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Abstract: This paper explores how the COVID-19 pandemic has affected progress toward urban
sustainability. A methodological framework was developed as an integrated-assessment tool for
future cities, triangulating indicators that are relevant to cities. The development of this framework
was based on understanding the dimensions of sustainable cities and factors related to the urgent
crises, and the related lifestyle and psychological factors. The study focuses on the SDGs and health
and resilience requirements and links them with the behavioral changes resulting from the COVID-19
pandemic. This paper builds on the advantages of various methodological frameworks by integrating
their respective approaches, to offer a more comprehensive solution. A series of measures and
actions (scenarios) related to sustainable cities and pandemics are discussed. This approach involves
developing relevant indicators by fitting the urban health and resilience goals to the social, economic,
and environmental goals of sustainable cities, as well as considering the factors affecting people’s
perception of cities during and after the pandemic. The paper provides insights into how future cities
could be planned, designed, and governed to reduce the impact of health crises and to enable the
assessment of cities in relation to the chosen dimensions (health, resilience, sustainability, human).
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1. Introduction

“By the time the next century passes its first quarter, more than a billion and a half
people in the world’s cities will face life and health-threatening environments unless we
can create a revolution in urban problem solving”—UN city summit “Habitat II”, 1996.

City planning provides reliable answers about how to shape our built environment
and, thus, our society. It is a complex process, requiring social, economic, environmental,
psychological, and physiological understanding [1]. Over the last decade, cities have been
increasingly recognized as key players in our globalizing world [2]. They have become
dominant in the global economy, and trends in democratization and decentralization
have raised their profile [3]. However, this growth has brought substantial problems and
inappropriate practices in the areas of environment, society, and the economy [2]. To
resolve these problems, we need to think and act sustainably [4]. Physical planning and
design can assist in creating more sustainable consumption patterns. Since 1987, when the
need for sustainable development revived the notion that extensive planning was both
necessary and feasible, this point of view has gained popularity. Some have argued that
the planning system can be applied to achieve significant environmental improvements [5].
The sustainable city has a long-term supply of the natural resources that are the foundation
of its development, and it enjoys long-term protection from the environmental risks that
could jeopardize this progress [6]. The 2030 Agenda was launched at the beginning of
2016 to lead the world on the path toward sustainability. The sustainable development
goals (SDGs) define a set of priorities and development issues. These include the climate
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crisis, which has been a global priority for many decades [7]. In 2019, the COVID-19 crisis
placed the world on high alert, and many climate-change discussions were put on hold in
2020 [2]. The crisis significantly impacted our daily lives and city planning [8]. It changed
the appearance of many of our cities and generated debate over how to handle urban life
in the wake of a pandemic [9]. Additionally, the COVID-19 pandemic is seen as essential
for the restoration of the SDGs and for supporting resilient communities and healthier,
greener, and more equitable economies [10]. Historically, pandemics have affected not
only people’s lives and health, but also city resilience. Additionally, previous pandemics
have been shown to support the growth of cities, leaving them more secure, resilient, and
sustainable [2]. During the pandemics, both the form and the function have consistently
followed the panic of infection [11], and, indeed, the ways we think of them in search
of sustainable and resilient strategies [9]. To reduce the impact of an epidemic before a
medical intervention is available, previous societies have looked to the physical and built
environment [12], redesigning cities and infrastructure to reduce the spread of infectious
diseases. In the 19th century, for example, outbreaks of cholera and other epidemics in
crowded cities prompted significant sanitary improvements and the formation of town
planning activities.

A city is much more than just a collection of buildings; it is a collection of intercon-
nected systems for interacting, working, and playing that have crystallized into building
forms. An examination of these systems can reveal the future face of the city. COVID-19
has had a major effect on our personal and professional lives and on the very foundations
of city planning and construction theory and practice, as well as influencing scientific
research [13–15]. It has been shown that various physical and social factors affect how
people perceive their cities. For example, outdoor activities can be carried out alone or in
groups, and they can be connected to physical features such as street furniture, shelters,
seating areas, or kiosk stands. As a result, both the “state of body” and the “state of mind”
have an impact on how outdoor space is used [16]. The recent global pandemic revealed
critical flaws in our built environment and urban design. Various changes were rapidly
adopted in response, having a direct impact on human behavior [17]. Despite the various
challenges posed by COVID-19, urban planners may draw vital lessons from the crisis,
improving their ability to plan and design cities to be resilient and prepared for future
shocks—economic, social, environmental, financial, and institutional [18]. The current
study highlights the following questions: Where are we on the path toward sustainable
cities, as measured by progress toward the SDGs (sustainability requirements)? Will the
pandemic lead to more alterations in cities to facilitate future management of such crises
(health and resilience)? Could this pandemic represent an opportunity to design cities that
respond to the psychological impact of crises (human behavior)? Therefore, this paper
seeks to address a basic question: could COVID-19 be a catalyst for integrating the factors
that affect the 2030 sustainability agenda, health and resilience requirements, and factors
that have a psychological impact, in order to redesign our built environment and the
urban form of cities for future generations? This paper was designed to triangulate the
relationship between human behavior and various physical and environmental factors, to
redefine sustainability in cities post COVID-19.

However, to facilitate the implementation of the plans, technical and non-technical
devices and systems should be developed to assess cities’ sustainability level, and their
preparation for current and future needs. Previously, there was a greater emphasis on
developing and implementing environmental-assessment methods to improve energy
conservation, green buildings, and high-performance practices [2]. Research in this field
has tended to focus on technical issues such as measuring consumption and the impact
on the natural environment [19]. However, there is growing recognition of the importance
of non-technical issues. Economic viability and social equality are now recognized as
important aspects, also influenced by the built environment. This latter reflects a more
sustainable approach to city planning, in which the environmental, social, and economic
aspects of a project are weighed in relation to one another in the context of the built
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environment [20]. The use of an assessment tool during the design/planning process can
result in important advantages that are unlikely to be attained through standard approaches.
City assessment tools ensure that the right sustainable development goals—whether social,
ecological, or economic—are set, through decomposing development into manageable
steps [21]. They also reduce operational costs, reduce the environmental impact, and create
healthier and more productive urban spaces [22]. Assessment tools assist planners and
decision-makers in resolving existing city problems, improving city performance, and
maintaining and improving performance over time [1].

