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Abstract: In broader terms, a Smart City improves the quality of life of its citizens through the
effective use of innovative (digital) solutions. While innovative Smart City solutions keep growing,
attention has been paid to resilience-making within Smart Cities, recognising that disasters are
unavoidable. In light of the characteristics of a Smart City (smartness requirements) being inchoate
and vague, different Smart Cities develop their own smartness criteria. Regardless of the Smart
City type, smartness criteria need to adequately embed resilience. Integrating the resilience concept
provides a strategic direction for Smart Cities and there is a significant positive relationship between
the two concepts, Smart Cities, and urban resilience. Although Smart Cities are increasingly growing
in popularity all around the world, there is a lack of research to guide a Smart City to define its
smartness reflecting on disaster resilience. This paper intends to address this research gap by setting
out a set of smartness criteria (with particular reference to urban (city) resilience) which should
compulsorily feature in any type of Smart City that desires to be resilient. The study undertakes
a systematic literature review to provide a new dimension, depth, and value to existing research
discoveries. The findings are presented by structuring ten urban (city) resilience dimensions built
upon six Smart City dimensions: smart economy, smart governance, smart people, smart mobility,
smart living, and smart environment. Our findings make a niche contribution to knowledge by
guiding Smart Cities that intend to build, enhance, and/or sustain resilience, to develop smartness
criteria/smart characteristics reflecting on urban resilience. The research outcomes will be of large
importance to Smart City policymakers, administrators, project managers, etc. to efficiently manage
extreme events timely with optimal resource allocation and will be of specific interest to all the
stakeholders (for instance, the innovators) in a Smart City ecosystem who may use the research
outcomes as a decision-making tool.

Keywords: smartness; smart city; urban (city) resilience

1. Introduction

In light of the extent of damage caused to health and economic developments, the
world after COVID-19 demanded that the future arrive faster [1]. The COVID-19 catastro-
phe revealed the fragility of the dominant influence on the environment and the rate at
which all the developed urban systems could collapse [2]. As a result, the collective global
attention has focused on expediting the use of digital technologies for improving the lives
of the people, and consequently inducing a boost on Smart City development policies [3].
This could provide a rationale for the projected growth of the global Smart Cities market to
USD 2.5 trillion by 2026 growing at a compound annual growth rate of 18.22% over the
period of 2021–2026, amid the COVID-19 crisis [4]. Meanwhile, there is an upward trend in
unplanned urbanisation and it is expected that 68% of the world’s population will live in
urban areas by 2050 [5]. Continuing to provide solutions to various problems associated
with urbanisation including overcrowding, poor health conditions, unemployment, un-
planned human settlements, degradation of the environment, resource scarcity, etc., Smart
Cities keep growing, reasserting they are the future of urban development [6].

Notwithstanding the innovative Smart City solutions that upgrade the quality of life
of their citizens, disasters can be inescapable, and evidently, resilience cannot be built
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overnight [7]. There remains the challenge to build resilience within the Smart City context
as resilience-building demands a long-term strategy that takes demographic changes and
all other city contextual changes into account [8]. Representing many definitions, Arup
International Development and The Rockefeller Foundation [9] describe city resilience as
a city’s capacity to continue functioning regardless of shocks/stresses so that its citizens,
particularly vulnerable communities, thrive and survive. Notwithstanding the impact of
hazards, cities themselves are highly complex and adaptive systems, and thus urban (city)
resilience has become a mainstream topic [10]. In the future era of uncertainties, greater
development, the well-being of society and the effectiveness of complex systems amidst
disasters can be sustainably achieved by synchronising the resilience concept and the Smart
City concept [11]. To embed resilience within Smart Cities, fundamentally, resilience should
be reflected in smartness criteria.

According to the holistic definition administered by the International Organisation for
Standardisation (ISO), a Smart City is a city that expedites the provision of economic, social,
and environmental sustainability outcomes while responding to challenges (like rapid
population growth, climate change, and political and economic instability) by primarily
improving how it works across city’s disciplines and systems, engages society, uses infor-
mation (and data) with modern technologies, and applies collaborative leadership methods
in order to deliver better services and increase the quality of life of citizens (including resi-
dents, visitors, and businesses), without the unfair disadvantage of others or degradation
of the natural environment, planning for the present times as well as the foreseeable future.
While it is paramount that smartness criteria reflect disaster resilience, a review of current
Smart City frameworks (or conceptual models that provide an overall understanding of
what a Smart City constitutes) revealed that disaster resilience does not feature as a direct
dimension [12–20]. In fact, most of the research that looked at the convergence of the two
concepts of resilience and the Smart City have focused either on product development
(i.e., developing a smart solution for one of a few aspects of a city) [21–24] or have been
monocentric towards the technology dimension [25–27]. Several other studies that engaged
with the discourse integrated resilience and Smart Cities concepts by merely linking the
resilient city concept with the Smart City concept; for instance, Khatibi et al. [28] discussed
a smart resilient city indicator bank which is ambitious on developing indicators. It is
important to distinguish between the smart resilience city concept and operationalising
the resilience concept within Smart Cities. The research undertaken by Khatibi et al. [29]
exemplifies the former scenario while this study intends to operationalise resilience within
a Smart City having an identity. This can be described with the example ‘grapple’, an apple
that imparts the flavour of grapes, in which case, the Smart City is the apple that has its
identity known. Accordingly, this research intends to establish a set of Smart Characteristics
that imparts resilience requirements. Alternatively, the smart resilient city concept is for
cities that are not established as Smart Cities, as per the grapple example: having apples
together with grapes, but not as one fruit. Thus, there is a clear research gap to characterise
the smartness in a Smart City reflecting on urban resilience.

