always heavily connected to
local political, cultural, and living condition, as is noted in the following two main
models.

2.1.1 Model 1: planned pop-up techno-cities

While the idea of a city is rather mature in the US and European Union, there are not
many opportunities for total technology-driven cities (techno-cities) in the Western
countries. An enforcing exception to the rule is PlanIT valley that was about to be built
in Portugal during the early 2010s but ceased because of funding problems. The most
recent cases also show that the privatisation of cities is happening in very focused topics
and in very small-scale pilots, for example, Volkswagen electrifying the transport modes
of the little Greek Island, Astypalean.'

Due to global urbanization, a demand for creating smart cities has emerged, including
in populated countries like India and China. The volume of people moving to cities is
huge, and urban administrations cannot handle all social and infrastructural problems
arising from this, partly semi-legal, intra-national migrancy. Furthermore, the rapid
economic growth in China has caused environmental disasters, hence the term eco-city
instead of smart city. The national solution for these problems has been to give cities
greater independence from the national government (Caprotti and Romanowicz 2013).

Globally, it seems that Asian (and Arabian) countries are using a variety of smart
city concepts as an accelerated possibility to modernise their cities. In practice that
means how to cope with very rapid urbanisation, environmental and especially urban
air and water quality problems. The implementation of these aims is heading quite
precisely towards the way the existing Western cities are organised. These kinds of
‘pop-up techno-cities’ are not just trying to reach European basic-level conditions, they
are also utilising Western urban planning ideologies such as modernism and even
futurism, more precisely, Howardian Garden city, Le Corbusian/Futuristic and mod-
ernist techno-city, panoptic control rooms, and city dashboards. Conceptually, they are
combinations of futuristic technocratic solutions and mid-twentieth-century idea of a
city that all functionalities can be planned. It is no wonder that the general ideals and
models of pop-up techno-cities in Asia and Arabia are rooted in Western urban ideals
since typically the Western companies and even public administrations are strongly
involved in those projects. Although some of the most challenging projects have failed
because of high-level political and funding issues, many of them really are finalising -
probably faster than any Western infrastructural large-scale project. However, the
amount of people and companies is lagging far behind from the originally planned
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figures. For example, the national flagship development Tianjin has - 10 years after the
beginning of the project — a gross 100,000 residents, although the plan was 350,000.
More successful case, technically, was South Korean Songdo, located near Incheon
airport and 60 km from the capital city Seoul. From the European perspective, the
above-described model of a smart city raises several questions. First, what is actually
a city? Can it be simply the physical buildings, streets, and other technical infrastruc-
ture? Furthermore, a smaller version of the Asian pop-up techno-cities, Masdar city in
the United Arab Emirates, near Abu Dhabi, already has urban structure, sun and wind
power heavily utilised in air conditioning and electricity systems, and in the electric bus
system, etc. However, the number of residents and companies is lagging heavily behind
the planned figures — some thousand residents combined, only.

One bundle of reasons is the strong emphasis on supply-based technology and city-
level efficiency, instead of the actual liveability and sociability among human beings.
Tianjin was built on formerly toxic wasteland - not a very enticing fact for those who
can choose where to live. More concretely, the newly constructed residential buildings
in these — supposedly - apolitical eco-cities are so expensive that only upper-middle-
class people can afford them. That is quite challenging in countries with high percen-
tage of poor, some amount of elite, but very thin middle classes.

2.1.2 Model 2: improving the smartness and governance of existing cities

When demographical, cultural, and social issues are not solved, but their types and
volumes are more or less matured, there is also a smart city concept related to those
conditions. Smartness is only added and developed to existing infrastructural and social
structure. This kind of exchange happens between Europe and Northern America. The
concept of smart city can be seen boosted by the American academics’ admiration of
the European type of urban planning that takes the development of existing -
European - cities and their social structure as a starting point.

The development process is typically such that public authorities of a city, perhaps
supported by some national resources, are enabling, encouraging, or even procuring
new services or functions to be created by private sector. Instead of providing covering
public funding, the public resources are used to reformulate regulations, technical
platforms, data hubs, Research & Innovation (R&I) programmes, or a combination of
those. Thus, existing cities are only improved by the new, say, ICT services and
governance practices.

The most important urban subsystems in the European smart city discussions, and,
rankings, have been sustainability in energy and carbon savings, and especially in the
transport system, for example, innovations in public transport, or in car-sharing and
bicycling. This ranking interest is actually an important activity in European and
North American smart city discussions. It promotes the cities, that is, shows that
these cities are worth investments, in other words willing to have new jobs, new
taxpayers, and new tourists. However, on a more abstract level we could also say that
the phenomenon of these lists is a way of pondering the real, or at least most
successful concept of the smart city.

According to Manville et al. (2014) who surveyed all European cities having popula-
tion more than 100,000, virtually all Nordic Member State cities can be characterised as
smart cities, as can most cities in Italy, Austria and the Netherlands, and approximately
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half of British, Spanish and French cities. Germany and Poland have relatively few
smart cities. Eastern European countries generally have a lower incidence of smart cities
than the rest of EU-28" (Manville et al. 2014, 38). National or international smart city
initiatives, having typically some kind of an environmental angle, are heavily funded by
the European Commission (Manville et al. 2014).

In Europe, also big IT companies, such as IBM, Cisco, and Siemens, offer their
remarkable legacy, resources, and practical products for the public planning, to an
extent even pro bono in early phase planning. However, in Europe there are planning
traditions and laws demanding local people to be invited into the societal, or local,
discussions, especially so in the Nordic countries. A growing topic in European smart
city discussions is the inclusion of citizens. One emerging example of that is the way
personal data is supposed to be handled in the West. Compared to Asia this really
makes a difference, having a dramatically different idea of individual rights and
personal data. However, European democracy makes the decision-making process
much slower than in Asia or Arabian countries. We can safely assume that it is precisely
this cultural difference that pushes Western companies to offer their planning and
implementation services for grateful governments in Asia, India, and Arabian countries.

3. Understanding smart cities through the lenses of research

Previous projects have shown that some public governments lack capacities to accel-
erate development of smart cities (Ardito et al. 2019; Ferraris, Santoro, and Pellicelli
2020), and for this to happen, it is important to involve different stakeholders. As a part
of the 2010s” social and human intervention to formerly very techno-oriented smart city
discussions, management studies and multistakeholder approach are offering
a perspective that is relevant when positioning academic units related to the concept.

The concept of triple helix (e.g. Etzkowitz and Leydesdorff 1997) emphasises the
collaboration between state, company, and university. Especially thinking of tech-
oriented smart city projects, usually the initiative is ‘driven and guided by public
governments or Multinational Enterprises (MNEs), while the coordination is often
multistakeholder driven and followed by university team’s engagement’ (Ferraris,
Belyaeva, and Bresciani 2020, 165).

According to Ferraris, Belyaeva, and Bresciani (2020), the recent trend of smart
innovation should be seen also from the multistakeholder dimension. It is important to
understand the ‘cause and consequence of stakeholder relationships and interactions in
a network, as a stakeholders’ causal scope’ (Shams 2016, 676) to be able to generate
sustainable innovations (Ferraris, Belyaeva, and Bresciani 2020). Thus, university can
play an enhanced role in innovation in smart cities and in increasingly knowledge-
based societies, acting not only as technology and knowledge transfer favouring the
economic development but also operating as an intermediary and facilitator between
the other components of the ecosystem in multi- and interdisciplinary ways (Del
Giudice, Carayannis, and Maggioni 2017).

Since it is hard to capture the volume and certain vagueness of academic research on
smart cities, and the actual implications in cities, one way to understand the smart city
movement is to look at the most important sources of smart city research, the research
groups, and centres around the world. Using a qualitative method based on expert
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analysis of secondary data, first we mapped global research groups that work within the
research domain of smart cities and identified the main academic centres dealing with
urban informatics, smart cities, big data, and related fields. Since we are interested in
more consolidated research units, we involved centres that have been in place over 5
years with minimum amount of around half-dozen researchers involved. The initial list
of the centres derived from a report to the UK Economic and Social Research Council
Cities Expert Group (Batty 2013), slightly updated by Townsend (2015). In our
approach, we mapped and introduced these research groups, focusing on the ones
that were active as of May 2021. Thus, this part of our study is based on the authors’
internal evaluation with involvement of a global key expert in this field (Michael Batty
from UCL-CASA) and detailed analysis of secondary data such as web pages.

The second part is an in-depth case study of the FinEst Centre for Smart Cities,
a rather recently established centre that has been selected as it has a substantial research
agenda and is one of the rare ones which is actually labelled as a smart city research
centre. In this part, we studied the research and innovation agenda of this centre. In
total, more than 40% smart city publications (out of a pool of over 100) were analysed
with an overview of how large-scale research-based smart city pilots are planned and
implemented. The aim of the FinEst Centre is to initiate long-term smart city research
and innovation activities in collaboration with technology universities in Estonia and
Finland, Estonian Ministry of Economic Affairs and Communications and Forum
Virium Helsinki. The FinEst Centre is organised around five streams - Smart
Mobility, Smart Energy, and the Built Environment - tied together by streams of
Urban Analytics and Data, and Smart City Governance (Soe 2017). The FinEst
Centre was initiated in December 2019 when it received 32 million euros 8-year start-
up grant from the European Commission and Estonian Government to set up an
independent smart city research and innovation centre.

4. Results: centres dealing with smart city-related themes

The first part of this section introduces and discusses the mapping of smart city-related
centres. The second part is devoted to the in-depth case study of the FinEst Centre for
Smart Cities.

4.1 Overview of centres dealing with smart city-related themes

By 2010, a small number of smart cities centres (in need of a better term) had been
established to pursue an agenda related, first and foremost, to big data, real-time
sensing, new forms of automation, as well as informing much of the science that had
been developed for cities so far. As an example, the Centre for Advanced Spatial
Analysis (CASA) has slowly moved towards this area as it began as a GIS centre, set
up in UCL in 1995, as a group that could research geographic information systems and
spatial analysis, but always with a strong city focus, their vision is to play a central role
in the approach they call science of cities. CASA is less geared to computer science and
more to urban applications. In contrast, the Senseable Cities Lab was set up in 2004 in
the Department of Urban Studies and Planning (DUSP) at MIT, and its focus has been
on networks and big data pertaining to streets and transport systems as well as
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extending into a variety of simulations of mobility. The Media Lab, also at MIT, has to
some extent been at the forefront of smart cities research since it was founded, in 1985,
with several groups dealing with cities in terms of media, energy, visualisation, and
design.