The significance of this research is in the implication of the COVID-19 pandemic for
future urban planning. This study investigates several dimensions of urban-planning poli-
cies that could be significantly affected by this crisis. This study employs a comprehensive
analysis of recent work on actual and possible urban-change in the wake of the recent
pandemic, linking indicators including social, economic, environmental, and psycholog-
ical, allowing for a better understanding of city planning and a forecast of the constant
changes taking place in our future cities. The paper provides actionable guidelines for
how cities might evolve to achieve sustainability, through developing a framework for an
assessment of the future city that captures the key aspects of the sustainability indicators,
while addressing the urgent need—arising in the wake of the pandemic—for a healthy,
resilient, and sustainable city that responds to the psychological needs of its people. The
study focuses on the SDGs and health and resilience requirements, and links them with
the behavioral changes resulting from the COVID-19 pandemic. An understanding of the
complex relationships between the built environment, human behaviors, and people, will
ensure the preparedness of our societies for the post-pandemic era.

2. Materials and Methods
2.1. Content Analysis

The study adopts a content-analysis approach. The related aspects for discussion
include the concept of a sustainable city and its intrinsic issues (the principles, goals, and
objectives of sustainable development); the health-resilient city; and the psychological
impact of the pandemic on people. The assessment tools are introduced, with a particular
focus on the assessment tool for sustainable cities, through the presentation of conceptual
and practical models within this approach.

2.2. Procedures for Literature Analysis

A qualitative-analysis approach was employed to develop the methodological frame-
work for the integrated-assessment tool. This included an extensive review and analysis
of the related literature on sustainable-development goals, sustainable-assessment frame-
works and indicators, resilience, sustainable cities, and human factor. The literature analysis
was also conducted to evaluate the effects of previous pandemics and enhance understand-
ing of the current situation to identify the implications for urban-life dialectics for healthy
communities. The study examines the targets and indicators of SDG 3 and SDG 11, which
provide a controversial belief of COVID-19 linking to urban space. It investigates the
impact of urban resilience in the period before COVID-19, and identifies the psychological
effects of the crisis on people amid COVID-19. The paper then suggests an approach
for developing an integrated-assessment tool for post COVID-19. This paper develops
an integrated-assessment framework that could be used to assess the sustainability of
a city in the times of health crisis. This framework considers the implications of health
pandemics for the three pillars of sustainability in future post-pandemic cities. This paper
discusses the influences on urban health—in terms of its social, economic, environmental,
and psychological dimensions—to clear the path toward sustainability in the medium to
long term.
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3. Framework Development: City-Assessment-Tool Post COVID-19 Development
3.1. Assessment of Sustainable Cities

As this study proposes a framework for an assessment tool, it is necessary to elaborate
on the concept of an assessment tool and its relevance to sustainable cities. It is also
important to present conceptual and practical models to illustrate the multidimensionality
and complexity of the tool.

Sustainability is defined as the dynamic and long-term equilibrium between the econ-
omy, the environment, and society [23]. The concept of “sustainability” thus necessitates an
integrated- and holistic-system approach that takes into account those three major dimen-
sions [1]. In addition, the concept of “sustainability” emerged from a global political process,
providing a satisfying overall framework for national and international governance [24].
Sustainable development is considered the keyword of the 21st century. It is one of the most
important opportunities for improvement of quality of life [25]. Sustainable development
is also defined in terms of the scale of its application: in short, there is global sustainable
development and local sustainable development, which includes urban, regional, and
national scales [20]. The concern in this paper is sustainable development on the city scale.
Emerging in the late 1980s, the topic of sustainable development in cities has received a lot
of attention. Major cities in various countries have made theoretical and practical efforts to
pursue sustainability [23]. According to the United Nations Sustainable Cities program,
a sustainable city is one in which social, economic, and physical developmental accom-
plishments are preserved over time. Stronger relationships are established, and this creates
a new moral space in which societal values can be modified [26]. The sustainable city is
a complex amalgamation of social, economic, political, and ecological forms, which are
constantly being articulated and rearticulated within specific spatial contexts and through
historical struggles [27,28]. Various associated terms have emerged, including “smart city”,
“sustainable city”, “future city”, “green city”, “resilient city”, “eco-city”, “low-carbon city”,
and “healthy city” [29–32]. It is also common to see combinations of terminology used to
describe specific concepts, such as the “smart sustainable city” [31,33]. In this research,
the terms “sustainable cities”, “healthy sustainable cities”, and “pandemic-resilient cities”
are used.

The need for sustainable actions on the city scale has been acknowledged, and sev-
eral approaches have been taken. The first perspective emphasizes that the planning
process should promote sustainability to ensure both long-term and immediate benefits.
This contends that, for sustainable urban growth, decisions must be taken at three levels:
during overall town-planning, in relation to architectural design, and in the construction
details [34]. The second perspective, on the other hand, emphasizes the development of a
system that can help to ensure that the city is more sustainable and adaptive—an intelligent
urban system [35]. The third perspective highlights the value of sustainability assessment
as a tool to help decision-makers and policymakers decide on the steps needed to make
society more sustainable [22]. Since the concept of sustainability is so broad, the use of
sustainability-assessment frameworks is the most common [36]. Sustainability assessment
is increasingly recognized as a valuable contributor to sustainable development, particu-
larly for cities [37]. The assessment tool for sustainable cities takes targets from the general
concept of sustainability that align with the specific problems of the city; hence, it examines
multi-dimensional complex relationships between the environmental, social, and economic
aspects [38], with political aspects also integrated into the assessment framework [39].
A multidimensional assessment tool for addressing city sustainability must include the
following: a normative guiding concept operationalized for specific targets, a systematic
target-related model of the system to be evaluated, and a procedure for integrating key
stakeholders and connecting normative and systemic dimensions (Figure 1) [40].
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systemic, and procedural factors (authors, based on the work of [40]).

