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Foreword by Gino Van Begin

Today, we are experiencing the impacts of climate change in both the Global South
and Global North, which reinforces the need to respond to the global climate emer-
gency. Local and regional governments are at the forefront of the climate crisis; they
need to ensure that basic services are provided to citizens and businesses, and at the
same time manage the local impacts and aftermath of the increasingly frequent and
extreme weather events, while dealing with other complexities such as population
growth and urbanization. The COVID-19 pandemic has brought into focus that the
range of challenges faced today by local and regional governments is expanding as
they are being forced to respond to a wide range of uncertainties and increasingly
complex issues such as social inequity and local economic growth while identifying
and responding to local priorities to guide a just and inclusive transition. Planning
and action today have the potential to set a course to determine the reality of everyday
life for generations to come. This not only presents local leaders and decision makers
with a powerful opportunity, but also a great responsibility to make the right choices
and make more informed decisions.

ICLEI—Local Governments for Sustainability (ICLEI), as the leading global
network of cities, towns, and regions, and active in more than 125 countries—
is committed to sustainable development. Our technical and policy guidance is
supported by robust knowledge generation and brokering, addressing a diverse
range of themes relevant to sustainable development. This includes the two key
interconnected concepts of resilient development and smart cities. As part of our
concerted efforts, we work hand in hand with our research and innovation partners
to generate, broker, and use actionable knowledge. This means not only exploring
new groundbreaking theoretical foundations and principles, but also making sure
practical knowledge is accessible by showcasing case studies that illustrate appli-
cation and facilitate improved guidance over time. This publication embraces that
approach, helping unpack and distill challenging concepts, and provide actionable
knowledge for decision and policy-makers.

The notable outcomes derived from thought-provoking discussions at ICLEI’s
Daring Cities Forum 2021, and the Innovate4Cities 2021 Conference where ICLEI
was a core partner, and also having research and innovation as one of the main foci

v



vi Foreword by Gino Van Begin

at the Glasgow Climate Change Conference (also known as COP 26), reiterated the
importance of addressing knowledge and innovation gaps to accelerate sustainable
development. In line with this perspective, equipping our leaders and policy-makers
at national, regional, and local level with cutting-edge knowledge and guidance that
is built on robust research, to engage in multi-level action, and enhance collaboration
across all tiers of government is needed, now more than ever.

We remain optimistic that smart solutions, digital innovation, and technologies
are advancing remarkably and will help address societal challenges and accel-
erate resilient development. This book pioneers the approach of capturing synergies
generated by combining resilient and smart solutions. It also explores how resilient
development and smart cities concepts intertwine, and investigates how subnational
governments can embed resilience thinking in the design of their climate action
plans and benefit from smart solutions to enhance resilience development. With this
in mind, I sincerely hope this illuminative publication and the featured contributions
can inform cities’ work on the transition toward smart resilient systems globally.

Gino Van Begin
Secretary General

ICLEI—Local Governments for Sustainability
Bonn, Germany



Foreword by Frank Cownie

Cities across the globe are dealing with a wide range of stressors and adverse impacts
caused by climate change,which are projected to getworse ifwe don’t respond.Many
cities are already feeling the burden of climate change at the ground level, so wemust
act with urgency and purpose in order to re-route the current trajectory of our planet.

Bolstering urban resilience and thinking is essential to prepare for climate shocks
and minimize potential human and economic losses. The conclusions drawn from
this book form a thorough assessment of the literature that points toward resilience
being a process rather than a goal. As a process, resilience is dynamic and constantly
evolving, a characteristic shared by smart initiatives. The development of new
technologies shapes the advancement of smart cities.

Resilience and smart cities are terms that are increasingly being referred to in
the sustainability arena; however, sometimes they are used as buzzwords and lose
their meaning. This book attempts to remedy this by tethering resilience to practical
examples and case studies, and explores the academic context behind the terms.

By linking resilience to smart cities, this literature artfully guides the reader
through the intricacies of both concepts, as well as highlighting the synergies created
when they are blended. The recommendations presented in this volume illuminate a
clear pathway for local and subnational governments wanting to leverage the promise
of smart solutions to increase resilience in their communities.

As the first of its kind to deep dive into the theoretical underpinnings of resilient
smart cities, I am delighted that this book offers robust actionable knowledge for city
leaders. The featured case studies from around the world present ways in which the
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viii Foreword by Frank Cownie

concept of resilient smart cities can be achieved. I am convinced that this volumewill
draw more attention to smart city resilience, thereby contributing to the achievement
of SDG 11 and the goals of the Sendai Framework.

Honorable Mayor Frank Cownie
President of ICLEI
Des Moines, USA



Preface

The convergence of climate change and urbanization has caused significant unprece-
dented challenges for cities globally. The emergence of other stressors such as the
COVID-19 pandemic has further complicated the issues. As the frequency and
intensity of stressors and disasters induced by climate change and other factors
are expected to significantly increase in the future, a top priority for cities and
communities is to build up on their resilience and they need scientific support toward
this goal. Therefore, it is essential to develop evidence-based scientific solutions
to improve the capacities to prepare for, absorb, recover from, and adapt to disas-
trous events. This requires not only a better understanding of urban complexities,
but also enhanced predictive abilities to reduce uncertainties and to avoid being
overwhelmed by extreme events. To deal with these challenges, scientists cannot
only rely on conventional methods and need to develop disruptive and transforma-
tive approaches. Accordingly, the rapid advances in ICT-enabled smart cities that
rely on big data analytics provide manifold new possibilities for scientists to better
understand the complexities of urban systems and subsystems, to provide decision
makers with better and more regularly updated information on human activities that
may relate to climate change adaptation and mitigation, to facilitate online moni-
toring of risks, to inform different stakeholders on how to enhance their preparation
and predicative abilities, and to develop methods that enable real-time response to
disasters.

Overall, there is now reasonable consensus on the utility of smart city solutions
for resilience and climate change adaptation/mitigation. However, the underlying
principles of the concept of smart city resilience are not well explored. Also, limited
knowledge exists on the actual and/or potential contributions of smart solutions.
By filling these gaps, this edited book will support urban researchers, planners, and
decision makers in their efforts toward developing smart and sustainable cities.

The main question that this book will address is ‘do smart city projects contribute
to urban climate resilience?’. Other noteworthy questions are ‘what are the indicators
of smart city resilience?’, ‘what procedures should be taken to improve efficacy of
smart city solutions?’, and ‘what are the opportunities and challenges for promoting
smart city resilience and for integrating resilience thinking into smart city planning?’.

ix



x Preface

The book has two parts, one focused on the theoretical aspects of the concept of
smart city resilience and the other on the empirical aspects. The first part discusses
theoretical insights by synthesizing the state of the art of research on smart city and
resilience. Tomake these theoretical aspectsmore tangible, through detailed analyses
of selected smart city initiatives around theworld, the secondpart provides insights on
how to harness smart technologies for climate resilience and sustainability planning.
In addition, performance of selected smart cities around the world will be evaluated
via several case-study analyses.

We would like to thank all colleagues who gave up their time to contribute to
this project. We would also like to appreciate the partial financial support from the
Asia-Pacific Network for Global Change Research. We hope you will enjoy reading
this book and hope that the strategies proposed in this book will be used to bolster
resilience and sustainability of cities in the face of climate change and other threats.

Higashihiroshima, Japan
Bonn, Germany

Ayyoob Sharifi
Pourya Salehi



Contents

Part I Theoretical Insights

1 Cities in the Context of Global Change: Challenges
and the Need for Smart and Resilient Cities . . . . . . . . . . . . . . . . . . . . . . 3
Ayyoob Sharifi

2 Recent Advances in Smart Cities and Urban Resilience
and the Need for Resilient Smart Cities . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Ayyoob Sharifi, Rhea Srivastava, Nehmat Singh, Ruchi Tomar,
and Mustapha A. Raji

3 Smart Cities: Concepts and Underlying Principles . . . . . . . . . . . . . . . 39
Rhea Srivastava and Ayyoob Sharifi

4 Resilient Cities: Concepts and Underlying Principles . . . . . . . . . . . . . 67
Nehmat Singh and Ayyoob Sharifi

5 Resilient-Smart Cities: Theoretical Insights . . . . . . . . . . . . . . . . . . . . . . 93
Ke Xiong, Ayyoob Sharifi, and Bao-Jie He

6 Smart Cities and Urban Resilience: Insights from a Delphi
Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Nae-Wen Kuo, Ayyoob Sharifi, and Chong-En Li

Part II Empirical Insights from Case Studies

7 Resilient Smart Cities: Contributions to Pandemic Control
and Other Co-benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Maria Rebecca Quintero and Ayyoob Sharifi

8 Contributions of Smart City Projects to Resilience: Lessons
Learned from Case Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Hasan Masrur and Ayyoob Sharifi

xi



xii Contents

9 Do Smart Cities Projects Contribute to Urban Resilience?
A Case Study Based in Taipei City, Taiwan . . . . . . . . . . . . . . . . . . . . . . 189
Nae-Wen Kuo and Chong-En Li

10 Envisioning Sustainable and Resilient Petaling Jaya Through
Low-Carbon and Smart City Framework . . . . . . . . . . . . . . . . . . . . . . . . 213
Melasutra Md Dali, Ayyoob Sharifi, and Yasmin Mohd Adnan

11 Digital Solutions for Resilient Cities: A Critical Assessment
of Resilience in Smart City Initiatives in Melbourne, Victoria . . . . . . 239
Leila Irajifar and Khanh N. Vu

12 Climate (Un)smart? Case Study of Smart City Projects
in Surat, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Shrutika Parihar

13 The Contributions of Smart City Initiatives to Urban
Resilience: The Case of San Francisco, California, United
States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Alison Grovert, Carmela Sambo, Briana Meier, and Yekang Ko

14 Data-Sharing Approaches for Achieving Resilient Smart
Cities: A Case of Smart City R&D Project in Daegu, South
Korea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
Yesuel Kim, Sunghee Lee, Ayyoob Sharifi, and Youngchul Kim

15 Urban Resilience in the Fourth Industrial Revolution:
Transformative Digitalization in European Smart Cities
to Address Climate Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355
Abdul-Lateef Balogun, Himanshu Shekhar, Paulina Budryte,
Olasunkanmi Habeeb Okunola, Teslim Abdul-Kareem,
Ismaila Rimi Abubakar, Yusuf A. Aina, Abdulwaheed Tella,
and Shamsudeen T. Yekeen

16 Wielding a Concept with Two Edges: How to Make Use
of the Smart Cities Concept and Understanding Its Risks
from the Resilient Cities Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
Roman Serdar Mendle and Anina Hartung

17 Resilient Smart Cities in South America: City Diplomacy
for Sustainable Urban Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
Rodrigo Perpétuo, Mariana Nicolletti, Pedro Jacobi,
and Armelle Cibaka

18 The Role of Smart Cities in Building the Resilience
of Vulnerable Communities: Three Case Studies from Europe,
Asia, and Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Prakash Kamtam, Pourya Salehi, Amy Jones, and Asad Asadzadeh



Contents xiii

19 Advancing Community Resilience Through Smart
Approaches: A Resource for Canadian Communities . . . . . . . . . . . . . 443
Ewa Jackson, Amy Jones, and Pourya Salehi

20 Toward Integrating Resilience Thinking in Smart City
Planning and Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
Pourya Salehi and Ayyoob Sharifi

Correction to: Digital Solutions for Resilient Cities: A Critical
Assessment of Resilience in Smart City Initiatives in Melbourne,
Victoria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C1
Leila Irajifar and Khanh N. Vu

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467



Contributors

Teslim Abdul-Kareem Georgia Department of Natural Resources, Environmental
Protection Division, Atlanta, GA, USA

Ismaila Rimi Abubakar College of Architecture and Planning, Imam Abdul-
rahman Bin Faisal University, Dammam, Saudi Arabia

Yusuf A. Aina Department of Geomatics Engineering Technology, Yanbu Indus-
trial College, Yanbu, Saudi Arabia

Asad Asadzadeh University of Bonn, Bonn, Germany

Abdul-Lateef Balogun Geospatial Analysis and Modelling (GAM) Research
Laboratory, Department of Civil&Environmental Engineering, Universiti Teknologi
PETRONAS (UTP), Seri Iskandar, Perak, Malaysia

Paulina Budryte Faculty of Social Sciences, Arts and Humanities, Kaunas Univer-
sity of Technology, Kaunas, Lithuania

Armelle Cibaka KnowledgeManagement andYouth Regional Coordinator, ICLEI
South America, Sao Paulo, Brazil

Alison Grovert Department of LandscapeArchitecture, School of Architecture and
Environment, University of Oregon, Eugene, OR, USA

Anina Hartung ICLEI—Local Governments for Sustainability (World Secre-
tariat), Bonn, Germany

Bao-Jie He School of Architecture and Urban Planning, Chongqing University,
Chongqing, China;
Key Laboratory of New Technology for Construction of Cities in Mountain Area,
Ministry of Education, Chongqing University, Chongqing, China

Leila Irajifar School of Architecture and Urban Design, RMIT University,
Melbourne, Australia

xv



xvi Contributors

Ewa Jackson ICLEI – Local Governments for Sustainability (Canada Office),
Toronto, Canada

Pedro Jacobi President of the Regional Directive Council, ICLEI South America,
Sao Paulo, Brazil

Amy Jones ICLEI – Local Governments for Sustainability (World Secretariat),
Bonn, Nordrhein-Westfalen, Germany

Prakash Kamtam University of Hertfordshire, Hatfield, UK

Yesuel Kim KAIST Urban Design Lab, KAIST Smart City Research Center,
Department of Civil and Environmental Engineering, KAIST, Daejeon, South Korea

Youngchul Kim KAIST Urban Design Lab, KAIST Smart City Research Center,
Department of Civil and Environmental Engineering, KAIST, Daejeon, South Korea

Yekang Ko Department of Landscape Architecture, School of Architecture and
Environment, University of Oregon, Eugene, OR, USA

Nae-Wen Kuo Department of Geography, National Taiwan Normal University,
Taipei, Taiwan

Sunghee Lee KAIST Urban Design Lab, KAIST Smart City Research Center,
Department of Civil and Environmental Engineering, KAIST, Daejeon, South Korea

Chong-En Li Department of Geography, National Taiwan Normal University,
Taipei, Taiwan

Hasan Masrur Faculty of Engineering, University of the Ryukyus, Nishihara,
Okinawa, Japan

Briana Meier History, Anthropology, and Science and Technology Studies,
Massachusetts Institute of Technology, Cambridge, MA, USA

Roman Serdar Mendle ICLEI—Local Governments for Sustainability (European
Secretariat), Freiburg, Germany

Melasutra Md Dali Centre for Sustainable Urban Planning and Real Estate
(SUPRE), University of Malaya, Malaya, Malaysia;
Department of Urban and Regional Planning, Faculty of Built Environment,
University of Malaya, Kuala Lumpur, Malaysia

Yasmin Mohd Adnan Department of Real Estate, Faculty of Built Environment,
University of Malaya, Kuala Lumpur, Malaysia

Mariana Nicolletti Low Carbon and Resilience Regional Manager, ICLEI South
America, Sao Paulo, Brazil

Olasunkanmi Habeeb Okunola Federal University of Technology, Institute for
Land and Community Resilience, Minna, Nigeria;
Global Change Institute, University of Witwatersrand, Johannesburg, South Africa



Contributors xvii

Shrutika Parihar Global Centre for Environment and Energy, AhmedabadUniver-
sity, Gujarat, India

Rodrigo Perpétuo Regional Director, ICLEI South America, Sao Paulo, Brazil

Maria Rebecca Quintero School of Architecture and Built Environment, Univer-
sity of Newcastle, Newcastle, NSW, Australia

Mustapha A. Raji Department of Urban Planning and Administration, University
of Seoul, Seoul, South Korea

Pourya Salehi ICLEI—Local Governments for Sustainability (World Secretariat),
Bonn, Nordrhein-Westfalen, Germany

Carmela Sambo Department of Landscape Architecture, School of Architecture
and Environment, University of Oregon, Eugene, OR, USA

Ayyoob Sharifi Graduate School of Humanities and Social Sciences, Hiroshima
University, Higashihiroshimashi, Japan;
Graduate School of Advanced Science and Engineering, Hiroshima University,
Hiroshima, Japan

Himanshu Shekhar Institute for Environment and Human Security (UNU-EHS),
United Nations University, UN Campus, Bonn, Germany

Nehmat Singh IHS, Erasmus University Rotterdam, Rotterdam, The Netherlands

Rhea Srivastava The Energy and Resources Institute (TERI), New Delhi, India

Abdulwaheed Tella Geospatial Analysis and Modelling (GAM) Research Labo-
ratory, Department of Civil & Environmental Engineering, Universiti Teknologi
PETRONAS (UTP), Seri Iskandar, Perak, Malaysia;
Earth, Environment and Space Division, Foresight Institute of Research and
Translation, Ibadan, Nigeria

Ruchi Tomar School of Habitat Studies, Tata Institute of Social Sciences,Mumbai,
India

Khanh N. Vu Centre for Urban Transitions, Swinburne University of Technology,
Melbourne, VIC, Australia

Ke Xiong School of Architecture and Urban Planning, Chongqing University,
Chongqing, China;
Key Laboratory of New Technology for Construction of Cities in Mountain Area,
Ministry of Education, Chongqing University, Chongqing, China

Shamsudeen T. Yekeen Geospatial Analysis and Modelling (GAM) Research
Laboratory, Department of Civil&Environmental Engineering, Universiti Teknologi
PETRONAS (UTP), Seri Iskandar, Perak, Malaysia;
Department of Geography, Environment, and Geomatics, University of Guelph,
Guelph, ON, Canada



Part I
Theoretical Insights



Chapter 1
Cities in the Context of Global Change:
Challenges and the Need for Smart
and Resilient Cities

Ayyoob Sharifi

Abstract Cities are now home to over 4.3 billion people, more than 56% of world
population, and further growth in urbanization trends is projected for the coming
decades. According to United Nations, 68% of world population is projected to live
in urban areas by 2050. Traditionally, people have migrated to cities in search for
better livelihood opportunities, better access to services and amenities, and enhanced
quality of life. These aspirations may not always be fully realized due to various
factors such as ineffective urban development and management policies and prac-
tices. As a result, externalities and problems such as social inequality, crime, envi-
ronmental pollution, and traffic jam are common in many urban areas, especially
those in developing countries. Climate change and the recent COVID-19 pandemic
have reignited the debates over cities and their future. On the one hand, there are
many concerns over the vulnerability of cities to the impacts of climate change and
other stressors and extreme events such as pandemics. On the other hand, it is argued
that effective urban management policies and practices can provide solutions for
addressing the increasing challenges that cities are facing and contribute tomitigating
global climate change. Reliance on conventional approaches and strategies may,
however, not be sufficient if cities want to be part of the solution to climate change
and other challenges. Therefore, there has been increasing emphasis on adopting
innovative and disruptive solutions that are transformative and can accelerate tran-
sition toward creating cities that are more resilient and sustainable. This has led
to growing interest and investment in smart solutions and technologies enabled by
advances in information and communication technologies. Based on an overview of
the existing literature, in this chapter, I first discuss some of the major challenges that
cities are now facing. Results show that major challenges are related to ecological
degradation, unregulated urban expansion, climate change adaptation and mitiga-
tion, resource management, fragmented urban management, air pollution, housing,
and transportation. Next, I briefly discuss potential contributions of smart city solu-
tions and technologies to overcoming these challenges. Finally, I provide a summary

A. Sharifi (B)
Graduate School of Humanities and Social Sciences, Hiroshima University, Higashihiroshima,
Japan
e-mail: sharifi@hiroshima-u.ac.jp
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4 A. Sharifi

of this edited volume and its contributions to advancing knowledge on smart and
resilient cities.

Keywords Smart cities · Global change · Climate change · Urbanization ·
Sustainability · Resilience

1.1 Introduction

Cities are now home to over 4.3 billion people,more than 56% of world popula-
tion, and further growth in urbanization trends is projected for the coming decades.
According to United Nations, 68% of world population is projected to live in urban
areas by 2050 (UN 2018). This will be an almost twofold increase compared to the
percentage reported for 1960 and shows the growing interest in cities as centers of
economic growth, innovation, and cultural activities. In fact, cities already account
for more than 80% of global Gross Domestic Product (GDP), and this share is likely
to further increase asmore people will move into cities in the coming decades (Dobbs
et al. 2011). It is arguably due to this concentration of economic activities that, tradi-
tionally, people have migrated to cities in search for better livelihood opportunities,
better access to services and amenities, and enhanced quality of life. These aspirations
may, however, not always be fully realized due to various factors such as ineffective
urban development and management policies and practices. As a result, externalities
and problems such as social inequality, crime, environmental pollution, and traffic
jam are common in many urban areas, especially those in developing countries. For
instance, currently about 30% of world urban population is living in slums (WB
2021). In developing countries timeline of urban development plans and programs is
often not compatible with the rapid rates of urbanization (Sharifi et al. 2014). In other
words, urban planners and policy makers fail to keep up with the rapid urbanization
rates, and this results in unbalanced urban development that is not conducive to
achieving sustainable development goals. Urbanization challenges, however, are not
only unique to developing countries and socio-economic and environmental issues
are also common in the cities of developed countries. For instance, currently, more
than 91% of global population is exposed to PM 2.5 air pollution (WB 2021), and
this issue is more severe in cities. According to World Bank, data mortality rate (per
100,000 population) attributed to household and ambient air pollution is more than
114 (WB 2021).

Climate change and the recent COVID-19 pandemic have reignited the debates
over cities and their future.On the onehand, there aremany concerns over the vulnera-
bility of cities to the impacts of climate change and other stressors and extreme events
such as pandemics. According to some estimates, the annual direct loss attributable
to natural disasters in cities is more than USD 314 billion (WBG 2016). As climate
change is expected to further increase the frequency and intensity of extreme events,
in the absence of efforts to enhance urban resilience, the amount of annual loss
to disasters may increase significantly in the coming decades. As will be further
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discussed in Chapters 2 and 4 of this volume, resilience is a multi-dimensional prop-
erty and enhancing it requires concerted efforts across different sectors, actors, and
stakeholders. While there is no universal definition for the term resilience, it can
be described as the ability to plan and prepare for, absorb, recover from, and adapt
to adverse events (Cutter et al. 2013; Sharifi 2020b). Enhancing resilience is also
needed for better capacity to deal with other stressors such as the recent COVID-19
pandemic. The pandemic has hit cities around the world hard and has exposed many
vulnerabilities that need to be addressed in order to ensure better resilience to similar
future adverse events (Sharifi 2021b; Sharifi and Khavarian-Garmsir 2020).

In addition to being exposed to the impacts of climate change, cities are also
major drivers of climate change given the large share of energy consumed in cities.
It is estimated that cities account for over 70 of global energy consumption and
associated CO2 emissions (WB 2010). This is a clear indication of the significance
of urban climate action plans for addressing climate change issues. Investment in
clean and renewable-based energy technologies not only allows cities to reduce their
emissions, but also provides them with opportunities to achieve multiple co-benefits
related to health, equity, air quality, and energy resilience (Sharifi 2021a; Sharifi and
Yamagata 2016).

Recognizing the significance of cities for addressing climate change and other
societal challenges, many international policy frameworks have highlighted the need
for taking urgent actions in cities. For instance, the significance of cities and urban
climate action plans has been underscored in the Paris Agreement (UNFCCC 2015)
and the New Urban Agenda (Habitat 2017). Also, the United Nations Sustainable
Development Goals (different goals, particularly Goal 11) emphasize the need for
taking urgent actions in cities to address multiple social, economic, and environ-
mental concerns (UNSDG 2015). As many cities are also exposed to various types
of hazards, the Sendai Framework for Disaster Risk Reduction has also underscored
the need for taking actions at the city level (UNISDR 2015). In response, many cities
around the world have taken lead in efforts aimed at tackling climate change and
other societal challenges. For instance, there are now alliances and networks of cities
such as the C40 cities1 and the Global Covenant of Mayors2 that are focused on such
activities. Indeed, the fact that policy making at the city scale is less complicated
compared to the level of nation-states allows cities to takemore nimble actions toward
addressing climate change and other contemporary challenges. Based on this, it is
argued that effective urban management policies and practices can provide solutions
for addressing the increasing challenges that cities are facing and contribute to miti-
gating global climate change. Reliance on conventional approaches and strategies
may, however, not be sufficient if cities want to be part of the solution to climate
change and other societal challenges. Therefore, there has been increasing emphasis
on adopting innovative and disruptive solutions that are transformative and can accel-
erate transition toward creating cities that are more resilient and sustainable. Such
innovative solutions and technologies are also expected to contribute to achievement

1 https://www.c40.org/.
2 https://www.globalcovenantofmayors.org/.

https://www.c40.org/
https://www.globalcovenantofmayors.org/
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of the Sustainable Development Goals (SDGs). Cities have traditional been centers
of innovation and the demand for developing innovative solutions has led to growing
interest and investment in smart solutions and technologies enabled by advances in
information and communication technologies. There is also a vast body of litera-
ture on smart city solutions and technologies and their contribution to sustainability
and, to some extent, to climate change adaptation and mitigation. However, existing
literature is fragmented and there is, relatively, limited knowledge of the contribu-
tions of smart city solutions and technologies to resilience. This is a major gap that
this volume aims to fill. To set the stage for the next chapters, here, based on an
overview of the existing literature, I first discuss some of the major challenges that
cities are now facing (Sect. 1.3). In Sect. 1.4, I briefly discuss potential contributions
of smart city solutions and technologies to overcoming these challenges. Finally,
in Sect. 1.5, I provide a summary of this edited volume and its contributions to
advancing knowledge on smart and resilient cities.

1.2 Methods

There has been substantial increase in the number of academic publications in the
past decade or so. Researchers now find it challenging to keep pace with the rapid
rate of academic publishing. The large number of annually published articles makes
conducting systematic reviews difficult, if not impossible. Further, given time limi-
tations, researchers will not be able to follow all newly published studies. This chal-
lenge has been, to some extent, addressed by using scientometrics and bibliometric
analysis techniques and tools that allow obtaining macroscopic overviews of the
state of knowledge and structure of academic fields (Sharifi 2021c; Van Eck and
Waltman 2013). Various tools such as VOSviewer, CiteSpace, and SciMAT have
been developed for this purpose. These tools are capable of highlighting thematic
transitions as well as major authors, documents, journals, countries, and institu-
tions that have contributed to the development and evolution of academic fields.
VOSviewer is particularly suitable for mapping research keywords (terms) and their
patterns of co-occurrence. It can, therefore, be used to identify major thematic areas
related to a field and determine how different terms/clusters are linked to one another.
Such results can be used to find answers to broad questions that require a macro-
scopic overview. For instance, in the case of this work, it allows identifying major
challenges that cities are facing and potential contributions of smart city solutions
and technologies to overcoming these challenges.

Input data for bibliometric analysis in VOSviewer can be obtained from databases
such as the Web of Science (WoS) or Scopus that archive bibliographic data of
academic publications. Given its reputation for archiving quality peer-reviewed
research, WoS was selected for the purpose of this chapter. To retrieve relevant
articles for term co-occurrence analysis, two different search strings related to the
two major objectives of the chapter were developed. First, a string was developed
to identify key challenges facing cities (search string #1 in Table 1.1). This string
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Table 1.1 Search strings used for retrieving relevant articles

Purpose Search string

Identifying key challenges that cities are
facing

Search string #1: TS=((“urbanization” OR
“urban areas” OR “cities”) AND (“challenges”
OR “problems” OR “issues”))

Identifying potential contributions of smart
solutions and technologies discussed in the
literature

Search string #2: TS=((“sustainability” OR
“sustainable development” OR “climate change”
OR “resilience” OR “air pollution” OR “air
quality” OR “food security” OR “mobility” OR
“accessibility” OR “water resources” OR “waste
management” OR “ecosystem services” OR
“housing” OR “health” OR “COVID-19” OR
“energy” OR “vulnerability” OR
“vulnerabilities” OR “sdgs” OR “urban
regeneration” OR “biodiversity” OR “urban
heat”) AND (“digitali*ation” OR “digital
technolog*” OR “Information and
communication technolog*” OR “ict” OR
“information technolog*” OR “internet of
things” OR “iot” OR “artificial intelligence” or
“AI” or “machine learning” OR “blockchain” OR
“virtual reality” OR “VR” OR “augmented
reality” OR “AR” OR “3-d print*” OR
“three-dimensional printing” OR “cloud
computing” OR “big data” OR “5G” OR “6G”
OR “Smart technolog*” OR “smart home*” OR
“smart house*” OR “smart cit*” OR “home
energy management system*” OR “industry 4*”
OR “society 5*” OR “robotic*” OR
“automation” OR “unmanned aerial vehicle*”
OR “UAV*” OR “smart meter*” OR “smart grid”
OR “vehicle-to-vehicle communication” OR
“machine-to-machine communication”) AND
(“urbanization” OR “urban areas” OR “cities”))

includes terms related to urbanization and its challenges. Searching for the string in
the “titles, abstracts, and keywords” field of WoS, for an indefinite period, returned
34,765 articles on September 12, 2021. An initial check showed that some of these
articles are not directly related to the subject matter of this study. Therefore, arti-
cles belonging to irrelevant fields (e.g., surgery, linguistics, etc.) were excluded from
the database. At the end, 21,529 articles remained in the database and were used
for identifying major challenges that cities are facing using the term co-occurrence
analysis function of VOSviewer. To ensure synonyms and different variants of a term
are not treated differently in the analysis, a thesaurus file was developed and used in
the analysis (e.g., the term “urbanisation” was replaced with “urbanization” in the
analysis).

After the key challenges were identified, the second search string (Table 1.1) was
developed to explore potential contributions of smart city solutions and technologies
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to overcoming them. As can be seen from the table, search string #2 in a combination
of different terms related to smart solutions and technologies, urbanization/cities, and
urban issues and challenges. Again, the string was used to search for relevant articles
in the “title, abstracts, and keywords” field of the WoS, for an indefinite period, and
returned 5,881 articles on September 13, 2021. The retrieved articles were used as
the input data for term co-occurrence analysis in VOSviewer. As can be seen in the
next sections, the outputs are presented as a network (graph) of nodes and links.
Each node refers to a highly occurred term and the node size is proportional to the
frequency of the term’s co-occurrence with other terms. The links between terms
indicate the state of connection between them and link width is proportional to the
strength of connection. Terms that have co-occurredmore frequently and are strongly
linked to each other form clusters that are presented in different colors. These clusters
often represent major thematic focus areas related to academic fields and can be used
to better understand the research structure and dominant topics. Results of the first
analysis on the key challenges facing cities are presented in the following section.

1.3 Major Challenges Facing Cities

The output of the term co-occurrence analysis (Fig. 1.1) provides interesting insights
into major challenges that have been discussed in existing research. It is clear that
issues related to sustainability and climate change have received more attention. As
mentioned in the Introduction section, existing climate change is widely recognized
as themost important challenge that cities need to address in the future decades. Also,
the compounded effects of climate change and urbanization may render transition
toward sustainability challenging.

Four major clusters can be identified from Fig. 1.1. The cluster in green includes
more frequently occurred terms that are strongly linked to termswithin the cluster and
terms fromother clusters. This cluster ismainly focusedon the impacts of unregulated
and uncontrolled urban expansion (i.e., dispersed urban development/urban sprawl)
on biodiversity and ecosystems. There is a lot of evidence showing how unregulated
urban growth results in substantial land cover and land use changes, transforming
ecological assets (e.g., forests and agricultural lands) into built up areas (Kafy et al.
2021; Sharifi et al. 2014). This often leads to biodiversity loss and ecosystem degra-
dation with major implications for food security, urban microclimate regulation, and
stormwater management. As the term map indicates, strategies and solutions such as
urban green infrastructure and urban agriculture have been proposed to compensate
for some of the ecological losses. In terms of linkages to smart solutions and tech-
nologies, the term map implies that smart city solutions have been rarely discussed
in connection with biodiversity and ecological losses in cities and this could be high-
lighted as a gap to be addressed in the future. It is worth noting, however, that some of
the techniques mentioned at the bottom of the figure (i.e., GIS and remote sensing)
have benefited from smart solutions and big data analytics, thereby facilitating a
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Fig. 1.1 Results of the term co-occurrence analysis to identify major challenges facing cities

better understanding of the past, current, and future patterns of land use and land
cover change and ecological loss in urban areas (Xie et al. 2017).

The secondmajor cluster (presented in red in Fig. 1.1) is focused on various issues
related to urban planning and management, housing, and mobility. The most note-
worthy point about this cluster is that it is located in between the smart cities cluster (in
blue) and the clusters on ecological impacts (in green) and climate change adaptation
(in yellow). Accordingly, it can, for instance, be argued that smart city solutions and
technologies applied to themanagement, housing, andmobility sectors can indirectly
impact ecological systems of cities and their hinterland areas. For example, using
smart technologies to enhance energy efficiency of housing and mobility sectors
could contribute to mitigating environmental impacts. Indeed, smart solutions and
technologies can be utilized to develop integrated planning and assessment systems
that could contribute to better energy performance across different sectors (Wang
et al. 2021).

In terms of major challenges that can be highlighted, at the lower part of the
cluster, terms such as air quality and air pollution are noteworthy. These are closely
linked with other terms such as transport and health, indicating that addressing issues
related to public health is a major challenge that could be addressing by focusing on
the transportation sector.
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The terms “gender,” “housing,” and “migration” are also highlighted and closely
linked to each other. These could be linked to the challenges that cities are facing
regarding provision of suitable housing to different societal groups. Access to afford-
able housing could particularly be challenging for females and those migrating from
rural areas. Such challenges may also have ramifications for public health as was
demonstrated during the recent pandemic. Inmany places such as the slums of Indian
cities, the limited per-capital housing space and lack of access to services (e.g., clean
water)made it difficult to complywith social distancing andhygienemeasures recom-
mended for controlling the spread of COVID-19 (Sharifi and Khavarian-Garmsir
2020). While smart solutions alone would not be sufficient for dealing with such
complicated issues, they may provide opportunities for better access to services, or
in the case of health crises such as the recent pandemic smart solutions can provide
innovative and effective solutions for controlling the spread of the virus (Sharifi et al.
2021).

At the upper part of the red cluster terms such as “institutions,” “local govern-
ments,” “management,” and “innovation” are dominant. Indeed, given the fact that
cities are complex systems, and theirmanagement requires engagementwithmultiple
stakeholders, urban governance has always been challenging. Traditionally, different
urban sectors have operated in silos, resulting in inefficient urban management. The
use of smart solutions and technologies will provide added value and could offer
opportunities for integrated urbanmanagement that can, among other things, enhance
efficiency,maximize co-benefits and synergies, andminimize conflicts and trade-offs
(Jiang et al. 2021; Sharifi 2020a, 2021a).

The third major cluster (in blue) is focused on smart cities. Terms related to the
energy sector are dominant in this cluster. Ensuring availability, accessibility, afford-
ability, and acceptability (i.e., environmental sustainability) of energy resources in
cities has always been a major challenge (Sharifi and Yamagata 2016). To address
these challenges, smart solutions and technologies such as home energymanagement
systems, smart metering systems, and smart grids have been widely used (Masrur
et al. 2021). Waste management is another challenge that has been highlighted in
this section. Smart solutions are also increasingly used to overcome this challenge in
cities (Ali et al. 2020). Collectively, efforts aimed at enhancing efficiency of resource
management can contribute to promoting circular economy in cities.

Finally, the cluster in yellow is focused on resilience to climate change impacts. As
discussed earlier, climate change is expected to increase the frequency and intensity
of adverse events in cities, and this is likely to lead tomajor challenges for urban plan-
ning and management. For instance, a large share of world urban population is living
in coastal areas that are exposed to hazards such as sea level rise and flooding. Other
common hazards that may affect quality of life in cities are extreme heat, drought,
and storms. Therefore, urgent actions are needed to minimize urban vulnerabilities
through developing and implementing resilience plans (Sharifi and Yamagata 2018).
In this regard, smart solutions and technologies can contribute by, for instance, facil-
itating development of early warning systems or real-time monitoring systems that
could lead to behavioral changes for better climate change adaptation.
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1.4 Potential Contributions of Smart Solutions
and Technologies

Some of the major challenges that cities are facing were highlighted in the previous
section. Also, as “smart cities” was one of the major thematic clusters that emerged
from the analysis reported in the previous section, potential contributions of smart
solutions to addressing the challengeswere briefly discussed. In this section, potential
avenues for contribution will be further discussed based on the results of the term
co-occurrence analysis that was specifically conducted for this purpose.

In the previous section, it was discussed that environmental degradation is one of
the major challenges that cities need to deal with. Results of the term co-occurrent
analysis conducted to highlight potential avenues for the contribution of smart city
solutions to addressing urban challenges (Fig. 1.2) show that interlinkages between
smart cities and sustainability is one of themost dominant clusters (in red). The terms
“sustainability” and “smart cities” are strongly linked to each other, indicating that
exploring implications of smart city solutions and technologies for sustainability is
of high interest to researchers. It is widely acknowledged that smart cities should also
be able to contribute to sustainability and this has led to the emergence and spread

Fig. 1.2 Results of the term co-occurrence analysis to highlight potential contributions of smart
city solutions and technologies to addressing urban challenges
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of the concept of “smart sustainable cities” (Bibri and Krogstie 2017). According
to the literature, smart city initiatives have been successful in enhancing sustain-
ability awareness and have led to the development of more ambitious sustainability
targets (Haarstad and Wathne 2019). However, there are also concerns that inap-
propriate implementation of energy-intensive smart solutions could have negative
impacts on environmental sustainability. The red cluster also includes terms such as
climate change and resilience, indicating that smart solutions and technologies can
contribute to increasing resilience against climate change adaptation and mitigation
(Allam 2020). More specific examples of such contributions will be provided when
describing the other clusters below.

The second major cluster that is closely linked to the red cluster is the green
cluster. As shown in Fig. 1.2, this cluster is mainly focused on smart city solutions
and technologies such as machine learning, deep learning, data mining, sensors, and
big data analytics. These terms are closely linked to the terms “air pollution” and “air
quality,” indicating that a lot of research exists on using such technologies for dealing
with the issue of air pollution in cities. For instance, smart solutions and technologies
can be used for enhanced monitoring, modeling, and prediction of air pollution (Ma
et al. 2019; Zhu et al. 2018). This will allow planners and policy makers take more
effective actions toward improving urban air quality. The term “COVID-19” is also
a frequently used term in this cluster, indicating that a large body of research has
been conducted on it over the past two years. On the one hand, a lot of pandemic-
related publications are focused on the environmental implications of COVID-19 and
methods such as big data analytics and monitoring have been used to examine how
urban environmental quality has changed following measured developed to control
the pandemic (Sharifi and Khavarian-Garmsir 2020). On the other hand, there is
extensive evidence showing how mart solutions have contributed to better resilience
against the pandemic by strengthening planning, absorption, recovery, and adaptation
capacities in cities (Hassankhani et al. 2021; Sharifi et al. 2021). Such contributions
will be further discussed in Chapter 7 of this volume.

The clusters in yellow and blue are closely linked to each other and are mainly
focused on the energy sector and energy resource management. Various technolo-
gies such as IoT and blockchain have been used for enhancing efficiency of energy
resource management (Tomazzoli et al. 2020). ICT and smart solutions have enabled
technologies and systems such as home energy management systems, smart meters,
vehicle to grid systems, and decentralized energy systems. There is a lot of evidence
showing that such smart technologies provide multiple benefits for improving effi-
ciency of energy supply and demand through, among other things, scheduling opti-
mization, monitoring performance, real-time communication with users, and mini-
mizing the mismatch between supply and demand (Ding and Wu 2019; Yusri and
Nashiruddin 2020).

The yellow cluster also includes the terms “privacy” and “security.”As smart solu-
tions involve collection of large volumes of, sometimes, sensitive information, there
are concerns over the privacy implications of smart technologies (Al-Turjman et al.
2021). However, efforts have been made to design secure architecture for ensuring
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security of smart technologies such as IoT, cloud computing, and fog computing (Al-
Turjman et al. 2021). Appropriate design and implementation of blockchain-based
systems can, for instance, contribute to overcoming security and privacy concerns
(Shi et al. 2020).

The last cluster (in purple) is focused on mobility and transport. Among other
things, IoT and big data analytics have contributed to better operation and manage-
ment of transportation systems (Muthuramalingam et al. 2019), enhancing time
management, scheduling, and energy efficiency of transportation systems (Kyri-
azis et al. 2013), more effective and efficient parking management (Saarika et al.
2017), and improved transportation safety through safety sensors or alcohol detection
systems (Uzairue et al. 2018).

Overall, this macroscopic overview showed that smart solutions and technologies
have a lot of potential to contribute to addressing urban challenges.While addressing
these challenges can also directly or indirectly contribute to enhancing resilience,
the term maps show that “resilience” has not been the main focus of smart cities
literature. Therefore, further research is needed to better understand contributions of
smart city solutions and technologies to resilience. As will be discussed in the next
section, this volume aims to fill this gap by providing more theoretical and empirical
insights on the resilience of smart cities.

1.5 Final Remarks

Based on macroscopic overview of the existing literature, in this chapter, I first
discussed someof themajor challenges that cities are now facing. Results showed that
major challenges are related to ecological degradation, unregulated urban expansion,
climate change adaptation and mitigation, resource management, fragmented urban
management, air pollution, housing, and transportation. Next, I briefly discussed
potential contributions of smart city solutions and technologies to overcoming these
challenges. It was discussed that smart solutions and technologies can contribute to
solving issues related to different domains such as sustainability, public health, air
quality, energymanagement, transportation, and security. It was, however, found that
limited attention has been paid to the contributions of smart cities to resilience. To
address this issue, in this volumevarious issues related to the theoretical and empirical
aspects of smart city planning, development, and implementation are discussed.

The first part is focused on theoretical underpinnings of the concept of resilient
smart cities. In the next chapter, recent advances in smart cities and urban resilience
will be presented and the need for resilient smart cities will be discussed. Chapters 3
and 4 will focus on the multiple concepts and underlying principles and character-
istics of smart cities and resilient cities, respectively. Following this, the concept of
resilient smart cities and its underlying principles will be discussed in Chapter 5. To
complement this, results of a survey on the principles and characteristics that should
be considered for achieving smart city resilience will be presented in Chapter 6 of
the volume.
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In the second part of the volume, different empirical results related to resilient
smart cities will be presented. The recent pandemic provided an unprecedented
opportunity to examine actual and/or potential contributions of smart solutions and
technologies to resilience. Some such contributions are discussed in Chapter 7. In
Chapter 8, results of a case-based literature survey to understand the general typology
and focus of smart city projects around the world are presented. Following this, there
will be more specific case studies from Taiwan (Chapter 9), Malaysia (Chapter 10),
Australia (Chapter 11), India (Chapter 12), the United States (Chapter 13), South
Korea (Chapter 14), Europe (Chapter 15), general cases from around the world
(Chapter 16), and South America (Chapter 17). These cases are focused on multiple
issues such as urban management, to climate change, energy systems, and trans-
portation systems and will contribute to gaining better insights into actual and/or
potential contributions of smart city solutions and technologies to urban resilience.
They show that adopting smart solutions will put cities in a stronger position to deal
with adverse events. Hopefully, planners and policy makers will find these insights
useful for planning and developing cities that are more sustainable and resilient.
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Chapter 2
Recent Advances in Smart Cities
and Urban Resilience and the Need
for Resilient Smart Cities
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Abstract Cities around theworld have traditionally dealtwith awide array of natural
and human-made risks and hazards. Annually, this results in significant human and
economic losses in urban areas. As climate change is expected to further increase
the frequency and intensity of adverse events, and other adverse events such as the
recent COVID-19 pandemic may also hit cities again in the future, cities around
the world increasingly recognize the importance of building on urban resilience to
minimize vulnerabilities and enhance resistance, absorption, recovery and adaptation
capacities. The rapid advances in smart city solutions enabled by information and
communication technologies have also provided cities with more tools and oppor-
tunities to deal with adverse events. There is a vast body of literature on both smart
city and urban resilience. However, the concept of smart city resilience has received
limited attention in the literature. To fill this gap, in this chapter, we first provide
overviews of the underlying principles of the smart city and urban resilience concepts.
Next, we explain how adopting integrated approaches that simultaneously consider
both smartness and resilience can help cities take more effective and efficient efforts
toward dealing with adverse events, enhancing quality of life and ensuring transition
toward sustainable development.
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2.1 Introduction

In 2017, the United Nations Conference onHousing and Sustainable UrbanDevelop-
ment (Habitat III) developed a strategic action plan to address the urban challenges,
which was adopted by all of its member states (Kalapurakal 2018). This action
plan and many other international policy frameworks have increased the recogni-
tion of the significance of cities for addressing global challenges such as climate
change, increased inequality and public health threats. Cities can be described as a
complex form of human system and urban ecosystem with powerful pulling effects
on the people, organizations and creative innovations (Singh 2015).Modern cities are
expected to be the catalyst to urban challenges. Presently, 55% of the world’s popu-
lation lives in the urban areas and this share is projected to increase to 68% by 2050.
One of the most significant change is from Latin America and the Caribbean with
81.2% living in the cities, increasing from 41.3% in the 50s (Buchholz 2020). The
role of cities in the economic growth and development, and social and environmental
issues has been in global focus in recent years (McCormick et al. 2013). Thus, these
projections are to enable experts and policy makers in planning and implementing
actions to mitigate urban challenges.

Cities continue to play a prevailing role in global production and consumption
of energy and food (Negev et al. 2009). They act in an interconnected network
of functions and do not operate in isolation (McCormick et al. 2013). Thus, they
are faced with all sorts of challenges that will impact their growth and develop-
ment. The continuous growth of population and change in geographical patterns
in cities often lead to a number of urban problems that have serious impacts on the
built and natural environment. Among other things, noteworthy challenges that cities
are facing include environmental degradation, inequitable access to resources and
services, ineffective mobility infrastructure, increasing vulnerability to disasters and
increasing air pollution (Chan et al. 2019). In terms of disasters, as the impacts of
climate change continue to emerge, cities are increasingly dealingwith disasters such
as floods and extreme weather events. As a case in point, in 2021, many cities around
the world faced challenges caused by torrential rains, storms and record floods. The
compounding effects of other events such as the COVID-19 pandemic have also
made it more challenging for cities to overcome risks. Annually, in the absence of
appropriate urban resilience programs, disasters result inmajor human and economic
losses in cities and the impacts are expected to further increase in the future.

While most experts and organizations focus on environmental issues, socio-
economic and institutional dimensions also deserve attention. Inequality is a major
issue in our cities and inequality in the provision of basic social infrastructure and
resources can greatly cause harm or destabilize the society (Chan et al. 2019). Equal
distribution of resources and services is needed to enhance socio-economic and
environmental justice. Among other things, this would require actions such as the
redistribution of urban infrastructure, controlling the use of green space to increase
agricultural production and prevent food security issues consequently, and proper
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use of modern and smart technologies. These, in turn, could contribute to improving
the livelihoods of people in the cities.

It is generally known that the industrial revolution of the nineteenth century was a
result of technological innovations in the agricultural sectors and industries. Conse-
quently, it contributed to the increase in population and gave rise to change in urban
geographical patterns. Subsequently, it catalyzed transformation in cities.While tech-
nology is perceived to have immensely contributed to environmental degradation,
researchers have argued that technology can also improve the living standards.

The application of urban transformation approach toward repositioning and
building resilience cities requires the adoption of the sustainable development strate-
gies which is the UNFramework that was agreed upon bymember nations in tackling
the urban issues. Sustainable development strategies are goals designed to uplift the
social and economic development of nations and as such attempt to resolve the
urban issues that are constraints to the overall growth of our cities. These goals
also recognize the role of technology and its importance for facilitating transition
toward sustainable development. Sustainable urban transformation necessitates the
comprehension that cities are sources of possibilities and potentials, promoting active
partnership among diverse stakeholders, integrating different concepts and ideas,
and stimulating experimentation with different solutions, and these approaches are
necessary in dealing with critical urban issues in our modern times.

While cities are influenced in diverse ways by large-scale transformation
processes, the vulnerability and opportunities for cities may also differ due to
internal factors, such as the local economic structure as well as external relations
and geographic location. These are challenges toward the implementation of trans-
formative approaches to urban issues, and all the stakeholders are to take critical
measures while addressing local issues in our cities. It is hoped that smart cities
enabled by advances in information and communication technologies could provide
opportunities to not only accelerate transition toward sustainable development, but
also make cities more resilient against the increasing hazards and disasters.

In the remainder of this chapter, we first provide brief descriptions of urban
resilience and smart cities. Next, we discuss the need for developing smart resilient
cities.

2.2 Urban Resilience

2.2.1 A Brief History of Resilience

Theword resilience is used particularly in relation to adaptation froma period of great
stress. Since decades, resilience has been adapted by the researchers from various
fields of ecology, public health, psychology, disaster management, urban planning
and development, and business. The use of the term in different study domains
resulted in different conceptions of the term. Even with emerging differences in
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defining and measuring the concept, resilience is commonly understood as bouncing
and rebounding from difficult situations (Sharifi et al. 2017). A resilient system
should also feature other characteristics such as resistance and elasticity (Olsson
et al. 2015).

Resilience has been deeply rooted in psychology than in any other field of study
(Olsson et al. 2015). According to the American Psychological Association (2014,
p. 2), resilience is “the process of adapting well in the face of adversity, trauma,
tragedy, threats or even significant sources of stress”. In psychology, resilience is
often understood either as a personal trait, or the process of adaptation or as an
outcome now known as emergent resilience. Norman Garzemy is considered as a
pioneer in resilience research focusing on growth and resistance under unfavorable
circumstances (Kolar 2011).

In ecology, the term resilience became famous in the 1960s and 1970s. Ecologists
interpreted resilience in two different ways: first, to measure the recovery time of
a system from the disturbance; second, to know the extent of the disturbance to
displace the system from its original state (Perrings 2006). However, Perrings (1998)
considers resilience in a much broader sense and defines it as a measure of the ability
of a system to withstand stresses and shocks—its ability to persist in an uncertain
world.

With the origin of the term in ecology, the concept of resilience has diffused to
other related fields, such as disaster management and cities. In disaster management,
resilience refers to the ability of an individual or a community to adapt and recover
from any hazard or stresses and also be able to restore and transform its structure
(Combaz 2014). In regard to socio-ecological systems, interdisciplinary scientists
define resilience as the “capacity to adapt or transform in the face of change in
social-ecological systems, particularly unexpected change, in ways that continue to
support humanwell-being” (Folke et al. 2016, para. 7). Hence, resilience as a concept
has an acknowledged history with the meaning of the term being malleable, allowing
stakeholders from various fields to accept a common terminology without having to
agree on an exact definition.

2.2.2 Emergence and Characteristics of Urban Resilience

The theory of resilience has recently become a significant concept in the context of
cities. As cities continue to urbanize, there are various uncertainties and challenges
being faced, such as overexploitation of natural resources, climate change, water
security, economic uncertainties and social conflicts. To solve these challenges, cities
need to be designed, planned andmanagedwhile fostering urban resilience.Although
the definition of ‘urban resilience’ as a term remains unclear, yet it is commonly
accepted as the capacity of a city to resist or absorb shocks and stresses.

Urban resilience is traditionally linked with the theory of engineering resilience,
which considers city resilience as the ability of physical infrastructure to withstand
shocks and restore to their state prior to the shock (Martin-Moreau and Ménascé
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2018). This meaning of resilience sees the city as a stable entity, where only certain
disturbances can be addressed at a time, since risks are not considered to be related
to each other. Further, this explanation directly focuses on the material element of
the urban fabric, such as infrastructure, while ignoring non-material elements like
social capital (UN-Habitat 2017).

Meerow et al. (2016, p. 39) define urban resilience as “the ability of an urban
system and all its constituent socio-ecological and socio-technical networks across
temporal and spatial scales-to maintain or rapidly return to desired functions in the
face of a disturbance, to adapt to change, and to quickly transform systems that limit
current or future adaptive capacity”. This definition is dynamic and identifies the
importance of temporal and spatial scales with having a general adaptability rather
than being specific.

In literature, the definitions presented by various scholars on urban resilience
embrace it as a positive attribute (Leichenko 2011; Brown et al. 2012). However,
there is an ongoing debate on the equilibrium state described in the definitions by
various scholars (Meerowet al. 2016).Urban resilience does notmake it necessary for
a system to return to the previous equilibrium path after stresses and shocks; rather,
the previous equilibrium may have disappeared for any reason and an alternate or
a new track may appear, all of which can indeed change the ambit of the system
(Tasan-Kok et al. 2012). Some describe urban resilience as a state to go back to
the ‘normal’ or ‘same’ state, but the question arises whether the normal state with
conditions like poverty is desirable.

According to Gleeson (2008), urban resilience doesn’t have a definite ‘blueprint’;
that is, the structure of a resilient city has its own path of evolution and adaptive
capacity, and no two cities would have the same resilience. Further, the literature
also determines three pathways to urban resilience, which are, persistence indicating
that a system should be able to resist any disturbances; transition or adapt from one
state to another; and transform radically or extremely.

Different researchers and institutes have defined different characteristics of urban
resilience. According to Tasan-Kok et al. (2012, p. 46), scholars like Godschalk
and Fleischhauer attempted to combine characteristics that measure the resilience
of a city; they are, “redundancy, diversity, efficiency, autonomy, strength, inter-
dependence, adaptability, and collaboration”. However, scholars like Walker and
Salt consider these characteristics from a qualitative perspective along with adding
social dimensions like diversity, social capital, innovation, tight feedback, ecosystem
services and overlap in governance (Tasan-Kok et al. 2012, p. 46).

Specific to addressing disaster management of cities at broader capacity, Jha et al.
(2013) have divided urban resilience into four components: economic, institutional,
infrastructural and social. Although it is essential to understand that a city might not
necessarily undergo a sudden transition, a city can also adapt itself subject to slow
burning processes (Meerow et al. 2016).

However, Martin-Moreau and Ménascé (2018) consider one serious limitation
of urban resilience as being too multifaceted. In their paper, they mention the two
schools of thoughts that have originated surrounding the notion of city resilience:
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the notion is more useful when used in an inclusive sense and that it is considered as
an ill-defined concept without any specificity toward the term.

2.2.3 Recent Developments

As a theoretical concept, resilience is continuously being conceptualized. There is
vast academic literature focusing on the complexity of the notion and recommending
the use of policy frameworks that need to be implemented in its practical form to
be able to manage better complex issues of urban resilience (UN-Habitat 2017).
With the increasing number of disasters and weather-related incidents taking place
due to the climate change crisis, the discussion about resilience in cities is growing.
Likewise, the spread of COVID-19 in the year 2020 further highlighted the need for
and importance of better preparation of urban systems during the times of contagion.

There are several definitions and frameworks available in the publications on
urban resilience. However, to enhance the concept even further, implementation of
the same is necessary. As international and national organizations move forward
with developing policies, frameworks and indicators for measuring resilience, it
will impact how the concept is further appraised and advanced in the cities. The
implementation of policy frameworks can be viewed from three approaches: top-
down, bottom-up and mixed approach (Shamsuddin 2020).

In his paper, Shamsuddin (2020) focuses on the need to evolve the connection
of urban resilience between theory and applicability for sealing the implementation
gap. The implementation process, though, poses some challenges of its own in terms
of coordination, adaptability of the concept and its diverse outcomes. But as a trans-
formative concept, it is imperative to address resilience qualities such as redundancy
and flexibility in new planning approaches (Frantzeskaki and Kabisch 2016).

Urban resilience is not only about preparing for natural or economic disasters,
but also preventing the disasters from happening in the first place. It should be
considered as a shift in mindset and policy priorities for a more integrated, forward-
looking approach (Frantzeskaki and Kabisch 2016). In achieving urban resilience,
both horizontal and vertical links in regard to the governance structure need to be
strengthened for cities to be able to mitigate and adapt to any possible change (Tasan-
Kok et al. 2012). Trust and transparency are considered as good principles to be
practiced by members of different departments in the public administration when
working on the topic of urban resilience projects (Frantzeskaki and Kabisch 2016).

Many international organizations have developed quantitative tools to measure
the resilience of an urban system (Sharifi 2016). The International Organization for
Standardization developed a set of indicators known as “Sustainable development
of communities – Indicators for city services and quality of life” in 2014, which is
considered to be applied at international scale in cities (UN-Habitat 2017). The Stan-
dard for Sustainable and Resilient Infrastructure (SuRe) has developed criteria for
infrastructure at a global scale across social, governance and environmental aspects.
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While measurement tools are being produced and developed by international organi-
zations, the private sector is also engaging in the same. For example, the 100Resilient
Cities project by the Rockefeller Foundation is one such index developed for evalu-
ating urban resilience in cities for physical, social and economic shocks and stresses.
Ma et al. (2020) state that although every study has developed an urban resilience
evaluation framework under their respective focus, yet, the components of economy,
environment, social organization and infrastructure have been recognized widely.

In 2010, ICLEI launched the Resilient Cities Congress to raise awareness and
provide support to the local and regional governments in challenges related to
resilience. ICLEI laid special focus on the multi-level governance structure for
adopting a resilient approach in cities. ICLEI encourages the government sector
to collaborate with the private sector at local and regional project levels for various
services, such as technology, consultancies, think tanks and research institutes, and
investors, which would further enhance resilience in the cities (ICLEI 2019).

Another concept of urban resilience is implemented through a place-based experi-
ment known as Urban Living Labs. It is a new type of government intervention which
considers urban living labs as spaces for local experimental projects through intense
collaboration by bringing together different stakeholders that are, public, private and
civil society and among different sectoral divisions within a city. The advantage
of urban living labs is that they engage into participatory planning by giving citi-
zens an equal importance with private companies, research institutions and public
organizations. Urban living labs give immense importance to dealing with sustain-
ability threats in a city, where involvement of multiple actors facilitates new ways to
deal with sustainability challenges (Frantzeskaki and Kabisch 2016). The concept of
urban living labs is being preferred since the experimentation is placed and tested in
a real-life setting, which enables the needs of citizens to come to equal grounds with
the policies of the public actors to achieve desirable outcomes (Frantzeskaki and
Kabisch 2016). Thus, the entire process of urban living labs ensures more efficiency
in the final version of the project.

The concept of urban resilience can be integrated into all urban sectors, especially
water supply and management, waste management, energy, communications and
transportation (Jha et al. 2013). It is essential to give particular attention for the
quick recovery of these urban sectors as they play an imperative role in the lives
of the community members and their well-being. Jha et al. (2013) consider four
essential strategies for building resilience in these urban sectors:

1. Locational approach: It is considered to be effective as a long-term approach
that addresses risks particularly related to infrastructure development.

2. Structural approach: It is considered to be effective as a medium-term approach,
most suitable for existing infrastructure.

3. Operational mitigation: Under this mitigation approach, alternative plans of
actions need to be prepared in case of a system failure.

4. Financial approach: This approach undertakes short- and long-term financial
needs of certain urban sectors.
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Since cities are understood as complex, integrated socio-ecological systems, it is
important to understand that having resilience in different domains, such a, water
supply, health care and climate change, would not contribute to a city’s overall
resilience; rather, incorporating resilience in a system as a whole would make
a larger impact (UN-Habitat 2017). For supporting urban resilience through the
above-mentioned four strategies, institutional arrangements will have to promote
interconnectedness, redundancy and flexibility—which can be achieved through
collaboration between public, private and civil actors (Frantzeskaki et al. 2014).

To conclude, urban resilience differs from one city to another depending on
temporal and spatial scales as well as the priority areas and hazards (UN-Habitat
2017). It is important for urban communities and its environment to be resilient
taking into consideration every kind of disaster and disturbances. The major key to
making urban resilience more efficient and integrated is by connecting to various
other individuals and organizations (Coaffee et al. 2018). For this, it is essential for
countries to develop new and effective quantitative and qualitative tools to measure
urban resilience at local and regional level. Implementing urban resilience challenges
the traditional functioning of public administration and is proving to be difficult to
change the institutional set up in accordance with “resilience” (Coaffee et al. 2018).
Nevertheless, with limited resources and capacity, the public and the humanitarian
sector worldwide have started to recognize the importance of partnerships for addi-
tional resources and skills from the private sector that are necessary for making cities
resilient.

Along with the advancement of the research and practice of urban resilience, the
concept of smart city has gained traction in science and policy circles. However, as
will be discussed later, these too concepts have rarely been discussed together. It
is expected that integration of smart technologies would provide opportunities for
better implementation of urban resilience plans and programs.

2.3 Smart Cities

2.3.1 A Brief History of Smart Cities

The concept of smart cities has been around since a long time and its usage has
gained momentum in recent years, often being associated with the future of urban
management via technological means. Despite this, there is no universally agreed
definition of smart cities yet (Angelidou 2015; Ahvenniemi et al. 2017; Ismagilova
et al. 2019). The disparity among smart city definitions can be attributed to the varying
and complementary perspectives with which they have been described throughout
literature over time. Initial conceptions, such as ‘digital cities’, ‘information cities’,
‘ubiquitous cities’ and ‘intelligent cities’ were regarded as the vision for what cities
would look like in the future (Angelidou 2015). Nonetheless, they were seen from
a technological perspective only and had a dominant focus on the use of ICT along
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with other modern technologies for innovative functioning of physical infrastructure
systems (e.g., energy, transport, waste, communications, etc.) (Batty, 2013; Albino
et al. 2015; Ahvenniemi et al. 2017). Contrastingly, other paradigms used such as the
‘knowledge city’ and ‘creative city’ incorporated social and human capital as well,
like education, social innovation, knowledge economy and creativity, while actively
demonstrating and elevating the socio-economic aspects of cities (Nam and Pardo
2011; Kitchin 2014; Angelidou 2015). Angelidou (2015, p. 99) particularly asserts
that knowledge and innovation economy has played a crucial role in the smart city
discourse and the emergence of the idea of smart cities in the current world scenario.

The emergence of urbanization, globalization and neoliberal ideologies along
with the fast-paced technological advancements that accompanied them in cities
dramatically aided the integration of the above-mentioned discourses in a holistic
way (Kitchin 2015; Angelidou 2015). In fact, the inculcation of technologies in the
management of city services and the socio-economic progress (in the form of privati-
zation, collaboration, etc.) enabled by themhas resulted inmore efficient governance,
facilitated innovation and a sustainable approach toward urban life (Kitchin 2015;
Angelidou 2015; Silva et al. 2018).

2.3.2 Dimensions of Smart Cities

Due to the complexity of smart cities with several aspects involved, many researchers
demarcated the concept into different dimensions/principles for simplification.
According to Nam and Pardo (2011, p. 286), the core components of smart cities
are technology, people and institutions. The authors highlight the interconnection
between these components, mentioning that investments in technology (IT infras-
tructure) and social capital encourage sustainable growthwhile increasing the quality
of life with a citizen-centric participatory governance. Similarly, Silva et al. (2018)
also maintained physical, social, institutional and economic infrastructure as the four
pillars of a generic smart city, where institutional infrastructure embodied transparent
and participatory governance, physical infrastructure comprised of natural resources
(green spaces, waterways, etc.) and other manufactured infrastructure such as build-
ings and energy systems, social infrastructure encompassed community engagement
and citizen awareness while economic infrastructure focused on smart economywith
the utilization of applications such as e-commerce for better economic management.

Filling the gap, Giffinger and Gudrun (2010), Neirotti et al. (2014) and Albino
et al. (2015) in their literature review deemed the natural environment as one of the
major components of a smart city too, which was missed out by others. Giffinger
and Gudrun (2010, p. 14) identified smart economy, smart mobility, smart people,
smart environment, smart governance and smart living as the fundamental compo-
nents to smart cities. They associate smart economy with flexible labor markets and
ICT industries, smart mobility with the use of ICT in transport infrastructure, smart
peoplewith learning, creativity and participation, smart environmentwith sustainable
resource management and pollution reduction using renewables, smart governance
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with optimal, collaborative and transparent administration and finally smart living
with access to technical and social infrastructure. Meanwhile, Albino et al. (2015)
shortlisted four common underlying characteristics, incorporating social inclusion,
natural environment, attention on business-led urban development and networked
infrastructure.

On the whole, even with separated dimensions, it is important to note the systemic
connection of each component with one another that also entails the essence of smart
cities. Far away from amuch debated technocentric approach, smart cities encompass
a fuller picture, where technology acts more as an enabler, aiming for a lower envi-
ronmental impact and improved quality of life through information processes and
innovation. Caragliu et al. (2011, p. 50) appropriately put together all components
mentioned above and described “a city to be smart when investments in human and
social capital and traditional (transport) and modern (ICT) communication infras-
tructure fuel sustainable economic growth and a high quality of life, with a wise
management of natural resources, through participatory governance”.

2.3.3 Recent Developments in Smart City Research

With the current evolution of digital technologies and increasing affordability, smart
cities are getting even smarter and transforming urban planning (Yigitcanlar 2015;
Talari et al. 2017). Research on smart cities is also expanding,with contributions from
the electronics andmachine learning community on the application of these technolo-
gies in cities. The concept of Internet of Things (IoT), where information is gathered
by interconnected digital devices, such as smartphones, sensors and computers, and
subsequently stored on cloud services, has expanded smart city activities (Talari
et al. 2017; Costa and Duran-Faundez 2018; Muhammad et al. 2021). Correspond-
ingly, the onset of IoT has resulted in increased reliance on digitization and, in
turn, a large volume of data generation by city stakeholders, the formation of which
is known as big data (Allam and Dhunny 2019). The correlative working of big
data, ICT and cloud services simultaneously along with the help of Artificial Intel-
ligence (AI) for data mining, analysis and interpretation facilitates interoperability
among sub-systems and fosters informed decision making and efficient policies in
cities in many smart city sectors/components (Allam and Dhunny 2019; Batty 2013).
Supporting that, Nuaimi et al. (2015) and Hashem et al. (2016) assert that big data
analytics, albeit requiring proper ICT infrastructure and smart networks, can play a
role in improving urban sectors ranging from health care to education, transporta-
tion, agriculture, waste, water, energy and governance. These technological tools not
only create synergy through integration and communication among the smart city
sectors and other stakeholders, but also reflect better liveability through enhanced
user experiences, civic engagement and job opportunities (Allam and Dhunny 2019).

For instance, one of the big data applications on smart cities, the paradigmatic
smart grid has enabled better management of energy systems. With the help of smart
meters and sensors, production and consumption energy data are used for predicting
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disruptions, increasing reliability, quality and profits from energy systems as well as
making users more aware, thereby reducing environmental impact (Al Nuaimi et al.
2015; Talari et al. 2017). Similarly, the healthcare sector utilizes effective diagnosis
and treatment tools for better services, and transportation systems have becomemore
environmentally friendly and optimized with real-time traffic monitoring and route
information (via GPS) that can further play a crucial role in disaster and evacuation
circumstances (Batty et al. 2012; Talari et al. 2017; Aqib et al. 2020). Furthermore,
Angelidou et al. (2017) in their research also bring up the resource consumption
aspect, arguing that the usage of the above-mentioned technologies has the poten-
tial to drive a lesser material-intensive economy, thus, encouraging eco-economic
decoupling.

A crucial advancement can particularly be seen in the smart urban governance
component of smart cities. With respect to the technological advancements, big
data and IoT are revolutionizing how governments manage cities. More and more
open data portals by city governments are emerging to encourage transparency and
accountability (Batty et al. 2012). Moreover, additional innovative approaches such
as the use of blockchain technology for transactions have proved to be useful in the
prevention of bureaucratic lags, disorganization and uncertainties, along with stimu-
lating collaboration between machines, government and people (Allam and Dhunny
2019). Indeed, the citizen-driven collaborative element of smart cities is enhanced
with public–private partnerships, maintaining a balance between top-down poli-
cies and bottom-up grassroots initiatives (Baccarne et al. 2014). A relevant concept
increasingly being used is that of urban living labs. As explained in the previous
section, this concept drives innovation by keeping end-users, private industry,
academia and other stakeholders involved in real-life testing of new ideas and tech-
nologies, thus fostering experiment-based approaches to urban issues (Cosgrave et al.
2013; Baccarne et al. 2014). As they are mostly supervised by governments, living
labs have an imminent focus on social value creation, an inherent fundamental of
smart cities.

In general, the number of real-time smart city projects is increasing at a drastic
speed, with cities and countries drafting elaborate smart strategies that also enable
the achievement of the United Nations Sustainable Development Goals (SDGs).
The European Union (EU) has been endorsing the smart city concept to generate
social and economic value, competitiveness along with a sustainable living for many
years. In the realm of urban development, their main focus lies on environmental
sustainability and the use of greener technologies to tackle greenhouse gas (GHG)
emissions, for which they have set ambitious targets and policies (Ahvenniemi et al.
2017). Correspondingly, smart city projects that get heavy public-sector funding in
the EU are designated with the term ‘lighthouse city’. Lange and Knieling (2020)
claim that there have been as many as 42 lighthouse cities under 15 EU projects
since 2014, tackling energy, mobility and other ICT issues. They also argue that the
competition for funding has even institutionalized the smart city vision in the EU.
As a result, cities like Amsterdam, Copenhagen, Barcelona, etc., are running at the
forefront in smart city initiatives currently. Apart from that, the Government of India
also launched the Smart Cities Mission in 2015, aiming to develop 100 world class
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smart cities in India. This mission largely focused on economic development and
quality life in existing cities and highlighted the collaborative approach between the
government and private actors (Praharaj et al. 2018). In contrast, The United States
underpin smart cities with relatively low funding but looks at the concept from an
entrepreneurial perspectivewith a range of start-ups coming up already (Claudel et al.
2015). As a matter of fact, it can be said that smart cities are looked at differently
even spatially and not just temporally.

The growth of smart cities has also prompted an increase in the assessment tools
to monitor and evaluate smart cities and address any shortcomings (Sharifi 2020).
Ahvenniemi et al. (2017) point out in their research the similarities between smart
city and sustainable city assessment frameworks, thus directly highlighting their link.
These tools majorly encompass the above-discussed components of a smart city, and
numerous types of indicators are used to measure them with their emphasis ranging
from impacts to outputs and processes (Sharifi 2019). While these assessment tools
facilitate governance and policy processes, many tools are also used for comparison
among different cities in terms of their smartness (Albino et al. 2015). CITY keys
indicators for smart city projects and smart cities by Bosch et al. (2017) is such an
example. This tool is used to evaluate smart city project impacts based on five key
themes, “people, planet, prosperity, governance and propagation” in order to tackle
societal challenges (Bosch et al. 2017, p. 9). Other assessment methods outlined by
Caird (2018) also include the Smart City Maturity Model, European Smart Cities
Ranking Model, IBM’s Smarter City Assessment Tool, Smart City Index Master
Indicators (SCIMI) framework, etc.

2.3.4 Challenges Ahead of Smart Cities

Smart city development and implementation comewith radical, disruptive changes in
the perception ofmanaging cities. Althoughmainstreaming of emergent technologies
in cities is still at a nascent stage, Batty (2013, p. 277) opine that the rise of big data
in smart cities is pushing the world into “short-termism”, causing a shift from long-
term planning (20 or 50 years) to short-term thinking (5 years) about management of
cities. At the same time, their implementation also comeswithmany technical, socio-
economic and environmental challenges (Ahad et al. 2020). First and foremost is the
issue of security and privacy. With an enormous reliance on data in smart cities, data
confidentiality, privacy of citizen data and resistance against cyber-attacks should
be a top priority for cities and their governments in order to maintain trust among
citizens for successful implementation of advanced technologies (Talari et al. 2017;
Ahad et al. 2020). Access and acceptance of these technologies also pose as a big
challenge, often causing a digital divide between tech savvy groups and citizens
with no access to them or no knowledge of how to use them (Ahad et al. 2020).
Additionally, upgradation of existing infrastructure fit for smart technologies also
incurs high implementation costs (Al Nuaimi et al. 2015; Hashem et al. 2016; Ahad
et al. 2020). As a result of this, there is also the possibility of just developed countries
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going aheadwith the initiativeswhile the lower income countries back out.Moreover,
since data in smart cities is gathered from several sources, data mining, integration,
sharing and visualization become much more complex, thus requiring advanced
software systems to manage (Al Nuaimi et al. 2015; Hashem et al. 2016). Under
the environment realm, e-waste, that is the disposal of devices in an environment
friendly way, is one of the most crucial challenges to be faced with (Ahad et al.
2020). Cities are drafting various kinds of policies on e-waste disposal to ensure no
harm is being caused to the planet. All in all, while there are manymore challenges to
smart city implementation, cities are increasingly willing to invest into the complex
technologies and innovation for an inclusive, efficient, safe and liveable environment.

Smart cities have the potential to balance the social, economic, institutional and
environmental aspects of urbanity. Hence, the importance of a multidisciplinary as
well as an interdisciplinary approach (among andwithin systems) toward smart cities
for urban development is reiterated multiple times, both in literature and in practice.
In any case, what was once regarded as a distant utopia is now becoming a reality,
radically changing the existing notions of urban development. Data platforms are
continuously evolving, uncertainties are being eliminated and new tools are opening
up a plethora of opportunities for various stakeholders while providing a promising
and sustainable future of smart cities.

2.4 The Need for Developing Smart and Resilient Cities

As mentioned earlier, due to increasing urban development and disaster issues, both
smart and resilient cities have been studied and practiced over the years across
different geographies of the world. As shown, the studies revolving around the
concept of resilience and smart city have given newperspectives and requirements for
integration in the framework of the built environments. It is realized and established
bymany studies that both concepts are originated and planned on the similar basis and
have similar goals and pathways toward development and resolve similar predica-
ments (de Jong et al. 2015). Despite this, they have rarely been studied together in
an integrated manner.

Preferably, the concepts of smart city and resilient city should be interweaved
and/or converged for enhanced understanding and implementation of the projects,
while the existing definitions and literature on both of the concepts have proved
inversely (van den Buuse and Kolk 2019). Despite many efforts in the past, this
complexity is majorly attributed to the fact that both concepts are not defined in a
clear way. The real meaning of the terms resilience and smart city is still unclear and
ambiguous as the popular notion and trend in climate change and urban development
field convey various different interpretations (Bellini et al. 2017). Consequently, in
most of the cities or countries, the projects related to smart and resilient city concepts
are being implemented in isolation, even though there are many overlaps in their
meaning and relationships.
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On the other side, the necessity of integrating the smart city and resilience concept
at planning and operational levels has lately started to appear with focus on transi-
tion of mismanaged, conventional and vulnerable built environments to the ones with
inclusion of resilient, smart and sustainable concepts (Jovanović et al. 2019). Inter-
estingly, some of the research projects are exploring the significance of integrating
smart city and resilience frameworks in the existing urban system and planning.
Some such examples include Bahnstadt, the city quarter of Heidelberg in Germany
where practitioners tried to model the vulnerabilities and resilience of the built envi-
ronment in a smart city context and Florence city from Italy where smart technology
was employed to monitor urban resilience levels. At the country and city levels, 187
Chinese smart cities were evaluated on the resilience concept and only four cities,
namely Beijing, Shanghai, Shenzhen and Guangzhou, emerged as most successful
on the concept of smart and resilient urban development (Zhu et al. 2019). These
demonstrated examples are positive steps toward convergence of both the concepts.
However, the status quo demonstrates the existence of an imprecise cognitive context
that obstructs the integration of both concepts despite proven potential and func-
tioning need for such development. Hence, this section of the chapter will focus on
the possible limitations of isolated implementation of both concepts and benefits of
integrated approach while outlining the possible opportunities and challenges.

2.4.1 Limitations of Isolated Approaches

Cities are complex systems with many risks and opportunities entangled within their
structures. The scale and complexity of these risks make cities more vulnerable and
amplify the challenges to achieve sustainable growth. To completely explore the
opportunities of integration between smart and resilience in cities, we need to under-
stand the limitations in isolated implementation of both concepts. To understand the
possible limitations of isolated implementation of resilient and smart cities, there is
need to consider all four dimensions of development, i.e., social, physical, economic
and environmental (Moraci et al. 2018).

In physical context, smart city projects are mostly based on the smart solutions
by utilizing the Internet of Things (IoT), with the aim to ease the quality of life
for citizens. However, without the existence of resilient infrastructure in IoT, the
data stream disruptions would not be possible, thus, resulting in negative effects
and failure of smart city project implementation. On the other hand, the technolog-
ical solutions provide opportunities to develop resilient cities by adopting modern
ICTs and IoT, such as optimized resource allocation in the energy sector, transport
sector, waste, lifestyle and management, and so on. These solutions suggested under
smart cities provide better resilience to the city’s infrastructure and improve social,
economic and environmental development, which directly or indirectly bring better
quality of life for its citizens. The isolated implementation of projects has negative
economic impacts, as it involvesmore costswhereas by integrating both the concepts,
an economic co-benefit approach is possible and can result in more profitable and
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sustainable solutions. Along with this, the operational and maintenance costs also
increase without the availability of resilient infrastructure (Shah et al. 2019).

The social and environmental context of urban development also gets impacted
by the isolated implementation of smart and resilient projects in a city. It is evident
from various natural disasters or any natural hazard that the socially and economi-
cally weaker section of the society gets mostly affected by the impacts. While smart
city projects can bring ease and equitable quality of life for citizens, the inclusion
of resilience can improve its infrastructure to minimize the impact of natural disas-
ters. The smart city and resilient city projects in isolation do not provide inclusive
approaches in any of the sectors or areas considered in urban systems. This can
bring more losses than the expected outcomes of the implemented projects as both
smart city and resilient cities are based on many similar characteristics, including
efficiency, flexibility, adaptability, diversity, innovation and so on. Hence, the next
section will emphasize on possible integration of both the concepts (Zhu et al. 2020).

2.4.2 Convergence of Smart and Resilient Cities

Based on different research findings, there are various conceptual and operational
aspects to support the convergence of urban resilience and smart solutions in an inte-
grated and single development framework. Understanding the complexities in the
continuous evolving field of urban development, it is needed to include the propor-
tions of protection and adaptation in the resilience context (de Jong et al. 2015).
Urban resilience has become prerequisite in designing and operations of any city
model, including smart city, which are further defined with specific capacities, like
preparedness, learning, adaptation and response system (Gazzola et al. 2019). The
compatibility and convergence of resilience principles and smart concepts need an
inclusive and integrated approach with focus on these fundamental capacities at the
core of urban development framework.

In a practical approach, systematic thinking acts as a common operational urban
development framework for resilience and smart city concepts.Conceptual constructs
like complex adaptive systems can be employed to promote urban resilience, as it
has been used to define smart city development (Colding and Barthel 2017). More-
over, it is easier to identify the rational connection between the two approaches and
concepts from the sustainability perspective, and more precisely, from the perspec-
tive of vulnerability reduction and efficiency improvement of the overall quality of
life in urban systems. Many researchers in the field of smart city that have acknowl-
edged the concept of resilience claim the enhancement of urban system capacities
toward resilient performance by the adoption of technology (ITU-T 2014).

Another convergence point between smart and resilience cities depends on the
management and awareness creation. The structures in smart urban systems are
built on networks of knowledge (ITU-T 2014) and information but the multilayered
innovations have proved to be catalyst in this system (Gazzola et al. 2019). However,
the capability of knowledge creation to solve complications in adaptation process
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redirects the major objectives of resilience approach. Furthermore, in a given socio-
technical urban system, innovation is considered corresponding to adaptation in
complex challenges. Hence, resilience thinking reverberates with the concept of
smartness. In the given context of convergence, the augmentation of the concept
of smartness results in the improvement of the whole system’s resilience (Marsal-
Llacuna and Segal 2016).

The resolutions stated by the smart city transformation include some operational
methods and tools to attain the essential urban resilience qualities. Smart city concept
focuses on the betterment of operations, planning and services in the urban system
which fundamentally targets the conversion of processes rather than the certain infras-
tructural resources (Estevez et al. 2016). In case of resilience, it encompasses further
development of various fundamental capacities which can develop as outcome of
multiple complexes and codependent processes of urban development system and
framework (Estevez et al. 2016). Considering these two points, the concept of smart
city has potential to become an effective resource for building essential capacities
in the context of urban resilience. With this framework of understanding, it can be
implied that resilience is an inherent concept in the context of smart city and vice
versa.

The smart technological solutions offered in the development frameworks and
operational processes promote better convergence and urban development. Apart
from technology, both smart cities and resilient cities can complement each other in
developing sustainable designing and management of built environment and gover-
nance systems. The information developed and collected while constructing smart
cities can further be used to support and enhance urban resilience systems such
as development of disaster warning systems. It is believed that rational strategies
for designing, planning and governance of resilient and smart cities can be further
supported by integrating multidisciplinary sciences, such as engineering, social
sciences and others.