In 2005 and 2006, two other significant centres were founded, showing the range of
interest in smart cities at this point: the Urban Scaling group at the Santa Fe Institute
(SFI) and the Urban Informatics research lab at the Queensland University of
Technology (QUT). The Santa Fe Institute, which was founded in 1984 as the first
research institute dedicated to the study of complex adaptive systems, created in 2005
the Cities, Scaling and Sustainability research group with an interdisciplinary approach
and quantitative synthesis of organisational and dynamical aspects of human social
organisations, with an emphasis on cities. The work at Santa Fe continues, and there are
strong links there to several areas of the social and policy sciences that take complexity
theory and apply it to urban questions. While the QUT Urban Informatics group was
created in 2006 and is more involved in the study, design, and practice of urban
experiences across different urban contexts.

Since roughly 2010, the focus on smart cities has emerged; once smartphones became
the dominant way in which individuals began to capture and manipulate their personal
data, many centres have been set up to progress research on the types we have alluded
to in the above discussion. Chief amongst the centres in terms of size are those in
Chicago and in New York. The Urban Center for Computation and Data (Urban CCD),
created in 2012 in Chicago, came from computer science and is strongly concerned
with big data, sensing, and the development of projects involved in real-time streaming.
Recently the urban science initiative at the University of Chicago, which is based on the
Mansueto Institute for Urban Innovation, has joined Urban CCD while the Center for
Spatial Data Science is also linked. Thus, the centre has also been getting involved in
wider urban science issues. This seems to be a feature of all the centres. Although they
may begin in one area, they tend to expand their focus, or at least be sympathetic to
other disciplinary domains. This is important to provide a good context to smart city
research and many centres appear to recognise it.

In fact, we can date the genesis of what we are calling here smart cities research
centres with the Bloomberg Challenge which was set up in 2010-2011 to attract science
centres to New York City, two of which subsequently became smart cities foci, namely
the Center for Urban Science and Progress (CUSP) in NYU which begun in 2012, and
Cornell Tech, which took longer to become established and opened in 2017. CUSP has
also been limited by the fact that in NYU there are other programmes, in particular the
Wagner School of Public Policy and at the Marron Institute which is much more
focussed on the growth of cities. On the other hand, CUSP has also clones in England at
Kings College and Warwick University.

There are three other groups that are significant in size. In the UK, there is the Urban
Big Data Centre in the University of Glasgow (UBDC), jointly funded by the Economic
and Social Research Council (ESRC) in 2014. UBDC is based at the University of
Glasgow, but the centre has associates at University of Illinois at Chicago, University of
Bristol, University of Edinburgh, University of Reading, University of Sheffield, and
University of Cambridge. Their focus is primarily on assembling and integrating big
data that pertains to cities, but there are a variety of projects involving urban science,
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transportation, and the wider issues of privacy in data for smart cities. UBDC’s key
research strands are urban impacts of COVID-19; education and skills; housing and
neighbourhoods; transport and infrastructure; and urban governance. In the University of
Edinburgh, the Edinburgh Futures Institute is based more on digital humanities than on
digital cities, but there are several important themes that relate to innovative uses of
computers in cities.

There are a few significant centres funded from scratch which focus on urban
science, the governance of smart cities, questions of big data, and issues such as
mobility. The National University of Ireland’s Programmable City Group at
Maynooth has perhaps the strongest links from smart cities technologies to urban
social and spatial structure and how this map into governance. This is a centre set up
from scratch with European Research Council funding, and it runs alongside the
National Centre for Geocomputation at Maynooth. Nevertheless, the groups are work-
ing with the City of Dublin on various technical problems involving dashboards and
control systems.

A centre founded in 2015 is the Imperial College’s Urban Systems Lab (USL) which
has grown out of various initiatives devoted to urban transportation planning and
energy studies. This centre has eight thematic research areas including low carbon
operation and resource efficiency; resilience and adaptability; systemic quality of ser-
vice; sensing, simulation, and modelling; economic performance; advanced materials
and processes; health, well-being and quality of life; and business models and innova-
tion. Another one is the ETH Zurich Future Cities Lab located at the National
University of Singapore (note that the Senseable Cities also have a presence in the
same location as part of the SMART Programme). The ETH Future Cities Lab has
moved into a new phase (Future Cities II) with more emphasis on building, energy,
sustainability, and regeneration with more focus on mobility.

Noting other initiatives in academia that not only cover smart cities but extend to
spatial analysis, modelling, and other features of urban research, in Australia, there are
two significant initiatives besides the previously mentioned QUT Group. These are at
the University of New South Wales (UNSW) City Futures Research Centre, created in
2005, and there is the longer-standing group at the University of Wollongong, the
SMART Infrastructure Facility, which brings together experts from fields such as rail,
infrastructure systems, transport, water, energy, economics, modelling, and simulation,
providing 30 state-of-the-art laboratories to facilitate this important research.

In continental Europe, several groups have emerged a little more slowly than those in
the Anglo-American countries. In particular, the effort begun in Amsterdam in 2015.
The AMS Amsterdam Institute for Advanced Metropolitan Solutions was cloned from
and is linked to the Senseable Cities Lab at MIT and has fairly similar projects involving
mobility, autonomous vehicles, as well as being developed on a background of geospa-
tial and building technologies. The centre involves a partnership with Universities of
Delft, Wageningen, Amsterdam, and Eindhoven. Eindhoven and Delft have substantial
presence in the built environment, digital governance, and transport areas. A related
development is at the Open University of the Netherlands that seems to build on
various regional science initiatives. In Switzerland at ETH and Lausanne, there are
various groups.
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In Spain, there are several new approaches to urban planning based on smart cities.
The municipality of Barcelona is iconic in that not only is the city labelled as being
smart — it also provides resources to research itself. There are also a set of groups in
urban science, such as those in Palma de Majorca, and there are some groups in
transport modelling. In Austria, there is the Institute of Spatial Planning in Vienna at
TU Wien. In Italy, there are some groups in Rome, Bologna, Torino, Milano, and
Brindisi. What this overview shows is that there is a vast array of groups who deal with
cities and are sympathetic to smart cities technologies, big data, and modelling, but do
not specifically see themselves as smart cities centres per se. Furthermore, several
e-government research groups working in the cross-field between public administration
and Computer Science research have entered the field of smart cities. For example, the
United Nations University’s Operation Unit on Policy-Driven Electronic Governance
(UNU-EGOV) based in Guimaraes, Portugal.

In Germany, there do not seem to be any distinctive centres as such because the
focus on cities is more social and policy-driven and what effort there is on smart cities
is related to tech and business models for automating cities. There is a large German
effort in this area which is ongoing but does not seem to be linked to academia.” In
France, there are some powerful urban science groups centred around the Cities group
at the Sorbonne and Barthelemy’s group at Institut de Physique Theorique (CEA) and
Centre d’Analyse et de Mathematique Sociales (EHESS). In addition, UrbanAlI group is
in the vanguard of a dedicated initiative dealing with big data and Al

In East Asia, there are a variety of initiatives in China and Japan, but these are harder
to identify as they do not seem to be very focal centres. There are many initiatives and
centres for smart cities research in China, and all the key universities have a presence. If
we begin with Hong Kong, at the Chinese University there is the GIS centre which is
university wide and ranges from remote sensing to transportation, while this is also an
Institute for the Future Cities which draws together a range of technologies and
applications wider than smart cities per se but include them. A new Smart Cities
Institute has been formed during the last two years in the Hong Kong Polytechnic
University with strong focus on big data, visualisation, urban informatics, and various
kinds of sensing. In mainland China, there are almost too many smart cities initiatives
to define, but the academic centres that stand out are the Beijing City Lab which is
attached to Tsinghua University and the spatial mobility group in Peking University. In
Japan, there is a country-wide GIS network which is based on the Centre for Spatial
Information Science in the University of Tokyo, and this has been in existence since the
late 1980s. This embraces urban informatics and well as GIS and now big data and
various types of analytics. It is in fact quite strongly orientated towards urban planning
and policy.

In North America, we have already mentioned research groups at NYU, and in
Chicago, but there is a cluster of groups in Boston based on the strong focus there on
media and networks. In addition, in New York, there is a presence of sorts at Columbia
University centred around Urban Planning and Computer Science although these
appear to be somewhat separate, and the urban lab has changed its focus to a Center
for Spatial Research. The data science focus is within a programme dealing with big
data, and it is badged as smart cities, but it is important to see the effort in perspective.
There are other institutes in Columbia such as the Earth Institute which have significant
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links to smart cities research, in particular, and cities research, more generally. The City
University of New York has a transportation centre while the Geography Department at
Hunter College in CUNY has a long-standing interest in GIS and urban modelling. In
addition, there is a Smart Cities Smart Government Research — Practice Consortium as
a part of the Center for Technology in Government (CTG) - University at Albany, State
University of New York. There do not seem to be strong groups in Los Angeles, but
there are various research centres such as that at Oak Ridge on Urban Dynamics that
are beginning to populate the smart cities space. At Harvard too, there are several
initiatives in cities, and it is worth noting that in the US there is extensive interest
and research into the digital economy, its organisation, questions of data and copyright,
and IPR all of which are key to thinking about the implications of data streaming and
sensing in smart cities. There are many other initiatives in the US, but most of these are
focussed on transportation centres that are quite well developed and in geospatial
centres that are associated more directly with spatial analysis, spatial statistics, GIS,
and quantitative geography, all loosely defined as geospatial analysis. In South America,
there is interest from GIS and transportation groups, but so far we have not identified
any major centres. Of course, this survey is very impressionistic and, in this sense,
nowhere near complete. It merely provides a glance but not a definitive summary in any
sense.

As we have argued throughout this paper, this is inevitably an incomplete snapshot
in time with respect to the evolution of research centres involving smart cities. How
a smart cities centre is developed depends on the local context, cognate areas in other
departments, and of course funding. Very few centres have been set up directly, but
those that have appear to have worked better than looser associations of already
established interests. A more comprehensive table of academic centres and institutes
dealing with smart cities-related themes is available in Appendix A, including the
location of the centre, brief description, and website links. Some of them are more
like research institutes, a few of them are labelled as centre of excellence.

We argue here that what is needed as a next step is a more detailed worldwide review
of larger initiatives. Last but not least, we need to consider how the ideas might impact
on the grand challenges noted above, in terms of the way climate change, ageing,
inclusion, energy, housing, health, mobility, the future of work, and education and
learning all impinge on the ways in which we can make our cities smart. These in
themselves pose challenges that any new centre needs to address as it develops,
especially how to make interconnections between different disciplines in facing these
actual challenges of cities globally.

4.2 A case of FinEst Centre for Smart Cities

One of the core ideas of mapping other smart city centres globally in the previous
section is to learn how to set up new ones. This is the case of FinEst Centre that has
been established in December of 2019, enabling rather multi-topic academic activities
combined with versatile innovation projects with cities, companies, and other stake-
holders. The centre has been initiated under the substantial European Unions’s strategic
H2020 program’s Spreading Excellence and Widening Participation call for Teaming
projects. Thus, the FinEst Centre draws from knowledge transfer from the more
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developed Finnish R&I culture to the rapidly developing Estonian R&I culture. As
a joint effort, the FinEst Centre involves approximately 40 researchers from the two
technology universities in Estonia and Finland.