The process of conducting an integrative analysis of a city system should be empha-
sized in a sustainability assessment [41]. The principles for assessment of sustainable
development include: (1) a holistic perspective that covers the whole system and all of its
parts and (2) a horizon of sufficient length to incorporate both human and environmen-
tal time-scales, responding to future generations’ needs and short-term decision-making
requirements [42]. In addition, sustainability assessment should emphasize the social
dimension as a formal process of recognizing, anticipating, and evaluating the potential im-
plications [23,43]. Moreover, considering people’s perception is a priority of the assessment
systems during research and development. For example, one way to describe a sustainable
technical system is by assessing the overall system-health as a sustainable functioning
system, emphasizing the significance of people’s perception as part of social sustainability
(Figure 2; [24]). Various urban models have also been proposed to help guide urbanization-
sustainability practices. For example, four contemporary alternative models—namely,
“free-market cities”, “self-reliant cities”, “redesigning cities”, and “fair-share cities”—were
proposed as a basis for sustainable-assessment tools for cities [44]. These models take into
account market-trade orientation, economic growth, regulation-of-externalities costs, value
systems, technology, and nature.
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The use of indicators to determine sustainability is recommended for managing
sustainable-city development [37,45–47]. The majority of scholars have focused their
analyses on indicator selection and measurement, with most indicators structured around
traditional sustainability pillars [48]. Indicators constitute a simple, quantitative tool for
creating sustainable cities that support long-term economic growth, health, and qual-
ity of life for their people [49]. According to the extant literature, an indicator should
be chosen carefully and must be specific, measurable, sensitive, usable, available, time-
related, and cost-effective [45]. Appropriate indicator sets—combined with methodological
standards—establish frameworks for assessing sustainability on various spatial levels [50].
It is important to ensure that the indicators suit each city, aligned with its institutions,
players, issues, and culture [35]. As cities differ greatly in their data sources and availability,
population sizes, historical-development backgrounds, and functioning, numerous frame-
works for urban-sustainability indicators have been developed over time [36,48,51]. For
example, one sustainability index developed for a Taipei city incorporated four dimensions
of indicators (environment, society, economy, and institutions [52]). The sustainable city
index for Malaysia includes a set of other indicators to assess urban sustainability [53]. The
Northeast China sustainability index consists of 22 indicators, divided into environmen-
tal, social, and economic subsystems, and used to analyze the sustainability of 15 typical
resources and forecast changes. An organized and systematic analysis that clarifies the
developmental history and changes of the city and predicts potential effects can offer a
framework to define the complex relations of cities [54]. In addition, the indicators should
reveal the implications of the city’s current trajectory, rather than simply viewing the
city as a single unit [23]. The sustainability indicators can be divided into several cate-
gories and levels that are additionally subdivided into related elements [22]. However,
to ensure the effectiveness of the indicators, an integrated approach should be used to
evaluate them, incorporating a residents’ survey, multi-stakeholder engagement, envi-
ronmental and economic impact-assessment, a goal-programming (GP) method, or the
analytical-hierarchy-process (AHP)-approach (Figure 3) [55]).
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3.2. SDGs and the Pandemic

This section defines the SDCs that are relevant to cities. In addition, it discusses the
impact of COVID-19 on the progress of the 2030 Agenda.
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3.2.1. The SDGs for Creating Sustainable Cities

The 17 SDGs comprise the UN 2030 Agenda, designed to transform our world by
tackling multiple major challenges. Cities can thus adopt these goals as a foundation for
their own sustainability performance at the local level. Specifically, relevant to this research
paper is SDG 11, “sustainable cities and communities”, as this is the most relevant to
city situations (Figure 4). SDG 11 identifies the need to “make cities and human settle-
ments inclusive, safe, resilient and sustainable” [18]. It suggests that increasing inclusion,
safety, resilience, and sustainability will pave the way for the other SDGs that seek to end
poverty, increase equality, boost economic growth, and ensure that residents are living
healthy lives [56,57]. SDG 11 identifies resilience as the driving force behind sustainable
development, with the urban system needing to maintain consistency throughout all acute
shocks, serious stresses, and environmental challenges, to achieve sustainability in a healthy
and resilient city. Furthermore, local and city planners should integrate resilience at the
development and implementation stages [2]. Goal 11 includes 10 targets and 15 related
indicators, the bulk of which are measured at the local city-level, with progress reported at
the national level. Goals 1, 3, 6, 7, and 17 address issues of urban poverty and inequality,
urban planning, urban health, pollution, environmental degradation, and climate change,
as well as other sustainable urbanization difficulties [57]. The purpose is to explore all of
the major challenges for cities—including those affecting citizens, societies, mechanisms,
and organizations that must continue to function in all circumstances. Being a reliable,
healthy, and resilient city means being able to withstand a wide variety of stresses and
shocks [58]. The implementation of the 17 SDGs and the new urban agenda is highly
dependent on cities [59]. The SDGs provide an analytical framework with which to ex-
amine international development. While health and wellbeing are specifically mentioned
in SDG 3, they are also a requirement in SDG 11, which seeks to advance inclusive, safe,
resilient, and sustainable cities. It is reported in the literature that the SDGs contrast with
conventional development agendas, which concentrate on limited sets of measurements,
while the SDGs take a comprehensive and multifaceted perspective on development [7].
As a result, the correlations between the SDG indicators, both positive and negative, have
enabled the discovery of global patterns.
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3.2.2. Impact of COVID-19 on the SDGs