2.5 Conclusion

We are living in an era of increasing risks and uncertainties induced by climate
change, increased population growth and precarious geopolitical conditions. Annu-
ally, these result in major adverse events and cause significant human and economic
losses. Being home to the majority of world population, cities are particularly hit
hard by adverse events as was demonstrated during the recent pandemic (Sharifi
and Khavarian-Garmsir 2020). Given the projected impacts of climate change, in
the absence of appropriate strategies to deal with hazards, risks and uncertainties,
the amount of human and property losses in cities could significantly increase in
the coming decades. Understanding this, over the past two decades or so, enhancing
urban resilience has become a priority in many cities around the world. There is
now a wealth of knowledge on urban resilience principles and characteristics and
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many initiatives have also been developed for implementation of urban resilience
principles and concepts.

One potentially effective way of enhancing resilience is through adoption of smart
city solutions and technologies enabled by advances in information and communi-
cation technologies. Despite this, there is still a lack of integrated approaches that
simultaneously consider both smartness and resilience. Some works on the integra-
tion of these two have been published following the pandemic (Sharifi et al. 2021).
However, more research is still needed. Elaborating on the underlying principles of
smartness and resilience, in this chapter we discussed that both concepts emphasize
common characteristics such as efficiency, flexibility and adaptability. Integrating
these two concepts could provide opportunities for achieving synergistic benefits
and helps saving resources. In the absence of resilience, smart city initiatives may
not be capable to function properly during extreme events such as major floods or
storms that could disrupt operations of vulnerable infrastructure. On the other hand,
failure to adopt and integrate smart technologies may result in costly, uncoordinated
and inefficient urban resilience building plans and programs that are likely to fail
to achieve their full potentials. It is, therefore, essential to take more efforts toward
integrating the two concepts for creating smart resilient cities.
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Chapter 3
Smart Cities: Concepts and Underlying
Principles

Rhea Srivastava and Ayyoob Sharifi

Abstract The concept of smart cities has been gaining importance in the academic
and policy fields as a means to provide innovative solutions to tackle the rapid urban-
ization, globalization and climate change challenges faced by cities. However, the
concept is still contested and is continually evolving with numerous debates on what
it entails altogether. Therefore, this chapter aims at providing a comprehensive under-
standing of the smart city concept by elaborating on its roots and discussing themajor
themes, dichotomies and gaps in its definitions across contemporary literature. It also
identifies and studies the main dimensions of smart cities that may be pertinent in the
identification and evaluation of smart cities. The in-depth literature review intends
on acting as a reference point for scholars to get a clearer picture of the smart city
research landscape and enable policy makers to develop, implement and monitor
smart city solutions for a sustainable future.

Keywords Smart cities · Sustainable urban development · Smart city dimensions ·
IoT applications · Urban planning

3.1 Introduction

Cities play a dominant and synergistic role in the social, economic and environmental
aspects of development worldwide. However, cities are currently facing unprece-
dented colossal challenges as more than 50% of the world’s population now lives
in urban areas, with the United Nations estimating an increase of up to 68% in that
by 2050 (United Nations 2018; Albino et al. 2015). This rapid urbanization brings
along a complex set of risks, concerns and issues with regard to catering to the
growing needs and demands of citizens and climate change adversities, while also
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maintaining a sustainable approach towards urban development (Nam and Pardo
2011; Sharifi 2019). In order for cities to thrive on urbanization and its associated
challenges, smarter, creative andmore innovative ways of urban planning, design and
management are pre-requisites. Accordingly, the Information and Communication
Technology (ICT) uprising has become the most sought after, ‘smart’ solution of
today. Digitization of urban systems through networked ICTs since the past decade
has caused a fundamental shift in cities, with the internet playing a major role in
citizens’ daily lives as well as in governance. In conformity with this, the concept of
smart cities has emerged as a model for efficient and sustainable urban development
(Chourabi et al. 2012; Angelidou 2015; Yigitcanlar 2015; Ahvenniemi et al. 2017;
Allam and Newman 2018).

Smart cities utilize a number of smart technologies, such as big data, Internet of
Things (IoT), cloud computing and Artificial Intelligence (AI), to manage infrastruc-
ture and urban services, improve the quality of life and enhance governance mecha-
nisms (Kitchin et al. 2019). Since the conception of the smart city paradigm, smart
cities have been evolving in every aspect, from small-scale projects to larger city
strategies, incorporating an increasing number of characteristics in order to facilitate
innovation, achieve a high quality of life andminimize environmental impacts (Yigit-
canlar 2015).Using advanced technological interventions, smart cities also contribute
to address climate change by aiming for greenhouse gas emission reduction in urban
areas, attaining energy efficiency, optimizing resource use and facilitating better
and more effective adaptation strategies (Ahvenniemi et al. 2017). Moreover, while
the smart city model provides a competitive edge in the global economy to draw
more people and businesses, it is also viewed as a key strategy in eliminating socio-
economic issues such as that of poverty, unemployment and inequality (Manville
et al. 2014; Sharifi 2019).

Overall, with smart cities representing such a multi-disciplinary and evolutionary
nature, the main objective of this research is to dig deeper into the concept to gain a
greater understanding ofwhat it entails for the future of cities and urban development.
To do so, the specific sub-objectives of the study are: (a) to provide an overview
of the history of smart city movements; (b) to provide an in-depth investigation
of the concepts and definitions related to smart cities; and (c) to elaborate on the
dimensions and principles of smart cities. Being explanatory in nature, the insights
derived from the theoretical review of literature will build up on the previous and
existing discourse on the smart city notion and will aid scholars studying the smart
city field in obtaining a clearer picture of the fragmented research on it. Additionally,
by laying out the possible application domains where smart solutions can be used, the
study also intends on guiding professionals and policy makers towards developing,
implementing, evaluating and monitoring a sustainable, smart city in a holistic way.

In particular, the paper is structured as follows. Section 3.2 gives a brief overview
of the emergence of the smart city concept along with exploring the conceptual
movements related to it, such as information cities, digital cities and intelligent
cities. Section 3.3 outlines the various concepts and definitions of smart cities found in
literature and highlights the numerous perspectives through which they were studied.
Section 3.4 explores the key dimensions of smart cities while analysing the categories
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and indicators related to each dimension. Finally, the last section offers a discussion
of the main findings and draws concluding remarks.

3.2 Background and Historical Overview

The roots of smart cities can be traced back to the post-industrial, neo-liberal era
(mid-twentieth century), when new technologies started influencing urban scholars
to study their impact on cities and to visualize what cities of the future would look
like (Angelidou 2015). Along with the technological boom that enabled the popu-
larization of ICTs in everyday life, Angelidou (2015) asserts that knowledge and
innovation economy around which this technological advancement was centred is
another significant driver that shaped the smart city concept. Over two decades,
the smart city concept built up on its foundational shaping forces and utopias, as it
evolvedwith not just technological developments, but also social and economic, such
as a demand for change due to urbanization, an increasing market for smart products
and the need to address sustainability (Angelidou 2017). This evolution of the ICT
approach in cities has been documented in the form of city models/movements, many
of them overlappingwith each other in terms of their origin timeline and descriptions.
According to Batty et al. (2012), the origin of this ICT approach can be traced back
to JamesMartin’s concept of the wired society in 1977 that gave rise to wired cities, a
city in which telecommunication technologies provide information services to busi-
nesses and households (Strauss et al. 1996). But Hollands (2008) and Batty et al.
(2012) also acknowledge that this model was not necessarily smart and needed an
additional IT spiral to make cities truly smart with efficient service delivery and
computing. Other related conceptions such as the ‘information cities’ and ‘digital
cities’ also started to develop during that time, possibly arising from wired cities
themselves. As a result of this, the narrow one-dimensional perspective of looking
at cities started to incrementally evolve to a multi-dimensional smart approach that
is the present-day smart cities. The sequential set of major movements preceding the
smart city model is discussed in the remainder of this section.

3.2.1 Information Cities

The rise of the information city with the widespread penetration of information tech-
nologies triggered a paradigm shift in urban planning (Knox 2010). The second half
of the twentieth century (late 1970s and 1980s) focused a great deal on the emergence
of the knowledge society, with cities acting as drivers of change (Webster 2001; Stock
2011). The advent of globalization additionally caused quite the ‘information revo-
lution’, also resulting in a societal transformation (Castells, 1985 in Hepworth 1987;
Gillespie and Richardson 2000). According to Castells (1989), innovation in science
and technology, capitalism and informational processes reshaping the production,
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consumption and state control inUS cities. This not onlymade interactions/ decision-
making more globalized, but also changed the focus to profitability and industrial
organization (Knox 2010). He also emphasized on the importance of information
technologies in minimizing the gap between society and economy (Castells 1989 in
Knox 2010). All in all, as explained byNam and Pardo (2011, p. 285), an information
city acted as an “urban centre for commerce, social and civic services, and social
interactions among people, businesses and government institutions”.

Information cities, according to Hepworth (1987), are a combination of two
dimensions: the economic and technological dimensions. Building up on Porat’s
(1977) concept of the information economy, Hepworth considered an information
city as a metropolitan economy, one that is heavily specialized in the production,
processing and distribution of information. Consequently, the technological dimen-
sion dealt with the technical infrastructure from the introduction of new technologies
(computers and telecommunications), thereby covering local aswell as sub-networks.
These not only acted as transport networks but also facilitated electronic production
and management systems for the public and private sector (Hepworth 1987, p. 259).
In addition to this point of view, Castells (1989) incorporated two spaces in the
construct of information cities: the space of places (geographical spaces) and the
space of flows (information, power, capital), where technology acted as an essential
instrument in knowledge processing, generation and management. Much emphasis
is given to the space of flows as fundamental for the characterization of a city.

While the information city during that time increasingly elevated the economy,
several downsides were considered as well. For example, Castells (1989, p. 225)
asserted that the emergence of the information age ended up differentiating between
information-based formal economy and the labour-based informal economy, which
also resulted in displacing workers, thus affecting their economic state and widening
inequality.Moreover, the space of flows dominated the space of places due to interna-
tionalization enabled by the information economy. This, as stated by Castells, posed
as an issue for cities from a socio-political stand, as there was a greater risk of vulner-
ability in the international arena. However, Castells’ perspective did not comprehend
the massive development surrounding these themes in the current world scenario.
While he may have laid the foundation, ample research studying and solving the
complexities of the information age followed and are subsequently covered in the
next sections.

3.2.2 Digital Cities

Shifting from the one-dimensional technology perspective in cities, the concept of
digital cities was conceived in the year 1985 but got popularized in the early 1990s,
and was based on the use of localized information and communication networks
providing daily (web-based) services to citizens for a better quality of life (Yasuoka
et al. 2010; Dameri and Cocchia 2013). Yasuoka et al. (2010, p. 940) establish
that this concept was originally initiated by three different actors: the not-for-profit
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electronic community forums, government (as an initiative for information sharing
and service delivery) and private companies (for commercial services). To get an
aerial perspective, Yovanof and Hazapis’s (2009, p. 446) definition of a digital city—
commonly used in literature—explains it as “a connected community that combines
broadband communications infrastructure; a flexible, service-oriented computing
infrastructure based on open industry standards, and innovative services to meet the
needs of governments and their employees, citizens and businesses”. Therefore, a
digital cityworked on facilitating an environmentwhere people could have a seamless
experience with interactions, connections and knowledge sharing (Ishida 2002).

Despite a common terminology used to describe digital cities, they have different
interpretations, goals and architecture, depending upon their social (and spatial)
context. Yasuoka et al. (2010) classify the digital cities according to their “socio-
technical” and “virtual-physical dimensions”. To simplify, the “socio-technical”
dimension consists of one trend that goes in the high-tech direction, where state-
of-the-art technologies are applied to regional information spaces, and another one
that deals with more social aspects, such as citizen participation and better social
life using local information. For the “virtual-physical” dimension, they established
that while some digital cities feel like a virtual world where functions are carried
out to support community of interests, other digital cities have closer ties to real
cities where functions are performed to obtain regional information and activities
(Yasuoka et al. 2010, p. 940). A noteworthy observation by them is that these two
dimensions are more or less interwoven and inseparable, especially as digital cities
expanded with wireless networks. Modern digital cities cannot be categorized just as
technology test beds of community spaces, but a more integrated approach is applied
when looking at them. This also resonates with Besselar et al.’s (2000, p. 19) findings
on the many interpretations of digital cities. According to them, some digital cities
can be interpreted as a “local social information infrastructure”, where information
about the ‘real city’ is disseminated to locals and visitors, thus combining the dimen-
sions of Yasuoka et al.’s (2010) classification. Other interpretations by them included
identifying the digital city as a “communication medium”, a tool to enhance “local
democracy”, a resource for organization of daily life, and a free space to “experience
and experiment with cyberspace” as well as coordinate social life.

When compared to information cities, Anthopoulos and Tsoukalas (2006) devel-
oped a multi-level common architecture for digital cities, which acts as an extension
of the previous information city approach. This multi-level architecture consists of
four main layers. The ‘infrastructure layer’, contains facilities such as information
systems, broadband networks, network equipment, software systems and other hard
or soft infrastructure needed for the deployment of e-services. The ‘service layer’,
being important for the diffusion of digital activities in the community, includes the
e-services that the city offers. The ‘information layer’ contains all the information
required, produced and stored in the infrastructure layer (public/private documents,
geospatial data, etc.). Finally, the ‘user layer’ deals with all end users/ stakeholders
using e-services. Since this layer combines the whole architecture, it is present
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at the top as well as bottom, as it concerns both the stakeholders that provide e-
services (e-government, e-commerce, etc.), and the end users (citizens, students,
local enterprises) who are served by the services.

The emergence of digital cities marked an elemental shift in the channel of inter-
action and service delivery between the government and citizens, hence, also causing
a major change in the regulatory environment with more efficient government oper-
ations (Yovanof and Hazapis 2009). Digital cities research also branched out further
into other concepts such as virtual cities (digital representation of the city) and ubiq-
uitous cities (ubiquitous accessibility and infrastructure). However, as Aurigi (2000)
concluded, most initiatives in a digital city have been designed from a top-down
approach, where the government often perceives citizens as ‘clients’. He further
argues that as citizens just end up following instructions, they should be involved
right from the conception stage of the services that are intended for them. Further-
more, Aurigi also points out a lack of pluralism in the digital city visions, stating that
many of the cities are predominantly being looked at from the government and the
scientists’ perspective while missing out on other stakeholders, such as urban plan-
ners and architects. Lastly, he discusses the issue of social polarization in the use
of advanced technologies, a challenge also found in the information city literature.
Going back to the virtual-physical dimension of digital cities, Aurigi (2000) explains
that there is inadequate integration between the virtual and real city. Therefore, he
suggests that considerable attention must also be given to capacity building in the
form of policies and computer literacy campaigns in order to bridge the gap.

3.2.3 Intelligent Cities

A new generation of cities called intelligent cities started emerging around the same
time as digital cities, with its oldest reference going back to Batty’s (1990) paper
on using intelligent cities for a competitive advantage (Komninos 2009). The late
1990s and early 2000s sawmore studies on intelligent cities, simultaneously bringing
along with them newways of dealing with development, innovation and smart infras-
tructure (Komninos 2015). Intelligent cities emerge at the crossing of digital cities
and knowledge society (Nam and Pardo 2011; Albino et al. 2015). According to
Komninos (2008), intelligent cities have two core components: the first one deals
with the innovation systems driving the development of innovations inside the organi-
zationswithin the system; and the second component is that of the digital applications
and tools that aid in knowledge creation, communication, data storage and transfer,
etc. To sum up, Komninos (2006, p. 1) describes intelligent cities as spaces “with
a high capacity for learning and innovation, which is built in the creativity of their
population, their institutions of knowledge creation, and their digital infrastructure
for communication and knowledge management”. This also shows where intelli-
gent cities differ from digital cities, even though the terms are used interchangeably
throughout literature.While digital cities involve functions of the city (work, housing,
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environment, etc.), intelligent cities facilitate collaborative innovation, social coop-
eration and learning through digital spaces and ICT. Therefore, every intelligent city
has digital components but every digital city is not necessarily an intelligent city
(Komninos 2006 2008; Nam and Pardo 2011).

Komninos (2008) further goes on to analyse the three levels in the configura-
tion of intelligent cities. The physical level consists of people (especially knowl-
edge workers) and knowledge intensive activities of the city, where innovation is
centred around human skills, creativity and their cooperation with each other. The
second level entails the institutional mechanisms and organizations that facilitate
innovation. Intelligence at this level is social and collective, as compared to the
physical level where it is human. This level, built on social and intellectual capital
and collective intelligence, provides infrastructure for collective action. Finally, the
third level encapsulates the digital aspects through artificial intelligence by making
use of web-based applications, interactive technologies and other infrastructure for
digital communication, collaborative product development, process innovation and
knowledge management.

However, while intelligent cities are definitely a few steps ahead of digital cities
with their incorporation of multi-level intelligence and innovation, Ojo et al. (2015)
claim that their scope is still narrow and standalone (as compared to smart cities), and
the governance mechanisms to integrate the components are still missing. Hollands
(2008) also supports this finding by discussing the fragmented nature of intelligent
cities, in which some aspects are technology driven and others deal with human
networks and human capital approaches, neglecting a wider and a more sustainable
approach towards city development. Nonetheless, the notion of intelligent cities was
quite a breakthrough for the twenty-first century and is most analogous to the concept
of smart cities that followed.

3.2.4 Smart Cities

Smart cities are a further proliferation of the concepts of information, digital and
intelligent cities, with researchers also calling intelligent cities as the first gener-
ation smart cities (Yigitcanlar et al. 2018). The concept started getting traction in
mid-2000s, when state-of-the-art developments in IT such as ubiquitous computing,
satellite TVs, electronic commerce and cloud-based solutions alongwith their falling
prices gave rise to new possibilities in providing the infrastructure for improving
urban services and living (Carvalho 2015; Angelidou 2015). In the beginning, the
smart city literature remained largely technocentric and top-down in nature. The
elements of citizen engagement and human capital (creativity, learning, knowledge)
gained momentum gradually. Admittedly, Hollands (2008) considered the intelli-
gence embedded by infrastructures as the main incentive for the development of
smart cities, but also their interaction with the city stakeholders (citizens, businesses,
government) to foster innovation for social, economic, environmental and cultural
growth.
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Smart city literature discussesmany principles underlying the concept that mainly
revolve around sustainability, quality of life, smartness and urbanization (Silva et al.
2018). Physical infrastructure, social infrastructure, institutional infrastructure and
economic infrastructure are the four widely accepted pillars on which a smart city
stands (Mohanty, 2016 in Silva et al. 2018, p. 699). While the physical infrastructure
theme incorporates the natural resources and service infrastructure, the social infras-
tructure theme deals with the human and social capital such as citizen awareness,
the institutional infrastructure entails the governance aspect of smart cities, and the
economic infrastructure ensures a smart and stable economy (Silva et al. 2018). The
dimensions of smart cities encapsulating all the application domains associated with
the concept, namely smart economy, smart people, smart living, smart governance,
smart mobility, smart environment and smart data, which are studied in the later
sections of this study, are also built upon these four pillars.

Smart city initiatives are becoming more and more crucial in ensuring sustainable
urban development and transforming cities for a sustainable future through various
innovative technologies and collaborative business models. Research arcs discussing
the same under the term ‘sustainable smart cities’ have also been formulated in
the recent history of smart city literature (Kramers et al. 2014). However, proper
management of these cities is also growing in importance simultaneously. Challenges
that smart cities are currently dealing with, such as the growing complexity of data
collection and integration, privacy and ownership of data, cybersecurity as well as
knowledge/skill and infrastructure upgradation (Al Nuaimi et al. 2015; Ahad et al.
2020), require solutions to tackle them at hand while bridging the social and cultural
gap in the society at the same time.

To summarize, Fig. 3.1 shows a broad timeline of the emergence of the concepts
discussed above, ultimately leading to the smart city concept.

3.3 Smart Cities Concepts and Definitions

The term ‘smart city’ has been defined countless number of times in literature and
policy discussions, not just limited to being a concept for managing cities but a
movement for growth and development in cities. Despite the increasing number of
publications and heavy popularity of the term, there is no single, universally accepted
definition for it, which can be attributed to the varying perceptions and viewpoints
with which the smart city concept is looked at. Nonetheless, the broad nature of smart
city research is dichotomous, incorporating both a technological and holistic view
of looking at city development.

Initial conceptions that were also built upon earlier city models (wired city,
information city, etc.) had a one-dimensional technology-driven focus. The authors,
mostly in the industrial literature, viewed and associated smart cities with the use
of advanced technologies like ICT for more efficient urban systems, ranging from
energy systems (e.g., smart grid) to water, waste to transportation systems (Harrison
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Fig. 3.1 Temporal evolution of smart city movements (Source Authors [2021])

et al. 2010; Lombardi et al. 2012). Often seen as a business opportunity, Harrison
et al. (2010, p. 1–2) in an IBM document consider cities as systems of systems and
argue that the term ‘smart city’ denotes “an instrumented, interconnected and intel-
ligent city”, where “instrumented” referred to digitization for information creation
andmeasurement, “interconnected” implied information communication, and “intel-
ligent” meant incorporation of data analytics and modelling for informed decision-
making (Mosannenzadeh and Vettorato 2014). Taking a more utopic stance, Canton
(2011) further perceives smart cities to be the hub of advanced technologies, such as
artificial intelligence inducing super intelligence in humans andmachines, that would
ultimately address complex city challenges in the domains of energy, health, safety
and commerce. A slightly deeper comprehension of smart cities encompassed the
use of advanced technologies but for a better quality of life and economic prosperity.
For example, Marsal-Llacuna et al. (2015) in their paper conclude that smart cities
not only just improve urban performance using technologies, but also aid in effi-
cient service provision to citizens, increase economic collaborations, and encourage
business models among public and private stakeholders (see also Silva et al. 2018).

Correspondingly, this utopian, business-driven outlook towards smart cities was
questioned by many, with Giffinger et al. (2007) and Hollands (2008) laying the
foundation and opening up the concept to a progressive and wholesome vision, in
which technological intervention works in tandem with social, human, cultural and
governance considerations (Caragliu et al. 2011; Nam and Pardo 2011; Angelidou
2014; Mora et al. 2019; Praharaj and Han 2019). Denoted as the ‘soft domain’ by
Neirotti et al. (2014), a broad spectrum of research and definitions about smart cities
stemmed from this school of thought in varying capacities. Some authors relate smart
cities with smart people strongly. Winters (2011) substantiates that an ideal smart
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city provides several opportunities for higher education that, in turn, increase growth
with skilled workforce. Keeping people at the centre of smart city operations, these
conceptualizations focus on drivers such as higher education, culture and creativity
for people to generate as well as gain from social capital and urban development
(Rios 2008; Lombardi et al. 2012; Winters 2011; Yigitcanlar et al. 2018). In fact,
this knowledge-based urban development has also given rise to alternative terms
such as ‘knowledge city’ among scholars to explore more about it. In other works,
collaborative governance is also given consideration along with smart people. As an
example, Nam and Pardo (2011, p. 286) look at smart cities as an organic connection
between technology, people and institutions, where investments in the technolog-
ical and social capital “enhance quality of life through participatory governance”,
thus also encouraging efficient policies for urban innovation. In addition to the soft
domains, significant amount of literature also focuses on the urban environmental
sustainability viewpoint towards smart cities, with researchers studying about ways
to inculcate sustainability into smart city approaches (Batty et al. 2012; Neirotti et al.
2014; Ahvenniemi et al. 2017). Kramers et al. (2014) use sustainable smart cities
as a way to outline initiatives where smart solutions improve sustainability. Further
elaborating on the importance of an interdisciplinary sustainable smart city approach
in urban development in their paper, Bibri and Krogstie (2017, p. 194) state that “it
is high time to link technological progress with the agenda of sustainable devel-
opment and thus to justify future ICT investments by environmental concerns and
socio–economic needs in the context of smart cities”. Particularly, the environmental
concerns involve elements such as energy efficiency, carbon neutrality, pollution
reduction, zero-waste and sustainable transport (p. 193).

These differences in smart city perceptions are also evident spatially. Mora et al.
(2018), after performing a bibliometric analysis on the smart city literature, found
that Europe is the largest contributor to the research, followed by North America.
However, while Europe’s authors are predominantly from academic institutions, they
support the holistic view of smart city literature discussed above. Contrastingly,
North American authors follow the technocentric and innovative interpretation of
the concept, with authors coming from both universities and businesses. Israilidis
et al. (2021) also found that only 7% of the empirical studies on smart cities have
incorporated a multi-country perspective, compared to the initiatives covered from
just one country. Rightly so, Hollands (2008), Mosannenzadeh and Vettorato (2014),
Angelidou (2017) and Yigitcanlar et al. (2018, p. 3) accurately assert that one of the
reasons for inconsistency in the smart city conception is due to the different nature
of research by academic, commercial/industrial and governmental organizations that
is tailored to correspond to their own perspective, whether it is from a practical,
disciplinary, or domain orientation, thus also causing a knowledge gap between
theory and practice.

Apart from the technology-led vs. holistic angle in the smart city debate, other
metaphors/dichotomies which end up increasing the knowledge gap have been
discussed in literature by Mora et al. (2019). They address three more develop-
ment paths in smart cities: “double or quadruple helix model of collaboration”;
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“top-down or bottom-up approach”; and “mono-dimensional or integrated inter-
vention logic” (p. 71). In case of the collaborative model to go with, the double
helix model of collaboration between technology providers and the local govern-
ments works more in favour of corporations, and is therefore supported by them in
research. As a counter-approach, many researchers criticize this closed model and
call for a broader model of collaboration between industry, institutions, govern-
ments and citizens for efficient innovation and development (Mosannenzadeh and
Vettorato 2014; Selada 2017; Mora et al. 2019). Meijer and Bolivar (2016, p. 398)
in their own definition of smart cities also explained: “the smartness of a city refers
to its ability to attract human capital and to mobilize this human capital in collab-
orations between the various (organized and individual) actors through the use of
information and communication technologies”. Simultaneously, the debate between
top-down and bottom-up approach towards smart cities is also extensive in litera-
ture (Mora et al. 2019). While the supporters of a top-down approach justify their
stance by suggesting that it provides a long-term vision for proper governance, many
scholars point out that this approach is more market oriented and less citizen centric,
thereby also ignoring the innovation potential from bottom-up approaches (Ratti and
Townsend 2011; Mora et al. 2019). Finally, the last dichotomy deals with the mono
vs multi-dimensional outlook towards smart cities. According to Mora et al. (2019),
the European Commission has been inclining towards a mono-dimensional vision
of smart cities in their research, with emphasis on ICT solutions for smart growth in
energy, transport, buildings, etc. However, Mosannenzadeh and Vettorato (2014) and
Manville et al. (2014) suggest a multi-dimensional smart city model that integrates
domains like environment, mobility, community, governance, etc. Mora et al. (2019)
also highlight that this particular integrated approach can now be seen in smart city
assessment frameworks, fostering a fuller picture.

Pertaining to all these considerations, many scholars developed comprehensive
conceptualizations of smart cities. While the smart city adaptation by Yigitcanlar
et al. (2018) focused on the balance between environmental, societal, economic
and institutional development, the interpretation of smart cities by Giffinger et al.
(2007, p. 14) dealt with economy, mobility, people, environment, governance and
living, especially emphasizing on the citizen-centricity of citieswith independent and
aware citizens. Perhaps a prominent definition of a smart city is the one formulated
by Caragliu et al. (2011, p. 70): “We believe a city to be smart when investments in
human and social capital and traditional (transport) and modern (ICT) communica-
tion infrastructure fuel sustainable economic growth and a high quality of life, with
a wise management of natural resources, through participatory governance”. This
definition of a smart city is considered as the most holistic one among majority of
the researchers. All in all, incorporating multiple principles while looking at smart
cities enables a strategic transformation while ensuring operational efficiency, better
quality of life and sustainability (Sharifi 2019). As a whole, Table 3.1 illustrates the
numerous definitions of smart cities covered in literature.
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Table 3.1 Smart city definitions throughout literature

Definition Reference

“A Smart City is a city that gives inspiration, shares
culture, knowledge, and life, a city that motivates its
inhabitants to create and flourish in their own lives. A
smart city is an admired city, a vessel to intelligence, but
ultimately an incubator of empowered spaces.”

Rios (2008)

“A city well performing in a forward-looking way in
economy, people, governance, mobility, environment, and
living, built on the smart combination of endowments and
activities of self-decisive, independent and aware citizens.
Smart city generally refers to the search and identification
of intelligent solutions which allow modern cities to
enhance the quality of the services provided to citizens.”

Giffinger and Gudrun (2010)

“A smart city is a city connecting the physical
infrastructure, the IT infrastructure, the social
infrastructure, and the business infrastructure to leverage
the collective intelligence of the city.”

Harrison et al. (2010)

“The Smart City is one that will use advanced technology
and sciences – computing, neuroscience, nanoscience,
information science – to address the challenges of the
future of the city such as energy, health, safety and
commerce.”

Canton (2011)

“We believe a city to be smart when investments in human
and social capital and traditional (transport) and modern
(ICT) communication infrastructure fuel sustainable
economic growth and a high quality of life, with a wise
management of natural resources, through participatory
governance.”

Caragliu et al. (2011)

“A Smart City has three key components: technology
(infrastructures of hardware and software), people
(creativity, diversity, and education), and institution
(governance and policy). Given the connection between
the factors, a city is smart when investments in
human/social capital and IT infrastructure fuel sustainable
growth and enhance a quality of life, through
participatory governance.”

Nam and Pardo (2011)

“Smart Cities are metropolitan areas with a large share of
the adult population with a college degree.”

Winters (2011)

“A Smart City is a synthesis of hard infrastructure with
the availability and quality of knowledge communication
and social infrastructure. Smart Cities are also
instruments for improving competitiveness in such a way
that community and quality of life are enhanced.”

Batty et al. (2012)

(continued)
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(continued)

Definition Reference

“Smart cities are all urban settlements that make a
conscious effort to capitalize on the new Information and
Communications Technology (ICT) landscape in a
strategic way, seeking to achieve prosperity, effectiveness
and competitiveness on multiple socio-economic levels.”

Angelidou (2014); Angelidou (2017)

“A Smart City is a city seeking to address public issues
via ICT-based solutions on the basis of a
multi-stakeholder, municipally based partnership.”

Manville et al. (2014)

“Smart Cities initiative tries to improve urban
performance by using data, information and information
technologies (IT) to provide more efficient services to
citizens, to monitor and optimize existing infrastructure,
to increase collaboration amongst different economic
actors and to encourage innovative business models in
both the private and public sectors.”

Marsal-Llacuna et al. (2015)

“The smartness of a city refers to its ability to attract
human capital and to mobilize this human capital in
collaborations between the various (organized and
individual) actors through the use of information and
communication technologies.”

Meijer and Bolivar (2016)

“A smarter city can be described as a city where advanced
ICT is combined with physical, infrastructural,
architectural, operational, functional, and ecological
systems across many spatial scales, as well as with urban
planning approaches, with the aim of improving
efficiency, sustainability, equity, and livability.”

Bibri and Krogstie (2017)

“Smart city is a system that facilitates interoperability
among various sub systems to improve the QoL of urban
citizens.”

Silva et al. (2018)

“Smart cities can be defined through the three ‘S’ of urban
development: smart technology, society and
sustainability.”

Praharaj and Han (2019)

“The smart city is an urban locality functioning as a
healthy system of systems with sustainable and
knowledge-based development activities to generate
desired outcomes for all humans and non-humans.”

Yigitcanlar et al. (2019)

Source Author (2021)

To recapitulate, while these definitions certainly started a new league of smart city
discourses, they also further added to the complexity of smart cities leading to the
inconsistency in finding a universal smart city definition (Praharaj and Han 2019).
The already existing jargons used before smart cities (intelligent cities, digital cities,
ubiquitous cities, etc.) add to the confusion due to them getting conflated (Hollands
2008), despite the differences between them that were pointed out in the previous
section. Even today, smart city concepts are context/domain dependent with respect
to policies, capital, resources, political situations, etc. Mora et al. (2018, p. 20) call
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attention to the fragmentation and knowledge gap, and argue that in order to address
this challenge, greater number of studies as well as exchange among the scholars
researching about smart cities is the way forward.

3.4 Dimensions and Principles of Smart Cities

Based on the previous section, it is evident that smart cities aim at improving citizens’
quality of life and addressing urban issues by utilizing ICT solutions, that also foster
collaboration and partnerships among diverse constituents. The fact that the smart
city concept applies to various aspects of urban life and influences different actors
and sectors justifies the ambiguity in the smart city dimensions literature. There exists
a vast literature traversing the many dimensions of smart cities, either in the form
of broad principles or as indicators for smart city assessments. The most commonly
adopted framework is developed by that of Giffinger et al. (2007), who propose six
dimensions, namely, smart economy, smart governance, smart people, smartmobility,
smart environment and smart living. There is ample documentation on this set of
dimensions as it has been used as the foundation by many researchers (Lombardi
et al. 2012; Manville et al. 2014). Other studies have also proposed smart education,
smart waste and water, smart infrastructure, smart health care and smart security
systems (Neirotti et al. 2014; Wahab et al. 2020). Moreover, smart technology or
smart data are also discussed as an important dimension due to the big role real-time
data management plays in smart cities (Yigitcanlar et al. 2018; Huovila et al. 2019;
Wahab et al. 2020).

For this study, the smart city framework developed by Sharifi (2019) is used. The
framework has been developed based on a synthesis of existing research on smart city
dimensions and the seven themes covered in it (Fig. 3.2) are smart economy, smart
people, smart governance, smart environment, smart living, smart mobility and smart
data. As shown in Fig. 3.2, the indicators under each theme cover a majority of the
additional dimensions discussed above, thus forming a multi-disciplinary structure
that is integrative of the wider disciplines of urban growth and social, economic and
environmental development. Correspondingly, the dimensions identified from this
smart city framework are covered below in detail.

3.4.1 Smart Economy

Smart economy is described as one of themain domains of smart cities as it is also one
of their principles. Wahab et al. (2020, p. 4) opine from the smart city framework by
Giffinger et al. (2007), that the economydimension entails threemajor perspectives—
one where production and innovation encourage economic growth, followed by the
viewpoint of a smart city being an economic driver in itself, and lastly for applying the
actual economics behind the smart city. Indeed, Giffinger et al. (2007, p. 12) covered
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Fig. 3.2 Smart city dimensions and sub-dimensions by Sharifi (2019)

factors such as entrepreneurship, innovative spirit, international embeddedness and
ability to transform, economic image and trademarks, productivity and flexibility of
labour markets. The innovative spirit dimension, which is also the most recurring
factor under economy according to Sharifi’s (2019) review of smart city assessment
tools, deals with measures such as R&D expenditure, employment rate and other
policies to ensure and promote innovation/creativity in cities. Along with innovation,
entrepreneurship covered elements such as number of new businesses/start-ups and
self-employment rates.A high degree of entrepreneurial activities for developing new
business models also aids in increasing productivity as well as the competitiveness
with that growing economic image (Bosch et al. 2017; Lu et al. 2019). Additionally,
other indicators such as GDP per employed person, Foreign Direct Investments and
ICT measures for economic development also come under the dimension of produc-
tivity (Giffinger and Gudrun 2010; Sharifi 2019). To explain flexibility in the labour
market, Giffinger and Gudrun (2010) refer to unemployment rates, which Bosch
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et al. (2017) also deem as one of the most informative labour market and economic
performance indicators. Sharifi (2019) additionally found that other elements that
are concerned with working flexibility are also considered. Moreover, the interna-
tional interconnectedness between cities and economies in the form of international
events, cross city collaborations, migration of international companies and people,
etc., clearly indicates cities’ attractiveness and competitiveness; therefore, they must
be considered highly for economic growth (Bosch et al. 2017; Sharifi 2019).

In addition to the sub-dimensions provided by Giffinger and Gudrun (2010),
Bosch et al. (2017) and Sharifi (2019) include employment and knowledge economy
indicators under smart economy too. Creation and availability of local employment
opportunities act as strong incentives for setting up new smart city/development
projects (Bosch et al. 2017), and can significantly improve the employment rate of the
city in general. Moreover, in the era of knowledge economy where social and human
capitals are valuable assets, provision of green jobs, e-commerce transactions and
industry-academia-governance collaboration are tremendously adding to the value
creation aspect of smart cities with a simultaneous boost in the economy (Sharifi
2019). Subsequently, Sharifi (2019) also identifies two more indicators among the
assessment frameworks, first being finance, which includesmarket demand and value
along with funding methods for smart city projects, followed by aspects such as
economic impacts and risks from smart city projects. Neirotti et al. (2014), Bosch
et al. (2017) and Sharifi (2019) further highlight access to touristic places, such as
cultural and heritage buildings, efficient use of ICT for tourism promotion and impact
management, which elevate the attractiveness of the city while also adding value to
the local economy.

This comprehensive set of indicators help to look at smart cities from an economic
sustainability perspective.However, some challenges such as that of privacy concerns
(for transactions or other interactions between industry and citizens) may need
further consideration while looking at the economic side of ICT usage in smart
cities (Ismagilova et al. 2019).

3.4.2 Smart Governance

An innovative governance approach that facilitates collaboration between the govern-
ment, citizens and other stakeholders with numerous technological advancements
is fundamental for smart cities to become successful. Much emphasis is given to
the participatory and collaborative facets in many smart city governance processes
(Giffinger et al. 2007; Caragliu et al. 2011; Chourabi et al. 2012; Batty et al. 2012;
Lombardi et al. 2012; Meijer and Bolivar 2016; Ruhlandt 2018; Sharifi 2019). Chan-
nels of communication between stakeholders (e-governance, e-participation, social
media, etc.) in the form of access to documents, transactions, feedbacks, voting
for initiatives and other bureaucratic tasks that impart public and social services
improve participation and engagement, thereby also increasing the government’s
transparency, accountability and responsiveness in decision-making/implementation
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processes (Pereira et al. 2018; Gil et al. 2019; Ismagilova et al. 2019; Lu et al.
2019). Simultaneously, this model of governance enhances the quality of relationship
between the government and citizens by building public confidence, commitment and
a sense of empowerment in a democracy (Pereira et al. 2018).

Apart from the participation sub-dimension, vision and leadership, bothwithin the
government and for the public in order to encourage innovation, are also considered
essential for the success of smart cities (Nam and Pardo 2011; Bosch et al. 2017;
Sharifi 2019). Smart governance calls for a cross- and multi-disciplinary, coordi-
nated effort that provides a clear strategy as well as the resources (funds, subsidies,
etc.) for urban transformation. It ensures interoperability among systems as well as
integration of solutions to fulfil the strategic goals mapped out to tackle complexity
and uncertainty in urban management much more efficiently (Bolivar 2015; Sharifi
2019). Generally, legal and regulatory frameworks in regard to planning, implemen-
tation, user privacy and data ownership are required for the government to create
feasible conditions for enabling and supporting their digital urban development
vision (Chourabi et al. 2012; Ruhlandt 2018; Sharifi 2019). All factors combined,
smart governance represents the interaction between technology, people, policies,
resources, public private partnerships, laws and information, that ultimately serves
citizens better by improving their quality of life while also making urban processes
transparent and efficient.

3.4.3 Smart Environment

The smart environment dimension deals with the use of ICT applications to preserve
natural resources, reduce energy and carbon emissions and augment environmental
sustainability in general (Lu et al. 2019; Wahab et al. 2020). According to Sharifi
(2019), the most recurring sub-dimension in this dimension is that of energy
resources, involving renewable energy sources for local energy distribution, smart
grids, efficient energy management and GHG emission control. In fact, smart energy
technologies such as smart grids, energy monitoring, forecasting and storage are
transforming the energy informatics, with Artificial Intelligence (AI) often being
referred to as the new electricity for a more sustainable energy outlook (Pieroni
et al. 2018; Rolnick et al. 2019). Similarly, the use of ICT measures for the effi-
cient management of water and waste resources is also considered. While advanced
technologies such as sensors can predict the level of contamination of water bodies,
othermonitoring applications like smartmeters can effectively help in reducingwater
consumption (Pradhan et al. 2017). For the waste management challenge, IoT-based
applications play a major role in real-time waste collection, disposal, recycling and
recovery, thus also improving the environment and quality of life as a whole for
citizens (Neirotti et al. 2014; Ismagilova et al. 2019). Additionally, other resources
such as food and material consumption and recycling are also given importance in
the smart environment literature (Bosch et al. 2017; Sharifi 2019). Furthermore, Lu
et al. (2019), Ismagilova et al. (2019) and Sharifi (2019) highlight the reduction of
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environmental pollution with the help of sensors that inform about air, water, soil
and noise pollution levels to safeguard the ecosystem and to ensure sustainability.
This information further aids in drafting mitigation strategies for pollution reduction
in cities.

In order to promote the use of smart technologies mentioned above, physical
and social infrastructure are pre-requisites. For instance, smart energy technologies
that reduce energy demand and enable local distribution through renewable sources
require decentralized and modular infrastructure in the form of smart grids and green
buildings (Sharifi 2019). Chourabi et al. (2012) and Ismagilova et al. (2019) also
claim that green infrastructure such as parks, green roofs and other green spaces
have a considerate impact on the sustainability as well as the liveability of a city, and
therefore must be considered. Lastly, Sharifi (2019) includes constructive strategies,
plans and policies to monitor resources as well as the ICT infrastructure being used
for sustainable environmental management. Recent advancements have also enabled
citizens to bemore involved with state-of the-art concepts such as citizen science that
allow them to collect environmental data, contribute to research and remain aware
about the environmental issues around them (Hunt et al. 2015).

3.4.4 Smart People

As mentioned earlier, an important feature that distinguishes smart city paradigm
from its predecessors is the recognition of the central role played by people as
the end users of smart city solutions and applications. The dimension of smart
people stresses on the role of human capital in urban management and develop-
ment. According to Nam and Pardo (2011, p. 287), issues arising from urbanization
can be solved using “smart solutions”, that is the use of “creativity, human capital,
cooperation among relevant stakeholders, and their bright scientific ideas”. Further
supported by Lu et al. (2019, p. 728), Dameri and Rosenthal-Sabroux (2014), and
Madakam and Ramaswamy (2015), smart people generate as well as benefit from
social capital by creating a ‘lifelong learning environment’ through ICT innovation.
Deemed as a centre for higher education by Winters (2011), smart cities attract
creative workers, providing them with multiple opportunities, thus also making
the city smarter, economically successful, culturally or ethnically diverse and open
minded (Giffinger et al. 2007;NamandPardo 2011). Therefore, it is important to have
the smart people dimension while considering a smart city as it not only improves
the social, economic and human development but also adds flexibility and resilience
in the face of adversity (Wahab et al. 2020).
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3.4.5 Smart Living

Smart living includes factors that essentially enhance the citizens’ quality of life.
There are two main viewpoints for smart living in literature. The first one looks at
the facilities enabled by ICT that are used to transform office, residential, energy,
transportation and other infrastructures into smart environments for a modern living
experience (Madakam andRamaswamy 2015; Tahir andMalek 2016; Lu et al. 2019).
Tahir and Malek (2016, p. 7), in relation to this, state that smart living increases
citizens’ understanding towards “how people and technology interact by combining
senses with physical action, social behaviour analysis, data analytics, engineering,
technology, and communication”. On the other hand, Giffinger et al. (2007), Kumar
(2017) and Ismagilova et al. (2019) also involve factors such as health care, livelihood
quality, culture preservation, tourism, public safety, equity, convenience and social
cohesion, to entail a more integrated outlook towards smart living for a better quality
of life. Equity was found to be the most covered factor in smart city assessment
frameworks (Sharifi 2019). Han and Kim (2021) in their paper on sustainable smart
living opine that the interaction between all citizens and smart environments is what
makes a city sustainable and that this acceptance to adopt new technologies by citizens
enables smart equity in sustainable smart living. The authors also explain the role
of the government in bringing about this equity by taking care of the accessibility,
affordability, productivity and efficiency of the services to diverse groups, as they are
the main smart service providers of a city. Social cohesion, which embeds solidarity
and a sense of belonging in the society, is an inherent characteristic of smart living.
ICT measures also aid in improving connectedness and support among communities
as well as providing equal opportunities to everyone (disabled, elderly, special needs,
etc.) (Giffinger et al. 2007).

Literature further considers the healthcare domain as a crucial measure of quality
of life in smart cities (Ismagilova et al. 2019). Researchers like Pramanik et al. (2017)
studied the smart health concept in detail and have come up with numerous frame-
works that incorporate big data analytics to reconstruct existing healthcare infrastruc-
ture for better diagnosis, treatment andmonitoring, eventually promotingwell-being.
As a whole, Pramanik et al. (2017, p. 371) fittingly establish that “ smart health
defines not only ICT development, but also a state-of-thinking, a way of lifestyle
and approach, and a vow for connected entities to improve healthcare facilities in the
home, city, country and globewith the aid of a number of intelligent agents”. Another
significant factor that is discussed in length among researchers is that of safety and
security in a smart city. ICT is used in many areas to provide the community with a
safe environment. These range from detection of crime hotspots and natural disaster
risk areas, vulnerability assessments, shorter response time for ambulance, police and
fire services, local citizen involvement and data privacy (Neirotti et al. 2014; Petrova-
Antonova and Ilieva 2018; Ismagilova et al. 2019; Sharifi 2019). An additional cate-
gory of housing/livelihood brought up byGiffinger et al. (2007) discusses the housing
quality to ensure affordable and good living conditions. Moreover, according to
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Kumar (2017), a smart city with a smart living environment promotes culture, cele-
brates people, history and art, andmotivates people to lead ameaningful and satisfied
life by being more involved. Therefore, the presence of good quality cultural infras-
tructure such as cinema halls, museums, and libraries, and the ICT functions that
promote them make up the cultural sub-dimension of smart living.

3.4.6 Smart Mobility

Smart mobility is a multi-faceted prime element for a successful smart city and
provides multiple benefits to all its stakeholders. It is important to note that this
dimension deals with mobility of people and not just through vehicle transportation.
New and innovative technologies satisfy people’s needs by providing them with
accessibility to real-time information from any location, enhancing performance and
attractiveness of the mobility systems, saving time, space and money as well as
reducing GHG emissions (Giffinger et al. 2007; Manville et al. 2014; Battarra et al.
2018; Bokolo and Peterson 2019). Sourbati (2020, p. 2) explains smart mobility
as a “convergence of movement in the physical space and in data flow” through
networked communications. Therefore, there are two major aspects under smart
mobility: transport and ICT infrastructure/management/accessibility.

A smart city is said to have an efficient transport infrastructure that promotes
multiple modes of transportation. Battarra et al. (2018) argue that smart mobility is
essentially sustainablemobility as the transport sector plays amajor role in impacting
the environmental quality of a city and smart solutions can help thembemore compat-
ible with the environment. For instance, using public transport, such as metro, train
and bus reduces traffic congestion and air pollution. If the infrastructure for that is
accessible, of good quality, diverse and provides connectivity throughout an intended
geographical area, more people will shift to using them, thus decreasing the extent
of the above-mentioned issues (Petrova-Antonova and Ilieva 2018). Other modes
of non-motorized transport (walking, bicycle) are also encouraged, provided that
there is availability of infrastructure such as bike lanes and vibrant and safe walk-
able areas for pedestrians with digital navigation (Petrova-Antonova and Ilieva 2018;
Sharifi 2019). Additionally, cities are increasingly adopting innovative green trans-
portation systems with electric vehicles and charging stations that predominantly
focus on sustainable, clean energy (Benevolo et al. 2015). Moreover, technologies
such as automated vehicles and car sharing services are also covered extensively
in the smart mobility literature as concepts which are revolutionizing mobility and
improving the service quality, ultimately proving to be economically beneficial for
the city as more and more private actors are being involved (Docherty et al. 2018;
Lu et al. 2019). With the rise of multi-modal transportation, Benevolo et al. (2015)
and Šurdonja et al. (2020) also talk about Intelligent Transportation Systems (ITS)
such as traffic management systems, demand control systems and parking guidance
systems. Surveillance equipment like sensors and cameras can be very useful to track
vehicles, detect deteriorating road conditions and monitor traffic volume for better
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management of traffic congestion or emergency situations (Petrova-Antonova and
Ilieva 2018; Ismagilova et al. 2019; Lu et al. 2019).

Benevolo et al. (2015) also assert that these solutions require the involvement of
citizens, their readiness as well as their willingness to use the technologies. Once
the people are ready to accept, ICT amplifies proper management of the mobility
services, resulting in a modern, usable and sustainable mobility system. Therefore,
ICT infrastructure such as broadband, mobile phone network coverage and apps
for services (parking, car sharing, etc.) are important factors when looking at smart
mobility. In fact, Sourbati (2020) claims that mobile ICTs can be considered as
effective means of transport mobility in the form of better connectivity (through
navigating apps), awareness (traffic information) and digitalization (transactions for
transport fares) (Petrova-Antonova and Ilieva 2018). Proper ICT infrastructure and
management can also help in better access to transport systems; however, older
groups face some difficulties in accessing/using platforms which can be a cause for
increased inequality of digital access (Sourbati 2020). It is evident that the extent
of ICT varies in different mobility solutions in a city, but is fundamental for an
integrated, sustainable and forward-looking mobility system.

3.4.7 Smart Data

Data are the cornerstone of smart cities. With a wide array of smart city initia-
tives relying on ICTs, smart cities have become data production and sharing engines
(Moustaka et al. 2019). Since such a vast amount of data are constantly produced
and collected from technologies—such as mobile devices, seniors, social media plat-
forms and other IoT infrastructure—efficient management, storage and publication
of these data play a major role in maintaining consistency in smart cities (Huovila
et al. 2017; Moustaka et al. 2019). According to Moustaka et al. (2019, p. 103:6),
development and management of open data which are accessible for and available
to everyone are crucial for smart cities because of their contribution in improving
decision-making, citizen engagement and data economy. Huovila et al. (2017, p. 120)
used five characteristics to rate the quality of this open data: data are published in an
open, structured format under an open license, and it is in linked data format with
URLs and is linked to other data. Furthermore, Sharifi (2019) also states three more
factors under the smart data dimension. The judging/ data analytics factors include
data harvesting tools/strategies tomove the data fromproduction stage to storage, and
data mining tools to produce analytics/ publication intelligence from that (Moustaka
et al. 2019). This is followed by the decision-making by the government, enterprise
and citizens based on the published data, and finally the learning factor that deals
with the upgradation impact of the data on the mode of operation, planning processes
and interaction (Sharifi 2019).

It is evident that literature provides a multi-disciplinary set of dimensions for a
comprehensive understanding of smart cities and their complex nature. However,
the current literature also does not fully cover the interconnections between the
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dimensions themselves that may be necessary to address the complexities arising out
of one another. For example, it is the knowledgeable, informed section of society
that is willing to use sustainable smart mobility options for a better environment,
thus enforcing a connection between smart people and smart mobility. Nonetheless,
this smart city framework has the potential to not only contribute in expanding the
conceptual understanding of smart cities but also helps in the practical aspect of
identifying, evaluating and monitoring them.

3.5 Conclusions

Rapid advances in information and communication technologies and big data
analytics, coupled with the need for developing more innovative and efficient solu-
tions for addressing urbanization and global challenges, have led to the increasing
development of smart city initiatives around the globe. Interest in smart city initia-
tives is expected to continue in the coming decades as cities are expected to deal with
more severe challenges induced by climate change and continued population growth.
In fact, smart city initiatives have already proven effective in helping cities overcome
and control major societal challenges such as the recent COVID-19 pandemic, and
it is argued that this has further accelerated development and uptake of smart city
initiatives and solutions (Hassankhani et al. 2021; Sharifi and Khavarian-Garmsir
2020; Sharifi et al. 2021).

While the smart city concept has been around for several decades and a large
body of research has been published on it, there is still a need for a more comprehen-
sive overview of its underlying principles and dimensions. Therefore, this chapter
attempted to gain a deeper understanding of the rapidly thriving concept of a smart
city through extensive literature review of its history, definitions, dimensions and
other related concepts as per the determined sub-objectives of this study. Firstly, the
in-depth analysis of smart city roots exhibited a clear ascension of city models with
respect to their incorporation of multiple perspectives at every growing stage over
the decades, finally giving rise to the present-day holistic version of smart cities.
While it did clarify the conflated, interchangeable use of these terms, there is still no
conclusionwhen it comes to defining a smart city. Ranging from an intra-disciplinary,
technocentric approach to a cross- andmulti-disciplinary approach, smart city defini-
tions vary temporally, conceptually as well as spatially. Current trends and develop-
ments in the smart city arena have become highly context dependent, which makes
it the work of each city’s policy makers to strategize and implement smart solu-
tions/policies according to their local demands rather than following a generic work-
book. Moreover, as pointed out in literature, it is also important for diverse stake-
holders (researchers, businesses, government) to have a common line of thought
regarding the concept in order to reduce inconsistency in its usage. Additionally,
the paper covers the seven main dimensions pertinent to the smart cities along with
their respective sub-dimensions, that grant a doorway to a stronger understanding
of smart cities. This framework also serves as a base for further investigation into
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smart city frameworks which facilitate development and implementation of evalu-
ation processes, and aid in formulating comprehensive strategies concerning each
domain, possibly also achieving the interdisciplinary solutions to address social,
economic, environmental and cultural issues on every scale.
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Chapter 4
Resilient Cities: Concepts
and Underlying Principles

Nehmat Singh and Ayyoob Sharifi

Abstract In the era of increasing risks and uncertainties induced by various stres-
sors such as climate change and social and geopolitical conflicts, resilience is high
on the agenda of planners, policy makers, and researchers. This is manifested in the
increasing number of plans, programs, policies, and frameworks that are developed
annually to enhance urban resilience. One potential impediment to the proper design
and implementation of resilience plans, programs, policies, and frameworks is the
incomplete understanding of the resilience concept itself. This issue becomes even
more complicated when considering the fact that resilience is a contested notion
and various definitions exist for it depending on the background, field, context, and
objectives of the stakeholders. In an effort to better understand different conceptu-
alizations of resilience in the context of urban planning, this chapter elaborates on
the genealogy of the resilience concept and its underlying principles and charac-
teristics. It is argued that resilience as a concept has an old history in fields such
as physics and psychology but has been introduced to and used in urban studies
only since a few decades ago. Urban scholars and practitioners have relied on the
vast body of literature from other fields to conceptualize resilience depending on
their specific purposes. Three dominant approaches that guide such conceptualiza-
tions are, namely, engineering, socio-ecological, and adaptive. The latter one has
gained more momentum in the recent years considering the increasing recognition
of the concept of living with risk and the need for continuous improvement and
evolvement. This chapter concludes by elaborating on various underlying resilience
characteristics such as Robustness, redundancy, flexibility, agility, adaptive capacity,
modularity, resourcefulness, creativity, equity, foresight capacity, diversity, inclusive-
ness, connectivity, and efficiency. These characteristics are essential for developing
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more objective resilience plans, programs, policies, and frameworks. They could also
contribute to making the resilience concept more tangible to various stakeholders.

Keywords Resilient cities · Urban resilience · Urban planning · Principles

4.1 Introduction

The world today is experiencing the largest shift from rural to urban areas in the
history of settlements. Currently, the world population of 7.8 billion is expected to
reach about 9.8 billion in 2050. With this increase in population, the share of humans
living in the urban areas is also expected to increase up to 68% by 2050 (United
Nations 2018).

While this process of urbanization is creating larger economic opportunities; it
is also placing extraordinary stress on natural environment as well as the govern-
ment institutions. Local authorities and state governments are finding it challenging
to meet the demands of the ever-increasing population in cities, especially of the
poor inhabitants. The authorities are unable to provide them with basic facilities of
housing, sewerage, and water. Therefore, we see urban areas being more prone to
social risks as well as natural disasters.

In many cities, the scale of the risks is much higher due to the quality of housing
and infrastructure services (Huq et al. 2007). The rural inhabitants who migrate to
urban areas seeking for better opportunities end up living in the riskiest zones of
the city usually near riverbeds and steep slopes and are trapped into the condition
of urban poverty. This increases the vulnerability of the people. The rapid scale of
urbanization is leading to urban conflicts and social unrest. Widening inequalities,
practice of unfair law and order, and weak urban governance are further escalating
the intensity of social risk (Lehmann 2015). In regard to environmental hazards,
landslides, catastrophic fires, andmassive floods are all increasing at an alarming rate
affecting huge parts of the cities. The increasing frequency of these natural disasters
is being caused by human-induced activities. For instance, large scale deforestation
and mining may cause landslides. Climate change is expected to further increase the
frequency and intensity of adverse events in cities. Additionally, the recent pandemic
demonstrated that cities could also be highly vulnerable to infectious diseases (Sharifi
and Khavarian-Garmsir 2020).

Urban areas have seemed to form a direct relation between climate change and the
process of urbanization (Filho et al. 2019). Climate change is leading to depletion in
water supplies in cities, and water scarcity issues are further exacerbated due to high
rates of evaporation and losses and excessive consumption. Cities are also affected
by other climate-induced impacts such as extreme heat. This way, it is impacting the
health of the citizens, more among the people residing in the informal settlements in
developing and less developed countries.

The two continents of Africa and Asia are identified as regions most vulnerable to
the impacts of climate change mostly due to rise in population growth rates and rapid
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increase in urban slums (Filho et al. 2019). Vulnerability and risks further increase
in cities situated in flood plains and coastal areas. For instance, Dhaka, Mumbai,
and Shanghai, considered as the largest cities of the world, are becoming more and
more prone to floods and storms every year. Many cities from Africa, such as Lagos,
Alexandria, and others are prone to higher risks from flooding and storms as well
(Huq et al. 2007).

In certain urban regions of the world, there is increase in the frequency and
intensity of flooding which might be due to high sea levels, glacial outbursts, and
heavier or prolonged rainfall. In other cities, there is a reduction in the average rainfall
which has even led to droughts. Hence, all these changing phenomena is likely to be
caused due to climate change.

Reckien et al. (2017) state that “climate change is acknowledged as the largest
threat to our societies in the coming decades.” The water quantity and quality are
heavily being impacted and will continue to if significant amount of investment is
not done for various interventions. (Huq et al. 2007). Change in urban temperature
would continue to rise which is highly influenced by Urban Heat Island (UHI) effect.
Furthermore, the climate changewill increase the heat stress caused byUHI. Thiswill
lead to negative consequences to the ecosystem services as well as on the health of
the citizens. (Emilsson and Sang 2017; Sharifi et al. 2021). The shift in temperatures
and rainfall patterns, and intensified concentration of CO2 are projected to have
adverse impacts on the ways species interact in an urban space and on the ecosystem
services. Warmer urban temperatures will also be a breeding ground for mosquitoes,
thus, spreading diseases like malaria and dengue fever (Huq et al. 2007). Climate
change has the potential to multiply the effect on these existing stresses, which will
expose the cities to more dangerous disasters and risks.

The impact of these risks caused due to the environmental degradation processes
and gaps in urban governance structure are felt differently in cities across the world.
Future catastrophes would be further exaggerated if right actions are not taken on
time. There is a need to develop integrated solutions to address a complex range
of vulnerabilities and risks in urban areas by building resilience in cities. Urban
resilience doesn’t only look into preparing cities for responding to disasters or
hazards but rather taking initiatives to prevent them from happening in the first place
(Gonçalves 2018). Resilience in cities does not only account for natural hazards but
also human conflicts, economic downturns, and governance failures. This makes it
even more imperative for cities to be resilient. To achieve resilience an incredible
coordination level between different actors in the city, such as government author-
ities, private institutes, and industries and, the community, is necessary (Gonçalves
2018). Thereafter, resilient cities can handle natural and human-induced disasters,
protect the lives of their citizens, and promote well-being and sustainable growth of
cities and its people.

This chapter aims to explain the origin of and underlying principles of the concept
of resilience as a beneficial strategy for improved urban management. For this, it is
essential to first understand the various concepts and characteristics that revolve
around urban resilience. Therefore, this chapter is based on literature review about
this field.
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The remainder of this chapter has the following structure: Sect. 4.2 provides an
overview of the historical background of resilience and the building of the concept
of urban resilience. In Sect. 4.3, concepts and definitions of urban resilience have
been reviewed. Section 4.4 elaborates the main dimensions and characteristics of
urban resilience. Lastly, in Sect. 4.5, conclusions on the need for urban resilience are
drawn.

4.2 Background and Historical Overview

The word “resilience” is believed to be derived from the Latin verb “resilire” which
means to recoil or rebound. “Resilience” or “resiliency” became common terms
during the second half of the seventeenth century for explaining any counteractions
in physical aspects (Gößling-Reisemann et al. 2018). The concept first originated
in the works of Thomas Tredgold from physics of material in the year 1818 (Iliuk
and Teperik 2018). He used the words to explain the reason behind the ways certain
types of wood could accommodate sudden and strong loads without breaking (Iliuk
and Teperik 2018). Through this academic discipline, the concept of resilience was
further introduced in English speaking countries (Gößling-Reisemann et al. 2018).

With the outgrowing popularity of the word “resilience,” there are different views
and applications surrounding the concept. According to a study conducted by Iliuk
and Teperik (2018), resilience has a long history across different fields of study. The
infographic developed by them illustrates the evolution of the concept in various
fields since 1950. The chart1 explicitly shows that psychology has been in clear lead
since the past 40 years, since the term is extensively used in relation to cognitive
responses.

According to some scholars in psychology, resilience is considered as a personal
trait (Garmezy 1971). According to Olsson et al. (2015), psychologists use the term
resilience “to describe an individual’s reactions to potentially traumatic events.”
Norman Garmezy, a clinical psychologist, is considered to be the founder of research
in resilience. He defined resilience as being “not necessarily impervious to stress,
rather, resilience is designed to reflect the capacity for recovery andmaintained adap-
tive behaviour that may follow initial retreat or incapacity upon initiating a stressful
event” (Shean 2015). Other scholars of psychology such as Michael Rutter, Emily
Werner, Suniya Luther, and Michael Unger have also defined resilience according to
their understanding and field of specialization (Shean 2015).

In ecology, the concept of resilience was introduced by C. S. Holling to express
the persistence of an ecosystem going through a change due to natural or anthro-
pogenic causes. Holling argued that the concept is applicable to more fields than
just ecosystems but also, socio-ecological and economic systems (Thorén 2014).
Ecological resilience will be discussed further in the remainder of this section.

1 https://public.flourish.studio/visualisation/4795648/.

https://public.flourish.studio/visualisation/4795648/
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4.2.1 Major Approaches to Resilience

With regards to an urban system, resilience thinking has three major approaches:
(1) Engineering resilience (2) Ecological resilience (3) Socio-ecological resilience.
These will be briefly discussed below.

Resilience from an engineering perspective is based on the ability to resist shocks
and the speed of recovery of a system after going through a series of disturbances.
The sooner the system recovers, the more resilient it is. However, this interpretation
considers the system to be in a static state and so, this conceptualization of resilience
emphasizes the speed and ability of the system to bounce back to its pre-disturbance
stage (UN-Habitat 2017). The definition revolves around the measure of stability.
Physics, control system design, and material engineering are some prominent fields
which use this definition (Gunderson 2000).

Over time, ecological resilience became prominent in understanding the science
andmanagement of ecosystemswhen pushed beyond their limits for recovering from
a situation that involved many stressors on the system (Falk et al. 2019). The term
resilience was introduced into ecology by C. S. Holling in 1973. It was to help in
understanding the dynamics observed in ecosystems and defined it as “the amount
of disturbance that an ecosystem could withstand without changing self-organized
processes and structures” (Gunderson 2000). Ecological resilience measures the
magnitude of disturbance a system can absorb before “the system redefines its struc-
ture by changing the variables and processes that control behaviour” (Gunderson
2000).

The stark difference between engineering and ecological resilience lies in the
equilibrium state. Engineering resilience considers only one stable or equilibrium
state emphasizes staying within that state or returning to it in a timely manner.
Whereas, ecological resilience presumes multiple states for a system and the ability
of the system to transition between the states is considered to be important.Gunderson
(2000) states some examples of the transition in ecological systems, such as grassland
dominated terrain to woodland dominated terrain in Zimbabwe. The multiple states
are described in the form of plantation and the stressor or disturbance is grazing.

From 1970s, many social scientists and urbanists started to believe that the social
fabric of regions is intrinsically interwovenwith the ecosystems they depend on. This
conceptual thinking led to the emergence of concepts focused on socio-ecological
systems. When resilience was embedded in this concept, it came to be known as
socio-ecological resilience, which “incorporates the idea of adaptation, learning and
self-organization in addition to the general ability to persist disturbance” (Folke
2006).

Carpenter et al. (2001) interpret socio-ecological resilience as:

1. The amount of disturbance a system can handle and still remain in the same
state,

2. The degree of a system to be self-organized,
3. The degree to which the system can build and increase the capacity for learning

and adaptation.
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This further challenges the equilibrium state of engineering and ecological resilience
as this view highlights the ever-evolving state of systemwithout having to go through
drastic disturbances. Therefore, Kim and Lim (2016) describe it as “evolutionary”
resilience since it examines the evolutionary process of a society. However, the term
“evolutionary”mentioned here has a slightly differentmeaning. It includes flexibility,
diversity, and adaptability, thus improving the capacity through a constant process
of adaptation (Kim and Lim 2016).

Research on ecosystems has led to a deeper understanding of the important role
that biodiversity plays in self-organizing of complex adaptive systems in relation
to absorbing a shock and reorganizing of the system after the disturbance or shock
(Folke 2006). The adaptive cycle developed by C. S. Holling is applicable in complex
adaptive systems in relation to ecosystems and social systems through the process of
non-linear changes. It describes the way a complex adaptive system evolves in four
stages, namely, rapid growth (r), equilibrium (K), collapse or destruction (�), and
reorientation (α) (Folke 2006). The adaptive cycle in Fig. 4.1 describes themovement
of the system through a three dimensional state: system potential, connectedness, and
resilience (Holling, 1986).

The Panarchy (Fig. 4.2) by Gunderson and Holling (2002) shows nested adap-
tive cycle indicating that the processes that give shape to an ecosystem take place
at different spatial and temporal scales. According to Kim and Lim (2016), the
adaptive capacity cycle needs to evolve continuously to be able to evolve contin-
uously and experience transition into a state that has greater amount of resilience
and allows continuous interactions between various features such as adaptability and
transformability (Kim and Lim 2016). Sundstorm and Allen (2019) firmly argue the
adaptive cycles to be ubiquitous in complex adaptive systems as they are continuously
generating dynamics due to self-organization and evolution processes.

Fig. 4.1 The adaptive cycle (Source Holling, 1986 in Garmestani et al., [2009])
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Fig. 4.2 The panarchy adaptive cycle (Source Kim and Lim 2016)

Research on socio-ecological systems considers that there is more than just social
and ecological systems combined. Most of the literature available on resilience from
2000 onwards adopted the term “socio-ecological system” exclusively considering
the social side of it to address global challenges (Berkes and Ross 2013).

4.2.2 Emergence and Spread of Urban Resilience

While the concept of resilience has been addressed and researched upon by different
academicians and scientists from different study fields, it was not until the early years
of the new millennium that it was widely used in urban studies (Sharifi et al. 2017).
Since then, the application of this concept has been constantly changing more along
with the changes in the urban environment; hence, it is considered as an “evolving
concept” (UN-Habitat 2017). Cities are considered as the part of the problem due to
high emissions of greenhouse gases and increase in vulnerability to risks yet; they are
also parts of the solutions they can provide opportunities for better and more efficient
coping and response. With the rise in catastrophic events, urbanization process, and
population density, urban resilience has become a major agenda for urban planners
and policy thinkers. Due to the increasing pressure that challenges the well-being of
citizens, many cities are adopting resilience frameworks to also accelerate transition
toward economic, socio-cultural, and environmental sustainability.

Frantzeskaki (2016) recognizes five benefits of urban resilience in cities at
strategic and program level. They are as follows:
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Strategic Level

• As an integrated concept, resilience allows connecting goals and actions across
various departments for being able to develop a common goal and agenda for
achieving it,

• Urban resilience helps in building up solutions that systematically address
vulnerabilities and risks,

• As a transformative concept, it requires approaches that address characteristics
such as redundancy and flexibility.

Program Level

• It is a multifaceted concept that requires in-depth understanding of socio-
cultural, ecological, economic, and institutions factors along with assets and
vulnerabilities.

• It is an empowering concept for community engagement as it looks into
understanding risks to overcome social issues and vulnerabilities of the citizens.

Hence, different approaches are required to shift from just theoretical knowledge gain
and servicing to experimental approaches with the residents to create community
development and resilience.

Cities are considered as complex adaptive system, wherein, the communities and
the environment are interdependent along with other subsystems, and the concept
of resilience is seen as a help to face the challenges of a complex socio-ecological
system (Frantzeskaki 2016).

Traditionally, urban resilience is closely linked to “engineering resilience” where
the urban system is seen to have a stable state, and disturbances are attended one
by one without considering the interconnectedness of social and economic factors
to a city’s system. However, the static nature does not capture the dynamism of
cities. According to UN-Habitat (2017), it is necessary that the entire system needs
to be viewed as a whole for achieving urban resilience rather than having delivered
programs that address urban challenges separately.

Figure 4.3 makes it clear that engineering resilience may be problematic as it is
only focusing on a single state and does not consider non-physical factors. While the
ecological approach still shows some flexibility and recognizes the characteristic of
adaptability in a system.

Implementation of resilience in a city is not merely about responding to shocks
or stressors but also the way it is perceived and understood as a concept (Sham-
suddin 2020). Greater and efficient multilevel stakeholder engagement at vertical
and horizontal levels will enable interconnecting resilience in policies, economic
development, and in reducing climate-induced impacts. The idea of urban resilience
is multifaceted and highly challenging. Therefore, there is a need to bridge the gap
between theory and implementation of urban resilience (Coaffee et al. 2018).

Factors such as availability of resources, coordination between government
departments, documentation procedures, and willingness from officials can highly
influence the implementation process. To restructure the functions and activities of
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Fig. 4.3 Analysis of resilience thinking (Source UN-Habitat 2017)

government departments in a traditional bureaucratic setup and shit toward horizontal
integration is a major task for developing resilience (Coaffee et al. 2018).

Collaboration with private sector for services such as IT, investments, consultan-
cies, and think tanks will further enhance the process of building resilience in a city.
The Resilient Cities Congress held in 2018 had promoted the inclusion of private
sector. Along with government and private sectors, communities play an important
role in building resilience. Inclusion of communities in building resilience will help
in better understanding of the social fabric of a city which will further lead to better
decision-making processes (Frantzeskaki 2016).

4.2.3 Advances in Urban Resilience

An increasing number of international organizations has developed frameworks and
formed alliances addressing their concerns related to the concept of resilience. The
C40 Cities Climate Leadership group established in 2005 aims tomake the registered
95 cities climate resilient. Another major project dedicated to help cities become
resilient in social, economic, and physical aspects is the “100 Resilient Cities”
pioneered by the Rockfeller Foundation. It helps formulate each city a resilient
strategy that shall further inspire other cities of all sizes to adopt resilience.

The 2030 agenda for sustainable development comprises of 17 goals out of which
the Sustainable Development Goal 11 looks specifically into making cities resilient,
inclusive and sustainable. A non-governmental organization, Cities Alliance works
for eradicating poverty in cities through programs that support strengthening policy



76 N. Singh and A. Sharifi

frameworks, building local skills and capacity, implementing strategic urban plan-
ning, and facilitating investments. The Ecological Sequestration Trust in 2011 was
formed to improve energy, water, and food security at city-regional scale.

“Resilient Cities” Congress in 2018 organized by ICLEI is considered to be one
of the major events on urban resilience that brought various policy makers and a few
researchers together to focus on natural disasters specifically, and discuss policies and
mechanisms required to mitigate them in cities. According to a research conducted
by Rogov and Rozenbalt (2018), the term “urban resilience” is more linked with to
ecological concepts such as “natural disasters,” “ecosystem services,” and “climate
resilience” while it is very rarely linked with social and economic domains.

Urban living labs are considered to be a place-explicit experimentation in neigh-
borhoods and cities which promote the involvement of various stakeholders like resi-
dents, municipal, and local authorities, knowledge partners and other private actors
to find solutions to urban challenges in the concerned area. This helps in generating
new knowledge on urban issues that are under-researched and will effectively help
in implementing solutions. Voytenko et al. (2016) have presented five characteris-
tics of an urban living lab: (1) Geographical embeddedness, (2) experimentation and
learning, (3) participation and user involvement, (4) leadership and ownership, and
(5) evaluation and refinement.

As cities continue to grow, they need to deal with uncertainties and challenges
like climate change, food insecurity, lack of essential services to the poor, urban
waste and water mismanagement, and lack of effective land use planning that could
result in construction on risk prone areas. Such unfavorable circumstances lead to
inequalities in cities which further create social unrest and increase the chances of
riots. Thus, urban resilience is turning out to be a favorable concept that can help cities
derive maximum benefits from agglomeration of economies and help in minimizing
externalities (Ribeiro and Gonçalves 2019).

4.3 Urban Resilience Concepts and Definitions

From the vast body of research available on the concept of urban resilience, in
this section, 30 definitions are reviewed and presented from the most influential
publications. Out of the mentioned definitions, some of are similar yet unclear due
to the divergent contexts of urban. The definition of urban resilience presented in
Table 4.1 are sorted according to the study domain they have been mentioned in,
such as agricultural and biologicals sciences, engineering, environmental sciences,
social science, management and accounting, and energy.

As seen from Table 4.1, most of the definitions are either based on the context of
threat to a system or on urban sustainability. However, the main aim of all studies
and definitions is to add quality to the living conditions of the urban residents.
The area of study which highlighted the most about resilience is climate studies
or climate change—since it is considered to be one of the major challenges along
with urbanization and population growth in cities (Ribeiro and Gonçalves 2019).
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According to Meerow et al. (2016), certain number of definitions are underde-
veloped and have not addressed the conceptual tensions that exist in accordance to
urban resilience. Some of the key conceptual tensions are:

1. Characterization of urban: Definitions of urban resilience are mostly considered
as vague as they do not define the meaning of “urban,”

2. Notion of equilibrium:While certain definitions of resilience depict single-state
equilibrium others adopt the notion of multi-state equilibrium,

3. Resilience as a positive concept: The definitionsmentioned in the tables embrace
urban resilience as a positive and a desirable characteristic,

4. Pathway to resilience: The definitions specify three pathways to resilience, that
are, persistence, transition, and transformation,

5. Understanding of adaptation: The next tension builds around the concept of
adaptationwhichmeans that certain definitions are built on such specific context
which is undermining the system’s flexibility and ability to cope during sudden
and unexpected threats. There are many definitions in the literature which focus
on general adaptability and flexibility to prepare the situation under any sort of
threat,

6. Timescale of action: Only a certain number of definitions reflect upon the time
scale of the system after the disturbance under the fields of natural disasters
and climate change. None of the other definitions’ emphasis on the speed of
recovery.

The definition developed by Meerow et al. (2016) specifically addresses these six
tensions which is flexible to be used by researchers from any field. The definition also
offers multiple ways to be resilient and most importantly recognizes the timescale
in terms of taking an action. While Ribeiro and Gonçalves (2019) build on the table
by Meerow et al. (2016); yet, their definition focuses on the four basic pillar of
resilience, that are, resistance, recovery, adaptation, and transformation. However,
the main difference that exist in all the definitions presented above lies in the way
they have conceived a system to absorb, tolerate, adjust, reorganize, support, resist,
respond, recover, and transform from the disturbances.

4.4 Dimensions and Characteristics of Urban Resilience

4.4.1 Dimensions of Urban Resilience

Urban resilience can be divided into dimensions that are important for characterizing
and evaluating resilience.Ostadtaghizadeh et al. (2015) conducted a study to examine
the tools and models available for community disaster resilience assessment. The
research summarized various dimensions, mainly divided into five parts as shown
in Table 4.2: (1) Natural (2) Infrastructural (3) Economic (4) Institutional, and (5)
Social.
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Table 4.2 Dimensions and sub-dimension

Domain Synonyms or sub-categories

Social Human Capital, Lifestyle and Community Competence, Society and Economy,
Community Capital, Social and Cultural Capital, Population and Demographics
Environmental, Risk Knowledge

Economic Economic Development, Society and Economy

Institutional Governance, Organized Governmental Services, Coastal Resource Management,
Warning and Evacuation, Emergency Response, Disaster Recovery

Physical Physical Infrastructure, Infrastructural, Land Use and Structural Design

Natural Ecosystem

Source Ostadtaghizadeh et al. (2015)

While Ostadtaghizadeh et al. (2015) summarized the indicators broadly into these
five dimensions, the availability of definitions and concepts regarding these domains
makes it difficult to form a common framework. This calls for an international atten-
tion for developing a framework to be used as a foundation for the development of
resilience plans and programs in cities. Another important aspect, while developing
measures that are valid and reliable is to first establish the “cross cultural utility of
the variables” (Ostadtaghizadeh et al. 2015).

Similarly, Sharifi (2016) also carried out an analysis from various studies based
on community resilient assessment tools to develop a framework that could be
used to evaluate the performance of the resilient assessment tools by addressing to
multiple dimensions and their sub-dimensions alongwith their resilience criteria. The
dimensions he focused on are: environmental, social, economic, built environment
and infrastructure, and institutional. Built environment and infrastructure dimension
addressed by Sharifi (2016) is what Ostadtaghizadeh et al. (2015) has described as
“physical” dimension.

Ribeiro and Gonçalves (2019) have defined the five dimensions in their research
based on the same dimensions developed by Ostadtaghizadeh et al. (2015):

1. Physical Dimension: “…includes the assignment of the resilience in infrastruc-
tures”

2. Natural Dimension: “…includes the ecological and environmental resilience”
3. Economic Dimension: “…includes the development of societies and

economies”
4. Institutional Dimension: “… includes the governance and mitigation policies”
5. Social Dimension: “…resilience of communities and people in general”

After careful examination and analysis, Ribeiro and Gonçalves (2019) and Sharifi
(2016) observed that institutional and social dimensions were discussed most often
in the literature. These two dimensions show a strong link between themselves which
means thatmeasures such as leadership and strategic structure are critical for building
resilience in an urban area (Ribeiro and Gonçalves 2019). On the contrary, the envi-
ronmental dimension receives very limited attention despite having importance in
building resilience of a city (Sharifi 2016). Being a multifaceted concept, it is best
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to achieve resilience by looking into all the five dimensions. Hence, Sharifi (2016)
emphasize paying more attention to the environmental dimension along with other
dimensions.

Cutter et al. (2010) in their research described the dimensions with respect to
disaster resilience. While they considered the social, infrastructural, institutional,
and cultural components or dimensions, they did not consider the fifth dimension
of environment separately but rather included it in the institutional dimension. This
replaced the fifth element to community dimension. The dimensions are described
as below:

1. Social: This dimension aimed at addressing the differences that persist between
and among the communities by creating between the demographic segments to
social capacity.

2. Economic: This dimension measures the economic attributes of citizens such
as employment type and amount, homeownership, division of incomes, and
business size.

3. Institutional: It aims at addressing sub-components of mitigation, planning, and
earlier disaster events and experiences.

4. Infrastructural: It is based on community’s capacity to respond and recover. It
includes assessment of aspects, such as the number of private owned property
that is vulnerable to the risks and economic loses.

5. Community: In broader terms, this dimension falls under social dimension;
however, it assesses an individual’s relations between their neighborhood and
community. Sense of community, public participation, and place attachment are
three elements that are required to be understood.

Hence, we observe that the dimensions of resilience might differ if put under the
context of a specific types of resilience such as disaster resilience (Cutter et al. 2010).
This makes the point of having a basic framework that can be modified according to
the field, more affirmative.

4.4.2 Characteristics of Urban Resilience

After discussing the definitions and dimensions of urban resilience, there is a need
to identify the characteristics for the evaluation of resilient frameworks of urban
systems which in their origin are complex since the technical components come
together with the social ones. The available literature discusses resilience character-
istics in different contexts such as community-based resilience, urban energy system,
resource efficiency, and urban climate change. However, the mentioned characteris-
tics in these papers are not only specific to their mentioned concept but rather, urban
resilience as a whole.

Ribeiro andGonçalves (2019) identified eleven relevant characteristics that would
make an urban system resilient enough, they are related to redundancy, diversity, effi-
ciency, robustness, connectivity, adaptation, resources, independence, innovation,
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inclusion, and integration. The aim to identify these characteristics was to make it
easier and efficient for the local stakeholders to implement their resilience frame-
works. They argue that there is a need for the local stakeholders to frame urban
resilience in a way that is flexible and adaptable in relation to everchanging global
environment and to the needs and specific situation of a locality.