According to Zhu et al. [30], there is a ‘significant positive’ relationship between
resilience and Smart Cities, and it is important that smartness criteria in Smart Cities
complement the urban disaster resilience efforts. However, the systematic expositions of
smartness in a Smart City (or the characteristics of a Smart City) are unsatisfactory; in fact,
Smart City is a rather nebulous term in research conducted so far. A likely explanation for
the diverse approach to the subject of Smart Cities is that the concept encompasses a number
of city domains including sociology, technology, ecology, etc. Given that each city’s needs
are not the same, there cannot be a one size fits all Smart City model. Hence, modelling
the city’s future with its own Smart City strategy, based on the assessment of the current
condition, is an essential step a city should not leave out in the journey to become smart [31].
A Smart City’s strategy involves its competitive advantage relative to other Smart Cities,
and multiple other smart features that go beyond competitiveness/distinctiveness [32].
Incidentally, all Smart City strategies should harness innovations and unique smart features
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that offer significant potential to build, enhance, and sustain resilience in the event the
advanced and complex infrastructure (especially, the ICT infrastructure) fails either due to
unescapable natural disasters or a technical/man-made disaster [7].

In the absence of a well-defined set of smart characteristics, Smart Cities axiomat-
ically pose a lot more complications than a basic city does. According to [1], having a
resilience strategy in place provides Smart Cities with a strategic direction. Tzioutziou and
Xenidis [33] argued that both the concepts of resilience and Smart Cities serve sustainabil-
ity goals by sharing the operational framework of systems’ thinking, while the systemic
capacities of efficiency, adaptation, and knowledge creation are commonplace. Similar
justifications have been presented in [34,35]. Therefore, it is important to construe the Smart
City characteristics with particular reference to disasters without merely considering it as
an add-on. The research need has been often justified based on the value of the technology
dimension, validating the instrumental role of the Smart City model in operationalising
resilience [36–39]. While most of the Smart City research are monocentric towards the
technology aspect, this study argues that all the other inherent features including smart
people, smart governance, and smart living have a significant potential to make Smart
Cities resilient compared to making a basic city resilient, and therefore the resilience needs
to be rooted through all the key Smart City dimensions. Therefore, this research proposes
making Smart Cities disaster-resilient through their own key smartness requirements.

This research paper seeks to make a niche contribution to knowledge by identifying a
set of smart characteristics/smartness criteria for making Smart Cities resilient. In other
words, this research provides guidance for any type of Smart City (a planned or an estab-
lished one) to define its smartness through criteria reflecting on the city’s resilience efforts.
While there have been limited previous attempts to integrate the two concepts of ‘urban
resilience’ and ‘Smart Cities’, none of the studies looked at the importance of introduc-
ing smartness criteria/smart characteristics reflecting on urban resilience. Encouraging
conceptual coherence in urban planning, this research highlights the importance of under-
standing the uniqueness of the Smart City as city conceptualisation and how resilience
can be operationalised within that city conceptualisation; this has been overlooked by
previous Smart Cities and/or urban resilience researchers. Making use of the contributed
knowledge through this study, Smart Cities can build, enhance, and sustain resilience in all
its dimensions. Findings of the research will be of specific interest to policymakers, project
managers, administration and governing bodies in Smart Cities to define, monitor, control,
and enhance the integrated smart and resilient policy priorities, ultimately managing the
extreme events timely with optimal resource allocation. Further, the findings will be of
large practical relevance to all the stakeholders in a Smart City ecosystem who may use
the research outcomes as a decision-making tool, for instance, the innovators, including
IT professionals. The outcomes of this paper will also contribute to the evaluation and
development of future resilience-enhancing tools like Making Cities Resilient 2030 and
other urban development agendas aimed at Smart Cities.

2. Research Method

Defining the resilience in Smart Cities commenced with a review of the urban (city)
resilience dimensions using the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) technique. Agreeing with Donthu et al. [40], three major review
methods, including (1) bibliometric analysis, (2) meta-analysis and (3) systematic literature
review were carried out for three different scenarios. Accordingly, the systematic literature
review is undertaken when the scope of the literature review is specific and when the
dataset (or the results of the review) is manageable to manually review. Compared to a
conventional literature review, a systematic literature review allows the construction of a
holistic and comprehensive review followed by a series of steps to select the most relevant
studies in the search area [41]. With PRISMA, the methodological review process can be
a reinforced method where an unbiased analysis can be performed in obtaining the most
relevant information under a specific selection criterion. For instance, to identify the urban
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(city) resilience dimensions, the search strategy involved search terms, (‘urban disaster
resilience’ OR ‘city disaster resilience’) AND (‘dimensions’ OR ‘measures’ OR ‘categories’
OR ‘components’ OR ‘themes’), using the respective Boolean operators. That way, only the
articles that presented frameworks/models on urban (city) resilience (which elaborated its
dimensions, limiting readers’ subjective interpretations) for the specific urban units ‘cities’,
in the three databases Scopus, Emerald Insight, and Science Direct were selected for review.
A further validation search was carried out through Google Scholar. Figure 1 illustrates the
PRISMA steps in detail.