The SDGs for the 2030 Agenda were established to address many of the obstacles to
the promotion of wellbeing, environmental protection, and economic progress [7]. The
SDGs establish a framework of indicators to facilitate global sustainable development [60].
While the SDGs provide a plan for societies to adapt to and recover from the COVID-19
pandemic, the 2030 Agenda has many limitations and constraints. COVID-19 served as a
significant stress test for the Agenda. Indeed, reports on the initial phase of the SDG Agenda
(2015–2020) suggest that global progress toward the SDGs was weak [61]. It is reported that
progress on SDG 1 (“No poverty”), SDG 4 (“Quality education”), and SDG 8 (“Decent work
and economic growth”) were all strongly affected by the pandemic. Additionally, the analy-
sis shows that SDG 2 (“Zero-hunger”) appears to respond to COVID-19 [62]. This situation
demonstrates the need for a comprehensive review, the adaptation, and the extension of the
targets in order to focus on all facets of sustainable development (i.e., economic, social, and
environmental sustainability). A new perspective is required to identify the types of shocks
that pandemics, chronic stress, and acute crises could provoke in future [62]. Other con-
cerns have been reported in relation to the global sustainable-development approach. For
instance, it has been argued that the world should concentrate on a few key-performance
planning initiatives, rather than the entire set of 17 SDGs. The SDGs should be adjusted
to make them more practical and more effectively implemented [63]. The UN-Habitat
(2020) [10] report has considered the impact of COVID-19 on the SDGs since the begin
of the pandemic. Pandemic recovery is considered necessary for the restoration of the
SDGs to promote greener, healthier, and fairer economies and more resilient communities.
Therefore, various intergovernmental organizations assist the SDGs and have been working
to enhance and develop the applicability of the fundamental indicators and concepts of
change, in spite of concerns about the effective implementation of the SDGs. Additionally,
in response to the slow progress, the UN declared the 2020–2030 period to be a “decade of
action” for the SDGs. However, this declaration was made in 2019, before the outbreak of
the pandemic [61].

3.3. Health, Resilience, and the Pandemic

In the literature, the terms “healthy cities”, “resilient cities”, “health-resilient cities”,
and “sustainable cities” are commonly used, but they are frequently used in ways that are
incompatible with their context. This section asks what a health- or pandemic-resilient city
is, and what its relationship to the sustainable city is. In addition, it discusses the impact of
health pandemics throughout history on the urban form of cities, and the required changes
needed due to COVID-19.

3.3.1. A Health-Resilient City

The term “resilient city” has gained popularity as a result of the problems caused by
global climate change, as well as the increasing severity and intensity of global disasters and
conflicts. “Resilient cities” are those capable of absorbing, recovering from, and planning
for economic, environmental, social, and institutional shocks [64]. “Resilience” is the
capacity to adjust to shifting social and environmental circumstances, while preserving
and enhancing quality of life, long-term ecological productivity, and public and individual
health [65]. As previously stated, “sustainability” and “resilience” are distinct but related
concepts [66]. They reflect two interconnected agendas. If they are to achieve sustainability
and resilience goals, cities must integrate policies and plans for inclusion, resource efficiency,
climate-change mitigation and adaptation, and disaster resilience [66,67]. The ability of a
system, community, or society to resist, absorb, accommodate, and quickly and effectively
recover from the effects of a hazard, is referred to as “resilience” [66]. A resilient city should
be continually encouraging improvements in sustainable development. Recognition of this
gave rise to the concept of “healthy cities”, with calls for urban areas to provide cleaner
air, environmentally friendly transportation options, greywater recycling and storage,
rainwater collection systems, and other such initiatives [68]. However, the COVID-19
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pandemic compelled us to reconsider these ideas, necessitating the establishment of a
“health-resilient city”, with public health as a top priority. A healthy city is one that is
“creating and enhancing physical and social conditions on a continuous basis”, according
to the World Health Organization (WHO) [69]. A city is said to be “health resilient” if it
has the capacity to resist, absorb, accommodate, adapt, transform, and recover quickly
from the effects of a health crisis, particularly through the preservation and reconstruction
of its fundamental systems and functions to safeguard and improve public health [68].
Some definitions of “healthy cities” concentrate on the communities living within those
cities. A healthy community is one that protects and enhances its residents’ quality of life,
encourages healthy habits, reduces risks to its citizens, and protects the environment [70].

Combining these notions of “healthy” and “sustainable” strengthens both the empha-
sis on health in urban sustainable development, which has been neglected or underutilized
in discussions [71], and the ecological focus on health, which has been largely absent from
health promotion up until now [72]. A “healthy and sustainable city” promotes the present
and future wellbeing of all individuals, communities of people, and ecological systems.
This claim acknowledges the various scales and complexities of the urban environment’s
physical, social-economic, and environmental components [73]. Constructing health re-
silience involves enhancing health systems, attending to the needs of vulnerable groups,
and boosting organizational competence, social connectivity, and psychological health. To
increase preparedness, support stable daily operations, and address social determinants of
health, communities need to be resilient [74].

3.3.2. Impact of COVID-19 on Health-Resilience of Cities

The COVID-19 pandemic was a global health crisis—possibly the worst in more than
a century [75]. However, this was not the world’s first pandemic. Throughout history,
pandemics have shaped cities, and numerous health challenges have been reflected in
architecture and urban design [75,76]. Cities have long sought resilient and sustainable
responses to pandemics [75,77,78]. Our world has suffered as a result of COVID-19. The
COVID-19 pandemic affected not only health, but also the urban environment and the
economy [75]. All governments were forced to implement health and safety measures
to protect their populations from infection, with many imposing lockdowns and social
distancing, limiting foreign entry, and so on [79]. However, the pandemic may provide an
opportunity to improve cities by incorporating the associated learning into health-related
planning and design [75]. The incorporation of a health perspective into public-space
architecture planning as a result of a pandemic is not new [80]. Furthermore, the role
of social behavior and citizen awareness in combating the pandemic is thought to be
critical [76]. Elgheznawy and Eltarabily (2020) [75] propose that the best city designs,
especially in light of the current crisis, are sustainable, smart, and social. Cities with these
characteristics will be more effective in dealing with future crises (Figure 5). As a result,
city planners, designers, and public health officials should be working together to create
healthier communities.

The spread of COVID-19, which resulted in a large number of deaths in human
settlements, drew city planners’ and policymakers’ attention to the need for pandemic
resilience [73]. Building pandemic resilience extends beyond health systems (Figure 6).
Rather, a research agenda is needed to explore the resilience of the health systems and en-
sure integrated approaches to the health, social, environmental, economic, and institutional
systems [81]. The variety and multiplicity of systemic threats requires governance systems
that foster societal resilience to a wide range of issues, as well as policies that address
particular problems [81].
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A method for assessing pandemic resistance at the neighborhood level was developed
(Figure 7). The approach identified a set of pandemic-resilience indicators, which were
used to create a multi-dimensional composite pandemic-resilience index for Tehran’s
neighborhoods [82]. Using the characteristics of 351 communities, the exploratory-factor-
analysis method was applied, to determine the physical, infrastructural, socioeconomic,
and environmental elements of pandemic resistance.