Sharifi and Yamagata (2016) present resilience characteristics as “principles”
necessary for the urban energy framework developed for assessing energy resilience
in an urban system. Further, Tyler and Moench (2012) and Spaans and Waterhout
(2017) present resilience characteristics in their respective conceptual frameworks for
assessing urban climate adaptation in cities. Building on the characteristics described
by various researchers, 14 characteristics, that are, robustness, diversity, redundancy,
connectivity, flexibility, resourcefulness, agility, efficiency, adaptive learning, modu-
larity, creativity, equity, inclusive, and foresight capacity have been identified and
described for making a city resilient.

Robustness: The ability of a system to withstand a shock or stresses without
the major functions and roles of a system undergoing a dynamic shift (Sharifi and
Yamagata 2016). A system needs to be well-conceived, designed, and managed to
be able to withstand the external forces (Spaans and Waterhout 2017). With the
anticipation ability to predict potential failures and ensure safety, a system ensures
that it is robust.

Redundancy: This characteristicmeans having extra components as spare capacity
just in case. Having redundant capacities and functions is essential as they can
compensate for the failed components in case of major disruptive events (Tyler and
Moench 2012; Sharifi andYamagata 2016). This ensures that the entire systemwould
not stop functioning due to failure of one component. The substitutable component
should be a high-level priority at a city level and cost-effective (Spaans andWaterhout
2017). Tyler and Moench (2012) term it as safe failure where the interdependence of
functions or the system supports each other which avoids the entire system to fail.
In other words, the major services can still be delivered despite a system failure.

Flexibility: A flexible urban system means that it has the capacity and ability to
adapt itself to changing conditions or if a system goes through disturbances and
disruptions. Such a system can immediately detect threats and failures and evolve
and adapt accordingly (Sharifi and Yamagata 2016; Spaans and Waterhout 2017).
According to Roggema (2014), in a flexible urban system both physical and func-
tional elements should be designed and developed in a way that would allow disas-
sembling and rearrangement. This would ensure multifunctionality of the system to
cope with disturbances in a shorter time frame. This calls for the system to execute
necessary tasks under different types of conditions and modifying assets in regard to
new conditions (Tyler and Moench 2012). To achieve flexibility, introduction of new
technologies and/or integrating indigenous knowledge is a useful approach (Spaans
and Waterhout 2017).

Agility: It is imperative for a system to return to its normal or better functionality
by mobilizing its resources in a given time period (Sharifi and Yamagata 2016).
According to Sharifi and Yamagata (2016), this process should be exhibited in a
timely manner to achieve resilience.
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Adaptive Capacity: This characteristic would help in determining the vulnerabil-
ities to future shocks and stresses enhancing the adaptation process under changing
conditions (Sharifi andYamagata 2016). The adaptation process also includes having
the appropriate knowledge and ability to respond rapidly to shocks and stresses in an
urban system (Ribeiro and Gonçalves 2019). The ability to learn from past experi-
ences and events would help in building capacity of a system to respond accordingly
and improve its performance (Tyler and Moench 2012). It is necessary for the actors
and institutes to keep gathering new knowledge for enhancing resilience in their city
(Tyler and Moench 2012; Sharifi and Yamagata 2016).

Modularity: Another way to strengthen an urban system’s resilience is to develop
self-organization in a system which doesn’t allow centralization of power and
resources or relying on outside physical intervention (Ribeiro and Gonçalves 2019;
Sharifi and Yamagata 2016). This characteristic centers around strengthening local
community engagement, cross sectoral partnerships, and vertical and horizontal insti-
tutional setup for informed decision-making process (Sharifi and Yamagata 2016).
The system should be independent and self-reliant to be able to function the bare
necessity when going through a disturbance.

Resourcefulness: The various actors responsible for building a city’s resilience
should always ensure the availability of sufficient resources to identify, plan, and
respond to risks and disruptions (Sharifi and Yamagata 2016). This means the citi-
zens should have the option of meeting their basic requirements readily available.
This also includes access to financial assets and other assets of the actors who are
collaborating in making an urban system resilient (Tyler and Moench 2012). Hence,
heavy investments are required in anticipating events and setting priorities (Spaans
and Waterhout 2017).

Creativity: This characteristic emphasizes importance of integrating technological
and non-technological innovation into management and planning aspects of an urban
system (Sharifi and Yamagata 2016). It is necessary for strengthening the ability of
restoring a system’s functioning under limited conditions (Ribeiro and Gonçalves
2019).

Equity: It is considered to be one of themost essential characteristics for achieving
resilience. For an energy system, for instance, it is based on fairly distributing the
energy resources across the city and ensuring accessibility. Also, just options should
be provided to the ones bearing the brunt of the consequences during production,
transmission, and distribution of energy (Sharifi and Yamagata 2016).

Foresight Capacity: A resilient system should be able to anticipate future uncer-
tainties and situations along with having the ability to visualize possible outcomes
and consequences (Sharifi and Yamagata 2016). This characteristic is considered
to be necessary for disaster management and absorbing an initial shock. Lack of
this characteristic might exacerbate the risk when exposed to hazards and disasters
(Sharifi and Yamagata 2016).

Diversity: It works on the principle that there should be various options available
to deal with disturbances and disruptions in a city—with more options, the ability to
adapt to a diverse set of circumstances will increase (Ribeiro and Gonçalves 2019).
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According toTyler andMoench (2012), a resilient systemhas two types of diversity—
spatial and functional diversity. Spatial diversity would mean that all the functions
of a system are not affected at one particular time, while, functional diversity would
make a resilient system have more than one way to meet a given need (Tyler and
Moench 2012).

Inclusiveness: Day by day it is being considered necessary to facilitate the partici-
pation and involvement of institutes, increasing community involved practices,mobi-
lization of resources during recovery period, and smooth flow of information among
the stakeholders through horizontal and vertical integration (Sharifi and Yamagata
2016). Transparency, accountability, and responsiveness are the widely acknowl-
edged principles of good governance (UNDP 1997) needed for decision-making
process especially including the vulnerable. These offer a sense of shared ownership
for building resilience of city.

Connectivity: It is important to have a system where there is efficient coordina-
tion of various preparatory and recovery actions among various stakeholders from
different sectors. Without such a characteristic, the system would fail to recover after
going through a shock (Sharifi and Yamagata 2016; Riberiro and Gonçalves 2019).

Efficiency: This characteristic aims at building a positive relation with the func-
tioning of a system with a static nature along with the systems that operate dynami-
cally (Ribeiro andGonçalves 2019). In terms of resource consumption, it is necessary
for a city to have a resource efficiency agenda that will help a city become resilient
by reducing the risk of shortfalls in essential resources, such as water, food, energy,
andmaterials. Resources help in functioning of a city and being resilient would mean
more efficient resource use and management (UNDP 1997).

The resilience of a system is exhibited only while going through shocks and
stresses. However, these characteristics of the system exist irrespective of the expo-
sure to disturbances (Tyler andMoench 2012). The characteristics of an urban system
should be seen as functioning in a complex and interconnected network that do not
function in isolation. Also, they should not only be viewed from a technical perspec-
tive. Every urban systemwould be different, and so it is impossible to provide specific
solutions for all conditions anddisturbances.However, the growing literature canhelp
in providing a fundamental framework for these characteristics by establishing a
fundamental or baseline framework. This way, it becomes easier to monitor changes
is resilience which further helps in comparing one place to another (Cutter et al.
2010).

4.5 Conclusions

We are now living in the era of increasing risks and uncertainties. Annually, cities
are hit with different types of adverse events ranging from natural disasters to polit-
ical conflicts and public health crises. Indeed, many cities are already vulnerable
to adverse events and, in many parts of the world, conditions may become more
sever considering the projected trends of urban population growth. Climate change
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is expected to further increase the frequency and intensity of adverse events, and this is
likely to further increase the pressure on cities and their already constrained resources.
Additionally, the recent pandemic demonstrated that cities need to also plan and
prepare formajor public health crises in future (Sharifi andKhavarian-Garmsir 2020).

It is due to increasing awareness about such threats, risks, and uncertainties that
many cities around the world are increasingly building on their efforts to enhance
urban resilience. This is manifested in the increasing number of plans, programs,
policies, and frameworks that are developed annually inmany cities around theworld.
Through investment in such initiatives, cities expect to minimize potential losses in
future and ensure building capacities to better respond to, recover from, and adapt to
adverse events. One potential impediment to the proper design and implementation of
resilience plans, programs, policies, and frameworks is the incomplete understanding
of the resilience concept itself. This issue becomes even more complicated when
considering the fact that resilience is a contested notion and various definitions exist
for it depending on the background, field, context, and objectives of the stakeholders.

In an effort to better understand different conceptualizations of resilience in the
context of urban planning, this chapter elaborated on the genealogy of the resilience
concept and its underlying principles and characteristics. It was argued that resilience
as a concept has an old history in fields such as physics and psychology. In such
fields, resilience has mainly focused on abilities to absorb shocks and return to pre-
shock equilibrium conditions in a timely manner. Unlike other fields, resilience has
been introduced to and used in urban studies only since a few decades ago. In their
conceptualizations of resilience urban scholars have been particularly influenced
by ecologists. In the ecological domain, it is recognized that return to pre-disaster
equilibrium state may be neither possible nor desirable. Instead, depending on the
severity of the shock and the conditions of the system, it may transform into a new
state(s). This is well-aligned with urban issues and phenomena, as cities are often
considered as socio-ecological systems. In addition to ecology, urban scholars and
practitioners have relied on the vast body of literature from other fields to conceptu-
alize resilience depending on their specific purposes. In fact, the wealth of literature
published in other fields have provided an opportunity to adopt the resilience concept
flexibly in urban research and practice. Generally, the dominant approaches that
guide such conceptualizations of urban resilience are categorized as engineering,
socio-ecological, and adaptive. The latter one has gained more momentum in the
recent years considering the increasing recognition of the concept of living with risk
and the need for continuous improvement and evolvement.

This chapter is concluded by elaborating on various underlying resilience charac-
teristics such as robustness, redundancy, flexibility, agility, adaptive capacity, modu-
larity, resourcefulness, creativity, equity, foresight capacity, diversity, inclusiveness,
connectivity, and efficiency. These characteristics are essential for developing more
objective resilience plans, programs, policies, and frameworks. They could also
contribute to making the resilience concept more tangible to various stakeholders.
These characteristics have also guided design and implementation of case studies
that have been reported in the latter part of this volume.
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Chapter 5
Resilient-Smart Cities: Theoretical
Insights

Ke Xiong, Ayyoob Sharifi , and Bao-Jie He

Abstract Cities, the main settlements of human beings, are facing mega challenges
of climate change, urbanization, population increase, economic growth, and envi-
ronmental deterioration. To address such challenges, the goal of sustainable cities
and communities has been advocated by the United Nations. In particular, smart
city has been applied to integrate digital technologies and sensors to improve the
efficiency of assets, resources, and services in urban operations. In comparison, the
resilient city is expected to improve urban resilience (e.g., prevention, impact reduc-
tion, recovery, adaptation) to disasters and emergencies. However, limited studies
have analyzed how to ensure a normal condition for smart city under extreme condi-
tions and how to ensure a resilient city can efficiently respond to disasters and extreme
events. Therefore, this chapter aims to address such research gaps for the integra-
tion of smart city and resilient city, namely resilient-smart city, in order to better
ensure sustainable urban development under various mega challenges. This chapter
discusses how six components of smart city (i.e., governance, people, life, mobility,
economy, and environment) contribute the resilient city in four aspects of health and
well-being, economy and society, urban systems and services, and leadership and
strategy to indicate the possibilities of the integration of smart city and resilient city.
Moreover, this chapter points out challenges hindering resilient-smart city develop-
ment and provides corresponding suggestions to overcome such challenges. Overall,
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this chapter is expected to open a vision for further development of resilient-smart
cities that can contribute to the achievement of sustainable urban development goals.

Keywords Smart city · Resilient city · Information and communications
technologies · Internet of things · Assessment indicator system

5.1 Introduction

The Earth and human beings have been facing several mega challenges such as
climate change, environmental deterioration, rapid urbanization, and unbalanced
and unbridled economic development in recent years. In particular, following global
urbanization, one of the most transformative trends (Korhonen and Snakin 2015),
such challenges in cities are more prominent. For instance, while cities are the home
to only 55% of the world population, they consume about 67% of global primary
energy and emit more than 70% of the greenhouse gases (IPCC 2014). By 2030
when the urbanization rate reaches 60%, nearly 75% of carbon emissions and energy
consumption will be concentrated in cities (Kennedy et al. 2014). Moreover, while
cities only account for 4% of the land on the Earth (Pouffary and Rogers 2014), they
will accommodate nearly five billion people by 2030.Accordingly, various problems,
such as traffic congestion, environmental pollution, urban climate change, suitable
housing, and safety are also critical (Gasco-Hernandez 2018).

There is an urgent need to control, alleviate, and address such challenges to provide
citizens with basic needs of urban infrastructure and ensure the sustainability of
society, economy, and environment (Eremia et al. 2017; Macke et al. 2018). In the
last decade, development of smart cities has been widely recognized as an important
approach for enhancing urban management capacity to deal with such challenges
(Albino et al. 2015; Bansal et al. 2015), andmany cities have practically implemented
smart city projects. For instance, the city of Dubuque, Iowa, United States, digitized
and connected all resources of the city, including water, electricity, oil, and natural
gas, for intelligently reducing urban energy consumption and costs, while meeting
citizens’ needs through monitoring, analysis, and integration of various data (use
2009). The ‘Your accessible transport network’ plan, by Transport for London, is
a project for the improvement of transport capacity and services across London,
England, through the collection of real-time information from subway cards, mobile
phones, and social networks and prompt and effective responses (TfL 2012). Partly
due to the effective operation of this system, during the 2012 Olympic Games when
users increased by 25%, the transport system in London still workedwell (TfL 2013).

Cities, themain human settlements, are becoming increasingly important to secure
citizens with sound and holistic functions. Under many extreme conditions (e.g.,
extreme weather, natural disasters, pandemic, and other emergencies), cities are
required to be resilient to reduce associated losses and recover frompotential impacts.
To achieve so, it is necessary to adopt measures to improve a city’s capability and
capacity in dealing with disasters while ensuring that there are sufficient resources
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to reduce or avoid the harm caused by sudden disasters to cities and their inhab-
itants (Sharifi and Khavarian-Garmsir 2020). Developing resilient cities has been
suggested as one of the solutions to such extreme conditions. Resilient city initia-
tives aim to strengthen the planning, coping, recovery, and adaptability of cities to
a wide gamut of adverse events, including climate-induced disasters and natural
disasters. For instance, after the Sandy storm, the United States developed disaster
management and response systems under long-term climate change risks, in order
to quickly recover facilities and services in cities. Gorakhpur, India, a city under
the severe influence of urban flooding and the associated impacts of dengue fever,
malaria, and Japanese encephalitis, mainstreamed resilient solid waste management
systems and upgraded the drainage and sewerage system to improve urban resilience
to urban flooding (Du 2019). Overall, to overcome urban challenges and secure safe,
comfortable, and livable urban environments, both smart city and resilient city have
attracted extensive attention of scholars and decision-makers in recent years (Sharifi
et al. 2021; Zhu et al. 2019).

5.1.1 Concept and Development of Smart City

The smart city paradigm was first proposed at an international conference in San
Francisco, California, in 1990, with the theme of ‘smart cities, fast systems, and
global networks’, shedding a light on how technologies can reshape cities (Gibson
et al. 1992). In the following years, its connotation gradually expanded (Fig. 5.1).
Until 2008, the ‘Smart Earth’ proposed by IBM (full name: International Business
MachinesCorporation)was aimed at applying smart technologies to all aspects of life
(e.g., medical care, transportation, currency, and infrastructure) and thereby making
the planet increasingly intelligent. Afterward, there has been a clear vision of smart
city among the public (Paroutis et al. 2014). In particular, a smart city covers a rela-
tively broad range of views (Dong et al. 2020), while the conceptual understanding
of smart cities is mostly relevant to technology, economy, management, etc., judging

Fig. 5.1 Development of the smart city concept. 1990s (Gibson et al. 1992); 2007 (Giffinger et al.
2007); 2008–2010 (Paroutis et al. 2014)
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from existing studies and findings (Zhang 2019). In addition, more recently, there has
been an increasing recognition of non-technological and soft dimensions of smart
city. For instance, the role of people as the end users of smart cities is increasingly
emphasized (Sharifi 2019, 2020b).

At the technical level, a smart city captures the information of an entire city and
conducts data analysis to achieve real-time monitoring of urban resources. Accord-
ingly, a smart city is defined as an urban area that integrates information and commu-
nication technologies with traditional infrastructure and employs new digital tech-
nologies for coordination and integration of urban functions and operations. A smart
city, therefore, is a tool or platform, capable of increasing competitiveness and thereby
improving communities and quality of life (Batty et al. 2012). For example, using
video surveillance and big data analytics can contribute to ensuring urban safety
supervision and early warning more quickly and intelligently.

At the economic level, smart city approach can contribute to creating urban areas
where the economy has achieved smart growth, and smart industry accounts for a
large proportion of urban industry with a high growth rate (Davis and Weinstein
2003). For instance, emerging industries of smart motor systems, smart logistics,
smart buildings, and smart grids have been the economic engine of many cities.
Because of the significant reduction of carbon emissions, more importantly, such
industries are important drivers to low-carbon economy (The Climate Group and
Global eSustainability Initiative 2008). Smart economyalso entails further promotion
of start-ups and better training of people to enable them to be active contributors to
the digitalized economic system (Sharifi 2019).

At the management level: A smart city refers to the utilization of modern
technologies such as Internet of Things (IoT) that are being explored and tested,
big data, and cloud computing, to enable urban infrastructure and services (e.g.,
urban management, education, health, public safety, transportation, power grid, and
water resources) to be intelligent, interconnected, and efficient. Such an approach
makes cities manageable, practically promoting sustainable urban development and
improving people’s quality of life (Han and Hawken 2018; Lytras and Visvizi 2018;
Maye et al. 2016).

5.1.2 Concept and Development of Resilient City

The resilient city generally indicates a city should be able to face either internal or
external shocks and still maintain its main functions during disasters or crisis events
(Sharifi 2016; Sharifi and Yamagata 2018). Such an expectation enables resilient city
to receivewide attention and efforts across various disciplines, such as ecology, urban
planning, economics, and sociology. Resilience idea was originated in disciplines
such as physics and psychology and then applied to other fields such as ecology. In
ecology, it aims to uncover the fluctuations and interactions between two competitor
communities in the biosphere. Its scope gradually expanded from natural ecology
(i.e., the relationship between stability and diversity in the ecosystem) to human
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ecology (i.e., the ability of cities to respond to climate change by changing the
political structure) (Bahadur and Tanner 2014).

In summary, research efforts on resilience have gone through three stages
(Fig. 5.2), including engineering resilience (Alexander 2013), ecological resilience
(Holling 1973), and social-ecological resilience (Berkes and Folke 1998). Engi-
neering resilience is to describe the capability of a single and static system in restoring
the original balance andmaintaining system stability after being subjected to external
shocks, showing an orderly and linear characteristic. Ecological resilience empha-
sizes the ability to adapt to external shocks and to characterize the robustness of
a complex system with complex and nonlinear changes (multi-equilibria system).
Social-ecological resilience emphasizes that humans and nature are regarded as a
whole, and different levels of systems interact with each other to form a dynamic
equilibrium process. Social-ecological resilience has a strong ability of learning and
adapting with a certain degree of variability and innovation (Holling 2001).

While there have been several decades since the resilience was proposed, the defi-
nition of resilience is still not universal given its broad application inmany disciplines
(Sharifi 2020c). Among various definitions, Holling first put forward the theory of
‘hierarchical structure, chaos, adaptive cycle’ (Holling 1973), which explored the
connotation of sustainable development and laid the ideological foundation for the
formation of urban resilience theory (Zhao et al. 2020). ProfessorMileti at theUniver-
sity of Colorado in the United States who introduced the resilience concept into
urban planning pointed out that a resilient city mainly responds to climate change
and resists disasters through the construction and improvement of urban physical
environment and infrastructure (Mileti 1999). UN-Habitat pointed out that a resilient
city assesses, plans and acts to prepare for and respond to all hazards – sudden and
slow-onset, expected and unexpected (UN-Habitat).

Fig. 5.2 Characteristics of resilience concept in different stages (Source Gunderson and Holling
2002)
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Meerow and others provide a more systematic and comprehensive interpretation
of resilient cities (Yan and Tang 2020), by defining a resilient city as ‘the urban
system and its social-ecological-technical networks at all time and space scales
maintain/recover in time to the required functions when disturbed and adapt to
changes and rapidly transform systems that limit current or future adaptive capacity’
(Meerow et al. 2016). Furthermore, the International Council for Regional Sustain-
able Development (ICLEI) mainstreamed the topic of ‘Resilient City’ and intro-
duced it into studies on cities and disaster prevention. Since then, urban resilience
has received extensive attention and (Motesharrei et al. 2016) and is now a critical
and hot topic in urban planning and urban geography. Moreover, many countries
and organizations including the United States, Britain, Australia, Japan, etc., have
formulated development strategies, policies, and projects based on the ‘resilience’
theory (Table 5.1).

Table 5.1 Strategies, policies, and projects for the development of global representative resilient
cities

Country/organization Strategy/policy/project Source Time

Hyogo Prefecture, Japan Hyogo Declaration https://undocs.org/en/A/
CONF.206/6

2005

London, England Managing Risks and
Increasing Resilience

https://www.london.gov.uk/
WHAT-WE-DO/enviro
nment/environment-publicati
ons/managing-risks-and-inc
reasing-resilience-our

2011

UNDRR Making Cities Resilient https://www.undrr.org/public
ation/making-cities-resilient-
report-2012

2012

New York, USA A Stronger, More Resilient
New York

https://www1.nyc.gov/site/
sirr/report/report.page

2013

Toronto, Canada Resilient City—Preparing
for a Changing Climate

https://www.toronto.ca/leg
docs/mmis/2016/pe/bgrd/bac
kgroundfile-98049.pdf

2013

Rockefeller Foundation 100 Resilient Cities https://resilient-cities.sph
aera.world

2013

USAID The Building Community
Resilience in Timor-Leste

https://www.usaid.gov/timor-
leste/project-descriptions/bui
lding-community-resilience-
timor-leste

2014

Earthquake Emergency
Initiative

Urban Resilience Master
Planning

https://emi-megacities.org/
urban-resilience-master-pla
nning/

2015

The Commonwealth of
Australia

Building a more secure and
resilient Australia

https://budget.gov.au/2021-
22/content/download/glossy_
resilient.pdf

2021

https://undocs.org/en/A/CONF.206/6
https://www.london.gov.uk/WHAT-WE-DO/environment/environment-publications/managing-risks-and-increasing-resilience-our
https://www.undrr.org/publication/making-cities-resilient-report-2012
https://www1.nyc.gov/site/sirr/report/report.page
https://www.toronto.ca/legdocs/mmis/2016/pe/bgrd/backgroundfile-98049.pdf
https://resilient-cities.sphaera.world
https://www.usaid.gov/timor-leste/project-descriptions/building-community-resilience-timor-leste
https://emi-megacities.org/urban-resilience-master-planning/
https://budget.gov.au/2021-22/content/download/glossy_resilient.pdf
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In summary, existing understandings indicate that smart city and resilient city
concepts present their consistent expectations in making cities and human settle-
ments inclusive, safe, resilient and sustainable (Goal11, UN SDGs). A smart city
concentrates on improving efficiency, capacity and performance of assets, resources,
and services (e.g., transportation, utilities, and many public spaces such as libraries,
hospitals, museums, and exhibition halls), along with the growth in societal needs
and increasing urbanization. A resilient city is expected to improve urban safety and
resilience during urban crises and extreme conditions, protecting people from direct
economic losses and deaths, and quickly recovering urban systems to normal.

Both smart city and resilient city could generate complementary benefits in
improving urban sustainability. On the one hand, a smart city technically integrates
intelligent methods and sensors for real-time monitoring urban situations and gener-
ating immediate and prompt responses. This is vital for the development of resilient
city to obtain useful and critical information that is unavailable with only phys-
ical approaches under crises and extreme events, to support effective decisions and
strategies for overcoming extreme events. On the other hand, a resilient city aims to
secure human beings, ecosystem, assets, resources, and services, which is a critical
premise of a smart city for higher efficiency, larger capacity, and better performance.
In addition, the operation of digital methods and sensors in providing real-time
urban services requires a safe and resilient environment, particularly under crises
and extreme events. Integrating resilient city and smart city by developing resilient
city smartly and enhancing smart city resilience should be an important issue for
the achievement of Sustainable Cities and Communities (Goal11, UN SDGs) under
mega challenges of climate change, environmental deterioration, urbanization, and
economic development. However, existing studies have considered smart city and
resilient city separately and only a few studies have explored the integration of
smart city and resilient city (Hassankhani et al. 2021; Sharifi et al. 2021). To fill the
gap, this chapter aims to explore the potential of integrating smart city and resilient
city concepts for the development of resilient-smart cities, particularly to enhance
the robustness and quality of both resilient city and smart city with the inclusion of
information technologies and smart solutions such as big data and Internet of Things.

The remainder of this chapter is structured as follows. Section 5.2 describes why
the integration of smart city and resilient city is needed. Section 5.3 presents the
contribution of smart city integration for urban resilience. Section 5.4 discusses the
challenges and opportunities for integrating smart city and resilient city, and proposes
relevant suggestions. Finally, Sect. 5.5 summarizes and concludes this paper.

5.2 The Need for Resilient-Smart Cities

Both smart city and resilient city provide a path for city optimization and upgrading
under various challenges. As shown in Fig. 5.3, smart city is capable of addressing
a broad range of urban problems, like resource shortages, traffic congestion, envi-
ronmental pollution, etc. In comparison, resilient city is expected to address severe
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Fig. 5.3 Ways to promote urban development of SC and RC

problems caused by major disasters with strong consequences on environments,
lives, economy, etc. While smart city presents a technical means of urban devel-
opment by integrating information and communication technologies for real-time
sensing, analysis, and integration of various key information of the core system for
urban operation, smart city is compromised to quickly cope with disasters and reduce
associated impacts. Therefore, there is a need to improve the capability of smart city
in dealing with urban disasters rather than only day-to-day problems.

Resilient city can respond to and resist adverse situations of urban flooding,
extreme heat, emergencies, pandemics, etc., but it is difficult to quickly identify
disasters, promptly predict risks, and effectively generate decisions to resist and
respond to disasters using traditional methods. Accordingly, it becomes important
to improve the efficiency of addressing disasters by shortening response time and
avoiding problems evolving into disasters. Such a consideration is consistent with
the current trend of resilient city studies, where themain themes have been shifting to
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prevention before light disasters from overemphasizing recovery after severe disas-
ters (Meerow et al. 2016). This should be supported by the inclusion of newmeasures
and technologies and explore novel paths and models.

To enhance capacity and performance of smart city and resilient city, accordingly,
this section suggests the integration of resilient city and smart city, namely resilient-
smart city, for an innovative model of urban development and support for a city to
conduct sustainable construction in an all-round way, thereby approaching the goals
of inclusive, safe, resilient, and sustainable cities and communities. As shown in
Fig. 5.3, smart city and resilient city complement each other for achieving sustain-
able urban development. On the one hand, the resilient city cannot be separated
from the management technology of smart city, where smart city provides tech-
nical support. On the other hand, resilience provides positive feedback by enhancing
urban resilience to ensure the healthy development of smart city. The needs for
resilient-smart city are fourfold as follows.

First, the smart city provides a technical support for the development of
resilient city in terms of information and communications technology. Moreover,
the technology-based response features of smart city can be a management plug-in
module for resilient city,making up for shortcomings (e.g., unavailability of real-time
information and data, lack of evidence-based and effective decisions) of resilient city.
Modern information and communications technologies such as the Internet of Things
and big data analysis technologies provide open opportunities for the development
of resilient city (Shah et al. 2019). The integration of smart city solutions in resilient
city initiatives covers a wide scope of practices, such as real-time crime monitoring
maps, predictive policing and security staff, natural disaster (climate risk) moni-
toring and assessment, urban information management, and urban disaster relief and
disaster prevention and mitigation systems (Desouza and Flanery 2013; Kontokosta
and Malik 2018; Takewaki et al. 2011; Zhang et al. 2019). During the COVID-19
pandemic, for instance, information and communications technology and big data
combined relevant data with geospatial and temporal information to track data and
build a complete information monitoring and dissemination platform. It allowed
people to grasp essential data timely, thereby hindering the spread of the pandemic
and minimizing adverse impacts (Sharifi and Khavarian-Garmsir 2020).

Second, smart city supports disaster prevention in the development of resilient city
given its capability of monitoring and managing infrastructures such as transporta-
tion, buildings, electricity, and water in achieving energy and resource efficiency.
For instance, the regular detection of conditions of underground water pipelines,
tracking and investigation of the cleanliness of pipelines in a real-time manner by
the municipal government of Paris, France, using geographic information systems,
provides a database to implement intelligent management of underground drainage
system and improves water efficiency on the one hand. On the other hand, it offers
urban hydrological systems and stormwater infrastructure management required to
improve resilience to flooding (esri 2019; WRT 2010).

Third, sound development of smart city requires positive feedback from resilient
city, because smart city, an important factor for achieving urban sustainable devel-
opment, has an endogenous relationship with the improvement of urban resilience
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(Song 2020). However, the pure embedding of information and communications
technologies into urban infrastructure and operation management systems does not
necessarily promote the healthy and safe development of cities (Boulos et al. 2015).
Resilient city acts as a foundation for smart city planning (Moraci et al. 2018). For
instance, the increasing high temperature in cities is a challenge to the normal opera-
tion of sensors and transmission systems, where development of heat-resilient cities
for cooling cities and communities is an important prerequisite.

Fourth, the information security is also an important issue in building resilient
cities to determine the performance and outcomes of smart city. Therefore, resilient
city, a positive feedback to emergencies, should quickly adapt to current or future
systems and overcome the negative impact of smart city on social development (Hiller
and Blanke 2017). For example, the SusCity project in Lisbon, Portugal, adopts a
new architecture of the Internet of Things, using protection and recovery modules
to analyze faults, take measures to solve them, and provide positive feedback on the
Internet of Things infrastructure in the smart city environment to reduce the adverse
effects of technology (Abreu et al. 2017).

5.3 Smart Cities for Urban Resilience

Conceptually, the application of smart city technologies helps improve urban
resilience and the improvement of urban resilience generates positive feedback to the
quality and performance of smart city. Nevertheless, it is worth discussing how smart
city technologies can contribute to urban resilience, in order to identify possibilities
of resilient-smart city development, given the fact that application of smart city tech-
nologies can potentially impede urban resilience. A typical case is that smart city
is vulnerable to cybersecurity attacks that may detract from urban resilience (Beck
2017). This section starts with the analysis of the assessment indicator systems of
smart city and resilient city, following which the possible contributions of smart
city to urban resilience are analyzed in four aspects including health and well-being,
economy and society, infrastructure and ecosystems, and leadership and strategy.

5.3.1 Assessment Indicator System for Smart City
and Resilient City

As aforementioned, scholars have made various attempts to define the smart city
concept in different disciplines such as technology, economy, and management. The
frameworks which they have presented to assess city smartness in these different
disciplines also vary (Sharifi 2020a). The most typical frameworks include the smart
city model for European cities developed by Giffinger and Gudrun (2010), the basic
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component of smart city model by Nam and Pardo (2011), the smart city initia-
tives framework by Chourabi et al. (2012), and the Smart City Wheel (SCW) by
Cohen (2013). Among these frameworks, the Smart City Wheel (Fig. 5.4) repre-
sents one of the most prominent concepts and characterizations of smart city. It
is constructed based on six critical dimensions, including governance, people, life,
mobility, economy, and environment proposed by (Giffinger et al. 2007). These
dimensions are also widely accepted and used by other scholars, enterprises, and
governments for smart city research, assessment, and building (Dong et al. 2020).

The framework of the City Resilience Index (CRI) (Fig. 5.5), proposed by the
Rockefeller Foundation, is one of the most holistic ones for resilient city assess-
ment (Wei et al. 2017). This framework presents a comprehensive set of indica-
tors, variables, and metrics that are related to urban resilience (ARUP 2014), in four
dimensions including health andwell-being, economy and society, infrastructure and
ecosystems, and leadership and strategy. Each of these dimensions consists of three

Fig. 5.4 Assessment indicator system of smart cities (Source TUWIEN 2015)
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Fig. 5.5 Assessment indicator system of resilient cities (Source ARUP 2014)

indicators following the principles of feedback, robustness, redundancy, richness,
and tolerance (ARUP 2014).

Both SCW framework and CRI framework comprehensively cover several urban
components. Such components could overlap and supplement to a certain content,
offering the opportunities to identify connections between smart city and resilient
city. For instance, resilient city is expected to provide adequate safeguards to human
life and health in the CRI framework, and smart city should ensure people’s health
and safety in the SCW framework. The urban systems and services defined in the
CRI framework are enabled by diverse and affordable multi-modal transport systems
and information and communications technology networks, and contingency plan-
ning. Such a vision indicates that the integration of smart city technology into the
construction of resilient city has initially been considered in resilient city framework.
In the following parts, the connections between smart city and resilient city, namely
the contribution of smart city to urban resilience, will be detailed. In particular, six



5 Resilient-Smart Cities: Theoretical Insights 105

Fig. 5.6 Connections between smart city and resilient city

scopes of indicators in the smart city assessment indicator system are linked with the
four scopes in the resilient city assessment framework (Fig. 5.6).

5.3.2 Health and Well-Being

The category of health and well-being indicates to what extent a city meets the
basic needs of citizens. It is characterized by three indicators including minimal
human vulnerability, diverse livelihoods and employment, and adequate safeguards
to human life and health. Using information and communications technology or
other modern technologies, smart life contributes to these three indicators, reflecting
the characteristics of urban resilience such as integration, systems-based operation,
anti-disturbance, redundancy, robustness, and rapidity.

First, smart life ensures the basic needs such as water sanitation, energy, and
food. In terms of water, for instance, smart life is engaged to assess and manage
water resources through monitoring and dispatching systems, recycling and reuse
systems, and ensuring water quality and safety so as to efficiently and reasonably
meet the needs of stakeholders and realize the smart governance of urban domestic
sewage. A case of NewYork, United States, is that smart city technology was applied
in the planning process by deploying sensors in the urban underground pipe network
for monitoring the operation of water resources. Another case is the installation of
24 weather monitoring stations of Vienna Pipe Network Company, through the close
cooperation with the National Meteorological Administration, for timely forecasting
of the rainstormdirection andprecipitation and sending feedback to the control center,
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to follow up the intelligent management and control of the drainage network (Marks
2014).

Second, new technology applications (new media, communication equipment,
semiconductors, wired and wireless services, and other diversified companies) for
smart life can support economic development, thereby providing more opportunities
of access to finance, skills training, and business support. For example, Toronto, a
city with a high concentration of information service enterprises, has approximately
148,000 employees in the information service industry in the metropolitan area. The
information service industry contributes an annual sale of more than $32.5 billion
and its annual export value exceeds $6.2 billion (TOP 2018).

Finally, smart life enables cities to collect relevant information through early
detection and rapid response to crises or emergencies (Yao and Wang 2020), to
coordinate disaster relief work, assess the degree of damage to urban system, and
further strengthen the resilience of urban system. It is an approach to improve urban
resilience to disasters (Fujinawa et al. 2015) and ensure urban dwellers’ health and
safety. There have beenmany practical cases of crises detection and response in smart
life. The integrated sensors in Buffalo Bay Park in Houston, United States, provide
disaster prevention information by detecting behaviors and degree of hurricane and
flood danger for reducing associated losses to a certain extent (Jason Iken and Brown
2009). During the COVID-19 pandemic, information and communication technolo-
gies and big data analytics were utilized to combine relevant data with geospatial and
temporal information to enable people to grasp relevant data as promptly as possible,
thereby controlling the spread of the epidemic, minimizing its impact, and enhancing
the resilience to the pandemic (Sharifi and Khavarian-Garmsir 2020). Singapore’s
urban public safety supervision system plan facilitates rapid detection, real-time
response, and coordination of events that affect urban public safety. This is achieved
through unified supervision, information integration, efficient coordination, network
integration, information interaction, and data sharing between different urban public
safety services and monitoring systems.

Smart life can also adopt information and communications technology that inte-
grates health facilities and services, and responsive emergency services, providing
faster and more convenient services. For example, many megacities such as Tokyo
and New York adopt electronic medical record systems to integrate various clinical
information systems and knowledge bases, set up sensors and wireless networks, and
adopt a series of technical measures such as cloud computing. These technologies
greatly enhancediagnosis and treatment activities of themedical staff and improve the
accuracy of medical procedures. In addition, online medical information exchange
system and mobile medical applications have been developed to provide residents
with medical and health services anytime and anywhere, realizing the dynamic trans-
mission of the physiological conditions of family patients and ensuring resident’s
health and safety. Such services are also expected to provide other resilience co-
benefits. For instance, telemedicine minimizes the need to visit hospitals andmedical
centers, thereby allowing remote access in case of disruptions in the transportation
network or when social distancing is needed as was the case during the COVID-19
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pandemic (Sharifi et al. 2021). Additionally, through reducing travel demand, tele-
work can contribute to climate change mitigation efforts as transportation sector is
one of the major contributors to greenhouse gas emissions (GHGs).

5.3.3 Economy and Society

Economy and society need a collective identity and mutual support, social stability
and security, and availability of financial resources and contingency funds. A smart
economy is characterized by an innovative spirit, flexibility of labor market, inter-
national embeddedness, ability to transform, and so on (TUWIEN 2015). It can be
diverse, robust, connected and efficient. Among other things, the characteristics of
smart society include affinity to lifelong learning, flexibility, creativity, and people’s
participation in public life (azbil 2019). Smart society is capable of promoting the
flexibility, creativity, robustness, rapidity, equity, diversity, and efficiency in cities.

Smart economy provides sound management of city finances and diverse revenue
streams. In particular, a wide application of information and communication tech-
nologies (i.e., electronic medical treatment, electronic technology products, etc.)
provides advantages to attract enterprises’ investment and talents. Data mining and
visualization of smart economic decision-making and operations, such as the sharing
economy, improve economic diversification and capital flow allocation efficiency and
make urban economy management more comprehensive. In addition, the economic
dimensions of a smart city can provide strong support for disaster prediction and
preparation, disaster reduction, and recovery. It is also the basis for the development
of smart infrastructure and government management (Oliva and Lazzeretti 2018).
Toronto has attractedmanyworld-leading high-tech companies by its advanced infor-
mation and communication services. Built upon the information service industry and
cluster development strategy, Toronto has becomeone of themost innovative research
and investment hubs around the globe. Through attracting private sector developers
to provide start-up capital, Toronto’s Lakeside Community has built a new cutting-
edge network facility, which in turn, creates new opportunities for the community to
attract more digital media and other innovative companies (TOP 2018).

In addition, the application of blockchain improves the reliability and transparency
of transactions to ensure the security of financial and other transactions (Desroches
and Taylor 2018) and provide support for sound management of city finances, which
is of significance for a well-functioning city. As a supplement to the traditional
economy, ‘sharing economy’ guarantees the normal establishment of a part of the
supply–demand relationship. While striving to maintain normal operations, different
social forces share the risks associated with shared resources, shared services, and
shared technologies (Long 2020), greatly improving the allocation and utilization
efficiency of various resources in a city.

Smart society development not only guarantees a safe and stable operation
of medical care, office, teaching, etc., but also promotes social relationships and
networks, integrated communities. First, it provides a cross-domain linkage for
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disease prevention and control (e.g., ‘Healthcare’ inHongKong),which improves the
accessibility of medical information. Second, with the employment of information
and communication technology, smart society promotes closer and more effective
connections within and between enterprises or schools, improves the fairness of
educational resources, and enhances the effectiveness of social management. Given
the needs of COVID-19 prevention and control, applications of remote collaborative
office and distance education are also emerging rapidly (Wen 2020). In particular, the
remote collaboration and cloud office systems have been developed and optimized to
provide technical support for employees towork at home during such special periods.
The adoption of DingTalk and other network platforms has been prevalent for large-
scale online teaching to minimize the impact of the epidemic on normal teaching.
Overall, these applications are typical cases that greatly improve the efficiency of
remote information collection and communication and facilitate better work-life
balance (Li and Long 2020). Such approach to smart society development provides
support for the speed, fairness, and diversity of resilient cities. Third, the use of tech-
nology and new media in smart society improves public awareness of environmental
protection and disaster self-rescue, thereby enhancing risk reduction, recovery, and
learning and innovation capacities. Hangzhou city in China, for instance, has devel-
oped a comprehensive security experience hall through video surveillance, simula-
tion operations, game interaction, and Virtual Reality (VR) virtual experience. This
allows residents to learn various hazard safety measures and prevention skills that
are closely related to life and strengthen residents’ awareness of safety precautions.

5.3.4 Urban Systems and Services

Resilient urban systems and services could be assessed by three indicators of reduced
physical exposure and vulnerability, continuity of critical services, and reliable
communications andmobility, which have a close connectionwith the smart environ-
ment and smart mobility. For the smart environment, one of the assessment indica-
tors is sustainable resource management, in order to make environment management
sounder and critical infrastructure safer. This, at the same time, indicates smart envi-
ronment embodies the diversity, robustness, resourcefulness, agility, efficiency, adap-
tive capacity, rapidity, and redundancy of a resilient city. Smart mobility is consistent
with the goal of reliable communications and mobility in resilient cities, in terms
of integrated transport networks, information and communications technology, and
emergency communication services. This makes it related to resilient city principles
of robustness, rapidity, redundancy, flexibility, and efficiency.

Sustainable management of smart environment facilitates sustainable building
and resource management and contributes to meeting demands of critical infras-
tructure, optimizing resource allocation in energy supply, and strengthening urban
monitoring systems to alleviate deterioration and improve restoration of ecological
systems.Many countries and regions have implemented smart environmentmeasures
to address a variety of problems emerged in urban development (e.g., increased
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demand on critical infrastructure, ecosystem degradation, etc.). A case of the critical
infrastructure is the Huoshenshan and Leishenshan Hospitals in Wuhan China that
were built with high quality standards in a short timeframe in the early stage of the
COVID-19 outbreak, using prefabricated rapid construction and Building Informa-
tionModelling technologies. This provides efficient and accurate support for building
and infrastructure construction in response to emergencies (Li and Long 2020). With
the extensive use of renewable solar energy resources, Barcelona has developed a
smart energymanagement (e.g., energy-savingmanagement mode) system for build-
ings, water supply systems, information billboards, charging infrastructure, etc., and
the city is among those with the highest density of solar panels in Europe (ZIGURAT
2019). Different types of electronic trash bins, where trash cans are connected to
underground pipelines through their respective valves, have been built in Stockholm
to classify and sort trash (Fourneris 2020). Moreover, waste treatment efficiency has
been also improved by automatic control system, high-speed transportation system,
and automatic separation and transportation systems.

Smart environment systems can automatically collect and monitor various
resources related to the human living environment such as water, electricity, and
atmosphere in real time. The systems detect and deal with various adverse events in
time and continuously carry out plans to establish more comprehensive ecosystem
management and flood risk management systems to ensure cities operate resiliently.
For example, cities can build smart grids to promote on-demand mutual conversion
and distribution of energy on a unified platformand encourage innovativemethods for
increased uptake of clean and renewable energy sources and technologies (Gargiulo
and Zucaro 2015; Moraci et al. 2018; Zach et al. 2019). This can also provide flex-
ible power and information and communications technologies to support for the
operation of critical infrastructure in the post-disaster stage (Alqahtani et al. 2018).
The Green University of Tokyo Project promoted by Tokyo, Japan, uses information
technology to reduce electricity consumption and carbon emissions, improving urban
environment in a smart and intelligent way. The plan connects the air-conditioning,
lighting, power supply, safety facilities, and other subsystems in the buildings to
form a compatible integrated system and conduct intelligent data analysis to realize
intelligent, dynamic, and effective configuration and management of electric energy
supply and consumption (Esaki 2021; GUTP 2008).

Sustainable, innovative, and safe transport systems of smart mobility provide
infrastructure systems for urban transportation, facilitate integrated transportation
networks, help maintain smooth connectivity of roads and communication networks,
and restore water or power supply in time (Rus et al. 2018). These series of methods
improve the efficiency of transportation system, reduce energy consumption, and
improve quality of life. The Urban Transportation Master Plan and Electric Trans-
portation Plan in Vienna, Austria, for example, have addressed problems of traffic
congestion and exhaust pollution in urban construction on the one hand and have
increased the utilization rate of environmentally friendly transportation and public
transportation on the other. The Smart Commuter Initiative proposed by Toronto,
Canada, was the first one to integrate advanced technologies such as expressway
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non-stop electronic toll collection and road traffic information collection to opti-
mize expressway operations and improve transportation efficiency. Implementation
of this initiative also improves the operation of traffic management system. Simi-
larly, the highways in Tokyo, Japan, are controlled and monitored by information
technology, and restructured information services are provided at any time to avoid
various natural disasters and ensure safe operation.

Smart mobility can also adopt information and communications technology
infrastructure to provide a basic guarantee for efficient logistics transportation
and real-time full-process supervision of commodities and disaster relief medical
supplies. The use of diversified contactless takeaway delivery services also provides
basic living supplies for people staying at home while ensuring safety (Wen 2020).
For example, smart logistics uses the Internet of Things technology to realize the
exchange and sharing of information between things in the logistics process. This
way, all links of logistics can be tracked and monitored in real time to realize the
digitization and information of the entire logistics process, thereby upgrading logis-
tics industry and reducing logistics costs. Moreover, the use of logistics robots can
quickly work out the optimal path to increase logistics rate. Further, using blockchain
can reduce logistics costs, production, and traceability of goods in transit and improve
the efficiency of supply chain management.

5.3.5 Leadership and Strategy

The leadership and strategy of resilient city are assessed by effective leadership and
management, empowered stakeholders, and integrated development planning. The
smart governance prioritizes effective measures, such as participation in decision-
making, transparent governance, and public and social services, to improve leader-
ship and management and facilitate access to up-to-date information and knowledge
to enable people and organizations to take appropriate actions. The smart gover-
nance dimension is related to the principles of diversity, inclusive (participatory),
resourcefulness, equity, and efficiency of cities.

Smart governance employs information and communications technologies to
provide government services and exchange information and integrate various inde-
pendent systems in the face of disasters (Ruhlandt 2018). The intelligent decision-
making system, supervision system, and others improve the ‘fineness’ and ‘precision’
of decision-making (Zhou and Fu 2020; Zhu et al. 2019). Through e-government,
public government service platforms (e.g., transportation, energy, and water) and
government websites have become more service-oriented to provide citizens with
consulting information and services to improve the quality of life and satisfaction of
citizens. The Wellbeing Toronto Website helps residents to better understand their
communities and city government and strengthens the connection and communi-
cation between the public and the government. The first-hand public information
published on this webpage provides the municipal government with references for
relevant resolutions in order to provide public services more in line with the needs
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of citizens. Smart governance can also assist government managers and medical
workers in dynamic management and monitoring through the Internet of Things. For
example, the Disease Control AI Analysis Platform (WDCIP) developed by Weizhi
Technology is based on related technologies to detect people in close contact, predict
the high-risk transmission area of the epidemic, and assist in the analysis of the
dynamics of the pandemic’s spread. It also provides decision support for relevant
government departments and health systems (Yan and Han 2020).

5.4 Challenges and Suggestions for Integrating Smart City
and Resilience

Overall, smart city and resilient city have strong connections according to the anal-
ysis of the relationships in their assessment indicator systems. Such connections also
indicate the potential to integrate smart city and resilient city for sustainable urban
development in various aspects such as health and well-being, economy and society,
urban system and services, and leadership and strategy. Moreover, the potential inte-
gration may promote the efficient and comprehensive operation of society, economy,
infrastructure, and management and can enhance the city’s redundancy, diversity,
and anti-disturbance characteristics.

Within the context of sustainable urban development, there aremany opportunities
for resilient-smart city development. This has received the support from emerging
studies. For instance, the use of emerging big data, cloud computing, and informa-
tion and communications technology solutions to help cities survive and operate
under extreme pressure has been advocated (Palmieri et al. 2016; Soyata et al. 2019;
Yang et al. 2017). Urban structures should integrate smart technologies and systems
to improve robustness, redundancy, resource richness, and rapidity (Desroches and
Taylor 2018). Nevertheless, these studies are only preliminary, and in-depth research,
exploration, and testing are needed.

While there are opportunities and possibilities as analyzed in Sect. 5.3, there are
a variety of challenges for resilient-smart city development. First, the original goals
of smart city and resilient city are different, implying the different requirements
in development so that they cannot completely overlap. The elementary focus of
a resilient city lies in the urban safety, reflected by the reduction of the casualties
and economic losses caused to the city by natural disasters and emergencies and the
capabilities of quickly recovering to a normal state after the disaster. In comparison,
the focus of a smart city is on the efficient operation of the urban system (Zhu et al.
2020). There could be contradictions between them.

Smart city technology is not a panacea (Boulos et al. 2015), and the introduc-
tion of smart technology and thoughts may have negative impacts on resilient city,
thereby detracting from urban resilience. First, many defects and shortcomings have
been exposed in the application process of smart technologies (Li and Long 2020).
If the big data system in smart city fails to collect and analyze key data at high
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frequency during the emergency period of disasters and make sensitive predictions
accurately, it may lead to the collapse of the system. Second, if a city relies too
much on smart city technology, in the process of smart city planning, the services are
prone to be highly dependent on data and are more susceptible to potential data flow
interruptions (Kotevska et al. 2017), also reducing the resilience of infrastructure
given security threats (Beck 2017). Third, since the data among different depart-
ments cannot be always shared and connected in a timely and effective manner, data
conflicts and miscommunications may emerge, making it impossible to efficiently
trace the source. For example, for flood prevention and disaster relief, the use of
drones and various high-precision sensors has greatly improved the predictability of
disaster losses. However, once the data center is paralyzed, it will result in a huge
obstacle to continue the work (Beck 2017). Fourth, less consideration has been given
to the environment, and social equity and justice (Kaika 2017; Viitanen and Kingston
2014). This is contrary to one of the goals of resilient city (social stability and secu-
rity) (ARUP 2014). Overall, while the use of smart technology can alleviate environ-
mental problems and emergencies to a certain extent, it is prone to negative effects
in terms of data privacy and uncontrolled power relations (Sharifi and Khavarian-
Garmsir 2020). For example, for COVID-19 prevention and control, the application
of various health codes has greatly improved the efficiency of monitoring and early
warning. However, its effectiveness requires a large amount of public identities and
travel information gathered by the platforms, which are relevant to public privacy and
may lead to multiple risks such as external attacks and internal information leakages
(Zhang 2020).

Nevertheless, it is necessary to overcome potential technical and social risks
brought by smart city and take the improvement of urban resilience as positive feed-
back in the smart city development, and build a robust resilient-smart city, so as to
manage or solve urban problems and disasters more intelligently, effectively, and
accurately. To support this, several suggestions have been provided: (1) development
of a comprehensive and systematic resilient-smart city assessment system that incor-
porates the resilience elements into the smart city assessment system (Song 2020)
and strengthen the emergency prediction and sensitive analysis capabilities through
big data analytics (Wang and Zhao 2020); (2) improvement of urban resilience as
the main direction of smart city development in practice. This requires guiding smart
city planning with resilient thinking and promoting resilient-smart city construc-
tion with a diversified governance structure. Platforms for urban big data collec-
tion and analytics or information centers can ensure seamless data sharing, thereby,
offering advantages to technology and data resource organization and providing
urban decision-makers with more efficient and accurate support means; (3) enhance-
ment of data privacy and security based on the principle of social fairness. This will
require optimizing institutional mechanisms for data development and utilization,
strengthening privacy and confidentiality, combining technology-driven and human-
driven methods, and enhancing civic awareness to enhance adaptability to future
events (Sharifi and Khavarian-Garmsir 2020).
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5.5 Conclusions

Combination of the concepts of smart city and resilient city to develop resilient-
smart cities is drawing increasing attention for and accelerating sustainable urban
development under a variety of mega challenges of climate change, urbanization,
environmental deterioration, unbridled economic growth, and population growth.
This chapter advances the theoretical understanding of the concept of resilient-smart
city through exploring the possibilities of the integration of smart city and resilient
city concepts. In particular, the possibilities were evidenced through analyzing the
connections between the six components of smart city, namely governance, people,
life, mobility, economy, and environment and the four components of resilient city,
namely health and well-being, economy and society, infrastructure and ecosystems,
and leadership and strategy. In the resilient-smart city framework, smart city solutions
and technologies provide technical support to ensure a resilient city can deal with
disasters and emergencies in an efficient manner, while the resilient city provides
positive feedback for smart city in resisting external interferences and disturbances.
Nevertheless, information accuracy, data security, data sharing, and associated social
equity and justice issues are challenges a smart city can generate when being inte-
grated into resilient city systems. To overcome such challenges, this chapter also
presented suggestions to be considered in the development of resilient-smart city
assessment system, the improvement of resilience of smart city, and the enhance-
ment of social issues in smart technology utilization. Overall, this chapter is expected
to provide scholars and practitioners with a point of reference regarding the princi-
ples and characteristics of resilient-smart city. This, in turn, is expected to lead to
better recognitions of resilient-smart city in academia and practice.
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Chapter 6
Smart Cities and Urban Resilience:
Insights from a Delphi Survey

Nae-Wen Kuo, Ayyoob Sharifi , and Chong-En Li

Abstract Cities worldwide are exposed to an expansive range of climate-related
disasters, and thus, enhancing urban resilience is increasingly critical and has become
a major goal of city authorities. With the rapid development of technology, the
concept of a “smart city” is also becoming popular. A vast body of research has
been published on urban resilience as well as smart city. There are also many tools
and indicator sets for their assessment. However, there have been limited efforts
to synchronously study these two concepts. Urban resilience and smart city have
the potential to be merged, which is what this research calls “smart city resilience”
and implies deploying “smart solutions” for urban resilience and sustainable city
management. However, this trend is still in its infancy worldwide, and further explo-
ration is needed. Additionally, assessment methods and approaches, such as a toolkit
for assessing the current situation and making cross-city comparisons, also need to
be developed. Hence, the purpose of this research was to investigate the indicators
that should be included in an assessment toolkit. A panel of 13 experts participated
in the Delphi survey, and the analytic hierarchy process was used to find the relative
weight of each indicator. Finally, the opinions toward the assessment toolkit from the
experts were discussed further. Results can inform future efforts toward developing
toolkits for assessing smart city resilience.

Keywords Smart city · Urban resilience · Smart city resilience · Indicators ·
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6.1 Introduction

Cities are places in which majority of people and economic activities are concen-
trated. Over the past few decades, many people have migrated to metropolitan areas
from rural areas and continue to do so. According to the UN (2018), since 2007
more than half of the population worldwide has lived in cities, and the degree of
urbanization is poised to increase to 68% by 2050. In addition to socio-economic
challenges, the predominance of urban dwelling creates significant environmental
concerns, including resource consumption, production of solid waste, air pollution,
and water pollution. Additionally, many urban issues evolve into climate-related
disasters andmany cities are highly vulnerable to extreme climatic events. According
to basic disaster theory, risk is equal to themultiplication of hazard, vulnerability, and
exposure. Cities with high population density are likely to have higher exposure to
and also more significant risk of disasters. To protect these vulnerable places, scien-
tists from different fields have been engaged in relevant research and have adopted
some special terms to communicate with each other. For example, determining how
to increase cities’ resilience has become a popular research purpose, and the word
“resilience” is now generally accepted since the United Nations used it to frame the
Goal 11 of Sustainable Development Goals (SDGs).Meanwhile, with the flourishing
development of information and communication technologies (ICTs), city gover-
nance has become smarter. Leveraging ICTs for governance is a hallmark of “smart
cities” which are aimed at developing capabilities to efficiently manage many urban
challenges. The ultimate goal of developing a smart city is resolve various urban
problems through ICT-based technologies connected up as an urban infrastructure
(Lee et al. 2014).

Initiatives enabled by ICTs are deemed essential for helping cities develop trans-
formative solutions to address challenges related to global climate changes and create
equitable, sustainable, and resilient communities. Essentially, the concepts of urban
resilience and smart city have the potential to be merged (Baron 2012; Zhou et al.
2021). Many cities worldwide are vulnerable to numerous types of climate-related
disasters, and thus, enhancing resilience is expected to be at the core of smart city
development efforts. This could lead to a new concept that can be referred to as
“smart city resilience.”

Although a vast body of knowledge exists on smart city projects’ contributions to
sustainability and quality of life, little is known about their contributions to climate
resilience and climate action planning. In the other word, smart city projects based
on ICTs have been proposed and implemented with the aim to enhance climate
resilience. However, evaluating the effectiveness of such projects and the value of
implementation experiences is challenging. To evaluate the effectiveness of smart
city projects and to compare them across cities and areas, a set of assessment toolkits
should be developed. Such toolkits can build upon the large number of tools and
indicators sets that already exist for assessing city smartness (Sharifi 2019) and/or
resilience (Sharifi 2016, 2020c). In fact, developing tools that can simultaneously take
both resilience and smartness into account can help planners and policy makers save
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efforts and resources and also consider potential synergies and trade-offs between
smartness and resilience. For this purpose,we conducted aDelphi survey to collect the
opinions of experts on indicators that can be used for developing tools for assessing
smart city resilience. The analytic hierarchy process (AHP) also was used to deter-
mine the weights of each assessment indicator in the smart city resilience-assessment
toolkit. The toolkit can be used to examine the actual and/or potential performance of
cases worldwide in further research. The results and its findings can provide helpful
scientific and policy knowledge on integrating resilience thinking into smart city
development and can enable smart city developers to measure their contributions to
disaster resilience.

The remainder of this chapter is structured as follows. The methods used for
Delphi and AHP surveys are explained in the next section. Results are presented and
discussed in Sect. 6.3. Finally, Sect. 6.4 concludes the research by providing some
final remarks and recommendations.

6.2 Methods

6.2.1 Delphi Method and AHP Survey

The Delphi technique is a procedure to systematically collect experts’ opinions.
In the process of Delphi survey, all participants are anonymous to the others. It is
an excellent method to avoid some of the disadvantages of roundtable meetings,
including the bandwagon effect, the spiral of silence, and groupthink (Linstone and
Turoff 1975). AHP is amethod to address complex decisions. It is especially useful in
groupdecision-making; it condenses the decisionproblem into intelligible categories,
and the categories into many related indicators to construct a structural hierarchy
model (R. W. Saaty 1987; T. L. Saaty 1980, 1982). The decision-maker creates
a matrix for pairwise comparison of each category by using a 9-point scale. This
research adopted the AHP approach to determine the weights of the indicators to be
used to assess smart city resilience.

6.2.2 Questionnaire Survey Procedures

This study invited 13 experts from different countries to participate in the question-
naire survey. The experts specialize in the research fields of urban resilience, smart
cities, sustainable cities, and ICT applications. In the Round 1, summarized results
of a literature review on the topic were shared with participants to familiarize them
with the work’s scope and structure. This also included a list of potentially relevant
indicators for assessing smart city resilience. Further details on the contents of the
first round of the Delphi process are shown in Table 6.1. All experts were asked to
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Table 6.1 Questions in round 1

Serial number Context

Part 1: Meanings of
urban resilience, smart
city, and smart solution

Q1 What urban resilience and smart city mean to you?

Q2 What do you think smart city solutions, enabled by
Information and Communication Technologies add to the
existing discourses of urban resilience?

Q3 Resilient urban systems feature multiple characteristics such
as robustness, diversity, redundancy, connectivity, complexity,
flexibility, resourcefulness, learning capacity, agility,
efficiency, adaptive capacity, modularity (independence and
self-organization), creativity, and equity. Are there any
characteristics you think should be added or removed? Please
justify your response in few words

Q4 Do you think smart solutions can enable or constrain these
characteristics? If so, in what way? Please provide examples if
possible (see the Glossary at the end of this document for
definitions)

Part 2: Establishing
toolkits for assessing
smart solutions

Q5 Do you think a toolkit for assessing contributions of smart city
initiatives to resilience is useful? If so, what do you think the
potential contributions of such a toolkit will be?

Q6 We have identified a set of potentially measurable indicator to
be used for assessing contributions of smart cities to disaster
resilience. These indicators are categorized into 7 themes,
namely, Environment, Economy, People, Governance, Living,
Mobility, and Data (see the Excel sheet). This list is not
comprehensive, and we hope you would be able to help us
improve it. Are there potentially measurable indicator in the
list you think should be removed and/or are there additional
measurable indicator you think need to be considered?

Part 3: Experts’
opinions regarding
assessment toolkits

Q7 What stakeholders do you think should be involved in the
processes aimed at assessing contributions of smart city
solutions to disaster resilience?

Q8 Smart city initiatives are practiced at different scales, ranging
from small scale projects to city-wide initiatives. In your view
should assessment indicators for different scales be different?
If so, why and how should they be different?

Q9 In your view, what challenges and barriers should be addressed
when assessing contributions of smart city solutions to disaster
resilience?

write their opinions in the initial questionnaire survey. Next, all participants’ survey
responses were anonymously summarized and fed back to each participant as part of
Round 2 of questionnaire survey for participants’ input. The participants’ opinions
were expected to converge. If views would have still been divergent, third or possibly
fourth stages of the Delphi survey may have been needed.

Two rounds of the questionnaire surveywere conducted in this research; 13 experts
participated in the first-round questionnaire survey and 9 experts participated in both
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the first and second rounds. The first-round questionnaire was primarily organized
into three parts: (a) the meanings of urban resilience, smart city, and smart city
resilience, (b) establishing the toolkits for assessing smart solution, and (c) giving
opinions about the suggested potential indicators for assessing smart city resilience.
The first-round questionnaire is shown in Table 6.1 and was sent to participants
by e-mail. Since the questionnaire survey design was open-ended, the results were
analyzed through text analysis in this round.

The second-round questionnaire was designed on the basis of the outcomes of the
first round. The opinions on three questions (Q1, Q4, and Q8) were divergent, and the
opinions on other questions (Q2, Q3, Q5, Q6, Q7, and Q9) were converged. Hence,
we designed three new questions (Q10, Q11, and Q12) to further the discussion
prompted by the original three questions (Q1, Q4, and Q8) and modified specific
topics according to all participants’ comments and suggestions (see the next section
for more details). In addition, two new questions (Q13 and Q14) were added in the
second-round questionnaire to further discuss the outcome of Q6. Also, Q13 was
used to select the potentially measurable indicators in each category, and Q14 was
used to weigh the seven assessment categories by using the AHP method. Finally,
there were a total of five questions in the second-round questionnaire.

6.3 Results and Discussion

6.3.1 Part 1: Meanings of Urban Resilience, Smart City,
and Smart City Resilience

Because the key terms in this study lack robust and coherent meanings (Cavada
et al. 2014), we needed to reach a consensus on these concepts’ definitions before
discussing the topics. In Question 1 of the first round, each participant offered many
different meanings of urban resilience and smart city because the question was open-
ended. Various experts repeatedly mentioned several concepts in this process. We
collected those high-frequency words to design the closed-end Question 10 in the
second round, with the aim to make the opinions more convergent (Tables 6.2 and
6.3). Finally, there was consensus on definition of these two concepts, specifically
there was agreement that urban resilience is the networked capability of the urban
systems to recover from unpredicted shocks (e.g., natural disasters, climate change,
and terrorism) and long-term disturbance; and smart city means that by relying on
ICT and emerging technologies the city becomes more effective and efficient in
terms of operations and urban management and is capable of improving quality of
life. Other proposed definitions should not be considered per se wrong but rather
broad definitions of these two terms.

After the meanings of urban resilience and smart city were determined, we
requested participants’ opinions on the term smart city resilience in Question 2.Most
respondents agreed that smart city can promote urban resilience (85%) and that ICTs



124 N.-W. Kuo et al.

Table 6.2 Closed-end question on the meaning of urban resilience in round 2

Urban resilience is
the

� ability
� characteristic
� networked
capability

of the � urban systems
� city
� society
� government
� metropolitan
region

to � recover from
� respond to
� resist to
� react to
� prepare for
� adapt to
� withstand
� recuperate from

� unpredicted
� sudden
� unprecedented

� shocks
� events
� change
� disastrous
conditions
� threats

(e.g., natural disasters, climate change and
terrorism) and long-term

� stresses
� disturbance

Table 6.3 Closed-end question on the meaning of “smart city” in round 2

Smart city means the city is � smarter
� better

at � urban planning
� resources use
� citizen daily-life convenience
� urban management

and to

� solve urban problems
� improve urban livings
� optimize the efficiency of operations

, which relies on ICTs and other emerging technologies

are an indispensable component of urban resilience (15%). Smart solutions have the
potential to reduce operations and management costs of urban areas while extending
the reach and impact of city services. Specifically, discussions of smart solutions have
contributed to two critical ideas to the discourse on ICT-enabled resilience. First,
when understanding ICT-enabled resilience as a preventative and preemptive line of
defense, the ICT-enabled resilience discourse can highlight systemic inadequacies
(presenting in the form of risks and vulnerabilities) that can potentially benefit from
ICT interventions. Second, when understanding ICT-enabled resilience as a response
mechanism, ICT-enabled resilience discourse can aid in examining how ICTs can
perform the role of facilitating community-led and context-specific responses to risks
and vulnerabilities as opposed to a role that overrides grounded reactions to threats.
At the individual level, ICT-enabled resilience can help in disseminating essential
government policies and hazard warnings, as well as promoting general services and
initiatives like bike sharing and using greener technologies. At the institutional level,
ICTs can help various government departments (both vertically and horizontally)
cooperate, integrate their planning and policies into one comprehensive plan, and
ease practical communication barriers.
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We examined the literature to identify 14 characteristics of resilient urban systems
that are widely recognized. These are, namely, robustness, diversity, redundancy,
connectivity, flexibility, resourcefulness, agility (rapid response), efficiency, adap-
tive/learning capacity, modularity (independence and self-organization), creativity
(innovation), equity, inclusiveness (participatory), and foresight capacity (Sharifi
and Yamagata 2016; Tyler and Moench 2012). We asked the participants to modify
these characteristics’ definitions in Question 3. The respondents confirmed these
meanings as shown in Table 6.4. It is worth noting that the participants also proposed
characteristics other than those mentioned above, including rapidity, knowledge,
resistance, transformability, reliability, humanity, sensitivity (or self-recognition),
social and ecological memory, horizontal and vertical cooperation and integration,
socio-ecological-technological systems, nature-based solutions, and livability (listed
by frequency of mention). These additional characteristics can also be helpful in
understanding urban resilience under specific situations.

After discussing urban resilience characteristics, we attempted to identify, by
posing Questions 4 and 11, smart solutions that can enable or constrain the charac-
teristics. The results of two rounds of surveys are shown in Fig. 6.1.All experts agreed
that the smart solutions can enable urban resilience by strengthening robustness, flex-
ibility, and resourcefulness characteristics. There was, however, limited agreement
on the characteristic of equity. In an opinion, one expert was unsure whether smart
solutions can improve cities’ equity because such improvement depends on citizens’
access to smart techniques. Indeed, this is related to the issue of digital divide that
has always been a concern in the context of efforts aimed at smart city development.

6.3.2 Part 2: Establishing Toolkits for Assessing Smart City
Resilience

To assess the current situation of city’s resilience and make cross-city comparisons
of smart solutions’ contributions to resilience were two key purposes for developing
a set of toolkits. However, Question 5 of the first round revealed that participants’
opinions on this issue were diverse. Most respondents (77%) hold a positive attitude
to the usefulness of a toolkit for assessing the contribution of smart city programs to
resilience, and one of the experts specifically believes that the toolkit can be used to
discover the strengths and weaknesses of development policies for urban planners.
However, some respondents (23%) thought that a toolkit would not be an appropriate
approach because it is not a flexible mechanism; hence, it would not be helpful in
creating a comprehensive tool for all cities. Further, because a smart city is not a
crystalized concept, its contours are rather vague and subject to interpretation, with
such an amorphous concept apparently confounding the understanding of our expert
panel. Therefore, we designed more specific questions as follows.

We listed several potentially measurable indicators in Question 6 of the first round
to assess smart cities’ contributions to disaster resilience and categorized them into
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Table 6.4 Recognized characteristics of resilient urban systems in previous studies

Characteristics Meaning

Robustness “Robustness refers to a system’s strength to withstand short-term(sudden),
acute internal and external shocks without suffering from major
degradation of the main functions. To achieve this and enhance system
security, the system needs to have the ability to counteract and/or absorb
the disturbance” (Sharifi and Yamagata 2016)

Diversity “Refers to the degree to which multiple distinct functions, that can be used
simultaneously, are included in the system. The aim of this principle is to
hedge against supply disruptions and ensure that a variety of options
(resources, instruments, etc.) for dealing with disturbances and ensuring
functionality exist in an urban system” (Sharifi and Yamagata 2016)

Redundancy “Redundant capacity refers to the availability of (substitutable)
components with similar (even overlapping) functions in the urban system
to enhance its adaptive capacity and ability to absorb shocks, give it
reserve capacity for problem solving, and ensure that uncertain events
causing the failure or displacement of one component would not result in
the failure of the whole system. In a system featuring redundant capacity,
exclusion of an element should not result in significant loss of functioning”
(Sharifi and Yamagata 2016)

Connectivity An urban system includes multiple sub-systems. A resilient system should
be capable of establishing connections between those sub-systems and
coordinate their activities in order to enhance effectiveness and efficiency
of operations. “Without this capacity the existing resources would not be
effectively utilized to prepare for the disaster, the system will not be able to
achieve its full absorptive capacity, and consequently there would be
procrastination in the recovery efforts” (Sharifi and Yamagata 2016)

Flexibility “Flexibility means that a system should have the ability to ‘adapt to
changing conditions’ and undergo a safe failure by changing its
configuration. A flexible system is capable of sensing threats, immediately
detecting the failure and making prompt changes at smaller scales of its
subsystems and thereby maintain overall performance during disaster. In
the context of energy systems, this could (e.g.,) refer to the ability to shift
between different energy configurations or adjust regulations or prices
according to changing conditions” (Sharifi and Yamagata 2016)

Resourcefulness “Relates to the adequacy of resources at the disposal of urban planners and
decision makers to appropriately identify, prepare for, respond, and recover
from potential disruptions. This includes having appropriate capacity to
understand status quo, and identify patterns, potential threats, and
contingencies” (Sharifi and Yamagata 2016)

Agility (rapid
response)

“Represents the system’s capacity to mobilize the resources necessary for
recovery and return to normal functioning within an acceptable time frame.
Agility is essential for avoiding cascading failures that can result in the
disruption of other functions in the system” (Sharifi and Yamagata 2016)

Efficiency “Means that the proportion of energy and resources provided by an urban
system to the resources given to it as input, should be positive to improve
resource use productivity and avoid waste” (Sharifi and Yamagata 2016)

(continued)
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Table 6.4 (continued)

Characteristics Meaning

Adaptive/learning
capacity

“Refers to an urban system’s capacity to learn from the disaster to reduce
its pre-disturbance vulnerabilities and enhance its capacity to adapt to the
changing conditions. Adaptability implies recognition of the inherent
vulnerability of the system components, availability of appropriate
knowledge and assignment of authority to prioritize tasks at the time of
crisis, and ability to respond with rapidity in order to facilitate a
‘safe-to-fail’ (or at least ‘soft-fail’) urban system. A resilient urban system
should entail ‘adaptive’ cycles that ‘alternate between long periods of
aggregation and transformation of resources and shorter periods that create
opportunities for innovation’, thereby ensuring survivability of the system”
(Sharifi and Yamagata 2016)

Modularity
(independence and
self-organization)

“A resilient system should possess a ‘certain degree of self-reliance that
gives it the ability to maintain a minimum acceptable level of functioning
(without external support) when influenced by disturbance’. A
self-organized system discourages centralization of resources and
authorities and should involve community-based management
characterized by strengthened local communities capable of independently
responding to disaster, cross-scale partnerships, and ‘horizontal’ and
‘vertical’ institutional connections that provide direct feedback to the
system and enable better informed decision making. Furthermore, it should
entail the ability to build upon and strengthen networks established to
respond to an earlier disturbance” (Sharifi and Yamagata 2016)

Creativity
(innovation)

“This principle represents the ‘urban system’s ability to use the disruption
as an opportunity to attain a more advanced state’. This requires utilizing
innovation (both technological and non-technological) in management,
planning, and design of urban system. Innovation is essential to enhance
various resilience abilities and avoid being overwhelmed by the constantly
changing nature of risks” (Sharifi and Yamagata 2016)

Equity “Equity plays an essential role for achievement of resilience. This is to
ensure that all urban citizens have the ability to utilize services to
prepare/plan for, cope with and recover from disruptions. Also, justice is
needed in terms of exposure to adverse impacts. This is to ensure that
marginalized and poor people do not bear the brunt of those impacts”
(Sharifi and Yamagata 2016)

Inclusive
(participatory)

Engagement of various stakeholders in planning and decision-making
processes enhances social capital and improves planning, absorption,
recovery, and adaptation capacities (Sharifi and Yamagata 2016)

Foresight capacity “Any resilient system must be able to face the uncertainty and relativity of
the future conditions. The characteristic of disaster is entangled with
uncertainty and nonlinearity of the impacts and behaviors of a portfolio of
endogenous and exogenous forces that can potentially become sources of
disturbance in the system. This principle is essential for disaster
preparation and also absorption of initial shocks. It implies that only
preparation based on shortcomings exposed by past events is not enough
and forecasting methods should also be applied in preparation to respond
to newer risks that may unfold in the future” (Sharifi and Yamagata 2016)
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Fig. 6.1 Relationship between smart solutions and the 14 characteristics

seven themes: environment, economy, people, governance, living, mobility, and data.
These indicators have been selected based on previously published comprehensive
studies on smart city assessment (Sharifi 2019, 2020a, 2020b). In the survey, some
participants opined that specific indicators in the list could not be easily quantified.
Undoubtedly, these indicators are so numerous that not all of them are suitable for
assessment. Thus, for the second round, closed-endQuestion 13was added to prompt
participants to choose the most essential indicators in each category. Each partici-
pant could choose the top one-third of all indicators. All candidate indicators and the
frequency selected by respondents are shown in Table 6.5. The high-ranking poten-
tially measurable indicators are marked with an asterisk. Based on the results, we
determined that those selected indicators are likely to be more suitable for measuring
the associated categories.

After the discussion following two rounds of surveys, participants were asked to
complete an AHP survey to ascertain how each category might be more important
than others to determine theweights in the second round. An empty pairwise compar-
ison is given in Question 14, and all experts gave a weighting for seven assessment
“categories” of the smart city assessment framework based on the AHP method.
Generally, a score of 1 means two categories have equal importance, and scores of 3,
5, 7, and 9, respectively,mean that one category ismoderately, strongly, very strongly,
or extremelymore important than another category (i.e., the number closer to 9means
that the difference between the two categories is more significant). The AHP results
(Table 6.6) indicated that the “people” category received the highest score (0.207),
followed by, in descending order, environment (0.173), governance (0.157), living
(0.153), data (0.110), economy (0.106), and mobility (0.094). The survey revealed
that regarding smart cities, all participants believed that the “people” aspect could
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Table 6.6 Weighting score
from AHP survey

Category Weighting score

Environment 0.173

Economy 0.106

People 0.207

Living 0.153

Mobility 0.094

Governance 0.157

Data 0.110

most contribute to disaster resilience. Indeed, as the end users stakeholders of smart
cities, people and their capacities are essential for determining the extent to which a
city is resilient to adverse events.

6.3.3 Part 3: Experts’ Opinions Regarding Assessment
Toolkits

For Part 3, we designed three primary questions. First, we inquired which stake-
holders should be involved in the process of assessing the contributions of smart
city solutions to disaster resilience. Most respondents of Question 7 opined that the
(national and local) government, citizen/neighborhood groups, experts, companies,
local media, and civil society representatives should be involved. This is a clear indi-
cation of the significance of gettingmultiple stakeholders engaged in the process.We
next asked participants whether assessment indicators for different scales should be
modified. In otherwords,whether customized indicatorswould be needed in different
contexts and scales. According to the responses for Question 8, participants believed
that the toolkit should be tailored to some specific city or country first and then
extended globally. Moreover, they believed that the purpose of the toolkits should
be clear and specific. Two respondents opined that assessment at a city-wide scale
is more meaningful and that different levels of stakeholders should be consulted for
different scales. However, one respondent contended that the assessment indicators
do not need to be different because this would lead to too many variables. This can,
in turn, cause challenges in terms of implementing the toolkit as more efforts and
resources would be needed. Since the opinions are still not convergent enough, we
asked participants in Question 12 in the second roundwhether the smart cities assess-
ment framework is more meaningful in certain scales. According to their responses,
most participants believed that the meaningfulness of the framework depends on the
smart city services or projects under examination. Some participants argued that the
preferred scale might be at the city level for smart cities but that the communities
should be targeted units for urban resilience; thus, the framework should combine the
two. However, when asked to choose between them, two-thirds of participants chose
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the city-wide scale and did not agree on the desirability of the community scale.
The reason was that developing a smart city entails work on all aspects of the city
(e.g., transportation, medical treatment, and government affairs) and considering all
those aspects may not be feasible at a sub-city scale. A city-wide scale relates to the
efforts of various planning bodies and governance units; many social and political
groups are also within the scope of a city-wide scale. Much construction work is
proposed and approved at the city level. Thus, only through a city-wide assessment
can researchers acquire comprehensive data. Further, smart solutions at a community
level are sometimes mixed with metropolitan or national responses and policies. In
other words, they are highly entangled with and dependent on activities at higher
scales of action.

Finally, in response to Question 9, the participants indicated some challenges for
and barriers to assessing smart city solutions’ contributions to disaster resilience. For
example, it is difficult to collect real-time, accurate, available data (since government
agencies tend to keep data within their organizations) on how smart city infrastruc-
ture contributes to disaster resilience, especially because many smart cities are still
under construction. Moreover, privacy (surveillance capitalism), human rights, IT
security threats (e.g., those linked with the deployment of 5G), issues of social bias
in AI algorithms, technological limitations, and nature-based solutions (and how
to integrate these in smart solutions) should be considered. Also, local norms and
values should be considered when adopting new technologies. Some respondents
urged that evaluation of different smart city initiatives must occur at different scales
in different contexts with the same measures and indicators. For example, indicators
such as crime rates and the number of surveillance cameras have been misused to
target racial minorities.

6.4 Conclusion

Smart city initiatives enabled by ICTs are deemed essential for helping cities to
develop transformative solutions to address the challenges of global climate change
and to create equitable, sustainable, and resilient communities. An extensive body of
knowledge has been developed on the contributions of such projects to sustainability
and quality of life, but little is known about their contributions to climate resilience
and climate action planning. Because many cities around the world are vulnerable to
a wide array of climate-related disasters, enhancing resilience is expected to be at the
center of smart city development efforts. Accordingly, this research project is focused
on investigating the contributions of selected smart city projects to climate resilience.
For this purpose, our research group first conducted aDelphi survey involving a panel
of experts to develop a smart city resilience-assessment toolkit.

In the first stage of this research, the Delphi method was implemented to clarify
three primary problems: (1) the meanings of urban resilience, smart city, and smart
city resilience, (2) the framework for toolkits for assessing smart solution, and (3)
the experts’ opinions of the constituent indicators of assessment toolkits.
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In the first part, the experts reached a consensus on the meanings of urban
resilience, smart city, and smart solution. Urban resilience is the networked capa-
bility of the urban systems to recover from unpredicted shocks (e.g., natural disasters,
climate change, and terrorism) and long-term disturbances; and smart city means
that by relying on ICT and emerging technologies the city becomes more effec-
tive and efficient in terms of operations and urban management and is capable of
improving quality of life. These previously vaguely defined terms were clarified
through scholars’ viewpoints. The Delphi study results also demonstrated that most
participants agreed that smart city can help improve urban resilience (85%) and that
ICT is an indispensable part of urban resilience. This could be the essence of the smart
city resilience concept. Additionally, this research further explored the comprehen-
sive characteristics of “urban resilience,”which are robustness, diversity, redundancy,
connectivity, flexibility, resourcefulness, agility (rapid response), efficiency, adap-
tive/learning capacity, modularity (independence and self-organization), creativity
(innovation), equity, inclusive (participatory), and foresight capacity. A noteworthy
finding was that all experts agreed that smart solutions can promote urban resilience
through increasing robustness, flexibility, and resourcefulness; the characteristic of
“equity” received the lowest agreement. This finding seems to indicate that equity
cannot necessarily be solved through smart solutions based on ICTs.