The FinEst Centre has five academic domains (Governance, Data, Built
Environment, Mobility, and Energy) that are covering the identified and timely smart
city topics. Each domain (stream) involves researchers from two technology universities
in Estonia and Finland, some working directly at the FinEst Centre whereas most of
them being affiliated to the centre via affiliation structure.

4.2.1 Overview of FinEst Centre research performed

Academic research and publishing is often done in siloed disciplines. However, within
smart city studies, even paradigmatically different academic domains can find common
ground and lots of explicit synergies through discipline-agnostic challenges from real-
life surroundings. The FinEst Centre researchers have published over 100 publications
during the first and half operative year. This indicates good opportunities for multi-
disciplinary research. For instance, urban lightning is studied in the Built Environment
stream (BE) as a source of urban light pollution. In Smart Governance (Gov), the
lightning of public places in cities is a matter of public procurement. Furthermore,
urban public lightning is also a technical platform for local WLAN connections, data,
and electric power, which makes the public urban lightning not just a Smart Energy
issue but also an Internet of Things (IoT) matter for the Urban Analytics & Data stream
(Data). The potential content, paradigmatic orientation, and potential data types of
those five domains are depicted in Table 2.

The IoT topics are handled in the published papers so far by Data from the
perspectives of fault-tolerant frameworks, thinking especially of their security and
resilience issues. One of the main concerns of the IoT-related studies is the interoper-
ability and standards for different systems. Methodological focus has been in software
engineering addressing agile software development methods in conjunction with
Development-Operations (DevOps).

IoT is utilised in Mobility context as different communication relations between
(physical and informative) infrastructure, vehicle, and (energy) grid. In the published
papers, the studied relations are mostly that of Vehicle-to-Infrastructure, Vehicle-to-
Grid, and Infrastructure-to-Infrastructure, not to mention human understandings of
them. Data and IoT perspectives are central also in machine learning, in the papers
related to self-driving vehicles - and the human understandings of the Self-driving
Vehicles (e.g. Soe and Miiiir 2020).

Potential threats of Mobility-as-as Service (MaaS) concept are strongly Governance
issues, in Mobility critics of MaaS, since this concept simply requires national laws,
priorities of public authorities, and capitalistic business logics to be changed, to make it
successful. Mobility is also referring to a democratic knowledge transfer when handling
the relation of urban planning and transport issues. This public participation is in the
strong interest of BE that has developed a data collection method called Public
Participation Geographic Information System (PPGIS) to enable to collect system-
atically experiences of people in certain geographical spots and areas. BE studies not
just humans (such as how social media is affecting urban planning) but also larger
biodiversity.
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Table 2. Main tasks and aims of the five research streams of the FinEst Centre.
Stream Smart City Governance

Expected to do  Study and develop holistic theories and models of urban governance, new data frames for the
substance streams (Smart Mobility, Smart Energy, Built Environment)

Paradigmatic From narrow techno-orientation to broader holism
orientation
Potential Theories/models of city-led innovations, sustainable transitions, citizen-government co-production,
sources and cross-border frameworks
subjects of
data
Stream Smart Mobility Smart Energy Built Environment

Expected to do  Domain-specific data production, based on substantial understanding of public policies, value
networks and business models, etc., that would enable the actual data streams

Paradigmatic From modes of transport to urban From centralised energy supply to  From human-oriented
orientation mobility system(s) smart grids and local demand to life-oriented
management urban planning
Potential *Humans in cars, transit, last mile, *District heating/cooling *Lightning and
sources and cross-border *Energy flows in nearly Zero- outdoor conditions
subjects of *Cargo in different vehicles Energy Buildings *Experienced quality
data *Self-driving vehicles in *Local energy production of built environment
interactions with infrastructure, *Market prices *Co-created
other vehicles, etc. scenarios
*Biodiversity and
green infra

*Collaborative urban
planning processes
Stream Urban Analytics & Data
Expected to do  System of Systems (different stakeholders’ systems can interchange data through standardised
APIs so that both ends understands data similarly)

Paradigmatic Enabling working Internet of Things systems through standardisation, harmonisation, and realistic
orientation business models

Potential Data harmonisation [semantic and syntactic interoperability, visualisations of data flows, APIs,
sources and widgets, security, authentication and billing function, new revelations of loT functions and
subjects of processes, and cross-border urban data platform (shared between Helsinki and Tallinn)]
data

Energy papers are rather focused, but more broadly taken they can be divided into
consumption and production of energy. Their main idea is to study (and support) new
flexible and dispersed ways of energy production that would react smoothly to changing
demand, instead of the traditional model of monolithic energy production that is all
then consumed. The consumption side deals mostly with metering ‘buildings’, espe-
cially ‘nearly zero emission buildings’ heating, geothermal aspects, and ventilation.
Production-side emphasis is in demand-based, smaller-scale, microgrid production.
However, they also note that currently renewable energy sources still need nuclear
power production as a levelling function.

Former and current research topics are of course the background of deep academic
research also in smart city studies. However, in over 50 grant proposals FinEst Centre
researchers have done during their first and half year, one can see several extensions.
One extension is that of geographical. From the European smart city, the current smart
city knowledge is planned to be transfered to Africa, rural European areas, or to
Southeastern Asia. Another extension is topical, towards healthiness in cities. Third is
mostly within the mobility, including the governance of urban airspace (drones),
experience of urban tourists, climate change, last mile issues, and artificial intelligence.
The last one is common also with Energy that proposes Al to be used also when
studying digital twins. Climate change, energy consumption, and carbon neutrality are
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also connected to master’s degree education that would then concentrate on smart
cities. Last but not least, digital resilience of smart cities is one new topic in the
proposals.

4.2.2 Urban challenge-based experiential pilots

On one hand, efficient academic research is conducted within silos, as seen above where
the five academic domains were organised into five respective research streams. On the
other hand, these silos should be able to collaborate, especially when approaching
practical problems of cities. An example of how the FinEst Centre is approaching the
problems arising from cities is handled in Figure 1.

The FinEst Centre conducts a significant part of its research via large-scale experi-
mental pilots, whereas a pilot is defined as the process of developing a new knowledge-
based solution to an urban challenge. Pilots are focused on finding solutions in one of
the streams or combining different streams. This approach goes beyond academic
specialisations as pilots are exclusively urban challenges triggered based on the input
received from local governments in Estonia. The aim of the large-scale pilots is to
prototype research-based solutions especially for small- and medium-size cities around
the world. The promotion of demonstration projects as pilots and living labs are
recommended as a way to help reducing stakeholder issues concerning the implemen-
tation of innovative smart city projects (Ferraris, Santoro, and Pellicelli 2020).

The first phase of the realisation of the Experimental Piloting Programme was the
mapping of the future urban challenges. For this, 35 Estonian local governments were
surveyed and interviewed in the summer of 2020 with a goal to identify and rank top 10
urban challenges that the municipalities are facing in 5-10 years within the domains of
the FinEst Centre. These 10 challenges were decided upon in a consensus meeting with
local government representatives in fall 2020.> The second phase of the pilot realisation
was an open call for R&I ideas to the challenges determined and selected in the first
phase. In total, 71 ideas were submitted out of which four were selected as large-scale
pilots* in December 2020. It is important that the pilots have to face broadly agreed-upon
future challenges of local governments and the idea proposal process of pilots is fully

RESULT: Mapping city challenges RESULT:

From prototypes to ready International R&D idea
made solutions and scaling competition

- FinEst Centre will pilot the 1st ~
RESULT: R&D ideas with the towns RESULTS:

Figure 1. Smart city piloting programme phases.
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open and participatory to everybody globally. The selected R&I pilots are coordinated by
a joint team of researchers and cities with each pilot implemented in at least two cities.
Thus, the cities serve as experimental testbeds for research and innovation ideas.

5. Theoretical, practical implications, and final considerations

In this analytic review of existing smart city research, a mismatch between conceptua-
lisation of smart city and actual smart city research is pointed out. Our literature review
shows that there is no rigid research domain as ‘smart city’, there is only a broad
discussion on how smart city could be defined without any clear consensus on that. The
definition of smart city ranges from smart city seen as software-driven (e.g. Washburn
and Sindhu For 2010), people-and-community needs driven (Albino, Berardi, and
Dangelico 2015), to very broad integrative frameworks combining a variety of domains
like economy, people, governance, mobility, environment, and living (e.g. Giffinger
2007). More recently, a concept has developed a wider idea, involving also climate-
related goals (Caragliu and Del Bo 2020). Everything combined makes smart city now
a multi-interdisciplinary concept involving close to everything related to city environ-
ment, from spatial technologies (e.g. GPS) and agriculture (vegetable-friendly cities).

A different picture can be drawn when analysing what kind of research smart city-
related centres actually do (even when neglecting what kind of actual implications cities
have: geographical and cultural, not to mention political issues lead to hugely different
solutions in Western vs. Asian-Arabian cities). Thus, if it is difficult to define smart city
research via concept itself, it can be achieved via analysing the research groups and
centres labelled under the domain of smart cities. When grouping the centres in the
fields of urban informatics, smart cities, big data, and related urban science, only half-
dozen centres are focused on smart cities by their name. All other examples mapped,
over 50 centres, do not pop up when using the keyword of smart city, although they
make a significant contribution to the field. For example, the UCL-CASA that began as
a GIS centre and was set up in 1995 as a group that focuses on geographic information
systems and spatial analysis has a strong smart city focus. Similarly, the Senseable Cities
Lab at MIT, the Urban Scaling group at the Santa Fe Institute, and the Urban
Informatics research lab at the Queensland Institute of Technology clearly contribute
to the field of smart cities research. Interestingly, few established centres have future
cities in their name instead of using ‘smart’ (Future Cities Lab University of Strathclyde;
Future Cities Lab: ETH Zurich Singapore Centre; Institute for Future Cities CUHK).
Thus, smart city studies are not yet institutionalised, although they certainly form
a movement, as Batty puts it (Batty 2020). In practice, according to a few follow-up
meetings to this research project with selected smart city research units, research groups
contributing smart city discussions only seldomly study smart city topics as their full-
time job.

When zooming into one smart-city focused recently set up centre as a case study
(FinEst Centre), we indicated that the centre conducts basic research and pilots that are
usually not labelled under the smart city directly, at least not using the keywords. Our
analysis of approximately 40 research papers claimed to be in the field of smart cities,
indicating that these are mainly contributing to the smart city-relevant fields, such as
transport, ICT, public administration, civil engineering, robotics, architecture,
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environment, energy, etc. Similarly, none of the selected smart city large-scale research-
based pilot ideas have smart city in their name. In many cases, the only smart city label
comes from the affiliation, not by title nor abstract nor content. Interestingly, in the
case of innovation-closer activities, performed via experimental smart city pilots, the
research disciplines are in continuous mix. The FinEst Centre addresses its large-scale
smart city pilots to the actual challenges of local governments that often are not
interdisciplinary. In research and innovation centres, it is important to enable fruitful
collaboration between rather steady academic discipline-silos and more rapidly chan-
ging urban challenges.