Sustainability 2023, 15, 811 11 of 24

Sustainability 2023, 15, 811 11 of 25 
 

were used to create a multi-dimensional composite pandemic-resilience index for Teh-

ran’s neighborhoods [82]. Using the characteristics of 351 communities, the exploratory-

factor-analysis method was applied, to determine the physical, infrastructural, socioeco-

nomic, and environmental elements of pandemic resistance. 

 

Figure 7. Determinants of neighborhood pandemic-resilience (based on the work of [82]). 

3.4. Human Psychology and the Pandemic 

The COVID-19 crisis is likely having long-lasting effects on people, and thus a precise 

understanding of the pandemic’s psychological impact is needed. The features of the built 

environment shape human behavior [83]. Therefore, when planning and designing cities, 

there is a need to address the psychological impact of COVID-19 on people. This section 

discusses the psychological effects of the pandemic and the factors affecting people’s per-

ceptions of the pandemic, as seen from a behavioral perspective. It then discusses how 

these factors may affect the planning of cities. 

3.4.1. People’s Perceptions of the Pandemic 

The impact of COVID-19 differed according to age [84], gender [85], profession [86], 

level of self-control (personal), attitudes toward the meaning of life, coping strategies [87], 

level of wealth (or poverty) [88], and in terms of how long the pandemic lasted [89]. For 

example, younger people may have been more susceptible than older people to stress [87], 

with many children being fearful and perceiving the virus as an enemy [84]. Women, 

young people, and those who considered themselves to be in the high-risk population, 

suffered the most [85]. Compared to the general population, health workers reported a 

stronger sense of being at risk, more worries, and a higher level of knowledge about 

COVID-19 infection [86]. The fear of being infected—as well as the prolonged quarantine 

and lockdown—may have had acute and long-term psychological effects on the commu-

nity [90]. The pandemic’s impact persisted over time, even worsening cases of depression, 

and some vulnerable groups were found to need additional support for their mental 

health [90]. However, acute COVID-19 stress and general mental distress had less of an 

impact on those people who generally believed that their lives had meaning [87]. 

3.4.2. Impact of COVID-19 on Human Psychology 

The COVID-19 pandemic changed people’s behavior in cities, and had various neg-

ative psychological effects [90]. Most people saw it as a serious crisis, and it significantly 

Figure 7. Determinants of neighborhood pandemic-resilience (based on the work of [82]).

3.4. Human Psychology and the Pandemic

The COVID-19 crisis is likely having long-lasting effects on people, and thus a precise
understanding of the pandemic’s psychological impact is needed. The features of the
built environment shape human behavior [83]. Therefore, when planning and designing
cities, there is a need to address the psychological impact of COVID-19 on people. This
section discusses the psychological effects of the pandemic and the factors affecting people’s
perceptions of the pandemic, as seen from a behavioral perspective. It then discusses how
these factors may affect the planning of cities.

3.4.1. People’s Perceptions of the Pandemic

The impact of COVID-19 differed according to age [84], gender [85], profession [86],
level of self-control (personal), attitudes toward the meaning of life, coping strategies [87],
level of wealth (or poverty) [88], and in terms of how long the pandemic lasted [89]. For
example, younger people may have been more susceptible than older people to stress [87],
with many children being fearful and perceiving the virus as an enemy [84]. Women, young
people, and those who considered themselves to be in the high-risk population, suffered the
most [85]. Compared to the general population, health workers reported a stronger sense of
being at risk, more worries, and a higher level of knowledge about COVID-19 infection [86].
The fear of being infected—as well as the prolonged quarantine and lockdown—may have
had acute and long-term psychological effects on the community [90]. The pandemic’s
impact persisted over time, even worsening cases of depression, and some vulnerable
groups were found to need additional support for their mental health [90]. However, acute
COVID-19 stress and general mental distress had less of an impact on those people who
generally believed that their lives had meaning [87].

3.4.2. Impact of COVID-19 on Human Psychology

The COVID-19 pandemic changed people’s behavior in cities, and had various nega-
tive psychological effects [90]. Most people saw it as a serious crisis, and it significantly
changed their daily lives, changing their daily routines and leading to the cancellation of
important events [85]. The severe restrictions on movement, the isolation, and the social
regulations imposed to control the spread of COVID-19 inevitably caused psychological
distress [91] and had a negative impact on mental health and wellbeing [88]. On the other
hand, the house was recognized as a place of safety and protection [84]. The uncertainty,
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combined with the lack of an effective treatment for COVID-19, exacerbated the fears and
sense of vulnerability among both adults and children [92].

4. Results and Discussion

The following section presents the conceptual guidelines for developing a sustainable-
city assessment tool.

4.1. Reproducing Guidelines for Assessing Sustainable Cities Post COVID-19

Based on the extensive literature analysis, this investigation proposes a framework
for the development of an integrated-assessment tool for sustainable cities. This approach
is composed of three main phases (Figure 8), as follows. The first phase triangulates the
multiple goals and objectives of sustainable development in relation to urgent pandemics,
considering health, resilience, and people’s perceptions. The second phase involves creat-
ing and implementing indicators to support a methodological-assessment framework that
takes into account the social, environmental, economic, and health goals of sustainable de-
velopment. The third phase involves determining the extent to which national governments
and city authorities contribute to encouraging the application of sustainability indicators.
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4.1.1. Stage One: Triangulating the Goals of a Future City

On the local scale, sustainable development should strive to address economic, so-
cial, cultural, and political needs; reduce the consumption and waste of non-renewable
resources; make sustainable use of renewable resources; prevent biodegradable waste and
emissions from exceeding the capacity of local and global sinks to absorb or dilute them
without causing harm; prevent poverty; and strengthen local and municipal authorities [39].
These goals are classified into two actions: physical and psychological. They can support
sustainability objectives, which are environmental, economic, and/or social.