The framework of assessment toolkits that can be used to evaluate smart city
projects (smart solutions) was also explored in this research. A total number of 78
candidate indicators in seven categories were designed in the questionnaire, and the
top 24 high-ranking indicators were chosen by the experts. Moreover, the weights
of the seven categories were determined through the AHP method. The final results
affirm that the relevance of these seven categories is sequenced as people, environ-
ment, governance, living, data, economy, and mobility. The assessment toolkit is
planned to be tested in some smart city projects in Japanese and Taiwanese cities,
and they may be used to compare various projects in other cities.

The third part of this research investigated the experts’ opinions of the assessment
toolkits.Most experts suggested that government (central and local), citizens, experts,
companies, local media, and civil society representatives should be involved in the
process to assess the contributions of smart city solutions to disaster resilience. In
most cases, the toolkits seemed to bemoremeaningful and useful at the city level than
at the community level. Some critical challenges for and barriers to assessing smart
city solutions’ contributions to disaster resilience were found in this research. For
example, collecting real-time, accurate, and available data in most cities is difficult;
in particular, collecting such data in cities in developing countries could be difficult.
Data accessibility also may be a critical problem in older cities in well-developed
countries. Additionally, privacy and human rights issues are often proposed as being
critical by sociologists. Other challenges, such as IT security threats, the issues of
social bias in AI algorithms, technological limitations, and considering local norms
and values, should also be considered when implementing new technologies (smart
city solutions) in urban governance. Despite these challenges, smart solutions have
many potentials to contribute to resilience as was demonstrated during the recent



138 N.-W. Kuo et al.

pandemic (Hassankhani et al. 2021; Sharifi et al. 2021), and it is expected that research
and practice on “smart city resilience” will receive more attention in future.
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Chapter 7
Resilient Smart Cities: Contributions
to Pandemic Control and Other
Co-benefits

Maria Rebecca Quintero and Ayyoob Sharifi

Abstract The COVID-19 pandemic disrupted daily lives and operations in many
parts of the world. Being home to more than half of the world’s population, cities
were particularly hit hard by the pandemic. Different socioeconomic, institutional,
and technological measures and policies have been adopted by cities in their efforts to
control the pandemic. This chapter is focused on thosemeasures and policies enabled
by smart technologies and solutions. COVID-19 was the first global pandemic that
occurred after digital revolution. It was, therefore, no surprise that smart technologies
and solutions have been deployed at a large scale to deal with it. It is argued that this
has even accelerated adoption of such technologies and solutions. By focusing on the
planning, absorption, recovery, and adaptation capacities, this chapter discusses how
smart solutions and technologies have contributed to resilience against the pandemic.
In terms of planning, it is discussed that planning and existence of smart city infras-
tructure have enhanced different resilience characteristics such as connectivity, inno-
vation, and resourcefulness that have helped some cities be less affected by the
pandemic. These characteristics and availability and deployment of smart infrastruc-
ture have also enabled cities to absorb the initial shocks through, among other things,
better tracing and tracking. Smart solutions and technologies have also enhanced
resilience characteristics such as connectivity, creativity, agility, flexibility, and inclu-
sion, thereby helping cities to resume their functionalities in a more timely manner.
This, for instance, has been achieved through teleworking, telemedicine, automatic
operations, etc. Lastly, contributions to adaptation had fostered connectivity, learning
capacity, and flexibility. It is expected that the use of technology will lead to positive
behavioral changes that may last even after the pandemic. Despite all these positive
contributions, there are concerns about privacy and digital divide that need to be duly
considered and addressed for more effective uptake and implementation of smart city
solutions and technologies.
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7.1 Introduction

7.1.1 COVID-19 Pandemic and Its Global Impacts

A novel coronavirus, identified as SARS-Cov-2, brought about the Severe Acute
Respiratory Syndrome—Coronavirus Disease 2019 (COVID-19) pandemic (Lal
et al. 2020). The earliest documented case of COVID-19 was from Wuhan, Hubei
province, China on the 31st of December 2019 (Shi et al. 2020), initially identified
by the Chinese Center for Disease Control and Prevention (Li et al. 2020). The symp-
toms varied from mild to severe such as, but not limited to, signs comparable to the
common cold or flu, interminable chest pains, respiratory problems, confusion, and
pale or bluish lips, nail beds, or skin (CDC 2020). It is a highly infectious disease in
which lack of intervention had spread the SARS-Cov-2 from a patient to a median of
three people, higher than the infectivity rate of two for Ebola and one for the common
flu (Liu et al. 2020). Although the numbers of infected by SARS-Cov-2 were higher,
its mortality rate was 3.44%, which was lower than other coronaviruses such as, the
9.19% rate of SARS-Cov and the 34.4% rate of MERS-Cov (Khanna et al. 2020).
However, the upsurge in the number of infected cases and deaths globally, and the
absence of human’s pre-existing immunity to the virus, expeditiously turned this
outbreak into a pandemic (Thomson 2020; World Health Organization 2020). On
the 30th of January 2020, the World Health Organization (WHO) announced that
COVID-19 is a Public Health Emergency of International Concern (PHEIC) (World
Health Organization 2020) and was declared a pandemic by the 11th of March 2020,
as it had proliferated to 113 countries (Sułkowski 2020; Khanna et al. 2020).

Moreover, COVID-19 had adverse economic, health, and social repercussions
globally (Oldekop et al. 2020; Sułkowski 2020). Consequently, the outbreak had
severely disrupted systems and processes such as, but not limited to, public health, the
economy, global supply chains, demand for goods and services, transportation, virtual
communication, and international travel and tourism (World Trade Organization
2020; Khan et al. 2020; Sułkowski 2020). Among the courses of action for the
risk reduction of the COVID-19 pandemic were strict lock downs, isolation, social
distancing, case detection, human contact tracing, quarantine, and widespread travel
ban (Long and Feng 2020; Khanna et al. 2020). Worldwide, the drastic measures
that countries and regions have adapted to limit the effect of the outbreak were
diverse and have absolutely altered the way people live within a short length of
time (Thomson 2020; Sułkowski 2020). Furthermore, the challenges faced due to
COVID-19 have emphasized the importance of global strategy for development in
which the focus deals with problems collectively to achieve equitable and sustainable
solutions (Oldekop et al. 2020).
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As of 8th of September 2021, WHO reported 221,134,742 COVID-19 confirmed
cases and 4,574,089 confirmed deaths (World Health Organisation 2021). To date,
COVID-19 vaccines have been already rolled out in which 5,352,927,296 doses were
administered (World Health Organisation 2021). However, it has been argued that
the response to the pandemic would be much improved by comprehensive partner-
ship and collaboration in prioritizing the necessity of strengthening measures in the
containment of the infection in communities, expeditious vaccination, and the call
for the International Monetary Fund (IMF) and multilateral development banks to
provide more emergency funding, with the agreement of the G20 member countries
(Sachs et al. 2021).

7.1.2 Impacts of the Pandemic on Cities

Undoubtedly, the spread of COVID-19 in our globalized society meant that the novel
disease not only affected countries in general, but devastatingly impacted people’s
lives in cities as well (UN Habitat 2020). As social beings, humans benefitted from
cities through interactions, knowledge and information exchange, and cooperation
(Kang et al. 2020). However, this pandemic provided a different challenge compared
to diseases caused by other coronaviruses, such as the SARS-Cov and MERS-Cov,
because these viruses were transmitted to humans through certain animals (Abe and
Ye 2013), while SARS-Cov-2 was extremely infectious and transmissible between
people, that everyday social interactions posed a high risk of further spread (Kang
et al. 2020).

Aside from the medical response to this biological disaster, the protective social
approaches such as, but not limited to, contact tracing, social distancing, travel bans,
and lockdowns produced secondary problems, namely, the reorientation of commu-
nities’ social structure in terms of work and everyday life, unstable housing costs,
drastic economic changes, and concerns about privacy (Kang et al. 2020; Honey-
Rosés et al. 2020). In fact, recent studies have identified socioeconomic impact as
one of the categorical issues from this pandemic. While other impacts were deter-
mined from categories such as environmental quality, management and governance,
and transportation and urban design (Sharifi and Khavarian-Garmsir 2020).

Moreover, cities have the highest number of confirmed COVID-19 cases,
comprised ofmore than 90% (Pomeroy 2020). However, it was observed that the high
density of the population of an urban area does not directly correlate to the increase in
the number of cases. In fact, overcrowding and the management of urbanization were
identified as factors which increased the likelihood of risk of infection in major urban
areas such as Lagos, Lima, London, Madrid, Milan, NewYork, Paris, Sao Paolo, and
Tokyo (UN Habitat 2020). Furthermore, the economic recession and the predicted
decline of local government revenue by 15 to 20% meant less financial resources
for urban development projects and services such as, but not limited to, public trans-
port, poverty reduction, public healthcare, affordable housing, water, and sanitation



144 M. R. Quintero and A. Sharifi

(Wahba et al. 2020). In addition, people who lived in overcrowded informal settle-
ments and slum areas experienced further vulnerability due to inadequate, sometimes
even non-existent, basic services and support that made it impossible to implement
social distancing and follow recommended hygienic practices to counter the spread
of the infection (Wahba et al. 2020).

Also, lockdown measures drove people to increase the use of technology and
the internet for online schooling and working remotely. However, the pandemic
also highlighted existing inequalities. For instance, the work from home approach
succeededwith white-collar employees but, not for the workers in the informal sector
who relied on their day-to-day income to survive (de Waal 2020). Additionally,
students from poor families lack the technological amenities that were necessary for
their online lessons and essential learning (UN Habitat 2020).

7.1.3 Urban Planning and Management Gaps
and Difficulties

There are currently more people living in urban areas compared to rural areas
(Carmichael et al. 2019; Lerner et al. 2018). The increasing global population is
predicted to be absorbed by cities in the coming decades. To elaborate, in 2015
urban areas accommodated 54% of the total human population, and by 2036 it is
estimated that it would rise up to 62% (United Nations 2018; McDonald et al. 2020).
Studies have shown that the upward trend in urban population had critical conse-
quences on land use (Angel et al. 2012), air quality (Cole andNeumayer 2004), water
quality and security (Flörke et al. 2018), climate change and energy use (Rodríguez
2007; Güneralp et al. 2017), food security (Regmi 2001), and health and well-being
(Carmichael et al. 2019). Furthermore, the strengthening recognition of the connec-
tion between these multidisciplinary factors demonstrated the value and the crucial
role that cities and urbanization play in addressing international, national, and local
development issues, resilience, and sustainable development. Also, as rapid urban-
ization and urban population continue to proliferate, the need for effective planning
and management for cities become more significant (UN Habitat 2020).

However, urban planning and management is a multidisciplinary field, which
deals with different sectors to implement extensive tasks and objectives, that would
aid the community in attaining their development goals; so, there are numerous and
complex challenges in it (Boarnet and Takahashi 2005). First, the knowledge and
tools for planning and managing urban areas remains fragmented, which makes the
approaches and solutions unreliable and confusing for cities (Polidoro et al. 2012).
Second, research focus, data, and analysis about the urban environment, which urban
planners could use for knowledge source, policy decision-making, and governance
remain segregated (Duhr et al. 2020; Shwartz et al. 2014;Huang et al. 2018). In fact, it
was argued that the incompatibility of data format, timescale, and resolution is more
the reason for the disengagement between researchers and planners, and not data
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unavailability (Duhr et al. 2020). Third, the development policies from the national
level down to the local level of governing bodies are disassociated, and there is a
lack of essential key stakeholder consultation and participation (Huang et al. 2018).
Fourth, the need for more comprehensive and effective master plans with strong
spatial analysis that consider factors such as, but not limited to, urban sprawl, rapid
unplanned urban growth (Polidoro et al. 2012), vital infrastructure aside from roads,
appropriate locations for commercial and industrial sectors, and identification of
unplanned areas (Huang et al. 2018). Additionally, political intervention and corrup-
tion in cities are concerns because it had an impact on the planning, implementation,
and level of autonomy for planners in urban development projects (Polidoro et al.
2012). Moreover, the limited understanding and consideration for climate change
and various disaster hazards and risks, such as this pandemic, are also a challenge
that needs to be grappled with (Huang et al. 2018).

Against this background, the main objective of this chapter is to examine how
smart city solutions and technologies have contributed to resilience against the
COVID-19 pandemic. Before elaborating on this issue, we discuss some theoretical
concepts related to resilience and smartness in the next section.

7.2 Theoretical Concepts

7.2.1 Resilience

Resilience is a concept that is extensively used in current literature, policy docu-
ments, reports, and decision-making, as complex interactions between and within
various systems further acknowledge the relevance and necessity of maintaining
their functions despite of internal and external shocks (Connelly et al. 2017). The
term resilience first came from physics, which denoted an object’s reaction from the
impact of an extrinsic force (Peng et al. 2017). Then, studies in ecology from the
1970s used the term to pertain to a system’s capacity to anticipate and recover from
any external disturbances (Holling 1973; Cai et al. 2012). Moreover, in the context
of urban areas, resilience was referred to as the capability of a city to absorb disrup-
tions from its usual operations and still be able to revive and resume its operations
regardless of the changes and disturbances (Lhomme et al. 2011; Alliance 2007;
Folke et al. 2010; Wikström 2013; Sharifi et al. 2017).

Furthermore, there are differing ideas and definitions about resilience. Indeed,
there is a lack of a unifying concept partly due to various technical languages used
in different disciplines, which impede the effective sharing of ideas (Connelly et al.
2017). Even in the context of urban areas, contradictory definitions of resilience
exist. This was derived from factors such as, but not limited to, various perspectives
from social and ecological research, methodologies, dissimilarity on base ideas, and
the ways of thinking and reasoning about it (Rezaei and Bastaminia 2016). Table 7.1
shows the different definition and concepts of resilience of cities, collated by Rezaei
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Table 7.1 Definitions and concepts of resilience of cities (Rezaei and Bastaminia 2016)

Author Definition

Holling (1996) Urban resilience is further capacity or the ability of a city to
digest disturbance or is the amount of disturbance that a system
can digest it before the system structure is changed by changing
variables

Buckle et al. (2000) Quality of people, communities, agencies, and infrastructure
reduces vulnerability. Not only lack of vulnerability but the
capacity to prevent and reduce damages and then at the next stage
maintenance of ideal conditions in cities as much as possible in
case of incidence of harms, and then in third stage to recover
from the effects

Gunderson et al. (2002) The severity of disturbance that a city can absorb it before
structure of cities to be converted to a different structure through
change in variables and processes that are controlled by behavior

Cardona et al. (2003) Capacity of damaged cities or ecosystems to digest the negative
effects and rehabilitate them

Manyena (2006) Capacity of a city at risks to become adjusted, resist, or change in
order to reach an acceptable level of operations and structure and
its continuation. This is determined by a degree that the social
system is capable of organizing and increasing capacity, learning
from past disasters and improving assessments of reducing the
possibility of its own risk

Cutter et al. (2010) Urban resilience is called to absorption capacity and basic and
special performances, as well as capacity of recovery, “Return to
Balance”, after disaster

Pelling (2003) Urban resilience is the ability of biological systems and
organisms to resist or return to normal status against shocks,
disasters, diseases, and other changes

Birkmann et al. (2013) Urban resilience is considered capacity of damaged communities
or ecosystems to digest the negative effects and rehabilitate them

Turner (2014) Change process of strengthening the capacity of population,
communities, organizations, and forecasting, prevention,
recovery and change of cities after the occurrence of shock,
stress, and changes

Kärrholm et al. (2014) The severity of disturbances that a city can absorb it before
structure of the system to be converted to a different structure
through change in variables and processes that are controlled by
behavior

Hodson and Marvin (2014) Resilience is called the capacity of cities to absorb disturbances
and to keep necessary and inherent feedbacks, processes, and
structures of the city
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and Bastaminia (2016). Despite the definitions from various authors, the study had
identified two common properties from their analysis, which were: first, resilience
was regarded more as a means rather than an end goal. Second, urban resilience was
more effective when it was flexible to change and less resistant.

Moreover, as different definitions of resilience were explored, there were
prevailing features that were present. These features were critical functions or
services, thresholds, time and scale, and memory and adaptive management
(Connelly et al. 2017). In addition, published literature have identified capacities
of resilience which were absorptive, adaptive, and restorative (Lhomme et al. 2013;
Proag 2014; Fiksel 2003; Rose 2007; Tongyue et al. 2015; Sharifi 2016). Also, in
urban and disaster studies, the planning and preparation capacity was deemed crucial
in decreasing the impact of disasters andwas linked closely to adaptive capacity (Rose
and Liao 2005). More to the point, the features that were analyzed from the defini-
tions of resilience by Connelly et al. (2017) and the resilience capacities discerned
by various studies were presented in Table 7.2, which shows the relationship of how
resilience was perceived and its application in different disciplines.

To elaborate, the ability to plan and prepare is strongly related to the critical func-
tions of a system (Connelly et al. 2017). In fact, the key stakeholders determine the
scale, connectivity, and the level of priority of these critical functions when consid-
ering the vulnerabilities, hazards, and risks that would possibly disrupt the system
(Cumming et al. 2006). Then, the absorption capacity is linked to thresholds due to
the robustness of the critical functions and the system (Connelly et al. 2017) and
has significant influence on its adaptive capacity (Fath et al. 2015). The threshold
serves as the system’s limitation from disruptions and once this is exceeded, the unre-
covered changes in the system are adapted and different function emerges (Dakos
et al. 2008). Additionally, the recovery ability of resilience correlates to the amount
of time it takes to recover the critical functions and the scale of the impact of the
disruption (Allen et al. 2014). Ideally, agility in recovery is deemed important to
restore the system’s services with no change or as little change as possible (Connelly
et al. 2017). Also, the adaptive capacity places emphasis on the flexibility of the
system, not just on the known external shocks but, on the uncertain possibilities of
other disturbances as well (Fath et al. 2015). Moreover, foresight is also an essen-
tial resilience characteristic in envisioning alternative solutions and investment on
planning and preparing for future disruptive events (Park et al. 2013; Sharifi and
Yamagata 2016).

7.2.2 Common Smart City Solutions

As the urban population grows and cities are perceived as essential for the economy,
there is also an increase in the demand for basic public services, healthcare, education,
water, energy, and sanitation (Rao and Prasad 2018; Ramaprasad et al. 2017; Neirotti
et al. 2014). The aim to improve the population’s quality of life is a race with the
rapid urbanization and complex system of cities, and one of the ways to handle such
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Table 7.2 Resilience features common to socio-ecology, psychology, organizations, and engi-
neering and infrastructure, which are related to the temporal phases from the National Academy of
Sciences (NAS) definition of resilience (Connelly et al. 2017)

NAS
phase of
resilience

Resilience feature Description by application domain

Socio-ecological Psychological Organizational Engineering
and
infrastructure

Plan Critical functions
(services)

A system function identified by stakeholders as an important
dimension by which to assess system performance

Ecosystem
services
provided to
society

Human
psychological
well-being

Goods and
services
provided to
society

Services
provided by
physical and
technical
engineered
system

Absorb Thresholds Intrinsic tolerance to stress or changes in conditions where
exceeding a threshold perpetuates a regime shift

Used to identify
natural breaks in
scale

Based on
sense of
community
and personal
attributes

Linked to
organizational
adaptive
capacity and
to brittleness
when close to
threshold

Based on
sensitivity of
system
functioning
to changes in
input
variables

Recover Time (and scale) Duration of degraded system performance

Emphasis on
dynamics over
time

Emphasis on
time of
disruption
(i.e.,
developmental
stage:
childhood vs
adulthood)

Emphasis on
time until
recovery

Emphasis on
time until
recovery

Adapt Memory/adaptive
management

Change in management approach or other responses in
anticipation of or enabled by learning from previous disruptions,
events, or experiences

Ecological
memory guides
how ecosystem
reorganizes after
a disruption,
which is
maintained if the
system has high
modularity

Human and
social
memory, can
enhance
(through
learning) or
diminish (e.g.,
post-traumatic
stress)
psychological
resilience

Corporate
memory of
challenges
posed to the
organization
and
management
that enable
modification
and building of
responsiveness
to events

Re-designing
of
engineering
systems
designs
based on past
and potential
future
stressors
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Table 7.3 Comparison of key attributes in the first- and second-generation smart city paradigms
(Trencher, 2019)

Smart city 1.0 Smart city 2.0

Focus of vision Technology and economy People, governance, and policy

Role of citizens Passive role as sensors,
end-users, or consumers

Active role as co-creators or
contributors to innovation,
problem-solving, and planning

Objective of technology and
experimentation

• Optimize infrastructures and
services

• Serve demand-side interests
and spur new business
opportunities

• Address universal technical
agendas (energy, transport,
economy)

• Mitigate or solve social
challenges

• Enhance citizen wellbeing
and public services

• Address specific endogenous
problems and citizen needs

Approach • Centralized (privileged
actors)

• Exogenous development

• Decentralized (diverse
actors)

• Endogenous development

challenges is to make the city smarter and efficient (Rao and Prasad 2018; Sharifi
2019, 2020).

There is a lack of common definition for a smart city ( Rao and Prasad 2018;
Ramaprasad et al. 2017). When its concept started in the last part of the twentieth
century, the focal point was on the development of infrastructure and technology
(Woetzel andKuznetsova 2018;Ramaprasad et al. 2017;Neirotti et al. 2014;Trencher
2019). However, the current evolution of the idea also focuses on its effects, such as,
quality of services, sustainable development, and improvement on the lives of the
residents (Anthopoulos 2015; Woetzel and Kuznetsova 2018; David and Koch 2019;
Papa et al. 2013; Trencher 2019). In Table 7.3, the development of the concept of
smart cities shows through the differences between Smart city 1.0 and Smart city 2.0
in terms of vision, citizen role, objectives, and approach (Trencher 2019).

Additionally, it is argued that for a lot of cities, being a smart city is a complex
challenge and an aspiration (Ramaprasad et al. 2017). Aside frombeing an aspiration,
the interpretation of the concept varies per city or region and is contingent on a
city’s resources, development, and preparedness for the transformation of some of
its systems and processes (Rao and Prasad 2018; Neirotti et al. 2014).

Primarily, one of the basic requirements for a smart city is the information and
communication technology (ICT), as it integrates and manages all the factors in the
system. In fact, ICT enables connectivity, which is fundamental to utilize and coordi-
natemultiple resourceswithin the urban system (Rao and Prasad 2018;Westraadt and
Calitz 2018; Papa et al. 2013). However, it is argued that investment in ICT alone
could not transform an area into a smart city but, it would also need its citizen’s
learning capacity and innovation to promote change (Neirotti et al. 2014). In addi-
tion, the internet of things (IoT) is another solution which makes it possible to link
together control andmonitoring devices such as, but not limited to, actuators, sensors,
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RFID tags, mobile devices, and cameras, which are used to collect real-time data to
be utilized and actioned appropriately (Rao and Prasad 2018; Westraadt and Calitz
2018). For instance, the smart home is a popular example of IoT, in which an infrared
module is applied to control home machines and appliances (Jeong and Park 2019).
Moreover, big data analytics is also a smart city solution, consequently from off-line
and online datafication, and could even be obtained from cloud computing (Westraadt
and Calitz 2018). Big data refers to the huge amount of information and details gath-
ered about the citizens, potentially utilized for the management of urban systems
and processes (Bibri and Krogstie 2020; David and Koch 2019). Additionally, the
synthesis of data analytics, real-time monitoring, event management, and participa-
tory technology aims for effective and well-organized delivery of public services and
governance (Westraadt and Calitz 2018).

Moreover, it is argued that solutions for a smart city are not found only in the
tangible elements or hard domains, and that the intangible elements or soft domains
are also essential (Papa et al. 2015; Neirotti et al. 2014). Table 7.4 summarizes the
hard domains, which are the infrastructure- and technology-focused solutions, while
soft domains refer to the public services necessary to improve institutional position
and social environment (Neirotti et al. 2014).

7.2.3 Framework for Enhancing Urban Resilience Through
Smart Solutions

As urban areas are rapidly changing and expanding, the risks from disasters in cities
have increased as well. Cities have experienced, and continues to experience, the
consequences of climate change, unsustainable practices, and numerous hazards
that hinder their development. In addition, existing socioeconomic problems have
added to the burden of finding solutions to urban issues. With the consensus that
cities play a critical role in global development (Rao and Prasad 2018), there is an
urgent necessity for enhancing their resilience against any disruptions.

While cities have made efforts to enhance resilience, there has also been growing
interest in smart city initiatives. The smart city concept was developed with the goal
of improving the quality of life of citizens (Woetzel and Kuznetsova 2018; David and
Koch 2019). Smart city solutions have a wide range of scope, which aim to enhance
systems and services. Through the years, these types of solution have evolved and
have focused on addressing different urban problems.

In relation to the points discussed, the authors developed a framework for
enhancing urban resilience with the utilization of smart city solutions. The frame-
work is illustrated in Fig. 7.1. The framework revolves around four major resilience
abilities/stages, namely, planning, absorption, recovery, and adaptation (Sharifi et al.
2021).

To elaborate, the framework builds on the concept of urban resilience as a process,
instead of a goal, and emphasizes adaptation to changes (Rezaei and Bastaminia
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Fig. 7.1 Smart city solutions enhancing urban resilience (by author)

2016). The idea of resilience as a process and its flexibility to uncertainties are
shown through the cycle of arrows. This is a nonlinear process, and each phase is
dependent on the features of resilience that were impacted by disturbances on the
system.

In planning and preparation, the critical functions are determined by key stake-
holders. These stakeholders decide which services will be prioritized in case of
disruptions. In the event of a disaster, absorption is the phase in which thresholds
determine the limit on how much a city could withstand disturbances. Then, once
the threshold is exceeded, recovery would be the next process. In this situation, the
scale of the damage and the time it would take the city to resume its impacted critical
functions would determine its recovery. However, there are cases in which recovery
is impossible and adaptation would be the ideal process instead. In adaptation, it
would be based on how the city learns from previous disasters and implement better
processes for the future. Additionally, due to the cyclical process of resilience, adap-
tation links back to planning and preparation. This reflects that the knowledge gained
from adaptation is strongly considered in planning for future uncertainties of disaster
risks.
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Moreover, the framework shows that the smart city is composed of different
factors. These factors are technology, people, and governance (Skouby and Lyng-
gaard 2014; Woetzel and Kuznetsova 2018; United Nations 2018). This builds on
the concepts of previous studies that smart cities are not only about advancements in
technology but, comprised of the people and effective governance as well. For smart
city solutions to be beneficial, it is necessary to apply a comprehensive understanding
of the system instead of addressing just individual urban problems and disruptions.

Furthermore, the framework demonstrates that at the core of the urban resilience as
a process is the smart city and its solutions that enhance it. By adopting the nonlinear
process of resilience and placing emphasis on the different factors of what makes
a city smart, it strengthens urban resilience and fosters sustainable solutions for the
future.

7.3 Contributions of Smart Cities to Resilience

7.3.1 Contributions to Planning and Preparation

Unexpected disasters and other catastrophic events, such as theCOVID-19 pandemic,
have drastically impacted cities (Yao and Wang 2020). Numerous endeavors and
research were made to prevent, mitigate, respond, and recover from disasters.
However, there is still a lot of work to be done to be able to successfully manage
such difficulties (Shahat et al. 2020). Moreover, the increasing popularity of smart
cities brought specific consideration on the function and effects of information and
technology (ICT) in planning and preparation for dealing with disaster risks (Papa
et al. 2013). Additionally, big data and ICTs are proving to be essential in disaster
mitigation and support timely recovery (Yao andWang 2020). Also, the population’s
capacity to learn from previous disasters not only resulted in further innovation
of technological pursuits, but also strengthened the key role of human capital in a
connected and inclusive city (Papa et al. 2015).

In the context of urban resilience, connectivity and innovation are major char-
acteristics that have developed extensively through smart city solutions. Innovation
brought about not only new technologies, products, and tools but, new courses of
actions as well (UN Habitat 2020). Connection and exchange of information and
data between citizens and governing bodies have aided decisions on what to plan
and prepare for in times of crisis (Johnson et al. 2020; Yao and Wang 2020). In
fact, cities that have effective systems for infectious disease surveillance through
data analytics could reduce mortality rate by 5% (McKinsey Global Institute 2018).
Predominantly, the cities that were a step ahead in preparation for the COVID-19
pandemic were those that had better connectivity, adoption, and inclusive system
(Costa and Peixoto 2020).

Moreover, the adaptive learning applied from previous disease outbreaks due to
experience has exhibited the resourcefulness of some cities in their preparation for
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another crisis like the COVID-19 pandemic, and the use of IoTs was in the forefront.
For instance, the South Korea Digital Health was one of the initiatives from the
country’s adoption of the smart city concept years ago (Costa and Peixoto 2020;
Whitelaw et al. 2020). Smart city solutions, such as Artificial Intelligence (AI),
consumer health electronics, big data, block chain, and telemedicine were utilized in
withstanding the COVID-19 outbreak (Whitelaw et al. 2020). In addition, a website
with a Corona map gave information to people on which areas had confirmed cases.
Also, apps such as Corona 100 m and a self-quarantine app were used to let citizens
be aware of their proximity from infected areas and make sure they were following
quarantine protocols, respectively (Wray 2020; UNHabitat 2020; Söderström 2020).

Similarly, Singapore’s preparation for this pandemic was due to the SARS
outbreak they hadmore than a decade ago (Costa and Peixoto 2020). The country had
the TraceTogether app in place, which was part of their Smart Nation program. This
program utilized various new technologies to provide smart solutions and improve
the residents’ quality of life. For instance, with the TraceTogether app installed in
mobile phones, it helped detect people who were in close contact with confirmed
cases and shared that data with theMinistry of Health for easy identification (Tandoc
Jr and Lee 2020; Söderström 2020). To elaborate, the Bluetooth signal exchange in
residents’ mobile phones, when they were in close proximity from each other, would
be data that was registered and kept for 21 days, and the public health department had
access to it for their tracking of cases (Whitelaw et al. 2020). In addition, websites
and messaging apps were used by the government to educate and inform the people
in managing COVID-19 (Costa and Peixoto 2020). Similarly, a company in Romania
developed an app called CovTrack, which utilized the same Bluetooth technology to
track and trace people that have been infected (Tešić et al. 2020).

Additionally, Germany had used big data collated from a smartwatch application
they developed to track people’s health condition digitally, as one of their pandemic
responses. This smart technology made it possible for the government to record an
individual’s sleep pattern, pulse, and temperature, and applied that data in analyzing
the country’s collective risk and status of COVID-19 infection situation, and planning
for the best appropriate approach (Busvine 2020).

Another case is Taiwan, inwhich theirwell-prepared and efficient action to control
the outbreak resulted in low number of infected cases and deaths (Wang et al. 2020).
Big data was used ubiquitously as immigration and health insurance records were
integrated, checked, and analyzed, which helped in contact tracing and identified
people who needed to be tested (Whitelaw et al. 2020).

The application of several smart city solutions for the planning and prepara-
tion of urban areas to deal with disease outbreaks has aided in fighting the spread
of COVID-19. However, the advantages from smart solutions in functions such as
tracking, screening, and contact tracing to manage the infection have also presented
some disadvantages. It has been argued that privacy, data security, lack of manage-
ment and regulation, high production and maintenance costs, limited information
on asymptomatic carriers, and unequal opportunity for people that have no mobile
device or internet connection are some potential trade-offs that need to be taken into
account (Whitelaw et al. 2020).
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7.3.2 Contributions to Absorption

Aside from connectivity, smart city solutions have enhanced the robustness, flex-
ibility, and resourcefulness of cities during the pandemic. Additionally, smart city
solutions were crucial in maintaining connections and kept people productive while
in lockdown or physically apart (UN Habitat 2020). The COVID-19 outbreak has
facilitated the advancement in technology and the population’s adoption of it (Xiao
and Fan 2020; Chagoury 2020; Berg 2020). In fact, the drastic effect on communities,
economy, and healthcare system has made the people and local governments more
accepting of digital and technological tools to contain the spread of the disease and
continue their city’s critical functions as much as possible (Chagoury 2020). The
smart city solutions that rapidly developed during the pandemic lockdown and phys-
ical distancingwere in ICT and IoT systems such as digital and contactless payments,
telehealth, remotework, online learning, robot deliveries, online shopping, and online
entertainment (Xiao and Fan 2020; UN Habitat 2020).

Due to the infectious nature of COVID-19, along with the strict lockdown and
social distancing measures, flexibility and resourcefulness of some regions were
clearly demonstrated in the use of smart technology for telemedicine, with the aim of
reducing the burden on clinics, hospitals, and health professionals in dealing with the
pandemic (Wang et al. 2020;Whitelaw et al. 2020). It was reported that in the United
States, almost half of the number of patients have utilized communication services
such as Skype and Facetime to consult with a medical professional (Stokel-Walker
2020; McKinsey Global Institute 2018). In another case, Canada has recorded that
from February to May 2020, the number of patients who consulted doctors through
video conference calls increased from 1000 to 14,000 visits per day (Whitelaw et al.
2020).

Moreover, remote work and online learning have shown that resilient cities have
robustness due to the aim of maintaining critical functions for the benefit of the
economy and education. In this context, smart solutions such as, but not limited to,
virtual meetings, virtual reality, AI-enabled robot teachers, virtual private networks,
cloud technology, work collaboration tools, 3D printing, and facial recognition tools
were enabled to mitigate the impact of the lockdowns as much as possible (Xiao
and Fan 2020). However, the smart city technologies also reinforced the existing
inequalities within cities as considerable number of the population lacked access to
such innovations and faced difficulties with remote work and online learning (UN
Habitat 2020). In fact, prior to the pandemic, it was recorded that high-income regions
still had better conditions in terms of internet access, mobile phones, and wearable
smart devices compared to both middle- and low-income regions (Bahia and Suardi
2019).

Additionally, the use of smart city solutions was not only identified through
government initiatives. As a response to the lockdown, a case study has identified that
some people from the tourism sector have utilized the digital sharing of copyrighted
photos and videos, along with Google Maps, to continue their work through virtual
tours despite the situation (Costa and Peixoto 2020). Furthermore, heritage sites and
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museums provided virtual tours as well, as just some of the numerous entertainments
available online (Xiao and Fan 2020).

Moreover, in the case of Brazil, the lack of coordination of the national and local
governments, along with overcrowded population and poor living conditions, has
drastically increased the infected cases and exacerbated the impacts of COVID-19
in the country (Costa and Peixoto 2020). Due to the inaccurate reports of the public
sector about the numbers affected by the pandemic, with the support of academic
and scientific institutions, some groups utilize big data and IoTs for gaining better
knowledge of the conditions and providing some solutions for the citizens (Urban
and Nakada 2021). Smart solutions such as real-time maps of reported COVID-19
infection and open data source were readily accessed by the population to provide
information of high-risk areas. In addition, several universities in the country devel-
oped a system that integrated all the pandemic data and executed statistical analysis
of the population and the impact of the disease in the context of unemployment,
education, violence, and poverty (Costa and Peixoto 2020). Such situations exhib-
ited the modularity or self-organization characteristic that was decentralized and
initiated locally.

7.3.3 Contributions to Recovery

In urban resilience, recovery is a capacity that is determined by the time it takes
to return to normal conditions. This is influenced by the state of preparation and
also the scale of a disruption (Connelly et al. 2017). Big data analytics and real-
time information about a disaster could enhance the agility, connectivity, creativity,
flexibility, and participatory characteristics of resilience. For example, the use of early
warning systems provides cities with relevant data about the disaster and enables
them to conduct more comprehensive analysis for better decision-making, damage
assessment, relief efforts, and re-establishment of critical functions (Zhu et al. 2019;
Yao and Wang 2020; Woetzel and Kuznetsova 2018).

The advancement of AI and its application in scientific research tools, robots,
smart homes, toys, and medical diagnosis has been crucial in the development
of services that affect our daily lives (Skouby and Lynggaard 2014). During the
pandemic, robot-based delivery was one of the smart city solutions implemented
as an answer to contactless delivery. In China, the increase in online shopping has
encouraged major companies to deliver their service by robots (Xiao and Fan 2020).
Additionally, drones were used to deliver essential supplies, provide alerts and infor-
mation during lockdown and quarantine, and sanitize areas. Similarly, in Hong Kong
(Costa and Peixoto 2020) andNigeria (Chagoury 2020), the use of robots was consid-
ered safer in disinfecting public buses and trains and presented no risk in spreading
the infection (Costa and Peixoto 2020; Scott and Coiera 2020; Chagoury 2020).
These types of approaches showed that implementing smart technologies enhances
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creativity and agility and facilitates rapidmanagement of the pandemic impact. Addi-
tionally, in Denmark, robots that used UV light to sanitize were positioned strategi-
cally in airports, hotels, offices, universities, government buildings, and hospitals to
provide less burden to frontline workers (Bedi 2020).

Smart city solutions also had a positive contribution to the COVID-19 vaccine
development. The efficient collation and sharing of data about every new disease
provided more critical information and knowledge that was made possible by ICT-
enabled systems (Rabi et al. 2020). Traditionally, the development of a drug for the
treatment of a newdisease could take years, or even decades, due to the overwhelming
amount of data and necessary experiments to be done. In the case of the COVID-19
vaccines, AI had already sorted out the essential data and conducted calculations at a
rapid pace (Smart City 2020; Ibrahim 2020). In fact, deep-learning based algorithms
facilitated the recognition of potential SARS-CoV-2 protein structures just in several
weeks (Malone et al. 2020). Also, an open data source, known as the COVID-19
Open Research Dataset (CORD-19), provided access to scientific research groups to
a large number of documents on coronaviruses, including SARS-CoV-2 (Scott and
Coiera 2020).

7.3.4 Contributions to Adaptation

The uncertainty and complexity of the impact of the COVID-19 pandemic world-
wide reinforced the importance of a multidisciplinary approach to finding sustain-
able solutions (Pan and Zhang 2020). The capacity of cities previous to learn from
previous disasters, and this novel coronavirus outbreak, had accelerated the trends
toward utilization of smart city services (Chagoury 2020). Indeed, this crisis had
demonstrated the rapid response and behavioral change of the urban population in
terms of economic and business model, security, data privacy, and management of
information (Davison 2020).

In the case of the Pimpri-Chinchwad Smart City, located at the region of Pune, the
Pimpri-Chinchwad Municipal Corporation (PCMC) officials had adapted the smart
technology and facilities into an Integrated Command and Control Centre (ICCC) to
manage theCOVID-19 outbreak in their locality (Costa and Peixoto 2020;Guha et al.
2020). The application of IoTs such as CCTV, real-time dashboard, GIS mapping,
monitoring, and big data analytics had helped in dealing with the impact of the
pandemic. Aside from the COVID-19 tracking and tracing functions, PCMC also
implemented the SARATHI (System of Assisting Residents and Tourist through
Helpline Information) which was an assistance platform to receive complaints or
assistance requests from the population and was responded accordingly through
smart analytics and categorization. In addition, the flexibility and learning capacity
of other cities were demonstrated in the establishment of 45 more ICCCs across
India. The crucial role that the ICCCs played in urban governance and management
of the current disaster were recognized, which made the adaptation of such approach
an essential consideration for future disasters (Guha et al. 2020).
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Additionally, the public transport and freight sectors had experienced massive
economic losses during the pandemic. The severe restrictions and lockdowns have
suspended all transportation that posed a high risk for the spread of infection (Amir
et al. 2020). Despite the drastic disruption, smart technology had fostered innovation,
foresight capacity, and flexibility in developing solutions that adapted to the changes
and uncertainty that this biological disaster had caused. For instance, the reduction
in air pollution and improvement of air quality due to the halt in travel during the
lockdown have strengthened the interest and investment of some cities in the UK for
smart public transport. There is a massive plan to launch 3000 hydrogen buses in the
cities of London, Aberdeen, Bimingham, Brighton, Liverpool, Manchester, Belfast,
Glasgow, and Edinburgh, in partnership with the companies, Wrightbus and Ryse
Hydrogen. This is in line with the goal to maintain the improvement of air quality
even when the pandemic is over (Barrett 2020).

In India, the ride-hailing app Efleet had partnered with auto-rickshaws in the city
of Jammu. The safety precautions such as installed protective screen between the
driver and passenger areas, daily temperature checks for drivers, and provision of
essential safety supplies such as face masks, sanitizers, and gloves were adapted to
ensure hygienic transport (Amir et al. 2020). The use of the app provided an ease
of transaction between consumers and the company and assured proper hygiene and
safety measures for everyone. A case such as this reflects the prioritization of health
approaches and related functions as one of the guiding principles in the adaptation
and resilience of cities from future uncertainties (UN Habitat 2020).

Moreover, the connectivity between citizens and government was reinforced
through smart technologies andhas redefined thepopulation’s role as direct or indirect
contributors to the urban resilience (Johnson et al. 2020). In fact, the important roles
of citizen participation and the bottom-up approaches in smart cities are increasingly
recognized. For instance, urban labswere established as collaborative efforts between
cities, universities, tech companies, and local communities that aim to address urban
issues. Some of the urban labs worldwide are MIT Senseable City Lab, University of
Chicago’s Urban Labs, Hyderabad Urban Lab, C4D Lab (University of Nairobi) and
iHub in Nairobi, Laboratorio de Innovación Quito (LINQ), LABcapital in Bogotá,
and the Laboratorio para la Ciudad in Mexico City (UN Habitat 2020). Furthermore,
open data portals and open calls for innovative solutions could aid in improving
public services and foster urban development. However, such approaches have also
raised concerns about the standard, structure, and trustworthiness of the open data,
which are challenges that need to be examined (McKinsey Global Institute 2018).

7.4 Discussions

The infectious nature of SARS-Cov-2 and the rapid spread of the COVID-19 disease
worldwide had escalated it into a pandemic in a short amount of time. Its global
impact had drastically affected systems and processes such as, but not limited to,
the economy, global supply chains, transportation, and public health. Moreover, as



7 Resilient Smart Cities: Contributions to Pandemic Control … 161

centers of economic activities and other processes, cities were also severely impacted
by the disease outbreak.Additionally, this biological disaster had highlighted existing
urban planning issues and even exacerbated these issues in some instances. Undoubt-
edly, the necessity for effective response and management of this disaster and future
disasters is crucial for the resilience of cities. In fact, it is argued that the pandemic has
offered an unprecedented opportunity to learn lessons for improving urban resilience
(Sharifi 2021).

In this chapter, the concepts of resilience and smart cities were explored. The
definition of resilience, in the context of urban areas, was discussed with its phases
of planning and preparation, absorption, recovery, and adaptation. Also, the defini-
tion of the smart city, along with the common smart city solutions, was reviewed.
The smart solutions initially discussed were Big Data Analytics, Information and
Communication Technology (ICT), and Internet of Things (IoTs). However, it was
identified that smart city is not just all about advancements in technology and data.
Furthermore, a framework for strengthening the resilience of urban areas due to smart
city solutions was developed and analyzed.

Moreover, the contributions of smart city solutions to urban resilience were
explored. These discussions were categorized according to its contribution to the
phases of resilience. Also, some actual cases of smart city solutions were reviewed,
and these are in the context of various cities response to the COVID-19 pandemic.

There is no general definition for resilience. In the urban context, resilience is
understood as the ability and process of a city in dealing with external and internal
shocks, and its flexibility to unknown disturbances. Resilience was analyzed in this
study as a process in terms of its capacity to plan and prepare, absorb, recover,
and adapt. Each phase had features which helped define it. Planning and prepa-
ration were based on the system’s critical functions. Absorption depended on the
threshold present in absorbing shocks. Recovery was determined through time and
scale of the disturbance. Lastly, adaptation was based on memory, learning from,
and management of functions that could not be recovered.

Like resilience, there was also no common definition for smart cities. Primarily,
the goal of a smart city is to improve the quality of life of its population and improve
operational efficiency. Initially, the concept of smart citieswas focused on technology
and infrastructure. This concept evolved as numerous studies on smart cities were
conducted. The current idea is that although smart cities are heavily influenced by
the advancement and utilization of technology, as demonstrated by the ICTs, IoTs,
big data, etc., there is a growing recognition of the importance of the people and
effective governance in smart solutions. The bottom-up approach and participatory
measures are now deemed essential in the application of smart solutions to urban
issues.

Additionally, a framework about the concepts of resilience and smart city was
developed. This illustrated the essential components of smart city and its solutions.
Also, it showed the role of these solutions to urban resiliency and how it related to
planning and preparation, absorption, recovery, and adaptation.

Moreover, the contributions of smart city solutions to urban resilience were
explored through its different phases, and in the context and real-world cases of
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COVID-19pandemic control. First, its contributions to planning andpreparation have
enhanced the resilience characteristics of connectivity, innovation, and resourceful-
ness. The utilization of big data and ICTs by different countries for functions such
as contact tracing, tracking, and testing proved effective in early infection detection
and management of the spread. However, concerns on data privacy, security, lack of
regulation, and costs were also observed from the case studies.

Second, smart city solutions strengthened resilience characteristics such as
connectivity, robustness, flexibility, and resourcefulness, when contributions to
absorption were analyzed. The strict lockdown and physical distancing approaches
brought about online learning and remote work. These initiatives were focused on
maintaining critical functions in economy and education as much as possible. Smart
solutions such as telemedicine, virtual meetings, work collaboration tools, social
media, and other communication services were necessary to absorb the shock from
the sudden distance and isolation. Additionally, government initiatives were not the
only ones that applied smart solutions. Resilience was identified when bottom-up
approaches by the people were initiated as they saw a gap in the situation. For
instance, the case of Brazil in which smart technology was utilized by academic
and scientific institutions to provide accurate, real-time updates on the COVID-19
pandemic to local communities.

Third, smart city solutions contributions to recovery have enhanced the resilience
characteristics of connectivity, creativity, agility, flexibility, and inclusion. The cases
in which the extensive use of artificial intelligence (AI) have brought about the essen-
tial application of drones and robots in certain situations. These smart technologies
were used in contactless deliveries, provide alerts during lockdowns, and sanitize
public areas; functions that prevented further spread of the disease. Another case
was crucial role that AI played in the rapid development of COVID-19 vaccine. An
endeavor that would usually take years to complete.

Lastly, contributions to adaptation had fostered connectivity, learning capacity,
and flexibility in resilience. The response and behavioral change of the population in
terms of information management, data privacy, and economic and business models
were observed. The case of the establishment of Integrated Command and Control
Center (ICCC) in Pimpri-Chinchwad Smart City, which was essential in fighting
the COVID-19 pandemic, brought about 45 more ICCCs across India. This has also
resulted in the government’s investment onmaintaining and establishingmore ICCCs
in planning for future disaster risks.Also, in the case of the public transport sector, due
to the initiative to keep air pollution levels down after COVID, some cities in the UK
are investing in smart buses. Furthermore, the widespread use of smart technology
was observed to have changed how government bodies and citizens interact. The
increasing interest in participatory approaches, encouraged by smart city solutions,
has positioned citizens as direct or indirect contributors to decision-making for their
city’s development.

This article discussed the contributions of smart city solutions to urban resilience
broadly. Further study is recommended to explore the specific resilience character-
istics and how it was enhanced by smart city solutions. It is also suggested that the
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contributions of smart city solutions that were not heavily dependent on smart tech-
nologies, in the context of urban resilience and pandemics, be examined for future
research.

7.5 Conclusions

Undoubtedly, the increasing importance of urban resilience requires a more compre-
hensive approach in addressing existing urban issues and the increasing number of
disaster risks. The experience of the global population in the COVID-19 pandemic
has reinforced the necessity for resilience characteristics such as, but not limited to,
connectivity, innovation, resourcefulness, inclusion, and flexibility; so that commu-
nities would be able to plan and prepare, absorb, recover, and adapt from future
disruptions. Additionally, as much as smart technologies and other smart solutions
develop, it is imperative that the roles of the people and good governance do not fall
behind. Also, it is essential that the advantages and disadvantages of smart city solu-
tions be analyzed to prevent exacerbating existing socioeconomic urban issues such
as inequality and poverty. Furthermore, the COVID-19 pandemic is far from over.
As much as recent studies have tried to explore its impacts on the global population,
there is still much to be observed and analyzed on its real long-lasting impacts and
implications for urban resilience.
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Chapter 8
Contributions of Smart City Projects
to Resilience: Lessons Learned from Case
Studies

Hasan Masrur and Ayyoob Sharifi

Abstract Smart cities are often characterized by using ICT-enabled solutions in
various socio-economic, institutional, and environmental fields to enhance quality
of life, sustainability, and resilience and to preserve the competitive potential of cities
in an increasingly interconnected network of cities.While the concept of “smart city”
has been around for a while, recently there is a growing interest in using smart city
solutions and technologies for enhancing resilience worldwide. It is vital to recog-
nize the effect of smart cities on improving urban resilience, especially with regard
to climate adaptation and mitigation. As a preliminary step toward this goal, we have
created a database of smart city projects and initiatives with actual and/or poten-
tial contributions to resilience. Our database of approximately 300 case studies tries
to investigate the resilience steps and smart solutions taken by smart cities around
the world under categorized indicator sets. Results show that most of the smart city
projects are mainly aimed at the reduction of CO2 emission. Regarding the resilience
stage, we considered four stages, namely, planning, absorption, recovery, and adap-
tation. It was found that the projects are related to different stages, particularly,
adaptation and absorption. In terms of sectoral focus, energy sector has received the
most attention by the smart city planners and policymakers. Concerning smart city
dimensions, “living” has received the utmost attention, followed by “mobility” and
“data” that have also received considerable attention.Much of the projects are owned
by the government and are participatory in terms of governance. It is important to note
that most of the projects have paid attention to multiple smart city “dimensions” and
can contribute to different “resilience characteristics.” This evidence-based quanti-
tative analysis of global smart city projects could be used to highlight the success
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factors, trends, and gaps. The results can be used to develop more effective future
pathways that could contribute to achieving sustainable development goals.

Keywords Smart city · Resilience · Case study · Information and communication
technologies · Climate change adaptation and mitigation

8.1 Introduction

Cities have always been experiencing transitions in terms of innovation, economic
development, culture, population, and so on. At the same time, cities remain one
of the most surviving entities, as history has proven (Vale and Campanella 2005).
However, since developments in global urbanization has intensified, urban authorities
face increasing difficulties in satisfying the dynamically shifting needs of people
while resolving the challenges and uncertainties of global sustainability (Sharifi
2019, 2020b; Stratigea et al. 2015). As the world is in the verge of climate change
induced disasters, cities are in the forefront to embrace the grave repercussions that
are specially driven by the increasing trends in the emission of greenhouse gases
(mainly CO2) (Perboli and Rosano 2020).

To tackle these threats, the idea of “resilience” has attracted enormous interest
on the national agenda and is also increasingly gaining support by the urban studies
literature although at present, there seems to be no universally accepted definition of
urban resilience (Shafiei Dastjerdi et al. 2021). The term resilience can be applied
as a guide to developing planning, absorption, recovery, and adaptation capacities
in various urban multi-scale structures to tackle a broad spectrum of challenges
concerning social, economic, environmental, and physical systems of cities (Shafiei
Dastjerdi et al. 2021; Sharifi 2020c). Planning refers to actions taken before the occur-
rence of the adverse event to ensure risk mitigation and prepare resources necessary
for dealing with these incidents. Absorption entails the capacity to go minimize the
potential losseswhen a disastrous event hits the cities. Recovery refers to the ability to
return to normal conditions in a timely manner. Finally, adaptation entails taking the
adverse event as an opportunity to learn lessons to ensure better performance under
future adverse events that may be even more severe. The vast literature on urban
resilience demonstrates that various efforts across different sectors need to be taken
to enhance resilience of cities. These include efforts related to social, economic, envi-
ronmental, physical, institutional, and technological dimensions (Sharifi 2016). The
later dimension has a specific focus on smart solutions that are enabled by advances
in information and communication technologies and big data analytics. Acting in
collaboration with technology and infrastructure providers, regional governments,
and community officials now understand the opportunities that smart city projects
(SCPs) would offer in terms of resiliency, economic opportunity, sustainability, and
quality of life. Cities are seeking higher levels and a greater variety of convergence
between technology-driven public services and solutions, as the number of smart
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city initiatives grows globally. However, there is still limited knowledge in the liter-
ature on the nexus between smart city and resilience. Identifying the basic features
and patterns of smart cities is critical in achieving sustainable and equitable urban
growth that also contributes to better resilience against the future adverse events that
are expected to be more frequent and severe (Perboli and Rosano 2020).

SCPs and urban case studies will contribute to our knowledge of responses to the
possible threats and damages. Therefore, an overview of the SCPs and their potential
and actual contributions to resilience is desperately needed. In response to this need,
in this chapter, we collected information of SCPs around the world, and we will deal
with several questions, for example, what are the scale of these projects? Are these
projects specifically focused on cities, buildings, neighborhoods, or regions? and
who are the project owners? Government, private entities or are there are multiple
stakeholders like public private partnerships?Wewill also look into the geographical
locations of these projects, the specific types of smart solutions, themajor dimensions
that have received more attention in the SCPs, sectors that are mostly focused on.
Additionally, and most importantly we will investigate the resilience characteristics
and the stages of these projects and will also try to find out what are issues and
problems that these projects are resilient against. In other words, they intend to
enhance resilience against what types of threats and stressors.

8.2 Methodology

Using a search string that included several terms relevant to SCPs, data for analysis
was collected from the Scopus database as seen in Table 8.1. The search phrase was
created to include as many research as possible that focused on evaluating smart
city initiatives and their potential and/or actual contributions to resilience. Here,
resilience was considered in a broad sense. In other words, any contributions to plan-
ning, absorption, recovery, and adaptation to any types of adverse eventswere consid-
ered as relevant. Cases are particularly based on geographical locations i.e., regions,
cities, buildings, and neighborhood were considered. In terms of article sources,
we considered peer-reviewed sources such as journals and conference proceedings.
We, however, acknowledge that in not all projects, the stakeholders and concerned
individuals publish their project outputs in journals and conference proceedings. We
followed the procedure described in A. Sharifi (2020c) for screening peer-reviewed
papers. On June 13, 2020, a literature search was done for an indefinite period,
yielding 1622 papers. All of the recovered documents’ titles and abstracts were scru-
tinized to rule out those that were not on focused SCPs. The conclusions of several

Table 8.1 Keywords for the search string

Database Search string

Scopus TITLE-ABS-KEY ((“smart city” OR “smart cities”) AND (“case stud*”))
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publications were also examined in case it was not possible to determine relevance
based on titles and abstracts only. During the screening process, two significant cate-
gories of publications were eliminated. We excluded most of the returned papers that
are focused on generic smart city conceptswhich does not reflect the any specific case
studies.We also didn’t include any that were not focused on a specific case study area.
Only 124 papers remained in the database after the filtering procedurewas completed.
As for non-peer-reviewed sources, we considered information reported in websites,
white papers, and reports. Among the non-peer-reviewed sources, SmartCitiesWorld
(SCW 2020) has been instrumental for collecting the updates and information of the
smart city projects around the world. This website shares news and views related
to SCPs to solve urban challenges and to make cities more resilient and sustain-
able. A total of 168 cases are included from the non-peer-reviewed sources. We
prepared two separate excel files—one for peer-reviewed sources and another one is
from non-peer-reviewed sources, and finally they were merged to perform the final
analysis.

The criteria and principle of assessing the case studies are depicted in Table 8.2.
Around 22 parameters are explicitly introduced to analyze the state of potential
and/or actual contributions of smart city projects around the world to resilience. It is
important to remember that resilience is a multi-faceted notion with no uniform defi-
nition. However, three ways of defining resilience are frequently used: engineering,
ecological, and adaptive. Engineering resilience is primarily concernedwith physical
properties like robustness, which allow for shock prevention. Ecological resilience
stresses qualities such as system flexibility and the system’s ability to handle shocks
and quickly recover to a steady state (or states). Details related to each parameter
are provided in Table 8.2. As can be seen, we have made efforts to collect data
related to various aspects of smart city projects. In terms of stages of resilience,
as mentioned earlier, we have considered four stages, namely, planning, absorp-
tion, recovery, and adaptation. As for resilience characteristics, multiple character-
istics have been considered based on the existing literature. In particular, we have
considered the following characteristics: robustness, diversity, redundancy, connec-
tivity, flexibility, resourcefulness, agility, efficiency, adaptive capacity, modularity,
creativity, equity, inclusiveness, foresight capacity, and low-carbon development. For
further details about resilience dimensions, abilities, and characteristics, interested
readers are referred to (Sharifi and Yamagata 2016a, b). These characteristics have
also been elaborated on in other chapters of this volume.

8.3 Results

8.3.1 Overall Focus

As shown in Fig. 8.1, in terms of geographical scale, most of the projects are based
on the city scale, followed by region, building, and neighborhood. This is an impor-
tant finding, indicating that the significance of implementing city-wide initiatives
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Table 8.2 Parameters, criteria, and principle used for collecting data to assess the studies

Parameters Definition

Project name Refers to the name of the project given by the project owner or
initiator. If there is none, we titled the case study using the
related keyword(s)

Paper title Title of the paper, normally project report published as white
paper or in the journals and conference proceedings

Publication Refers to the date of publication

Source Refers to the name of journals or other sources from which the
information was extracted

Timeline start-finish date of the project

Scale of project Building /neighborhood/ city/ region

Project owner Public/private/public and private (mixed)

Geographic focus Refers to the geographic location of the case study project

Size (area) of the project Refers to the size of the project in hectares

Project budget Total budget used for developing the project

Type of smart solution Specific type of smart technology/solution (e.g., smart metering,
smart surveillance, early warning system, etc.)

Related smart city dimension Seven dimensions are considered—Data, people, mobility,
environment, living, governance, and economy

Energy sector The energy generators involved in SCPs, for example, renewable
energy sources

Transportation sector Public transportation/ autonomous vehicles/others

Building sector Heating demand, cooling demand, water demand, and other
usage

Waste management sector Whether the smart technology/solution has focused on waste
management

Water sector Whether the smart technology/solution has focused on water
management

Governance The types of governance best fit to the case study: monitoring and
valuation/planning and management/ Supervisory basis and law
enforcement/pricing/ Local government support and incentives

Mitigation contribution SCPs contribution to mitigate CO2 emission, overall cost, energy
consumption, and so on

Adaptation contribution SCPs’ contribution to adjust or adapt in response to the different
shocks, particularly those related to climate change

Equity benefits? Any indications of equity benefits of the project

Health benefits? Any indications of health benefits of the project

Other benefits Any indications of other benefits of the project

Any trade-offs? Whether implementation of the smart city project has resulted in
unwanted negative impacts

(continued)
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Table 8.2 (continued)

Parameters Definition

Resilience characteristic The resilience characteristics (robustness, diversity, redundancy,
connectivity, flexibility, resourcefulness, agility, efficiency,
adaptive capacity, modularity, creativity, equity, inclusiveness,
foresight capacity, and low-carbon) of the SCP

Resilience stage The resilience stage involved with the SCP (i.e., planning,
absorption, recovery, or adaptation)

Resilience to what? To find out resilience to what type of stressor or adverse event is
discussed (e.g., flooding, heat wave, earthquake, etc.)

Fig. 8.1 Share of smart city projects from the studied data

is well-recognized. While initiative focused on building and neighborhood scales
are also important for improving urban efficiency and enhancing resilience, city-
wide initiatives are more likely to facilitate holistic and systemic approaches, engage
different stakeholders in the processes, and also provide benefits to a larger number
of urban residents. Adopting systemic approaches can, in turn, facilitate increasing
co-benefits and synergies and minimize trade-offs and conflicts between different
planning and design related measures and actions (Sharifi 2020a, 2021a). Most of
the studied projects are in Europe, followed by North America and Asia. A very few
projects are found for African countries. European Union (EU) initiatives to invest
in and promote smart city projects (such as H2020 program) is likely to be the main
driver for this advancement in Europe. As part of these initiatives, capital and main
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cities in Europe are also considered to implement the SCPs. Cities in North America
and Asia (particularly East Asian countries) have also made many efforts to develop
and implement smart city projects. The fact that other regions of theworld are lagging
behind, however, is something that raises concerns about equitable access to digital
resources in a world economy that is increasingly dependent on digital networks
and smart solutions and technologies. This may have significant implications for
achieving the Sustainable Development Goals. Global partnership and support from
the leading countries in the area of information and communication technologies
may be needed to fill this gap.

8.3.2 Sector-wise Focus

Energy sector received the most attention as pointed out in Fig. 8.2. This is not
surprising given the fact that many cities have developed targets related to climate
change mitigation that are directly or indirectly related to the energy sector. In addi-
tion, enhancing energy efficiency to ensure continued availability, accessibility, and
affordability of energy resources has always been high on the agenda of planners
and policy makers (Sharifi and Yamagata 2016a). There have been major advances
in terms of deployment and availability of renewable energy sources and technolo-
gies, rapid cost declination of Photovoltaic (PV) modules and other technologies,
storagedevices, homeenergymanagement systems (HEMS), smartmeteringdevices,
etc. Introduction of smart grids, microgrids, and smart houses have indeed played

Fig. 8.2 Focused sector of smart city projects
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key role in this regard. While energy sustainability has not always been the main
goal of smart city projects, the smartness agenda pushes forward to sustainability
measures as suggested by the authors in Haarstad and Wathne (2019). Gathering
insights from the “Lighthouse” city projects sponsored by H2020 program, they
claimed that advanced technology seldom governs sustainability-related activities of
smart city projects (SCPs).

Water andwastemanagement sector have been found to be trailing behind because
of no proper planning and high costing. This is a sector that certainly needs more
attention. Climate change is expected to increase water stress in many parts of the
world, making it necessary to enhance efficiency of water resource management in
cities. Use of smart technologies such as smart meters or smart monitoring systems
may be effective as such technologies can reduce water waste through leaking and
also promote a more environmental conscious behavior that can contribute to water
resource conservation. Climate change may also result in increased precipitation in
some other parts of theworld,making it necessary to use smart technologies for better
stormwater management and also for facilitating better response to urban flooding
risks.

Transportation sector has beenmoderately considered in the projects.Mainly elec-
tric vehicles (EV) that include electric cars, buses, and bikes are employed as a smart
measure. EV charging stations, intelligent traffic system, bike sharing, and smart
car parking are also some smart technologies related to transportation. With more
advances in autonomous vehicles, it is expected that more attention to smart tech-
nologies will be paid in the coming decades. Also, there have been advances in other
fronts such as vehicle to vehicle communication systems, vehicle to grid, and ride
sourcing services that are expected to further grow in the coming decades (Khavarian-
Garmsir et al. 2021). If designed and implemented appropriately, such services and
technologies are expected to also provide multiple benefits for environmental, social,
and economic sustainability.

Building sector includes manly initiative related to retrofitting, adaptation of
ZEB’s, reductions in demands for heating, cooling, water, and so on. Further, energy
management systems such as home energy management system (HEMS), building
energy management system (BEMS), internet of things (IOT), and sensors have been
widely implemented to make the buildings “smart.” Given its manageable scale,
further penetration of smart technologies at the building level can also be expected.

8.3.3 Smart City Dimensions

Figure 8.3 shows the level of attention that smart city dimensions have received in
our examined case studies. It is worth noting that multiple smart city dimensions
have been mentioned in the literature. For the purpose of this chapter, we have
used the classification introduced in Ayyoob Sharifi (2019). As can be seen, there
are seven dimensions, namely, economy, governance, environment, living, mobility,
people, and data. As mentioned by Ayyoob Sharifi (2019), economy is related to



8 Contributions of Smart City Projects to Resilience … 179

Fig. 8.3 Frequency of smart city dimensions considered in the studied smart city projects

issues such as “innovation/innovation culture, knowledge economy, entrepreneur-
ship, finance, tourism, employment, local and global interconnectedness (interna-
tional embeddedness), productivity and efficiency, flexibility of the labor market,
and economic impacts of smart city projects;” the people dimension is concerned
with “education/ lifelong learning, level of qualification/ ICT skills, and cosmopoli-
tanism culture/open mindedness;” governance deals with “visioning and leadership,
legal and regulatory frameworks, citizen participation, transparency, public and social
services, and efficient and integrated urbanmanagement;” environment is focused on
“environmental monitoring and management, general infrastructure, built environ-
ment/planning and design, materials, energy resources, water resources, waste (solid
waste, waste water, sewage), and environmental quality/pollution;” living is related
to issues such as “social cohesion/inclusion, equity and justice, cultural development,
housing/livelihood quality, healthcare, safety and security, and convenience and satis-
faction/ subjective well-being;” mobility has a broad meaning and deals with various
issues such as “transport infrastructure, transportation management, ICT infrastruc-
ture, ICT management, and ICT accessibility;” and finally the data dimension is
concerned data-related matters such as data openness, sensing and collecting data,
judging (analytics) data, reacting based on the analyzed data, and using results of data
analytics to learn lessons and improve future performance (Sharifi 2019). Regarding
dimension-based focus, it isworth noting that onmanyoccasions, projects considered
multiple dimensions simultaneously. When counted separately, most of the projects
focus on improving “living” (~32%) conditions of the people. This is not surprising as
enhancing quality of life is one of the main objectives of smart city projects. Mobility
and environment have been emphasized equally (~22%). The reasonably high atten-
tion to environment is encouraging. However, given the urgency of taking climate
actions, more attention to environment is needed. “Data” has also been taken account
in 12% of smart city cases. People, governance, and economy are less considered
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(less than 10%). These dimensions obviously require more attention. Overall, a more
balanced attention to multiple dimensions would be desirable.

8.3.4 SCPs Challenges

Cities are now facing multiple grave challenges at the same time, with environ-
mental threats being the most serious. Urbanization process, which stresses basic
services, in combination with more frequent and intense weather events connected
to climate change, is worsening the effect of environmental hazards. Flooding, trop-
ical cyclones, heat waves, and diseases are all common natural hazards that are on the
rise. The studied SCPs also testify this fact as seen Figs. 8.4 and 8.5. More than 70%
of the issues experienced by the SCPs are related to environmental concerns due to

Fig. 8.4 Targeted urban challenges or shocks involved in the SCPs

Fig. 8.5 Most frequent issues encountered by the SCPs
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high energy consumption and carbon emission. Urban development diminisheswater
availability and often negatively impacts catchment areas and agricultural fieldswhile
increasing energy consumption. Then, there is the continuous depletion of natural
resources such as fossil fuels andwater.Hence, SCPs need to ensuremeeting the basic
human needs with limited resources, without worsening earth’s current condition.
Crowding and traffic jams continue to be major issues in urban areas. Dealing with
digital gaps and cyber security is also critical. Interestingly, aging and a declining
birthrate have emerged as new challenges in this century. Waste management is
another big issue that cities face every day. In addition to environmental issues, our
studied SCPs identified that the digital gap, traffic congestion and waste are the most
frequent issues by the percentages of 16, 12, and 9, respectively. Recently, curing
pandemics and outbreaks like COVID-19 has become a huge issue for SCPs (Sharifi
and Khavarian-Garmsir 2020; Sharifi et al. 2021).

8.3.5 Dominant Smart City Solutions and Technologies

Most of the projects have adopted smart solutions related to energy systems as seen
in Fig. 8.6. This is because climate change, as well as a rising list of additional
risks such as cyber assaults, terrorism, technological flaws, and market volatility, all
influence the reliability of energy supply in cities. Tominimize the negative repercus-
sions of interruptions in energy supply, concerted measures are required that recog-
nize the interconnections and interdependencies between energy and other sectors.
Distributed energy resources like solar and wind, as well as related energy technolo-
gies like PV panels and wind turbines, are being increasingly implemented in order
to achieve a carbon-free energy system. In most cases, smart solutions and tech-
nologies have contributed to better deployment of these energy technologies. Other
renewable technologies based on hydropower, biomass, and geothermal sources, on
the other hand, are not widely used. This is due to the scarcity of these resources and

Fig. 8.6 Smart solutions adopted by the projects
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the high cost of related technologies when implemented in smart city projects. Wind
and solar, on the other hand, are readily available, and their upfront technology costs
are also decreasing as a result of government policies. It is worth noting that many
projects already implemented hydrogen fueled energy system.

Many of the smart solutions emphasize on building retrofitting and improved
energy management system while adopting demand response, energy forecasting,
and other AI-driven processes. District heating and cooling are one of the frequently
used smart solutions specially in Europe and North America owing to the weather
conditions of those regions. However, implementation of smart grid systems and
renewable energy based microgrids are now widely being embraced, according to
recent findings (Masrur et al. 2021a, b). These are basically hybrid systems backed
up by fossil fuel although some target for a 100% renewable system. Some cases
which are still in the planning phase use multi objective optimization algorithms,
for example, maximizing thermal comfort while minimizing energy usage in a smart
apartment/building reducing the electric bills of the users while using strategies for
increasing the profit of the utilities. Technologies related to wastewater treatment
and general waste management are also smart solutions that are on the top priority
list of the city planners and policy makers.

There are many ICT related technologies that are used as smart solutions such as
IOT, sensors, 3D mapping, data visualization tools, different user-friendly applica-
tions, and mobile and home applications. It seems that AI and machine learning has
been widely deployed in the SCPs as they can integrate and operate different types
of smart technologies, ensuring the success of any smart projects.

In the transportation sector, EV, sensors, and street lighting using LED are being
adopted as smart solutions. Intelligent traffic management systems based on big data
analytics and data-driven systems are becoming increasingly popular and are being
extensively utilized for practically all mobility-related SCPs.

8.3.6 Resiliency Characteristics

A world map is created (Fig. 8.7) using the information from our database of SCPs
by Tableau software. City names and resiliency stages of each smart city project are
given as input. Hence, alongwith the locations of the SCPs, it showsmost of the SCPs
are related to the adaptation stage followed by recovery, absorption, and planning.
This indicates that over three decades of smart city planning has been effective in
contributing to better penetration of smart solutions and lessons learned from these
activities have contributed to better adaptation abilities (Sharifi et al. 2021a). It also
should be noted that adaptation is more dominant in European, while a large number
of Asian projects can mainly be attributed to the absorption process. In the U.S.,
SCPs are not dominated by a single resilience condition, but they belong to different
stages. In India, many SCPs are under development and newly initiated. These could
be mainly considered as related to the adaptation stage. Overall, more time is needed
to better judge the relevance of the projects to the four different phases.
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Fig. 8.7 Frequency of different resilience stages of the projects in different cities

All the projects demonstrate multiple resilience characteristics as shown in
Fig. 8.8. Robustness is the ability to counteract and/or absorb disturbance. The
completed projects and achieved significant reduction in either CO2 emission, traffic
congestion, or energy saving contribute to better robustness and stability against
shocks. Such achievements could also contribute to enhancing other resilience char-
acteristics such as efficiency. Many projects feature all different resilience charac-
teristics simultaneously. According to our findings, more than 20% of the SCPs are

Fig. 8.8 Resiliency characteristics and trends of smart city projects
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robust in nature. These projects have the characteristics of connectivity and inclu-
siveness. Inclusiveness can be referred to the engagement of various stakeholders in
planning and decision-making processes that enhances social capital and improves
planning, absorption, recovery, and adaptation capacities of the projects. Connec-
tivity, however, is a term used to describe a system that has multiple sub-systems that
workwell together. According to our research, approximately 17%of SCPs are inclu-
sive, while 20% of projects have connectivity characteristics. The projects are also
found to be efficient and creative, even though these characteristics are less empha-
sized (10–15%) as per our dataset. Finally, only 5–10% of projects are reported to
demonstrate agility, redundancy, and modularity as resilience attributes. The state of
attention to different characteristics across the studied projects is shown in Fig. 8.8.
Given the significance of agility, redundancy, and modularity for disaster resilience,
these characteristics deserve more attention.

8.3.7 Project Ownership and Governance

Most of the projects are obviously government owned, but there is also significant
public private partnership and contribution, and often universities come into the
picture. According to our research, 61% of SCPs are funded and run by the govern-
ment, 31% are jointly owned by public and private stakeholders, and only 9% are
controlled by private entities. This information is depicted on Fig. 8.9. However,
recently there is an increasing trend of private companies contributing for the smart

Fig. 8.9 Percentage of different project owners
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cities in the form of public private partnership or even private alone. For example,
in Japan, Toyota is building a smart city called Woven city. They plan to introduce
a living laboratory, which is a fully connected ecosystem powered by hydrogen fuel
cells and it is to be founded at the base of Mount Fuji. Another company Hitachi
recently has joined “Kashiwa no ha” project, located at the city of Kashiwa, Chiba
prefecture, and it aims to build a human friendly and environmentally sustainable
city. It should also be noted that many private companies in other parts of the world
have also initiated investing in smart city projects. The fact that only 9% of the
projects in our study belong to the private sector is indeed surprising. This could
be due to limited reporting of such projects in peer-reviewed articles and requires
more research in future. It, particularly, requires doing a more systematic analysis
of non-academic literature. Also, conducting surveys among private sector entities
could be helpful for gaining more information in this regard.

As for the governance, most of the projects are participatory in nature, public
service has always been a key governance factor while designing the smart city
projects followed by the integrated management, visioning, and legal framework.
Figure 8.10 indicates the percentage of these indicators. It is also noticed that
visioning is always linked to participation, public service, or integratedmanagement.

Fig. 8.10 Share of various indicators related to governance
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8.4 Conclusions

The ever-increasing influx of population and economic activity in urban centers
entails actions to address a wide range of climatic and non-climatic risks that jeop-
ardize city functioning. This need is widely acknowledged in scientific and policy
circles, and there are now numerous smart city projects focused on providing ways to
improve urban resilience. To understand the impacts of these smart city projects, 292
cases have been studied. Data related to the case studies are collected from different
publications, gray literature, and websites. These initiatives are primarily centered
in developed countries, with just a few projects identified in developing countries,
which might be due to a lack of a smart city plans/projects or information that is
not made publicly available. It is found that majority of the projects are based on
the city scale, which is very likely. Most of the projects are mainly aimed at the
reduction of CO2 emission. Regarding the resilience stage, the projects contribute to
different stages and particularly, adaptation and absorption. Energy sector received
the peak attention by the smart city planners and policymakers. Concerning smart city
dimensions, living has received the utmost attention. Mobility and data are equally
considered as other important smart city dimensions. Much of the projects are owned
by the government and are participatory in terms of governance. It is important to
note that most of the projects pay attention to multiple smart city “dimensions” and
“resilience characteristics.” However, the commerce and societal well-being are two
crucial elements that have received little attention. As a result, SCPs should pay
more attention to the social and economic dimensions of resilience. More focus on
health-related solutions is likely to be adopted in the future years, since the recent
COVID-19 pandemic has sparked fresh debates about the need of urban resilience
(Sharifi 2021b).
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Chapter 9
Do Smart Cities Projects Contribute
to Urban Resilience? A Case Study Based
in Taipei City, Taiwan

Nae-Wen Kuo and Chong-En Li

Abstract The trend of urbanization has increased the urban density of cities,
resulting in larger populations facing greater disaster-related threats and risks.
Furthermore, climate change is expected to increase the frequency, intensity, and
effects of specific types of extreme weather events, thus raising disaster risk.
Increasing urban resilience is a key challenge of urban governance and is essential
to the development of forward-looking plans for reducing vulnerability and disaster
threats. Furthermore, the rapid advancement of information and communication tech-
nologies (ICTs) and the Internet of things (IoT) has led to the increasing applica-
tion of technologies from these fields in urban governance. The implementation of
ICTs- and IoT-based smart city projects is becoming increasingly common world-
wide. Nevertheless, the following questions require exploration: Do those smart city
projects contribute significantly to urban resilience significantly? How should the
performance of such projects be evaluated with respect to the dimensions of urban
resilience? Accordingly, the main purpose of the present study was to develop an
assessment toolkit and evaluate the contribution of smart city projects implemented in
TaipeiCity. Two evaluation systemswere developed, and eight expertswere invited to
participate in the evaluations. The first evaluation system involved “design principles
for creating more resilient cities” developed by ResilientCity.org. The second system
involved the “City Resilience Index” established by Arup Group Limited. After a
screening was conducted, 10 Taipei-based smart city projects were selected as study
cases, and the evaluation results for these projectswith respect tomultiple dimensions
were discussed. The assessment toolkit introduced in the present study can be used
by the city government to formulate strategies for addressing multiple problems. For
example, future smart city projects should emphasize the design principles of redun-
dancy and diversity. Furthermore, current ICTs- or IoT-based smart city projects
overemphasized the characteristics of new technology and sometimes neglected key
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issues such as empowering stakeholders, which may result in challenges related to
urban resilience enhancement and sustainable urban management.

Keywords Urban resilience · Smart city · ICTs · And IoTs

9.1 Introduction

9.1.1 Urban Resilience

The ongoing digital revolution has increased people’s reliance on staying connected
to the world. Currently, cities provide suitable conditions such as faster Internet,
higher education institutes, and more real-time information flow. Thus, people are
drawn to live in metropolitan areas. According to the United Nations report, the
degree of urbanization reached 55% in 2018 and is projected to increase to 68% in
2050 (United Nations et al. 2019). When population density increases, the risk of
disaster increases. Any sudden shocks may cause the collapse of an urban system,
and common threats include extreme weather, terrorist attacks, pandemics, social
problems, and water source pollution. Therefore, cities must have the ability to resist
those threats; in other words, theymust exhibit urban resilience. However, this term is
still not well defined. Studies conducted by researchers such as Meerow et al. (2016)
have proposed some useful definitions (Table 9.1). Several international organiza-
tions and institutes are also engaged in the development of resilient cities, and all of
them define the concept of resilience differently (Table 9.2). Among them, some are
evenworking on developing resilient cities by using evaluation assessment indicators
or system architecture. After analyzing their framework and standards, we discov-
ered that the dimensions of the resilience framework designed and constructed by
ResilientCity.org and the ArupGroup Limited aremore complete relative to the other
analyzed frameworks.

Table 9.1 Definition of resilience (urban resilience) in previous studies

Author (year) Definition

Alberti et al. (2003) … the degree to which cities tolerate alteration before reorganizing
around a new set of structures and processes (p. 1170)

Godschalk (2003) … a sustainable network of physical systems and human communities
(p. 137)

Pickett et al. (2004) … the ability of a system to adjust in the face of changing conditions
(p. 373)

Ernstson et al. (2010) To sustain a certain dynamic regime, urban governance also needs to
build transformative capacity to face uncertainty and change (p. 533)

Campanella (2006) … the capacity of a city to rebound from destruction (p. 141)

Source Meerow et al. (2016)
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First, we observed that ResilientCity.org,which is an open Internet forumoperated
mainly by a group of architectural and urban planning researchers and practitioners
in Canada (Baba et al., 2020), proposed several guidelines relating to future-proofing
city toolkits, climate change, energy scarcity, resilient design principles, urban design
principles, and building design principles. With respect to “design principles for
creating more resilient cities,” the forum argued the following:

It will take a new set of planning and design principles to create more resilient cities, more
resilient communities, and more resilient buildings. This will take a significant revision of
current thinking. As a starting point, we propose the following as an overarching set of
principles for creating greater urban resilience…. (ResilientCity.org, 2012)

The six principles are diversity, redundancy, modularity, independence of system
components, feedback sensitivity, capacity for adaptation, environmental responsive-
ness, and integration. Their meanings are presented in Table 9.3. The guideline is
valuable for designing a resilient city when we plan to advocate resilient city policy,
project, and program; it is also useful for assessing existing projects and evaluating
their contribution.

Moreover, Arup Group Limited developed the City Resilience Indicator System,
which is supported by the Rockefeller Foundation. It provides a helpful assessment
framework with four main categories and related indicators for measuring and moni-
toring contributions to cities’ resilience. These two institutes cooperated to establish
the 100 Resilient Cities organization to promote resilient city activities. The Rock-
efeller Foundation plans to select more than 100 cities worldwide as targets for
active assistance and coaching, with the objective of aiding them in improving their
resilience and further implementing the developed resilient city evaluation system.
This framework allows cities worldwide to assess their vulnerabilities, weaknesses,
and disaster threats and subsequently promote specific improvement strategies to
enhance urban resilience. This framework and its related documents are continually
reviewed by researchers, and it is regarded as the property assessment toolkit for
achieving urban resilience in a practical manner.

Lu and Stead (2013) and Spaana and Waterhout (2017) have reviewed the devel-
opment ofArupGroupLimited’s City Resilience Indicator System; they discussed its
practicality and indicated its advantages. Spaana andWaterhout (2017) explained the
success achieved by Rotterdam in the Netherlands with the assistance of the Resilient
Cities 100 organization. The city self-examined and identified its vulnerabilities and
then proposed relevant projects to improve its weak dimensions and sectors. Therrien
et al. (2020) consolidated evidence and insights from previous studies on efforts to
achieve urban resilience that were published from 2005 to 2017 and were based on
the urban resilience framework.