However, as the case of FinEst Centre shows, the research-driven university unit can
also be the actual driver in smart city projects. In the context of triple helix model, it
can initiate and provide projects that invite (even by making them to compete with each
other) cities, companies, and people to participate. Especially small cities and compa-
nies having not much urban developing resources of their own are happy to participate.
Bigger cities with multi-siloed urban development sectors are of course more compli-
cated to collaborate with. Thus, even the mere facilitation from university is still
needed. An interesting question is, what is the role of multinational companies in
this kind of setting? Are they willing to participate even if they perhaps cannot convert
the focus of the project as they wish but simply adopt it?

One of the limitations of this study is related to the dependence on the expert
judgements (e.g. Michael Batty from UCL-CASA) and secondary data such as web-
pages and internal documents of FinEst Centre. As a follow-up study, it would make
sense to collect primary data from the selected centres listed in annex either in form of
questionnaire and or interviews.

For future research, there is a need to dig further in understanding what kind of
research is performed by researchers in the interplay of technology and urban environ-
ment, instead of applying mere keywords-basedanalysis. In the case of scientific
research, the term ‘smart’ could be used as merely one alternative of many concepts
dealing with technological dsevelopment of cities. The concept of smart city has not
become more rigid from the scientific perspective over the past decade, rather the
opposite. Cities have faced a significant digitalisation over the past years, and thus smart
cities are not the future concept anymore but are slowly becoming a de facto reality.
Thus, the borders between advanced cities and smart cities are getting blurrier — this is
a somewhat similar but slower process than how landline phones and then analogue
mobile phones have transferred into smartphones over the past three decades, making
smartphones de facto standard.

Although the amount of research on the hype term smart city has been increased
substantially, the literature still lacks an introduction to the core research and innova-
tion agenda of the phenomena which was proposed in this paper. If critically analysed,
most of the papers state that the concept of smart city is vague and there is no
agreement on definition among scholars. This is fundamentally true — there is no
absolute shift towards a theory as smart city. More than that, smart city is
a movement that connects several urban technology researchers and practitioners.
From the academic perspective, smart city is more like a glue that can combine different
ideas from different disciplines under one very broad umbrella. Although the number
of separate disciplines under the umbrella is big, the emphasis of them tends to be in
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technology-oriented ones. This could be one of the reasons for the general public
indifference against the concept of smart cities. Thus, more emphasis on severe societal,
cultural, and economic approaches, especially which of critical consumer and critical
technology studies, might improve the acceptance of smart city movement. Our find-
ings also implicate that larger-scale smart city studies should not be organised as
separate academic disciplines. Instead, they should be built on real-life problems,
even the wicked ones. In practice, this means more interdisciplinary and more experi-
mental approach to the development of smart cities.

Notes

https://www.volkswagenag.com/en/sustainability/engagement/smart-sustainable-island.html
https://www.kfw.de/stories/economy/innovation/smart-cities/

www.taltech.ee/en/smartcity

http://www.finesttwins.eu/projects

Ll .

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research has received funding from two grants: the European Union’s Horizon 2020
Research and Innovation Programme, under the Grant Agreement No. H2020 Spreading
Excellence and Widening Participation 856602, and the European Regional Development
Fund, co-funded by the Estonian Ministry of Education and Research, under Grant Agreement
No. 2014-2020.4.01.20-0289.

ORCID

Ralf-Martin Soe @ http://orcid.org/0000-0002-6782-1677

Luiza Schuch de Azambuja @ http://orcid.org/0000-0001-7878-3875
Marko Nieminen @ http://orcid.org/0000-0002-1892-3933

Michael Batty @ http://orcid.org/0000-0002-9931-1305

References

Albino, V., U. Berardi, and R. M. Dangelico. 2015. “Smart Cities: Definitions, Dimensions,
Performance, and Initiatives.” Journal of Urban Technology 22 (1): 3-21. doi:10.1080/
10630732.2014.942092.

Angelidou, M., A. Psaltoglou, N. Komninos, C. Kakderi, P. Tsarchopoulos, and A. Panori. 2018.
“Enhancing Sustainable Urban Development through Smart City Applications.” Journal of
Science and Technology Policy Management 9 (2): 146-169. doi:10.1108/JSTPM-05-2017-0016.

Ardito, L., A. Ferraris, A. Messeni Petruzzelli, S. Bresciani,and M. Del Giudice. 2019. ,,The Role
of Universities in the Knowledge Management of Smart City Projects., Technological
Forecasting and  Social Change 142 (December 2017): 312-321. doi:10.1016/j.
techfore.2018.07.030.

Batty, M. (2013). Urban Informatics and Big Data. In A Report to the ESRC Cities Expert Group.


https://www.volkswagenag.com/en/sustainability/engagement/smart-sustainable-island.html
https://www.kfw.de/stories/economy/innovation/smart-cities/
http://www.taltech.ee/en/smartcity
http://www.finesttwins.eu/projects
https://doi.org/10.1080/10630732.2014.942092
https://doi.org/10.1080/10630732.2014.942092
https://doi.org/10.1108/JSTPM-05-2017-0016
https://doi.org/10.1016/j

URBAN RESEARCH & PRACTICE (&) 131

Batty, M. 2020. “The Smart City.” Article in. T. LeGates and F. Stout, edited by. The City
Reader. 7th. Routledge:London. doi:10.4324/9780429261732.

Batty, M., K. W. Axhausen, F. Giannotti, A. Pozdnoukhov, A. Bazzani, M. Wachowicz,
G. Ouzounis, and Y. Portugali. 2012. “Smart Cities of the Future.” European Physical
Journal: Special Topics 214 (1): 481-518. doi:10.1140/epjst/e2012-01703-3.

Caprotti, F., and J. Romanowicz. 2013. “Thermal Eco-cities: Green Building and Urban
Thermal Metabolism.” International Journal of Urban and Regional Research 37 (6):
1949-1967. do0i:10.1111/1468-2427.12049.

Caragliu, A., and C. Del Bo. 2020. “Do Smart City Policies Work?” In Digital Transformation of
the Design, Construction and Management Process of the Built Environment, 149-159. Springer
International Publishing. doi:10.1007/978-3-030-33570-0_14.

Caragliu, A., C. Del Bo, and P. Nijkamp. 2011. “Smart Cities in Europe.” Journal of Urban
Technology 18 (2): 65-82. doi:10.1080/10630732.2011.601117.

Cocchia, A., and R. P. Dameri. 2016. “Exploring Smart City Vision by University, Industry and
Government.” Lecture Notes in Information Systems and Organisation, Vol. 19, 259-70.
Springer Heidelberg. doi:10.1007/978-3-319-38974-5_20.

Dameri, R. P, and A. Cocchia 2013. “Smart City and Digital City: Twenty Years of Terminology
Evolution.” X Conference of the Italian Chapter of AIS, ITAIS 2013, 1-8.

Del Giudice, M., E. G. Carayannis, and V. Maggioni. 2017. “Global Knowledge Intensive
Enterprises and International Technology Transfer: Emerging Perspectives from
a Quadruple Helix Environment.” The Journal of Technology Transfer 42 (2): 229-235.
d0i:10.1007/510961-016-9496-1.

Etzkowitz, H., and L. A. Leydesdorft. 1997. Universities and the Global Knowledge Economy:
A Triple Helix of University-Industry-Government Relations. London: Pinter.

Fernandez-Anez, V. 2016. “Stakeholders Approach to Smart Cities: A Survey on Smart City
Definitions.” Lecture Notes in Computer Science (Including Subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics) 9704 (June2016): 157-167. doi:10.1007/978-
3-319-39595-1_16.

Ferraris, A., G. Santoro, and A. C. Pellicelli. 2020. ““Openness” of Public Governments in Smart
Cities: Removing the Barriers for Innovation and Entrepreneurship.” International
Entrepreneurship and Management Journal 16 (4): 1259-1280. doi:10.1007/s11365-020-
00651-4.

Ferraris, A., Z. Belyaeva, and S. Bresciani. 2020. “The Role of Universities in the Smart City
Innovation: Multistakeholder Integration and Engagement Perspectives.” Journal of
Business Research 119 (March2018): 163-171. doi:10.1016/j.jbusres.2018.12.010.

Giffinger, R. (2007). Smart Cities: Ranking of European Mid-sized Cities. In Digital Agenda for
Europe (Issue October). https://ec.europa.eu/digital-agenda/en/smart-cities

Giffinger, R., C. Fertner, H. Kramar, R. Kalasek, N. Pichler-Milanovic, and E. Meijers. 2007.
“Smart Cities: Ranking of European Mid-sized Cities”. Digital Agenda for Europe, no.
October. doi:10.1016/50264-2751(98)00050-X.

Giffinger, R., and H. L. 2015. The Smart City Perspective: A Necessary Change from Technical to
Urban Innovations. Utopie/22. Milano: Fondazione Giangiacomo Feltrinelli. https://fondazio
nefeltrinelli.it/app/uploads/2018/01/The-Smart-City-perspective.-Rudolf-Giffinger-e-Hui-Lu.
pdf

Hall, R. E., B. Bowerman, J. Braverman, J. Taylor, H. Todosow, and U. Wimmersperg. 2000. “The
Vision of a Smart City.” 2nd International Life ... 28: 7.

Hollands, R. G. 2008. “Will the Real Smart City Please Stand Up? Intelligent, Progressive or
Entrepreneurial?” City 12 (3): 303-320. doi:10.1080/13604810802479126.

Joss, S. 2010. “Eco-cities: A Global Survey 2009.” WIT Transactions on Ecology and the Environment
129: 239-250. doi:10.2495/SC100211.

Komninos, N., and L. Mora. 2018. “Exploring the Big Picture of Smart City Research.” Scienze
Regionali 17 (1): 15-38. doi:10.14650/88815.