1. The physical goals should promote the following environmental actions: manag-
ing waste extraction, consumption, and disposal; managing waste production to
prevent environmental damage; preserving or boosting the size of the biophysical
environment, biodiversity, and productivity; reducing the amount of time spent us-
ing or encouraging resource-extraction and processing methods that damage the
environment; and managing the biophysical environment. They should also pro-
mote the following economic actions: supporting increased employment; promoting
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self-employment and the expansion of small businesses; creating and managing in
an effective and efficient manner; achieving maximum productivity with minimal
resources and little waste and pollution; relying on local knowledge and technology,
where appropriate; and basing development on a scientific methodology that takes
into account, and is driven by, environmental, economic, and social factors.

2. The psychological goals should ensure the following social and health actions: sup-
porting improved levels of education and awareness, including awareness of sus-
tainable development, inclusive development processes, and benefits; taking into
account human rights; supporting improved health, safety, and security; supporting
interpersonal differences; and supporting increased access to land, adequate housing,
public services, finances, information, technology, and communications.

4.1.2. Stage Two: Developing Indicators of the Assessment Framework

The most crucial phase in the creation of the assessment framework is the develop-
ment of the indicators. As a result, the indicators should be based on careful research
and critical analysis of best practice. The parameters used to measure sustainability are
“indicators”. The abundance of measuring instruments and indicators in this rapidly ex-
panding field demonstrates the importance of the conceptual and methodological work in
this area [93]. The indicators must meet a set of precise requirements—specifically, they
must be pertinent, understandable, and trustworthy. They need to take into account a
long-term view of approximately 20 years. Several studies have proposed strategies for
developing indicators. Innes and Booher (2000) [35] propose an indicator strategy based on
the notion that cities function as complex adaptive systems, similar to living organisms.
The authors suggest three types of indicators: system-performance indicators, policy and
program measures, and rapid-feedback indicators. While policy and program measures
provide policymakers with feedback on the effectiveness of specific projects and strategies,
system-performance indicators are needed to inform the public about the overall health of
a community or region. Indicators, according to Wiek and Binder (2005) [40], should repre-
sent the primary structures, processes, and functions of the city’s economic, environmental,
and social spheres, and be used to describe the assessment system. The authors developed
sustainability assessments for decision-makers by integrating systematic and normative
knowledge from various stakeholders to introduce a variety of indicator-based approaches
for cities, which provided crucial information and served as the foundation for integrative
sustainability-assessment tools. Reed, Fraser, and Dougill (2006) [94] compiled a summary
of the frameworks in use for developing and implementing sustainable practices. They
propose that these frameworks can be divided into top-down and bottom-up paradigms.

This paper outlines a strategy for creating sustainable-city assessment indicators. The
method consists of three continuously occurring cyclic steps (Figure 9). These are as follows:

Step 1 defining the context;
Step 2 establishing the indicators;
Step 3 evaluating the indicators.

Step 1 Defining the Context

It is important to begin by defining the context in which the indicators are developed.
Thus, it is also important to determine the field pertinent to the city under study, taking
into consideration the community, significant stakeholders, practitioners, the existing
and connected systems, and opportunities and future shocks. This also necessitates a
consideration of the process objectives and tactics.

Step 2 Establishing the Indicators

The definition of an indicator should be based on professional experience and academic
study. As the measurable components of the sustainability assessment, the indicators may
belong to one of the three categories. The goals and objectives of sustainable development,
as applied to cities and defined in stage one, are addressed by each of the indicators,
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each of which embodies a particular characteristic of the sector they describe. In this
research, the selected indicators cover the three pillars of sustainable development (social,
environmental and economic). The indicators were extracted from the extant literature
on SDGs, health, and pandemic resilience, and based on recommendations from authors
regarding sustainable-city indicators. The three types of assessment indicators, as illustrated
in Table 1, are discussed in the following paragraphs.
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Table 1. Proposed indicators for future (sustainable, healthy, resilient, human) cities and their
relevance to the SDGs.

Main indicators Sub Indicators/Measures Relevant to SDGs

Social-Dimension Indicators

Education
Enrolment rate in higher education

+15 literacy rate
Health and safety within educational environment

SDG 4 (Quality of Education)

Built Environment/
City density

Occupancy rate
Access to housing

SDG 11 (Sustainable Communities)

Health

Physician density
Under-five mortality rate

Responsive health-systems
Percentage of population with access to

health-care services

SDG 3 (Good Health)
SDG 11 (Sustainable Communities)

Safety and security
Amount of natural disaster damage/population
Perceptions of safety and rates of crimes against

property and person

SDG 11 (Sustainable Communities)
SDG 3 (Good Health)

Equity (social, economic)
Share of women and ethnic minorities in

local government
Equitable distribution of services

SDG 5 (Gender Equality)

Infrastructure
Households connected to the water network

Households connected to the sanitation network
Households connected to the electricity network

SDG 6 (Clean Water and
Sanitation)

SDG 7 (Affordable and Clean Energy)
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Table 1. Cont.

Main indicators Sub Indicators/Measures Relevant to SDGs

Social-Dimension Indicators

Green and public spaces

Percentage of preserved
areas/reservoirs/waterways/parks in relation to total

land area
Percentage of trees in the city in relation to city area

and/or population size

SDG 11 (Sustainable Communities)

Environmental-Dimension Indicators

Water quality/Availability
Access to improved water source, piped

(% of urban population)
Domestic water consumption

SDG 11 (Sustainable Communities)

Mobility and
transportation

Satisfaction with public transport (%)
Transportation-mode split (percentage of each mode of
transportation, i.e., private, public, bicycles, pedestrians)

Average commute time and cost

SDG 11 (Sustainable Communities)

Waste Recycling rate (percentage diverted from waste stream)
Volume of solid waste generated SDG 11 (Sustainable Communities)

Air quality Annual mean concentrations of air pollutants SDG 11 (Sustainable Communities)

Energy efficiency
Percentage of total energy consumed in the city that

comes from renewable sources
Total consumption of electricity in kWh per capita

SDG 7 (Affordable and Clean Energy)

Land use
Shares of built-up area, forest, water, agricultural land,

and other areas of the total city area (%)
Annual loss of agricultural lands

SDG 15 (Life on Land)

Climate change Total amount of GHG emissions per city and per capita SDG 13 (Climate Action)