Arup Group Limited’s City resilience indicator system comprises the four dimen-
sions of health and welfare, economy and society, infrastructure and environment,
and leadership and strategy (Table 9.4). Each dimension has three core objectives that
a resilient city must achieve; collectively, these 12 core objectives are the key evalu-
ation indicators for checking or evaluating policies, projects, and programs aimed at
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Table 9.4 Arup Group
Limited’s City Resilience
Indicator System

Dimension Core objectives

1. Health and welfare 1.1 Minimal Human Vulnerability

1.2 Diverse Livelihood &
Employment

1.3 Effective Safeguards to
Human Health & Life

2. Economy and society 2.1 Collective Identity & Mutual
Support

2.2 Comprehensive Security &
Rules of Law

Sustainable Economy

3. Infrastructure and
environment

3.1 Reduced Exposure & Fragility

3.2 Effective Provision of Critical
Services

Reliable Mobility &
Communication

4. Leadership and strategy 4.1 Effective Leadership &
Management

4.2 Empowered Stakeholders

4.3 Integrated Development
Planning

enhancing urban resilience. The detailed definition for each indicator can be found
in the original report (Arup Group Limited 2018).

9.1.2 Smart City

ICTs and IoT have developed rapidly in recent years. These advanced technologies
help cities to manage their available resources more efficiently, which corresponds to
the concept of smart city. Studies have proposed several definitions for the smart city
concept; however, a standardized definition has not yet been established. Camero
and Alba (2019) consolidated and reported on some commonly cited smart city
definitions in Table 9.5.

Currently, the smart city concept is applied in several fields such as disaster preven-
tion, transportation, governance, and environmental protection. Smart cities improve
the living convenience of urban residents; however, not every smart city project
necessarily enhance urban resilience. Some projects had this effect, it seems as a
smart solution. Figure 9.1 illustrates a Venn diagram of the relationship between
these terms. Projects that serve the objectives of both concepts should be promoted
worldwide because they can further the goal of increasing urban resilience quickly
and efficiently through new technologies. However, the literature related to smart
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solutions is not comprehensive, and a set of procedures for gradual evaluation must
be developed.

9.2 Research Area: Taipei City

Taipei City is the capital city of Taiwan. It is a city with 2.6 million residents and a
land area of 271.8 km2. Taiwan is a high-income country with the central govern-
mentmanaging an annual budget ofmore thanNT$2 trillion (nearly US$72.4 billion)
annual budget in 2019. Among the local governments, the Taipei City Government
has the highest total and per capita general budget (Fig. 9.2) in the same year.
(Directorate-General of Budget 2019) It is a strong base for developing a smart
city.

Taipei City has been experimenting with the smart city concept for several years.
However, the various departments and offices of the city government are required
to independently implement their respective smart city projects without cooperation
from each other in the past. Until 2016, the city government has been integrating

Table 9.5 Definitions of smart city

Author (year) Definition

Hall et al. (2000) A city that monitors and integrates conditions of all of its critical
infrastructures, including roads, bridges, tunnels, rails/subways, airports,
seaports, communications, water, power, even major buildings, can better
optimize its resources, plan its preventive maintenance activities, and
monitor security aspects while maximizing services to its citizens…
systems and structures will monitor their own conditions and carry out
self-repair, as ‘needed’

Harrison et al.
(2010)

Connecting the physical infrastructure, the IT infrastructure, the social
infrastructure, and the business infrastructure to leverage the collective
intelligence of the city

Caragliu et al.
(2011)

We believe a city to be smart when investments in human and social capital
and traditional (transport) and modern (Information and Communications
Technology, ICTs) communication infrastructure fuel sustainable economic
growth and a high quality of life, with a wise management of natural
resources, through participatory governance

Manville et al.
(2014)

A Smart City is a city seeking to address public issues via ICTs-based
solutions on the basis of a multi-stakeholder, municipally based partnership

Giffinger and
Pichler-Milanović
(2007)

A Smart City is a city well performing in a forward-looking way in these six
characteristics, built on the ‘smart’ combination of endowments and
activities of self-decisive, independent and aware citizens

Dameri (2013) A smart city is a well defined geographical area, in which high technologies
such as ICTs, logistic, energy production, and so on, cooperate to create
benefits for citizens in terms of well being, inclusion and participation,
environmental quality, intelligent development; it is governed by a well
defined pool of subjects, able to state the rules and policy for the city
government and development

Source Camero and Alba (2019)
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Fig. 9.1 Venn diagram of
urban resilience and smart
city

urban resilience smart city
smart

solution 

Unit: Billion (NT$) Unit: Thousand (NT$) 

165 164 

115 
125 

86 

133 

Annual Budget (Total)

62 

41 

51 

44 46 48 

Annual Budget (per capita)

Fig. 9.2 Annual budget of Taipei City and other special municipalities in 2019

the various demands of every field and interacting with private sectors; specific
moves include the promotion of the Smart Taipei concept and establishment of the
Taipei Smart City Project Management Office under the Department of Information
Technology. The primary purposes of the office are to classify the citizens’ needs,
identify local technology companies that can address these needs, and transform
Taipei City into a “living lab” for the application of IoT-based smart solutions.

Many projects are currently being implemented in Taipei City in areas such
as smart transportation, building infrastructure, education, environments, economy,
security, health, and public administration. As of August 2021, a total of 236 projects
are either ongoing or completed (Fig. 9.3). Several major projects are listed in Table
9.6.
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44 

27 

19

36
32

24

42

18
13

Fig. 9.3 Categories of smart city projects in Taipei

Table 9.6 Major smart city projects in Taipei

Categories Projects

smart transportation Smart transportation systems (shared bike, motorbike, electric
vehicle, and smart parking systems), 3D AR indoor navigation
in Taipei Main Station, parking grid automation, driverless
buses/cars, traffic flow recognition system, car recorder
value-added service, real-time bus/metro/traffic information…

Smart building infrastructure Smart public housing, Intelligent structural monitoring system
for Shezi Bridge, household water quality/usage monitoring,
energy-saving air conditioning system…

Smart education Online education, AR English learning amusement park…

Smart environments Intelligent streetlamps, Microscale air quality sensor systems,
Smart management system for Feitsui Reservoir, AIoT in forest
farm, networked trash can…

Smart economy Electronic payment, shopping zone’s Kiosk multimedia
information station…

Smart security Smart 119 app, Liquefied petroleum gas safety monitoring and
cloud management platform, intelligent police enforcement,
disaster victims care services…

Smart health New technology in municipal hospitals, wear-free elderly safety
detection systems…

Smart public administration Big database center, obsolete public property/second-hand
goods shopping platform, tax calculation service, receipt
cloudification…

Sources Websites of smarttaipei and smart city & IoT
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Fig. 9.4 Research procedure

9.3 Research Method and Procedure

The present study was conducted using an expert interviewmethod, and experts from
two universities in Taipei City1 were invited to participate in the study. These experts
specialized in the fields of urban resilience, smart city, and sustainable city research.
The research process chart is presented in Fig. 9.4. First, we screened all smart
city projects in Taipei and identified the high-potential cases that could contribute
to urban resilience (Stage 1). Next, these high-potential cases were examined and
evaluated by experts through face-to-face interviews. To ensure that the all experts
shared the same cognition with respect to the meanings of urban resilience and smart
city, we briefed them on the concepts of urban resilience and smart city and all of the
smart city projects in Taipei City before allowing them to begin the screening and
evaluation procedure.

In Stage 2, the contribution of each project was evaluated using two evaluation
systems. The first evaluation system entailed the use of ResilientCity.org’s “design

1 National Taiwan Normal University and the University of Taipei.
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Table 9.7 Example of an evaluation survey

Project Diversity Redundancy Modularity
and
independence
of system
components

Feedback
sensitivity

Capacity
for
adaptation

Environmental
responsiveness
and integration

Project
A

◯ × × ◯ ◯ ×

principles for creating more resilient cities.” The second evaluation system entailed
the use of the “City Resilience Index” established by Arup Group Limited.

In Stage 2.1 of the present study, we explored the question of whether the smart
city projects fit the design principles of a resilient city and asked the experts to deter-
mine whether each selected project satisfied each item related to design principles.
The guidelines adopted in this research were based on the six design principles for a
resilient city that were developed by ResilientCity.org (2012). The six principles are
outlined as follows: diversity, redundancy, modularity and independence of system
components, feedback sensitivity, capacity for adaptation, and environmental respon-
siveness and integration. Table 9.7 presents an example of how an evaluation was
reported by an expert when they consider a given Project A to be compatible with
the principles of diversity, feedback sensitivity, and capacity for adaptation.

To identify which dimensions a project contributed to, Arup Group Limited’s
evaluation system was used in Stage 2.2 of the present study. This evaluation system
comprised the four dimensions of health and welfare, economy and society, infras-
tructure and environment, and leadership and strategy, which are collectively linked
to 12 core objectives. We designed a checklist to allow the experts to evaluate each
project easily. Specifically, they were only required to write “◯” to indicate their
opinion that a given project can achieve a particular assessment indicator.

We invited 10 experts to participate in our research survey, 8 ofwhomsubsequently
agreed to participate in our face-to-face interviews. When a participant encountered
a problem, an assistant would act to ensure that all of the experts were providing
responses on the basis of the same knowledge background and not being affected by
interruptions or receiving guidance.

We collected experts’ responses for 10 projects; hence, each assessment principle
(indicator) was scored between 0 and 80, with the highest score of 80 indicating
that all experts were of the opinion that all 10 projects were compatible with a
particular assessment principle. For our statistical analysis, the cumulative total was
used instead of an averaged figure such that the attributes of assessment principles
(indicators) and projects could be compared easily.
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9.4 Results and Discussion

9.4.1 Stage 1: Screening Results

After the screening procedure was conducted, 10 projects were selected as represen-
tative cases. Only 10 were selected because most of the other projects focused only
on the applications of ICTs or IoT and were not directly linked to urban resilience;
moreover, some projects were excessively small in scale and implemented citywide.
A brief introduction of these 10 projects is presented in Table 9.8. These 10 projects
including: smart transportation systems (shared bike, motorbike, electric vehicle, and
smart parking systems), smart public housing, new technology in municipal hospi-
tals, intelligent streetlamps, the smart 119 app, wear-free elderly safety detection
systems, microscale air quality sensor systems, an intelligent structural monitoring
system for Shezi Bridge, a smart management system for Feitsui Reservoir, and an
liquefied petroleum gas safety monitoring and cloud management platform.

9.4.2 Stage 2: Evaluation

Eight experts participated in this study. They individually evaluated the 10 selected
projects according to each project’s compatibility with specific principles (indi-
cators). Hence, the cumulative score for each principle ranged from 0 to 80 and
measured the contribution of the selected smart city projects with respect to a given
resilience principle.

The Stage 2.1 results are presented in Table 9.9. The experts believed that the 10
selected smart city projects helped enhance Taipei City’s resiliencewith respect to the
principle of feedback sensitivity, forwhich a 75%fit ratiowas observed. The principle
with the second highest score was the principle of capacity for adaptation (65%).
However, fit ratios of 36 and 46% were reported for the principles of redundancy
and diversity, respectively; in other words, the experts felt that the 10 projects do
not provide sufficient contributions with respect to the principles of redundancy and
diversity and that these two resilience principles should be emphasized in future
projects.

A comparison of the 10 projects revealed that the smart transportation systems
(shared bike, motorbike, electric vehicle, and smart parking systems) and the smart
management system for Feitsui Reservoir scored the highest (31), suggesting that
the experts believed that these two projects have the best potential to contribute
to Taipei City’s resilience. In addition, the smart transportation systems (shared
bike, motorbike, electric vehicle, and smart parking systems) were considered to
have performed well with respect to the principles of diversity (S = 8; r = 100%),
modularity and independence of systemcomponents (S= 7; r= 87.5%), and capacity
for adaptation (S = 6; r = 75%).
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Table 9.8 Brief introduction of selected projects

Selected projects Brief introduction

Smart transportation systems (shared bike,
motorbike, electric vehicle, and smart parking
systems)

Improve the efficiency of using transportation
equipment and parking spaces in a shared mode
with smart way, reduce the number of private
vehicles, and solve traffic problems

Smart public housing Use ICTs to construct an intelligent community
and reverse the negative stereotypes of public
housing

New technology in municipal hospitals Import information tools to improve medical
efficiency and make caring for patients more
intelligent

Intelligent streetlamps Install sensors on street lights and using
environmental sensing data and
telecommunication users’ traffic data to predict
light intensity to save energy and improve
public security issues

Smart 119 app Use smartphone APP to achieve quick reports,
location transmission, visualization, online first
aid guidance, and other functions

Wear-free elderly safety detection systems Use the sensors on the ceiling to grasp the
breathing and movement trajectory of the
elderly to predict or report the health status of
the elderly, and achieve the optimal allocation
of care human resources

Microscale air quality sensor systems Distribute low-cost and small air quality
monitoring devices throughout Taipei City to
obtain rapidly changing air quality conditions,
providing citizens a response

Intelligent structural monitoring system for
Shezi Bridge

Strengthen the mastery of the structural status
of Shezi Bridge to prevent damage and improve
its maintenance quality

Smart management system for Feitsui
Reservoir

Provide applications such as access control,
pipelines, water level, weather monitoring, and
intelligently manage reservoirs

Liquefied petroleum gas safety monitoring
and cloud management platform

When the gas leaks, the gas supply is
automatically blocked, and the relevant units
are notified to deal with it to reduce disasters

However, the projects involving smart public housing, intelligent streetlamps, the
smart 119 app, and wear-free elderly safety detection systems were considered to
have contributed less to the resilience of the city relative to the other projects.

Table 9.10 presents the Stage 2.2 results, which were based on Arup Group
Limited’s evaluation system.The score analysis component of Stage 2.2was identical
to that of Stage 2.1. The fit ratio (r) of each indicator indicated the contribution made
by the 10 selected smart city projects. The results suggested that the categories of
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infrastructure and ecosystems (total category score, TCS= 125) and health and well-
being (TCS= 119) were the two dimensions to which the 10 projects contributed the
most. By contrast, the 10 projects contributed the least to the categories of leadership
and strategy (TCS = 79) and economy and society (TCS = 66).

Specifically, the indicators with the highest score were, in descending order,
minimal human vulnerability, (S= 57) reduced exposure and fragility (S= 50), and
effective safeguards to human health and life (S = 48); these three indicators belong
to the two aforementioned categories with the highest scores (health and well-being
and infrastructure and ecosystems). In summary, these 10 projects performed well
with respect to minimizing human vulnerability, reducing exposure and fragility, and
safeguarding human health and life. These items are always found among the core
characteristics of most resilience city projects proposed and implemented in several
countries, and our findings correspond to those reported by previous studies.

However, lowscoreswere obtained for the following indicators: empowered stake-
holders (S = 7), sustainable economy (S = 9), diverse livelihood and employment
(S = 14), and collective identity and mutual support (S = 14). This indicates that
the 10 smart city projects implemented in Taipei City performed poorly for these
four indicators (relative to the other indicators); hence, improvements must be made.
For example, the 10 smart city projects contributed little to the indicator empowered
stakeholders, which is under the category of economy and society; this signifies that
the 10 ICTs- and IoT-based projects neglected empowered stakeholders, which is a
key topic in the political and social sectors for sustainable urban management.

For the performance of each smart city project, the smart public housing project (S
= 50) received the highest score because public housing projects constitute a crucial
topic that has attracted the attention of numerous scholars. Moreover, this project
was determined to have performed well with respect to the following indicators:
minimal human vulnerability (S = 6), effective safeguards to human health and life
(S= 6), comprehensive security and rules of law (S= 7), and integrated development
planning (S= 7). The project with the second and third highest scores were the smart
119 app (S= 45) and smart transportation systems (shared bike, motorbike, electric
vehicle, and smart parking systems; S = 44). These three projects appeared to have
made the most contributions to Taipei City’s resilience and substantially improved
the daily lives of most residents.

The evaluation results presented in Tables 9.8 and 9.9 can be challenging to read
and interpret. Therefore, two infographics were designed to more clearly present
the complex results (Figs. 9.5 and 9.6). The differences among six design principles
are emphasized in Fig. 9.5, and the performance of the projects (a unique color is
assigned for each project) can be compared easily.

Furthermore, the evaluation results obtained using Arup Group Limited’s
Resilience City Indicator System were more complex (relative to those obtained
using the first system) because this system comprises 4 categories and 12 major
evaluation indicators. Figure 9.6 presents the wind rose plot used to interpret the
assessment results; all relevant information is included in this figure. The score for
each indicator is indicated, the results are summarized into four categories, and the
performance of the projects can be compared (a unique color is assigned for each
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Fig. 9.5 Evaluation results based on ResilientCity.org’s guidelines

project). These infographics are provided for interpreting the complex data because
data visualization is also a key aspect of this type of research.

9.5 Conclusion

How urban resilience can be enhanced has become a key challenge in urban gover-
nance, and it is essential in the development of policies, strategies, and projects
for enhancing resilience and reducing vulnerability and disaster threats. Further-
more, the rapid development of ICTs and IoT has increased the frequency at which
these technologies are applied in urban governance. ICTs- and IoT-based smart city
projects have become a trend in numerous cities, including Taipei City. Smart city
projects are increasingly being implemented worldwide, and smart city solutions
offer considerable potential as means of increasing urban resilience. Therefore, the
practical effectiveness of these projects should be investigated. The following ques-
tions required exploration: Do smart city projects contribute substantially to the
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Fig. 9.6 Evaluation results based on Arup Group Limited’s Resilience City Indicator System

enhancement of urban resilience? How should their performance be assessed with
respect to the multiple dimensions of urban resilience?

Accordingly, the main purpose of the present study was to evaluate the contribu-
tions of Taipei City’s smart city projects to its urban resilience. Two sets of evaluation
systems were developed, and experts were invited to participate in the evaluation
process. The first evaluation system was based on ResilientCity.org’s design princi-
ples for creatingmore resilient cities. The second systemwas based on the Resilience
City Indicator System established by Arup Group Limited. After a screening proce-
dure was conducted, 10 Taipei City smart city projects were selected as the study
cases, and the evaluation results for these projectswith respect tomultiple dimensions
were discussed.

The Taipei City Government has developed numerous smart city projects to solve
urban problems; however, only a small proportion (about 4.7%) of these smart city
projects is considered to be able to contribute to the urban resilience of Taipei City.
This is because most projects emphasize the only applications of new technology
and follow differing objectives such that enhancing urban resilience is just one of
many objectives; moreover, many projects were designed to solve a specific problem
handled by a specific department. In addition, the city government is always focused
on solving current problems, resulting in the development of short-sighted plans and
projects.
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The evaluation results obtained using the ResilientCity.org guidelines indicate
that the smart city projects could improve the resilience of Taipei City with respect
to the principles of feedback sensitivity (75%) and capacity for adaptation (65%).
However, low fit ratios of 36 and 46%were reported for the principles of redundancy
and diversity, respectively. Among the 6 design principles, the 10 projects could not
contribute sufficiently with respect to the principles of redundancy and diversity.
The weaknesses identified in the present study can be used by the city government
to formulate strategies for improving these problems. For example, future smart
projects must emphasize redundancy and diversity.

Furthermore, the evaluation results obtained using Arup Group Limited’s
Resilience City Indicator System indicate that the smart city projects contributed
substantially to infrastructure and ecosystems (TCS = 125) and health and well-
being (TCS = 119). However, the projects contributed less to the dimensions of
leadership and strategy (TCS = 79) and economy and society (TCS = 66).

For individual indicators, the indicators with the highest score were minimal
human vulnerability (S= 57), reduced exposure and fragility (S= 50), and effective
safeguards to human health and life (S = 48). These items are always found among
the core characteristics of most resilience city projects proposed and implemented
in numerous countries, and our findings correspond to those of previous studies.
However, low scoreswere reported for following indicators: empowered stakeholders
(S = 7), sustainable economy (S = 9), diverse livelihood and employment (S = 14),
and collective identity and mutual support (S = 14). In other words, the 10 smart city
projects had little contributions to the empowered stakeholders subcategory (which
is under the economy and society category), suggesting that the ICTs- and IoT-
based smart city projects overemphasized the characteristic of new technology and
neglected the empowerment of stakeholders, which is an essential challenge in the
social component of sustainable urban management.

A comparison of the performance of the smart city projects revealed that the smart
transportation systems (shared bike, motorbike, electric vehicle, and smart parking
systems) and smart management of Feitsui Reservoir scored the highest (31) based
on the ResilientCity.org guidelines. However, the smart public housing (S = 50),
smart 119 app (S = 45), and smart transportation systems (shared bike, motorbike,
electric vehicle, and smart parking systems) (S = 44) exhibited good performance
when they were evaluated using Arup Group Limited’s Resilience City Indicator
System. This is a notable finding that should be investigated further in future studies;
it suggests that the performance of one project cannot be judged comprehensively
using only one evaluation system because different evaluation systems use different
core assessment criteria. In addition, the characteristics of the multiple objectives of
a smart city project may affect evaluation results.

Notably, the present study still has its limitations. First, due to the large number
of smart city projects being implemented, establishing a standard screening proce-
dure may be necessary to objectively identify representative cases. Second, different
people may have a different understanding of a smart city and urban resilience.
Therefore, all experts must have the same understanding regarding the definitions of
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principles and the selection of evaluation indicators for evaluating selected projects;
otherwise, the results may be affected by bias.
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Chapter 10
Envisioning Sustainable and Resilient
Petaling Jaya Through Low-Carbon
and Smart City Framework

Melasutra Md Dali, Ayyoob Sharifi , and Yasmin Mohd Adnan

Abstract The Malaysia Smart City Framework (MSCF) launched in September
2019 serves as a national guideline for cities and their local governments, as well
as for other relevant agencies and stakeholders, in developing and implementing
smart city initiatives. The involvement of national, state, and local authority agen-
cies, along with the private sector, has coordinated and streamlined the efforts of
developing smart cities across Malaysia. The United Nations Development Program
(UNDP), the Sustainable Energy Development Authority (SEDA), the Ministry of
Energy, Science, Technology, Environment and Climate Change (MESTECC), and
theGlobalEnvironmentFacility (GEF) (for financial support) havedeployed aproject
that highlights cities with low-carbon entitled ‘Green Technology Application for
the Development of Low-Carbon Cities’ (GTALCC) (Lee, N. (2019). Low-Carbon
cities—Malaysia’s response to global climate emergency. UNDP). This project is
imminent to generate an ideal urban infrastructure that meets the demands of citi-
zens seeking better quality of life. As such, this case study looked into the Petaling
JayaCityCouncil (PJCC) Smart City initiatives based on various low-carbon projects
for urban planning, as well as their attainment thus far. This study sheds light on the
initiatives taken by PJCC that emphasise on low-carbon approach with a touch of
modern intelligent technology to formulate a smart city that is resilient to climate
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change. The presented discussion is beneficial in terms of policy knowledge for other
local authorities who wish to mimic such initiatives.

Keywords Smart city framework · Low-carbon resilient city · Resilience ·
Malaysia

10.1 Introduction

The share of global urban population is currently about 55% and this has been
predicted to escalate up to 68% by 2050 (Ovington 2020). Cities are the engines for
world economic activities that consume massive energy and emit undesired amounts
of greenhouse gases (GHG). In order to reduce carbon emissions, urban centres must
significantly reduce their energy consumption and start using alternative renewable
energy sources. As numerous countries have begun setting their targets to decrease
GHG emissions, it is integral for cities to significantly minimise their energy usage.
Hence, this study assessed the initiatives taken by smart cities to decrease GHG
emissions, as well as the role of internet of things (IoT) and telecommunication
networks in smart cities. Ideal management of urbanisation, along with the related
risks and opportunities, is crucial to attain higher economic progress, lower poverty
rate, better human welfare, and greater environmental sustainability. This scenario
highlights the pressing need to implement effective urban planning policies and
strategies in addressing vital development primacies.

10.2 Sustainable Development and Climate Change
Agenda: The Malaysian Perspective

Urbanisation is crucial in addressing the effects of climate change. Massive energy
consumption by cities due to their role as economic and social hubs has led to uncon-
trollable GHG emissions. Hence, several aspects have been identified where energy
conservation and emission reduction are viable in urbandevelopment, such as carbon-
free transportation system, compact urban forms, better accessibility, and effective
waste management, to name a few. These listed aspects also promote more job
vacancies, better public health, lower pollution level, and greater economic progress.
Economic and social urban development infusedwith low carbon goals catalyses new
climate economy as part of the sustainable national growth agenda.

Numerous countries have prioritised policies that uphold low-carbon urban devel-
opment. As such, this paper reviews the implementation of low-carbon urban policies
in a city, their efficacy, and viable options towards green urban development. Addi-
tionally, this paper explored the role of policymakers in ascertaining the deployment
of suitable smart infrastructure tomeet the objective of smart city development. Based
on the information gathered at the local-level initiatives and efforts, this present study
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unravels themechanism appropriate for low-carbon urban development, while simul-
taneously identifying an appropriate smart city urban framework to address national
objectives.

As a rapidly urbanising country in Southeast Asia, GHG emitted in Malaysia is
higher than other developing countries within the region. In Malaysia, its carbon
emissions are highly related to urban environment with the energy domain (trans-
portation & electricity) contributing to 80% of total emission. Despite the absence of
major calamities, except for flash floods in established cities (e.g., Kuala Lumpur),
both climate change adaptation (CCA) and disaster risk reduction (DRR) were incor-
porated as part of the national agenda (Hashim 2018). This action substantially
promotes emission reduction in the energy sector that saves cost and lowers carbon
use. In fact, a number of cities across Malaysia have either devised an action plan or
set a vision to minimise carbon use, while preparing GHG inventory to track actions
that demand low carbon. The ‘Green Technology Application for the Development
of Low Carbon Cities’ (GTALCC) project was initiated by United Nations Devel-
opment Program (UNDP), Sustainable Energy Development Authority (SEDA),
and Ministry of Energy, Science, Technology, Environment and Climate Change
(MESTECC), while funded by Global Environment Facility (GEF) (Lee 2019).

In 2007, GHG emissions in Malaysia per capita were 10.8 tCO2e, while 292.9
million tCO2e were recorded at the national level. The fractions of the emissions
were as follows: electricity emitted 26% of GHG emissions, while transportation
contributed 16%, and solid waste recorded 12%. The transportation sector emitted
the most GHG inMalaysia since 2009, and this was followed by the energy segment.

Malaysia has started addressing environmental problems since the 1972 United
Nations Conference on Human Environment, such as the deployment of National
Environmental Policy in 1992 Rio Summit. Initiatives taken by Malaysia to become
resilient towards climate change started since 1976 as outlined in the Third Malaysia
Plan. As shown in Table 10.1, the initiatives and views in climate resilience began

Table 10.1 Timeline of initiatives taken by Malaysia towards climate resilience

Year Initiatives taken by Malaysia towards climate resilience

1976 Third Malaysia Plan

2005 National Physical Plan

2005 Land Use Planning Appraisal for Risk Areas

2005 National Security Council Directive no. 20

2009 National Climate Change Policy (NCCP)

2009 KL Action Plan (KLAP)

2009 National Green Technology Policy (NGTP)

2010 Low Carbon Cities Initiatives (LCCI)

2012 Green Technology Applications for the Development of Low Carbon Cities

Adopted and adapted from Jamaludin and Sulaiman (2018)
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expanding over time with updates based on climate issues experienced in Malaysia
(Jamaludin and Sulaiman 2018).

Green initiatives taken between 1992 and 2009 were amalgamated to devise
sustainable policies that were incorporated into urban development plans, which
were deployed by the government and local authorities. For instance, the National
Physical Plan (NPP) initiated a spatial framework in 2005 for national physical
development. The framework served as the basis for lower-tier development plans,
including structural, special area, local, rural development, and transportation plans.
It is the function of NPP to ascertain that the development plans adhere to the national
policies and goals. By adhering to the spatial framework; more sustainable develop-
ment is attained, national resources are optimally used, and duplicate infrastructure
investment is hindered. Apart from being the reference to development, NPP serves
as an integral framework to attain sustainable and integrated land use planning at
both local and state levels throughout Malaysia.

Low carbon cities initiatives (LCCI) (later known as low carbon city framework
(LCCF)) introduced in 2010 refer to a subset of sustainable cities agenda, which
tracks carbon emissions at city level—a tool to deploy strategic policy development
for sustainability goals inMalaysia. TheLCCFupdates improvement status of carbon
emissions in sustainable cities for long run.

No single set of policies suits all contexts and countries. Nonetheless, several
common aspects have been adopted inmany countries to design national urban policy
that emphasises on reducing carbon emissions. Similarly, several projects have been
implemented in Malaysia in light of low-carbon effort.

10.2.1 Green Technology Applications for the Development
of Low Carbon Cities (GTALCC) Project

Sustainable economic progress is strongly linked with a country’s ability to pave the
path for low carbon climate-resilient development. Hence, the five-year GTALCC
project was initiated by theMalaysian government to track carbon reduction in cities,
encourage green technology, and promote activities/plans to decrease carbon usage in
light of national agenda. The GTALCC project specifies green growth as the strategic
thrusts and as a game changer as well. Green strategies deployed in Malaysia can
lower environmental and ecological issues, promote better quality of life and well-
being, as well as strengthen energy, water, and food security. This decreases GHG
emissions, enhances coastal andmarine areas, conserves inland and terrestrial waters,
as well as preserves the ecosystem.

The integrated solutions outlined in GTALCC project blankets these areas: (1)
integrated planning for climate action, (2) crowding in private investment and
supporting city-level climate finance instrument, as well as (3) driving zero-carbon
transition in cities by integrating transportation, energy, building, and waste systems.
The GTALCC project is implemented in five pilot cities; Hang Tuah Jaya, Putrajaya,
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Cyberjaya, Iskandar Malaysia, and Petaling Jaya (PJ), to attain sustainability solu-
tions. The project is related to the National Low Carbon Cities Masterplan initiated
in 2020 that not only defines low-carbon cities (LCC), but also lists transition plans
and key actions in moulding LCC across Malaysia (Rahman 2009). The GTALCC
project is aligned with Sustainable Development Goals (SDGs) (Lee 2019).

The GTALCC project promotes integrated planning by moving away from the
conventional ‘grow first and clean-up later’ framework to one that emphasises on
sustainability for future generation gains by highlighting resilient, resource-efficient,
low-carbon, and socially inclusive development. Evidently, specific targets have been
outlined to lower GHG emissions in Malaysia by strengthening institutional and
governance structure, expanding LCC ideology, formulating effective sustainable
policies, as well as organising educational and awareness raising programmes.

10.2.2 Malaysia’s Smart City, Green City, and Resilient
Framework

A smart city uses Information and Communication Technology (ICT) to efficiently
offer services, amenities, and infrastructure for its residents. In a smart city, its tech-
nocentric concept is extended to social and economic progress.According toCaragliu
et al. (2011), a city becomes smart ‘when investments in human and social capital
and traditional andmodern communication infrastructure fuel sustainable economic
growth and a high quality life, with wise management of natural resources; through
participatory governance’. In Malaysian Smart City Framework (MSCF) (MHLG
2018, p. 7), ‘smart city’ denotes ‘a city that uses technological advancement to address
urban issues, improve quality of life, boost economic growth, develop a sustainable
and safe environment, as well as encourage efficient urban management practices’.
The MSCF is composed of Giffinger’s (2007) six smart aspects: environment, smart
economy, mobility, government, living, and people.

Innovative and transformative solutions can strengthen urban infrastructure in
meeting the demands of citizens for better quality of life. The MSCF, introduced in
September 2019 by theMinistry of Housing and Local Government, is a reference for
local governments to turn cities into smart cities (Loo 2019; Adnan 2016). For smart
cities to be more liveable, convenient, practical, and sustainable to their residents
(MHLG 2018), MSCF deploys the use of ICT. Smart city initiatives overcome urban
issues, including pollution, congestion, security, and misuse of natural resources.
The Smart Cities Initiatives initiated during the 11th Malaysia Plan (2016–2020)
embeds IoT and the following elements:

1. Smart governance via:

• Public participation
• Efficient public and social services
• Private and public partnership
• Transparent governance
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2. Smart mobility via:

• Efficient road accessibility
• Efficient public transportation
• Non-motorised accessibility
• Availability of ICT infrastructure

3. Smart technology/economy via:

• Economic growth and value creation
• Innovative economic growth
• Equitable wealth distribution
• Entrepreneurship

4. Smart infrastructure via:

• Clean Environmental protection
• Green development
• Green infrastructure
• Green economy

5. Smart citizen via:

• Caring community
• High Human Development Index
• Talented and skilled human capital
• Racial harmony

The low-carbon approach implemented in Malaysia is elucidated from Green City
ideas. Green City ‘strives to lessen its environmental impact by reducing waste,
tumbling emissions, fostering recycling, expediting the use of renewable energy,
and boosting housing density; while expanding open space and encouraging the
development of sustainable local business’ (Lomba-Fernández 2019). Similarly, Eco-
City and Low-Carbon City concepts aim to lower carbon use and boost development
potential.

During the United Nations Climate Change Conference held in Copenhagen in
2009, Malaysia highlighted that it is committed to decrease the intensity of carbon
emission up to 40% by year 2020 with the aid of developed nations. Notably, great
progress was recorded with 33% decrease in emission intensity for year 2015. To
address the impacts of global climate change, Malaysia had given its pledge during
the 2015 Paris Agreement to further lower its intensity of carbon emission by 45%
in 2030.

The Making Cities Resilient Campaign (MCRC) launched in 2011 was the initial
effort taken by the Malaysian government, along with the United Nations Office for
Disaster Risk Reduction (UNISDR), to turn Kuala Lumpur, Putrajaya, and Melaka
into resilient cities by raising awareness on resilience and reducing disaster risks
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amidst the public. In Japan, both MCRC and Hyogo Framework for Action (HFA)
supported the Sendai Framework for Disaster Risk Reduction 2015–2030 (UNISDR
2005). City resilience enhances city performance in spite of hazards, instead of
mitigating asset loss due to calamity.

10.2.3 Malaysian Smart City Framework at State Level

The MSCF reflects the top down–bottom up approach to realise the national agenda
on climate change. Selangor is a progressive and dynamic state both economically
and environmentally. The Selangor government aims to become a Smart State by
2025. The Selangor State Government has mandated its State Chief Minister and
Selangor Incorporated to execute smart initiatives through the establishment of SSDU
Innovations Sdn Bhd (Smart Selangor Delivery Unit) to become Smart Selangor. In
adhering to threemain objectives; Productivity, Liveability, and Sustainability, Smart
Selangor is aimed at becoming a premier, regional Smart State in ASEAN by 2025.
In realising the Smart Selangor vision to be the most liveable state in Malaysia; five
enablers have been outlined to drive this initiative:

1. Smart People—yields ecosystem to generate connected, resilient, informative,
and adaptable citizens

2. K-Economy—promotes business to apply innovative technology to scale-up
business

3. Smart Environment—safeguards clean environment, water, and air
4. Smart Government—enables equitable, reliable, accountable, and accessible

government services
5. Smart Infrastructure—improves digital and physical connectivity to lay the

platform for smart state

10.3 Smart, Sustainable, Resilience Petaling Jaya Blueprint
2030

In 1951, Petaling Jaya (PJ) was a town meant to cater post-war housing demand and
the population overflow of Kuala Lumpur (Thong 2006). It accommodated 70,000
residents in 10 km to the south-west of Kuala Lumpur. To date, good city planning
has led the city to become an advance city in Malaysia (see Figs. 10.1, 10.2 and
10.3).

Until June 2006, the council was upgraded from PJMunicipal Council to Petaling
Jaya City Council (PJCC) (Majlis Bandaraya Petaling Jaya) with 550,000 residents.
At present, the administrative area of PJCC covers 97.2 square kilometres with
619,925 residents (PJCC 2020). Located inGreater Kuala Lumpur and close toKuala
Lumpur, it has the sprawl effect of population in terms of economy and connectivity
(see Fig. 10.4).
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Fig. 10.1 Expansion of Kuala Lumpur and location of Petaling Jaya in 1948

With the council predicting a hike in its total population up to 1.8 million in
2050, PJCC has greater responsibilities for planning and managing the city. The
city is composed of residential neighbourhood, a wide range of commercial and
industrial activities, institutional facilities, financial and administrative points, as
well as recreational attractions such as Bukit Gasing, Taman Bandaran Kelana Jaya,
and Central Park Bandar Utama. The strategic location of PJ, which is adjacent with
the capital city of Malaysia, Kuala Lumpur, has made the city one of the most visited
and fast developing city in Malaysia. Covered with networks of highways, the city is
designed with an excellent public transportation system, such as Light Rapid Transit
(LRT), Commuter (KTM), and Mass Rapid Transit (MRT).

Rapid urbanisation in PJ has exposed the city to climate change phenomena, such
as flooding, landslide, disease outbreak, and pollutions. On 16th April 2020, the
city faced one of the massive flash floods throughout the year with the water height
reaching 2 feet at Seksyen 51A (Noor 2020). Numerous factors have contributed to
the climate change happening in PJ, mainly due to traffic congestion as a result of
higher number of vehicles that emits greater carbon. Urban heat island is another
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Fig. 10.2 Detailed Plan of Petaling Jaya in 1955 (Source Thong 2006)

scenario due to the rising amount of concrete buildings in the city. Hence, PJCC is
devising a smart and sustainable plan to manage the city, particularly to lower GHG
emission into the city atmosphere.

Being the first winner of Malaysia’s National Earth Hour Capital, PJ stands
out with its exceptional energy efficiency and low-carbon efforts. The leadership
displayed by PJCC in addressing multiple issues and deploying green innovations
has been applauded by international panel of juries.

By year 2030, PJ aims to be a sustainable and resilient city through the implemen-
tation of SMART PJ—‘a total solution of intelligent city planning and management’
(PJCC 2018). A framework has been built to achieve the following targets:

• 40% public transport usage
• 30% reduction of energy consumption
• 3% increase in the collection of 3R programme annually
• Universal and accessible design
• 2% reduction of carbon emission annually
• 10% reduction of crime cases
• Less than 10% flood-prone population
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Fig. 10.3 Petaling Jaya City Boundary in 2006 (Source Thong 2006)

The SMART PJ applications as shown in Fig. 10.5, based on five main cores of
Clean, Green, Safe, Connected, and Happy that act as dashboards, are developed in a
mini command centre and delivered to PJ SMARTCentre in report form. This guides
the authority to make city planning decision for PJ based on actual city scenario.

Until year 2019, the dashboards had covered the following aspects:

1. City Planning and Development
2. PJ KITA Community, such as City Community Development
3. City Business
4. City Town Services
5. City Management & Enforcement

Smart PJ seeks to: (1) enhance climate resilience, (2) lower resources use & demand,
(3) improve urban living quality, (4) deploy smart economy with low carbon, (5)
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Fig. 10.4 Map of Petaling Jaya City Council

become an efficient city with prudent enforcement & integrated management, and
(6) reduce CO2 emissions. The PJCC Low Carbon City Action Plan was devised
with government bodies and the Carbon Trust to calculate GHG inventory until 2030
with the goal of lowering CO2 emissions by 30% (refer Table 10.2). The council had
identified projects that could save 6 million tCO2 at RM 9 billion net; contributing to
~ 50% cost saving (CDP 2020). The 63% of GHG emission in PJ due to energy use
for industrial and commercial buildings must be lowered to 25% in 2025 and further
25% in 2030. The Green Building Index initiated in 2008 has benefitted PJ. Data
gathered from sensors, lights, and video cameras are integrated with information on
resident behaviour to plan public infrastructure (e.g., retail zones, parking & road
layouts, & healthcare centres).

The PJCC has faced many common challenges, while the solutions in terms of
policymix rely on some factors. The feasibility of deploying a policymust beweighed
in, including local-national government coordination, budgets, social equity impact,
burdensome administrative work, impact on local government capacity & resources,
and technical expertise. Since varying policies impose varying opportunities and
challenges, it is crucial to deploy the best mix of policies based on the capacity of
the council. The following lists several significant aspects that should be weighed in:
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Fig. 10.5 PJ smart city framework (Source PJCC 2020)

• Governance and institutional arrangements, as well as legal authorities: Low
carbon goals may be met with effective coordination at all government and non-
governmental levels—among varied national bodies, high-level subnational agen-
cies, and local government. The national governance structure can either ease or
impede policy adoption. The selection of viable national policies also depends on
the coordination of opportunities and challenges.

• Local government resources: Technical, financial, and administrative capacities
are crucial for policy success. Notably, PJCC did not suffer from financial limita-
tion as other cities, such as Putrajaya orKuala Lumpur. Thus, burdensome policies
should be hindered to enhance municipality capacity.

• Local opportunities for urban economic growth, energy saving, and GHG reduc-
tion:Many approaches boost economic growth, increase energy saving, and lower
GHGemissions. Policy selection in linewith lowcarbon aim is dictated by existing
energy resources, rate of urbanisation & its infrastructure, as well as urban area
type & distribution.

• Political and policy priorities: To enhance the political feasibility of policies
related to low-carbon urban progress, the selected policies should reinforce
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ongoing policies that highlight poverty eradication, provision of job vacancies,
enhanced urban sanitisation, lower road congestion, as well as better inclusion
and accessibility. If new policies support energy efficiency, it is easier to attain
distributed energy solutions and meet climate policy aims.

Essentially, the smarter the cities, the higher is their reliance on data-collecting
systems—from updates on pollution based on environmental sensor to massive
data retrieved from streams of video recording. Public safety agencies use mobile
broadband and rapid data access to increase operational efficiency.

10.4 Research Significance on Sustainable, Smart,
and Resilient City

This section discusses sustainable, smart, and resilient concepts based on initiatives
and accepted benefits although they are not exhaustive. This paper highlights the
achievement of PJ in becoming a sustainable, smart, and resilient city in terms of
its sustainable environment, infrastructure, transportation system, and effective land
development. The managers of such city should look into the needs and demands of
both the residents and the environment. Multiple considerations must be weighed in
at all development levels in the context of resilient and smart built environment.

This present research project is composed of two parts: (1) a combination of
desk-based literature reviewof urbanGHGstudies, urban and disaster planning docu-
ments, and articles related to climate risks to urban infrastructure and green building
design; and (2) stakeholder consultations with various PJCC departments, as well as
their recent engagement and reporting to A LIST CITIES 2019 of Carbon Disclo-
sure Project (CPD) (a non-profitable charity that runs the global disclosure system
for investors, companies, cities, states, and regions to manage their environmental
impacts).

This study applied the anticipated outcomes of the most impactful mitigation
actions occurrence reported and presented in the CPD Cities 2019 document.
The performance-based approach, which provides a holistic and comprehensive
approach, denotes resilience as the ability of a city to sustain and meet several core
functions. This performance-based approach can address issues related to scale, inter-
dependency, and power dynamics; mainly because the functions of a city depend on
the combination of systems, assets, actions, and practices deployed by numerous
players (Refer to Table 10.3).

In this case study, the examination of city-wide GHG emissions date for LCC
programmes was related to the resilience of individual sub-smart city sectors while
considering city resilience as a system in itself. The purpose of close impactful
mitigation analysis was to provide ameasure of relative description based on the LCC
initiatives implemented by PJCC. Cities implement indices to determine their targets
towards resilience based on their actions taken to improve their performance (in each
sub-indicator area). The examination involved the city envisaging its performance
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(undertaken actions) against each sub-initiative based on the following qualitative
items:

1. The 15 descriptions of resiliency characteristics (as defined and discussed in the
Asia–Pacific Network for Global Change Research Project)

2. The overall initiative was categorised into 5 Smart City themes to link smart
city with resiliency

The implementation of LCC is an intricate process that entails governance, plan-
ning mechanisms, monitoring and evaluation, financing, as well as context and
process. Petaling Jaya (PJ) is one of the pilot studies of LCCF that have imple-
mented many planning mechanisms as strategic tools to enhance both the planning
and deployment of LCC programmes. Based on the analysis of initiatives, strategies,
and characteristics occurrence, several characteristics seemed to stand out, such as
the following:

Diversity is the key characteristic that represents variety, multiplicity, and mixture
that require PJ to energise its economy and urban activities, engage its residents,
enhance its built environment, and promote green programmes. It implies the extent
numerous distinct functions can be concurrently applied within the system. This
principle is aimed at hedging against disruption in supply, ascertaining the availability
of multiple options (e.g., resources & instruments) to overcome drawbacks, and
acknowledging the functionality of the urban system.

Diverse support mechanisms and livelihood opportunities enable residents to
respond proactively to the changing city conditions without compromising their
quality of life. Accessibility to business support, finance, and training of skills leaves
one with multiple options in securing the necessary assets for meeting the funda-
mental demands. Secure and long-term livelihoods enable individuals to accumulate
savings so as to support them during crises. The dynamic PJCC has an advantage
over diversity in terms of ethnicity and group diversity, thus enhancing economic
growth, as well as communal and cultural activities. Petaling Jaya (PJ) enjoys inclu-
sive labour policies and relevant skills for emerging employment with high residing
population due its close location to Kuala Lumpur and foreign residents that create
cultural diversity, thus generating high demand and expectations for diverse services.

The MSMA 2nd Edition—Urban Stormwater Management Manual for
Malaysia—guides designers, regulators, and planners for managing storm water
(Dept. of Irrigation and Drainage 2012; Nor Azazi Zakaria 2014). It is vital to ensure
the consistency of planning, designing, and maintaining storm water management
system across local, state, and federal authorities; landscape architecture; as well as
environmental, urban development, and environmental engineers.

Resourcefulness refers to resources used by urban planners to determine, prepare
for, respond, and recover from any disruption, if any. This is inclusive of a viable
capacity to comprehend the status quo, apart from identifying contingencies, patterns,
and lurking threats.

For instance, the residents in SS20 located in PJ have adopted modern machinery
after years of practising conventional food composting procedure. They successfully
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began with the single-stream waste-recycling technique, followed by conventional
composting method at their home and at the community park. To date, compost
derived from modern technique is applied as fertilisers in their gardens for growing
plants and vegetables. One benefit noted from this composting activity is reduction in
leachate from garbage compactors.Worth RM30, 000; the 30-L compostingmachine
was purchased using funds pooled by the residents, PJCC awards, as well as funding
received from councillors, government, and assemblyman. Food waste collected by
the residents was processed in the machine thrice a week. While the conventional
method consumes a month, the machine only takes 20 h to complete the composting
process. Nevertheless, themachine is unviable for composting stone seeds and bones.

In another example, a waste solution lab established in Jalan SS2/63 applied the
circular economy technique to recycle waste into beneficial items for the society,
which differs from linear economy that denotes disposal of garbage at landfill. The
PJCC reported that 49% of the daily 600-tonne disposed waste was organic waste.
Hence, waste in PJ city could be reduced by half if all organic waste is collected
and turned into compost. After starting its operation in May 2017, the lab, which
was a pilot project, used two compost machines to process 15 tonnes of food waste
into detergent, liquid fertiliser, and biogas on monthly basis. The effort involved 30
hawkers from Ibu Mee stalls, SS2 morning market, and food court who provided
organic waste. Additionally, PJCC gathered more organic waste from local small
traders and residents from other PJ areas. One may also visit a gallery that was
setup to view the anaerobic digester machine on display, besides learning about the
advantages of recycling and adopting the green concept. A mini greenhouse filled
with plants and vegetation was also available for viewing, which used bio-organic
fertiliser generated from organic waste. Biogas is used to fuel the carbonisation
process for converting coconut harsh to bio-charcoal. The organic fertiliser, along
with other products yielded from the compostmachine,may be purchased by visitors.

Low-carbon: The PJCC has initiated some steps to lower carbon in the city through
its own natural resources. Such an example is the tree planting initiative under the
adaptation goal. A total of 100,000 trees are to be planted by the city council to
reduce urban heat island impact by year 2030. The council had set interim targets
for 2020 and 2025, whereby 8% of the goals were met in 2019.

The PJCC has been the only Malaysian local council that offered assessment
rebates, namely PJ Homeowners Low-Carbon andGreen Initiative assessment rebate
scheme, to its residents who embrace green concept. After its initiation in 2011,
RM414, 380.48 ofwaived assessmentwas reported until 2018 involving 1,240 house-
holds in the PJ city. In fact, PJCC received the Green Apple Award in 2013 by
The Green Organisation in London for this initiative. Points of energy saving were
awarded for installingLED lighting (at least 70%), solar heaters and panels, roof insu-
lation, rainwater harvesting system, and flush box with less than six litres of water.
Homes that practice recycling (e.g., rainwater for cleaning); carry out composting;
use bicycles, hybrid vehicles, and public transportation; and cover 50% of open
space with plants and greenery are given points. The two least counted features in
the analysis are modularity and agility elements.



236 M. Md Dali et al.

Modularity (independence and self-organise) denotes loosely-coupled compo-
nents. A resilient system can be-recombine in many ways to deal with environmental
changes. The SMART centre in PJCC headquarters located at Jalan Yong Shook Lin
offers information about its city planning to those interested. This SMART centre
is part of the Smart PJ Project towards becoming a sustainable city by year 2030.
Over RM15 mil was spent to boost the following 10 sectors: information and control
planning, green and safe city, PJ Eye, community engagement, transportation, digital
publication, management of waste and complaints. The Smart PJ Project involves
erection of physical structures, including the integrated digitised systems and the
SMART centre. This RM500, 000 worth structure provides imminent information
about the projects undertaken by PJCC, pothole-ridden areas, and crime hotspots,
as extracted from the city’s geographical integrated system (GIS). For example, city
planners can gather data about land use alongwith detailedmapping based on images
captured by drones. Ultimately, PJCC can work better with its stakeholders with all
information being readily available. Both private and public sectors can devise viable
projects upon identifying the emerging needs. The PJCC can make better decisions
based on real-time and integrated data using this SMART system.

A city with agile characteristic can respond more rapidly to initial crisis and better
leverage the changing situation as a phase returning to normal. An instance of PJ
agility can be observed from the disaster preparation systems called Flood Mapping
and Landslide Risk Mapping to withstand short-term (sudden) shocks without major
degradation. The systems identify hotspots for flash flood, while simultaneously
providing relevant planning and development guidelines based on the level of the
danger and risk. These provide benefits in disaster preparedness and risk reduction,
besides enhancing resilience shifts to more sustainable behaviour. The agility in the
PJ SMART centre is almost completely supported by digitalisation.

10.5 Concluding Remarks

City resiliency is a property of a complex adaptive system. It emerges as a result of
many interactions within the system. As such, it is naturally associated at national,
state, and local levels, but it does not equate to the sumof its parts. A collection of very
resilient initiatives does not necessarily make a resilient city. In a nutshell, the discus-
sion serves to paint an optimistic outlook of how PJCC has been and will continue
to address urban challenges with smart systems. A fresh urban development strategy
is sought to improve liveability, promote growth, and strengthen the overall compet-
itiveness of PJ to be at par with other cities. The strategic planning undertaken by PJ
must go beyond the realm of technological development due to the significance of
technology and innovation in dictating the progress of a city. Digitalisation is crucial
to enable smooth city operations, whereas real-time information offers consistent and
effective services especially when devising crisis response plan. Information accessi-
bility to stakeholders, citizens, and collaborators is critical for exceptional customer
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service. The deployment of a holistic strategy, which embeds software and hardware
systems, demands constant updating and monitoring. In promoting technology and
innovation in PJ, such holistic implementation must be executed at all built environ-
ment levels while facilitating urban innovations to tap into the full potential of the
smart city by. The SMART Centre provides a good test-bed for PJCC to integrate
the initiatives feasibly and comprehensively in the challenging urban setting, apart
from nurturing the supportive culture and the institutional setup.

On top of the initiatives taken by PJCC, a comprehensive Resilient City Frame-
work is sought to holistically integrate the urban system, inclusive of the environment,
governance, infrastructure, health & well-being, social, and economy. Such a frame-
work can facilitate the city PJ to evaluate the degree of their resilience by identifying
limitations and devising effective strategies towards better resilience.
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Chapter 11
Digital Solutions for Resilient Cities:
A Critical Assessment of Resilience
in Smart City Initiatives in Melbourne,
Victoria

Leila Irajifar and Khanh N. Vu

Abstract Urban resilience and smart cities have emerged as a critical agenda for
urban development in the twenty-first century. The growing emphasis on smart and
resilience concepts is mostly due to increasing shocks and stresses related to the
environmental, economic, social, and technological pressures which is also exac-
erbated by the uncertainty associated with rapid urbanisation, climate change, and
resource limitations. While digital smart solutions are becoming increasingly crit-
ical in addressing these challenges, it is essential to consider its broadest systemic
impacts to ensure that new vulnerabilities are not created, and resilience compro-
mised by adopting and using digital technologies in urban systems (Kupers, R., &
Foden, M. (2017). Learning for resilience and complex systems thinking. Agenda
setting scoping studies summary report. The Resilience Shift.) note “no complexity,
no resilience” but conversely, it is also important to recognise that “systems can fail,
even if everything works as it is supposed to”. The aim of this paper is to inves-
tigate if the complexity drawn by introducing smart digital technologies in urban
systems enhance resilience or create vulnerabilities? For this purpose, a deep case
study analysis is conducted inMelbourne, Australia investigating the extent to which
the current smart city initiatives contribute to the urban resilience attributes or have
the potential to do so. Melbourne has dubbed as the most livable city in the world
in several years and leads the nation as the most innovative city in Australia. Yet,
despite its many efforts and relative wealth overall, the city faces risks and stresses
that weaken the fabric of the society, which entrench disadvantage and may trigger
the shocks of the future. Melbourne is exposed to natural disasters such as extreme
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heat, bushfires and floods, extremist acts, and of course the pandemics. There is an
increasing number of smart city initiatives taking place in Melbourne, however, the
extent to which these initiatives are aligned with the overall strategic plan of the city
for resilience and sustainability objectives or just ad-hoc projects for testing new
exciting technologies, is what we have investigated in this chapter.

The significance and innovation of this chapter lie in its systematic examination
of the contradictory promises, perils, and tensions of smart city solutions. This will
facilitate incorporating resilience thinking in the design of smart city projects -to
be optimised alongside traditional criteria like quality, cost, and avoid the potential
risks of the smart solutions on city resilience.

Keywords Digital solutions · Smart cities · Resilience · ICT technologies ·
Melbourne · Climate resilience

11.1 Introduction

Cities are increasingly using the power of emerging technologies, and the digital
transformation is revolutionising different aspects of our societies. On the other hand,
confronting with more and more shocks, stresses and challenges, makes building
resilience in our cities a necessity. The digitalisation and the fast transformation
of how cities function in future are inevitable and thus to make building resilience
and sustainability keep pace with digital transformations, they need to be integrated
for multiple dividend initiatives, by incorporating resilience thinking in smart city
projects and digital solutions for building resilience.

Following on previous chapters on theoretical and conceptual discussions on this
topic, in this chapter, we aim to investigate the contributions of smart city solutions
to resilience through case study analysis inMelbourne, Australia. An action research
study on implementation ofMelbourneResilienceStrategy by (Fastenrath et al. 2019)
showed that “a reconceptualisation and new analytical dimensions are needed to
understand urban resilience as an urban innovation strategy”. Below we first review
the climate change activities and smart city initiatives in Australia. In following
sections, we will focus on Melbourne initiatives in detail.

11.1.1 Climate Change Ada Activities in Australia

Historically, IndigenousAustralians—Aboriginal andTorres Strait Islander people—
had a strong background in dealing with and adapting to various unstable climate
conditions due to their close connections with the local nature (Green et al. 2010;
Prober et al. 2011). In 2005, adaptation to climate change played a prominent role in
Australia’s policies through the National Climate Change Adaptation Programme
(NCCAP) (Allen Consulting Group 2005). The Council of Australian Govern-
ment subsequently adopted the National Climate Change Adaptation Framework
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in 2007 in an attempt to evaluate the climate change impacts on the crucial sectors
(Commonwealth of Australia 2007).

On the NCCAP, the National Climate Change Adaptation Research Facility
(NCCARF) was founded in 2008 and then allocated AU$58.8 million in a ten-
year funding package to various research projects and networks conducted from
2008 to 2017, with the focus on developing capacity and policymaking process
(National Climate Change Adaptation Research Facility 2014). The Climate Adap-
tation Flagship launched by theCommonwealth Scientific Industry ResearchOrgani-
sation (CSIRO) in 2009 was another part of the NCCAP for the purpose of providing
citizens, businesses, and policymakers with more effective and efficient manners
of adaptation (Commonwealth Scientific Industry & Research Organisation 2009).
Generally, Australian municipal councils are mainly responsible for local adaptation
planning that somewhat illustrates the big picture of the national adaptation strategy
(Pearce et al. 2018). However, successful climate change adaptation demands more
effective collaborations among all government levels embracing a shared vision for
the future (McEvoy et al. 2013; Nalau et al. 2015).

The Paris Agreement 2015 underlined the shared long-term goals and entailed
all parties’ more tremendous efforts to address climate change’s grand chal-
lenges through their IntendedNationallyDeterminedContributions (INDCs) (United
Nations 2015b). In this agreement, Australia as a party in the United Framework
Convention on Climate Change (UNFCCC) affirmed the strong commitment to
decreasing “greenhouse gas emissions by 26–28% below 2005 levels by 2030”
(United Nations 2015a, p. 1). To assess the progress towards the committed target,
the INFCCC required a regular submission of a National Communication and a Bien-
nial Report every four years and two years, respectively. Moreover, the Australian
government annually conducts National Inventory Reports regularly supplied with
quarterly updates (Australian Government 2020b; United Nations 2020). Based on
the UNFCCC’s Database, the Australia’s Seventh National Communication and the
Fourth Biennial Report were, respectively, submitted in 2017 and 2019 as the latest
versions.

These latest reports provided the up-to-date information regarding Australia’s
2020 targets, adaptation and mitigation activities, economic and technical assistance
for developing countries, and cooperation in developing capacity (Commonwealth
of Australia 2017, 2019). More detailed, the level of Australia’s emissions per capita
in 2018 reached the lowest point since 1990, with 21.5 t CO2-e per person in 2018
compared with 33.5 t CO2-e in 1990 and 22.1 t CO2-e in 2016 (Commonwealth
of Australia 2017, pp. 11–12; 2019, p. 10). Essentially, Australia’s emissions per
capita decreased 59.8% from 1990 to 2008 in five key sectors: energy, agriculture,
industrial processes andproduct use, landuse and change, andwaste (Commonwealth
of Australia, 2019, pp. 10–11). In general, Australia has somewhat demonstrated the
commitment to the INDC in terms of strictly controlling the level of emissions and
frequently submitting national reports to the UNFCCC (Commonwealth of Australia
2019, pp. 42–76; United Nations 2015a). As a result, the Australian government is
progressing 2021–2030 towards Australia’s 2030 targets of the INDC under the
UNFCCC and the second commitment period (CP2) under the Kyoto Protocol.
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11.1.2 Smart City Movements in Australia

In line with the 2015 Paris Agreement, the NewUrban Agenda of the United Nations
also highlighted a global commitment to the smart city vision that leverages innova-
tive technologies to produce more inclusive, sustainable, and resilient cities (United
Nations 2017). In Australia, the Smart Cities Plan was formally initiated in 2016,
with three primary pillars: smart investment, smart policy, and smart technology
(Commonwealth of Australia 2016). Accordingly, numerous smart city initiatives
were launched across the country. However, a focus on the Australian smart city
agenda is needed to be sharpened for two key reasons. First, Australian cities are
quickly outdistanced by other competitors in the race for smart city development.
Second, the Australian economy is rapidly transitioning towards positioning itself
as a knowledge-based economy (Maalsen et al. 2018; Pettit et al. 2018). Thus, many
Australian cities have varied smart city movements to formulate a sharpened focus
for the shared smart city vision.

Since 2019, three types of smart city initiatives have claimed precedence over
others in Australia. These initiatives aim to extract as much information acquired by
the gathered data from the extensive networks as possible during the piloting phase.
Specifically, platform projects, together with smart infrastructure and communica-
tion networks, have performed their leading roles in further facilitating Australia’s
smart city movements (KPMG 2019). The Australian Urban Research Infrastructure
Network (AURIN) and its initial application—AURIN Portal—are the quintessence
of e-infrastructure initiatives which aim to create a platform to support smart city
research, development, and policymaking. The AURIN project was initiated in 2010
to support various organisations in accessing various inter-related datasets that range
from social attributes to economic indicators (Sinnott and the AURIN Technical
Team 2016).

Economic growth has been one of the main drivers for the global explosion of
smart city agendas (Bakıcı et al., 2013). Nevertheless, the citizens must also be
centred on these urban agendas (Hollands 2008; Maalsen et al. 2018). In an effort to
foster smart city development in Australia, the government has executed the Smart
Cities and Suburbs programme with three significant commitments: the investment
of $50 million for infrastructure projects, the formation of a unit of infrastructure
financing, and the cooperation between the three levels of government and the citizens
(Commonwealth of Australia 2016). Australian cities have thus tended to adopt
human-centric approaches to smart city strategies in preference to “urban labelling”
processes (Hollands 2008, p. 303;KPMG2019;Maalsen et al. 2018). Specifically, the
local governments have leveraged open data and innovative technologies to increase
the social engagement in co-designing and co-creating cities capable of providing
higher living standards, stimulating economic growth, and making inclusive places
(Burgoyne and Maalsen 2017).

While many Australian cities are gradually transitioning towards the knowledge-
based economy, Melbourne’s City has a particularly advantageous position on this
transition pathway. Melbourne has explicitly formulated its economy based firmly
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on innovation and knowledge rather than mining and manufacturing (Burgoyne and
Maalsen 2017). Therefore, the local government is taking advantage of the potential-
ities of smart technologies and smart city movements to establish its leading posi-
tion in the digital transformation among other Australian cities (City of Melbourne
2020b; Maalsen et al. 2018; Sancino and Hudson 2020). In response to the impacts
of climate change and the challenges in delivering liveability and sustainability, the
City of Melbourne has implemented numerous smart city initiatives which have
been mainly concerned with infrastructure improvement, community engagement,
open data, and data platform (City of Melbourne 2020a, 2020b; State Government
of Victoria 2016a, 2016b). Furthermore, the local government aimed at working
closely with their local businesses and citizens to facilitate technological innova-
tions “to design, develop and test the best ways to live, work, and play inMelbourne”
(Anthopoulos 2017; City of Melbourne 2020b).

11.2 Materials and Methods for Case Study Analysis

The case study in this research is focused onMelbourne Greater Region. As a “city of
cities”, Melbourne is made up of 32 local government councils, comprising of many
diverse local neighbourhoods with their own unique character, cultural mix, and set
of advantages and challenges. Melbourne is a multicultural city of approximately 5
million residents, originating from more than 180 different countries (Melbourne
2016). It has been consistently considered as one of the most liveable cities in
the world according to the Global Liveability Ranking annually published by the
Economist Intelligence Unit. Melbourne has always been among top liveable cities
in theworld, but it has its own challenges in facing shocks and disruptions (Fig. 11.1).

In this section for materials and methods, we will briefly review Melbourne’s
Resilience Strategy and Melbourne as a smart city to clearly show the context of the
case study, then the assessment method will be described later in this section.

Fig. 11.1 Melbourne’s shocks and stresses identified in resilient Melbourne strategy
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11.2.1 The Resilient Melbourne Strategy

The City of Melbourne was among the first 32 cities that joined 100RC Resilient
Cities Initiative by Rockefeller foundation in 2013. For of its “city of cities”
nature, the work was at a metropolitan scale, collaborating with all 32 councils of
metropolitanMelbourne andwas based on the Resilience City Framework developed
by ARUP. Resilient Melbourne Framework (RMF) is comprised of four categories
and 12 key indicators that describe the fundamental attributes of a resilient city
(Fig. 11.3). In developing the RMS, the gaps were identified over consultations and
collaborations between different actors including individuals, public, private, and
academic sectors. The identified actions are mostly in these three categories: adap-
tation (reducing the exposure), surviving (enduring disruptions and bouncing back),
thriving (improving people’s quality of life), and embed (incorporating resilience
thinking in our ways of living and working).

As shown in Fig. 11.1, the city faces a diverse range of “shocks” and “stresses”
that increasingly pressure the city’s infrastructure and population. For example, one
of the main stressors is the rapid population growth the city has been facing for more
than ten years, and similar growth rates are expected for the following decades, with
the population projected to 8 million by 2050. This will have consequences for the
population and of course for authorities that provide infrastructure and other public
services and facilities (e.g. energy, transport, water, sewage, schools, health services).

11.2.2 Melbourne as a Smart City

Asdiscussed in the above sections, the smart city initiatives inAustralia have focussed
primarily on developing platforms, constructing smart infrastructure, and improving
communication networks based on national development strategies. Nevertheless,
there have been many smart city initiatives at the local level that have lied beyond the
national strategies, so-called piecemeals in the study of (Dowling et al. 2019). There-
fore, to clarify the contributions of smart city initiatives in Victoria across various
scales, we chose the Melbourne LGA and the Victoria State as our primary local
and regional study areas, respectively. Analysing smart initiatives’ characteristics,
both strategic and piecemeal ones, the authors attempted to explore these initiatives’
different contributions to the selected study area’s resilience.

To analyse smart initiatives’ characteristics against resilience, we employed an
established dataset of natural disaster resilience score at the LGA level from the
AustralianNatural Disaster Resilience Index (ANDRI). The LGA level is determined
as the third level of Australia’s government and is allocated under the state and
federal levels. The ANDRI is identified by the coping capacity and the adaptive
capacity of the selected area. More specifically, the coping capacity is measured by
six primary areas, consisting of social character, economic capital, infrastructure and
planning, emergency services, community capital, and information and engagement.
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Likewise, the adaptive capacity is assessed by governance, policy, leadership, social,
and community engagement. The relevant indicators of these primary areas are shown
in Table 11.1.

Smart city initiatives in Australia have a great deal of support and political will
behind it—the Australian government allocated A$50 million just for the smarter
cities and suburbs programme in 2015. The Smart Cities Plan and City Deals were
formally initiated in 2016, with three primary pillars: smart investment, smart policy,
and smart technology—and then, numerous smart city initiatives were launched
across the country. Australian economy is rapidly transitioning towards positioning
itself as a knowledge-based economy—Thus, there have been varied smart citymove-
ments in many Australian cities to formulate a sharpened focus for the shared smart
city vision. And Melbourne is among the lead cities in this area with many different
smart city initiatives running at different scales in different stages but Melbourne’s
vision as a smart city is pretty simple—it aims to enhance the aspects of the city
that make it uniquely Melbourne, and intelligently prepare for the changing needs
of the community, the environment, and the economy. This emphasis on the needs
of community is an important aspect of this vision. These are all, some examples
of existing programmes and initiatives in Melbourne—digital twin, 24-h pedestrian
counting system, city labs, technology test beds, different open data platforms, etc.….

To categorise the collected set of smart initiatives inVictoria, the authors proposed
two fundamental categorisation types: (1) thematic fields and (2) development strate-
gies. Specifically, the thematic fields consist of seven essential overarching areas
based on which each smart city initiative’s particular function is identified and devel-
oped. The seven thematic fields include (1) Energy and environment, (2) Infras-
tructure and buildings, (3) Safety and security, (4) Governance, (5) Economy, (6)
Mobility, and (7) Living and community engagement. Accordingly, one project can
be categorised into one or more thematic fields based on its functions and purposes.
Another type of categorisation is focussed primarily on the LGA’s detailed devel-
opment strategy. This type of categorisation was initially proposed in the study of
Dowling et al. (2019) that divided smart city initiatives implemented in Sydney and
Melbourne into strategic projects and piecemeal ones. According to Dowling et al.
(2019), some projects were considered strategic projects, meaning that they have
been developed based on the national development plan, while many other projects
that were categorised as piecemeal projects have been developed beyond the national
smart development plan.

As articulated above, Australia’s Federal government has explicitly initiated
the national agenda through the Smart City Plan since 2016 to stimulate national
investments in infrastructure investment and leverage innovative technologies to
foster the growth of Australia’s digital economy (Commonwealth of Australia
2016). To execute this strategy, the Federal government has triggered two following
programmes,which haveworked as twoprimary deliverymechanisms, namelySmart
Cities and Suburbs and City Deals Programmes (Australian Government 2020a,
2020b). More specifically, the former has concentrated on fostering pilot project
using innovative technologies to enhance urban services and improve quality of urban
lives in the manner of co-funding with other partners in both the public and private
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sectors. There were 81 successful projects in this programme after two selection
rounds, including 49 projects in the first round and 32 projects in the second round
(Australian Government 2020c). The latter has promised a strengthened partner-
ship between three levels of government to pursue targets around three overarching
pillars: “smart investment”, “smart policy”, and “smart technology”. When writing
this report, nine deals have been signed under this programme involving seven agreed
deals and two announced deals (Australian Government 2020a).

In the study of Dowling et al. (2019), these two mechanisms were also scientifi-
cally identified as two preliminary dimensional characteristics of smart city projects
across the world. Nevertheless, the authors expressly stated that although the Federal
government nationally launched these national strategies, the following schemes
do not strictly control how the local authorities take steps to develop smart cities.
Furthermore, the local governments have different detailed implementations of smart
initiatives outside the national schemes. According to Dowling et al. (2019), over
two-thirds of Melbourne’s local authorities have actively participated in smart initia-
tives that have gone beyond the national strategy. Additionally, Melbourne’s 18 local
governments have utilised numerous smart city initiatives in a “piecemeal” manner
(Dowling et al. 2019). In other words, these initiatives were formally adopted by
different local governments without having a narrative in common at the national
level. Tables 11.1 represents the notable differences between council-scaled (City of
Melbourne) and state-scaled (Victoria) smart city initiatives in Melbourne.

11.2.3 Assessing the Potential and Actual Contributions
of Smart City Initiatives to Resilience

A comprehensive desktop research was conducted to identify the main smart city
projects across metropolitanMelbourne. Table 11.1 in the next section of this chapter
shows the name, description, objectives, and the technology used in each project. In
order to assess the potential and actual contributions of these initiatives to resilience,
the Resilience Melbourne Framework (RMF) was used to analyse how a specific
project contributes to each 12 indicators mentioned in this framework. Figure 11.3
shows an example of how and in what ways the Digital Twin Smart City initiative
may contribute to resilience of the city.

Considering the city as a complex system interconnected and interdependent
components, digital twin helps with project design, planning, implementation, and
managing how different factors may affect outcomes from different perspectives for
the infrastructure, environment, and the people. Digital twin technologies allow cities
to either directly or indirectly contribute and promote resilience attributes by facil-
itating the optimum decision-making for design, construction, and implementation
of the infrastructure assets and brining in lasting benefits for community. Figure 11.3
shows some examples of areas on how digital twin projects may contribute to
resiliency through carbon–neutral city design, high efficiency and best use of limited
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resources, reducing carbon footprint, risk reduction, demographic changes, envi-
ronmental degradation and climate change. More details for each project will be
provided in following section.

11.3 Results and Discussions

A series of smart city initiatives were identified in Metropolitan Melbourne and they
were studied against the Resilient Melbourne Framework (RMF) indicators to find if
and how they may contribute to the resilience characteristics of the city (Table 11.1).
The smart city type is identified based on the seven categories suggested in Fig. 11.2:
Energy and Environment, Infrastructure and Buildings, Safety and Security, Gover-
nance, Economy, Mobility, Living and Community Engagement. In following sub-
sections, we review which digital solutions used in SC projects contribute to each
component of the Resilient Melbourne Framework (Fig. 11.3) and how they may
promote resiliency in these areas.

11.3.1 Leadership and Strategy

11.3.1.1 Digital Solutions for Promoting Leadership and Effective
Management

Local political leadership is an important catalyst for incorporating resilience and
adaptation in urban planning and so promoting leadership and effective management
of urban service delivery is oneof themainobjectives ofResilientMelbourneStrategy
(RMS). Other than having the knowledge, solid frameworks, plans, and strategies,
it is the leadership prioritisation that eventually determines if the pro-environment
or pro-development initiatives will get the major investments or they will only get
budget for the incidental and ad-hoc projects.

Fig. 11.2 Categorisation of the studied smart city initiatives
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Fig. 11.3 Schematic analysis of contribution of digital twin projects to city resilience using RMF

Many of the smart city initiatives mentioned above utilise open data platforms
which contribute to smart and transparent governance by supporting interoperability,
open, decentralised, and multi-level governance and providing Decision Support
Systems. Interactive City Management is also another key area in these smart city
initiatives that can potentially contribute to resilience by supporting connectivity,
agility (rapid response), efficiency, foresight capacity, and also adaptive and learning
capacity.
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11.3.1.2 Digital Solutions for Empowering a Broad Range
of Stakeholders

Multi-stakeholder partnerships have been one of the main strategies for building
resilience. Greater Melbourne is a city of cities with 32 different councils. The trans-
parent governance and open data platforms provided by smart city initiatives in these
councils will enable a broad range of stakeholders to better understand the communi-
ties and areas they are working in and so get better integrated plans for preparedness,
response, and recovery in case of any disasters.

In a recent study published by Fastenrath et al. (2019), they emphasise the impor-
tance of multi-level governance and working collaboratively with a broad range of
stakeholders as a key part of RMF implementation. They also suggest reconceptu-
alisation of the RMF strategies as urban transformational innovation strategy and
implementation of resilience actions as “governance experiments”. Smart city initia-
tives mentioned in this category in Table 11.1 could empower a broad range of
stakeholders and contribute to co-management and partnerships by providing plat-
forms for dialogue and interaction between different stakeholders to build trust and
credibility and facilitate a more reciprocal relationship between different actors.

11.3.1.3 Digital Solutions for Fostering Long-Term and Integrated
Planning

Access to data, online integrated platforms, and monitoring capabilities provide
the means to plan and strategise beyond jurisdictional boundaries, in a “global-
ized networks of capital, knowledge, people, skills, and resources”. Intelligent and
integrated decision-making systems can potentially foster integrated and long-term
planning, for example, by embedding innovation and smart city principles into long-
term tenders and contracts (e.g. waste collection services, asset maintenance, tree
watering).

11.3.2 Health and Well-Being

11.3.2.1 Digital Solutions for Providing Basic Needs of Community

One of the main challenges in response to any shock or disasters is continuing
providing the basic needs of community members such as access to food, water,
housing/temporary shelter, andof course energy.The recent pandemic clearly showed
the fragility of our food supply chain and how automation and online digital platform
could hugely help in sourcing and delivering product and services to community.
Intelligent systems for water and energy usage may enhance the efficiency of using
limited resources. Also, all the other e-services that helped community to meet their
needs can fall under this category such as e-learning, citizen-services.
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11.3.2.2 Digital Solutions for Supporting Livelihoods and Employment

E-commerce and digital tools can offer great economic and productivity advantages
to all businesses. The government is investing a lot to support small and medium
businesses with access to low cost, high-quality advice on a range of effective digital
solutions, and also investing providing access to related digital skills and training.
Reliance on these digital technologies would contribute to resiliency to economic,
health, and environmental shocks and threats through enabling business continuity,
community safety, and swift recovery.

11.3.2.3 Digital Solutions for Ensuring Public Health Services

The purpose-built innovation district called Melbourne Connect, mentioned in
Table 11.1, has a centre for digital transformation of health that works on inter-
operability and effective management of health information systems, sensible and
open access to data, and integration of national and local systems, digital health and
ICT.

11.3.3 Economy and Society

11.3.3.1 Digital Solutions for Promoting Cohesive and Engaged
Communities

One of the main objectives of Melbourne Resilience Strategy is promoting social
cohesion and providing adequate and equitable access to infrastructure. And thus
many of the smart city activities and initiatives that lead to cohesive, fair, and healthy
community will also contribute to better sharing resources and supporting each other
in response to shocks, stresses, and disasters (Melbourne 2016).

Historically,Melbourne has been strong in people-cantered and community-based
initiatives, and so many of its smart city projects are designed for socially engaged
and citizen-driven co-creation and innovation such asMelbourne’s innovation district
which is a smart living lab jointly created with stakeholders—by and for people—
aiming to create healthier, greener, and resilient Melbourne to confront challenges
including climate change. The initiatives’ vision is completely in line with resilience
objectives, better quality of life for all, green infrastructure andbiodiversity, improved
air and water quality, reduced noise and lower health costs, enhanced mobility condi-
tions, and greater social cohesion. Citizen Science projects like BioBlitz, Social
Innovation, and Hackathons are among the other examples of Melbourne’s smart
city initiatives that aim to co-create smart and resilient city by engaging community.
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11.3.3.2 Digital Solutions for Ensuring Social Stability, Security,
and Justice

Smart digital technologies such as Facial Recognition, CCTV/ Sensors, Smart Video
Analytics, Fraud Detection used in some of the Melbourne’s smart city initiatives
support resilience through deterring crime, corruption reduction, and even policing
and law enforcement in an Integrated Emergency Systems.

11.3.3.3 Digital Solutions for Fostering Economic Prosperity

One of the main focus areas of Melbourne’s smart city initiatives is to help start-ups
develop smart businessmodels andfinancemodelswith smart investment tools. There
is various support for entrepreneurship through living labs to encourage continued
innovation towards sharing and circular economy.

11.3.4 Infrastructure and Environment

11.3.4.1 Digital Solutions for Reducing Exposure/Fragilities
and Enhancing Natural and Man-made Assets

Melbourne Resilience Strategy emphasises on leveraging digital technologies to
improve the monitoring, promotion, and evaluation of natural and man-made assets
as well as managing them more efficiently and affordably. This has been promoted
through initiatives such as Melbourne Urban Forest which is a priority “flagship
action” inResilientMelbourneStrategy and it pursues to develop ametropolitan-wide
method to increase the city’s tree canopy cover and vegetation through connecting
existing urban green infrastructure projects with reforestation and other environ-
mental projects.Other initiativesmentioned above such as smart bins, smartwatering,
digital twin, Melbourne’s innovation district, energy efficiency systems, smart grids,
smart lighting, waste management, smart green buildings, innovative materials, and
construction systems all have the potential to enhance natural and man-made assets
and promote critical infrastructure resiliency.

11.3.4.2 Digital Solutions for Ensuring Continuity of Critical Services

In the wake of a disaster or a shock to city services, it is of most importance to
ensure the continuity of critical services such as food supply chain, water, energy.
Smart city initiatives such as digital twin and other smart data management plat-
forms can enhance the optimum use of resources, identifying redundant and alter-
native substitute of services in case of failure. Redundancy is one of the key prin-
ciples of resilience in complex adaptive systems however, it tends to be ignored in
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favour of efficiency, optimisation, predictability. Digital solutions mentioned above
by providing high modelling and foresight capacity can create a balance between
efficiency, optimisation, and redundancy.

11.3.4.3 Digital Solutions for Providing Reliable Communication
and Mobility

Melbourne innovation test bed, 5G, IoT projects, digital twin, and other pilot test
use of new communication technologies could potentially lay the foundation for
a resourceful connected city. This will provide reliable real-time emergency infor-
mation, transport and mobility networks enhancing the current traffic management
system, digital signages, public transport, shared mobility, smart parking and also
for future smart initiatives on air mobility, autonomous vehicles, connected vehicles,
electric vehicles, logistics and Last Mile Delivery, Micro Mobility.

11.4 Summary and Conclusion

The rapid pace of urbanisation and the increasing challenges that come with it calls
for innovative technologies and approaches that can help our cities meet zero carbon
emissions targets and accelerate more efficient, liveable, and resilient development.
This chapter highlighted the value of data and technology in transforming the ways
that our cities are planned, built, and managed by evaluation of resilience measures
in Greater Metropolitan Melbourne’s smart city initiatives. Twenty-three smart city
initiatives were identified and analysed based on their contribution to each resilience
indicator in ResilienceMelbourne Framework (RMF). The identified smart city solu-
tions have been mostly related to community engagement and technology test beds,
but more integrated perspectives are also emerging includingMelbourne connect and
digital twin initiatives.

This case study showed thatMelbourne has amore experimental approach in smart
city initiatives with less emphasise on working on a comprehensive smart city plan.
While these experiments might be valuable in terms of exploring different possibil-
ities especially that it includes local community in its live smart city experiments.
However, a more integrated and comprehensive plan (instead of ad-hoc random
projects) can better promote the multiple dividends approach. This means smart
investments in digital transformation of cities at the same time can contribute to the
other city agendas as much as possible including urban resilience, sustainability,
circular, just, and ethical cities. Although this comprehensiveness and interestedness
may bring up some top-down vs. bottom-up approaches, but a balance between both
seemsmore beneficial in planning for smart resilient cities. Of course, creating oppor-
tunities for genuine community engagement and co-creation are always valuable
and of most importance here.
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Combination of the concepts of smart city and resilient city also draws increasing
attention the challenges that digital technologies may bring into the resilience of
cities. Digital divide is one of the common concerns for equitable access to opportu-
nities that smart city projects offer just to thosewhohave the digital literacy anddigital
devices. E-waste is considered as another challenge of digital world as they are often
short-lived and often need upgrading. Some digital components contain toxic mate-
rials and their disposal can contaminate environments and threaten human or other
species health. Here resilient and sustainable thinking may offer more effective ways
to deal with these challenges considering circular design and life cycle assessment for
smart city projects. There are several other concerns such as increasing cyber-risks
and privatisation of civic spaces as the complex nature of smart city systems and their
continuing maintenance may lead to long-term reliance to tech companies, but the
major concern here is the level of energy consumption. Cloud computing and other
ICT-related tech lead to much higher energy use/demand and consequently more
GHG emission. These negative impacts on resilience and sustainability may lead to
cancel out all the other positive impacts that we discussed in previous sections.