Alongside this, the Smart City dimensions were reviewed. In mapping the two sets of
dimensions, it was found that the urban (city) resilience dimensions can liaise with Smart
City dimensions, and that they take the shape of the same mould. Hence, each urban
(city) resilience dimension was detailed to another level (sub-dimension level) against the
corresponding Smart City dimension. Building upon that work, resilience was identified as
one of the urban (city) resilience dimensions. To ascertain the resilience strategies, together
with the identified articles from the PRISMA review, a desk review was carried out across
academic research, institutional reports, and policy reports in the focus area: disaster
resilience in Smart Cities.

3. Results
3.1. Urban Resilience Dimensions

Urban resilience has frequently been referred to as a multifaceted concept and is
articulated through different dimensions. As an ideal way of organising scattered ideas,
research on urban resilience as well as resilient cities has presented its findings under
different themes/categories/dimensions. In seeking those themes/categories/dimensions
(hereinafter referred to as urban (city) resilience dimensions), the initial step in the PRISMA
(steps are shown in Figure 1) was the ‘identification’ of 2216 peer-reviewed journal articles
following a broad search in the selected databases (after the duplicated articles in those
databases were removed). The titles and abstracts in those 2216 articles were then screened
and the articles that were limited to disaster types and urban areas (for example coastal
areas) were removed. Next, the eligibility of the remaining 2209 articles was checked to em-
ploy two conditions and this involved reviewing the whole paper. With the first condition,
only the studies that distinguished cities from other urban areas and considered them as
the unit of focus in the study were selected, and accordingly 2202 articles were removed.
This major elimination was a result of limiting the focus of this study to Smart Cities. While
this is a novel study in the Smart City research area, there were no similar studies on Smart
Cities. Therefore, urban (city) dimensions were limited to the city urban system and there-
fore urban resilience studies on any other urban system than cities (countries, regions, etc.)
were excluded from the study. The resilience concept for cities has been widely stimulated
by many international institutions, as cities are commonly understood as driving forces that
reduce global environmental changes and facilitate sustainable development [42]. While
cities are increasingly becoming vulnerable to natural disasters and climate change impacts
as a result of population density and poorly planned urbanisation, building urban resilience
is vital to prevent the consequent social, human and economic losses [43].
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Out of the remaining 17 articles, the articles that did not include categorisations
(with elaborations and descriptions to interpret the categories) were removed. Although
only three articles remained after applying conditions 1 and 2, the rest of the articles
were found by searching the cited original articles in those reviewed 10 articles. For
instance, the ‘The Resilience to Emergencies and Disasters Index: Applying big data to
benchmark and validate neighbourhood resilience capacity’ article by Arup International
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Development and The Rockefeller Foundation [9] article was found. The PRISMA steps are
illustrated in Figure 1.

Accordingly, ten articles were analysed to investigate their outcomes in the form of
distinct urban (city) resilience dimensions. Table 1 demonstrates a comprehensive list of
dimensions (in the y-axis, column 1) and which of these dimensions were looked at in the
analysed articles (in the x-axis/columns 2–11).

Table 1. Urban (city) resilience dimensions.

Sources
Dimensions a b c d e f g h i j

Infrastructure x x x x x x x x x x
Ecosystem x x x x x x x

Society/social (organisation) x x x x x x x x x
Economy x x x x x x x x

Health and wellbeing of individuals (people) x x x x x x x x x
Leadership and strategy (knowledge) x x x x x x x x x
Emergency services and preparedness x x x x x

Cooperation x x
Spatiality x

Information, communication and technology x x
a = [9], b = [44], c = [45], d = [46], e = [47], f = [48], g = [49], h = [50], i = [51], j = [52]

As Table 1 reveals, the infrastructure dimension was mentioned in all the reviewed
studies. This could be due to the paradigm shift of infrastructure research from ‘critical in-
frastructure protection’ to ‘critical infrastructure resilience’, spotlighting the importance of
infrastructure resilience [53]. Parizi et al. [54], representing the opinion of many researchers,
highlighted the physical dimension of cities as one of the most important dimensions to
enhance disaster resilience and resistance, as it is the city’s physical system that withstands
the pressures initially and functions properly to absorb the risk. Disruption to the built
environment can cause dysfunction in the society at large, undermining social and eco-
nomic development, given the strong link between the physical environment and human
activities within the city’s ecosystem [55]. In the event that the city’s physical system
suffers losses and defects which are impossible to repair, the post-disaster recovery process
will be negatively affected [56]. Nine out of the ten studies discussed the dimensions of
society/social (organisation), health and wellbeing of individuals (people), and leadership
and strategy (knowledge); while ecosystem and economy were also popularly cited in eight
out of the ten reviewed studies.