Kummitha, R. K. R, and N. Crutzen. 2017. “How Do We Understand Smart Cities? an
Evolutionary Perspective.” Cities 67 (July2016): 43-52. doi:10.1016/j.cities.2017.04.010.


https://doi.org/10.4324/9780429261732
https://doi.org/10.1140/epjst/e2012-01703-3
https://doi.org/10.1111/1468-2427.12049
https://doi.org/10.1007/978-3-030-33570-0_14
https://doi.org/10.1080/10630732.2011.601117
https://doi.org/10.1007/978-3-319-38974-5_20
https://doi.org/10.1007/s10961-016-9496-1
https://doi.org/10.1007/978-3-319-39595-1_16
https://doi.org/10.1007/978-3-319-39595-1_16
https://doi.org/10.1007/s11365-020-00651-4
https://doi.org/10.1007/s11365-020-00651-4
https://doi.org/10.1016/j.jbusres.2018.12.010
https://ec.europa.eu/digital-agenda/en/smart-cities
https://doi.org/10.1016/S0264-2751(98)00050-X
https://fondazionefeltrinelli.it/app/uploads/2018/01/The-Smart-City-perspective.-Rudolf-Giffinger-e-Hui-Lu.pdf
https://fondazionefeltrinelli.it/app/uploads/2018/01/The-Smart-City-perspective.-Rudolf-Giffinger-e-Hui-Lu.pdf
https://fondazionefeltrinelli.it/app/uploads/2018/01/The-Smart-City-perspective.-Rudolf-Giffinger-e-Hui-Lu.pdf
https://doi.org/10.1080/13604810802479126
https://doi.org/10.2495/SC100211
https://doi.org/10.14650/88815
https://doi.org/10.1016/j.cities.2017.04.010

132 R.-M. SOE ET AL.

Manville, C., G. Cochrane, J. Cave, J. Millard, J. K. Pederson, R. K. Thaarup, A. Liebe, M. Wer,
R. Massink, and B. Kotterink. 2014. Mapping Smart Cities in the EU. https://www.europarl.
europa.eu/RegData/etudes/etudes/join/2014/507480/IPOL-ITRE_ET(2014)507480_EN.pdf

Mora, L., R. Bolici, and M. Deakin. 2017. “The First Two Decades of Smart-City Research:
A Bibliometric Analysis.” Journal of Urban Technology 24 (1): 3-27. doi:10.1080/
10630732.2017.1285123.

Nam, T., and T. A. Pardo (2011). “Conceptualizing Smart City with Dimensions of Technology,
People, and Institutions.” In Proceedings of the 12th Annual International Digital Government
Research Conference on Digital Government Innovation in Challenging Times - Dg.o'11. ACM
Press.doi:10.1145/2037556.2037602.

Nam, T., and T. A. Pardo. 2014. “The Changing Face of A City Government: A Case Study
of Philly311.” Government Information Quarterly 31 (SUPPL.1): S1-S9. doi:10.1016/].
2iq.2014.01.002.

Neirotti, P., A. De Marco, A. C. Cagliano, G. Mangano, and F. Scorrano. 2014. “Current
Trends in Smart City Initiatives: Some Stylised Facts.” Cities 38: 25-36. do0i:10.1016/j.
cities.2013.12.010.

Ojo, A., Z. Dzhusupova, and E. Curry. 2016. “Exploring the Nature of the Smart Cities
Research Landscape.” Public Administration and Information Technology 11 (September):
23-47. doi:10.1007/978-3-319-17620-8_2.

Praharaj, S., and H. Han. 2019. “Cutting through the Clutter of Smart City Definitions:
A Reading into the Smart City Perceptions in India.” City, Culture and Society 18 (May):
100289. do0i:10.1016/j.ccs.2019.05.005.

Shams, S. M. R. 2016. “Capacity Building for Sustained Competitive Advantage: A Con-
Ceptual Framework.” Marketing Intelligence ¢~ Planning 34 (5): 671-691. doi:10.1108/MIP-
08-2015-0161.

Soderstrom, O., T. Paasche, and F. Klauser. 2014. “Smart Cities as Corporate Storytelling.” City
18 (3): 307-320. d0i:10.1080/13604813.2014.906716.

Soe, R.-M. 2017. “FINEST Twins: Platform for Cross-border Smart City Solutions.” In dg.o
'17: Proceedings of the 18th Amnual International Conference on Digital Government
Research, edited by C. C. Hinnant and A. Ojo, 352-357. New York: Association for
Computing Machinery (ACM). doi:10.1145/3085228.2873085.

Soe, R. M., and J. Miiiir. 2020. “Mobility Acceptance Factors of an Automated Shuttle Bus
Last-mile Service.” Sustainability (Switzerland) 12 (13): 1-19. doi:10.3390/su12135469.

Townsend, A. M. (2015). Making Sense of the New Urban Science. 17. http://arxiv.org/abs/
astro-ph/0202008

Washburn, D., and C. U. Sindhu For. 2010. Helping CIOs Understand ‘Smart City’ Initiatives.
Cambridge, MA: Forrester Research, Inc. Reproduction. https://s3-us-west-2.amazonaws.
com/itworldcanada/archive/Themes/Hubs/Brainstorm/forrester_help_cios_smart_city.pdf

Webster, J., and R. T. Watson. 2002. “Analyzing the past to Prepare for the Future: Writing
a Literature Review.” MIS Q 26: 2.

Wu, Y. ], and J.-C. Chen. 2019. “A Structured Method for Smart City Project Selection.”
International Journal of Information Management 101981. doi:10.1016/j.ijinfomgt.2019.07.007.

Yeh, H. 2017. “The Effects of Successful ICT-based Smart City Services: From Citizens’
Perspectives.” Government Information Quarterly 34 (3): 556-565. doi:10.1016/j.
2iq.2017.05.001.


https://www.europarl.europa.eu/RegData/etudes/etudes/join/2014/507480/IPOL-ITRE_ET(2014)507480_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/etudes/join/2014/507480/IPOL-ITRE_ET(2014)507480_EN.pdf
https://doi.org/10.1080/10630732.2017.1285123
https://doi.org/10.1080/10630732.2017.1285123
http://10.1145/2037556.2037602
https://doi.org/10.1016/j.giq.2014.01.002
https://doi.org/10.1016/j.giq.2014.01.002
https://doi.org/10.1016/j.cities.2013.12.010
https://doi.org/10.1016/j.cities.2013.12.010
https://doi.org/10.1007/978-3-319-17620-8_2
https://doi.org/10.1016/j.ccs.2019.05.005
https://doi.org/10.1108/MIP-08-2015-0161
https://doi.org/10.1108/MIP-08-2015-0161
https://doi.org/10.1080/13604813.2014.906716
https://doi.org/10.1145/3085228.2873085
https://doi.org/10.3390/su12135469
http://arxiv.org/abs/astro-ph/0202008
http://arxiv.org/abs/astro-ph/0202008
https://s3-us-west-2.amazonaws.com/itworldcanada/archive/Themes/Hubs/Brainstorm/forrester_help_cios_smart_city.pdf
https://s3-us-west-2.amazonaws.com/itworldcanada/archive/Themes/Hubs/Brainstorm/forrester_help_cios_smart_city.pdf
https://doi.org/10.1016/j.ijinfomgt.2019.07.007
https://doi.org/10.1016/j.giq.2017.05.001
https://doi.org/10.1016/j.giq.2017.05.001

URBAN RESEARCH & PRACTICE 133

(panunuod)

9>uaby 93Ul uequn ‘bujuueld

pue Yd4easas [euolbal pue uequn 1oy spoyiaw [edfkjeue
pue aindniiseljul elep [eneds :saway] “eljensny

ul 243y 1ybu suadxa uequn buipesj-pliom yum yonoy
ut 3196 noA djay ued am pue ‘Apusapyuod pue Appinb
SUOISIDOP PISe]-32USPIAS 3)ew 0) NOA Moj[e 0} |00}
pue ejep ay1 apiroid ap) ‘sawwesboid pajedosse pue
(SI4DN) AB31841S 24N1dNIISRAU| UDIEISIY SANRIO]R||0D
|RUONBN BY) JOPUN JUSWUISAOD UBI[RIISNY

31 JO dANEIIUL UB S| (NIYNY) YOMISN 34n1dnJIselu]

010z {1e3s3Y Uequn Ueleasny Sy ‘0LOZ dUNnf Ul Paysi|qels

‘wed} juswdolansp

pue yoieasas buipes| Ajjeuoneulalul ue oul PIAJOAD
Ajpides aABY am ‘UBYY ADUIS "Y104 SndJB|\ J0SSD)0Id
Aq 900z ul papunoj sem dnoib ay] "sainidnasesul
uequn pue syiomiau d|doad jo siake| [eubip

pue |edisAyd ay3 salelpaw eyl uoneuswbne syy
pue £Bojouysal snoynbign ‘swn-jeas jo saniunyoddo
MaUu Aq paleasd aJe 1ey) SIX2IU0D UGN JUSIBYIP
ssoude saduaadxa ueqin jo adideid pue ‘ubisap ‘Apnis
3y SI SJlleWIOJUIl URQIN "S9OUBLIBAXS URQUN d)edd

03 Jay31abo1 awod Abojouyday pue ‘aejd ‘sjdoad moy
0) sasuodsal subisap pue ‘s31edIUNWWO0D ‘SAUIEeXS

ge7 ubisag 1ND 9y} ul dnolb sdijewsojul UegUn dYL dueqsug — eljeisny

auInoq BN

- ejjensny /ne‘Bioupne;//:dny

/so1ewlojul-uequn/sdnoib
/qejubisap/nenparinbrydieasal//:sdiy

auINOq3 Jo AusIaAlun ‘wieiboid NIYNY

qe7
ubisa@ (1ND) Abojouyda] jo AusiaAun
pUB|SUIIND — 241U SIIIRWIOJU| URGIN)

uondudsap Joug

uonexo

ssalppe gaM

a1ua)

Y>24easaa S31}d MeWS UO SND0J SWOS dARY Jey) S243Udd djwapede Jo )si| e iy xipuaddy


https://research.qut.edu.au/designlab/groups/urban-informatics/
https://research.qut.edu.au/designlab/groups/urban-informatics/
http://aurin.org.au/

134 R.-M. SOE ET AL.

(panunuod)