Considering all the opportunities and challenges that smart city projects contribute
to resilience and sustainability, more research is needed to examine how cities can
make appropriate trade-off choices considering theDNAof the city, their own vulner-
abilities, resources, and priorities. This approach shifts the focus from digital solu-
tions just as a tool to promote economic growth and competitiveness, to a multiple
dividend and participatory approach to tackle all the challenges our cities face today
including climate change, environmental degradation, and social equity.

And finally, COVID-19 accelerated the take up of digital solutions in many
different areas including e-health, e-education, e-governance, e-commerce, remote-
working. There is no doubt that digital technology, data, and networks have an
extremely critical role in our shared urban future. This future will be determined
mainly by our attitudes towards these technologies. We need to ensure that we avoid
the short-termflashy projectswhichwill be thrown awaywhen their noveltywears off
and focus ondesigning thoughtful smart city projects that is people andplanet-centric.
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Chapter 12
Climate (Un)smart? Case Study of Smart
City Projects in Surat, India

Shrutika Parihar

Abstract Indian cities face critical challenges in urban infrastructures with the
growing population. It has been reported that urban areas have significantly
contributed to increased carbon emissions. India’s NDC goals are pursuing efforts to
reduce carbon emission aligned to the Paris Agreement that includes the smart city
as a mitigation initiative for achieving sustainable development and making climate-
resilient cities. Surat city, Gujarat, India, has been selected as a case example to
understand the interlinkages between climate resiliency and smart city action. Surat
city is exposed to multiple climate risks: flood, heat, sea-level rise, erosion, and
biodiversity, and about seventeen diverse organizations are working on adaptation
and mitigation measures at the multilateral level. However, there have been limited
studies available finding inter-relationship between smartness and resilience at the
city level. This chapter explores the framework, methods, approaches, and model for
finding solutions for making climate-resilient smart cities. The analysis is broadly
undertaken into three steps: developing a conceptual smart city resilience framework,
content analysis, and Analytical Hierarchical Process (AHP).

The conceptual smart city resilience framework includes a) four dimensions
(criteria) b) fifteen resilience indicators (sub-criteria). Based on content analysis,
fifteen identified resilience indicators were mapped with four dimensions to assess
city climate adaptation and mitigation policies. The key thrust areas were measured
through the triangulation approach using the Analytical Hierarchical Process (AHP)
to establish the weights among different indicators for the study. The assessment
shows city-focused is more on economic and infrastructure measures. The city
climate policy design was set back in terms of targets due to a lack of trans-
parency and a structural review mechanism. The results show key concerns in
Surat city are governance, institution, technical learning and information tech-
nology, planning system, funding and awareness, and community support system.
The outcome suggests that Surat city requires a bottom-up approach in decision plan-
ning for addressing key concerns. The proposed research study briefly explained the
approach/method/model: Transdisciplinary Approach, Carbon-Centered Compre-
hensive (3Cs), Knowledge-based solution, Carbon Removal (CR), and Carbon
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Banking System, Community Energy Systems for managing major concerns and
critical challenges of the Indian smart city.

Keywords Smart city · Climate-resilient cities · Conceptual smart city resilience
framework · Analytical hierarchical process · Approach/method/model

12.1 Introduction

India, a developing economy still has 30% of its current population of 1.35 billion
living in urban areas (Census 2011). Cities and urban areas generate about two-
thirds of a nation’s Gross Domestic Product (GDP) (Statista 2019). Cities offer
better infrastructure and economic opportunities, creating challenges of migrating
populations from surrounding areas that increase population density, increase the
burden on existing resources, and pressure the environmental resources (Sridhar
et al. 2013; Thet 2014). These critical challenges stress citymanagers tomanage solid
waste, flood, stormwater, waste, and public transportation (Gupta 2020; Rahmasary
et al. 2019; Singh 2012). Several of these cities are exposed to climate change,
hazards, and risks, specifically floods, heat, cyclones, storm surges, drought, and
fires (AghaKouchak et al. 2020; Kumar et al. 2020) which are expected to increase
in the near future (IPCC, 2014). By 2050, 53% of the Indian population will be
living in the cities (Ritchie and Roser 2018), and hence, climate-resilient planning
becomes essential for managing cities. Climate-resilient planning uses different tools
such as efficient energy and conservation, retrofitting, Information Communication
Technology (ICT), impact assessment of urbanization, and low-carbon green city
design (Hussain and Gupta 2020; Kim 2018). These tools are often associated with
the smart climate approach to creating opportunities for low-carbon green cities, eco-
city, and sustainable cities (Kim 2018). Therefore, building resilient infrastructure
plays a vital role in urban planning and management and offers smart investments
opportunity for coming decades. This area has been a key focus area of India’s Smart
City Mission (GOI 2015).

The integrated planning approaches for creating climate-resilient and low-carbon
smart cities are current needs for managing urban growth in cities. The urban growth
has resulted in reduced agricultural land, forest, andwater resources and adding stress
on ecosystem services causing harm to the environment by increasing pollution
and forming urban heat islands. India’s case requires an efficient and sustainable
solution for managing activities in urban areas by using smart technology to make a
self-sustainable city (Goi 2017; Höjer and Wangel 2014). The inclusion of climate-
resilient cities with sustainable smart planning tools will help achieve global net zero-
carbon cities (United Nation 2011). Moreover, the emerging technologies powered
by big data in smart city trace carbon footprints and increase resource efficiency
(Al Nuaimi et al. 2015; Hashem et al. 2016). Thus, climate-resilient smart planning
could be introduced in city planning to create more synergies across sectors.
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Based on the selected case study, the proposed research highlights the issue
pertaining to urban areas and requirements for smart, resilient city planning for
climate risk management as an essential component of urban development. Further-
more, to understand how various climate policy interventions reduce climate vulner-
ability for making climate-resilient cities, the current research study focuses on
two aspects (1) How does the smart city initiative support the implementation of
climate resilience strategies? (2)Howcan city-level policies and intervention enhance
resilience?

The study looks into current and future smart city, and climate resilience inter-
ventions to understand the interlinkages and trade-offs. As a case example, Surat
city, located in the Gujarat state in western India, has been selected; the city is the
fourth fastest-growing economy globally (City Mayors 2011). Surat city’s rate of
urbanization is faster than any other Indian city for 2019–2035 (Holt 2018). As a
result, the city is already encountering and is also vulnerable to planetary threats of
climate change (Blok 2016) like flood, heat, sea-level rise, erosion, and biodiversity
in the future (Desai et al. 2015; FSI 2019; Parikh et al. 2018; Rathi et al. 2017; SMC
2018, 2020; SMC and SCCT 2017). For this purpose, the proposed research study
develops a conceptual smart city resilience framework from an extensive literature
review that identifies dimension and resilience indicators. The city urban resilience
expert’s opinion on indicators helped identify key thrust areas and derive weights for
Analytical Hierarchical Process (AHP). The results and findings can help develop
a structural review process for addressing the climate concerns for the city with the
approach/method/ model. In addition, the outcomes can enable city planners to track
the achieved climate risk, identify priorities or thrust areas to transition to low-carbon
green cities, and enhance climate-resilient planning in tier 2 and tier 3 Indian cities.

12.2 Background

The challenges considered in the research study are rapid urbanization and how to
transform into a smart city by achieving national climate goals to combat climate
change and global warming. The city requires comprehensive climate-smart city
planning as an integral part ofmitigation and adaptation strategies;Mitigation reduces
the cause of climate change, and adaptation addresses the local negative impacts
of climate change (United Nation 2011). Climate-smart city planning creates new
opportunities to improve efficiency, governance, surveillance, social infrastructure,
and management, enhancing local ecosystem, supporting urban city development,
smart technology for carbon reduction, and climate risk reductions. In addition,
climate-resilient planning requires assessing the adoption rate of smart technology
and the status of climate action plans in the city. These terms are discussed in the
sections below.
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12.2.1 Climate Resilience

The countries globally anticipated climate agreement on how countries intend to
pursue efforts to reduce carbon emission aligned to 1.5°C and 2°C, which drives
collective action toward zero-carbon and climate-resilient future (WRI 2020). India’s
INDC goals are promoting clean energy, renewable energy, energy efficiency,
climate-resilient urban centers, sustainable transport, cleaning rivers, and enhance
energy and resource efficiency. In addition, India’s INDC includes a smart city
(hundred smart cities) as one of the mitigation initiatives for achieving sustainable
development and building climate-resilient cities (MOEFCC 2015).

Cities are a significant contributor of GHG emissions as producers and consumers
of fossil fuel-based energies and other related goods and services (Satterthwaite
2008). Therefore, the city should consider strategies for adaptation andmitigation for
socio-economic growth. A city uses energy for heating, cooling, lighting, industry-
manufacturing goods and services, building material, and other related operations.
Cities emit through wastewater treatment, solid waste decomposition at landfill sites,
food production, land use, and energy conversion. The futurist approach of cities
aims to achieve climate-neutral cities and climate-proof, or resilient, which is the
key strategy to become climate-smart by addressing economic, social, and envi-
ronmental changes (United Nation 2011). The economic, social, and environmental
sectors are constructed at a multi-level by introducing various policies, interven-
tions, and initiatives and play a pivotal role in building and reshaping the cities.
The city government has an important role in policymaking and adopting various
carbon-resilient initiatives for the city.

12.2.1.1 Government and Resilience Building in the Cities

Several initiatives have been implemented at the national level, such as Smart
Cities Mission, Jawaharlal Nehru National Urban Renewal Mission (JNNURM),
Atal Mission for Rejuvenation and Urban Transformation (AMRUT), Pradhan
Mantri Awas Yojna (PMAY), Swarnim Jayanti MukhyaMantri Saheri Vikas Yojana,
Rajiv Awas Yojna, Swatch Bharat Mission (Clean India Campaign), National Solar
Mission, National Wind Mission, National Bio-Energy Mission, Enhanced Energy
Efficiency, National Disaster Management Agency (NSDMA), and National River
Conservation Plan. As such these initiative helps in achieving Intended Nationally
DeterminedContributors (INDC) and also helped in addressing climate change issues
such as National Action Plan on Climate Change (NAPCC) policies details are given
in Table 12.3. These plans cover different timelines ranging from short, medium, and
long-term action plans with varied focus areas to achieve comprehensive climate risk
reduction and sustainable development in Surat city.

Surat is one of the Indian smart cities where seventeen diverse organizations
work together on climate adaptation and mitigation. For more than a decade, the
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Surat climate resilience strategy has been built on interventions that entail associ-
ation within different actors, sectors, institutions, and agencies to address climate
change by the city (local), state (subnational), national (central), and international
agencies. Most importantly, the city implements and operationalizes climate adapta-
tion andmitigation schemeswith various actors, institutions, and government bodies.
The list and hierarchy of actors, institutions, and government bodies such as Surat
Municipal Corporation, Surat Urban Development Authority (Local); ICLEI-Local
Governments for Sustainability (Civil society); Rockefeller Foundation’s Asian
Cities Climate Change ResilienceACCCRN (Institute); Chamber of commerce, Taru
Leading Edge (Private Institute); Asian Development Bank (Multilateral and bilat-
eral agencies) these network supports the city’s climate resilience strategies and
implemented many pilot projects in Surat city. The city has taken various steps to
institutionalize climate adaptation planning by establishing a public trust (Network
2015; Patel 2014; SMC 2011; SMC and SCCT 2017).

The climate change impact assessment has been addressed through national or
regional plans. Some of the climate action plans overlap in two domains, city initia-
tive and climate resilience which can be integrated to find synergies and trade-offs
(Chu 2016a; City Mayors 2011; Network 2015; Patel 2014; SMC 2011, 2020; SMC
and SCCT 2017). The results of this study can propose an integrated approach for
city planners to identify maximum synergies in smart city initiatives and climate
resilience. However,merging smart planning tools and climate-resilient city concepts
incorporates an integrated planning approach to low-carbon smart cities in terms of
process and methods (Kim 2018). These processes and methods are addressed by
understanding the resilience framework, content analysis, and statistical procedures.

12.2.1.2 Smart City Mission

In 2015, the Government of India launched the “smart city” mission, where 100
cities were shortlisted out of nearly 4000 cities, and towns participated (Smart Net
2015). The Indian government is investing USD 2.7 billion to develop an infras-
tructure for 100 Indian smart cities by 2024 (Ashwathy et al. 2018; Smart Net
2015). The main objective of the smart city mission is to make a sustainable city,
build a clean, eco-friendly environment, provide infrastructure, decent quality of
life by smart solution, and promote inclusive city growth. The background of the
smart city mission is to draw attention toward making cities resilient. The mission
envisages to make a livable, sustainable, and resilient city; there is an urgent need
to create affordable housing, slum up-gradation, cleanness program, investment in
urban mobility, and creating green infrastructure. National, subnational, interna-
tional, and non-governmental organizations aim to enhance and promote sustainable
and resilient cities (Sharma and Verma 2019). Surat is one of the six cities from
Gujarat state which receives funding from the smart city mission of India.

The Surat smart city mission covers six key thrust areas: E-governance, water
management, waste management, urban mobility, energy management, and others
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telemedicine and teleeducation, incubation trade facilitation centers, and skill devel-
opment centers (Smart Net 2015). The Surat smart city initiatives are people-centric,
where projects are evaluated based on people participation.Most projects are devoted
to ICT solutions funded by the government (Ashwathy et al. 2018; GOI 2015).
The mission encompasses two primary initiatives, “area-based development” and
“pan” initiatives. The area-based development covers an 8.77 sq. km area which
includes seven town-planning schemes with a budget of 250 million USD focused
on improving efficiency through redevelopment, retrofitting, and green field devel-
opment in Surat city. “Pan” initiatives spread across the entire city boundary with
a budget of 110 million USD; it broadly focuses on enhancing the existing infras-
tructure and services, like smart street lighting, intelligent traffic management, smart
waste management systems in a given city (Sheth 2017).

Although smart city missions are encouraging, there are various challenges
concerning the deployment of smart city projects. First, there are uncertain returns
on investment due to multiple stakeholders’ involvement across different sectors.
Second, departments and government authorities do not work in an integrated
manner. Neither are they proactive in sharing the resources that highlight the need to
resolve governance-related issues. Third, social benefits are often difficult to quantify
generated by smart cities (United Nation and ESCAP 2019).

This study attempts to understand these challenges in-depth with the case of Surat
city and suggests some result-oriented outcomes that would help the policymakers
for better decision-making and strategy planning.

12.3 Methodology

The study aims to assess the inter-relationship between smart city initiatives and
climate resilience which has not been studied in detail (Sharifi 2021; Kumar et al.
2020). The research methodology (Fig. 12.1) is divided into five stages: data collec-
tion, literature review, formulation of conceptual smart city resilience framework,
thematic mapping and coding, stakeholder interviews, and establishment of the
weightage explained in Sect. 12.3.5.

12.3.1 Data Collection

The study of city climate resilience policies is assessed through content analysis,
and a dataset on smart city and climate action plans was compiled and produced.
The study compiled the datasets from secondary sources: progress reports of city
development plans, research papers, government reports, smart city documents, and
articles.
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Fig. 12.1 Methodological framework (Source Author’s analysis)

12.3.2 Literature Review

An extensive literature review was conducted on funded smart city strategies and
climate action plans (details are in Sects. 12.4.1). The content analysis of climate
policies helped in building various themes, helped in addressing research question
one. First, the theoretical literature review on climate resilience framework helped
in developing conceptual smart city resilience framework. Then, fifteen-identified
resilience indicatorsweremappedwith four dimensions to assess city climate adapta-
tion andmitigation policies (resilience indicators). This review helped in identifying
the critical gaps and synergies in the study area.

The assessment of resilience parameters is divided into two subparts—dimension
selection (criteria) and selection of resilience indicators (sub-criteria) to evaluate the
climate policy implication in Surat city. The identification of parameters was based
on an extensive literature review of the various frameworks measuring city and urban
resilience (Alshehri et al. 2015; Arup 2014; Cutter et al. 2010; Griffiths et al. 2015,
2017; Gupta et al. 2019; Ohshita 2017; Ostrom 2010; Sharifi 2020; Sustainability
Outlook 2014; Tanner et al. 2009; UNDP 2011).

12.3.2.1 Resilience Framework

The various framework on city resilience index like Arup (2014) City resilience
Index; Alshehri et al. (2015), the Community Resilience to Disaster (CRD); Cutter
et al. (2010) Baseline Resilience Indicators for Communities (BRIC) and Ostrom
(2010), Institutional Analysis and Development framework (IAD) were studied
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and evaluated. But there is no standard procedure and guidelines for developing
a composite resilience index due to the diversity of the theoretical foundation (Bosch
et al. 2017; S. Zhu et al. 2019; Zhu et al. 2016).Many research studies tend to develop
the selection of variables, weighting, and aggregation on the foundation of theoret-
ical understanding of city resilience (Sharifi 2020; Yamagata and Sharifi 2018; Zhu
et al. 2016).

Hence, due to the unavailability of a suitable framework for the present study, the
study first converts the theoretical framework into the functional practice, based on
BRIC and IAD framework.1 The BRIC framework by Cutter et al. 2010 is the most
popular framework used in climate change. It was the first of the kind to develop
a theoretical framework into operational practice. The IAD framework by Ostrom
(2010) best fits systematic review for policy analysis and outcomes; it is suitable
and compatible to assess designed analytical tools and techniques used in phys-
ical and social science. The inductive approach identified various themes as four
dimensions (criteria) economic, social, environmental, and infrastructure; and fifteen
resilience (sub-criteria) indicators classified into three clusters: structural, integrative,
and institutional. The themes classified of the four dimensions are as follows:

Economic: It measures the economic strength of communities to provide stability
in the face of changes in the external and internal environment which attributes
to higher economic returns (Rose 2007), for example, common utility meters and
subsidies on solar installation.

Social: This dimension provides the abilities of social entities and mechanisms to
effectively predict, mitigate, and respond to disasters andminimize social disruptions
(Keck and Sakdapolrak 2013; Saja et al. 2018). This dimension focuses on equity,
poverty alleviation, and public health.

Infrastructure: This provides robust solutions that may influence recovery and
resistance to adapt to any changes. The city infrastructure includes dams, bridges,
embankments, connectivity, and information dissemination capacity through the
command-and-control center (Derrible et al. 2020; Griffiths et al. 2015).

Environmental: Environment is the capacity to resist and hold the urban environ-
mental system to respond to disturbance and recover quickly (Meerow et al. 2016).
Such available city environmental system includes water reuse and recycle smart
waste collection, air and water quality monitoring system, and restoring lakes and
structures.

The next step includes identifying the resilience indicator suitable for the study
area. In the first stage, twenty-two resilience indicators were shortlisted based on
literature. These indicators encompass the environment, governance, finance, educa-
tion, health, equity, information, and technology (Brown et al. 2018; Engle et al.
2014; European Commission. Directorate-General for the Environment. et al. 2017;
Feldmeyer et al. 2019, 2020; ISB and SSEF 2017; Sharifi 2020; Tyler et al. 2016; Zhu
et al. 2019). Next, these resilience indicators narrowed to fifteen resilience indicators
(details are in Table 12.1) depending on smart city policies, climate-resilient local

1 BRICand IADframeworks are referred to select the four-dimension economic, social, environment
and infrastructure that are used for assessment for city climate policies and initiatives.
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Table 12.1 Conceptual smart
city resilience framework

Structural
resilience

Integrative
resilience

Transformative
resilience

Robust Resourceful Decentralization

Redundant Inclusive Foresight Capacity

Modularity Connectivity Creativity

Diversity Equity Agility

Adaptative
Capacity

Efficiency Flexible

Source Adapted from (Kupers and Ching 2016; Sharifi 2020)

strategies, and relevance to the study area (Jäger et al. 2015).

12.3.2.2 Resilience Indicators

The economic, social, infrastructure, and environment dimensions become more
significant because they encompass a resilient system associated with sustainable
development goals, the Paris Agreement, the Sendai Framework, and the new urban
agenda (GPDDR2017). However, there is a gap in the literature studies on conceptual
linkage and resilience indicators and a methodology for a comparative assessment
of each indicator. Thus, the study attempts to establish these linkages by creating a
schema for assessing smart city resilience. The study proposed a schema to review
smart city resilience, illustrating a “Conceptual Smart City Resilience framework”
based on (Kupers andChing 2016; Sharifi 2020). The conceptual smart city resilience
framework classifies into three clusters: structural, integrative, and transformative,
based on a typology of each resilience characteristic. The recognized resilience char-
acteristics: robust, redundant, flexible, resourceful, inclusive, diversity, equity, iter-
ative progress, decentralization, adaptive capacity, efficiency, connectivity, agility,
modularity, creative details are provided in Chapter 4 and Chapter 6. Each cluster
has five different resilience indicators explained in detail below (Table 12.1).

Structural resilience: Structural resilience resists extreme events with minimum
threats to people by improving adaptive capacity and creating a system that with-
holds extreme pressure and demand (Bruneau and Reinhorn 2006). The structural
framework involves robust, redundant, modularity, diversity, and adaptive capacity.

Integrative resilience: Integrative resilience creates collaboration within the
people and institutions for resource mobilization to meet the demand in shock and
stress (Liu et al. 2017). It encourages shared ownership to provide equal access to
service and infrastructure. The integrative resilience approach improves the efficiency
and performance of the agent that includes inclusiveness, resourceful, connectivity,
equity, and efficiency.

Transformative resilience: Transformative resilience is a framework that helps
achieve climate-resilient pathways through various institutions and organizations
working together to manage the resource allocation uniformly for the different
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sections of society (Engle et al. 2014). Transformative resilience strengthens the
local institution, especially for coping with multiple risks that eventually enhance
foresight capacity, creativity, agility, and flexibility in nature.

The structure of the conceptual smart city resilience framework represented as a
schema helped compartmentalize the city policies at a detailed sub-level for thematic
mapping and coding, which helps understand the drivers and factors affecting city
resilience.

12.3.3 Thematic Mapping and Coding

The mapped resilience attributes and dimensions are sub-classified into various
themes and coded into city urban development and planning, information dissem-
ination capacity, drought and water security, affordable houses, basic and social
infrastructure facilities, stormwater drainage and flood management, restoring lakes
and structures. These coded themes and key concepts helped in the formulation of
the questionaries for conducting stakeholder interviews. The need for stakeholder
interviews is to identify key priorities area for policymakers and city planners.

12.3.4 Stakeholder Interview

Four urban resilience experts were interviewed: academics, the local resilience
officer, a city expert, and an international expert. Each stakeholder holds a senior
position with work/research experience ranged from 6–30 years on urban resilience
for Surat city. The interview duration ranged from 40 to 60min each by these experts.
There were eighteen different questions where the interviewee was allowed to rank
different dimensions and resilience characteristics. Each proposed resilience indi-
cator was ranked on a 1 to 5 scale (1 represents the lowest value) and a 1 to 6 scale (1
being the most important element) in the survey questionnaire. The ascending and
descending order ranking in the questions removes user biases and helps respondents
examine each point more attentively.

The themes generated from the stakeholder interviews, with their experience and
advice, highlighted the key thrust areas measured through the triangulation approach
using the Analytical Hierarchical Process (AHP). In addition, it helped to establish
the weights among different indicators for the study. The detailed process is given in
Sect. 12.3.5.
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12.3.5 Establishment of the Weightage (AHP)

This study uses the AHP method for deriving the priorities (weights) for the criteria.
The AHP is widely used to support the objective of decision-makers; it provides the
best optimum solution for resource allocation by prioritizing the alternative options
(Bhushan and Rai 2004; Saaty 2008). AHP weighting values derived between four
dimensions and 15 resilience indicators grouped into the final three resilience clus-
ters. AHP values were derived from expert ranking and frequency count (refer to
Sect. 12.4.2) obtained from thematic coding andmapping exercises. TheAHPmethod
is based on Saaty, T. L. (2008) scale of measurement that processes the pairwise
comparisons and relies on expert ranking. It helps to indices the judgment of experts
to derive a priority scale based on how one element dominates another. The pair-
wise step was used to rank the four dimensions to determine priorities or weights.
For assigning suitable weights, users need to establish a consistency ratio (CR).
The consistency ratio helps to cross-validate the assigned weights. It is measured in
two steps. The first step includes measurement of inconsistency calculated by the
following formula:

Consistency Index = λMax − n

n − 1

The second step includes the measurement of the consistency ratio.2

Consistencyratio = Consistency Index

RandomIndex

If CR < 0.1, that indicates the determined weights are the best representative
numbers.

The validation through the AHP method helped evaluate these policies relative
merits, which would help suggest further policy recommendations.

12.4 Case Study

Surat is the second-largest city of the Gujarat state in western India and the 9th largest
metropolitan and coastal city. The city’s population has been rising in the past two
decades, with an annual population growth rate of 5% from 2001–2011 (Census
2011). The city is an important commercial center, has good port accessibility, and
proximity to the Indian cities of Mumbai (financial capital of India) and Ahmed-
abad (financial capital of Gujarat) contributes to high economic growth for small
and medium businesses industries. The city is always being a commercial center
in national and international territories. As an outcome of urban expansion city is

2 In the proposed study random index value is considered 0.9 derived from Rao, R. V. (2007).
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experienced unprecedented urban and economic development with $59.8 bn GDP
(Haritas 2021). Surat has a tropical savanna climate, and the coast is also an eco-
sensitive zone with 11.24% wetland of district geographic area and with mangrove
cover of 20.27 Km2. However, wetland areas are highly affected by coastal inunda-
tion and show a negative rate of changes in mangrove cover -0.73 w.r.t 2017 (FSI
2019) due to climate change. Around 5,000 households will be directly at risk along
tidal creeks (Bhat et al. 2013). Changes in distribution and survival of aquatic species
and algal blooms will occur with expected temperature rise (ACCRN 2010).

Surat being a coastal and riverine citymakes itmore vulnerable to climate risk. The
Tapi River flows from the middle of the city, causing frequent floods and damaging
infrastructure (Bahinipati et al. 2015). In addition, the climate models (HADCM3
and CCMA) show higher precipitation and will likely increase in the future (ACCRN
2010). These climate risks are associated with a more considerable degree of loss
of life and infrastructure. Therefore, it becomes crucial to understand challenges
associated with climate risk for making the city more resilient.

12.4.1 Climate Risk

There is a presence of multiple climate risks on Surat city’s resources, primarily
concerned with hydro metrological events like flooding, heat stress, storm surges,
high erosion, and coastal inundation, water scarcity, and sea-level rise and partic-
ipation of its external actors in building climate-resilient infrastructure planning.
Specifically, flood and heat stress are a major concern for Surat city (SMC 2011).

12.4.1.1 Flood

Almost every year, around 90% of the city area is affected by climate hazards—
floods, tides, storms, cyclones, heat calamities, and sea-level rise (Bhat et al. 2013;
Parikh et al. 2018). The city witnessed significant floods of varying intensity in 1968,
1994, 1998, 2002, 2006, 2013, and 2018 (Parikh et al. 2018; SMC 2011, 2020; SMC
and SCCT2017). TheRegional ClimateModel (RCM) and general circulationmodel
(GCM) show a high probability of increased precipitation in the future which ranges
from 200 to 450 mm annually by 2070 (Bhat et al. 2013).

12.4.1.2 Heat

Surat has observed a 0.7°C rise in average temperature in the last 30 years (Parikh
et al. 2018; SMC2018). Surat hasmanymortality caseswith a temperature rise (Desai
et al. 2015; Rathi et al. 2017). Around 11% of mortality cases are registered when
the temperature reaches 40°C. The temperature between 41 and 54°C causes a death
rate of 9% (per day), and temperature above 54°C deaths causes an 18% death rate
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(Desai et al. 2015; Rathi et al. 2017). The socio-economic scenario suggests future
emissions are likely to reach the implied level by RCP 8.5 (OECD 2018). Therefore,
climate change will increase heating and cooling requirements in the cities like Surat
in the coming years (OECD 2018).

The State Action Plan on Climate Change and the “Smart city mission” have
strengthened the city’s adaptation and mitigation schemes with various initiatives.
As a result of the State Action Plan on Climate Change, Surat became the first city
globally by launching an emission trading scheme and reducing pollution levels by
29% (ET energy world 2019). Thus, Surat city sets an ideal example for a case study
to analyze convergence and collaboration of policies and institutional frameworks
for understanding the climate resilience future of smart cities.

12.4.2 Funding for Climate Adaptation and Mitigation

Surat city is the first city in India to participate in the ACCCRN climate resilience
initiative program through a public–private partnership, institutions, integration, and
convergence of schemes. However, these schemes exhibit similar concerns in seeking
to enhance the adaptative measure for improving city resilience. These climate adap-
tations and mitigation plans exhibit strong measures on technology to build smart
solutions for dealing with urban problems. The policy alignment with urban plan-
ning and institutional frameworks is used for practicing urban innovation to deal
with the city’s rapid urbanization growth. The main expenditure is on improving
transportation and infrastructure and smart ICT-based solution. But adaptation and
mitigation plans differ in achieving a framework throughvarious policy interventions,
implementation, and funding (refer to Table 12.2).

12.4.3 Resilience Strategies Adopted for Mitigation
and Adaptation

The mitigation and adaptation initiatives are chiefly downscaled across local, state,
national, and international scales in response to associated climate risks to support
city development planning. There are eight policies and twenty-two programs,
initiatives, schemes, and projects undertaken by the Surat municipal body listed in
Annexure Table A1 (ACCRN2010; Chu 2016a; CityMayors 2011; Patel 2014; SMC
2011, 2019; SMC and SCCT 2017). The Surat resilience synergies developed around
twenty goals and sixty-three initiatives/actions for 2015–2025. The mitigation and
adaptation plan recognizes eleven initiatives in infrastructure, fourteen initiatives in
the environment, thirteen initiatives around social cohesion (includes three on public
health), and thirteen initiatives addressing economic welfare (ACCRN 2010; Chu
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Table 12.2 Expenditure on Surat climate resilience plans and activities

Sr.No: Department/Organization Sub-classification Objective Expenditure

1 Surat Municipal
Corporation

Municipal
government

Basic Services -

2 Surat Climate Change Trust Quasi-public
agency

Climate
resilience

$660,000

3 South Gujarat Chamber of
Commerce & Industry

Private Education and
awareness

-

4 Gujarat Department of
Climate change

State government Climate
mitigation and
adaptation

-

5 Gujarat Disaster
Management Authority

State government Disaster risk
reduction

-

6 Gujarat Disaster
Management Authority

State government Heat Action Plan -

7 Sustainable coastal zone
management in Gujarat

State government The integrated
coastal zone
management
project

-

8 Gujarat Irrigation
Department

State government Flood Control $5.8 million

9 Swarnim Jayanti State government Urban
Development

$33 million

10 Jawaharlal Nehru National
Urban Renewal Mission

National
government

Urban renewal,
poverty
reduction

$203 million

11 National Sustainable
Habitat Mission

National
government

Energy
efficiency

-

12 National River
Conservation Plan

National
government

Pollution
abatement

$33.5 million

13 Rajiv Awas Yojana National
government

Poverty
alleviation

$4.5 million

14 Slum Rehabilitation,
Affordable Housing

National
government

Poverty
alleviation

$62.49 million

15 Centralized Command &
Control Centre

National
government

Monitoring and
Management

$2.71 million

16 Water Supply National
government

Water supply
management

$24.18 million

17 Waste Water Management,
Drainage System, Storm
Water management

National
government

Urban
Development

$61.81 million

18 Smart Solutions /ICT National
government

Early warning,
surveillance, and
Redressal system

$91.83 million

19 Transportation and
Infrastructure

National
government

Smart Urban
Mobility

$111.37
million

(continued)
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Table 12.2 (continued)

Sr.No: Department/Organization Sub-classification Objective Expenditure

20 Rockefeller Foundation’s
ACCCRN

International Climate
resilience

$2.8 million

Source Adapted from Patel (2014), Smart Net (2017) and Smart city (2018)

2016a; City Mayors 2011; Patel 2014; SMC 2011, 2019, 2020; SMC and SCCT
2017).

The Surat’s smart city, E-Governance, and citizen services include five major
projects onhealth surveillance, air andwatermonitoring, intelligent transport connec-
tivity, and smart features. Energy management covers solar, wind, and bioenergy
projects and announced special purpose vehicle (SPV) collaborating with local
energy agencies. The city has fair coverage onwastemanagement, around95%under-
ground sewerage system, and 100% door-to-door waste collection. It also includes
innovative resilience such as “leakage mapping.” In addition, the city has national
and state policies on housing and water management and river conservation, etc.
These policies are assessed on qualitative and quantitative methods to derive results.

12.5 Results

The study’s outcome was derived from content analysis of climate policies, stake-
holder interviews, and AHP. The content analysis helped establish synergies and
trends-gaps among different indicators. In addition, accuracy assessment based
on triangulation by deploying the AHP method and resilience performance was
measured.

12.5.1 Mapping and Identification of Resilience Strength

The framework interaction across different dimensions shown in Fig. 12.2 high-
lights that focus has shifted toward improving adaptive capacity; for example, early
warning, surveillance, and redressal system are ICT-based solutions that helped
establish air and monitoring systems. The integrative resilience cluster shows high
equity, inclusive, and efficiency resilience andholdsmaximumsynergies in social and
economic dimensions because these policies focus on affordable housing schemes.
On the other hand, city climate policies show low strength on diversity, decentral-
ization, and connectivity because some of the policy’s status is unclear. Although
many of these policies are overlapping, indicating co-benefits and trend gaps within
the sectors explained in Sects. 12.5.2 and 12.5.3.



280 S. Parihar

Fig. 12.2 Schematic representation of resilience strength across Surat resilience strategies under-
taken (Source Author’s analysis)

12.5.2 Co-Benefits

Themitigation and adaptation policies helped build themes for addressing the climate
change concern of the city for finding synergies and co-benefits. These policies
provided climate and hydro metrological information for improving city resilience
to support city urban development and planning. Smart technology is used to aid the
urban services into an efficient monitoring system and improve the city’s information
dissemination capacity. The several climate mitigations and adaption programs and
initiatives reaped into a couple of co-benefits. Firstly, the initiatives by ACCCRN
and experiments helped flood relief programs to deal with public health and climate
resilience issues, such as improving vector-borne disease through health surveillance
operations (Chu 2016a). Secondly, The Gujarat State Irrigation Department project
for building new embankment measures helped reduce drought and water security
concerns in Surat and the neighborhood (Patel 2014). Thirdly, JNNURM project
funding addressed poverty alleviation and climate resilience. SMC has constructed
60,000 affordable houses, besides 20,000 houses for the urban poor and 2460 units
under slum redevelopment scheme i.e., “Basic service of the urban poor (BSUP).”
This initiative has covered 370 slums with all basic and social infrastructure facili-
ties (Chu 2016a). This program supported the property registration, and around 18
Lacs properties were registered. It further aided in property tax collection, giving
an average rise of 12% annually in the past three years (Smart Net 2015). Fourth,
the up-gradation of civic infrastructure by smart features will reduce the Operation
and Management cost in the long run. Fifth, improving stormwater drainage and
flood management through ICT and remote monitoring would support the city’s
local ecosystem i.e., restoring lakes and structures (Smart Net 2015).
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12.5.3 Trends and Gaps

The Surat resilience efforts of institutionalizing were underpinnedmainly by broader
planning efforts dependent on the efficient governing systems at the higher levels
(Chu 2016b). However, it attained flexibility in pursuing the local objectives, but it
lacks long-term sustainability concerns (Patel 2014; SMC2011).Many city resilience
measures are non-structural, focusing on planning, civic engagement, coordination
awareness, and designs (ACCCRN 2011, Smart Net 2018, Surat Smart city 2019).
These climate-resilient strategies are less on infrastructure and buildings (ACCCRN
2011; Smart Net 2018; SMC 2019; Surat Smart city 2019). Another concern is the
lack of flexibility of using funds outside a particular departmental area. In Surat city,
the Gujarat State Disaster Management Association (GSDMA) grants (2009) the
city-regional emergency response only works on information and capacity building
and avoid structural measures. Gujarat State Irrigation Department was unable to
integrate with disaster risk reduction for managing city floods (Patel 2014). Thus,
the GSDMA failed to address robustness and diversity in city resilience planning in
the city. Surat city disseminates the information as part of the heat action plan during
high alerts, creating awareness. Still, the heat action plan targets vulnerable sections
of society, primarily Low IncomeGroups (LIG) (SMC 2018). However, these groups
had low literacy rates, so there could be a possibility that these groups were not aware
of such systems. Another example, ACCCRN organized a design competition on
cool roofing and passive ventilation options in Surat city in 2011 (ACCCRN 2011).
These competitions outreached a particular group of society. Some of these policies
are over-ambitious, Surat city’s goal is to attain 100% energy from renewable by
2020, but only 30–40% is commissioned till date (Smart Net 2018) (Table 12.3).

12.5.4 Resilience Performance Analysis

The AHP provides a rational framework for decision-making and policy recom-
mendations. In the proposed study, AHP helped identify key areas or sectors that
need more improvement and up-gradation. The AHP weights show each indicator’s
strength, the identified criteria, and estimating weights (higher the value greater
the strength) process is depicted in Table 12.4. Most of the policy criteria focus
on achieving economic goals We 0.41 in the city. This shows that existing policies
are significantly inclined toward aggregate economic welfare and benefits. Despite
several environmental policies,Wen 0.013.This is becauseof the city’s urban stressors
issues i.e., flood, heat, health, and stormwater management. Surat city is witnessing
frequent floods, there are twenty-four flood events on record, and it happens after
every four years of interval (Stakeholder 3). This flooding problem is interlinkedwith
a lack of robust solutions and the failure of urban planning. In Surat, temperature
rising is another growing concern. The heat action plan strengthens transformative
resilience, and the city provides ICT-based solutions for managing heat stress. The
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Table 12.4 Identified criteria
and estimating weights

Sr. No Dimensions Weightage prioritya

1 Social (Ws) 0.090

2 Economic (We) 0.416

3 Infrastructure (Win) 0.362

4 Environment (Wen) 0.131

aHigher the value greater the strength
Source Author’s analysis

early warning system (ICT-based) is used for capacity building in the heat action
plan. One initiative was to activate the cooling centers such as temples, public build-
ings, malls during high (heat waves) alerts. However, this was one of the sugges-
tions from the Ahmedabad heat action plan, but it was not implemented because of
“intradomestic comfort” (Stakeholder 3).

The Surat city is fairly working on the social dimension compared to other
cities, but Ws (Social weight) ranged 0.09. This is because the city is challenged
by migrating population each year. For better management of the social aspect, the
city needs a bottom-up approach in the decision-making process. The existing climate
resilience policies plus smart city intervention are strengthening economic dimen-
sions such as renewable (30–45%) and water reuse and recycle (80% recharging)
(Smart Net 2015). The city is making progress on renewable and innovation “but
somehow may be due to political will, or maybe some other external factors, the
complete potential has not been tapped yet” (Stakeholder 1).

The four dimensions, social, economic, infrastructure, and environment, are
mapped on pairwise comparison with resilience indicator cluster i.e., transforma-
tive, structural, and integrated (shown in Table 12.5). The value of integrated (Wi)
signifies higher strength as compared to other resilience indicators. This is because
most integrated steps come under the smart city projects through SPVs (Smart City
2019); But the smart city projects are in the implementation stage, and their status is
unclear. The policy design is set back in terms of targets, lack of transparency, and
absence of a structured reviewmechanism in the city (Stakeholder 2). The scalability
of the transformative resilience index can be improved by inclusive growth for all.

Table 12.5 Finalizing criteria and the relative weights (Pairwise)

Sr. No. Dimension Social Economic Infrastructure Environment Weightage
priorityclassified

resilience
cluster

1 Integrated (Wi) 0.702 0.354 0.632 0.632 0.624

2 Transformative
(Wt)

0.206 0.322 0.198 0.198 0.229

3 Structural (Wst) 0.090 0.322 0.169 0.169 0.145

Source Author’s analysis
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One of themajor challenges in Surat city is equity because of the growing population.
Thus, local government adaptation projects are related to water, mobility, environ-
ment, and clean air (Stakeholder 4). The city development body should enable equity
and inclusive growth together which strengthens the social dimension. The city can
adopt role models such as the Delhi government’s “Mohalla (Community) clinic,” a
medical facility accessible to all groups, irrespective of their financial status (Stake-
holder 1). This would aid in improving the existing health surveillance system of the
city.

Surat city is not doing well on a structured and transformative resilience cluster on
the resilience scale with Ws 0.14 and Wt 0.22, respectively. There has been a trade-
off among different resilience characteristics, and it shows a low degree of diversity,
inter convergence, and decentralization in the system, which slowed the penetration
of initiatives taken by the government, as explained in Sect. 12.4.3 and Table 12.3.
Recently, the city started enhancing sink with the nature-based solution to strengthen
adaptive capacity, diversity, equity, and connectivity. The city is developing a biodi-
versity park by planting 600 to 1000 native trees on 68 hectares (Stakeholder 4). The
nature-based solution will help in mitigating emissions and enhancing the coastal
ecosystem.

In the existing city policies, implementing an adaptive strategy through local
consensus and technological advancement is lagging. These strategies would help
enhance the city planning system. The urban planners need to explore new methods
and approaches for improving and enhancing governance, institution, technical
learning and information technology, planning system, funding, awareness, and
community support system.

12.6 Conclusion

In Surat city, key elements that need improvement formanaging climate sustainability
are governance, institution, technical learning and information technology, planning
system, funding and awareness, and community support system. These elements are
facing common challenges in fast-growing other Indian cities too. Each of these
identified elements addressed through approach/method/model details are provided
in Table 12.6. The research study proposed solutions for identified key elements
(a) governance can be addressed by inter- and trans-disciplinary approaches; (b)
Strengthen institutions by carbon-centered comprehensive (3Cs); (c) City needs to
improve technical learning and information technology by knowledge-based solu-
tion; (d) Mobilization of funds by the carbon banking system; (e) Increasing local
awareness and developing community support by community energy systems, and (f)
Improving urban planning system by implementing mandatory level carbon removal
(CR) techniques.

In India, the city government period is five to six years, and about seventeen diverse
organizations are currently working in Surat city. There are about ninety-one syner-
gies found among various goals and initiatives led by multiple organizations in Surat
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city. Thus, inter- and trans-disciplinary collaboration are essential for differentiating
between social, environmental, infrastructure, and economic dimensions because no
single dimension would cover the complexities of the city’s critical urban infrastruc-
tural challenges. One of the major concerns is that many of these policies, sectors,
and interventions work in silos at each institute in Surat city and lack a compre-
hensive centralized system for climate mitigation and adaptation. The building 3Cs
can be merged into a smart planning model that provides digital solution ICT-based
networks that create awareness, assessment, and action (AAA) and help achieve
connectivity, circularity, sustainability, and efficiency. In today’s world, information
and communication centers, like health centers, education centers, water and energy
system, fiscal institutions, fire station, and mobility are the backbone of smart cities.
Surat smart city is currently investing about $ 204 million in smart solution/ICT
and smart urban mobility development. However, these infrastructure centers are
at greater risk and highly affected by natural climate calamities due to inadequate
learning from past climate hazards i.e., the city observes frequent floods. Surat needs
to build a knowledge-based solution for predicting flood and sea-level rise and build
technical learning and information technology.

The Surat smart city needs an alternative solution that could be achieved by
creating a carbon banking system and community energy system to facilitate
funds and optimize resource mobility. Furthermore, the carbon banking system will
encourage behavioral changes of the people through the carbon credit system (details
in Table 12.6). Thus, the existing Surat smart city system requires more synergies in
redundancy, flexibility, efficiency, robustness, decentralization, diversity, modularity,
and innovation in practice to sustain in the long run.

In addition, Surat’s existing urban planning system lacks robust carbon sequestra-
tion solutions observed in many other Indian tier 1 and tier 2 cities despite being an
industrial hub. Therefore, the urban planning system should make imperative carbon
removal techniques, especially inmajor industrial cities. Furthermore, in smart cities,
resilience planning should improve the feedback system across the temporal scale to
help find ways for long-term climate goals as most Indian cities score low on future
urban resilience sustainable pathways.
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Appendix

See Tables 12.7 and 12.8.

Table 12.7 Surat resilience policies, programs, schemes, projects, and initiative

Sr. No Scale Mission/
Program/
Scheme/
Project

Descriptions

1 Local Sewerage and
waste management
projects

• Underground sewerage system 95% coverage
• ‘Novation of STPs with SCADA & Energy
Generation’

• One STP and 3 pumping stations is having
SCADA

• 2 STPs at Anjana and Dindoli will be augmented
for quality parameters

• automation (SCADA) of STPs and SPS initiated
and achieved for about 40%

• The city has also initiated the automation system
by SCADA for STPs and SPS and achieved 40%
efficiency

• The scheme targets 50% of water treatment for
energy generation from exiting STPs with
SCADA

• The total waste collection in the city is 1200 TPD
to 1600 TPD (2016–2019), and door-to-door
waste collection coverage increased from 80 to
100%

• Smart Waste Collection System: estimated
coverage of 160 smart bins, RFIS tag on 80,000
collection points

• The creative (innovative) resilience method is
used, such as “leakage mapping,” to maintain the
current NRW near 20%

2 Local Smart Street
Lighting (LED) &
Monitoring System

• SPV would implement projects in coordination
with SMC, DGVCL, and Torrent power

(continued)
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Table 12.7 (continued)

Sr. No Scale Mission/
Program/
Scheme/
Project

Descriptions

3 Local Smart city system
and project

• Strengthen Education and Health infrastructure
along with the introduction of Smart features

• Air & Water Quality Monitoring
System-Proposed for establishing a system for air
& wastewater Quality Monitoring System and
surveillance

• Area Surveillance Network: Improved IT
connectivity and smart features

• Surat smart city projects align with intelligent
transport connectivity, advancement in grievance
redressal system, early warning and monitoring
through area surveillance network, RFID, VTS
technology, and biometric system

4 Sub-national Solar City
Programme &
Solar Roof Top
Scheme, Ministry
of New and
Renewable Energy,
Government of
India (2013–2022)

• Surat city solar program aims at generation of
418 MW solar energy and Net-zero energy
emissions by achieving 100% by 2020

• Convergence will be achieved for a rooftop solar
scheme by availing permissible subsidy

• Surat city solar program has commissioned
18 MW of renewable energy to account for 25%
of municipal sector energy consumption

• Currently, the city has installed 6 MW (1.39 MW:
Rooftop Solar and 0.5 MW recycle) of solar that
accounts for 18% of energy generation through
renewable energy resources

• $92 million project cost and minimum 10% of
energy requirement is expected from solar

5 Sub-national National Wind
Mission
(2015–2022)

• Wind generation in process of setting up 2.1 MW
in wind power in Surat city

• Incentives @Rs. 0.50 per unit of wind-electricity
fed into the grid will be claimed under the GBI
scheme of the MNRE. Energy Cell of SMC will
implement in consultation with SPV

6 Sub-national National Bioenergy
Mission
(2017–2022)

• New plant of 0.5 MW at Anjana STP

7 Sub-national Gujarat State
Irrigation
Department (2013)

• The nodal agency for managing water resources
and the department provides aid for flood
infrastructure management

• Around $5.8 million aid is released to increase
the river’s carrying capacity and reduce flood risk
to neighboring communities

(continued)
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Table 12.7 (continued)

Sr. No Scale Mission/
Program/
Scheme/
Project

Descriptions

8 Sub-national The Gujarat State
Disaster
Management
Authority (2001)

• The nodal agency provides aid for reducing and
managing the disaster

• The primary goal is to make the state
“economically vibrant, agriculturally and
industrially competitive with improved standards
of living and with a capacity to mitigate and
manage future disasters.”

• GSDMA offers grants to the city by making
regional emergency response centers

• In 2008 GSDMA introduced bilateral and
multilateral organizations collaboration, making
the system more flexible, transparent, and
integrated

9 Sub-national State Climate
Action (2009)

• The department was launched in 2009, “Asia’s
first dedicated government department for climate
change department” (Climate Change
Department 2014)

• The department coordinate mitigation and
adaptation actions include solar, heat action, and
biodiversity

10 Local Surat Heat Action
Plan (2018)

• Under the Heat action plan, the city can withdraw
10% of the State government department’s funds
under the State disaster response protocol

• The program aims to alert the population against
heat-related illnesses. The plans incorporate
awareness to local people through the early
warning system

• The plan establishes coordination and integration
of various agencies to take adaptive measures

• Apart from the heat action plan, ACCCRN
exhibited awareness camping by organizing
competitions for cool roofing and local
communities to generate experimentation in
planning policy and design

11 National Jawaharlal Nehru
National Urban
Renewal Mission
(JNNURM)

• The key objective was slum relocation (long-term
strategy) and rehabilitation (Mid-term strategy)
for people living in low-lying flood-prone areas

• JNNURM awarded a grant for the two missions
to provide essential urban poor services and
improve urban infrastructure. The aid was
transferred from the central government on the
condition that implementation of governance and
fiscal reform by municipal bodies, parastatals,
and state government. These reforms scheme
enabled the development of “economically
productive, efficient, equitable and responsive
cities” (MOHUA 2011)

• JNNURM has also allowed Surat to strengthen
and extend its drainage, sewerage, and solid
waste management systems

• Surat, JNNURM offered a critical opportunity to
address its growing infrastructure deficit (Patel
2014)

(continued)
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Table 12.7 (continued)

Sr. No Scale Mission/
Program/
Scheme/
Project

Descriptions

12 National lePara> Swatch Bharat
Mission (Clean
India Campaign),
Ministry of Urban
Development,
Government of
India (Phase I:
2014–2021)

• Open defecation and availability of toilets as per
requirement and population are the objectives of
the SBM. The same is the essential features to be
achieved under the SMART City Mission

• Health and Municipal, Solid Waste cell of the
SMC will implement this component in
consultation with the SMART City SPV

13 National National Rajiv
Awas Yojna
(2013–2022)

• This scheme envisages urban poverty alleviation
toward “Slum Free India,” providing equitable
and inclusive city growth by providing affordable
housing and subsidies to low-income groups.
Most of the slums reside near rivers or coastal
areas (low-lying areas)

• The city received $4.5 million in funding, and
currently, these funds are used for city mapping
and surveys. The mapping and surveying of slums
might provide prospects for public–private
partnerships (Patel 2014). Under the Zero Slum
program, around 22,000 households relocated and
were rehabilitated (Chu 2016a)

14 National National River
Conservation Plan
(2009)

• In 2012 Surat city received an amount of $33.5
million under National River Conservation Plan
(NRCP) to rehabilitate the Mindhola Creek at the
Tapi River bank

• The scheme provides a robust solution for the city
by constructing gabion pitching to maintain the
river’s carrying capacity to manage frequent
floods

• The scheme is also reflected by creating
awareness to locals through participation and
campaigns to conserve river ecology

• Remodeling & Restructuring of the existing creek
to create open spaces with smart features

• 4.5 km work in progress in Mithi Khadi (Creek)
and 5.5 km in Koyali Khadi

• Pollution abatement and National River
Conservation Plan (NRCP) for the rehabilitation
of the Mindhola Creek at the bank of the Tapi
River

15 National Swarnim Jayanti
Mukhya Mantri
Saheri Vikas
Yojana
(2011–2021)

• In 2011, state government launched a scheme for
urban development that provides a fiscal stimulus
for public infrastructure works in the largest
municipalities. Surat city received $33 million;
however, these funds’ allocation varies from year
to year

• Rising temperature and industrial expansion in
Surat city have increased demand by 100 million
liters per day with a growing population.
Moreover, the future uncertainty of rainfall puts
the city system under stress. As a result, the
municipal body has initiated water recycling and
management, a cost-effective way to meet the
current demand

(continued)
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Table 12.7 (continued)

Sr. No Scale Mission/
Program/
Scheme/
Project

Descriptions

13 National Pradhan Mantri
Awas Yojana
(PMAY) - Housing
for All Mission,
Government of
India (2015–2022)

• Development Plan Report (DPR) for 1050
Economically Weaker Section (EWS) and 1950
Low Income Group (LIG) houses have been sent
for approval with a request for grant of $ 1.02
billion

• Slum up-gradation cell (SUC) of SMC will
implement this component in consultation with
the SMART City SPV

• Affordable Housing with Public–Private
Partnership

16 National AMRUT
(2015–2022)

• Atal Mission for Rejuvenation and Urban
Transformation (AMRUT) aim is to provide basic
services such as water supply, urban transport,
sewerage, and parks

• Common Utility meter: Proposed a component of
24X7 Quality Water Metered Supply under
AMRUT

• Surat received 57$ million in funding for
providing improve infrastructure for water supply
management

• Rain Water Recharging at 70 locations in Surat
city

17 International Asian Cities
Climate Change
Resilience Network
(ACCCRN)

• ACCCRN spent $2.8 million granted funds
dedicatedly for developing the climate resilience
strategy and implementing pilot adaptation
projects at the city level (Bhat et al. 2013)

• ACCCRN involved with local partners such as
TARU leading-edge, Surat Municipal
Corporation, the South Gujarat Chamber of
Commerce and Industry, Gujarat State Disaster
Management Authority and Narmada, Water
Resources and Water Supply Department, local
academic institutions-SVNIT, Urban Health
Climate Resilience Center (UHCRC), Surat
Climate Change Trust and the Center for Social
Studies (Patel 2014)

SourceACCCRN(2011);Chu (2016a); CityMayors Foundation (2011); Patel (2014); Bhat et al., 2013;MOHUA,
2011; Climate Change Department, 2014; Surat Smartcity (2019)
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Chapter 13
The Contributions of Smart City
Initiatives to Urban Resilience: The Case
of San Francisco, California, United
States

Alison Grovert, Carmela Sambo, Briana Meier, and Yekang Ko

Abstract This chapter evaluates five smart technology projects that have been
implemented in the City of San Francisco and the surrounding San Francisco Bay
Area in California to assess the extent to which the projects support urban resilience.
Increasingly, cities worldwide are transforming their systems through smart tech-
nologies. Emerging smart technologies are supporting efforts to reduce emissions,
address social inequities, and build economic security. San Francisco leads US cities
in its efforts adopt smart technologies for improving urban resilience.Major risks that
immediately threaten San Francisco include earthquakes, fire, tsunamis, flooding,
extreme heat, droughts, terrorism, cyber terrorism, and communicable diseases. As
a result, San Francisco’s private and public sectors are funding smart technology
in transportation, waste management, social, government, and economic realms
to improve long-term resilience and sustainability. This study selected five key
smart technology projects that seek to improve urban resilience including micro-
grids, connected and automated vehicles, earthquake alerts, digital platforms, and
air quality monitoring. We evaluated these projects against fourteen principles for
resilience developed by Sharifi and Yamagata (Renewable and Sustainable Energy
Reviews 60:1654–1677, 2016). This chapter also examines San Francisco’s contri-
bution to climate resilience planning and highlights the importance of innovation
through collaboration with startups. Results will contribute to a smart city resilience
assessment toolkit used to investigate actual and potential contributions of smart city
initiatives to resilience in the United States.

Keywords Smart technology · Urban resilience · Climate action · Energy ·
Transportation · Air quality

A. Grovert · C. Sambo · Y. Ko (B)
Department of Landscape Architecture, School of Architecture and Environment, 5249 University
of Oregon, Eugene, OR 97403-5249, USA
e-mail: yekangko@uoregon.edu

B. Meier
History, Anthropology, and Science and Technology Studies, Massachusetts Institute of
Technology, 77 Massachusetts Avenue Room E51-163, Cambridge, MA 02139, USA
e-mail: bkmeier@mit.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
A. Sharifi and P. Salehi (eds.), Resilient Smart Cities, The Urban Book Series,
https://doi.org/10.1007/978-3-030-95037-8_13

303

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-95037-8_13&domain=pdf
https://orcid.org/0000-0002-8878-8028
mailto:yekangko@uoregon.edu
mailto:bkmeier@mit.edu
https://doi.org/10.1007/978-3-030-95037-8_13


304 A. Grovert et al.

13.1 Introduction

This chapter analyzes five projects that utilize smart technologies in the San Fran-
cisco Bay region in California, a region well-known for its leadership in adopting
smart technologies for improving urban resilience. The projects we analyze range in
focus from energy to transportation, disaster, innovation, and health. Please confirm
the section headings are correctly identified throughout the chapters Stakeholders
involved across these projects include emergency departments, first responders,
commuters, city-level lawmakers, technology startup firms, and the broader public.
As the regional population continues to grow, it becomes increasingly vital to adopt
measures in support of urban resilience such as the earthquake planning and air
quality management responses included in our analysis.

Cities are the locations and populations that are simultaneously large contributors
to global climate change and that bearmuchof the impacts of increasing climate insta-
bility. The intricate causal web of relationships between cities and issues of climate
change are made even more complex with increasing urbanization and climate insta-
bility (Sharifi 2016). Many cities are now experiencing an array of climate-related
disasters. Municipal level efforts to support urban resilience are emerging rapidly in
response to increasing instability.

Urban resilience refers to the ability of individual humans, as well as social,
ecological, and economic systems to adapt in response to shocks, adversity, or stres-
sors. In these contexts, resilience can be defined as “the ability to absorb, adapt, and
respond to changes in an urban system” (Desouza & Flannery 2013, p. 89) or “the
capacity to buffer perturbations, self-organize, learn, and adapt” (Folke et al. 2002,
p. 51). Resilience theory is a widespread method for urban planning and disaster
planning that works in a systems approach across multiple temporal and geograph-
ical scales and includes individuals and collective local capacity to cope with and
adapt to stress and change. Krasny and Tidball (2009) note that resilience can apply
across both ecosystems and communities, and, using examples of urban commu-
nity gardens, suggest that resilience at either the social or ecological level can help
buttress resilience within the other. As defined by Sharifi and Yamagata, resilience is
that which enables the system to bounce back and also bounce forward (Sharifi and
Yamagata 2016). Bouncing forward is to learn from the past and build back better by
using the rebuild to resolve existing infrastructural, social, and environmental issues
in the city, as well as anticipating novel future scenarios.

Smart technologies are an increasingly salient tool in the growing efforts to
cultivate urban resilience in the face of accelerating climate change.

Smart technologies include a variety of sensors, controls, and automated mech-
anisms, as well as networked data systems, all of which are intended to increase
the adaptability of the variety of systems to which they are applied (Holnicki-Szulc
2008). Smart technologies are intended to improve efficiency by allowing devices to
communicate with one another, providing decision-makers with real-time metrics,
and monitoring environmental conditions such as air quality with high accuracy.
Smart technologies are quickly transforming cities by increasing the speed, accuracy,
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variety, quantity, and accessibility of information available tomunicipal governments
and residents.

A “smart city” employs a variety of digital technologies to build data and other
connections across multiple urban domains. Definitions of smart cities are multiple
and nebulous, as noted by Albino et al, in general a smart city “connects physical
infrastructure, IT infrastructure, social infrastructure, and business infrastructure to
leverage the collective intelligence of the city” (Albino et al. 2015, p. 4). The trans-
formation of pre-digital cities to so-called smart cities is a long-term and dynamic
process, requiring analysis, vision, and flexibility. A smart, sustainable city is one
that harnesses both smart technologies and sustainable practices across three crucial
levels: economic, environmental, and social (Ibrahim et al. 2018). In assessing a
city’s potential for smart, sustainable transformations, it is important to gauge the
city’s overall readiness for change (Ibrahim et al. 2018) in terms of technological
capacity and the willingness of firms, municipal governments, and urban denizens
to participate.

13.1.1 Local Climate Actions in the U.S. and California

The United States’ withdrawal from the 2015 Paris Agreement prompted greater
commitments to address climate change at local and regional levels. Even prior
to the US withdrawal—and since the renewed the US commitments—many cities
have pledged to achieve the local emissions goals outlined in the Paris Agree-
ment (Hultman 2019). The U.S. Conference of Mayors’ Climate Protection Agree-
ment, consisting of 407 US Mayors representing 70 million Americans, commits to
adopting, honoring, and upholding Paris Climate Agreement goals by reducing their
cities’ carbon emissions below 1990 levels. These commitments adhere to standards
set decades earlier by the Kyoto Protocol (Hultman 2019).

In the Southwest region of the United States, climate change continues to impact
cities, agricultural land, and the region’s ecosystems (Carter et al. 2014).According to
the third U.S. National Climate Assessment, the decline of snowpack and streamflow
due to global warming is reducing available surface water resources for urban areas.
This decrease is exacerbated by agricultural and environmental water use. This water
shortage affects the entire country since over half of the high-value specialty crops in
the US are produced in the southwestern region. Many specialty crops are vulnerable
to new climatic extremes. California has recorded drier than usual conditions since
2000.

Although California is home to the highest population of any state in the United
States, it maintains one of the lowest per capita energy consumption rates. Cali-
fornia also has the world’s fifth largest economy, making it a major world player
in issues of greenhouse gas emissions. In response to climate change impacts, the
State of California has implemented adaptation and mitigation strategies and actions
to protect water infrastructure, maintain air quality, and protect stream flows and
wetlands (Albino et al. 2015). Wildfire is also a pressing climate issue in California,
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demonstrated by its inclusion in the state’s 2009 Climate Adaptation Strategy. The
document aims to strategically decrease wildfire risk and vulnerability for current
and future generations of Californians (Albino et al. 2015).

13.2 Study Area: San Francisco Bay Area, California

13.2.1 Location and Demographics

The nine-counties that border the San Francisco Bay and compose the San Francisco
Bay Area include Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo,
Santa Clara, Solano, and Sonoma counties (Fig. 13.1). In this diverse region, the
cities of Oakland, San Jose, and San Francisco rank higher for cultural diversity
than other major American cities like Boston, Orlando, San Diego, and Los Angeles

Fig. 13.1 Study Area: San Francisco Bay Area. The 9 California counties that comprise our study
area and make up the “San Francisco Bay Area”
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(McCann 2021).The City of San Francisco is 46.89 square miles with a population
of 805,235 within city limits (2010 US Census). The broader Bay Area is known
for tech innovations in Silicon Valley and a strong culture of startups and risk-taking
(Funk and Deininger 2018).

Geographically, seven fault lines, including the San Andreas, fault crisscross their
way through the region. This makes the threat of earthquakes high after decades of
rapid urban growth. In addition, the region’s dry climate lends itself to wildfires. In
2020, the region experienced a record-breaking heat wave and record-size wildfires,
further complicated by the novel coronavirus. A booming economy and jobs market
contributes to rapid population growth of the Bay Area, leading to increasingly
challenging traffic congestion in recent years. The congestion is in part due to the
ongoing housing affordability crisis, which leads to large numbers of commuters.
These high volumes of traffic negatively impact from the air quality in San Francisco,
an issue that was made apparent in 2020 when clear skies emerged following the
regional COVID-19 shelter-in-place orders.

13.2.2 Climate Resilience Plans and Smart Technologies
in San Francisco

To combat the risks of climate-related disasters, the City of San Francisco has imple-
mented a Hazard and Climate Resilience Plan. The plan’s vision is to “make San
Francisco resilient to immediate and long-term threats of climate change and natural
hazards through actions to mitigate risks, adapt built and natural assets, and build a
more equitable and sustainable city” (The City and County of San Francisco 2020).
The plan also coordinates with the 2020 Climate Action Strategy, aiming to achieve
zero carbon emission by 2050.

In addition to the Climate Resilience Plan and the Climate Action Plan, more
than 25 other recent plans, assessments, and visions aim to boost climate resilience
in the Bay Area, including the 2016 strategic vision entitled “Resilient SF: Stronger
Today, Stronger Tomorrow,” which established the Office of Resilience and Capital
Planning, the 2020 “Sea Level Rise Vulnerability and Consequences Assessment,”
and the 2019 “Hazards and Climate Resilience Plan.”

Furthermore, San Francisco has begun to implement smart technologies to
prevent, adapt to, and counter its social and environmental threats. Private and public
sectors are funding smart technology for transportation, waste management, social,
government, and economic realms, with a goal to improve long-term resilience and
sustainability.

For example, the city sets a national example in terms of waste management,
aggressively pursuing goals of zero-waste, achieving an 80% diversion of waste
from landfills in 2012 (Airhart 2018). The city has implemented eco-districts aimed
at reducing emissions, waste, and consumption of water, as well as projects that
facilitate smart transportation. Proposals for four varieties of “eco-districts” were
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proposed in 2012 by the SanFrancisco Planning department. Goals of these proposals
included reducing carbon emissions and decreasing waste volumes, water usage,
and energy use. In the transportation realm, the city received $11 million from the
Department of Transportation (DOT) in 2016 to initiate projects combatting traffic,
vehicle collisions, transit travel times, and emergency vehicle response times (Funk&
Deininger 2018). Using DOT funds, a smart parking management program called SF
Park implemented wireless sensors to support demand-responsive pricing (Funk and
Deininger 2018). Also, in accordance with demands for clarification of data privacy
regulations, San Francisco hired its first Chief Data Officer (Funk and Deininger
2018).

To achieve a waste-free city, San Francisco implemented an online tool to provide
residents with resources on recycling, reuse, and disposal options through “Recy-
cleWhere.” San Francisco also managed to reduce its average water consumption
to 49 gallons per day, compared to the national average of 80–100 gallons per day.
The city provides free and accessible water-saving devices including high-efficiency
shower heads. These devices can reducewater use in both residential and commercial
settings.

13.2.3 Smart City Movements Within the US and San
Francisco

The U.S. Department of Transportation launched a Smart City Challenge in 2015,
which challenged mid-sized American cities to propose plans for “an integrated,
first-of-its kind smart transportation system that would use data, applications, and
technology to help people and goods move more quickly, cheaply, and efficiently”
(Smart Columbus, n.d.). Of the 78 applicants, San Francisco placed as one of seven
finalists. San Francisco envisioned increased access to shared vehicles for people
of all backgrounds to travel easily without owning a car (PolicyLink and PERE
2017). The City proposed a mobile device application through which users can
route, schedule, and pay for selected modes of transportation. San Francisco also
sought to provide low-income residents with access to smartphones and free, public
wireless internet connection. The City also proposed a partnership with UCBerkeley
and industry leaders to test, analyze, and disseminate best practices (PolicyLink and
PERE 2017). Currently, the State of California continues to lead the country in terms
of stricter emissions standards across many sectors (Climate Action Tracker, n.d.).
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13.3 Methods

13.3.1 Selecting a Smart City in the US

To select which US city’s smart technology efforts to analyze, we conducted a liter-
ature review using a keyword search on both academic and non-academic search
engines using terms related to smart cities.We addressed the question: “Which city in
the United States is leading in smart city technologies?” We consulted the following
databases to identify possible cities to analyze: Google, Google Scholar, Univer-
sity of Oregon LibrarySearch, and Web of Science. The search strings included
the following terms: smart technology; Internet of Things (IoT); smart city. The
searches, conducted in July 2020, yielded 17 documents (8 academic articles and
9 non-academic articles). Of the 17 documents, San Francisco was mentioned the
most.

13.3.2 Smart Technology Initiatives in the San Francisco Bay
Area

After identifying San Francisco as a leading city in the adoption of smart city tech-
nologies, we then conducted a review of key literature and recent media to identify
emerging smart city projects in the region. From this review, we selected five projects
for analysis in this chapter.We analyzed these smart city projects against a set of prin-
ciples for resilient urban energy systems developed by Sharifi and Yamagata (2016)
and our own criterion that considers the extent to which the project contributes to
reducing greenhouse gas emissions. We selected fourteen relevant principles from
the complete set of seventeen principles developed by Sharifi and Yamagata. While
the principles presented by Sharifi and Yamagata were developed for resilient urban
energy systems, the authors signal their broader applications, noting that they can
serve as general criteria for assessing any resilient system, including the broader
urban resilience goals of the projects we analyze here. The principles against which
we assess each project are listed below. Our own terminology for the principles
are listed in plain text, while the terms drawn directly from resilience principles
developed by Sharifi and Yamagata (2016) are indicated in italics:

Robustness (page 1663),
Diversity (page 1665),
Redundancy (page 1665),
Connectivity (Coordination Capacity, page 1665),
Flexibility (page 1665),
Resourcefulness (page 1665),
Rapid response (Agility, page 1666),
Efficiency (page 1665).
Learning capacity (Adaptability, page 1666),
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Modularity and self-organization (Independence, page 1665),
Innovation (Creativity, page 1666),
Equity (page 1666),
Inclusiveness (participatory) (Collaboration, pages 1665–1666), and
Foresight capacity (page 1665).
In addition to these principles drawn from Sharifi and Yamagata, as mentioned,

we assess the extent to which the project is “low-carbon” or contributes to reducing
GHG emissions.

13.4 Results

The following section introduces five smart technology projects that are being imple-
mented in the San FranciscoBay region and evaluates the extent towhich each project
contributes to improving urban resilience against each of the principles listed above.

13.4.1 Project 1: Gridscape Microgrids

Bringing Microgrids to California Fire Stations
In Fremont, California, a collaboration between startup Gridscape Solutions, the

City of Fremont, and the Fremont Chamber of Commerce has led to increased energy
resilience by way of solar microgrids (Thurston 2019). The project, which went
online in 2019, brings clean energy to three of the city’s fire stations. The project
is subsidized by the California Energy Commission (CEC). The project is the first-
of-its kind, providing power to fire stations via solar microgrids and battery storage,
paving the way for fire stations across the country to increase their resilience. Other
California cities that are considering adding solar microgrids to their fire stations
include Redwood City and Montecito. In addition to acting as an off-grid power
source when wildfires encroach on the area, a common occurrence in recent years
across California, solar power replaces fossil-fueled power, which reduces the carbon
footprint of the fire stations (Gore 2019).

Low carbon
The City of Fremont has a climate action plan which calls for reduction of green-
house gases and zero net energy use in government buildings (California Energy
Commission 2019).

In 2018, the State of California’s top five in-state generated energy sources were
natural gas (47%), solar photovoltaic (13%), large hydro (11%), nuclear (10%), and
wind (6%). Notably, quantities of in-state oil, coal, and petroleum coke generation
were well under 1% combined. California imports energy from out of state as well,
which increases its fossil fuel intake.
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For Fremont’s fire stations, using solar microgrids daily and as their main backup
source rather than the prevalent diesel generators helps Fremont achieve its climate
goals. This clean energy option reduces the amount of greenhouse gases emitted
into the atmosphere by 142,000 pounds carbon dioxide annually. The microgrid is
owned and operated by Gridscape Solutions, which utilizes a “power purchasing
agreement,” allowing the City of Fremont to reap the cost savings and clean energy
benefits (Gore 2019).

Robustness
Fire stations need to operate 24/7, especially during an emergency event such as a
wildfire. As the electricity grid poses threats to the spread of the wildfire, strategies
to control the spread involve shutting off power to affected areas. Sparks from elec-
tricity lines can and have ignited flames and caused harm to California communities.
However, power is necessary for firefighters to track the burn and deploy critical
resources to places in need. Gridscape offers a solution to this issue by providing
fire stations across California with solar powered microgrids and battery storage,
affording them an islandable backup power supply that allows the system to respond
quickly and bounce back.

Diversity
By reducing reliance on the energy grid and backup diesel generators, the microgrid
system increases the variety of energy sources used to power fire station operations.
The fire stations can still use power from the energy grid. However, by increasing its
reliance on solar power, the project will save the fire station an estimated 350,000
USD on utility fees over 10 years. This project has allowed the fire stations to achieve
an 80% cost savings over traditional diesel generators (Gore 2019).

Redundancy
In emergency operations, solar batteries allow the fire station’s facilities to keep
working during a power outage. Fire stations in the area are required to have a
backup source of energy in order to operate without disruption during normal events.
By using the energy grid, the solar power, and the backup solar storage, Fremont fire
stations have at least three methods for generating power. If one were to fail, the
other would kick in.

Flexibility
The project utilizes technology based on the concept of the Internet of Things (IoT)
as well as “smart inverters” and various digital controls (Gore 2019) for managing
energy flows. Gridscape microgrids are capable of providing clean power on or off
the grid, depending on the situation. To make this possible, the company employs an
“EnergyScope Microgrid Controller” which enables the solar microgrid to optimize
timing and direction of flow among batteries and the main energy grid (Gridscape
Solutions, n.d.) This smart technology is called an automated energy control system.
Microgrids help increase grid reliability and reduce grid congestion, minimizing
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utility load of electrical substations at peak hours (California Energy Commission
2019). During a power outage, the fire station can still operate at least 3 h per day.

Agility
Wildfire, power outages, and storms are the fire station’s main concerns and reasons
for installing the battery backup. The more resources that fire stations have access to
during disaster, the more speed and dexterity they can have in deploying their forces.
Having a reliable power source during a disaster enables the fire stations and first
responders to provide quick, informed, and coordinated services (Stark 2019).

Efficiency
Gridscape’s microgrid project makes better use of locally available energy, there-
fore, reducing the need for energy import from distant locations. This is especially
important in the case that wildfire or earthquakes sever the connection between
the fire stations and outside energy sources. By utilizing an existing, readily avail-
able resource, the project reduces Fremont’s reliance on outside energy sources and
therefore makes the fire stations more resilient.

Modularity
These solar microgrids are islandable, offering a decentralized energy option during
a disaster. Independence from the central energy grid means a more resilient energy
system. In addition, using a local energy source rather than relying on electric
transmission lines means that the energy system is more self-sufficient than before.

13.4.2 Project 2: Iteris and CAV

Connected and Automated Vehicles (CAV) in the Bay Area
The San Francisco Metropolitan Transportation Commission (MTC) is preparing

San Francisco for a connected and automated vehicle (CAV) future with the help
of Iteris, a Los Angeles-based transportation tech company with projects across the
country and abroad. Iteris has partnered with MTC to expand their 511 real-time
travel alert system and implement and advance the Bay Area’s intelligent transporta-
tion systems, fulfilling the goals of the MTC’s Innovative Deployments to Enhance
Arterials (IDEA) program. Readying the roads for CAV futures means installing
sensors, cameras, and artificial intelligence in street infrastructure so that vehicles
can communicate with a network of responsive technologies. Seventy-nine intersec-
tions across the Bay Area cities of Los Gatos, Emeryville, Walnut Creek, Concord,
andDublinwill receive upgrades including applications for connected vehicles, auto-
mated vehicles, and bicycle detection signals. It’s up to local governments to decide
how to implement CAV technologies. San Francisco is pushing to be a leader in CAV
technology, which means its population is projected to be safer, smarter, and more
efficient.



13 The Contributions of Smart City Initiatives … 313

Within the San Francisco Bay Area, Silicon Valley has become known as a
hub for development and testing of CAV products and policies. By 2017, over 30
automakers, suppliers, tech companies, and electric vehicle companies were testing
their autonomous vehicles on public streets in the Bay Area. The collaboration
between the MTC and Iteris that began in 2019 builds on the existing strength of
transportation tech in the area including the presence of ride hailing (Uber, Lyft),
microtransit, and ridesharing companies (Botello et al. 2019). A two-hour drive from
SiliconValley sitsGoMomentumStation, the country’s largest facility for test-driving
connected and automated vehicles (CAV). The Bay Area is pushing its innovators
and collaborators to make San Francisco a leader in CAV futures.

Low Carbon
Although connected and automated vehicles (CAV) will not necessarily be electric,
there are benefits to the technology that may reduce transportation-related emis-
sions in the Bay Area. These include powertrain electrification, the light-weighting
of vehicles, platooning, and eco-driving (U.S. Energy Information Administration
2017). However, the ease, efficiency, and safety of driving in a CAV atmosphere may
increase the number of cars and drivers on the road, which would increase vehicle
emissions in California.

Connectivity
Enhancing efficiency and effectiveness of transportation operations is made possible
by the communication between vehicles utilizing CAV technologies. When cars
and other entities are able to communicate with one another, there is potential for
increases in safety, faster travel times, and reduced delays due to vehicle collisions.
During a disaster, this systemconnectivity can increase response time andmay reduce
congestion for mandatory evacuations.

Automated vehicles use in-vehicle sensors, cameras, LiDAR data, network anal-
ysis, artificial intelligence, and machine learning1 to understand the environment in
and around the vehicle, but they do not require a response from other vehicles or
infrastructure. On the other hand, connected vehicles use a two-way exchange of
information via a wireless connection between vehicles and objects including other
vehicles (V2V) like cars, trucks, and buses; infrastructure (V2I) such as traffic signals
and lane markings; and anything else (V2X). Increasing road safety is the main goal
of connected and automated vehicle applications. These applications can take many
forms such as alerting drivers to the presence of heavy braking in the traffic ahead
(Hartman, n.d.).

Flexibility
Changing conditions are frequent on major travel corridors in the Bay Area. With so
many ways to monitor travel, this project is capable of sensing threats and alerting
travelers in real-time. Adopting the IoT concept, connected and automated vehicles
(CAV) will have the ability to “speak” with one another, making communication and
rerouting of traffic smoother. This project has the ability to do all of this quickly
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and smoothly once brought online. Shifting between different traffic configurations
is essential to any flexible system, and Iteris is bringing this functionality onboard.

Resourcefulness
Sensing vehicles, walkers, cyclists, and other entities requires a massive amount
of data collected by various technologies involved in CAV road design. This data
could be used by planners, officials, and individuals to make decisions about the built
environment. By collecting information about different types of travelers, objects,
and entities in the five cities involved, this project provides planners with a large
volume of information on which they may base decisions.

Agility
This effort to upgrade Bay Area road systems is centered around safety for drivers,
pedestrians, and cyclists. As CAV technologies become more widespread, they have
the potential to drastically decrease response time during an emergency to prevent
congestion, crashes, and wait times that could create cascading failures of the whole
MTC transportation system.

13.4.3 Project 3: ShakeAlert

ShakeAlert, an earthquake early warning system, detects significant earthquakes
along with alerts residents before shaking occurs. Because the San Francisco
Bay Area is vulnerable to natural disasters, such as earthquakes, this technology
provides potentially life-saving services for residents. ShakeAlert’s system addresses
the following resilience characteristics: adaptive/learning capacity, connectivity,
efficiency, and equity.

Adaptive/Learning Capacity
Earthquakes pose a national challenge becausemore than 143millionAmericans live
in areas of significant seismic risk across 39 states. In California, significant earth-
quakes of magnitude 6.7 or higher are expected within the next few decades (USGS
Earthquake Early Warning 2016). The ShakeAlert system was developed to provide
earlier detection for earthquakes and to notify people in affected areas more quickly
(USGS Earthquake Early Warning 2016). ShakeAlert has also helped improve the
city’s capacity to learn from a disaster, which could reduce its vulnerabilities and
increase its adaptive capacity to changing conditions.

Connectivity
UCBerkeley’s ShakeAlert started in collaboration with Caltech, University ofWash-
ington, and USGS. Project partners have expanded to include FEMA, cellular
network carriers, and other private firms specializing in public notifications (USGS
Earthquake Early Warning 2016).
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The program monitors quake activity in the state of California using a network of
sensors that relays data to a computing network accessible by scientists, transporta-
tion agencies such Bay Area Rapid Transportation (BART) and emergency respon-
ders. The system is supported by a network of approximately 800 sensors positioned
across the state (Calma 2019). The early warning system reaches the public through
an application called MyShake and through existing wireless emergency alerts that
sound an alarm on cellular devices. The message delivery is entirely cloud-based
to keep information consistent in the event of an earthquake (Calma 2019). Since
January 2012, the system has sent live alerts to users in California. It has also sent
live alerts to users in the Pacific Northwest since February 2015.

ShakeAlert technologies are being integratedwith other regional seismic networks
in California and along the west coast, including the Advanced National Seismic
System (ANSS), the Pacific Northwest Seismic Network (PNSN), and the California
Integrated Seismic Network (CISN) (USGS Earthquake EarlyWarning 2016). CISN
provides monitoring and notification for earthquake prone communities in southern
and northern California. This integration across various detection and alert networks
allows a variety of agencies to benefit from public investments in monitoring and
notification systems and technologies. Beyond the west coast, through ANSS, the
ShakeAlert systems are connected to a nationwide network of earthquake detection
and warning systems including the National Earthquake Information Center (NEIC),
theNational StrongMotion Project, and other regional seismic networks (Shakealert:
earthquake early warning, n.d.). In addition to alerting residents, this integrated
network supports the efforts of emergency response (Shakealert: earthquake early
warning, n.d.).

Efficiency
ShakeAlert integrates data from on-site stations with regional networks in order to
maximize accuracy andwarning times. ShakeAlert also leverages data and infrastruc-
ture from existing investment in earthquake monitoring on the west coast. By using
sensors and other infrastructure that already exists, the firm was able to reduce its
own startup costs while providing early access to system users. Integration between
ShakeAlert systems and existing regional sensor networks allows for efficiency gains
for multiple (Shakealert: earthquake early warning, n.d.).