Arup International Development and The Rockefeller Foundation [9] categorised ur-
ban resilience based on four factors: people, place, knowledge, and organisation. Decipher-
ing its categorisation, Arup International Development and The Rockefeller Foundation [9]
describes a city that is not resilient using the terms poor quality infrastructure, social con-
flict, weak governance, and poverty. Categorisation by Morley et al. [44], includes factors
related to the adaptive capacity or coping capacity of a community which are specific to
natural hazards. Similarly, Labaka et al. [45] showed preparedness as a priority area in
thematising resilience in the city, following a thorough review of development agendas
such as the Sendai Framework for Disaster Risk Reduction 2015–2030 and the 10 essentials
of the Making Cities Resilient initiative [57]. Classification by Labaka et al. [45] includes an
infrequent dimension, cooperation, which is referred to as the combined efforts in achieving
common goals for a purpose or benefits. Cooperation has been considered as part of the
discussion in some of the studies reviewed in the table. Cooperation, by means of alliances
with other cities, among city stakeholders, etc., is explained through the interdependencies
among the components discussed in Renschler et al. [47] study. It is prominent and hence
taken as a priority area that studies considered. Renschler et al. [47] framework, although
named a community resilience framework, was built based on the consideration of cities as
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fundamental community organisational units, and their study entails systematic thinking
in perceiving resilience. Notably, Elburz et al. [52] introduced the spatiality dimension,
substantiating that urban resilience dimensions vary across space affecting neighbouring
spatial units.

Understandably, the ten reviewed articles (following the PRISMA process) present
urban resilience dimensions differently. For instance, the main category (dimension) in one
study may be a sub-dimension in another study. Emergency services and preparedness
is one of such dimensions that at times is presented as the main dimension while the
rest are included as a sub-dimension. For example, the twelve goals under Arup Interna-
tional Development and The Rockefeller Foundation’s [9] four categories reflect the city’s
preparedness for disastrous events, yet were not mentioned straightforwardly.

Following an in-depth analysis of the dimensions, extended up to the most detailed
level (for instance, up to the indicator level), the ten dimensions were identified, namely:
(1) ecosystem (natural environment), (2) infrastructure, (3) spatiality, (4) society and living (or-
ganisation), (5) people, (6) cooperation, (7) economy, (8) leadership and strategy (knowledge),
(9) information and technology, (10) emergency/disaster management and preparedness.

3.2. Smart City Dimensions

As mentioned in the introduction, these dimensions are the smart features that go
beyond competitiveness/distinctiveness in a well-thought-out Smart City strategy and they
have been repeated in many conceptual frameworks. A number of studies have been con-
ducted to identify and organise the dimensions of Smart Cities, out of which the major parts
are conducted to determine performance indicators of Smart Cities [15–17,19]. Following
a study of the research on the classification of domains in a Smart City, Anthopoulos [58]
identified two main classifications based on the infrastructure type and city development,
which are illustrated in Figure 2.
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Figure 2 illustrates two classification criteria to analyse Smart Cities, which are based
on the city’s development and infrastructure type. The three categories under the classifica-
tion, based on the city’s development, are new cities, existing cities, and smart plants. Ac-
cordingly, a Smart City that is built from ground zero is called a new city, while an existing
city refers to when innovative solutions are introduced to an existing city’s infrastructure.
Smart plants are projects developed from scratch inside existing cities (including new neigh-
bourhoods, etc.). Classifications based on the infrastructure type identify two categories,
hard infrastructure-based and soft infrastructure-based, which are described relating to in-
novations; for instance, the innovations related to Smart City’s hard infrastructure systems
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that were made efficient with technological advancements (i.e., waste, transport, water,
energy) and innovations related to the Smart City’s soft infrastructure (and the people),
that were made efficient with technological advancement (i.e., social and human capital,
knowledge, social equity, participation, inclusion, etc.) [58].

Based on the classifications, the authors derived five dimensions to analyse a Smart
City: soft infrastructure, hard infrastructure, natural environment, ICT-based innovative
solutions, and non-ICT-based innovative solutions [58]. One of the early studies that
holistically looked at Anthopoulos’s [58] hard infrastructure categorisation can be traced
back to Giffinger et al. [12] study which identified smart economy (competitiveness),
smart governance (participation), smart people (social and human capital), smart mobility
(transport and ICT), smart living (quality of life), and smart environment (natural resources).
Giffinger et al. [12] findings have been of fundamental support for developing successive
Performance Measurement Systems for Smart Cities, and have been widely cited; examples
include [59,60], etc. Relating to the aspects of city life, namely industry, logistics and
infrastructures, education, efficiency and sustainability, e-democracy, and security and
quality, Lombardi et al. [15] have also presented smart economy, smart governance, smart
people, smart mobility, smart living, and smart environment as the main dimensions of
a Smart City. However, as a result of Lombardi et al. [15] framework they identified the
clusters of smart human capital, smart governance, smart environment, smart economy, and
smart living to classify Smart City performance indicators. Building on the projects of the
European Smart City Project, the Smart City model developed by europeansmartcities [61]
includes the same dimensions. Noteworthily, the quality of life, although realised as a
base for many definitions of Smart Cities, was not identified as a separate dimension.
Shapiro’s [62] view on the quality of life dimension implies that all the actions taken with
respect to the Smart City dimensions should be out of interest for raising the quality of life
of its citizens.