Economic-Dimension Indicators

Economic growth GDP per capita
Poverty rate

SDG 8 (Decent Work and Economic
Growth)

SDG 1 (No Poverty)

Employment
(unemployment) Unemployment rate SDG 8 (Decent Work)

1. Environmental indicators. Environmental indicators cover broadly a wide range
of city sectors. The major aims of a sustainable city are to prevent the ecosystem
of its region from being depleted, and to ensure its viability for future generations.
Sustainable cities strive to reinvent themselves to maintain a high standard of living
for current and future generations, and to create a more hospitable environment for
human life. Environmental sustainability protects basic needs for natural-resource
preservation and improvement, as well as environmental and habitat conservation
and restoration [37,78]. The proposed indicators in this section are concerned with
water, mobility and transportation, waste, energy efficiency, land use, and climate
change. These indicators are associated with various SDGs: the water, mobility, and
transportation and waste indicators are largely related to SDG 11, the energy-efficiency
indicator is related to SDG 7, the land-use indicator is related to SDG 15, while climate
change is at the core of SDG 13 [59,95,96]

2. Social indicators. Social indicators are concerned with quality of life and level of
wellbeing, as well as the protection of social and human rights [78]. They are a measure
of how each system is affecting its local community and contributing to a more equal,
diversified future [37]. Social indicators focus on an understanding of population
density and social equity, and the promotion of social welfare through access to
housing, health services, affordable energy, assistance from municipal services, and
community projects, as well as other social concerns relevant to the pandemic [78].
Seven indicators are proposed in this research: education; built environment; health,
safety, and security; equity; infrastructure; green areas; and public spaces. A key
driver of sustainable development is education. The education indicator concerns
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the transmission, acquisition, creation, and adaptation of information, knowledge,
skills, and values [97]. SDG 4 addresses the provision of high-quality education and
the support for lifelong learning. The indicators of safety and security are addressed
in SDG 3 and SDG 11 [59,95]. The health indicator is related to the city’s investments,
values, and access to medical services [98,99]. Today, cities are home to more than
half of the world’s population. The promotion of health and quality of life should
therefore be a priority for cities, especially in the post-COVID-19 era [78]. SDG 3
addresses health and wellbeing, which has a direct bearing on SDGs 11 and 6 [96].

3. Economic indicators. The economic indicator concerns the city’s economic growth
and development [78,98,99]. One potential economic indicator involves the use of
economic statistics (e.g., the unemployment rate, poverty levels, GDP, and inflation
rates). These indicators reveal the state of the economy, and enable predictions
about its future course. They can be used as a yardstick for determining wealth
creation and the capacity to finance sustainability-promoting tasks and actions [37,78].
Economic indicators have been negatively impacted by the pandemic [78], with
lockdowns having a negative effect on the local economy. The implications are
numerous and widespread, including the societal problems already mentioned [100].
The pandemic also had an impact on small and medium-sized businesses, the food
supply-chain, migrant workers, social and geographic inequality, and municipal
tax revenues [78]. The economic indicators proposed in this research are economic
growth and employment. The targets and sub-targets of SDG 8 directly address these
indicators. Employment is essential for people to meet their basic needs and to access
education and healthcare services, and it plays a significant role in the economic
growth of the nation [95,96].

As Table 2 shows, the proposed indicators cover the three dimensions of sustainable
development, and are each relevant to the SDGs. The study identified 16 indicators that
could be utilized to measure progress toward sustainable development in cities. They are
derived from the literature on the SDGs in the context of cities [56,59,60,95,101–104], as
well as the literature on healthy and pandemic-resilient cities [59,78,102] and on sustain-
ability [37,48,105–108].

Table 2. Objectives and characteristics of the indicators for future (sustainable, healthy, resilient,
human) cities and their relevance to the SDGs.

Evaluating Indicators Description Reference

Accurate Be accurate and bias-free [109,110]

Measurable Be easily measured [37,109–113]

Reliable Be reliable and consistent over space and time [109,111,112]

Usable Make use of available data [37,109,112]

Dynamic Assess trends over time [109,110,112,114]

Social appeal Have social appeal and resonance [111,112]

Predictable Provide early warning of detrimental change [112,114,115]

Cost-effective Be cost-effective to measure [109,112,114,116]

Systematic Be representative of system variability [37,109,114]

Rapid Be rapid to measure [111,116]

Time-related Provide timely information [109,111]

Clear Be clear and unambiguous, easy to understand and interpret [111,112,114,117]

Scientific Be scientifically robust and credible [112,114]

Simplicity Simplify complex phenomena and facilitate communication
of information [52,53,118]
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Table 2. Cont.

Evaluating Indicators Description Reference

Replicable Be verifiable and replicable [110,111]

Limited Be limited in number [117]

Significance to system/Relevant Be relevant to the current and future local
system/environment [52,119,120]

Available Use existing data [114,115,117]

Sensitive Be sensitive to system stresses or the changes the system is
supposed to indicate [37,52,114,115]

Usable Measure what is important to stakeholders [111]

Targetable Have a target level, baseline or threshold against which to
measure criteria [114,115]

Accessible/Easy Be easily accessible to decision-makers [111]

Diverse Be diverse, to meet the requirements of different users [113]

Practical
Be linked to practical action [110]

Be developed by the end-users [111,113]

Extensive Provide a comprehensive understanding of the city’s social,
economic, and environmental health [121]

Step 3 Evaluating the Indicators

The indicators must be evaluated to ensure their adequacy, reliability, and sensitivity.
Modeling or empirical methods can be used for this, but the standard must encapsulate
best practice. This criterion involves defining the characteristics of the best indicators and
allowing the researcher to calculate their validity and reliability. According to the extant
literature, the indicators should have the objectives and characteristics shown in Table 2.

4.1.3. Stage Three: Establishing Policies and Laws of Implementation

The third stage of the guidelines considers the extent to which the national gov-
ernments, city, and municipal authorities are helping to encourage the application of
sustainable cities, as well as the national and international contexts required to inspire city
consumers, businesses, and governments to make progress toward this goal. This step
requires responsive and effective governmental and civic institutions to fulfill needs, build
resilience, and manage crises as they emerge. This is an essential stage for building policies
and regulation systems to support the implementation of the urban strategies.