Equity
To support equitable access to the warning system, the ShakeAlert application is
available in both Spanish andEnglish. Efforts are in development to providewarnings
people without cellphones, to improve ADA accessibility, and to expand the number
of languages for which the application is available. The USGS and partners are
also working on a comprehensive education and training program to increase public
awareness of how to respond to alerts (Shakealert: earthquake early warning, n.d.).

Foresight Capacity
Foresight capacity consists of the ability to anticipate uncertain future (Sharifi 2016).
While it would not be possible to provide early warning at an earthquake epicenter,
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increasing warning times of even a few seconds can allow for important adjustments
such as slowing (Shakealert: earthquake early warning, n.d.). There is also a possi-
bility that the system might send false warnings or detection warnings for miniscule
earthquakes (Shakealert: earthquake early warning, n.d.). On the other hand, the
system could also fail to send a warning to its users or even send alerts too late for
residents to act upon. These “failure modes” are possible and may be highly likely,
which makes it important for ShakeAlert to provide in-depth planning and testing to
help minimize them.

13.4.4 Project 4: StiR

Startup in Residence Program (STiR) is a digital platform designed to connect private
technology firms with public institutions in service to a variety of urban. STiR was
launced in 2013 as a special project within the San Francisco Mayor’s Office. In
2015, STiR received a federal grant from the Department of Commerce to grow
regionally to Oakland, San Leandro, andWest Sacramento, and eventually expanded
in 2017. By 2018, STiR became part of City Innovate which expanded the program
beyond California. City Innovate is a registered non-profit on a mission to work
with the public and private sector to address urban problems. STiR’s innovative
program addresses the following resilience characteristics: creativity, equity, and
inclusiveness.

Creativity
STiR’s vision is that civic government technology should be cutting edge, which can
be achieved by partnerships between startup firms and public organizations. Over
30 cities use STiR digital tools and over 100 startups have applied to the program.
Partnerships that have arisen include Spiral Scout and San Francisco Public Works,
who partnered to develop a mobile platform for conducting post-disaster evaluation
and reporting on city buildings. In 2019, Actionable Science joined STiR to help
Bay Area Rapid Transit (BART) improve its Information Technology. CityDash also
joined to help the City of San Jose develop digital platforms available on city street
light poles. GovIQ is another startup working to develop a new emergency call center
tool for the City and County of San Francisco that will include voice recognition for
non-English language calls. Another organization, Gruntify, is working with the City
of San Jose to improve disaster response. In 2017, a firm called URBANSIMworked
with the San Francisco Mayor’s Office of Housing and Community Development to
develop software that can evaluate the suitability of either land parcels or buildings
for affordable housing. LOTADATA, a startup that joined City Innovate in 2017,
provides software allows San Leandro’s Recreation andHuman ServicesDepartment
to track the demographics of city facilities and parks users as well revenue at specific
facilities. Lastly, a firm named SPIRALSCOUT assisted the San Francisco Public
Works in developing software to assist the City in post-disaster evaluation for public
buildings and structures (City Innovate, n.d. : Quaintance 2019).
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Equity
STiR has adopted corporate responsibility commitments partnering with startups
that address social equity and justice issues related to disaster response, devel-
oping quicker payment and refund systems for low-income renters, and supporting
improved public transportation on urban streets (Quaintance 2019).

Inclusiveness
The purpose of CityInnovate is to bridge the gap between community stakeholders
and create a more inclusive govtech system. CityInnovate exists to help emerging
technology companies solve challenges in government. This allows government offi-
cials to not settle for solutions that do not entirely meet their needs (City Innovate,
n.d.). Startups can help build technology for the good of the public.

13.4.5 Project 5: PurpleAir

PurpleAir, an online mapping platform made by a grassroots group in Salt Lake
City, provides real-time air quality data from sensors around the region. This small
sensor is essential in helping California residents deal with toxic wildfire smoke.
PurpleAir’s smart technology addresses the following resilience characteristics: low
carbon, connectivity, creativity, and equity.

Low Carbon
PurpleAir’s quality data collector promotes a low carbon environment through real-
time measurements made available to the public. By obtaining real-time information
on air quality in specific neighborhoods, the public and air quality enthusiasts can
protect their well-being and raise awareness to others.

Connectivity
Currently, the Bay Area Air Quality Management District (BAAQMD) has 30
stations spread around the region to monitor a variety of types of pollution and are
located at fixed positions miles apart (Stark, Arcuni, and Brooks 2019). PurpleAir
sensors, on the other hand, are placed by anyone at any location around the region.
This providesmore air quality information thanBAAQMD.The numerous air sensors
have allowed residents to feel more connected and have proven to be beneficial in
a natural disaster. Recent damages and disturbances in California that were caused
by wildfires have forced residents to become more aware of their neighborhood’s
air quality. The wildfires, which burned more than 1.2 million acres of land, led
San Francisco residents to prioritize PurpleAir data to check air quality within their
neighborhoods.

Creativity
PurpleAir’s data differs from the official air quality readings in that its readings are
consistent, reliable, and are higher than monitors used by the government during
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a wildfire (Peters 2020). The Environmental Protection Agency (EPA) metrics for
air quality are based on the weight of rather than number of particles. In contrast,
PurpleAir has created an air quality measurement tool based on lasers that measure
airborne particles (Peters 2020).

To enhance public connectivity and awareness, PurpleAir monitors are also
combined with Wi-Fi technology to help report data to the PurpleAir map. By using
data from low-cost sensor networks, it could give citizens more accurate data during
wildfires in real-time.

Equity
PurpleAir promotes citizen science by providing resources for ordinary individuals.
The company attempts to improve equitable access by developing devices that are
affordable to area residents and that can be adopted bypublic agencies (Stewart 2019).
The company has developed a publicly available map that provides information to
citizen scientists as well as air quality professionals, as it can be viewed by anyone.

Wildfire smoke poses numerous threats to life and property and sometimes
requires to flee their homes with short notice (Peters 2020). Wildfire smoke also
causes multiple sorts of health problems (Stewart 2019. Knowing when it’s rela-
tively safe to go outside is crucially important, and, to this end, PurpleAir provides a
vital resource for residents. Even if a resident does not own a PurpleAir device, data
can still be viewed using the freely available PurpleAir mapping system.

Table 13.1 summarizes the five smart technology projects that were evaluated
above and indicates how each project contributes to each resilience principle.

13.5 Discussion and Conclusion

As the city of San Francisco, California strives to build a resilient future, and smart
technologies are helping the city achieve its goals. The City’s Climate Action Plan
clarifies its pursuit of net-zero emissions by 2050 through four sub-goals: “zero
waste, 80% sustainable trips, 100% renewable energy, and urban greening for carbon
sequestration” (Climate plans and reports, n.d.). Programs such as Startup in Resi-
dence (STiR), alongside technologies like Gridscape microgrids, Iteris transporta-
tion upgrades, PurpleAir, and ShakeAlert provide important data on designing streets
for disaster resilience and efficiency. STiR provides opportunities for public/private
collaboration while offering startup companies the opportunity to creatively reduce
greenhouse gas emissions, prioritize low-income neighborhoods, and strengthen
community ties. With the goal of 100% renewable energy by 2030, San Francisco’s
startups and creative collaborations push the city to the forefront of resilience in the
US. Aggressive climate goals set by San Francisco set an example for the rest of
the country in building resilience. As a leader in resilience planning, San Francisco
needs to continue innovating, experimenting with safe-to-fail projects, and piloting
futuristic technology to bring the region and the country closer to a carbon–neutral
future.
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Table 13.1 Summary evaluation of smart technology projects in San Francisco Bay Area

Gridscape
Microgrids
energy

Iteris and CAV
Transportation

ShakeAlert
disaster

STiR
innovation

PurpleAir
health

Low carbon
(contribution to
reducing GHG
emissions)

✔ ✔ ✔

Robustness ✔

Diversity ✔

Redundancy ✔

Connectivity ✔ ✔ ✔

Flexibility ✔ ✔

Resourcefulness ✔

Agility (rapid
response),

✔ ✔

Efficiency ✔ ✔

Adaptive/
Learning capacity

✔

Modularity
(independence and
self-organization)

✔

Creativity
(innovation)

✔ ✔ ✔

Equity ✔ ✔ ✔

Inclusiveness
(participatory)

✔

Foresight Capacity ✔

Smart technologies can help San Francisco achieve its climate goals, even when
projects address only a handful of resilience characteristics. Looking at the city as
a whole, projects like the five highlighted in this analysis show how each supports
a slightly different aspect of resilience in the San Francisco region. This diversity
of projects is important for resiliency, as it means the city does not rely too heavily
on any single project, partner, or collaboration. The quantity and richness of each
project expresses the resilience characteristics of redundancy, diversity, flexibility,
and modularity. The city’s resources in Silicon Valley allow it access to world-class
thinkers, innovators, and risk takers.

As a smart city, San Francisco could lean more heavily on resources from Silicon
Valley to create stronger and smarter climate and disaster solutions. Collaborations
with startups have been proven successful through programs such as STiR and
through Gridscape’s microgrid collaboration with the City of Fremont. The city can
also benefit from collaborations with private companies like PurpleAir, for instance,
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to provide residents with real-time data on current air quality measurements. Data
acquired through these sorts of partnerships can immediately inform and protect resi-
dents’ health, especially during this time of COVID-19. This low-cost system could
be implemented in school institutions and public buildings to increase data collec-
tion especially in low-income neighborhoods. This private company has proven to
be effective during times of disaster, with metrics weighing toward low carbon,
connectivity, and equity.

With hotter summers and larger impacts from wildfires, the city is in dire need
of more creative thinking from startup companies to introduce smart technologies
into the state’s governmental systems. Our evaluation shows that smart technologies
are supporting the San Francisco region’s efforts toward resilience and that the most
resilient projects are neighborhood-based, as shown in San Francisco microgrids.

Based on our results, smart technologies in San Francisco can support achieve
resilience, but there is still room for innovation and improvement. Transportation
innovations such as the effort to upgrade street intersections with connected and
automated vehicle technologies should be wary of possible decreases to resilience
that may surface under this new technology. Keeping the most vulnerable and least
carbon intensive users in mind, such as pedestrians and cyclists, will determine the
success of such projects.

In addition, San Francisco’s utilization of foresight capacity across its smart
city programs is debatable. Our results show that ShakeAlert emphasizes foresight
capacity, due to its disaster-focused research in urban areas. However, San Francisco
has an opportunity to improve its ability to predict and prepare for novel futures
and disasters. Such preparation would take into consideration funding from various
stakeholders, the urgent realization that San Francisco Bay Area could benefit from
a framework that consists of the proposed resilience characteristics.
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Resilient Smart Cities: A Case of Smart
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Abstract This study explores recent nationwide projects, including those related
to smart cities, climate change, urban regeneration, and the K-New Deal, and in
particular analyzes how the national smart city R&D project instills resilience in
a smart city. This study analyzes a government-funded smart city R&D project in
Daegu, South Korea with a focus on three main topics: the effects of the system, the
main items that should be considered by planners and decision makers, and ways
to ensure participation from diverse groups of citizens. Advanced smart city tech-
nologies and services are being adopted as part of the smart city R&D project, such
as deep learning-based civil motion recognition, advanced technology for intelli-
gent disaster prediction, and warning technologies for heatwaves, heavy rain, slope
collapses, etc. Our analysis of the smart city R&D project according to the analytics
framework shows that the Daegu smart city R&D project has sought to consider 15
indexes of resilience and include the three main topics mentioned above. The list
of resilience indicators presented in this study can be used as an assessment toolkit
that comprehensively considers various parts of the city, such as technology/services,
planners/decisionmakers, and citizens, all of whichmake up a smart city. This check-
list provides a means of evaluating various stages of smart city projects that aim to
increase resilience.
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14.1 Introduction

The Korean central government actively promotes nationwide leading initiatives and
projects, including those related to smart cities, climate change, urban regeneration,
and the K-New Deal. This study explores recent initiatives and projects, and among
various efforts, seeks to analyze how the national smart city research & development
(R&D) project instills resilience in a smart city. This study consists of three parts:
an overview of nationwide smart city initiatives and projects, a discussion of the
characteristics of smart city R&D projects, and an analysis of those projects with an
eye toward resilience.

This section gives an overview of nationwide smart city initiatives and projects in
Korea. Four key initiative-related keywords have becomedominant in recent decades:
smart city, climate change, urban regeneration, and K-New Deal. Section 14.1.1
briefly demonstrates relevant initiatives, policies, and projects corresponding to the
four keywords. Following that, Sect. 14.1.2 will provide a brief overview of the
current status of smart city projects in Korea.

14.1.1 Korea’s Climate Change-Related Initiatives
and Trends in Development

In Korea, Ubiquitous City (U-City) projects have been carried out since the 2000s
basedonvarious urban informatization projects.AU-city project is begunon the basis
of public initiatives focusing on new cities; the “Ubiquitous City Construction Act”
was enacted in 2008 in order to efficiently construct and manage ubiquitous cities.
Some U-City projects are led by the Ministry of Land, Infrastructure, and Transport,
while local governments and the Ministry of Science, ICT, and Future Planning
have expanded upon related projects. In U-City projects, the physical methods of
solving urban problems through large-scale infrastructure and resource input have
reached their limit. To address this problem, initiatives have changed their focus from
building U-Cities by expanding intelligent infrastructure to building smart cities that
solve urban problems through efficient use of urban infrastructure. A smart city is
generally defined as a city that uses information and communications technology
(ICT) such as the Internet of Things (IoT) to solve urban problems, improve the
city’s competitiveness, and improve the quality of life of its citizens, while also
pursuing urban sustainability. The transition to the smart city trend is a revolutionary
worldwide phenomenon that has been promoted in various fields such as energy,
environment, transportation, and crime prevention in Korea. Today, the concept of a
smart city in Korea is no longer a public-led new city project. It has become a key
tool for efficient management and improvement of urban problems in existing cities
as well as new cities and has become a common goal of Korean cities. In addition,
relevant projects have been promoted to further the national interest and address
the phenomenon of climate change, which is a global issue. In particular, projects
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focusing on low-carbon green growth are being implemented. A recent example in
Korea is an R&D project called “Development of National Land and Urban Space
Planning and Management Technology for Greenhouse Gas Reduction.” This R&D
project aims to develop a nationwide greenhouse gas planning and management of
land use, land-use change, and forestry (LULUCF) system for statistical calculations
and reporting and aims to develop land and urban space planning and management
technology for greenhouse gas (GHG) reduction.

Urban regeneration is also an important focus of Korea’s smart city initiatives. In
June 2013, Korea enacted the Special Act on Revitalization and Support of Urban
Regeneration (hereinafter referred to as the Special Act on Urban Regeneration) and
announced the “Basic Policy for National Urban Regeneration” to promote urban
regeneration in a comprehensive, planned and efficient manner. These initiatives
promote government-funded regeneration projects. An “urban regeneration project”
refers to a creative project that revitalizes a city by introducing or creating new func-
tions in an existing city that is declining due to various causes, such as changes in
industrial structure and urban expansion centered on new cities. Urban regenera-
tion projects in Korea have been established with a focus on regeneration plans and
solutions to fundamental problems, such as industrial, economic, cultural, and civil
society-related aspects of urban decline, in areas that have been overlooked. Given
the lack of fundamental consideration for areas in urban decline, it is difficult to
effectively cope with the problems that arise in such areas. Therefore, Urban Regen-
erationNewDeal projects have been promoted to support existing urban regeneration
projects, improve the living conditions of urban residents, and resolve urban decline,
which has become a national problem.

Urban Regeneration New Deal projects in Korea aim to comprehensively regen-
erate cities by improving the physical environment and enhancing residential capacity
in response to urban decline. Such projects focus on improving the environment in
older residential areas and restoring urban competitiveness. Some important goals of
urban regeneration projects include realizing residential welfare and restoring urban
competitiveness, social integration, and job creation. Urban regeneration-related
R&D projects are currently being carried out in Korea. One example is “Technology
development to analyze urban space risks and improve urban resilience in declining
areas,” which is related to the Urban Regeneration New Deal. This aims to create a
safe environment and promote resilience bydeveloping disaster risk analysismethods
in urban spaces in declining areas, along with resilience improvement techniques.
Accordingly, this project focuses on risk analysis, disaster prevention, and urban
resilience, and encompasses the concepts of “climate change” and “resilient city.”

In July 2020, the Korean government held the Korean version of the New Deal
National Report Conference at the 7th Emergency Economic Conference, presided
over by the President, and announced the “Korean Version of the NewDeal Compre-
hensive Plan.” Such a plan was necessary because low growth, intensification of
polarization, and the unexpected impact of COVID-19 have led to an unprecedented
recession that is the worst economic environment since the Great Depression. The
goals of the Korean version of the New Deal (hereinafter referred to as K-New Deal)
promoted by the Korean government can be divided into three main categories. First,
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the K-NewDeal intends to reliably overcome economic and social crises and expand
the employment and social safety nets to maximize stability in people’s lives. In
particular, it aims to reinforce efforts to create high-quality jobs that support struc-
tural transformation, such as jobs in the digital and green economy, rather than
basic low-skilled public jobs. Second, the K-New Deal seeks to make Korea the
world’s best advanced economic powerhouse through the Digital New Deal and
Green New Deal, both of which play to worldwide demands and the strengths of
Korea’s current workforce. Third, the K-New Deal intends to make Korea a leading
country in the effort to counteract the economic and social effects of COVID-19. In
particular, it actively promotes the enactment and amendment of laws and regulations
to vitalize the digital and green economies, provides employment insurance for the
entire country, and establishes a net-zero carbon basis.

According to the main components of the K-New Deal Comprehensive Plan
announced by the Korean government, the K-New Deal Comprehensive Plan has
three objectives. These are the Digital New Deal, the Green New Deal, and the rein-
forcement of the safety net. The Digital New Deal aims to advance the strength of
information and communication technology (ICT) in Korea, such as e-government
infrastructure and services. The Green NewDeal aims to accelerate the transition to a
green economywith eco-friendly initiatives and low-carbon development. The safety
net reinforcement section aims to alleviate unemployment insecurity and incomegaps
in an era of uncertainty due to economic restructuring. Among 20 Digital and Green
NewDeal projects, the K-NewDeal Comprehensive Plan includes a strategy to select
10 representative projects that create a significant number of jobs and new industries
and to use them as the initial center of influence.

With the four initiatives of smart city, climate change, urban regeneration, and K-
NewDeal (Fig. 14.1), theKoreangovernment has established a foundation to promote
new urban developments and improvements. In particular, Korea’s government has

Fig. 14.1 Four nationwide leading initiatives in Korea
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continuously recognized the significance of environmentally friendly and low-carbon
strategies by implementing nationwide Green New Deal initiatives. In recent years,
since the beginningof theFourth IndustrialRevolution, digital and smart technologies
have become effective solutions for urban problems. The adoption of advanced digital
and smart technologies in Korea has become a dominant strategy in the most recent
smart city planning and development, and R&D projects.

14.1.2 Current Status of Smart City Initiatives in Korea

The definition of a smart city varies depending on the conditions of each country,
but in general, a smart city aims to improve the quality of life of its citizens, improve
the sustainability of the city, and foster new industries by utilizing the innovative
technologies that are available in this era of the Fourth Industrial Revolution (Sharifi,
2019). It also should have a concrete platform and clear goals. In Korea, strategic
projects have continuously been carried out to achieve sustainable smart cities by
building urban infrastructure that relies on both construction and information and
communication technologies. Our analysis of the latest trends in Korea’s Smart City
initiatives is as follows.

National Smart City Pilot Projects
In Korea, national smart city pilot projects have been launched to demonstrate and
incorporate smart city technologies. These projects are pursued with the goal of
presenting a leading model of future smart cities by creating an innovative industrial
ecosystem that can realize creative initiatives. Two representative sites are Sejong
City’s 5–1 district and Busan City’s Eco-Delta City (Fig. 14.2).

(1) Sejong 5–1 District

Fig. 14.2 National smart city pilot projects in Korea. (a) Sejong 5–1 District Smart City; (b) Busan
Eco-Delta Smart City (Source Smart City Korea)
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Fig.14.3 Sejong 5-1 District pilot smart city (Source Smart City Korea).

Sejong 5-1 District is creating an artificial intelligence (AI)-based smart city that
changes citizens’ daily lives through innovations in seven crucial areas, including
mobility, health care, education, and energy (location of the district is shown in
Fig. 14.3). For example, smart transportation reduces travel time and costs by opti-
mizing traffic flow through AI-based analysis of shared modes of transportation
and traffic flow data and introduces various future modes of transportation such
as autonomous vehicles. The future city designed by Sejong City pursues post-
materialism, which is both human-centered and environmentally friendly at the same
time, and decentralization, which respects diversity and promotes citizen participa-
tion. Furthermore, it aims to utilize smart technologies that prompt innovation based
on data and AI.

(2) Busan Eco-Delta City

Busan Eco-Delta City is creating a state-of-the-art waterfront smart city through
10 innovative elements, such as robots, water, and energy. It is known as a city
specialized in water (Fig. 14.4); it applies smart water management technology to
the entire process of urban water circulation. The city planners in Busan are building
a zero-energy city that achieves 100% energy independence using renewable energy
from nature, such as water and solar power.With this plan, Busan City aims to ensure
sustainable life for future generations andmaximize social public value. In particular,
by realizing the “Smart Life, Smart Link, Smart Place” model of future cities, it
aims to create high-quality jobs that secure economic sustainability for the country
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Fig. 14.4 Busan pilot city—10 areas that are the targets of innovation (Source Smart City Korea)

by creating a cluster of five innovative industries (public autonomous innovation,
healthcare/robot, hydrothermal energy, water energy science, and VR/AR).

Smart City Innovation Growth R&D
In Korea, government-funded smart city R&D projects are being implemented to
realize a data-based smart city innovation model that allows sustainable growth and
improves residents’ quality of life. The smart city innovation growth R&D projects
have three objectives: to develop a smart city model and base technology, to foster
solutions to urban issues through the development of smart city services, and to
develop a new living lab-based model of sustainable urban development. An R&D
project in Korea usually consists of three stages: basic technology development (1st
stage), verification of the developed technology (2nd stage), and technology use and
stabilization (3rd stage). The smart city R&D project is currently in the second stage.
It is largely composed of three core tasks. A brief overview of the three core tasks is
as follows (Table 14.1).

Smart Challenge Project
The Smart Challenge is a competition-based public offering project that was intro-
duced in light of the Challenge Project conducted in the United States in 2016.
The Korean Smart Challenge Project is a project that reflects the characteristics of
the US Smart City Challenge Project and the European Horizon 2020 project. It is
divided into Smart City Challenge, Smart TownChallenge, and Smart Solution Chal-
lenge according to the size, support method, and type of the project. The Smart City
Challenge Project effectively addresses urban problems with creative ideas devel-
oped by the private sector and effectively supports the demonstration and diffusion
of corporate solutions. The Smart Town Challenge Project is a group of initiatives
that discover and integrate solutions for local problems through regional governance
operations such as the Living Lab. The Smart Solution Challenge Project develops
region-specific solutions, such as approaches that improve citizenship and ameliorate
discomfort in small areas in existing cities.



330 Y. Kim et al.

Table 14.1 Overview of key tasks for smart city R&D in Korea.

Task Project title Overview

Task 1 Development of smart city model and base
technology

– Development of a “data hub model” for
the integrated operation and
management of information generated
through data hubs, massive IoT, digital
twins, etc. and lay the foundation for
leading the 4th Industrial Revolution

– Main Technology: Data Hub, Massive
IoT, Digital Twin, Semantic Data, PPP
Management

Task 2 Citizen service enhancement
(Use Case model)

– Site: Daegu city
– Demonstration of the use case type by
focusing on the development and
verification of services and technologies
to solve urban problems (transportation,
stability, administration, etc.) that
citizens are experiencing discomfort

– Main services and technologies: traffic,
safety, city administration

Task 3 Technology innovation & Initiatives
intelligence
(Living Lab model)

– Site: Siheung city
– Demonstration of city lab (including
many living labs) by combining
economic factors for urban growth and
regeneration, environmental/energy
factors for sustainability

– Major services and technologies:
environment, energy, living/welfare

(1) Smart City Challenge Project

The Smart City Challenge Project is a competition-based public offering project
based on the Challenge Project conducted in the United States in 2016. While the
U.S. Challenge Project was limited to the transportation field, the Korean Challenge
Project was introduced to solve urban problems in various fields, such as trans-
portation, energy, the environment, and safety. It is expected to present ideas and
to demonstrate and spread new smart solutions. Representative projects include the
Alive and Vivid Smart City Biz model city, Daejeon City, and the “Solving urban
and social problems through social economic models and sharing platforms” project
in Bucheon, Gyeonggi-do.

(2) Smart Town Challenge Project

The Smart Town Challenge Project promotes the integration of smart technolo-
gies into existing urban areas with an eye toward increasing regional competi-
tiveness. This project aims to discover and introduce smart services optimized
for small-scale regional demands, centering on local governments and local living
labs. The 2020 Town Challenge was applied by a total of 20 municipalities. Four
representative projects are as follows: “Jinhae Marine Park Smart Tourism Town”
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in Changwon, Gyeongsangnam-do, “Industrial complex safety, transportation and
environmental services” in Seosan, Chungnam, “Transportation and safety services
connecting universities and communities” in Gangwon, Wonju, and “Circular
Eco-Point Platform” in Jeonnam, Gwangyang.

(3) Smart Solution Challenge Project

The Smart Solution Challenge Project supports the introduction and spread of a
single smart solution that will directly impact citizens’ lives, such as smart solutions
for school headquarters, energy production, the environment, and safety. The effort
is centered on small living areas, and it aims to solve urban problems and improve
citizens’ well-being using smart solutions owned by the private sector. The 10 main
projects being implemented in 2020 include a “Virus, fine dust blocking solution”
in Gangdong, Seoul and a “Smart bus stop” in Wanju, Jeollaabuk-do.

Smart City Urban Regeneration

“Smart urban regeneration” refers to an effort by the government to integrate smart tech-
nology with urban regeneration initiatives. For example, drones are used to monitor roads
at night and back roads, and smart parking lots are constructed to provide convenient trans-
portation for residents. In these ways, smart technology is being introduced to areas under-
going urban regeneration. Some representative projects include Sejong City’s “Original
City Restoration Project” and Incheon Bupyeong’s “Building Economic Ecosystem through
Urban Regeneration New Deal.”

Overall, this section showed that many initiatives are being undertaken in Korea to
promote smart city development. Figure 14.5 shows the status of smart city projects
that are led by different local governments.

14.2 Materials and Methods

In this study, we applied a smart solution to a specific case (city/project unit) in Korea
and assessed whether the smart solution improved resilience of the area according
to a variety of metrics. The analysis measured the degree to which the technology
contributed to increased resilience. This section introduces the materials used in the
case analysis process and discusses the major analytical methods that were applied,
then goes on to explain the results of the analysis for a specific case. For the anal-
ysis, indexes of resilience characteristics were collected and utilized based on major
climate change research in Korea, smart city-related reports, various references, and
official portal sites.

When selecting the indicators of resilience, given our emphasis on developing
smart solutions that could reduce disasters related to climate change, the following
three main topics were judged, and related indicator items were collected: “System
effects,” “Key considerations for planners and decision makers,” and “Ensuring
various citizens’ participation.” We determined that the effects of using smart tech-
nology in general and the conditions that planners and decision makers should
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Fig. 14.5 Status of smart city projects by local governments (Source Smart City Korea)

consider in the process of applying the smart technology are factors that directly
contribute to resilience; thus, these were selected as themain focus. In addition, since
Korea’s smart cities are subject to a systemof cooperative governance inwhich related
ministries, local governments, companies, and citizens all participate, the degree of
participation of various citizens was also taken as a major focus. The list of resilience
indicators according to the three main focuses is shown in Table 14.2. These indi-
cators are adapted from Sharifi and Yamagata (2016) and detailed explanations of
them are given in the Appendix.

As shown in Table 14.2, nine indicators were used to measure the effects of
the system, which are low-carbon, robustness, agility, flexibility, efficiency, adap-
tive/learning capacity, modularity, creativity, and foresight capacity. Four indicators,
diversity, redundancy, connectivity, and resourcefulness were identified as major
items that planners and decision makers should consider. In terms of the degree of
participation of various citizens, a resilience characteristic index list consisting of a
total of 15 indicators, including indicators of equity and inclusivity, was created. In
Sect. 14.3, a selected case is analyzed in terms of the list of resilience indicators, and
the results are described in Sect. 14.4.
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Table 14.2 List of resilience
indicators

Main focus of index selection Resilience characteristic
indicators

System effect:
effects of applying technology

1. Low-carbon
(contribution to reducing GHG
emissions)
2. Robustness
3. Agility (rapid response)
4. Flexibility
5. Efficiency
6. Adaptive/learning capacity
7. Modularity (independence
and self-organization)
8. Creativity (innovation)
9. Foresight Capacity

Planner decision maker’s
key considerations

10. Diversity
11. Redundancy
12. Connectivity
13. Resourcefulness

Diverse citizen participation 14. Equity
15. Inclusivity (participation)

14.3 Description of the Selected Case

In this section, a target region and case to be analyzed are selected, and a brief
introduction to the region and the initiatives is given.

14.3.1 Region Selection: Daegu

Daegu Metropolitan City was selected as the target site for the analysis of the
resilience indicators in Sect. 14.2 because of its environmental characteristics and
plans for incorporating smart technologies. Daegu Metropolitan City is a medium-
sized city with an infrastructure base of 885.56 km2 and a population of 2.47 million
people. It is a good city to demonstrate the use of R&D initiatives. The environ-
mental characteristics of Daegu City were examined. As the outskirts are surrounded
by mountains, it has an inland basin-type climate that is cold in winter and hot in
summer. There is a large difference in temperature by season, and the averagemonthly
rainfall is much higher in summer than in the other seasons. Due to its basin-type
topography, air circulation is poor, and an industrial complex that generates a lot of
pollutants is located in the northwest region, so there is a high risk of air pollution in
the city due to the main wind direction in winter. Given these environmental charac-
teristics, the region is particularly vulnerable to disasters caused by climate change
relative to other cities in Korea, and plans are being made to respond to this issue.
In recognition of the importance of local governments in responding and adapting to
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climate change, Daegu has established 16 core policies in five areas, including setting
GHG reduction targets (30% in 2020). In addition, to reduce GHG emissions, the city
is promoting increased energy efficiency, eco-friendly means of transportation, use
of landfill gas resources, and citizen participation. Daegu City is attempting to incor-
porate various smart technologies at the city level (Fig. 14.6). In particular, various
smart projects are being promoted in consideration of the specific characteristics of
Daegu City by region (district). Regarding established smart city services, a smart
park has been created, and the safety, convenience, and eco-friendliness of the park
have been established. Three main types of implementation strategies are used in
Daegu: (1) Advancement of smart city services and creation of businesses, (2) Plans
for linking and spreading smart city services, and (3) Enactment of ordinances for
the creation and operation of smart cities and the institutionalization of cooperative
systems. Daegu plans to advance existing smart city services and infrastructure such
as transportation/safety/administration, etc., to develop use cases, and to enhance the
status of cooperative systems by organizing the Smart City Initiatives Council.

Fig. 14.6 Establishing a smart city in Daegu (Source 2030 Daegu Urban Master Plan)
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14.3.2 Case Selection: Development of Safety Technology
that Protects Urban Residents from Natural Disasters
and Urgent Rescue Technology to Ensure Social
Safety through the Sharing of Data

One of the smart city R&D projects in Korea which is being demonstrated in Daegu
was selected for analysis. As explained earlier, there are three core projects inKorea’s
smart city R&D projects. We selected the 2nd core project with Daegu City as the
region to be demonstrated as an analysis case. The title of the selected project is
the “Citizen Service Enhancement (Use Case model).” Here, “Use Case” refers to
a prototypical city that focuses on the development and verification of services and
technologies to solve problems relevant to citizens in a medium-sized or larger city
with an infrastructure base. This core project deals with the content of major services
and technologies related to transportation, safety, urban administration, and data hub
centers (Fig. 14.7) and is classified into four detailed tasks (2–1 to 2–4). Task 2–
1 aims to develop smart mobility and parking space sharing support technology.
Task 2–2 aims to develop urban disaster safety and social safety emergency rescue
technology through data sharing. Task 2–3 aims to develop advanced technologies

Fig.14.7 Daegu smart city initiatives concept diagram (Source Smart City Korea)



336 Y. Kim et al.

for data hub centers and urban administration services. Finally, Task 2–4 aims to
develop data-based smart city use cases for civic participation-type urban problem
solving.

We selected “Development of safety technology from natural disaster in urban
area and urgent rescue technology for social safety through sharing data” which is a
Task 2–2 subproject focusing on “disaster” as a detailed analysis case. This project
is a demonstration of the use of smart tools to respond to natural disasters (slope
collapse, flood, etc.) and social disasters (accidents and fires). It is divided into four
stages: development, demonstration, verification, and stabilization of use-case-based
technology. Since it deals with major issues related to climate change, it was judged
suitable for analysis according to the resilience characteristics in Sect. 14.2.

The casewe selected consists of twomainobjectives: (1)Development of real-time
data collection systems for disaster response, real-time prediction/analysis/sharing
systems and rescue services, (2) Improvement of rescue response through civic data
sharing. The contents of research and development for each are shown in the Table
14.3.

As shown in Table 14.3, Daegu is using citywide data to establish a system to
reduce and manage urban problems including various disasters caused by climate

Table 14.3 Research aims and contents of the selected case

Research aims Research contents

(1) Development of disaster real-time data
collection, real-time
prediction·analysis·sharing system and rescue
services

– Construction of heatwave reduction service
– Data filtering and management system for
risk factors for slope collapse

– Pre-detection of slope collapse and
development of disaster signal linkage
technology

– Detailed location-based (LBS) real-time
disaster/accident information

provision technology development
– Development of urban flood situation
awareness system to respond to

urban flood disasters and production of flood
maps based on converged data
– Rainwater pumping station pump/sluice
automatic operation system construction

– Development of technology to reduce
disasters (heat waves, etc.)

(2) Advancement of urgent rescue response
through civic data sharing

– Development of safety system for citizen data
generation and analysis management based
on sensor value

– Development of crisis warning level
management system and electronic manual to
support decision-making

– Development of intelligent dispatch order
technology using spatial big data

– Big data-based data sharing-type safety
platform development
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change, such as heatwaves, slope collapses, and water-related disasters. In addition,
the information in Table 14.3 confirms that promotion of citizen participation and
support for decision-making are important; this includes efforts to use citizen data
when developing safety systems and to develop a safety platform that relies on data
sharing.

The quantitative research objectives of this case are as follows.With the provision
of urban flood response services, this project aims to contribute to a reduction of up
to 20% of human and property damage caused by flood disasters. In addition, the
project intends to contribute to reducing the number of casualties caused by heat
waves by 20% by reviewing the expansion of application and commercialization
through operation/verification of heat wave reduction services. It aims to contribute
to an 80% responder arrival rate at every Daegu accident site (within the first hour
after an accident, referred to as the “golden hour”) through the creation and analysis
of a management safety system based on accident data (falls, traffic accidents, fires,
etc.). The project aims to reduce the time it takes for emergency medical services
to arrive in vulnerable areas by 10% to achieve that 80% arrival rate through the
development of a service module for emergency dispatch instructions. It aims to
contribute to that 80% on-site arrival rate within the golden hour by reducing the
time it takes for local government officials to make decisions by 40%. As a result,
the project aims to contribute up to a 20% reduction in property damage and personal
damage caused by the collapse of slopes, water disasters, heat waves, etc., which are
disasters caused by climate change in the disaster and disaster safety field, through
use case services for each field. In addition, the project aims to contribute to achieving
an arrival rate of 80% within the golden hour in the field of social safety emergency
rescue.

In this case, the expected benefits of technology utilization were found in all four
aspects that were considered: technological, economic, social and environmental,
and policy. We analyzed the performance of each technology and service that will
be developed through the project according to the two project aims described above.
The expected effects of each technology and service according to the research aim
(1) in Table 14.3 are explained in Table 14.4.

To summarize the contents of Table 14.4, in general, technology is expected to
allow for real-time service on the basis of various technologies including smart tech-
nologies, and to increase the speed and efficiency of work. In terms of the economy,
we can expect job creation and GDP growth due to a reduction in the number of casu-
alties and the extent of property damage following a disaster because of an increase
in the rapidity of response to that disaster, and because of the application of the devel-
oped technologies to smart cities. In addition, the expected effects in the social and
environmental aspects were minimization of the vulnerable groups and vulnerable
areas in the disaster field, and an improvement in citizens’ trust through the estab-
lishment of a participatory disaster management system. Lastly, in terms of policy,
inducing citizens’ direct participation through the establishment of a community
page related to the development system and the establishment of a natural disaster
reduction plan using converged data are expected to have an effect.
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Table 14.4 Expected benefits of each technology and service to be developed

Technology and service Benefits

Heat wave reduction service - Technical aspect: Provides a base environment
for sharing and using information by collecting
and storing real-time local weather information
and heat waves
- Economic aspect: Expectation to create
high-quality jobs in various fields through
information convergence and utilization through
urban data-based big data construction
- Social/environmental aspects: Measures
vulnerable to heat waves and minimizes
vulnerable areas by expanding test-bed
construction and applicability review
- Policy aspect: Expected to be used to support
decision-making on the preferential application of
heat-reducing facilities to vulnerable spots

Disaster (heatwave, etc.) reduction device
operation management system

- Technical aspect: temperature reduction through
installation of mist spraying streetlights combined
with smart technology/development of real-time
heatwave alarm service through data collection
- Economic aspect: budget reduction effect and
maximization of budget utilization through job
creation and cost-effective identification of
adaptation countermeasure technology
– Social and environmental aspects: efficient
energy use through sensor and data sharing
technology

– Policy aspect: The disaster management agency
expects efficient urban and disaster management
in terms of local government administration
through prompt information acquisition

Slope collapse prediction and warning
service

– Technical aspect: Increased the speed and
efficiency of disaster prevention work by
establishing a participatory disaster
management system, improving public
confidence

– Economic aspect: Reduce casualties and
property damage through linkage with
location-based services (LBS)

– Social/Environmental Aspects: Increased the
speed and efficiency of disaster prevention work
by establishing a participatory disaster
management system, improving public
confidence

– Policy aspect: Securing safety time according to
improvement of national and local government
slope management laws considering the
introduction of real-time data collection system

(continued)
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Table 14.4 (continued)

Technology and service Benefits

Detailed location-based (LBS) real-time
disaster/accident information service

– Technical aspect: real-time user location-based
disaster/accident response message delivery
service construction

– Economics: Minimizes damage to life and
property through prompt delivery of customized
disaster accident messages

– Social and environmental aspects: Improve the
reliability of disaster messages by delivering
customized disaster messages in real time based
on user location

– Policy aspect: Prepare a system for delivering
alerts from various media by linking the alert
systems used by local governments (civil
defense, disaster alerts, etc.)

IoT-based rainwater pumping station
automatic operation system

– Technical aspect: Demonstration of water level
prediction technology and automatic operation
technology

– Economic aspect: Business and job creation in
related fields by applying smart city
development technology

– Social and environmental aspects: Developing
techniques and systems that can integrate and
utilize individual element technologies
accumulated in existing domestic research

– Policy aspect: Induce citizens’ direct
participation and improve the environment by
configuring a system-related community page

Urban flood response service – Technical aspect: Proactive flood response by
developing a system capable of prompt flood
forecasting and warning issuance

– Economic aspect: GDP growth by implementing
a smart city that is organically linked with urban
flood management infrastructure

– Social and environmental aspects: improving
citizens’ ability to respond to floods, securing
social safety nets and realizing digital social
welfare

– Policy aspect: Establishment of natural disaster
reduction plan using fusion data-based flood
map

Next, the details of the expected effects for each technology and service according
to research aim (2) in Table 14.3 are explained in Table 14.5.

To summarize the contents of Table 14.5, in terms of technology, establishing a
safety platform and applying it to the Living Lab project can be expected to occur
via improving citizens’ situational awareness using citizen-sourced data. In terms of
economics, the effort is expected to revitalize the use case-type smart service devel-
opment industry and reduce the social costs associated with damage recovery in the
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Table 14.5 Expected effect by technology and service

Technology and service Benefits

Sensor value-based citizen data generation and
safety analysis management system

– Technical aspect: Establish a safety platform
by increasing the situation awareness rate
using accumulated citizen sensor data

– Economic aspect: revitalization of the use
case-type smart service development
industry using new devices

– Social/Environmental Aspect: Increased
individual’s satisfaction with city life by
ensuring safety in everyday life space

– Policy aspect: Securing the willingness to
spread local governments by presenting
safety service scenarios in the city

Development of intelligent dispatch instruction
technology using spatial big data

– Technical aspect: Applicable to Living Lab
project for realization of new use case in the
future by reducing emergency rescue
response time through derivation of optimal
route

– Economical: Improved reliability and
accuracy through continuous real-time traffic
information data collection by building a
platform

– Social and environmental aspects: improving
the quality of life and establishing a safe
society by reducing response time for
emergency rescue services, mitigating
regional imbalances

– Policy aspect: Systematic supplementation
of operation management aspect when
continuing management of traffic
information data through smart city safety
platform

Crisis warning level management system – Technical aspect: The development system
automatically determines the level of crisis
warning and disseminates it to the relevant
person in charge, contributing to quick
decision-making and more efficient disaster
response

– Economic aspect: Expanded application to
other local governments to create a market
for automated systems in the field of disaster
response

– Social and environmental aspects: To
improve the quality of life of the people,
such as increasing public confidence in the
disaster response process and reducing
damage

– Policy aspect: Expect efficient city
management and disaster management in
terms of local government administration

(continued)
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Table 14.5 (continued)

Technology and service Benefits

Safety platform and mobile app SW – Technical aspect: Real-time operation
management system and safety platform
linkage technology development, living
lab-oriented technology development

– Economic aspect: Contributing to reduction
of rescue time, reducing social costs for
recovery from damage in the safety field

– Social and environmental aspects: Equal
service provision to all citizens, resolving
inequality among service beneficiaries

– Policy aspect: Enhancing civic services in
the safety field by establishing a system that
allows citizens to voluntarily participate

safety field. In addition, the expected effects in terms of social and environmental
aspects include improving the quality of life of the residents, easing regional imbal-
ances, and resolving beneficiary inequality. Finally, in terms of policy, the system is
expected to improve civic services in the field of safety and the efficiency of disaster
management by establishing a system that allows citizens to voluntarily participate,
such as an SNS (social network service).

In conclusion, as summarized in Tables 14.4 and 14.5, this analysis case is
expected to have positive effects in terms of technical, economic, social, environ-
mental, and policy aspects in the areas of disaster and social safety through the devel-
opment of various technologies and services. In particular, it is expected to contribute
to the formation of a sustainable city by improving the resilience of Daegu City, a
prototype smart city, through integration of various smart technologies.

14.4 Results

This section describes the evaluation of the cases in Sect. 14.3 based on the list of
indicators of resilience in Sect. 14.2 (see Fig. 14.8). To help understand the char-
acteristics of resilience, the 15 indicators are defined in terms of smart cities. In
addition, in order to evaluate how much a particular smart city solution contributed
to an increase in resilience, a detailed description of the results of the analysis for
each item is given.
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Fig. 14.8 Resilience-related characteristics of a smart city

14.4.1 Low-carbon

Low-carbon emissions can generally be realized through the development of carbon
reduction devices and energy-efficient systems. The case in Sect. 14.3 aims to develop
various technologies and services based on the use of city data and sharing of citizen
data. Grafting of the developed technology contributes to a reduction in disasters and
improves citizens’ reliability in the disaster process. It is possible to provide a reliable
analysis and to efficiently use information by applying the developed technologies
and services to test areas and establishing a linkage system between various projects.
In particular, systems developed by grafting smart technology improve the speed
and accuracy of work, minimize resource waste, and increase energy efficiency. Due
to these effects, a carbon reduction effect can be expected, which contributes to
resilience.
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14.4.2 Robustness

Robustness refers to the strength of a system that can withstand sudden external
shocks without serious damage or deterioration of major systems. From the perspec-
tive of a smart city responding to climate change, robustness is obtained by estab-
lishing a smart city platform and a systematic management system. In the case in
Sect. 14.3, the city is aiming to improve global technology systems such as real-time
IoT and massive IoT networks by developing technology for collecting city-related
and citizen data using smart city solutions. Therefore, it is possible to increase the
speed and accuracy of disaster recognition when a dangerous situation occurs and to
create a more robust safety platform by using data on various causes of disasters that
is accumulated through the standardized linkage system of the smart city. Therefore,
an improvement in robustness can be expected when smart city technologies are
implemented; given such positive effects, the use of smart solutions contributes to
resilience in the analysis case.

14.4.3 Diversity

Diversity, from a smart city perspective, refers to the inclusion of various options
(resources, tools) to preserve one unique function in a particular system. The case
analysis inSect. 14.3 includes the establishment of a data sharing-type safety platform
through efficient linkage of various smart city technologies. This makes it possible
to minimize the effect of disasters in disaster-prone areas in cities, such as areas at
risk of collapse and areas that experience frequent flooding. In particular, various
data, technologies, and services aimed at predicting and responding to disasters that
constitute the safety platform improve the efficiency of business-related activities.
We can conclude that the analysis case in Sect. 14.3 contributes to diversity among
the indexes of resilience.

14.4.4 Redundancy

Redundancy means that, in the systems that make up a smart city, there are multiple
elements with similar functions and elements that can be replaced if they malfunc-
tion. In most smart cities, a service management system with excellent durability is
possible through convergence and integration of various smart solutions. In particular,
the analysis in Sect. 14.3 connects the operations of different disaster management
systems by combining various smart solutions. Therefore, it is possible to expand
applications between systems. Thus, we can conclude that the pattern of use of smart
technologies in Daegu contributes to redundancy, which is expected to improve the
resilience of the city in terms of climate change.
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14.4.5 Connectivity

Connectivity enables connection and coordination of activities between systems to
improve the efficiency of system operation from a smart city perspective. Smart cities
with good connectivity are capable of more accurate and efficient resource utiliza-
tion in terms of disaster preparedness. In the analysis case in this study, the linkage
between technologies and services developed by combining various smart solutions
is considered. The system is also designed to enable organic sharing between systems
using city and citizen data. As a detailed development example, there is “advanced
technology for emergency rescue response through sharing citizen data,” an initia-
tive that aims to provide accident-related information in connection with a central
control system such as a firefighting headquarters in a safety platform or data hub.
The accident-related informationmaybe linkedwith dispatch support technology and
accident site information sharing technology within the safety platform. These char-
acteristics contribute to rapid decision-making and efficient response by providing
and utilizing effective (functional) information in the event of a disaster scenario.
Therefore, we can conclude that this case reflects the connectivity characteristic due
to its technical benefits.

14.4.6 Flexibility

Flexibility refers to the ability of a system to adapt to changing conditions. A flexible
system can immediately detect risks in the event of a disaster and make imme-
diate changes in small subsystems to maintain overall system performance without
disruption. The analysis case is capable of linking independent safety field element
technologies based on the platform. In the event of a disaster, some of the various
field element technologies, including smart technologies that are configured in the
platform, immediately detect the risk. In addition, systemexpansionor service combi-
nation is expected through cross-connectivity between technologies. This leads to
efficient system linkage so that it is possible to adapt to changing conditions. In
particular, the developed technologies and services can be expected to be applied
to the Living Lab project to realize new use cases in the future. Furthermore, it
contributes to technological competitiveness for the expansion of smart cities in
Korea as well as other countries. Customized application of smart technologies is
possible according to the needs of various projects and environments. Therefore, we
can conclude that the smart solution contributed to an improvement of resilience of
the case in Sect. 14.3



14 Data-Sharing Approaches for Achieving … 345

14.4.7 Resourcefulness

Resourcefulness is a term relating to the adequacy of resources that urban planners
and decision makers can use to identify, respond to, and recover from potential
disasters. Resources, from a smart city perspective, include the ability to understand
the status quo and patterns in the data, aswell as the ability to identify potentially risky
situations. These characteristics are representative items that planners and decision
makers should consider in the process of applying smart technology. In the case
analysis in Sect. 14.3, a new service is provided through the establishment of a
database for various disasters. This contributes to reducing communication costs
and establishing a country-centered data collection system by establishing a self-
network via linkage of massive IoT network technologies when developing heatwave
reduction technology. By combining these advanced technologies, the collection
database can be expected to provide basic data that will be useful in the decision-
making process. Therefore, we can conclude that the research contents of the analysis
case contributed to the improvement of resilience.

14.4.8 Agility

Agility refers to the rate of response and recovery following a disaster in a smart city.
Agility refers to the ability of a system to mobilize necessary resources and return
to normal functions within an acceptable time frame in the event of a disaster. In the
analysis of the case in Sect. 14.3, it is possible to switch to an online-clockwise system
by developing a smart solution-based disaster risk factor measurement technology
and establishing a data collection system. Disaster management according to the
online-constant clock system of such risk factors can minimize the damage caused
by the disaster through rapid situational awareness and good judgment. In addition,
the system is expected to reduce rescue time and damage recovery costs in the safety
field by establishing a base technology that improves the accuracy of judgment of
accidents. Therefore, the analysis case contributed to the improvement in resilience.

14.4.9 Efficiency

Efficiency prevents resource waste in order to improve the productivity of resource
use and the ratio of energy input to resources used. The case in Sect. 14.3 contains
information on the development of forecasting andwarning technologies and services
for various disasters (heatwaves, heavy rainfall, slope collapses, etc.) caused by
climate change. In the process of developing these technologies, various smart solu-
tions, such as machine learning and deep learning, are applied. In particular, use of
self-learning technologies reduces rescue time by establishing a base technology that
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improves the accuracy of smartphone pattern analysis and accident judgment; as a
result, it can be expected to reduce social costs for damage recovery in the safety field.
By synthesizing these contents, we can conclude that the analysis case contributed
to the improvement in resilience.

14.4.10 Adaptive/learning capacity

Adaptive/learning capacity can be interpreted as the ability to adapt to disaster vulner-
ability and the ability of urban systems to learn from previous disasters. The analysis
case in Sect. 14.3 includes the implementation of pattern recognition-based tech-
nology through self-learning of various sensor data to build a safety platform. To this
end, various types of wireless communication technologies and data communication
linkage technologies are used. Specific examples basedonpattern recognition include
“DeepLearning-basedCitizen’sMotionRecognitionAdvancedTechnology” and the
“Accident Signal Pattern Analysis Algorithm.” The safety platform built with these
smart and progressive solutions supports the provision of reliable services to citizens.
Considering that the platform was built on the basis of this learning ability, we can
conclude that this analysis case reflects the adaptive/learning capacity characteristic
on the list of resilience characteristics.

14.4.11 Modularity

Modularity is generally interpreted to mean independence and self-organization.
From a smart city point of view, modularity refers to the system’s ability to be self-
reliant; in order bemodular, a system should include reinforced regional community-
based management platforms that can respond independently to disasters without
relying on a centralized system. In the case in Sect. 14.3, the stage of a situation
is established according to disaster type and organizational system management
system. In detail, the plan includes contextual information management and radio
wave management module development. As a result, system expansion or integra-
tion of services becomes possible due to the establishment of an organizational
system management system based on such module development. This is expected to
increase work efficiency and reduce unnecessary social costs. As another example,
the contents of building independent safety field element technologies include a
platform-based linkage system. This supports flexible combination of services as
needed in various scenarios when a disaster occurs. Based on this analysis, the case
in Sect. 14.3 reflects the characteristics of modularity.
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14.4.12 Creativity

From a smart city perspective, creativity entails innovation in the management, plan-
ning, and design of urban systems in order to reach a more advanced state. In smart
cities, innovation that improves system resilience is essential so the system is not
overwhelmed by diverse and constantly changing risks. In the disaster field in smart
cities, various environmental variables occur and non-linear patterns are involved in
the occurrence and response to disasters, so it is important to continuously update
the latest information in the system. Innovative technologies are used in this process.
In the case in Sect. 14.3, data was extracted using GIS-based information collec-
tion software. In addition, the urban system is innovatively planned and managed
by equipping the smart city urban disaster situation awareness system with tech-
nology capable of automatic extraction of urban information and disaster prediction
techniques. Therefore, this case reflects the creativity characteristic.

14.4.13 Equity

Equity plays an essential role in achieving resilience from a smart city perspec-
tive. In particular, it is essential to ensure that all citizens of a city can use each
service according to their needs and to ensure the participation of the poor and
marginalized classes in society. According to the case in Sect. 14.3, smart technolo-
gies mitigate inequality for service beneficiaries by providing the same services to
all citizens without being limited to specific affiliations/organizations; technologies
that are important for equity include mobile app SW in safety fields such as safety
platforms. Therefore, we can conclude that this case reflects the equity characteristic
due to the effects of this social aspect.

14.4.14 Inclusivity

From a smart city perspective, inclusivity means a participatory structure system
in which various decision makers participate in the planning and decision-making
process. Inclusivity has a positive effect on improving the adaptability of smart cities.
The case in Sect. 14.3 contributes to the enhancement of participatory civic services
by establishing a system that allows citizens to voluntarily participate through the
development of smart services such as safety platform and mobile app software.
In addition, participation in civic administration was encouraged by introducing
IoT Living Lab and citizen data. Furthermore, by including a community page in
the developed system homepage, direct participation by citizens and environmental
improvements can be expected. Accordingly, this case reflects the characteristics of
inclusivity, a social factor.
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14.4.15 Foresight Capacity

From a smart city perspective, foresight capacity refers to the ability to predict future
risks. This characteristic enables prediction of uncertainty and non-linear impact
behavior through the application of smart city solutions. In the case analyzed, smart
technologies developed in the 4th industrial revolution such as machine learning
methods and hybrid numerical models were introduced to predict the risk of natural
disasters (heatwaves due to climate change, heavy rain, slope collapse, etc.), and
these technologies are used to provide a highly accurate disaster warning service. In
addition, foresight capacity improves the trust among citizens in disaster scenarios
by delivering customized disaster-related messages based on user location through
a detailed location-based (LBS) real-time disaster/accident information service. As
a result, we can conclude that foresight capacity contributes to the resilience of the
system in terms of climate change response in the case in Sect. 14.3.

14.5 Discussion and Conclusions

In Korea, various social and environmental problems such as fine dust, traffic conges-
tion, water shortages, and natural disasters have emerged due to climate change and
rapid urbanization. Since these problems pose a serious threat to urban sustainability,
government-level efforts have been made to address them. Recently, the Korean
government has been attempting to create and spread smart cities with visions of
improving citizens’ quality of life, improving urban sustainability, and cultivating
new industries by utilizing innovative technologies in the era of the 4th Industrial
Revolution. The government has continuously implemented active policy supports,
such as expanding financial investment and drastic regulatory improvements. On
the basis of these efforts, many local governments are promoting the construction
of smart cities. Each local government that promotes smart city projects in Korea is
spurred to create a smart city that fits the unique characteristics of the region. In addi-
tion, the Korean government is promoting the establishment of various cooperative
governance systems. In order to foster new industries of the 4th Industrial Revo-
lution, various cooperative governance systems have been implemented, in which
ministries, local governments, companies, and citizens participate based on the smart
city platform.

A trend analysis and case study of developed businesses was conducted given
the continuous national interest in smart cities. Analyzing the development trend of
smart cities in Korea in Sect. 14.1 showed that Korea has continuously made efforts
to solve urban problems related to climate change disasters by developing advanced
technologies and services and implementing various projects. In particular, concepts
such as the Green New Deal, which focus on eco-friendliness and low-carbon emis-
sions, have been continuously developed in major national projects. Thus, Korea has
an advantage in that it is rich in the infrastructure necessary for disaster adaptation



14 Data-Sharing Approaches for Achieving … 349

and response. As a result, implementing smart city technologies that are organically
linked up with the nation’s robust infrastructure was expected to produce positive
effects in terms of technological, economic, social, and environmental factors as well
as policy.

Section 14.2 shows a list of indicators of positive resilience that can be improved
upon with smart solutions, according to three main focuses. The derived list is
composed of various characteristics related to smart cities, which range from char-
acteristics related to system performance, such as low-carbon output and robustness,
to indicators related to citizen participation, such as equity and inclusivity (partici-
pation). A case study was used to analyze a prototypical Korean smart city project
using the list of resilience indicators.

Section 14.3 analyzes the contents of “Development of safety technology from
natural disaster in urban area and urgent rescue technology for social safety through
sharing data,” which is a climate change disaster-related Korean smart city R&D
project. Section 14.4 describes the results of that analysis. According to the results,
all 15 characteristicswere improved due to the incorporation of smart and progressive
solutions.

The list of resilience indicators could be understood as a checklist for evaluating
the overall benefits of the technologies that compose a smart city, the aspects that
are important to planners and decision makers, and the aspects related to citizen
participation. Since the 15 characteristics are not limited to specific stages of a smart
city project, but instead relate to various stages from planning to management, it
is expected that the list can be used to evaluate different stages of various smart
city projects in the future. Korea will continue to develop smart solutions. Looking
beyond the limited development in Korea, the Korean government is building a
global network of smart cities in collaboration with countries around the world to
usher in the future of sustainable smart cities. Such efforts involve sharing of the
policies and experiences developed in each country and include a variety of projects,
ranging from person-to-person exchanges to joint project discovery, and practical
cooperation, such as demonstration of solutions. Therefore, it is expected that global
knowledge and technology/service sharing will be facilitated, as will efficient coop-
eration between countries, which will positively contribute to resilience on a global
scale.
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Robustness Robustness refers to a system’s strength to withstand
short-term(sudden), acute internal and external shocks
without suffering from major degradation of the main
functions. To achieve this and enhance system security,
the system needs to have the ability to counteract
and/or absorb the disturbance

Diversity Refers to the degree to which multiple distinct
functions, that can be used simultaneously, are
included in the system. The aim of this principle is to
hedge against supply disruptions and ensure that a
variety of options (resources, instruments, etc.) for
dealing with disturbances and ensuring functionality
exist in an urban system

Redundancy Redundant capacity refers to the availability of
(substitutable) components with similar (even
overlapping) functions in the urban system to enhance
its adaptive capacity and ability to absorb shocks, give
it reserve capacity for problem solving, and ensure that
uncertain events causing the failure or displacement of
one component would not result in the failure of the
whole system. In a system featuring redundant
capacity, exclusion of an element should not result in
significant loss of functioning

Connectivity An urban system includes multiple subsystems. A
resilient system should be capable of establishing
connections between those subsystems and coordinate
their activities in order to enhance effectiveness and
efficiency of operations. Without this capacity the
existing resources would not be effectively utilized to
prepare for the disaster, the system will not be able to
achieve its full absorptive capacity, and consequently
there would be procrastination in the recovery efforts

Flexibility Flexibility means that a system should have the ability
to “adapt to changing conditions” and undergo a safe
failure by changing its configuration. A flexible system
is capable of sensing threats, immediately detecting the
failure and making prompt changes at smaller scales of
its subsystems and thereby maintain overall
performance during disaster. In the context of energy
systems, this could (for example) refer to the ability to
shift between different energy configurations or adjust
regulations or prices according to changing conditions

Resourcefulness Relates to the adequacy of resources at the disposal of
urban planners and decision makers to appropriately
identify, prepare for, respond, and recover from
potential disruptions. This includes having appropriate
capacity to understand status quo and identify patterns,
potential threats, and contingencies

(continued)
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(continued)

Agility (rapid response), Represents the system’s capacity to mobilize the
resources necessary for recovery and return to normal
functioning within an acceptable time frame. Agility is
essential for avoiding cascading failures that can result
in the disruption of other functions in the system

Efficiency Means that the proportion of energy and resources
provided by an urban system to the resources given to
it as input should be positive to improve resource use
productivity and avoid waste

Adaptive/learning capacity Refers to an urban system’s capacity to learn from the
disaster to reduce its pre-disturbance vulnerabilities
and enhance its capacity to adapt to the changing
conditions. Adaptability implies recognition of the
inherent vulnerability of the system components,
availability of appropriate knowledge and assignment
of authority to prioritize tasks at the time of crisis, and
ability to respond with rapidity in order to facilitate a
“safe-to-fail” (or at least “soft-fail”) urban system. A
resilient urban system should entail “adaptive” cycles
that “alternate between long periods of aggregation
and transformation of resources and shorter periods
that create opportunities for innovation,” thereby
ensuring survivability of the system

Modularity (independence and
self-organization),

A resilient system should possess a “certain degree of
self-reliance that gives it the ability to maintain a
minimum acceptable level of functioning (without
external support) when influenced by disturbance.“ A
self-organized system discourages centralization of
resources and authorities and should involve
community-based management characterized by
strengthened local communities capable of
independently responding to disaster, cross-scale
partnerships, and “horizontal” and “vertical”
institutional connections that provide direct feedback
to the system and enable better informed
decision-making. Furthermore, it should entail the
ability to build upon and strengthen networks
established to respond to an earlier disturbance

Creativity (innovation) This principle represents the “urban system’s ability to
use the disruption as an opportunity to attain a more
advanced state.“ This requires utilizing innovation
(both technological and non-technological) in
management, planning, and design of urban system.
Innovation is essential to enhance various resilience
abilities and avoid being overwhelmed by the
constantly changing nature of risks

(continued)
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(continued)

Equity Equity plays an essential role for achievement of
resilience. This is to ensure that all urban citizens have
the ability to utilize services to prepare/plan for, cope
with and recover from disruptions. Also, justice is
needed in terms of exposure to adverse impacts. This is
to ensure that marginalized and poor people do not
bear the brunt of those impacts

Inclusive (participatory) Engagement of various stakeholders in planning and
decision-making processes enhances social capital and
improves planning, absorption, recovery, and
adaptation capacities

Foresight Capacity Any resilient system must be able to face the
uncertainty and relativity of the future conditions. The
concept of disaster is entangled with uncertainty and
nonlinearity of the impacts and behaviors of a portfolio
of endogenous and exogenous forces that can
potentially become sources of disturbance in the
system. This principle is essential for disaster
preparation and also absorption of initial shocks. It
implies that only preparation based on shortcomings
exposed by past events is not enough and forecasting
methods should also be applied in preparation to
respond to newer risks that may unfold in the future
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Urban Resilience in the Fourth Industrial
Revolution: Transformative
Digitalization in European Smart Cities
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Abstract Climate change has been and is still affecting every region in Europe, with
varying impacts across the continent. While some cities are generally resilient to CC
impacts, other cities are not necessarily as fortunate. Promoting policies that build
resilience enhances cities’ capabilities to copewith acute shocks and chronic stresses,
adapt well to changing climate conditions, and ultimately transform to resilient cities.
Conversely, the weak or absence of urban resilience increases the vulnerability of
the urban poor to risks. It is therefore imperative to rapidly enhance urban resilience
practices. To date, only 26% of 885 cities in Europe have viable adaptation plans,
highlighting an imbalance in the adaptation and resilience progression across coun-
tries. Although digital transformation through increased data availability and the use
of digitalization instruments has the potential to improve the rate of achieving the
adaptation strategies, notmuch has been documented in this regard. Thus, this chapter
examines the potentials of digitalization in accelerating adaptation and boosting
resilience in selected European cities. Case studies are analysed through a system-
atic literature search, and evidence of fruitful cases are presented. We conclude by
discussing some challenges of digitalization and make recommendations for future
works.
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15.1 Introduction

Globally, many cities face myriad challenges, such as rapid urbanization, political
crises, financial challenges, climate change, energy crises, food insecurity, terrorism,
and rising inequality that potentially serves as major threats to the resilience and
cohesiveness of urban areas and the people who work and live there (Bush and
Doyon 2019; McPhearson et al. 2015). In an increasingly interconnected and global-
ized world, the advent of the deadly COVID-19 pandemic has also compounded the
problems facing urban areas all over the world (Sharifi and Khavarian-Garmsir 2020;
Sheller 2020). Consequently, lives and livelihoods in urban communities, especially
informal settlements, are at risk as a result of limited coping, adaptive, and trans-
formative capacities (Okunola 2019; Satterthwaite et al. 2020). This necessitates the
need to respond more quickly and more effectively for long-term urban resilience
and management interventions.

Over the years, several studies have posited that the most complimentary and
viable solution to preventing and managing the plethora of risks facing cities of
the world lies in understanding, supporting, and developing urban resilience (Folke
2006; Meerow and Newell 2015). Urban resilience in this context refers to the
capacity of urban structure and its socio-technical and socio-ecological networks
across spatiotemporal scales to swiftly revert to or maintain its desired status despite
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disorder, to adapt and rapidly transform urban systems that inhibit short or long-term
adaptive capacity (Simone et al. 2021;Woodruff et al. 2018). Implementationof urban
resilience is seen by stakeholders across the world as a viable approach to manage
multiple threats such as ageing infrastructure, equity concerns, economic instability,
extremeweather, and shifting climate (Woodruff et al. 2018). Urban resilience, there-
fore, offers an optimal approach to overcome different contextual and developmental
challenges by using available internal and external resources. It involves an effective
and coherent level of coordination across and betweenmultiple levels of government,
diverse humanitarian organizations and industries, as well as various perspectives,
disciplines and mechanisms, which combine and transform different methods for
viable transition pathways of urban centres (Bush and Doyon 2019; Meerow et al.
2016).

The importanceof buildingurban resilience cannot beoveremphasized. It provides
an opportunity to address understudied components of cities, understand the histor-
ical and socio-political processes that create and maintain social vulnerabilities, and
to sustain the livability and economic competitiveness of cities (Weichselgartner and
Kelman 2014). In line with this, investment and implementation of urban resilience
policies better equip cities to cope with chronic stress and shocks, adapt to changing
environments, and transform cities into resilience hubs.On the other hand,Rentschler
(2013) argues that the weak or absence of urban resilience exposes urban poor living
in unsafe areas to various types of risks and suffers excessively when the risk mate-
rializes and perpetuates poverty traps to increase urban vulnerability to hazards of
different magnitudes. Hence, efficient and rapid urban resilience practice is urgently
required for effective adaptation and transformation of cities.

Much scholarly attention has focused on various practices of enhancing urban
resilience in the cities of global south and north (Galderisi et al. 2020; Staddon et al.
2018; Zhou et al. 2017). For instance, constructed wetlands are used as nature-based
wastewater treatment in Kruger National Park, South Africa, where 365 mega-litres
of water is treated and returned annually. The wetlands comply with the regulatory
authority’s guidelines and are ecologically suitable for releasing treated water into
aquatic ecosystems (Staddon et al. 2018). In furtherance of the use of green infrastruc-
ture for urban resilience (Morin et al. 2021) noted that the delivery of environmental,
commercial, and social infrastructure across a development of 6000 units of carbon
zero houses in Bicester, England, was greatly assisted by green infrastructure. To
ensure total compliance, 40% of the total site area is required to be reserved as green
space based on the government policies such as Delivering Sustainable Development
and Planning Policy Statement 1. Consequently, the value of the project lifecycle
demonstrates the resilience of the development and the effectiveness of using green
infrastructure. Another typical example of common resilience practice in cities is
the creation of devoted Resilience Offices in the 100 Resilient Cities Initiative and
engagement of stakeholders which represent an avenue to encourage a more efficient
and promising collaboration among different segments of local administration and
multi-sectoral cooperation in Athens and Rome (Galderisi et al. 2020).
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Even though urban resilience has contributed immensely to the development of
cities worldwide (especially European cities), scholars have identified various limi-
tations and challenges of implementing and mainstreaming resilience in European
cities. For instance, Kourti et al. (2019) suggested that to foster urban resilience
in European cities, it is imperative to resolve three fundamental challenges. These
include a lack of simple yet effective models that appeal to policymakers, easy and
quick access to simplified datasets, and a hindrance to sharing information, design
strategies, and analysis of outputs between the government and private sectors. This
argument was also shared by Komendantova et al. (2016) who stated that resilience
strategies in European cities could be hampered or facilitated by an inclusive and
holistic stakeholders’ approach for risk prevention and mitigation at all levels of
governance, and existing institutional frameworks which involve issues such as the
centralization of decision-making process. To this end, this chapter offers some crit-
ical reflections on urban resilience in the fourth industrial revolution with a specific
focus on the impacts of climate change in Europe, adaptation and transformative
initiatives, as well as digitalization as a transformative adaptation tool.

15.2 Climate Change (CC) in Europe

15.2.1 Brief Intro on CC

From about two centuries ago when Joseph Fourier published his article on the
earth’s natural greenhouse effect, much has been discovered about how the climate
is changing. As a result, numerous measures have been put in place globally, region-
ally, and locally to mitigate it—the world population has multiplied, the United
Nations Framework Convention on Climate Change (UNFCCC) entered into force,
the Intergovernmental Panel on Climate Change (IPCC) has produced five Assess-
ment Reports, and the effects of CC have become more apparent, to mention a
few.

Various definitions of CC have been documented in the literature. The common
component to these definitions is a change to the climate over a long duration.
According to the IPCC usage, CC is ‘a change in the state of the climate that can be
identified (e.g. using statistical tests) by changes in the mean and/or the variability of
its properties, and that persists for an extended period, typically decades or longer’
(Balogun et al. 2020). Even though the definition of the UNFCCC in 1992 included
both direct and indirect human activities, in addition to natural climate variability,
the increasing human influence on the climate system was confirmed in IPCC’s Fifth
Assessment Report with a 95 per cent certainty that the main cause of current global
warming is humans (Chelleri and Baravikova 2021).
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15.2.2 Impact of CC on European Cities

CC has been and is still affecting every region in Europe, however, the impact across
the continent that varies. While some cities are generally regarded to be resilient to
CC impacts, other cities are not necessarily as fortunate. Studies have also shown that
what may be regarded as the level of impacts and vulnerability nationally could be
different at certain regional and local levels (Chelleri and Baravikova 2021; Coaffee
2008).

CC impact across European cities, such as droughts, forest fires, sea level rise,
increases in atmospheric temperatures, heavy rain, and change in storm patterns
(Chelleri and Baravikova 2021), have been multisectoral.

15.2.3 Nexus Between CC and Urban Resilience

Globally, levels of urbanization have been increasing for decades, and the trend is
projected to continue through 2050 Chelleri and Baravikova (2021). As of 2020,
urban areas accounted for approximately 75% Europeans and the growth is expected
to reach as high as approximately 84% by 2050.

Many urban areas have been stretched over time due to increase in influx;
increasing use of energy, traffic congestion, elevated levels of emissions, etc. are
just a few of the impacts felt in these areas. As a result of factors including high
population and infrastructure density, cities are usually vulnerable to CC impacts
(Galderisi et al. 2020). Therefore, not having adequate receptors and infrastructure
in place to handle the impending shocks from CC will not only cause huge impacts,
but it will also lead to huge costs (Bodansky 1993). A more proactive approach, such
as designing cities for resilience, is not merely an option but it is turning out to be
the way forward (Pachauri et al. 2014).

For resilient cities to meet the challenges of CC, the approach will need to be
adaptive and sustainable. This will include adaptive strategies for water manage-
ment (Ionita et al. 2020) by reducing impervious surfaces and channelling floods
and stormwater to areas they are the most required (Weilnhammer et al. 2021), digi-
talization (Desa 2014) to include bridging the digital divide between governments,
real-time data usage for traffic monitoring and heating/cooling systems, (Lindberg
et al. 2013) effective policies, and public participation (Hunt and Watkiss 2011).

Some region-wide efforts to address CC issues in urban areas of Europe include
the ‘Pact of Amsterdam’ (Coaffee 2008) and ‘10 years of the Covenant of Mayors’.
Meerow et al. (2016) in 2016, an urban agenda for the European Union (EU) was
established—the ‘Pact of Amsterdam’ (Pact)—to address urban challenges. Intended
to enhance the quality of living of the community, the Pact notably listed climate
adaptation (including green infrastructure initiatives) as part of its major themes,
and the objectives are to take appropriate action to prevent the damage of CC by
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anticipating its adverse effects. These initiatives foster the kind of collaboration that
is useful for cities to become resilient in tackling CC.

15.3 Climate Change Adaptation Initiatives in Europe

The European countries had not considered CC adaptation strategies until the mid
of 2000s (Biesbroek et al. 2010). Prior to this period, efforts were mainly focused on
CC mitigation. However, due to the realization that climate change impacts cannot
be rapidly reversed (IPCC-WG 2001) and the UNFCCC, different countries started
exploring adaptation options alongside mitigation efforts (Biesbroek et al. 2010).
The adaptation strategies started with the adoption of National Adaptation Strate-
gies (NASs). Biesbroek et al. (2010) showed that between 2005 and 2008, about
nine European countries including the United Kingdom, Netherlands, France, and
Germany established NASs. The EU-wide strategies commenced with the adoption
of a white paper that presented the framework for climate change adaptation in 2009
EC (European Commission) (EC 2009). In 2013, an EU adaptation strategy was
adopted (EC 2013) which has culminated in the inauguration of a new EU adapta-
tion strategy in February 2021 (EC 2021). The EU realized that despite the strategies
about EUR 450 billion was lost to climate-related events in the EU indicating that
the strategies need to be improved (EC 2018). The new strategy which builds on the
2103 strategy aims to ‘realise the 2050 vision of a climate-resilient Union by making
adaptation smarter, more systemic, swifter, and stepping up international action’ (EC
2021).

15.3.1 An Overview of the Adaptation Strategies in Europe

The white paper on EU adaptation strategy highlighted a framework of ‘incremental
adaptation’ in two phases (EC 2009). The first phase was a foundation for the
second phase which would commence in 2013. The focus of the first phase was on
ensuring coherence in the EU’s response to climate change across multiple sectors
and levels of governance, making climate adaptation part of EU policies, establishing
a knowledge base and increasing the resilience of the agriculture, health, and water
and coastal and marine sectors (Biesbroek et al. 2010). In the 2013 document, the
strategies were to encourage the adoption of comprehensive adaptation strategies
by EU countries, build resilient infrastructures, implement adaptation in vulner-
able sectors, provide funding, and close the knowledge gap (EC 2013). The latest
strategy involves improving the knowledge base, promoting digital transformation,
making Climate_ADAPT the platform for adaptation knowledge and information,
supporting adaptation strategies at all levels, ensuring swift actions in reducing risks
andvulnerability, and promoting international action on climate resilience (EC2021).
These strategies indicate that the general framework is incremental (building on the
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previous strategies) promotesmultilevel governance and digital transformation. Ishti-
aque (2021) asserted that due to the multidimensional nature of climate impacts and
the involvement of multiple actors, adaptation strategies should adopt the multilevel
governance concept.

15.3.2 Limitations of Existing Adaptation Initiatives

Rutherford et al. (2020) posited that few studies have critically reviewed or compara-
tively evaluated the adaptation strategies. One of the early studies by Biesbroek et al.
(2010) concluded that most NASs focused on their local problems without regard
to the EU. Furthermore, they posited a lack of acceptable mechanisms, including
funding for implementing the strategies. Some of the limitations of the previous
strategies have been addressed by the later ones especially the new 2021 adapta-
tion strategies. However, the new document highlights that the knowledge gap in
adaptation strategy remains (EC 2021). It also emphasized the need to improve
local resilience and integrate EU strategies with individual strategies. Grafakos et al.
(2020) identified capacity gaps in the implementation of adaptation strategies by the
local governments in Europe. They also found that mitigation strategies are more
common in climate change plans than adaptation strategies. Rutherford et al. (2020)
showed that there is still an imbalance in the adaptation progression across coun-
tries. Also, Aguiar et al. (2018) concluded that though local adoption of adaptation is
increasing, there are differences in the adaptation plans and adaptive capacity at the
local level. In the study by Reckien et al. (2019), only 26% of 885 cities in Europe
have adaptation plans. Klostermann et al. (2018) highlight the need for a common
framework for assessing the achievement of adaptation plans to improve adaptation
monitoring. Digital transformation through the increase in the availability of data
and the use of instruments such as Digital Twins (EC 2021) might help improve the
rate of achieving the adaptation strategies.

15.4 Transformative Adaptation

Transformative adaptation can be defined as ‘a strategy that aims to reduce the root
causes of vulnerability to climate change in the long-term by shifting systems away
from unsustainable or undesirable trajectories’ (Fedele et al. 2019). According to the
WorldResource Institute (WRI), it is a systemic approach for protecting development
gains, maximizing resilience investments, and reducing climate change risks (https://
www.wri.org/our-work/project/transformative-adaptation). The approach emerges
based on the premise that incremental adaptation is insufficient in addressing climate
change because it is short-term and small-scale in nature (Wilson et al. 2020). Trans-
formative adaptation, on the other hand, involves fundamental transformation within

https://www.wri.org/our-work/project/transformative-adaptation
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and across systems by altering their key attributes such as values, institutions, regu-
lations, policies, practices, financing, bureaucracy, technologies, biological process,
lifestyles, and thinking (Lonsdale et al. 2015). It portends a long-term strategy
requiring complex learning to achieve non-linear and radical changes (Pelling et al.
2015). Such changes can be at the macro-level (international/national), meso-level
(region/community), and micro-level (household/individual). Internal or external
shocks such as climate change and disasters are the key circumstances that prompt
the need for transformative transformation,

Colloff et al. (2017) classified transformative adaptation into three broad types.
First is the ecosystem transformation, which deals with strategies to achieve long-
lasting change leading to a resilient and stable condition, valued and governed by
society, including ecosystem’s use and management. The second type is the transfor-
mation of decision context involving a significant change in the social arrangements,
the knowledge, values and belief systems, formal and informal laws that dictate how
power is codified, allotted, and utilized. Lastly, the governance transformation deals
with the capability to develop ‘adaptive, transformative governance for whom, to
enable what kinds of changes in governance systems, for what purpose’ (p. 88).

Efforts to employ transformative adaptation are undermined by the lack of aware-
ness, community resistance, limited funding, and political uncertainty about their
costs, benefits, and risks (Clarke et al. 2018; Colloff et al. 2017). Thus, disseminating
evidences of fruitful cases of transformative approaches are vital to surmounting
adaptation obstacles (Thaler et al. 2019). Global agreement and action are also vital
for enabling and fostering transformative adaptation, especially in production and
consumption processes, which are the major contributor to environmental degra-
dation and CC (Revi et al. 2014). Also, there is the need for collaboration among
domestic organizations and developing novel approaches to evaluating andmanaging
trade-offs between the existing socio-ecological systems and accepting fundamental
modifications to the systems (Colloff et al. 2017).

Transformative adaptation is not only essential, but it is also feasible. It allows
implementing anticipatory strategies in which fresh alternatives are co-created and
tried, leading to adaptive capacity, resilience, and sustainability through action–
learning adaptation cycles (Abubakar and Aina 2019; Wilson et al. 2020). This kind
of adaptation is effective in managing the growing CC impacts (Chowdhury et al.
2020; Fedele et al. 2019) and confronting urbanization challenges (Dano et al. 2020)
by ensuring that communitiesmost affected by climate change have an active voice in
preparing and implementing adaptation plans and policies. It allows decision-makers
and residents to develop an effective and lasting approach to achieve transformative
outcomes, such as saving limited land and water resources and lessening the risks of
climate-induced conflicts (Abubakar 2021). The approach elevates the visibility of
climate resilience, adaptation, and commitments and sharing solutions at different
scales and across borders (Wilson et al. 2020). It helps tackle short- and long-term
climate change threats, uncertain and non-linear changes that transcend sectors and
scales (Colloff et al. 2017).

In Europe, transformative adaptation is largely through bottom-up initiatives
occurring at local levels. In Norway, for example, the country’s multilevel and
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bottom-up governance system facilitates its implementation of transformational
changes. The local public agency addresses climate change adaptation by focusing on
the production and use of knowledge and collaboration. The approach involved devel-
oping and implementing urban policies and plans to reduce greenhouse gas emis-
sions and preserve open spaces, blue-green structures, and green roofs for handling
surface water and floods. The collaboration is between local public agencies and
external research institutes, and consultancy companies (Orderud et al. 2020). Simi-
larly, Thaler et al. (2019) investigated transformation approaches in natural hazard
management in Austria. The study found that local initiatives by local governments,
community organizations, and citizens have complemented the conventional hazard
management policies on mitigating flood and avalanche hazards.

15.5 Digitalization as a Transformative Adaptation Tool

Explanation of Digitalization
Digitalization as a concept is broadly understood as ‘the development and appli-
cation of digital and digitalized technologies that augment and dovetail with all
other technologies and methods’ WBGU—German Advisory Council on Global
Change (2019). It can have profound impacts on the economic and social systems
and restructure the domains of social life (Brennen and Kreiss 2016). This potential
makes digitalization one of the most transformative forces of the modern world.