Several other studies that have looked at the Smart City dimensions from different
angles include:

• The eight clusters of factors include (1) management and organisation, (2) technology,
(3) governance, (4) policy, (5) people and communities, (6) the economy, (7) built
infrastructure, and (8) the natural environment [63].

• Smart City components by Gil-Garcia et al. [64]: (1) public services, (2) city adminis-
tration and management, (3) policies and other institutional arrangements, (4) gover-
nance, engagement and collaboration, (5) human capital and creativity, (6) knowledge
economy and pro-business environment, (7) built environment and city infrastructure,
(8) natural environment and ecological sustainability, (9) ICT and other technologies,
and (10) data and information.

• Nam and Pardo’s [65] key conceptual components of a Smart City: technology factors
(physical infrastructure, smart technologies, mobile technologies, virtual technologies,
and digital networks), institutional factors (governance, policy, regulations/directives),
and human factors (human infrastructure, social capital), etc.

Manville et al. [66] cited Nam and Pardo’s [65] work and the main dimensions, and
argued that these dimensions and components are distinguishable yet need to be anal-
ysed together to understand the relationship between the characteristics (dimensions)
and the components.

Moreover, de Santana et al.’s [67] study, which reviewed the maturity models of Smart
Cities, referred to the ISO 37122 Model: Indicators for Smart Cities as the ‘international
reference point for Smart Cities and as the best fit to evaluate the development of Smart
Cities’. This idea was more or less similar to Mahrooqi and Backhouse’s [68] findings.
Huovila et al. [69] also mentioned the scope of the ISO 37122 Model and argued for the
importance of using it in conjunction with ISO 37120 and ISO 37123. The main domains
in the ISO 37122 Model are economy, governance, finance, education, transportation,
telecommunication, energy, urban agriculture and food security, environment and climate
change urban planning, water, wastewater, solid waste, population and social conditions,
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housing, culture, health, security, and leisure [70]. Overall, all the dimensions and domains
could be presented as a recapitulation using the six dimensions of smart economy, smart
governance, smart people, smart mobility, smart living, and smart environment. Therefore,
it is realistic to argue that the aforementioned six dimensions realised from the systematic
literature review represent the characteristics of a Smart City at all the different Smart City
development stages.

4. Discussion

The resilience element within the Smart Cities remains a case to explore, as Smart
Cities can be looked at through different lenses. For instance, Obringer and Nateghi [71]
argued that Smart City definitions put forward with the centre of focus on technology
do not reflect on social and environmental impacts on climate change, whereas Smart
City concepts based on social well-being and sustainability do. The scientific literature
on resilient cities and Smart Cities evidenced that both city types fundamentally aim to
improve the quality of life of their citizens and enhance sustainability, even though each
concept pursues that aim by following different paths [72]. Given that the two concepts
go hand in hand, defining Smart City dimensions in the resilience mould also is logical.
Therefore, it is argued that a meaningful smartness criterion in a Smart City should be
eloquent of that city’s view on disaster resilience.

Both the urban (city) resilience dimensions and Smart City dimensions of the urban
unit ‘city’ can be mapped against each other, adding a new depth and value to the informa-
tion individually presented. Noteworthily, the most cited urban (city) resilience dimension
in Table 1 can be matched with the popularly cited Smart City dimensions described in the
Smart City dimensions section. To prevent subjective interpretations, the elaborations and
sub-dimensions for each urban (city) resilience dimension were scrutinised. As shown in
Table 2, the city resilience dimensions are mapped against the six Smart City dimensions to
characterise Smart Cities with particular reference to disaster resilience in cities.

Table 2. Mapping urban (city) resilience against Smart City dimensions.

Urban (City) Resilience Dimensions Smart City Dimensions

Ecosystem (natural environment) Smart environment
Infrastructure

Smart living, Smart mobility (transportation)Spatiality
Society and living (organisation)

People Smart people
Cooperation Internal and external relationships and learning within/between cities

Economy Smart economy
Leadership and strategy (knowledge) Smart governance

Information and technology Smart mobility (ICT infrastructure) (for Emergency/disaster
management and preparedness)

Emergency/disaster management and preparedness Emergency/disaster management and preparedness in Smart Cities

In mapping the two types of dimensions, the six Smart City dimensions, smart econ-
omy, smart governance, smart people, smart mobility, smart living, and smart environment,
have been restructured. In other words, the concise units/themes (dimensions) were elabo-
rated and detailed. The main changes include itemising Smart mobility (which includes
the transportation element and infrastructure element of a Smart City) into two further
categories, Smart mobility (transportation) and ICT infrastructure. It can be seen that
dimensions like ecosystem (natural environment), infrastructure, spatiality, society and
living (organisation), people, cooperation, economy, and leadership and strategy (knowl-
edge) are areas upon which both the urban (city) resilience concept and Smart City concept
built their characteristics/discussions. Given that the two concepts go hand in hand, the
prioritisation of these attributes can be justified. Having information and technology as an
urban (city) resilience dimension provides a reason to determine Smart City characteristics
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in reference to smart mobility (ICT infrastructure) (for emergency/disaster management
and preparedness). Although ‘Emergency/disaster management and Preparedness’ is
separately identified as an urban (city) resilience dimension, it is not commonly identified
as a dimension in Smart Cities. Given that the urban (city) resilience dimension ‘coopera-
tion’ represents internal and external relationships and learning, both within and between
cities, being a rather underpinning attribute that supports all the Smart City dimensions, it
is not sufficiently comprehensive to define smartness with particular reference to urban
resilience. Based on the key observations obtained from reviewing the literature tabulated
in Table 2, it can be argued that environment, people, economy, governance, urban living
(including infrastructure, transportation, services, societal, and sociological aspects), and
technology (ICT infrastructure) will be the key pillars on which the Smart City’s disaster
resilience is constructed.