000t

600¢

¥10¢

¥00¢

‘buruueld jo buipueisispun paseq
-9dU3PIAS Ue ulyum saibalens buiuueld Jo Juswissasse
9Y} UO SB [|9M Se SPoY1dW pue S3LI03Y} UO SIDY0
Buiuies| painidnas Alueapd Ajjesndepip buuayo (z) se
|19Mm se sabuajeyd bujuueld pue [ednijod 03 suoin|os 0y
saydeoisdde Buipuodsaiiod pue ydseasal |eneds punos
Ajjeo1bojopoyiaw pue £jjed11a10ay} (1) :sease ulew
OM] Ul sanl[igisuodsal S} SIBPISUOD UN YDIeasas SIy}
‘ualp N1 e Buluueld [ereds 1oy ainysu| dy3 Jo ed sy
“YdJeasal
Juenodwi Siy) 1el1|Ide) 0} SILI0JRIOqR| 1ie-IY]}-JO-21e]S
0¢ buipiaoid ‘uorre|nwis pue Bulj|pow pue ‘s2IWou0dd
‘AB13u3d ‘191em ‘podsuel) ‘SwAISAS dinNJISeUl
‘les se yans spjay wolj suadxa Jayiaboy sbuuq [YYINS
‘31n1ny 33 Joy uejd JaN19q Sassaulisng pue syuswuIaAob
Buidjay 03 pajedipap pOM Y3} Ul SUOIINUISUL YDIesal
15964e| 3Y1 JO BUQ "SANID URY] JIPIM 1N ‘SIIleWwOoab
‘uonjenwis |enos ‘Aydeibowsp ‘aindniseljul
‘Wodsuesy ‘ABiaus 03 103dsas Yum sndoy SaMId LewS
's3160jouYd3] 1eWS pue uolew.Ioul
paresbaiur Ajjeneds jo asn ayy ybnoayy saiuadoid
pUE ‘21N1dNJISBAUI ‘SJUSWUOIIAUD Uegun Jo AISAIISp pue
‘buruueld ‘ubisap 1uadYJD dy) dueAPE pue dlowoid
01 $93s (JIDS) 491SN|D SINIdNJISEIU| PUB SN LeWS dy]
e1eaApid ‘yseghud ‘zAMMA ‘Bojghud
9y} aney £3y] :1oddns uoispap ‘eyep ueqin ‘buiaq
[I9M uequn ‘buisnoy ‘sankjeue ueqin :sndo4 °,piepuels
PHOM 3AOQE [|9M, — G [9A3] 1B Pale] YdIeasal pale|al
pue bujuued uequn ul UOIEIIUSDUOD YDJeIsaI AJISISAIUN
ueljensny Ajuo ayl se |IDUNOD YdIeasay ueljesisny
3Y1 Aq passasse Sem a11usd 3yl ‘Z10Z U] Yd4easas ueqin
paidde Ajrejoyds ul Japes| |euoneu e oyul padojaasp
Sey a1jus) yoieasay sauning A1) ayl ‘500z duls
MSNN 3e Juswuoliaug 3ing ay) jo Aynde4 ayy ul paseg

KBojouyd3] jo Ausianiun

BUUSIA — euisny /N3/HBIS/1R'DR UDIMNY IS MMM//:sd1Y euudlp Buluueld [eneds jo anisu|

eljessny buobuojjop
e4 INPNAISEHU| THYINS

Buobuojjopm

- ejjensny /ne'nparmon-uews/:dny  Jo Ausiaaiun — A

sn
-IN0QR/SAI}D-HBWIS/SIBISN|D-PUR-SIIUSD
-Y21B3S31/NR' NP MSUN"IG MMM//:SA13Y

MSNN = (OIDS) 433sn|D

KaupAs - elensny 2183S9Y INIdNIISBIU| PUR SN MewS

(MSNN) S3lem ynos meN

AaupAs — ejensny ne'npa'msun‘aq-sainnyAid//ssdny  AUSIsAIUN — 211ud) Ydaeasay sauning A1

d1ep
paysijqels3

uondudsap Jaug

uonedx0 ssaippe gam TS

‘(panuiuod)


https://cityfutures.be.unsw.edu.au
https://www.be.unsw.edu.au/research-centres-and-clusters/smart-cities/about-us
https://www.be.unsw.edu.au/research-centres-and-clusters/smart-cities/about-us
https://www.be.unsw.edu.au/research-centres-and-clusters/smart-cities/about-us
http://smart.uow.edu.au/
https://www.srf.tuwien.ac.at/start/EN/

URBAN RESEARCH & PRACTICE 135

(panujjuo))

ubisap

uegin ‘suonedjidde |eubip ‘sa1d> Mews ‘Aujigeureisng

:S3WAY] "eISy pue eulyd puejuiew ‘buoy buoH

ul Ajjeadsa ubisap pue sueid ‘Ad1j0d Buipnpul

s3d11oeid pue $alosYy) UeGIn pue YdJessal djwapede

uo syedw Juedyiubls YUm eisy ul 93NHISU| Ydieasal
¥10¢ Kseuydidsip-ninw Buipes| e ‘adus||9xa Jo IINIISU|

Juswdojansp

Kbojouyda} pue ‘buluies} pue uolLINPI ‘YdIe3sdI SHUN

Jofew 331y} Jo Sisisuod §[3s| "Buoy BuoH jo Ausianiun

9SdUIYD Y] 1 SDUIPS Jo AWdpedy asauly) jo

(SI97() S2U3IDS UONEWIOJUI0SD) J0) A101BIOGRT JUIO[ 3Y]

JO 9seq 3y} uo padojaAdap Sem 3 ‘500 Ul PaysijeIsa
5002 Sem (S[3SI) 92uSIdS UoleWIOU| Ylieg g ddedS jJo a1mnsuy|

‘yibuans yoieasas anbiun spus)

sysAjeue Ad1j0d pue ‘sysiwouods ‘siaydesboab ‘syanydie

‘s;suueyd Jo Xiw Juaund s,ge| 9yl JuswdojaAsp

uequn 3|qeuleisns 104 paJinbai saNId JO U

3y} bupnpoud Aj93eWI|N pue ‘9 ueusarob pue bujuueld

ueaun 4oy syybisul mau bunessuab ‘sosjweudp ueqin

Ayuenb o3 spoyiaw Areundpsipiaiul Huikojdws uo

sasndoy qeq ay) “buillag |euded seury) ‘o1 paywi| ou

710t nq ‘Buikpnis o3 Bunesipap st (109) qe AD builieg sy

"suonn|os
uequn 3|qeuleIsNs pue Lews dAleAouul Juswd|dw
pue 10e-03 0} ‘131205 [IAID puB SS1ID SE [|9M Se

101295 ddueuy pue ijgnd ‘a1eald ay) Jo uoieioge||0d
aAde Joj uuopejd Ansnpui/A1d Japjoyayeisninw e

se BulAI9s ylomawely |eqolb e se g0z ul paysijgelss
Sem ‘(4310) Suolleay dIWOou0d3 [eUOlIBUISIU]

10} uoneziuebip ayy Aq pabeuew ‘sani) sjqeureisns

buiflag — eulyy  /s1aquiaw/wod qejidbu

uneys
‘buoy] buoH

- euiyd 1Y NPaYYNY 01 Mamm//:dny

unieys
‘buoy] buoH

- eulyd /BUSY NP HYND'SIDSI MMM

/191Ud2-9DUB||IXD/

Buoy BuoH jo AusiaAlun Isauly)
9yl — ¥HND SIS 9Jning jO ainiisu|

buoy Huoy jo
Ausianun asauly) sy - (S3|31) dUAS
uolewIoju| yues 1 adeds jo ISy

(109) ge1 A buifieg

BUUBIA Ul S31I) 9|GRUIRISNS pUB LeWS

810z pUE LIBWS UO 3DUS[|30X3 JO 2J3UID) J3URYD BASUID N YL BUUDIA — ellsny sweiboid-|eqo|6/01d 1310°MMM//:Sd1Y U0 3DUB[|9IXF JO 13U JaLBYD N BASUID
alep uondudsap Jaug uoned0] ssaippe gam EES)
paysijqels3

“(panunuod)


https://www.oier.pro/global-programs/excellence-center/
https://www.oier.pro/global-programs/excellence-center/
http://www.beijingcitylab.com/members/
http://www.iseis.cuhk.edu.hk/eng/
http://www.iofc.cuhk.edu.hk

136 R.-M. SOE ET AL.

(panunuod)

£10¢

L00C

610C

6861

‘wnauign
9y ul s3daduod Ayjigow 3jqeurelIsns pue ‘swaisAs
AB1aud JuaPDYYR-150d ‘SwdlsAs ainidniisesyul JuabiP1ul
ul 3nsas sbuijdnod 10123s d139b61U dAlRAOUUI JO
uonejuswaldwi 3y} pue ppom Abojouydal uonewioul
pue |eas ay3 Jo uoisny ay] “Ayjenubip pue ‘Ayjigqow
‘f111123[3 Jo dusbIBWL Y} — ,A13105 LB |V,
9y} 03 AeM dY} UO DUOISI|IW B SB SIAIIS PUR NeYPIMZ Ul
Buial] aininy yum op 01 BulylA1aas 1oy a13uld Isijerads
Aseurjdidsipaiul pue [nyssaddns ayl i wnauign Ay neypimz — Auewsan
‘punwinoq jo AusiaAlun o3 pajeljyje dnolb
Buijjepow uequn buipueis-buoj e s 3| *|00Z Ul 9440
Bujuueld pajualio-ydieasas e se papunoy sem (MRS)
yoieasay |euoibay pue A1) Jausbapy 1 uuewdyalds

punwyiog
- Auewssn
sio|id 41|
-|eas ybnoayy aunynasesul Jdjsuely abpajmouy| Japloq
-ss012 31 sdojaAap 243U3) IsJul{ Y] ‘eiep xp sdnkjeue
ueqin pue dueuldnob £q Jay1abol pan|b JusawuoiAud
1jing pue AB1ud ‘A}jIqow UO SISNJ0) 24U 15FUl{ AY| Pue|ul{ pUB elUO]ST
'SINIDS PAseq-uolied0
pue uoiebiAeN JO SINHISU| UDIRISIY ‘UOIIRIIUNWWOD)
JI0MIBN pue uoneihalu| SE Jo INUISU|
U21easay ‘SDIAIIS pue SwidlsAS uonewloju| [enedsoan
JO 91N11ISU| YdIeasay ‘buissad0id uorewoju| buisuas
d10WaY Jo Aanisu| Yoieasay ‘Aydeiboloyd adeds
pue |eLdy JO SINUISU| YDIeasay :dJe S3INYISUl YdIeasal
juaund 3y “euryd ul buiddew pue Huikanins jo
PIaY ay1 ur Aiojesoqe| A3y 91els 151y BYL st (SYYINSTIT)
Ausiaaun ueynpy ‘buisuas ajowsay pue buiddepy
‘buikoning ur Buuasuibug uonewloju) jo Kioiesoge
K3y 91e15 ay] -buiddepy pue buiksaing jo Ausianiun
Kbojouyda] ueynp\ Jo d119poan pue HuisuIS 310wy
pue Answwelboloyd jo saulddsiqg A3y |euonen ay3

JO siseq 3y} uo uonPNIISUOd uehaq A1oleloqe| 3yl ‘6861 Ul ueynp - euiyd

Wiy saMZIdU/Rp WNdUIgN//:sdiiy aInIny ay3 BulAIT — wnauign
punwoq

J0 AUSI9AIUN — YdJeasay |euoibay

/op Iauabam-uuewiaxdidsmmm  pue uegin (MRgS) Jausabap B uuewlayalds

N3'SUIMIISBUL MMM (13U 1STUIS) SBNID MRWS J0) 313U ISTUl4

(S4VSIIT) Buisuas aoway
pue buiddepy ‘buifaning ur buussuibug

/US/Ud’ NP NYM*SIew | MMM //:d1iy uonewuou| jo Aioleioqe] A9y 91e1S

d1ep
paysijqels3

uondudsap Jaug uonedx0

ssalppe goM EYES

‘(panuiuod)


http://www.lmars.whu.edu.cn/en/
http://www.finesttwins.eu
http://www.spiekermann-wegener.de/
https://ubineum.de/netzwerk.html