5. Conclusions

Future cities should be prepared for unplanned acute shocks. With the pandemic,
cities helped in the investigation of the formation of resilient and resistant communities.
They used the lessons learned from the pandemic to ensure that emergency preparedness
is in place at all levels, in order to respond effectively to future emergencies. An assessment
tool that ensures the city is more adaptive and sustainable can constitute an intelligent
urban system. The assessment tool should promote sustainability to ensure both long-term
and immediate benefits, along with social and economic development. The tool should
meet the following criteria: First, it should identify the characteristics of the sustainable
future city. Second, it should present the general principles and benefits of the approach.
Third, it should explain the process requirements. The end result will be a comprehensive
method for the assessment of sustainability.

5.1. The Contributions: Framework for the Assessment of Future Cities Post COVID-19

This section presents the outcome of the study, which is the developed framework
for the assessment tool of a future city (Figure 10). The development process incorporates
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background information about the major sub-systems that make up the infrastructure of
the city and the social and economic aspects, and it should be performed systematically, as
explained in the previous section. The proposed assessment-tool framework focuses on the
following aspects:

1. Environmental sustainability: robust, lively, fruitful, and diverse biophysical systems
that are continuously and steadily providing resources and protecting the conditions
for current and future populations.

2. Economic sustainability: flexible systems, infrastructure, and technology able to
provide for the needs of present and future populations, while ensuring that limited
resources are used and maintained as effectively and efficiently as possible, without
harming the biophysical environment.

3. Social sustainability: societies that are safe, secure, healthy, cohesive, content, and
educated, with organizational frameworks and a creative capacity that allow limited
resources to be shared equitably and in ways that ensure the needs of the present and
future populations.

The proposed framework also takes into account the following sustainability, resilience,
and health priorities:

1. Environmental priorities include energy, transportation, land use, water, and waste systems.
2. In the context of social exclusion, an analysis of the social state is important for under-

standing people’s various needs. Participation is another important consideration,
because sustainability involves networks of actors and institutions; thus, analyses
of local actors’ interactions modes are required. Local actors participate in both the
regulation and the simulation of sustainable development, as well as participating in
and influencing government regulations.

3. Economic priorities and financial resources should be taken into account, as the
creation of an assessment tool for green building necessitates a financial budget.
Financial resources are occasionally a significant barrier to growth. As there can be
long delays for approval, the need for financing must be considered from the start
of the proposal. Some of the areas covered by subsidies include planning, technical
support, research (pilot studies, etc.), construction costs, actions advancing regional
goals that are not locally cost-effective, and pay-for-performance incentives. However,
operational and maintenance costs are not covered by subsidies.

4. It is important to lessen the potential effects of future pandemics on people’s health
and wellbeing, including effects on mental health and the promotion of psychologi-
cal distress due to isolation and reduced social-networks. The needs of various age
groups and demographics should be taken into account at the planning stages, empha-
sizing social and inclusive policies that could mitigate any effects of a pandemic and
lockdown. In essence, it is necessary to attend to people’s psychological, educational,
social, health, and wellbeing needs.

5.2. The Conclusions, Recommendations, and Directions for Future Research

This paper aims to develop a framework for an assessment of the future city that
captures the key aspects of the sustainability indicators, while addressing the urgent needs
arising in the wake of the COVID-19 pandemic. The study focuses on the SDGs, and health
and resilience requirements. Additionally, the study emphasizes an understanding of
the complex relationships between the built environment, human behaviors, and people,
to ensure the preparedness of our societies for the post-pandemic era. Thus, the study
discusses the factors that affect the sustainability 2030 Agenda and health and resilience,
as well as factors that affect human psychological needs, in order to redesign our built
environment and the urban form of cities, to respond to future pandemics. This paper
suggests an approach to developing tools for assessing the sustainability of cities in times of
health crises. It presents new indicators and a framework for a future (sustainable, healthy,
resilient and human) city-assessment tool, incorporating lessons learned from COVID-19,
to ensure that cities are better prepared for future pandemics. The conceptual framework
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shows how various tasks may fit into a cycle of repeated sustainability-assessment. It
highlights the importance of methodological adaptability and triangulation when using a
variety of sustainability tools to address changing local conditions. The framework also
addresses challenging and contentious issues, as understanding these will offer the greatest
chance of future growth.
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This paper concludes with several recommendations for creating an assessment frame-
work for future cities. First, the development of such a framework should be supported
by technical expertise and scientific research. Second, the development should be a partic-
ipative and collaborative process, involving multiple stakeholders. The working group,
agency participants, experts, and members of the public should all be identified as impor-
tant players in the process. Third, the key objective should be to address sustainability
strategies and goals. Fourth, the assessment framework should be appropriate for the
city’s local context, taking into account its culture, issues, residents, practices, and institu-
tions. To advance their shared goals, each city or region must develop its own indicators.
Fifth, urban communities can benefit from one another’s ideas and work, and they should
incorporate expert work into their discussions. Sixth, the framework for the assessment
must be iterative. The feedback loop between tasks serves as a representation of this. The
primary goal at the feedback stage is to gather information that is user-friendly, and to
investigate the opportunities made possible by the new information technology in the new
facilities. Seventh, the planning policies of cities can help people cope with major crises
by facilitating meaningful experiences. Plans must be created to support the populace in
developing coping mechanisms that allow them to maintain their health even in a context
of isolation and reduced social-networks.

This structured investigation contributes to the discipline of urban planning studies,
and documents the novelty of resilient and responsible urbanism, thus promoting health,
environmental resilience, and livability in cities. However, the limitation of the study due
to the lack of empirical investigation, should be considered. Therefore, future studies could
carry out empirical research in developing the indicator system through establishing new
indicators, defining the weighting system for establishing the importance of indicators,
and defining their validity and reliability. In addition, it would be efficient to build upon
this study to investigate how cities perform under other types of crises, such as a war of a
sources crisis of water or energy, and develop assessment-indicator frameworks for cities,
considering such circumstances. In addition, investigating the impact of technology and
smart urban systems on city performance in pandemics would be interesting.
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