Accordingly, below are the six dimensions that can holistically be seen through the
lenses of both the Smart City and the urban resilience city (hereinafter called as Smart City
dimension/urban (city) resilience dimension in this study).

• Smart environment/ecosystem(natural environment)
• Smart people/people
• Smart governance/leadership and strategy (knowledge)
• Smart economy/economy
• Smart living and smart mobility (transportation)/infrastructure, spatiality, society and

living (organisation)
• ICT infrastructure

These six aspects will be the areas through which disaster resilience in a Smart City
needs to be understood and disaster resilience efforts/strategies/plans in a Smart City
need to be operationalised.

The comprehensive review of the urban (city) resilience dimensions using the afore-
mentioned PRISMA review was next extended to another level (a more detailed level), that
identified a set of key sub-dimensions for each urban (city) resilience sub-dimension. Urban
(city) resilience sub-dimensions can also be termed as smartness criteria in a further detailed
level operationalising resilience within a Smart City. Table 3 illustrates the subdimensions
for the six urban (city) resilience dimensions/Smart City dimensions.

As aforementioned in the PRISMA review, the urban (city) resilience dimensions/Smart
City dimensions in the reviewed articles can be detailed further to identify urban (city) re-
silience sub-dimensions/smartness criteria that reflect resilience. Accordingly, the urban (city)
resilience sub-dimensions/smartness criteria that reflect resilience listed in Table 3 are the de-
tailed subcategories of the main categories (i.e., urban (city) resilience dimensions/Smart City
dimensions) of the reviewed articles. It can be observed that some of these main categories,
for example, ICT infrastructure, are less detailed, compared to the main category, e.g., ‘Smart
living and Smart mobility (transportation)/Infrastructure, Spatiality, Society and living (organ-
isation)’. One reason for this is the complexity of the main category. For instance, Smart living
and Smart mobility (transportation)/infrastructure, spatiality, society and living (organisation)
represent several aspects that need to be thematised and looked into in detail. Alternatively,
ICT infrastructure is more straightforward, and the authors of the reviewed articles looked
at only four aspects: reliable mobility and communication, broadband access, mobile phone
coverage, and use of technology for all stages in disaster risk reduction/resilience. While it is
typical to argue that ICT infrastructure could reflect on more aspects in a broader scope, it can
also be argued that the four aspects listed provide an overall idea of what urban resilience
attributes would reflect through the four smartness criteria within the ICT infrastructure
dimension. Therefore, it can be argued that the extent to which the main category (dimension)
is detailed provides an understanding of the vital aspects to be understood through ‘smartness
criteria that reflect on the resilience’, and that unnecessary detail is omitted. Thus, it is fair to
argue that a Smart City wishing to be resilient should at least try and achieve the requirements
reflected in the listed ‘smartness criteria that reflect on the resilience’. The below paragraphs
explore this further.
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Table 3. Urban (city) resilience sub-dimensions/Smartness criteria which reflect the resilience.

Smart City Dimension/Urban (City)
Resilience Dimension

Urban (City) Resilience Sub-Dimensions/Smartness Criteria Which
Reflect the Resilience

Smart environment/ecosystem (natural
environment)

Ecosystem management
Hazard risk, exposure, intensity, and Severity

Environment policy
Hazard Risk, exposure, intensity and severity

Sustainability
Protective resources

Degradation
Available green space per capita

Smart people/people

Collective identity and empowerment
Community and social engagement and support

Skills for leaning/language competency/population literacy rate
Trust

Satisfaction
Worldview

Collective action and decision making
Psychosocial preparedness
Communication capacity

Educational equity
Social character (sex, age, migration, education, employment, family composition,

language, need for assistance)
Risk knowledge

Community competence

Smart governance/leadership and strategy
(knowledge)

Effective leadership and management
Policy and legislation

Integrated development planning
Cross-sectorial and multi-governance collaboration

Learning culture/learning and dissemination/research and development
Institutional character and diversity

Service centres

Smart economy/economy

Sustainable economy
Asset ownership

Income/wealth generation
Employability and employment diversity

Economic diversity
Population growth

The financial status of the local government
Economic development and prosperity

Financial services
Industry–employment–services and production

Commercial centres
Innovation
Economic
Relations
Economic
Recovery

Single sector employment dependence
Equality and female

Employment
Sector capacity
Labour market

Business sizes and cost of defraying
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Table 3. Cont.