URBAN RESEARCH & PRACTICE 137

(panunuod)

000¢

¥00¢

610¢

iL10t

'SjuUaPIRY dyjel] buispoy pue ‘buried
uequn buijispoly Dyjes ueqin buljispoly ‘|mesds ueqin
Buljlapo ‘sa114 ueqin buljapoy ‘sisAjeue eyep iejnjja)

pue pJedlIeWS :UY2Ie3S3Y JUSLND “SIA[ISWSY] SAJOAD
pue s>jweuAp |eiodwsal-oneds s,walsAs suyap oym
SIDBW-UOISIIFP JO SIAIID||0D Se WidsAs diydesbosb
x3|dwod 3y} [9pow am “InoiAeysq |eneds ,suolniisul
pue uewny uo eiep biq pue §|9 uonnjosai-ybiy uo paseg
"uol1esijensia
pue ‘Bujjjapow ‘sisfjeue 0} uonisinbde wouy s19s
elep |eneds abie| 03 spoylaw [euoneindwod buifdde
‘uoneindwod099 JO pIay Yl Ul Ydieasal Joj 213U
Buipes| e se paysi|geIss Ajwiy swod3q sey HIN Sy}
‘AUSISAIUN YI00UAR\ U] PRJ1USD pUR puRJ| UOIIRPUNOS

92uaS Jo woddns ay1 Yum 00z Ul uoidadul ) dDUIS  YIoouke|y — puejal|

‘uoneuswadw s911) LeWS d|qeuleisns

10} plIOM 3y} punose dn 13s SaUUD) IDUI|[DIXT

JO jJomiau [eqolb ayy ul aaneluasaidal [eyo

s,ueJ| S| J9IUID Y "JAIUI 9dUB||XT A1) MewS ueluel|

paysl|qe1ss sey ueJ] jo Juswdojaasg pue ssaiboid

10} 191Ud) |enuapISAld 9yl yum diysiaupied ul (Y4OVI)
ueJ| Jo J91ud) uswdofaasg Abojouyda] uonewIou|

‘buiag-jjam [esauab pue ‘yyeay ‘ay1 Jo Aujenb Buluipap

Ajpides ay1 pue ‘ainpniisesul ueqin jo Aujigel|as

‘9ueusanob pue ‘sad1AISS ‘UONIRIISIUIWIPE UBCUN Ul

ABojouyd3} uonew.oyul ‘Abojouydal usalb jo uondope

ay3 buipnpul ‘sebusjjeyd ueaqun bupey 0y asuodsal

se suoljeaouul [e3160jouyId) pue dYUIIS SajedId pue

‘31eds eqo|b e uo S31eI0qR[|0D SIOM S Ul saydeoidde

Aseurjdidsipaaiul Jo asn ay) sabeinodua AL 1HVINS

4D "eisauopul Jo Ausisaun Aq paj st (ALID LUYINS

se pajelnaiqqge) Abojouyda] pue uoleAOUU| PRIIIUID

-A1) 1oy bujutes] pue ‘yoseasay ‘uonedijddy ‘Buispop

JUYNUIINS 10} (YDD) YdIeasay aA1RI0qR|[0D) 10 JBIUDD) dYL

AIAY 31 — [9els|

un AIAY |91
/Biorqejwisosb mmm//isdiy - geq siskjeuy |eneds pue uoneNWISOD
yroouhiepy
puejai| jo Ausiaaun |euoneN — (9ON)
/arwinu-bou//:dny uoneIndwod03n Joj 311U [eUOHEN
/¥6-UBlI-UI-S3111d-LIewS-uoiesauab
-1Xau-104-A)unyoddo-juswdolanap
-9DU3||9IX-JO-19}UI-SIIHD (V4DVIN) uel] Jo 1a1ud)
-Jlews-uejuell/smau/oid 110 mmm//:sdny juswdolansg Abojouyda) uonew.oyu)

ABojouyd3] pue uoperouu|
pa121uad-A11) 10} Buluies] pue ‘yoieasay
‘uonedijddy ‘Buijppopy dynusdS
/proe’inAypuews mmm//:sdiy  1oj (4DD) Ydieasay SA11eI0qe||0D) 10} J9IUD)

d1ep
paysijqels3

uondudsap Jaug

ssalppe goM EYES

‘(panuiuod)


https://www.smartcity.ui.ac.id/
https://www.oier.pro/news/iranian-smart-cities-center-of-excellence-development-opportunity-for-next-generation-smart-cities-in-iran-94/
https://www.oier.pro/news/iranian-smart-cities-center-of-excellence-development-opportunity-for-next-generation-smart-cities-in-iran-94/
https://www.oier.pro/news/iranian-smart-cities-center-of-excellence-development-opportunity-for-next-generation-smart-cities-in-iran-94/
https://www.oier.pro/news/iranian-smart-cities-center-of-excellence-development-opportunity-for-next-generation-smart-cities-in-iran-94/
http://ncg.nuim.ie/
https://www.geosimlab.org/

138 (&) R-M.SOEET AL.

(panunuod)

¥10¢

8661

SL0C

'sabuajjeyd

Buibrsws pue swajqosd x3jdwod punose sweay

|eanyndinw pue Areuldpsiprinw J3yaboy buibunq

‘e3Je SIY) Ul SDUS|[3IXd JO 3DUI3J3J [PUOIIRUISIUI

ue Se 3[04 S} JUIWD 0} SAALIS AODI-NNN “dIysuaziid

SA11DE pue uolsnpul [e120s ‘uswWdo[aAsp 3|qeuleIsns

Uo sn>o4 Jejndiyied e ym sa3els JAqUISIA SH pue walsAs

NN SY3 ulyum Jsuled pijos e ‘I9dUeyud UOlIBAOUU]

ue ‘sapjjod d1gqnd pue ydseasal usamiaq abpuq e

‘bujuies pue sadIAIS AIOSIAPR ‘YdIeSS3l JO 311U

910 B ‘92URUIIAOD) JIUOIII[F 0} PIIRIIPIP UB) July) B

sI ‘lebniiod JO yuiou ‘saelewing Jo A1d ayy ul paseq pue
(NNN) Auisiaaun suonen payun ay) Jo ued ‘AO9I-NNN

"SUOI}IBUUOD

yoseasal [esale| sabeinodus Ing piay dyidads

3UO UO 3)RIIUIDUOD JOU SIOP §|SD "SHIOM DIeasal

9A1123dsa) J19Y) J0j ANSISAIUN BY] UIYUM SUOIINIISU

U24e353J pUB S3INJB} SNOLIBA WO} SIdYdIeasal g pasn

9q ued 3 "0fyo] Jo Ausianun ayy Aq Aujidey asn-juiof

|UIRIUI UR SB PAYSI|eRISd SEM §|SD "dIUIIDS UOIIRWLION]|
[eneds 1oj 191U Y1 Se paysl|geIss sem 1 8661 U]

‘buiyoesl pue ‘abpajmouy 3)qissadde ‘uofiesadood

[B20] ‘SUOI}IBUUOD [eqo|b ‘Ydieasal ale s|eob s,J3ud)

9y} buowy -uonejnuwuoy Ad1jod pue ‘uswabeuew

‘ubisap ueqin ‘Bujuueld Aud> ur uonedydde sy pue

£103Y1 UBQUN SPNJDUL S1SAIUI S, 42IUSD Y] "Wisluegin

pue san jo spadse snolea Apnis oym — SIaYdIeasal

dlenpeibisod pue ‘1enpeid ‘siaquiaw A3jndey

- sI9ydJeasal Ny 1 Auew ay3 Jay31aboy sbuliqg eyl aiuad

Aieuydidsipialul anbiun e S| wsiuequn pue sanid

10} 191UR) Yd1easay S,AUSISAIUN AIAY [9] — J9Iud) A1) NVL

saeJew|no
- |ebnuod

ofjo] - ueder

NAY [9] — |9€IS|

(ANOD3-NNN)
9DUBUIIAOD) D1U0IIIR|T USALJ-ADIj0d
/npanun‘robay//isdiy  uo uun bupesadQ Ausiaaiun suoneN panun

Bupssuibug

uequn ofo] Jo Ausisaun — (SSD)
/yst|bua/df-e'0£%03-n"SIS> MMM 92U3IDS uolewloju| [eneds 4oy JSIUSD)

AWsIaMUN AIAY |91 — wisiueqin pue
|roe'neyueqin-us//isdiy - SalMD 40y J3IURD) YdIeasay NyL — 191U A1)

alep
paysijqels3

uondudssp Jaug

uonedx0

ssalppe goM a1ua)

“(panuiuod)


https://en-urban.tau.ac.il
http://www.csis.u-tokyo.ac.jp/english/
https://egov.unu.edu/

URBAN RESEARCH & PRACTICE 139

(panujuod)

£00¢

313U e se
£10C pue
uolepunoy

Se €861

‘moib 03 diysinauaidasnua
1uSpNIs pue A1Ndey 10j JUSWUOIIAUS 3|13} B
91ead 0} 15A|e1RD B Se 1oe ||IM pue suoleAouul ABiaud
pue ‘Abojouydaloueu ‘sjetajew mau ‘Abojouyday
uoleWIOUI ‘SIDIASP |edIpawolq ‘ABojouydalolq
0} paywi| Jou Ing Buipnpul saibojouyday buibiaws
Jo abuel peo.q e saINJNU pPue SAYIUIP! 313U
uoneAouu| JYYINS Yl (4YN) uonepunod yoieassy
[euoneN ay1 Aq papuny st pue (14VINS) ABojouyda) pue
U21e53Y 104 ddUE||Y 1|N-40debuls ay3 spun sajessdo
243U UOIIBAOUU| JYYINS YL "INOABIPUS YdIeasal
[euoneusaiul 1sebie| sy pue’ yy ‘abpluqwe) jo apisino

31U YDIedS3I ISy S, LI SI LYVINS ‘00T Ul paysiqeis]
's9ssauIsNg AN Jews 0} paje[al sauNod
19410 se ||]9m Se JuawuIdn0b Y1 pue ‘sausnpul
‘suaz|yd buowe uonesadood uo buiydiessals pue
$321AI9S 92uabIaAU0D palejal pue geq bulal A1) Lews
3y} buidojanap ‘buiuueld di633ens pue ubisap Adijod
JLud-uewny buipnppur ssibojouydal pue sadIAIRS
A11> pews Jo uswdojaAsp pue Yd1easal aie 3|0l
urew Jy¥dHS swajqoid uequn ayy aAjosas 01 salbojouyday
uoljewJogul JuabijjPul pue Aisnpul UoldINIISUOD
a1eiba1ul 01 dIAIRS Ateurjdidsipiaiul SAlRAOUULY
Buipes| e s1 SY)S "1J| pue adu3DS Jo Ansiuiy ay)
Jo ABojouyda] 1 S92USIDS JO [1IDUNOD) YdIeasay [euoleN
9Y} Japun 33NJISUl Y2IeIsAI PApUN)-JUdWUISACD B
se pajeubisap sem YOS £L0Z AN ul pue

‘uoljepunoy ajeald e se paysi|qelsa sem |y €861 dunf uj

ABojouyda] pue ydiessay 1o} aduel||y
a1odebuis /npa-uwruews//:sdiny [ W-240debuls — au3us) uonesouu] JHYINS

0000L00OLCOZ®
2310Y| JO dljgnday =PIWS NUIW/DY DI MMM//:sd1Yy (SYDS) 491Ud) YdIRISY SAID) MewsS Y|

a1ep
paysi|qess3

uondudsap Jaug

uonex0 ssaippe gaMm NS

“(panuiuod)


https://www.kict.re.kr/menu.es?mid=a20210010000
https://www.kict.re.kr/menu.es?mid=a20210010000
https://smart.mit.edu/

140 R.-M. SOE ET AL.

(panujjuod)

‘uoleaouul |ed160jouydal

pue ‘buiabe ‘s3> aininy pue uoneAouul uegin

UO SNJ0J Y "M3A ueny 937 Jayie} buipunoy Jno jo sweu
9y} Aued Jeyy asodebulS ul suonNISUl OM] JO BUO Ajuo
SI DDA “(@Lns) ubisaq@ pue ABojouyda jo ANsiaAiun

s1odebuls ay) Ul 92US[|DXI JO SIIUSD YDIeIsal ubisag
9Y} JO dUO se 710z 19quwialdas ul paysi|geiss sem pue ABojouyda] jo Ausiaaiun aiodebuls
r4X14 (DIDAXT) SSIID SAIIBAOUUJ JOJ D1IUS) MBA UENY| 997 dYL asodebuis /Bs'Npa'pInsIAY|//:d1Y  — S9ILD SAIIBAOUU] 10§ 311U MIA UBNY 997
“(LH4)

sa160j0uyd3] YiesH 2nIn4 pue ‘(SY4) SWIsAS Judl|Isay
aInIng ‘(104) A1o3eloge saiu) ainn4 :sswweiboid

s} ybnoayy yieay pue ddudljisal ‘Ayjigeuleisns uegin
uo sabuajjeyd buissaid 3so0w Y3 Jo SWOS 0} SUOIIN|OS
|eonoeud apiaoad 03 swie aiud) Hl3-aJodebuls

ay) ‘uoibas Buisiuequn Ajpides e ui ‘eisy ul 135

'suolbal buipunouins sy) pue ‘siodebuls ‘pueszims
ur sabuajjeyd |eqo|b 01 suonnjos s|qeureisns dojanap
01 Younz H13 jo Audeded yoieasal ayy pauayibuais
Sy 9J1U3D 3Y] ‘PUBIIZIIMS JO IPISINO AU UDIeasal
Ajuo s,younz H13 sy ‘sndwed 31y3¥) S4UN 3y} 4o
1ed se ‘({YN) uonepuno4 ydieasay |euonep s,.a10debuis

pue ABojouyda] Jo 2INUISU| |eI9PI4 SSIMS dY| — Yydunz (1D4) A103R40q87
010z H13 A9 0L0Z Ul Paysijqeisa sem a13ud) H13-a4odebuis syl aJodebuig /Y>zyiarpy//isdny  samD) auming :(D3S) a43ud) Hl3-v4odebuls
dlep uondudsap Joug uonedx07 ssalppe g ENIEY)

paysiiqeis3

‘(Panunuod)


https://fcl.ethz.ch/
http://lkycic.sutd.edu.sg/

URBAN RESEARCH & PRACTICE 141

(panunuod)

‘suoneloqge|[od> Areuljdidsipiinw ybnoayy

pPaydLuUd uaYyo ‘aAdadsiad diwouodd Ajuewnd e

wouy sabuajjeyd [eIUSWUOIIAUS pue ‘Lodsuesy
‘leuoibas ‘uequn ur suonedydde pue syybisul siayo
sojwouod] [eneds jo Juswnedaq ay] 904 Juauiwold e
sfejd aceds yoiym uir swajqoid djwouod3 ul

pabebua si ‘wepaswy N/ JO SIIWOUOIT pue ssauisng
JO |ooYdS 3y} Je ‘solwouod] [eneds jo Juswiiedsg
9y "uonesijensia |eneds pue ‘Jodsues) ‘sa1id Jews ojul

0661 424easal 3AISUIXD yum dnolb §|H pue 3duss |euolbay

‘IPUNo)
A1) euojadieg Joy s1d3foid jedibojouyday syuswajdw
pue sajowold 1 ‘A63jels SWIISAS UOIIRDIUNWWOI3|3)
pue uonewuojul ue buuinbas sswwesboid

1o spafoud sjpuno) A1) ayy jje ur uoddns pue

DIAPE 190 1 ‘ABajens [J] s,|1puno) A1) euojedieg
Jo uoneusws|dwi pue ubisap ayi ur Led sayel 3 :syse|
'$92IAI9G ABojouyds] uonEedIUNWIWOD) pue UoleWIO|
11343 |je yum Buim sy Japun satuedwod dijgnd ay3 pue
|puno) A1) euofadieg apiroid 01 066l Ul dn 195 sem
1eyl Apoq [1Puno) A1) euojadieg juapuadapul [ed0] e

0661 st (IW1) ABojouyda] uonewoyu| Jo ainasul [edpiuniy ayL

wepJajswy

- spuepIayIaN a8y

euojadieg — ueds

xdsexapul/sJ1wouoda-jeryeds/sainiisul
-pue-syuawedap/uas/|unAags//:sdny

0INMISUI-[D
/s9/1Wi/3ed _UORIIRG IUBWIRIUN[R//:5d1Y

(Auissanun
3UA) NA — dnoin sojwouod] eneds

euojadieg
(IW1) edneuniogul,p [edpiuniY IMASU YL

alep uondudsap Jaug
paysi|qess3

uoned0]

ssalppe gaM

EVES)

“(panunuod)


https://ajuntament.barcelona.cat/imi/es/el-instituto
https://ajuntament.barcelona.cat/imi/es/el-instituto
https://sbe.vu.nl/en/departments-and-institutes/spatial-economics/index.aspx
https://sbe.vu.nl/en/departments-and-institutes/spatial-economics/index.aspx

142 R.-M. SOE ET AL.

(panupjuod)

G661

0661

¥10¢

'¢e0oe pue

8107 Uam1aq pouad ay) 10} SOINS UOI||IW 97 Paledo|je
Ansiaaun ayy ‘asodind siy3 104 ‘sabuajjeyd |ea1os
£3% 0z 3pjae1 01 suejd spew sey AusiaAIUn Y3110
‘s;auypied sy yum 4ay1abo] uoIssiw [e1D0S B 0} YdIeasal
[_IUSWIBPUNY Yul| SEAJE SN0J 1YdR.1N Byl “Bunew
-uejd 0y sjapow jo uonedidde pue swaisAs poddns

Bujuueyd up sysasa3ul buoss yum dnoib g|o pue podsues)

/SCe|-Yd1easal/ydieasal/us/|u-any mmm//:sdray

:9/NL 1€ Ul sqeq yYdJeasay ‘)| pue wodsuely ‘Ab1aud jo
SuleWwop 3y} Ssoide suoinjos A1d ews Joj padojanap
S| ylomawely uoneddas pue uoneyoldxs ue 139foid
wnjnbuel] ay3 uj ‘(1abueaels ‘usnoypull ‘11sayduely)
wn|nbuen] :399(01d Yd1easay ‘pappaquia ale A3y}
YdIyM 03Ul JUBWIUOIIAUD 3|INg 3y} Jo Juswabeuew pue
Buniasulbus sy 10y pasn swAlsAs uolewlojul Jo plaY

9y} ul uonednpe pue ysJeasal N0 sallIed Q:O\_O 39SI ?yL

‘1sn( pue 3|qeureisns ‘aArzeAouul s jeyy A1d e

Hunndas uo sndoj 1eyy safoid QL JISAO Ul PIAJOAUL

sI 9InMIsu| SV “AMd 1sn[ pue 3jqeuleisns ‘SAlzeAOUU]
ue 31e31> 0} SaWaY} asayy bunesbaiul pue ‘Aijigow
pue elep ‘pooy ‘a1sem ‘ABIaus ‘191em Se Udns Sawayl ul
ABojouyda1 paljdde punoie saAjoAal oljojliod Ydieasal
3y] ‘wiojeld anjep e pue ‘weiboid uoiedNpP3 ue
‘UoeZIIOlRA 1§ UdJeasay aie ainisul ay) jo siefjid 3100
991y1 3y “(1IW) ABojouyda] Jo 21n1ISu| S1ISNYDESSe
yum Jayisbol ‘(Yjag n1) Abojouyds] jo Ausisalun yea
pue (4NM) Ydieasay 1 Ausiaaiun usbuiusbem Aq 10z
ul papunoy a1nsul a1eaud-ignd e st (31nsul SWY)

suolin|os cmu__oao‘_«w_\,_ PasueApy 10j 91nHisu| wepayswy

ydann

- spuepIayIaN ayL

uanoypuij

- spuepIayIaN ay|

wepialswy

- spuepIayIaN ay|

uoljeIoqe||0d-
pue-s31103eI00R|/S2UdIS036-J0-A) ey

/Juonesiuebio/ua/ju nn-mmmy//:sdny

/AUSWUOJIAUS-}|ING
-9y]-Ul-swialsAs-uonewoul/sdnolb

-U2Jeasa1/Yd1easal/ua/|u-any mmm//:sdiy

/B10"33NISUL-SWe MMM//:sd1iy

AusIdAUN 1yd311N
— S9DUBIPS03N Jo Aynde4 — Ajigeureysng
pue solweukq ueqgin 4o 13U 3sadx]

(34SI) JuswuoliAug
1jing Y3 Ul SW1SAS uolewIou|
- JUSWUOIIAUT }jIng 3y} Jo Juswnedaq

suonn|os ueyjodosspy
PacuRAPY 10} SINMISU| WePIAISWY SV

djep
paysi|qeis3

uonduosap Jjaug

uonexo

ssaippe gam

211U3)

“(panunuod)


https://www.ams-institute.org/
https://www.tue.nl/en/research/research-groups/information-systems-in-the-built-environment/
https://www.tue.nl/en/research/research-groups/information-systems-in-the-built-environment/
https://www.tue.nl/en/research/research-groups/information-systems-in-the-built-environment/
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https://www.uu.nl/en/organisation/faculty-of-geosciences/laboratories-and-collaboration
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