Smart City Dimension/Urban (City)
Resilience Dimension

Urban (City) Resilience Sub-Dimensions/Smartness Criteria Which
Reflect the Resilience

Smart living and smart mobility
(transportation)/infrastructure, spatiality,

society and living (organisation)

Infrastructure
Critical infrastructure

Reliable infrastructure and mobility
Reduced exposure to disaster and fragility

Land use planning for hazards
Age and type of dwellings

Resources to build up resilience
Lifelines

Shelter capacity
Access/evacuation potential

Transportation network
Structure continuity of critical services

Connection diversity with other areas (air, rail, and road)
Fire stations

City physical integrity (population density and balanced residential density)
Spatiality

Urban size
Urban sprawl
Urban form

Society and living (organisation)
Comprehensive security and rule of law

Minimal human vulnerability
Diverse livelihoods and employment

Effective safeguards to human health and life
Child and elderly services

Quality of life
Cultural and heritage services

Place attachment
Social stability

Public health services
Education services

Religion and culture
Social services (volunteers and registered non-governmental organisations)

ICT infrastructure

Reliable mobility and communication
Broadband access

Mobile phone coverage
Use of technology for all stages in disaster risk reduction/resilience

Broadly explained, the above findings construct a relationship between urban (city)
resilience sub-dimensions and smartness criteria, concluding this as ‘smartness criteria
that reflect on the resilience’. This can be justified through Smart City studies (these
studies have not looked at the resilience element) like [12–20] which developed similar
smartness criteria. Understandably, the subdimensions looking through the lens of Smart
Cities set out an overall understanding of the resilience within the Smart City. Therefore,
attention was largely given to set out the key urban resilience dimensions/subdimensions
to reflect on smartness, and vice versa. It is fundamental to argue that the study findings
(smartness criteria with particular reference to Smart City resilience) need to be either part
of or reflected through the smartness criteria of any type of established Smart City that
needs to be resilient.

Smart Cities characteristics/smartness criteria in this study refer to the features and
attributes belonging to a Smart City that make them unique and smart compared to basic
cities. These are commonly presented under the Smart City dimensions in the Smart City
models/frameworks [12–20]. Extending the study, the smart characteristics/smartness
criteria that are developed with particular reference to urban resilience through Table 2 were
detailed in Table 3, identifying subdimensions under each of the five, Smart City dimensions.
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As the next step, smart characteristics (smartness criteria required to make Smart Cities
resilient) can be detailed for each subdimension identified in order to exemplify the lengthy
work. Table 4 illustrates the smart characteristics/smartness criteria that are required to
make Smart Cities resilient, under the Smart City dimension Smart Environment.

Table 4. Smart Characteristics/smartness criteria required to make Smart Cities resilient under the
Smart Environment dimension.

Smart City
Dimension

Corresponding Urban
(City) Resilience

Dimension

Corresponding Urban
(City) Resilience Sub-
Dimension/Smartness
Criteria that Reflect the

Resilience

Smart Characteristics/Smartness
Criteria Required to Make Smart

Cities Resilient
Sources

Smart Environment Ecosystem (natural
environment) Ecosystem Management Smart ecosystem management or

technoecology [73,74]

Environment policy

Adoption of resilience as a policy
goal should not be allowed to

justify interventions that will have
a negative impact on biodiversity

[75]

Hazard risk, exposure,
intensity and severity

Relocation of particularly
vulnerable parts of cities could be

integrated into the planning of
future development/

redevelopment opportunities

[76]

Sustainability

Smart energy management
(including inclusive distribution of

Sustainable Energy
Generation Hubs)

[77]

Smart waste management [78]
Minimizing carbon emissions,

Measuring and alleviating carbon
emissions resulting from
technology consumption,
Imposing sustainability

fees for visitors

[79–81]

Protective resources Nature-based solutions [82,83]

Degradation Public policies aiming at
territorial planning [84]

Available green
space per capita “Smart urban forest” applications [73]

According to Vinod Kumar [85], Smart Cities developed with an aim of environmen-
tal sustainability and social well-being may have commonalities with initiatives/policies
including climate change mitigation/adaptation, resilience, etc. Natural hazards become
disasters when the community fails to cope with the hazardous impacts using of its own
resources [86]. Natural resources like forests, wetlands, and coastal systems that serve as
protective barriers or buffers have the ability to minimise the physical exposure of urban
systems to natural hazards [87]. Urban green spaces offer communities a number of direct
and indirect physical and mental health benefits [88]. The ecosystem-based disaster risk
reduction (Eco-DRR) approach is widely recognised within global policy frameworks, like
the Sendai Framework for Disaster Risk Reduction [89], Convention on Biological Diver-
sity [90], and the Ramsar Convention on Wetlands [91]. Therefore, the smart characteristics
should reflect Eco-DRR, including nature-based solutions for disaster resilience.

While it is important to incorporate resilience into environmental policy goals, it is
equally important to ensure policy coherence and prevent policy conflicts, for instance
when the value of ecosystem service (for example timber, carbon storage, food produc-
tion, etc.) is higher than the biodiversity, policy conflicts occur [92,93]. Newton [75]
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suggested reaching a consensus on how resilience to be defined and measured as a solution
to those policy conflicts.

Potentially vulnerable natural systems (such as low-lying islands, coastal zones, moun-
tain regions, drylands, small islands, and developing states) poses severity risks due to
hazards exposure [94,95], and these geographical features can be in Smart Cities as well.
The UN/HABITAT (2001) report highlights the need for relocation and strategic planning of
urban developments in such situations. Territorial planning helps minimise desertification
and degradation, which are some known drivers of disaster risks [84]. While it can be
observed that sustainability and climate resilience in the Smart Cities context is explained
to a certain extent, direct disaster resilience efforts within the smart environment are hardly
explored [79–81]. Likewise, resilience can be identified and evaluated through the other
dimensions in Table 3, such as smart economy, smart people, smart living, smart mobility,
and ICT infrastructure.

5. Conclusions

Given that different Smart City initiatives account for different contexts, people, ob-
jectives and relationships, it is not cogent to establish a standard set of characteristics to
determine the smartness of a Smart City. However, a comprehensive set of characteristics,
which is not limited to a particular type of Smart City, could possibly guide Smart Cities to
ascertain their levels of smartness or develop their own smartness measures. These smart-
ness measures should reflect on the disaster resilience of the Smart City. In other words, an
eloquent set of smartness measures will help construct and strategise the resilience efforts
of that Smart City. However, most of the studies on Smart Cities lack attention to disaster
resilience. To narrow that gap, this study sets out the smartness criteria of a Smart City
with particular reference to disaster resilience. A fundamental argument of this study is
operationalising resilience within Smart Cities without merely linking the two concepts.

Following a systematic literature review on urban (city) disaster resilience, ten urban
(city) disaster resilience dimensions were found and are listed below:

(1) Ecosystem (natural environment),
(2) Infrastructure,
(3) Spatiality,
(4) Society and living (organisation),
(5) People,
(6) Cooperation,
(7) Economy,
(8) Leadership and strategy (knowledge),
(9) Information and technology,
(10) Emergency/disaster management and preparedness.

Similarly, smartness in a Smart City can be looked at through six dimensions, namely:

• Smart economy,
• Smart governance,
• Smart people,
• Smart mobility,
• Smart living,
• Smart environment.

To characterise smartness in making Smart Cities resilient, the identified urban (city)
resilience dimensions were reviewed with the six Smart City dimensions. This process
involved detailing urban (city) resilience dimensions to the urban (city) resilience sub-
dimensions. Urban (city) resilience subdimensions can also be referred to as ‘smartness
criteria (of a Smart City) that reflect resilience’. In other words, the smartness of a Smart
City should be presented in a way implying its resilience. The outcome of the mapping of
Smart City dimensions against urban (city) resilience dimensions advised summarising
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six dimensions that can holistically be seen through the lenses of both the Smart City and
the urban resilience city. They include:

• Smart environment/ecosystem(natural environment)
• Smart people/people
• Smart governance/leadership and strategy (knowledge)
• Smart economy/economy
• Smart living and Smart mobility (transportation)/infrastructure, spatiality, society and

living (organisation)
• ICT infrastructure

For each of the above dimensions, sub-dimensions were reorganised. These subdimen-
sions were referred to as ‘urban (city) resilience sub-dimension’ or ‘smartness criteria that
reflect the resilience in a Smart City’. This implies that these subdimensions (when they are
detailed to an extent where they represent a unique (compared to a basic city) attribute in a
Smart City) allow the (re)defining of Smart City’s smartness reflecting on urban resilience.
Detailing each sub-dimension to ‘smart characteristics/smartness criteria required to make
Smart Cities resilient’ involves an exhaustive list. Therefore, to exemplify the lengthy work,
an extended analysis was demonstrated for the ‘Smart Environment/Ecosystem(natural
environment)’ dimension.The extended analysis performed was summarised for the smart
environment dimension, citing smart characteristics/smartness criteria, justifying with
Smart City- and resilience-related studies. Findings imply that a Smart City with an aim
to be resilient (regardless of the resilience maturity/knowledge) needs to define its smart-
ness by reflecting on six key aspects (smart environment/ecosystem(natural environment),
smart people/people, smart governance/leadership and strategy (knowledge), smart econ-
omy/economy, smart living and smart mobility (transportation)/infrastructure, spatiality,
society and living (organisation), and ICT infrastructure. Considering the contextual chal-
lenges, resources, and priorities, each Smart City should develop their own criteria to ensure
the disaster resilience measures are placed under each of the aforementioned aspects. These
six key aspects not only advise a Smart City on strategizing the smart characteristics to
manage disasters, but also to manage them in a resilient manner.

These findings will be of large importance to any established/proposed Smart City
that desires building/enhancing/sustaining resilience, and will characterise its smart-
ness with particular reference to urban resilience. While this study is limited to the find-
ings of the literature reviews, the findings will be further improved with empirical data.
Building upon the current findings this research will be extended to define smart char-
acteristics/smartness criteria (required to make Smart Cities resilient) for the remaining
dimensions, smart people/people, smart governance/leadership and strategy (knowledge),
smart economy/economy, smart living and smart mobility (transportation)/infrastructure,
spatiality, society and living (organisation), and ICT infrastructure.
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