How Digitalization Supports Transformative Adaptation to Climate Change
in European Cities
As Kates, Travis, and Wilbanks (2012) pointed out, the transformations could be an
extrapolation from smaller to larger scale or intensity, true innovation, and trans-
form/shift regions/locations. The first transformation often happens when some
locally tested innovative new ideas provide significantly positive results and present
scalability. In this regard, cities often act as the testing hub, and if they prove to be
beneficial, they could be spread through the entire region or country. Such projects are
often termed lighthouse projects. True innovations address an existing or emerging
issue in unprecedented ways thus setting the stage for replication. Though such trans-
formation seldom happens, cities as hotbeds of innovation and technology are fertile
incubation hubs for such path-making approaches. The transformative approach can
be a very useful strategy for the cities with limited resources as they can learn from
others and select the best ideas and implement them as per their local context.

European cities across the continent are increasingly exploring digitalization
as a tool to reduce their carbon footprint, respond to the emerging risks from
climate change, and become more sustainable. The European Commission repos-
itory on smart cities reports as many as 82 projects incorporating various facets of
digitalization that span across 122 cities.
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Some European countries, like Estonia, do not stop their ambitions at the city
level but aim to transform the entire country by leveraging upon digitalization. Capi-
talizing on their relatively smaller population (1.32 million, 2019), it aims to have an
ambitious roll-out of transformative projects to make the entire nation more resilient.
This was epitomized in their response to the COVID-19 pandemic, where unlimited
and free educational tools (apps, platforms, etc.) were provided across the country
(News report on PRNewswire). Such approaches demonstrate the transformative
potential of digitalization across scales. Additionally, digitalization enables cities
to establish integrated platforms, thus promoting economies of scale and strength-
ening their purchasing power. For example, in Lithuania, all calls higher than 10,000
EUR, must be organized via the national platform. From 2014, in this platform, an
option to select criteria for sustainability has been established and promoted, which
has allowed cities to work together as a cohesive group and efficiently use available
resources.

A sustainable approach to urbanization can also help settlements in addressing
climate change. Furthermore, sustainability encompasses economic and societal
considerations in addition to environmental and other perspectives. The often used
top-down approach to resilience and sustainability often suffers from poor imple-
mentation and acceptance by the end-user, in part due to their centralized and non-
participatory design. Many countries are using digital tools to not only improve the
design of such ‘top-down’ approaches but also to make the entire process, across
its life cycle, more participatory. In certain cases, such as in Poland and Lithuania,
cities have established open digital platforms where anyone can find relevant infor-
mation about spatial development projects (promoted visions, conceptual ideas, or
practical solutions) as well as share their suggestions (e.g. the citizen could point out
tree-planting sites or where infrastructure damages exist) (see Table 15.1).

Digital tools are increasingly being used to improve various community services
and amenities (like drinking water supply, waste management, street management,
etc.). Apps are increasingly used to inform about shortcomings, damages, or order
services or pay for these services. This can help in transforming the transparency
and trust level in such provisions and optimize resource utilization.

There are multiple ways to use digitalization as a transformative tool towards
resilience and sustainability, which often depends on not just the technical aspects of
the project but also on the socio-economic, environmental, efficiency, and political
aspects. In this chapter, we have picked two clusters of approaches to digitalization
in cities. Firstly, a centralized, top-down approach where digitalization is used as
an equalizer to promote resilience and enables everyone to participate efficiently in
it, as shown by the examples from Helsinki and Rotterdam. Secondly, a bottom-up
participatory approach that builds upon the usage of digital means to foster collec-
tive actions and involvement in the design and implementation of such projects, as
shown by examples from Vilnius, Gdansk, and Kaunas (see Table 15.1). Here we
present selected digitalization measures undertaken in these five cities, which have
the potential to bring about transformative changes in their urban resilience quest.

From the examples listed in the table, it is easy to point out that their local and
modular design can facilitate scalability and contextualization across Europe and
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beyond. Transferability of digital tools usually is very high since the contextual
description could be changed inside the programme/platform/app/etc. The concern
of these tools lies more in the local culture to use them for daily needs and purposes.
This contextualized replication potential of these digital innovations sets them apart
from traditional incremental measures and makes them truly transformative.

15.6 Challenges to Digitalization for Transformative
Adaptation in Europe

Despite the merits of digitalization in building cities’ resilience, such rapid trans-
formation can disrupt existing regulations and policies. For instance, the significant
shifts in the functions, primary attributes, and socio-ecological interactions, that is,
land use and land cover change (Fazey et al. 2018; Fedele et al. 2019) can affect agroe-
cological processes. If proper care is not taken, it can alter the social and ecological
factors thereby redefining and disrupting the whole system (Colloff et al. 2017),
which then necessitates a holistic approach to fix by combining several disciplinary
perspectives (Fedele et al. 2019).

Although smart grids (SG) are digital transformative tools that can support CC
adaptation, however, the deployment of SG can further lead to the absorption and
emission of radiant energy (greenhouse gas) (Giesbrecht 2016). Another major chal-
lenge with the application of smart grid is the scale of data and processing extent
(Balogun et al. 2020). Low-quality data do affect the accuracy of the network fore-
cast, which means, there is need for large volume of data for accurate prediction and
precision of different nodes in the grid. The monetization and paucity of free big
data (Loebbecke and Picot 2015) also hinder access to data for effective adaptation
planning.

Although the Helsinki Energy and Climate Atlas (Table 15.1) offers timely infor-
mation tominimize carbon emissions (Table 15.1), it has limited capability to provide
updated information about carbon footprint. Further, the atlas caters to only electricity
and heat emission without consideration of other crucial sources of emission such as
deforestation, land-use changes, vehicular and industrial emission (Cui et al. 2018;
Ma et al. 2019). Another challenge of the energy and climate atlas is that it cannot
be relied upon to exploit the geothermal heat due to its limited coverage (Helsinki
2020).

The reduction of carbon emission from the transportation sector leading to the
invention of Žiogas (eng. Grasshopper) (Table 15.1)may help reduce congestions but
it does not provide a complete solution. For example, users’ responses show that the
application still has many limitations which may cause a loss of interest. Therefore,
its functionality to reduce carbon emissionsmay not be realized or delayed. Similarly,
the sustainability of the Netherlands’ green infrastructure, smart design promotion,
streamlining industries, and data leveraging for solving climate change and urban
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resilience problems is threatened by excessive network traffic on the sole source of
the internet (Amsterdam Internet Exchange [AMS-IX]) (Smartdc 2021).

15.7 Conclusion

Although the devastating impact of climate change in Europe has been well docu-
mented, there is limited information on how digitalization tools are transforming the
resilience of European cities to the constant pressure of the rapidly changing climate.
The consideration of several resilience concepts has become an important scientific
research area to improve sustainability and minimize vulnerability to CC impacts in
European cities. Over the past few years, there has been a considerable increase in the
number of digital technologies that have been developed to foster resilience across
different scales. In this chapter, four of such digitalization technologies are analysed.
The energy and heat atlas of Helsinki Finland, centralized planning and engagement
of local communities in Vilnius Lithuania through interactive maps, the public trans-
port mobility app at Kaunas, Lithuania and the city digital datahub at Rotterdam,
Netherlands are enabling climate change adaptation and boosting resilience. Despite
the early gains, the complexities of smart cities encompassing the interaction of the
environmental, social-economic, physical, and political dimensions of a city pose
challenges to successful digitalization. Disruption of existing urban plans that could
cause the alteration of social and ecological spaces, emission of GHG, processing of
big digital data and technical limitations have all been documented. Further research
is required to identify sustainable solutions to overcome challenges to thewidespread
adoption of digitalization in order to address pertinent climate change problems and
boost urban resilience.
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Chapter 16
Wielding a Concept with Two Edges:
How to Make Use of the Smart Cities
Concept and Understanding Its Risks
from the Resilient Cities Perspective

Roman Serdar Mendle and Anina Hartung

Abstract Smart Cities and Resilient Cities are two normative theoretical concepts
within urban development research and practice. Using a dialectic approach, we take
a closer look at both concepts, identify their core ideas and examine two opposing
narratives about how they interact: the thesis of Smart Cities supporting Resilient
Cities, and the antithesis that they clash and contradict each other. We examine prac-
tical examples for Smart City applications to improve resilience, including sensor
networks in early warning systems in Japan, Blockchain applications for disaster
relief fund distributions in Vanuatu and using Artificial Intelligence to better under-
stand social resilience in Haiti. We also look at examples of new hazards and risks
for cities such as cyber security, privacy issues and threats to economic and material
resilience of a city coming from digitalization. As a synthesis, we propose that both
concepts are used deliberately and consciously as conceptual lenses to guide urban
development practice. We propose that Smart Cities are best to be used as a tool for
urban development, not as a normative goal or vision. We suggest that the Resilient
City concept provides a lens that can help set the goals and targets for Smart Cities,
but also needs to consider new types of risks in what we call digital resilience.

16.1 Introduction

When a large fire destroyed one of four OVHcloud server centers and damaged
another in Strasbourg on March 10, 2021, “Millions of websites” went offline, and
an estimated 2% of all sites with an.fr domain were affected (Satter 2021). Not all
data and cloud services affected had disaster recovery plans or backups (Sverdlik
2021), and this was not the first calamity this campus experienced either. In 2017,
a power outage had brought down the entire campus (Sverdlik 2017). If nothing
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else, this case serves as a reminder that cloud services, web services, and digital-
ization, as one of the most revolutionary developments of our century, are tied to
physical infrastructure, require resources, and come with their own set of risks for
external shocks. Resilience, therefore, is a highly relevant concept in the space, and
it becomes increasingly important as global digitalization and our dependence on
services provided by new technologies increases. This is not only true for commer-
cial web services, but even more within the space of urban development and urban
systems. On the other hand, Smart City research and practice have brought forward
a large range of ways that can aid cities in becoming more resilient, prepare them
better for external stress, or improve their ability to adapt and grow while decreasing
systemic vulnerabilities. Some recent research suggests that Smart Citiesmay overall
have a positive effect on resilience, even though “different types of urban resilience
are affected differently” (Zhou et al. 2021). We argue that there is a positive narrative
of how smart technologies can be used to improve the resilience of a city, either
deliberately or as a side effect, and a critical narrative of contradictions and fric-
tion between Smart Cities and Resilient Cities as two opposing concepts of urban
development. Taking both perspectives into account, we re-examine Smart Cities
from the perspective of the Resilient Cities concept in order to get a better and more
nuanced understanding of how to use (or not to use) Smart Cities as a tool for urban
development.

16.2 The Concepts of Smart Cities, Resilient Cities,
and Critical Views on Both

There is a vast body of academic literature out there on Smart Cities and Resilient
Cities, as well as other related concepts such as sustainable cities, green cities, digital
cities, and intelligent cities, which has been thoroughly reviewed and analyzed as to
whether both concepts implicitly share a common paradigm of urban development
(de Jong et al. 2015). One of the most important results of this analysis is, that at
least in its origin, Resilient Cities “established a theoretical branch of its own which
has steadily been gaining in academic popularity since 2006 [and] is only connected
with the ‘sustainable city’ and no other categories,” while the Smart City can “be
seen as a more advanced successor to, the older ‘information city,’ ‘digital city’
and the ‘intelligent city’ categories.” Smart Cities and Resilient Cities stem from
different conceptual discourses in academic literature and are defined differently by
scholars from various disciplines. A similar phenomenon can be observed at urban
development and sustainability forums and events in the practitioner’s space. For
example, events like the Barcelona Smart City Expo and World Congress (since
2011), ICLEI’s Resilient Cities Congress series (2009–2019), urban climate adap-
tation focused events within the framework of the annual UNFCCC’s Conference
of Parties (COPs), the Adaptation Futures, or European Climate Change Adaptation
Conference tend to attract different ecosystems of urban experts and stakeholders,
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and as such, despite some overlaps on the topics and objectives, the discourses elab-
orated in these events differ in norms, values, and vocabulary. For this reason, it is
worth unpacking the Smart City and Resilient City concepts to some extent, before
diving deeper into how they relate to one another and inform the urban development
as a whole.

16.2.1 The Smart Cities Concept

Smart Cities have been defined and redefined numerous times, so that now there is a
large and diverse set of definitions (or at least descriptions of) Smart Cities available
(Antwi-Afari et al. 2021; Bagloee et al. 2021; Colding et al. 2020; de Jong et al.
2015; Yigitcanlar et al. 2019). It is hard to adequately cover and represent this body
of available definitions and even harder to do proper justice to the complexity and
nuances of thought they represent. Evenmore difficult is representing this daily prac-
tice beyond the academic space, where Smart Cities have long become a mainstream
urban development concept, widely used by practitioners of all sectors. By and large,
the main focus of Smart Cities is the deployment and integration of technologies,
particularly information and communication technologies (ICT) in cities and their
effect on urban systems (Araral 2020; Bagloee et al. 2021; Yigitcanlar et al. 2019).
In addition, Smart Cities can be seen as an inherently normative concept, pursuing
varying sets of goals of urban development attributed to the use of technologies
(Bjørner 2021; Cardullo and Kitchin 2019; de Jong et al. 2015), such as better urban
services, increased efficiency of financial and material resource use, the optimiza-
tion of urban flows and processes, urban sustainability, the betterment of the local
economy and community, and/or leveraging some form of collective intelligence.
Smart Cities are, at the heart, a positively framed agenda for urban development
through technological progress that pursue some form of vision for a “better city”
by optimally and efficiently using all the technologies, tools, ideas, and forms of
capital available to them. As such, Smart Cities are also an attractive concept for
private business, private investment, technology providers, and entrepreneurs. They
conceptually welcome the expected higher efficiency and innovation capacity of
markets and private business, value technological solutions, and often support or
encourage private investment. This is especially true for entrepreneurship, particu-
larly start-ups and small and medium sized enterprises (SMEs) in support of diverse
local economies and smart city ecosystems (Ooms et al. 2020), along with business
models as a supplement or alternative to the “traditional” urban service provision
led by the public sector. When it comes to the role of citizens, Smart Cities often
emphasize that the residents are at the center of their efforts (Ji et al. 2021; Trencher
2019) for improved urban services or improved urban economies and quality of life
(as “end users” or collectively as participants in “living labs”).
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16.2.2 The Resilient Cities Concept

Summarizing the essence of Resilient Cities is arguably not any easier, as the
resilience concept has undergone an even longer process of evolution, reaching back
to at least the 1970s (Manca et al. 2017). Originally concerned with the ability of—in
particular, ecological (Biggs et al. 2015)—systems to “bounce back” after experi-
encing external shocks, resilience is a concept that is traditionally more oriented
toward decreasing vulnerability and strengthening the abilities of systems to prepare
for, survive, withstand, recover, and even emerge stronger from disasters or stress
exposure. Applied to cities, resilience has a strong connection to adaptation for
climate change, as cities copewith disasters such as extremeweather events, flooding,
rising sea levels, heat waves, or the degradation of their local environment and life
support systems. The breadth of issues, potential threats, and risks to urban systems
are subject to a wider discourse on resilient cities; however, they are by no means
limited to the climate or even environmental space. The global COVID-19 pandemic
is a key example of a health-related external shock concerning a global dimension
that affects nearly all types of urban systems from transportation to education, from
electricity and data use, to urban retail and the demand for green infrastructure in
cities. Likewise, the scope of resilience has evolved over time from physio-ecological
systems to include aspects like social resilience or economic resilience, urbanfinance,
and even incorporates elements of digital resilience (Bizzotto et al. 2019). “Building
back better” as amantra catch-phrase cited in the Sendai Framework forDisaster Risk
Reduction 2015–2030 (UNDRR 2015) illustrates another aspect of the evolution of
the resilience concept from the original idea of “bouncing back” and restoration of
systems to an earlier and potentially idealized “snapshot” state. A more contem-
porary understanding of increasing urban resilience is therefore to improve cities’
inherent adaptation capacity itself, or “bouncing forward” in order to stay resilient
in the face of constant global change and evolving unknowns. As Colding et al. puts
it, “Urban resilience refers to the ability of an urban system - and all its constituent
socio-ecological and socio-technical networks across temporal and spatial scales-to
maintain or rapidly return to desired functions in the face of a disturbance, to adapt
to change, and to quickly transform systems that limit current or future adaptive
capacity” (Colding et al. 2020).

16.2.3 Critical Views on Smart Cities and Resilient Cities

While there are vast bodies of literature directly or indirectly supporting Smart Cities
andResilient Cities, neither concept is uncontested. In fact, highlighting critical argu-
ments against Smart Cities from a sustainability and accountability perspective has
been one of three major sub-themes of Smart City literature (Araral 2020). Despite
their frequently proclaimed people-centric approach (Ji et al. 2021), Smart Cities
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are criticized for following an open or hidden neoliberal agenda of urban develop-
ment that not only runs the risk of disenfranchising people in cities from their rights
and roles as citizens and drivers of governance, but also perpetuates chronic local
austerity politics in a push to increase privatization of services under the cover of
“solutionism” (Cardullo and Kitchin 2019; Willis 2019). Furthermore, Smart Cities
are dependent on critical raw materials, the access to which is governed by exten-
sive cooperation and global geopolitics, rather than urban development principles
(David and Koch 2019), and which often cause severe sustainability challenges of
their own (Mendle 2011). On the other hand, Resilient Cities are also being criti-
cized for instilling normative imperatives on urban dwellers in practice and confining
their agency to redetermined systemic goals dictated to cities (Cardullo and Kitchin
2019), despite the emphasis on governance and power relations as an important
aspect of social resilience concepts (Manca et al. 2017). The ever-present mixing,
muddling, clutching together of both Smart City ideas with Resilient City ones, and
many other normative urban development concepts (safe, green, inclusive, intelli-
gent, circular, etc.) can undermine their very own goals and purposes. Kaika (2017)
argues that “Smart cities and ICTs cannot be the solution because, in fact, they
are part of the [socio-ecological] problem,” and that there is “ample evidence that
‘green’ development agendas have been driving new forms of displacement and
‘environmental/ecological gentrification’ in the global South.”

In this chapter, we deliberately refrain from endorsing or rejecting Smart Cities
or Resilient Cities as a whole. Instead, we acknowledge and build upon both the
supportive and critical work of improving the utility of Smart City and Resilient
City concepts in supporting and guiding urban development practice, while “disen-
chanting” the discourse around them. In particular, we want to highlight the distinct
relationship of Resilient Cities and Smart Cities with one another, since the literature
review here has shown that both concepts have common ground in their systemic
approach to urban development and are also united by critical arguments against
them. More specifically, we will analyze the question of how key aspects of Smart
Cities, such as the role of new technologies, synergize, or clash with Resilient Cities,
and how in turn risk management and other key elements of Resilient Cities contest
or support Smart Cities. We do so by looking at both the evidence in support of the
optimistic thesis that Smart City approaches can synergize with Resilient Cities and
vice versa, as well as the evidence in support of the critical anthesis that there are
indeed conceptual and practical clashes between both concepts that inevitably lead
to trade-offs in urban development.



380 R. S. Mendle and A. Hartung

16.3 The Thesis: Smart Cities Support Resilient Cities

16.3.1 The Positive Narrative of Smart Technology
Applications for Resilient Cities

According to the positively framed narrative of Smart Cities, digitalization and the
rapid technological progress of recent decades has led to an opportunity of using
technology as a way of “mak[ing] cities more intelligent in a variety of aspects
including efficiency, effectiveness, productivity, transparency, and sustainability,”
frequently through the use of various industrial and ICT technologies (Gil-Garcia
et al. 2015). In practice, Smart Cities are often comprised of initiatives undertaken
by local governments and other public and private stakeholders to solve pressing
city-level problems arising from urbanization in addition to the development, main-
tenance, and improvement of critical infrastructure (e.g., communications, water,
energy, mobility, buildings), while improving public services to the urban population
and increasing living standards (Silva et al. 2018). They also improve the information
about urban systems through novel forms of data generation and analysis to better
inform policy and decision-makers and to ultimately automate some urban processes
to increase performance and efficiency. This, relating to the argument, supports urban
resilience in that it can better inform policymaking, help identify risks, break admin-
istrative silos, integrate infrastructures for better efficiency, and provide an avenue
for cities to “build back better” in the aftermath of a disaster.

Major categories of technology featured in Smart Cities involve various forms
of digital connectivity including the Internet of Things (IoT), cloud computing,
data analytics, sensors and—increasingly—automated actuators, Blockchain, deep
learning, and artificial intelligence, with these different types of technology being
applied to a vast spectrum of cases (Toh et al. 2020). Typical urban challenges such as
security and crime, pollution, climate change impacts, economic fluctuations, social
conflict, and terrorism have the opportunity to be tackled from a different angle
by deploying scalable technological solutions. For this reason, it can be argued that
Smart Cities contribute to cities’ mitigation and adaptation of many forms of disaster
risk and stress by protecting critical infrastructure and monitoring the probability of
hazards, which in turn, informs decision-makers and other relevant stakeholders (Zhu
et al. 2019).

The Internet of Things (IoT) is a key technological cornerstone of Smart Cities
(Colding and Barthel 2017). It can be understood as “a radical evolution of the
current Internet into a ubiquitous network of interconnected objects that not only
harvests information from the environments (sensing) and interacts with the physical
world (actuation), but also uses existing Internet standards to provide services for
information transfer, analytics, and applications” (Jin et al. 2014). As projected by the
UN, it is estimated that by 2050, 68% of the global population will be living in cities
(UN. Population Division 2019). The consequence of an expanding urban population
into becoming an increasingly digitalized one under global trends includes a surge
of smart devices, which will consecutively aid in the development of the Internet



16 Wielding a Concept with Two Edges: How to Make Use … 381

of Things (Zhang et al. 2021). In addition, IoT sensors can be used in Smart Cities
to gather high volumes of data to monitor the structural integrity of buildings and
other infrastructure and thus, increase the overall resilience of a city in the event of a
hazard (Zhu et al. 2019). For example, they are effective for monitoring temperature,
air pollution and noise levels, humidity, smoke, monitoring traffic, or even detecting
the movement and behavior of crowds to identify dangerous situations in public
spaces. Such data can be analyzed to recognize, predict, and even prevent hazardous
events from happening.

Data analysis itself has also radically evolved and now holds enormous potential
in being used to support the resilience of cities. Big data approaches for combining
different types of information have the ability to reveal patterns across different
datasets, cross-referencing with social media traffic and content, along with other
ways to better understand the multi-dimensional and complex phenomena of cities.
While this increases the amount of data to be handled beyond the capacity of conven-
tional data interpretation, artificial intelligence (AI)—and its technological subsets
like machine learning and deep learning—have become a promising technology for
transforming the way cities can analyze data generated by IoT (Bhattacharya et al.
2020). AI deep learning enablesmachines tomimic human intelligence and decision-
making capabilities, and these skills can rapidly increase systemic response time to
identified hazards or stresses. Deep learning can be used to increase cybersecurity,
and therefore improve digital resilience of cities (Chen et al. 2021) as a new form
of risk that, as we will argue, increases proportionately with the promotion of Smart
Cities.

Blockchain, often used synonymously with distributed ledger technology
(Treiblmaier et al. 2020), is another key technology for Smart Cities with multiple
applications and use cases (Bagloee et al. 2021; Bhushan et al. 2020; Hughes et al.
2019). Arguably, Blockchain was invented to foster resilience of the global financial
system, as its origins lie in Bitcoin, a virtual currency proposed by an anonymous
individual or group under the pseudonym Satoshi Nakamoto as a response to the
2008 financial crisis (Nakamoto 2008). Its essential value lies in creating trust for
transactionary peer-to-peer systems without the need for a centralized regulatory
agent, by replacing it with a transparent record of transactions replicated throughout
the system. In other words, it allows decentralized systems that can be used to create
transparency and democratic ownership, while establishing effective public service
delivery and trust in governance bodies (Bagloee et al. 2021). It has the potential to
provide entirely new forms of e-governance, public services, and share information
in a way that is credible and reliable for citizens (Zhu et al. 2019) while protecting
their privacy. Blockchain solutions can allow citizens to provide sensitive personal
data in confidence, rest assured that it will not be at risk from imminent security
threats (Bagloee et al. 2021), and it has the ability to ensure that data records are
secure and not apt to being tampered with. For example, data on water and energy
use, along with medical data relevant for pandemic response measures, can be shared
securely and privately while ensuring the integrity of data used for decision-making
(Lin et al. 2018).
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Following this logic and narrative of innovative solutions available under the
conceptual umbrella of Smart Cities, many local governments around the globe are
already implementing and experimentingwith such initiatives.As further illustration,
we provide an ensemble of case stories from Japan, Vanuatu, Haiti, and India.

16.3.2 Case Examples to Support the Thesis

One older example of an IoT-powered approach to improve resilience toward natural
disasters can be found in Japan, where in February 2007, the Japanese govern-
ment introduced an emergency warning system for natural hazards, along with the
early warning system involving seismometers to monitor seismic activity and detect
shockwaves. Primary shockwaves (P-Waves) are analyzed by computers in order
to forecast how powerful the secondary waves (S-Waves) will be. If the system
predicts the S-Waves will be above a magnitude of 5.0, a warning alert is released
and response mechanisms are triggered. Four years after this implementation, the
country suffered a 9.0 magnitude earthquake which was followed immediately by
a tsunami, threatening the Tokyo metropolitan region among others. Springing into
action, the system triggered a range of response mechanisms and government reac-
tions which limited the fatalities and economic damage. The warning system, for
example, caused the Shinkansen bullet trains to automatically come to a halt when
the first tremors were felt and, for this reason, no trains derailed, thus protecting
all passengers on board. Such passengers in Tokyo’s subways were also evacuated,
surgical operations were paused, gas was disconnected, and nuclear reactors were
shutdown.Furthermore, all runways atHaneda andNaritaAirportwere closed, and86
flights were safely diverted. On the ground-level, the Tokyo Electric Power Company
(TEPCO) prepared for a power outage by prioritizing hospitals, power and nuclear
plants, traffic control agencies, and the government bodies tasked with collecting
and analyzing data. In terms of communicating this emergency with the population,
the major mobile networks delivered an SMS warning which was sent out via the
Japanese Broadcasting Corporation (NHK). This example demonstrates the impor-
tance of a city’s capability to collect, process, analyze, and distribute information
compiled from sensors as this can dramatically increase the resilience of a city during
a time-sensitive event (GSMA 2013). This case also illustrates that Smart City tech-
nologies have been successfully used to increase urban resilience in the metro-area
and even regional and country level, and are, in some areas, well-established and far
beyond experimental.

Blockchain technology, on the other hand, is arguably still in its infancy as far
as real-world examples are concerned, and even more so when it comes to illus-
trating its use to improve the resilience of cities. A range of examples from cities,
such as Dubai and Singapore, has not yet moved far beyond the strategy level as
of now and are largely following procedural efficiency improvement agendas, such
as reducing paper documents in administrative processes or creating new payment
systems (Manushaqa et al. 2019). However, there are some interesting examples
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emerging from cooperatives between non-governmental organizations that are more
in line with resilience challenges. Oxfam, for example, has piloted a Blockchain-
powered system for disaster relief spending, cash, and voucher assistance in PortVila,
Vanuatu (Rust 2019). The Unblocked Cash pilot investigated whether Blockchain
can reduce the cost, transaction time, improve transparency, security, and overall
user experience for relief hand-outs. The project distributed “966,443 Vanuatu Vatu
to 187 households and 29 vendors via the Ethereum token DAI, ‘wrapped’ in a
Crypto Collateralized Voucher and issued near-field communication cards designed
for low-connectivity environments as a means of payment for goods through a local
vendor network.” This resulted in modest cost and time savings, and reduced recip-
ient enrollment time in the support scheme to a fewminutes compared to over an hour
during previous cash assistance programs. More importantly, the Blockchain system
also eliminated the need for identity verifications and reduced dependency on post
offices or banks to deposit checks and/or withdraw cash. This example demonstrates
how well Blockchain can create faster or at least redundant transactional infrastruc-
tures that may provide a necessary alternative to analogue infrastructures, especially
in the face of systemic stress situations. Other promising examples for Blockchain
applications include applications for aggregating and integrating medical data in
a centrally accessible place to improve cities’ responses to health-related emergen-
cies, including pandemics. Sharing highly sensitive data in an accessible waywithout
violating privacy of individuals is a major issue that can be resolved by distributed
ledger technology which creates anonymity and trust. The MIT Media Lab has been
developing a Blockchain solution that allows medical data to be shared by practi-
tioners and healthcare institutions efficiently (Treiblmaier et al. 2020). Such systems
could in future also inform policy-makers, for example, in deciding on vaccination
priority schemes or for a more nuanced lock-down and social distancing policies
which address outbreak hotspots rather than subjecting entire cities or countries to
rigid lock-down measures. These examples illustrate that there is emerging evidence
for how Blockchain technologies serve to make cities more resilient.

In a recent example, artificial intelligence and machine learning have been used
in Port-au-Prince and other Haitian cities and communities to analyze mobile phone
generated and other remote sensing data in order to map the estimated income
poverty, inequality, and other social vulnerability factors (Pokhriyal et al. 2020).
Unlike other Smart City initiatives that are intended to replace analogue systems in
pursuit of systemic or process efficiency gains, this initiative explicitly aims to create
a redundant form of information gathering and is complementary to regular house-
hold surveys and census. In the report of this case, the Interamerican Development
Bank explains that this approach addresses a major information gap about the social
resilience in many developing country cities, who may not be able to afford the 186
USD survey cost per household and, as a consequence, often do not have sufficient
and up-to-date information on their level of poverty relating to social resilience. The
tested machine learning solution showed that some “communes located in the Sud
departments became increasingly more deprived than the rest between 2014 and
2019, likely due to Hurricane Matthew in late 2016,” and provided important insight
into the effects of environmental disasters in cities like Haiti. This goes to show
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that there are clear uses for novel data analysis mechanisms in support of resilience,
even in vulnerable and developing communities, which go beyond more well-known
Smart City examples such as early warning systems for fire hazards (Zhang et al.
2021) and improved traffic management or smart grids, which are suitable for more
affluent cities (Ullah et al. 2020).

Lastly, the Smart Cities concept has been used in India in order to drive and
accelerate urban development in general, rather than focusing on technological
aspects. Responsible for one third of the global South’s population (Prasad and
Alizadeh 2020), the Indian government in 2015 announced an ambitious Smart Cities
Mission to invest and develop 100 Smart Cities until 2020 (Khare 2019). The City
of Bhubaneswar was among the first beneficiary communities of the program and
subsequently ranked as the country’s smartest city (Pradhan 2016). An impact assess-
ment on the 2019 cyclonic storm “Fani” in Bhubaneswar and its vulnerability across
a range of social, financial, and physical infrastructure indicators found that India’s
“smartest” city was indeed “more capable than vulnerable” (Kawyitri and Shekhar
2021) in light of extreme events and external shocks. It is important to highlight,
however, that the measures that led to this result were not attributed to the use of
technologies like IoT, Blockchain, or artificial intelligence. Cited examples of the
same study with a beneficial effect for resilience included a “‘Smart Park’ project,
[in which] three existing city parks were redeveloped to allow more social gather-
ings for public walking, open gym practices, yoga practice, etc.,” and a project that
could have increased the resilience if it was not for a lack of progress at the time was
the “‘Integrated Improvement Infrastructure’, [which included works] like installing
efficient utility services for water supply, sewage management, underground electric
power lines, and solid waste management” (Kawyitri and Shekhar 2021). The City of
Bhubaneswar potentially illustrates a trend among India’s Smart Cities that includes
technological infrastructure at times, but does not prioritize it. In fact, one study
shows that only 8 out of 20 examined Indian Smart Cities actually feature technolog-
ical infrastructure, but all 20 of them feature elements of improving basic services
and transportation infrastructure (Prasad and Alizadeh 2020). This example illus-
trates how the hype about Smart Cities as a normative concept has been expropriated
in practice to fund and advance traditional urban development.

16.4 The Antithesis: Smart Cities Harm Resilient Cities

16.4.1 The Critical Narrative of New Urban Hazards
as a Result of Digitalization

Following a critical narrative, digitalization and technological development as a
driving force for Smart City opportunities also give rise to a new set of serious
risks and challenges to cities that are perpetuated by Smart Cities or at least come
as “part of the package.” Smart City technologies from IoT to cloud computing and
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artificial intelligence to e-government and digital services, create dependencies on
new types of critical infrastructure, perpetuate social vulnerabilities, and increase the
spending of public funds on expensive technological gadgets rather than focusing on
solving more pressing urban development matters. New risks introduced range from
physical damage to critical infrastructure like server centers as described in the intro-
duction to this chapter, to cybersecurity issues and cyberattacks (Chen et al. 2021;
Vitunskaite et al. 2019), or privacy issues of protecting citizen data in light of ever
increasing amounts of urban data mining and difficult legal and regulatory issues,
such as the question of regulating urban air space for the emerging use of drones
or “air taxis” in cities (Straubinger et al. 2020). Creating new services that require
access to certain devices like smartphones and a certain amount of technological
literacy creates and increases a socio-economic and age-related digital divide, along
with governance changes in unintended ways based on the shifting use from media
and interaction channels between government and citizens (Johnson et al. 2020; Lam
and Ma 2019; van Dijk 2006). Since all of these risks and challenges are directly or
indirectly related to global digitalization, we proceed to call the need for this entirely
new type of resilience in cities—and elsewhere—digital resilience.

Cybersecurity issues or cyber risk are perhaps the first group of challenges that
come to mind in regards to digital resilience. Cyberattacks have been a concern and
reality in cities for quite some time (AlDairi and Tawalbeh 2017; Chen et al. 2021;
Kitchin andDodge 2019), and there are a variety of attacks that can bemade on Smart
Cities. Ransomware attacks have successfully led to blackmailing public authorities
into paying large sums ofmoney in exchange for regaining access to stolen or blocked
off data (“Florida Cities Pay up After Crippling Ransomware Attacks,” 2019). Other
forms of attacks cripple IoT structures and stop them from functioning and providing
services (Altaf et al. 2021). As such, “IoT devices can be compromised in a number
of ways e.g. connected into a botnet, made inoperable by a worm or used to penetrate
the inner networks and systems” (Vitunskaite et al. 2019).With the global Smart City
market being estimated to reach a volume of over 150 billion USD as early as 2022,
an even higher amount of financial resources is needed to ensure cybersecurity of
Smart City systems to make sure they are secure, reliable, and scalable (Chen et al.
2021). Given the global uptake of implementing smart city technology, evidence
suggests that cyberattacks to Smart Cities are increasingly common and can result
in considerable damage (Vitunskaite et al. 2019).

Social risks and challenges tied to digital resilience include threats to surveil-
lance and violation of privacy, issues of socio-economic inequality creating—and
created by—digital divides, governance issues, and loss of citizen agency (Betten-
court 2019) as traditional formal and informal governance institutions, democratic
decision-making processes, and public negotiation are changed or replaced by digital
supported ones, often with an underlying neoliberal agenda driven by corporate tech-
nology providers (Cardullo and Kitchin 2019). Interlinked with this is a certain bias
toward socio-economic formality, in the sense that those often excluded from Smart
City initiatives are the urban poor, actors within the informal economy, or inhabitants
of informal settlements (Willis 2019).
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Finally, there is a largely unexplored dimension of resource dependency and
supply chain vulnerability of digital technologies which are increasingly becoming
a hazard to cities the more they follow the Smart City approach. Within this space,
a more well-known and documented element is the rapid increase of power demand
from global digital infrastructure. While there are some arguments for global energy
savings through the deployment of technological solutions to increase energy effi-
ciency, evidence suggests that global power demand has been growing at 3% per year
and “that the production and operation of ICT will rise to 21% of global electricity
consumption by 2030” (Morley et al. 2018). What is more, there is an emerging
body of research looking into the role of Smart Cities in increasing the demand for
critical raw materials (David and Koch 2019; King 2021; Wäger et al. 2015), which
are irreplaceable and simultaneously highly dependent on a well-functioning and
uninterrupted global supply chain. Smart Cities therefore tend to erode the economic
and material resilience, reducing economic and resource autonomy of urban systems
and making them vulnerable to geopolitics and global material shortage crises.

Following this logic and narrative of new and existing hazards and risks introduced
or perpetuated by Smart Cities, local governments around the globe need to carefully
consider the adverse effects of Smart City solutions on the resilience of their urban
systems.As further illustration,we provide examples from theUnited States, Canada,
Japan, and a current global resource shortage phenomenon.

16.4.2 Case Examples Supporting the Anthesis

In 2018, Atlanta, Georgia was targeted in the worst cyber assault of any U.S. city
up to that date (Kearney 2018). The incident that held more than one third of the
city’s 424 software programs hostage by encrypting decades worth of city council
member’s correspondence, preventing residents from using online billing services,
crippling access to legal documents, and delaying court case and warrants from
being processed, sent city officials into a frenzy, thereby “essentially forc[ing] an
aspiring Smart City to revert to pen and paper” (Poon 2018). The infiltration by
the cybercriminals, Samsam, directed their assault on compromising vulnerable,
outdated systems with weak passwords before a breach was made (Freed 2018). In
return for the files, $51,000 in Bitcoin cryptocurrency was demanded; an anonymous
and secure way for the culprits to cover their tracks. For weeks, the city government
was woefully disorganized and struggled to back up the missing files, while the
newly elected mayor admitted to severely overlooking cybersecurity and addressing
outdated software. Instead of paying the meager ransom, despite their $2.1 billion
annual budget, the citywas frantically investing in IT personnel that amounted to $2.7
million in emergency contracts. By doing this, Atlanta’s city government and FBI
sent a clear message that such an easy and tempting way for cybercriminals to make
financial gains will not be tolerated, while encouraging other vulnerable cities to not
give in to malware ransomware. However, fears surrounding the use of digitalization
and momentum of Smart Cities have brought unique concerns of similar incidents
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potentially involving the hostage of smart grids or other smart devices in return for
cryptocurrency. As a result, the need for up-to-date security measures and internal
education with city employees will be necessary to avoid such cyberattacks.

Protecting privacy, citizen interests, and the integrity of democratic governance
in local communities while ensuring citizen inclusion is another challenge in Smart
Cities. This became evident in a large-scale Smart City experiment by Sidewalk Labs
in 2019 (Berger 2020). As a sister company of Google, Alphabet’s Sidewalk Labs
outlined an ambitious plan inToronto,Canada to construct a neighborhood comprised
of commercial, residential units, andoffice buildings,with the infrastructure company
hailing it as a “neighborhood built from the internet up” and “the most innovative
district in the world” (Hawkins 2019). Such innovations in this 1.3 billion USD
investment involved the use of mass timber to construct eco-friendly and affordable
housing in themixed-use community,which could have had the potential to spearhead
similar initiatives in the construction industry for green housing (Berger 2020). In
addition, the initiative planned for the installation of public Wi-Fi, a pneumatic
garbage collection system, favoring walkability and bicycling over car usage by
implementing street systems to limit traffic with a promise to slash greenhouse gas
emissions by 89%, and a list of other technology use cases. Sidewalk Labs also
estimated that the project would lead to 44,000 job opportunities, 4.3 billion USD in
annual tax revenue, and 38 billionUSDof private sector investment over the course of
twenty years. In May 2020, Sidewalk Labs suddenly announced that the project had
been discontinued, officially due to the economic impacts of COVID-19. However,
by then, there had been a large number of criticisms and warnings voiced about
privacy concerns and corporate interest taking over the urban space and governance
in Toronto (“Surveillance Capitalism,” 2019). Via public Wi-Fi and other sensors,
the neighborhood Sidewalk Labs had been collecting “urban data” from, insisting
that they were needed to provide informative housing, traffic, and other urban system
assessments. Critics were worried that Google would ultimately use these datasets
to collect further personal information and opposed the notion of big technology
companies profiteering, gentrifying, and experimenting on the city. Soon after, plans
of Sidewalk Labs were published that expressed the company’s interest in expanding
the project from a 12-acre lot to 190-acres, public backlash intensified and the project
was stopped (“Google Affiliate Sidewalk Labs Abruptly Abandons Toronto Smart
City Project,” 2020). Arguably, such a case would not have been framed and publicly
discussed in this fashionwithinmost other countries around theworld, as there is little
global consensus on privacy and citizen rights to the same. Nevertheless, this case
vividly illustrates the democratic deficit that comes not from the application of smart
technology itself, but from the neoliberal and corporatist agenda often embraced by
the Smart Cities concept (Cardullo and Kitchin 2019; Kaika 2017; Willis 2019).

Finally, in regards to economic and material resilience, or rather the dependency
of Smart Cities on supply chains, documented case examples to support the antithesis
do not yet serve justice to the full extent of the risk provided. Some evidence from
the Fukushima disaster in Japan shows that the power outage caused by the Tsunami
in 2011 had a cascading effect on some of the smart disaster response systems
(Sakurai and Kokuryo 2015). Backup generators were either not in place or not
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functional at the time, causing them to fail and in turn increase the extent of the
disaster. Overall, the potential risks of resource shortages that could affect Smart
Cities are, however, much more severe and perhaps best illustrated by the 2021
semiconductor shortage crisis (the last but less severe shortage of this sort also
happened ten years earlier as another result of the disaster in Fukushima) (SCMP
Reporters 2021). Semiconductors are the backbone of any microchip and needed to
power anything that is “smart” about ICT and, therefore, Smart Cities. The shortage
affected most areas of electronics from IoT devices, smart phones, computers, and
car manufacturing industries and caused significant production interruptions and
delays (Sweney 2021). Arguably, a delay of the newest generation smart phone to
enter the market may hardly represent a major threat to cities, and more research on
the effects of the semiconductor shortage on Smart Cities is needed before detailed
insights and evidence can be provided. However, the shortage experience already
adds to resource security issues debated by national governments, as semiconductor
production is largely dominated by China, Taiwan, and South Korea (CSIA 2020),
and to a global struggle among major corporations for priority access to critical
supply chains (Sweney 2021). Material and supply chain resilience is a key factor
that is largely ignored by both research and urban development practice on Smart
Cities.

16.5 Toward a Synthesis: Discussion and Conclusions

There is a lot of common ground between Smart Cities and Resilient Cities. Both
concepts treat the city as a multi-dimensional “system of systems” or draw paral-
lels to ecosystems in the way that cities integrate social, environmental, institutional,
economic, physical anddigital processes, and infrastructures into a holistic andhighly
complex whole (Colding et al. 2020). Both concepts seek to create positive transfor-
mative effects throughout all these individual domains by improving, strengthening,
and changing individual systemic aspects through a perpetual process of innovation
and adaptation. In the examples from Tokyo and Port-au-Prince, this is achieved
through increasing the amount of available data, aggregating, and processing infor-
mation via machine learning and automation. The Port Vila example demonstrates
how technologies like Blockchain can be used to overcome trust issues to allow for
more effective allocation of relief fund distribution. Arguably, all the case examples
simultaneously represent good examples of both Smart City and Resilient City initia-
tives. The apparent difference here between both concepts is that while the Smart
City component in these examples lies in the application of a technological use case,
the Resilient City aspect lies in the goal setting; the resilience lens allows for the
identification of a threat (e.g., an earthquake in a tectonically active region of Japan)
or an opportunity to improve certain systemic coping abilities (e.g., improved health
information systems). A first observation therefore is that while both Smart Cities
and Resilient Cities have normative components, and resilience provides a concept
more focused on a beneficial goal or outcome, while Smart Cities are more focused
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on tools, instruments, and applications. In other words, if Smart Cities are about
providing solutions, Resilient Cities are about identifying problems to solve.

On the other hand, the pursuit of Smart Cities as a goal in itself holds much poten-
tial clash with the goals of Resilient Cities. The cases from Atlanta and Toronto
clearly show that cybersecurity risks are a new and serious type of hazard to cities,
with the neoliberal nature of normative aspects for the Smart City concept eroding
and contorting social resilience and local governance. Therefore, it is important
to point out that the concept of Smart Cities, despite its powerful and necessary
normative narratives that speak to its benefits of technological progress, becomes
problematic if it is used for goal setting and decision-making on urban development
itself. There is a conceptual difference by design between Smart Cities and Resilient
Cities regarding their inherent relationship to risk. The Resilient City concept sees
the identification, management, and even utilization of risk and awareness of vulner-
ability to systemic shock and stress factors, as amainmotivation for decision-making
and local action. For Resilient Cities, potential risks and vulnerabilities or experi-
enced stresses are a guideline for decision-making and a driver for change. Increasing
cybersecurity, overcoming a digital divide, or adapting to climate change induced
heat waves becomes a call to action and, in addressing them, an opportunity to simul-
taneously generate additional positive effects (“build back better”). Smart Cities may
share this notion, as long as it provides a task or a challenge that can be solved with
the technological approaches and the fruits of digitalization. However, a potential
conflict between both concepts arises when digitalization and technological appli-
cations themselves become the cause of new risks or increased vulnerabilities, as
is the case with cybersecurity of IoT applications, the digital divide that prevents
universal access to services, and weakened social resilience and integrity, and the
largely underestimated resource dependencies introduced by Smart City solutions,
which we are just beginning to experience in practice. In these cases, risks become an
obstacle for the advancement of the Smart City ideal for a technologically advanced
and innovative city. Furthermore, accepting risk is part of the pioneering and experi-
mentation idea inherent to the Smart City concept, and the Sidewalk Labs case from
Toronto clearly follows this logic of deliberately trading the privacy of inhabitants
for the sake of advancing technological maturity. For this reason, a shortcoming of
the Smart City concept from a resilience perspective is a possible “blind spot” for
detrimental side effects of technological solutions.

Therefore, we argue that Smart Cities should be seen as a “toolbox” concept that
is fit to help achieve targets set via a different normative paradigm. They should
not be used as an urban development paradigm in and of their own. This does not,
however, render the values and ideals of the Smart City concept useless or to be
disregarded. Private sector and private capital involvement in urban development,
the importance to test and experiment with technologies in real urban contexts, and
a positive fascination for technological progress itself are a necessity in order to
improve Smart Cities, and they help informurban development policies on conditions
and trade-offs necessary when applying ICT technologies in cities. But they should
be taken with a grain of salt and not be misused to derive some deductive ideological
imperative from the Smart Cities concept that propagates the use of technology for
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technology’s sake. Smart City practitioners should be fully aware of the conceptual
limitations of Smart Cities. In turn, critical views on Smart Cities should not reject
the concept outright, but rather help to objectively weigh the cost of Smart City
propositions against the benefits they provide. The Resilient City concept should
not reject or overlook technological solutions valuable for increasing the adaptation
capacity and sustainability of cities in the long run. Rather it may weigh support
in evaluating them in comparison with other non-technological approaches, such as
nature-based solutions or social innovation.

Adapting established resilience principles (e.g., Biggs et al. 2015) to digital and
technological systems, and incorporating resilience principles into the Smart Cities
concept promises a way to improve the practical implementation of the Smart City
concept and increase its maturity. To this end, Colding et al. (2020) propose the
adoption of seven resilience principles for what they call Digital Cities, i.e., maintain
diversity and redundancy, manage connectivity, manage slow variables and feed-
backs, foster complex adaptive systems thinking, encourage continuous learning,
broaden participation, and promote polycentric governance. This proposal is a major
conceptual advancement toward improving Smart Cities. However, the subject of
digital resilience we propose here in this chapter needs much more attention, in
research and even more so in urban development practice and policy. Raising aware-
ness and building the capacity of local governments, decision-makers, the private
sector, and citizens through case studies, aids in making abstract resilience issues of
Smart Cities tangible and could improve the application of these principles outside
the academic discourse.

Digital resilience in Smart Cities should not be limited to the technical aspects of
technologies and new infrastructure themselves. Rather, it is important for cities to
take into account wider social, environmental, and economic risks stemming from
digitalization as a global trend and which are perpetuated by Smart Cities in the
current form of the concept. The unhampered increase in demand of electricity and
critical raw materials, the digitalization of all aspects of urban life and the erosion
of established, formal and informal governance, and civic institutions are a major
issue that cities need to understand and address. The Smart City concept is not fit
for purpose to address these issues, and even resilience is only able to highlight
and explain parts of these phenomena. Circular City concepts, equitable and social
development, and a renaissance of the much watered down and eroded discourse of
the still relevant-as-ever urban sustainability itself are perhaps the best conceptual
lenses to address the complexity of these issues.

In conclusion, we argue in this chapter that both Smart Cities and Resilient Cities
should be seen as two well-established concepts of urban development theory, which
can provide valuable insights for research and practice. Rather than heralding one
concept as a panacea or superior ideology for how best to change and shape our
cities, they should be used as lenses or filters to help make differentiated decisions
and improve decision-making and governance in cities. This also means that it is
not advisable to muddle, relativize, or attempt to “fix” Smart Cities or Resilient
Cities as a concept in an attempt to make one or the other a catch-all term for better
urban development. Rather, the conceptual clarity and the focus of Smart Cities and
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Resilient Cities as clearly distinguishable “black-and-white” concepts improves their
utility as tools for urban development practice, planning, and decision-making.
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Chapter 17
Resilient Smart Cities in South America:
City Diplomacy for Sustainable Urban
Development

Rodrigo Perpétuo, Mariana Nicolletti, Pedro Jacobi, and Armelle Cibaka

Abstract The rapid process of urbanization on a global scale and the centrality of the
sustainable development agenda in the international context constitute two impor-
tant inflections in the contemporary world. As a result, the prominence of cities
in current international debates has grown so that cities exercise their diplomacy
and implement internationally aligned policies through global agreements. In this
context, this chapter analyzes the phenomena of city diplomacy and resilience in the
sustainable development agenda of South American municipalities. Resulting from
the discussion on the smart cities approach in the context of the region, it recognizes
the uncertainty, complexity, interdependence, andmultidimensionality of contempo-
rary phenomena from a resilience perspective. The exercise of international relations
at the municipal level in South America also has the support of local government
networks and associations, such as ICLEI—Local Governments for Sustainability,
which with the Smart Cities for Climate Analytical Report, published in 2017, has
enabled the materialization of the perspective of convergence between the climatic
action of cities and the strengthening of their governance and institutional capacity,
as well as their capacity for innovation. This convergence is illustrated by the case
of the Metropolitan Region of Campinas, which combines a regional program to
enhance biodiversity and its socioeconomic benefits, a long-term vision of resilience
and sustainable development, and a municipal Smart City Strategic Plan.
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17.1 Introduction to City Diplomacy for Resilient
Development in South America: International Society
and City Diplomacy for Resilient Development

The contemporary world is experiencing two complementary inflections in its
international ecosystem. The first concerns the rapid urbanization process, which,
although consolidated in some parts of the world, such as South America, is already
resonating as an inevitable phenomenon globally. The second refers to the centrality
that the sustainable development agenda also occupies in the international context.
Global agreements such as the Aichi Biodiversity Targets (2010), the Paris Agree-
ment (2015), the pacts around the United Nations Sustainable Development Goals
(2015), and the guidelines for a NewUrbanAgenda (2016) illustrate thismovement.1

One of the main consequences of these inflections is that cities occupy an impor-
tant centrality in current international debates, although not always aware of this
phenomenon. Local authorities are called, therefore, to the constant exercise of diplo-
macy, on the one hand, and to contribute to the implementation of policies aligned
with such global agreements for sustainability, on the other hand.2

However, the classical theoretical reading of international relations presents
concepts and approaches that limit not only the perspective of cities’ participation in
the international scene but also, as a result, the use of diplomacy as an instrument in
their favor.

A clear example is Martin Wight (2002), who presents the traditional functions
of diplomacy (representation, communication, and negotiation) and the diplomatic
career categories in his classic book, The Politics of Power. He refers to the Congress
of Vienna (1814/1815) as a milestone for this instrument of international relations,
although marking the limitations of the use of diplomacy by the nation-state and
safeguarding the diplomatic profession monopoly to collaborators of corporations
linked to the state apparatus.

In the same publication, Wight (2002) presents his best conceptual reading for
International Society, based on four characteristics that distinguish it from other soci-
eties and domestic societies: (i) single society, composed by States; (ii) the number
of members is small and relatively stable; (iii) although there is a standard format, the
members of the international society (the States) are heterogeneous; (iv) themembers
of the International Society, are, as a whole, immortal.

1 https://www.cbd.int/sp/targets/, https://unfccc.int/process-and-meetings/the-paris-agreement/the-
paris-agreement, https://sdgs.un.org/goals, https://habitat3.org/the-new-urban-agenda/.
2 Escobar, F. S. (2017).Un lugar en la mesa global: Los gobiernos locales como tomadores de deci-
siones en la agendamundial. ProyectoAllas. https://proyectoallas.net/wp-content/uploads/2018/01/
Un-lugar-en-la-mesa-global-1.pdf.

https://www.cbd.int/sp/targets/
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://sdgs.un.org/goals
https://habitat3.org/the-new-urban-agenda/
https://proyectoallas.net/wp-content/uploads/2018/01/Un-lugar-en-la-mesa-global-1.pdf
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It turns out that the twenty-first century makes room for less simplifying
approaches that recognize uncertainty, complexity, interdependence, and multidi-
mensionality of facts as relevant. Thus, it requires an approach to analysis distinct
from classical and traditional approaches.

In this context, the post-normal science approach seems to impose itself as the
most adequate approach for analyzing contemporary phenomena, such as the climate
issue, and its interrelation with the urban issue, from the resilience perspective.

It is worth highlighting two key elements referenced by this approach: (i) the
management of uncertainty, recognizing that it is more than a technical issue or a
methodological question; (ii) the management of the plurality of perspectives in the
scientific context and beyond (Petersen et al. 2010).

The link between the possibility of recognizing cities as legitimate actors on the
international arena, capable of using the instrument of diplomacy in the face of the
agenda to tackle the climate crisis, especially from the perspective of urban resilience,
will be the subject of this chapter.

Thus, a conceptual reading about the understanding that should be built on the
contemporary International Society is necessary. The approach proposed by Olsson
(2006), at the same time, denies the simplifying concept:

The nation-state model, self-determined as territorially well-delimited, fully in control of
the destinies of its citizens, and equally sovereign over other counterparts in an anarchic
universe, is no more than a Weberian ideal model challenged by contemporary reality. The
belief that today’s world can be boiled down to a balance of power or a security agenda is
a rather unsatisfactory explanation for today’s complex relationships, played out by diverse
actors with very unique roles. (Olsson 2006, p. 127).

Moreover, Olsson (2006), quoting Dietrich Jung, proposes an approach that
prioritizes the approach that recognizes complexity, uncertainty, and plurality:

In this track, Dietrich Jung complements that international society cannot be limited to a
‘[...] territorially or functionally constricted entity whose integration mechanism is based on
consensus of norms and interests.’ The author proposes, then, a conception of society that is
at the same timemuch broader andmore complex that rescues the idea of social reproduction.
This scholar argues that, from a ’holistic’ perspective, ‘[...] social reproduction theoretically
fulfills three elementary functions that all empirical societies must satisfy - the control of
physical force, the assurance of material means, and the production and preservation of
symbolic means of orientation.’ Within the framework of a ‘totality of social reproduction’,
this theorist summarizes that as a systematic concept, ‘[...] world society implies the ideal
construction of a global integration of these three elementary functions according to modern
patterns of consociation, while the evolution of a global society represents a contingent
historical process’. (Jung, 2001, p. 452, as cited in Olsson 2006, p. 132)

Furthermore, and complementing this understanding of international society
proposed byOlsson (2006), one should consider conceptual approaches from authors
such as Hocking (1993), who advocate multi-level governance. Also,Murray (2008),
who, resorting to Sharp, alerts to the need to recognize the variety of definitions for
diplomacy and the diversity of actors that can exercise it. According to the author,
diplomacy is:



398 R. Perpétuo et al.

The way in which relations between groups that regard themselves as separate ought to be
conducted if the principle of living in groups is to be retained as good, and if unnecessary
and unwanted conflict is to have a chance of being avoided. (Sharp, as cited in Murray 2008,
p. 24)

Thus, one can arrive at the definition of city diplomacy, a relatively recent concept,
proposed by the Netherlands Institute of International Relations, which can be
understood as:

The institutions and processes by which cities or local governments in general engage in
relations with other actors at the international political level, in order to represent their
own interests vis-à-vis each other. City diplomacy is a professional, pragmatic and growing
activity that is transforming and will continue to transform current diplomatic processes.
(Melissen and Pluijm, 2007, p. 11, as cited in Perpétuo 2010 p. 33)

In South America, several cities are active in the international context. Metropolises
such as Bogotá,3 Buenos Aires,4 São Paulo,5 and Mexico City6 are examples of
municipalities that are very active on the global scene. When it comes to the climate
issue, all of them are signatories of the Global Covenant of Mayors for Climate and
Energy,7 and have not only participated in the UNDRR’s “Making Cities Resilient”
campaign in its first phase but have also indicated their willingness to commit to and
take the lead in the new phase of the campaign, starting in 2021.8

Other effective instruments for the exercise of international relations at themunic-
ipal level are the networks and associations of local governments. Characterized as
spaces for exchanging experiences, building knowledge and capacities, and articu-
lating projects and resources, the networks materialize the perspective of multilateral
action by cities.

Three of them stand out in the context of climate action in South America:
ICLEI9—Local Governments for Sustainability; C4010; and the Global Resilient
Cities Network.11 In South America, ICLEI connects over 80 associated govern-
ments in eight countries, C40 is present in 10 cities, and the Global Resilient Cities
Network is also present in 10 cities. Therefore, it can be seen that the phenomenon of
city diplomacy is becoming increasingly vigorous in South America. Besides, cities
use this instrument to strengthen their capacity to take action against the climate crisis

3 https://bogota.gov.co/internacional.
4 https://www.buenosaires.gob.ar/jefedegobierno/secretariageneral.
5 https://www.prefeitura.sp.gov.br/cidade/secretarias/relacoes_internacionais/.
6 https://www.cgaai.cdmx.gob.mx/.
7 http://pactodealcaldes-la.eu/pt-br/pacto-convoca-signatarios-para-atualizar-informacoes-de-con
tato-2/.
8 https://program.unisdr.org/campaign/resilientcities/home/article/making-cities-resilient-2030-
mcr2030-initial-proposal.
9 ICLEI is a global network of over 2,500 local and regional governments inmore than 125 countries
committed to sustainable urban development. https://iclei.org/.
10 C40 is a global network of megacities committed to tackling climate change by reducing GHG
emissions and climate risks. https://www.c40.org/.
11 https://www.rockpa.org/project/global-resilient-cities-network/.

https://bogota.gov.co/internacional
https://www.buenosaires.gob.ar/jefedegobierno/secretariageneral
https://www.prefeitura.sp.gov.br/cidade/secretarias/relacoes_internacionais/
https://www.cgaai.cdmx.gob.mx/
http://pactodealcaldes-la.eu/pt-br/pacto-convoca-signatarios-para-atualizar-informacoes-de-contato-2/
https://program.unisdr.org/campaign/resilientcities/home/article/making-cities-resilient-2030-mcr2030-initial-proposal
https://iclei.org/
https://www.c40.org/
https://www.rockpa.org/project/global-resilient-cities-network/
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to search for better possibilities for resilience to safeguard their routine functions and
the sustainable development of their territory.

This movement opens space for cities to become important innovation drivers.
Innovation can arise in the form of more efficient public policies, in the form of
the application and use of technology to improve the efficiency of public policies,
in the form of improving instruments of the relationship between public authorities
and local society, in the perspective of refining data collection and analysis, and,
without exhausting the possibilities of creativity and innovation, in the form of the
implementation of new methodologies and social technologies.

In the next section, we will see how South American cities have sought to take
advantage of the opportunities related to smart cities, from a conceptual reading of
this phenomenon, concomitant to the others already mentioned at the beginning of
this chapter.

17.2 Smart Cities and Resilience in South America

Due to itsmagnitude and the uncertainties inherent in risk projections, climate change
is considered one of the most significant challenges of our time. Phenomena such
as heatwaves, water shortages, floods, sea level rise, desertification, and landslides
threaten cities around theworld on adaily basis. The identificationof suchphenomena
can be made from the elaboration of climate risk and vulnerability assessments such
as those carried out byUrban-LEDS II,12 a project developed by ICLEI in partnership
with UN-Habitat and funded by the European Commission currently operating in
8 countries. In the scope of this project, reports were elaborated for the cities of
Sorocaba (São Paulo, Brazil) and Betim (Minas Gerais, Brazil), where flooding,
landslides, heat waves, and proliferation of vector-borne diseases were detected as
the main consequences of the population’s exposure to climate change effects.13

To face these challenges, local authorities must understand how the climate crisis,
from extreme natural events or changes in weather patterns, strongly affects the
dynamics of their territories, usually with a high compromise of built infrastructure,
causing substantial financial losses, and, dramatically, displacing people and taking
lives.

South America, for example, has presented multiple environmental stress factors,
mainly derived from significant changes in land use in the region and exacerbated
by variations in the weather pattern. As competing activities such as livestock, food
production, and bioenergy increase, climate variability increasingly affects social
and natural systems, and in cases of Nature’s extreme events, has affected large

12 The Urban-LEDS initiative “Accelerating Climate Action through the Promotion of Urban Low
Emission Development Strategies” aims to make low emission development strategies a crucial part
of urban policy and planning in cities.
13 ICLEI, Prefeitura de Sorocaba, Urban Leeds (2020). Análise de risco climático: Sorocaba.

ICLEI, Prefeitura de Betim, Urban Leeds (2020). Análise de risco climático: Betim.
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regions. According to data from the IPCC (2014, p. 1504), 613 extreme climato-
logical and hydro-meteorological events occurred from 2000 to 2013 in the regions
corresponding to Central and SouthAmerica, resulting in 13,883 deaths, 53.8million
people affected, and economic losses of USD 52.3 billion.

In the face of this, turning cities into ‘smart cities’ has been taking as all-in-
one solution by experts, in both academia and industry, to deal with the complex
challenges that occur from the combination of population growth, environmental
pollution, climate events in face of an increasingly defied public management (Shah
et al. 2019). The belief is that smarter the city, better its livability, workability, and
sustainability (MACKE et al. 2018), and higher its resilience (Velásquez et al. 2018;
Shah et al. 2019). Nevertheless, from the Information and Communication Tech-
nology solutions and products to the real improvement in the quality of life of the
citizens (taken as ‘users’ in this ‘new’ paradigm) there is a long way to go. Right
from the beginning, the latter scenario requires a holistic perspective over smart
cities, which would allow that the planning and implementation of those solutions
are based on the understanding of the relations between humans, citizenship, and the
technological devices and networks (Macke et al. 2018).

As such, the panacea of the Smart City shows to be a more potential instrument
of urban sustainable and resilient development than a silver bullet. In this sense,
there is a convergence trend between the growing approach called smart cities, often
dressed up as market offers of little or no tested technologies that do not add much
for local governments, and the demand for greater knowledge and better tools for the
integratedmanagement of resilience in cities. Being ameans, the smart infrastructure
has to be part of a robust strategy.

It is not negligible what connected devices and networks can offer regarding early
warnings, monitoring and predicting disasters to minimize fatalities and other losses
by generating information and insights for the concerned authorities. As Shah et al.
(2019, p. 2) point out: “the availability and integration of information from hetero-
geneous data sources and its coordination and understanding with decision makers,
emergency responders, governments and also citizens will be the core ideology of
this new and highly needed disaster management.” Nevertheless, for that to become
a pillar for resilience, some conditions have to be fulfilled.

Especially in developing countries, such as Latin American ones, the ‘smart city’
label relates to the increased capacity to deal with the most prominent problems in
place while improving the populations’ quality of life and increasing the opportunity
for citizen participation in public policies processes through the implementation of
adapted ICT technologies (Calderon et al. 2018; Albino et al. 2015). Among the
streams of action to build the capacity for technology to be effectively used in face to
structural and complex urban issues, Fernandes et al. (2019) highlight: (i) improving
urban management; (ii) building a participatory governance; and (ii) developing
human capital, ICT infrastructures, and active citizenship.

In this way, becoming a smart city refers to a process of institutional change
based on organizational, political, and technological innovations toward a smart
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government and governance14 (Ojo et al. 2016). This process of change lies upon
innovative strategies to build more effective and resilient government structures, the
review and enhancement of collective arrangements of governance and intersectoral
capacity building (Fernandes et al. 2019).

That iswhy it is important to qualify the smart city understanding from theperspec-
tive of technology as an instrument and not as an end in itself. With the lens of the
Paris Agreement, the smart city concept gains a clear purpose and is transformed,
as proposed by ICLEI South America, in the Smart Cities for Climate Analytical
Report (2017).15

Perpétuo and Ades (2020) qualify the guiding principles of a city that intends
to use this instrument. They are the following: (i) the principle of inter-sectoriality,
which, if practiced continuously, allows the integration of the various policies in
the territory; (ii) the principle of information, which advocates the development
and use of indicators that allow the constant monitoring and evaluation of public
policies, giving efficiency to the planning process; (iii) the principle of transparency,
so that information is shared with society as much as possible; (iv) the principle of
encouraging participation, since local governments must maintain permanent and
institutional channels for social dialogue; and last but not least, (v) the principle of
identity, since it is of utmost importance to take into account the history and cultural
DNA of each city.

In a yearwhen cities are called upon by parties to raise their climate ambition either
through the race to zero (toward carbon neutrality) or the race to resilience,16 led by
the champions of COPs 25 and 26, convergence between the use of technologies and
commitment to the climate agenda is key.

It is also important to elucidate ways to materialize this convergence in the terri-
tory. ICLEI South America developed and presented an initiative that intends to
achieve precisely this objective: ICLEI Innovation.17

As a pilot initiative, the first call for startup acceleration launched by ICLEI Inno-
vation, run in South America by ICLEI and Publicae, focused on the theme of green
urban areas and tree-planting policies. The theme was defined after consultations
with the Brazilian Capitals Environment Secretaries Forum, the CB27.18 Fifty-seven
companies, NGOs, and universities registered, demonstrating an intense activity in
developing new technologies in the scope of resilience and adaptation to climate
change. Eleven of the applications were selected, and eight completed the acceler-
ation process. The technologies selected illustrate the potential in this universe that
contemplates the pressing needs for a more sustainable urban development and the
supply of good technologies, for instance: the mapping of soil quality (Verde Drone);

14 Smart governance can be defined as the interaction of technologies, people, policies, practices,
resources, social norms, and information supporting the city’s governance activities (Fernandes
et al. 2019).
15 https://issuu.com/icleisams/docs/relatorio_analitico_paginas_simples.
16 https://racetozero.unfccc.int/, https://racetozero.unfccc.int/race-to-resilience.
17 https://iclei-innovation.com.br/.
18 http://www.forumcb27.com.br/.

https://issuu.com/icleisams/docs/relatorio_analitico_paginas_simples
https://racetozero.unfccc.int/
https://racetozero.unfccc.int/race-to-resilience
https://iclei-innovation.com.br/
http://www.forumcb27.com.br/
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the planting and restoration of native vegetation (Verde Novo); and the management
of arboreal individuals in the urban environment (Anubdz, Arbolink, and Exati19).

It is interesting to see how the diversity and multiplicity of actors supports the
concept of a contemporary diplomacy, where non-state actors are protagonists,
together with their partners, with a well-set common target. The challenge to test
and scale up those technologies is attached to the one that aims to foster climate and
resilience compliance policies at the local level.

The next session will discuss the resilient development of cities in South America,
followed by a concrete case that illustrates how the integration between governance,
capacity building, and technology, combined with the commitment of local author-
ities to global sustainability agendas and international cooperation, can generate
efficient and transformative results in the territories.

17.3 Climate Change Adaptation and Resilient
Development in South America

The integration of climate change adaptation and resilience approaches is especially
critical in the context of Latin American cities. If cities are at the center of the
discussion on howglobal society and each country and territorywill deal with climate
change in the coming years, effective policies20 for adaptation and resilience in the
region’s urban centers, marked by abysmal socioeconomic inequalities,21 cannot be
exempt themselves from addressing the vulnerabilities derived from situations of
poverty, informality, lack of access to public services and facilities, and disorderly
use of land and natural resources (Hardoy and Lankao 2011; UN HABITAT 2012).

Exposure and vulnerability to extreme weather events have intensified in recent
decades in Latin American and Caribbean cities due to the increased frequency
of these events and the accentuation of the impacts of human activity on natural
dynamics (Carrizosa et al. 2019). The social construction of vulnerability is still
ongoing with the perpetuation of development and urbanization models that have
become hegemonic since the nineteenth century, marked by segregation between
people and nature, soil sealing, closure of water bodies, and concentration of popula-
tions in unsafe areas (Carbone et al. 2020). Adaptation and resilience, in this context,

19 https://anu.bz/, https://arbolink.com.br/, https://exati.com.br/.
20 Effective public policies “can be called effective if it achieves a desired change in a situation
considered to be a problem” (Mayntz 1983, pp. 126–127). Public policies of adaptation to climate
change are considered effective when they reduce impacts and risks by acting on vulnerability
factors of populations, organizations, and territories, either by acting on exposure and sensitivity to
climate events or by strengthening adaptive capacities.
21 Given the socioeconomic inequalities that shape life and social reproduction in cities and are
reflected in urban landscapes, social groups in poverty are more affected by climate change. If
effective public policies for adaptation and resilience do not reach urban territories, a distorted
cycle of worsening inequalities and accentuation of vulnerability factors is formed.

https://anu.bz/
https://arbolink.com.br/
https://exati.com.br/
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fundamentally represent a new perspective on this model of development and urban-
ization and translate into a necessary and urgent agenda for the realization of Human
Rights (UN, 1948) for all and the 17 Sustainable Development Goals (UN Global
Compact) in the coming decades.

From the perspective of evolutionary resilience, the inevitable changes in urban
structures in the face of climate threats and impacts open opportunities for previously
unmet social needs to be met by the social and environmental system in an inclusive
and sustained manner over time. It is crucial, therefore, not only that adaptation and
resilience are combined in Latin American cities but also that they are embedded in a
broader public discussion about the directions of urban changes, transformations,22

and transitions23 that we want to promote in the short, medium, and long term in
relation to latent social interests and needs. In this sense, Porter and Davoudi (2012)
raise the questions ‘resilience for what? directed by what decisions and by whom?’
and tie the notion of resilience in the context of public policy planning to the debate on
social justice and opportunities for participation in the formulation and prioritization
of problems and actions.

The investments in adaptation and resilience needed in ‘developing countries’
are estimated between US$ 280 and 500 billion per year until 2050 (UNEP 2016).
Whether originating from public, private, or international agencies sources, the
results achieved by these investments will directly depend on the regulatory frame-
work, policies, instruments, and institutional arrangements established at different
government levels. Such political-regulatory and institutional bases for adaptation
and resilience are not limited to the climate change agenda. However, they need
to be considered transversally to the various impacted and relevant areas, among
which we highlight housing, sanitation, drainage, public health, transportation, and
mobility. Therefore, urban planning and land use planning instruments are pivotal
to the holistic and comprehensive approaches that should guide sustainable urban
development policies in the coming decades.

While the urgency of these new instruments and policies is already known, there
are no ready-made solutions. They emerge, are built and tested, in experiments
considered niches of innovation and social learning24 anchored in active and diverse
social participation (Ansell and Geyer 2017). In this sense, the smart technologies

22 Transformations in urban systems in the context of the climate agenda are processes of change
both in the technological sphere—infrastructure, equipment—and in the social sphere and its rela-
tionships. It aims to cut GHG emissions, remove carbon from the atmosphere, and increase the
capacity of systems to copewith climate events, reducingvulnerabilities and strengthening resilience
(Bulkeley et al. 2011).
23 Geels and Kemp (2007) proposed three categories of change processes: reproduction, transfor-
mation, and transition. The latter refers to significant long-term changes through which a different
systemic configuration is achieved, composed of new social functions or new dynamics that feed
social functions (Geels 2002).
24 Reed et al. (2010, p. 6) define social learning as a “change in understanding that goes beyond
the individual to become situated within wider social units or communities of practice through
social interactions between actors within social networks.“ Social learning consists of learning
by doing, from which people learn from each other in ways that benefit broader social-ecological
systems and promote social change (Van Epp and Garside 2014). Central to these processes is social
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can be applied to promote social participation and governance improvement toward
resilience; however, the new call for “safe, resilient, sustainable and inclusive cities”
has been anchored, so far, in techno-managerial solutions detached from the territorial
dynamics (Kaika 2017).

Brazilian regions, such as the Metropolitan Region of Campinas, coexist with
adaptation and resilience approaches directed to specific risks, focused on engi-
neering solutions, and those aimed at strengthening adaptive capacities and reducing
systemic vulnerabilities through learning processes and social innovation. Thus,
urban territories in the region serve as a stage for experiences to be expanded and repli-
cated considering the results already achieved and the potential to inaugurate, through
bottom-up processes, new logics of territorial planning, relationships between indi-
viduals and social groups, and between them and Nature, using technology as a
means.

17.4 The Case of the Metropolitan Region of Campinas
(São Paulo, Brazil)

In the spatial context, the Campinas Metropolitan Region is the second-largest
metropolitan region in the State of São Paulo in terms of population, with 3,792
km2, home to more than 3.1 million inhabitants. An important economic center, the
Region, accounts for 3%of the nationalGrossDomestic Product (GDP). It has a diver-
sified industrial park, significant agricultural and agro-industrial activity, specialized
tertiary activities, research and innovation centers, in addition to Viracopos Airport,
the second largest in the country in cargo transportation (Emplasa 2018).

In the normative scope, the city of Campinas is influenced by international guide-
lines for sustainable development. Among them, the mechanisms established by the
United Nations Conference on Environment and Development of 1992 (Eco-92),
where a series of agreements were signed, such as the United Nations Framework
Convention on Climate Change, the Convention on Biological Diversity (CBD), and
Agenda 21. Other global milestones of influence on sustainability policies are the
Strategic Plan forBiodiversity and its 20 proposals tomanage development policies in
biodiversity, calledAichi Targets, the Paris Agreement, the Sustainable Development
Goals (SDGs), and the New Urban Agenda (NAU).

These globalmilestones have also contributed to the adoption of sustainable guide-
lines at the Brazilian national level that impacts local governments’ decisions. At the
national level, the city of Campinas follows the guidelines of the City Statute (2001).
Despite being dated before theNAUpropositions, the Statute is an urban development
policy law that ensures the protection of the environment in a balanced and sustain-
able way and the preservation of urban land and the natural environment. Following
established international standards, the National Biodiversity Strategy and Action

participation, the foundation for building shared knowledge and understandings (Lave and Wenger
1991).



17 Resilient Smart Cities in South America … 405

Plan (Epanb) was created in 2017 by the Brazilian Ministry of Environment, aiming
to foster the fulfillment of Aichi Target 17,25 commit to the CBD agenda, and set new
biodiversity targets for 2020 in the country. At the state level, the state of São Paulo
stands out as a pioneer in implementing the Targets by mapping existing initiatives
in the state and the actions needed to meet them (ICLEI 2021b).

At the local level, the city of Campinas has aMunicipal Secretariat of International
Cooperation, responsible for attracting investments for its projects and identifying
institutions for potential cooperation in the private, educational, and research sectors.
Campinas also acts through decentralized diplomatic actions, such as establishing
cooperation liaisons with its 21 sister-cities present in the American, African, Asian,
and European continents, as well as by the performance of its five international
offices, four of which in China and one in Italy. As part of the efforts to meet the
international guidelines for resilient development, the city of Campinas is part of
International Networks of cities such as ICLEI, where it is associated since 2015,
UCLG—United Cities and Local Governments26 and Mercociudades.27

In sintony with the “paradigm shift” hailed in the Habitat III Conference’s New
Urban Agenda toward the Sustainable Development Goals, the city also counts with
the Campinas Smart City Strategic Plan (PECCI, 2019–2029). The document adopts
innovation, resilience, and sustainability as guiding concepts for a smart city, and
places people at the center of development through collaborative planning and citizen
participation (Campinas City Hall 2019).

The PECCI, 2019–2029 guidelines are being adopted to guide the digital trans-
formation of the municipality into a smart, human and sustainable city for the next
ten years. It is worth pointing out that the plan highlights that technology is not
an end in itself, nor suffices to make the city ‘smart,’ but as a means, which inte-
grates a broader strategy for implementing the 2030 Agenda for Sustainable Devel-
opment. In this way, key elements of the plan are governance and participation, which
were already reflected in the process of the PECCI elaboration through a working
group that organized the discussions onmajor themes, definingmacro guidelines that
were successively detailed with the participation of several actors from the Science,
Technology, and Innovation ecosystem of Campinas.

Currently, Campinas is already considered a reference in Technology and Inno-
vation in Brazil due to its technological parks and incubators, but also a bunch of
solutions, mediated by innovative technologies, in place to improve citizens quality
of life and enhance the quality and coverage of public services provided to the popu-
lation. Among them, there is the On-Line Zoning Portal, which allows citizens to
know and monitor, in a clear, accessible, and interactive way, the law of use and
occupation of the city’s land. The integrated and strategic use of information and

25 Target 17 states that by 2015, each Party should develop, adopt as a policy instrument, and begin
implementing a participatory and updated national biodiversity strategy and action plan.
26 https://www.cglu.org/.
27 https://mercociudades.org/.

https://www.cglu.org/
https://mercociudades.org/
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communication technology also makes possible the understanding of the city devel-
opment process within the Metropolitan Region of Campinas (RMC—in its original
acronym).

The RMC, formed by 20 municipalities, makes up the Region’s Development
Council, which, supported by the Metropolis Statute, is responsible for preparing
proposals of collective interest for planning and land use, housing, basic sanitation,
and environment. Also, in 2017, with the support of ICLEI, the city of Campinas
created theProgramRECONECTA28 RMC,which aims to subsidize a line of regional
action under the environmental bias, focusing on the preservation and recovery of
protected areas in the region (ICLEI 2021a).

The combination of economic growth, urbanization, environmental management,
and resilience is a challenge faced in the Region, which is reflected, for instance, in
the peripheral demographic expansion, reduction of rural areas, pressure on water
resources, loss of biodiversity, soil sealing in urban areas and heat islands (Carmo
and Hogan 2006). This challenge is accentuated by the local and regional effects
of climate change, such as changes in rainfall patterns and increased risk of water
shortage, and is enhanced by the loss of biodiversity and degradation of ecosystem
services.

Although the RMC has a rich biodiversity, supported by 17 Conservation Units
(CU) of Atlantic Forest and remaining areas of Cerrado, concentrated mainly in
the city of Campinas, studies on the region point out that the existing green areas
are not enough to conserve biodiversity and springs. This is primarily due to the
fragmentation between these areas and the lack of integrated management concerned
about the fauna, flora, and their relations with human populations (ICLEI 2021b).

In this context, the RMC and two other metropolitan regions in Brazil, Lond-
rina and Belo Horizonte, were supported by the INTERACT-Bio Project,29 led by
ICLEI South America and designed to recognize and strengthen ecosystem services
and Nature-based Solutions to the complex social and environmental issues faced
in metropolitan regions. With the support of INTERACT-Bio, there is a signifi-
cant increase in the contribution of subnational governments in the implementation
of their countries’ National Biodiversity Strategies and Action Plans. Not coinci-
dentally, Brazil, India, and Tanzania, countries in which INTERACT-Bio has been
implemented, are consideredpioneers in implementing theAichiBiodiversityTargets
(ICLEI 2021a).

Therefore, joining forceswith theRECONECTARMCProgram, the INTERACT-
BioProject unfolded, in 2018, in the proposal for the creationof theConnectivityArea
(CA) intending to promote the (re)connection between forest remnants, protected

28 An initiative of the Campinas City Hall that integrates the Campinas Municipal Green Plan and
articulates the 20 cities of the Metropolitan Region of Campinas to establish mutual cooperation for
actions of recovery and conservation of fauna and flora focusing on animal protection, the recovery
of permanent preservation areas, and the strengthening of existing protected areas and creation of
new protected areas (Prefeitura De Campinas, n.d.).
29 In Brazil, the project is led by ICLEI South America and funded by the International Climate
Initiative (IKI) of the German Federal Ministry for the Environment, Nature Conservation, and
Nuclear Safety.
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Fig. 17.1 Final layout of the connectivity area drawn in the metropolitan region of Campinas
(Source RECONECTA RMC Program)

areas, and urban green areas, restoring the landscape connection and facilitating the
gene flow between populations of fauna and flora, promoting sustainable produc-
tive practices and transforming the territorial management. This is based on six
pillars of action: urban forestation; linear parks; ecological corridors;wildlife; regula-
tion, inspection, and compensation; and articulation and communication. Figure 17.1
shows the final layout of the Connectivity Area in the RMC (ICLEI 2021b).

The CA results from an unprecedented consultation between the 20municipalities
of the RMC and was registered in the Action Plan for Implementation of the Connec-
tivity Area in the Metropolitan Region of Campinas. It brought a strategic vision on
biodiversity and ecosystem services as a basis for sustainable regional development
and was included in the preliminary notebook of proposals of the Integrated Urban
Development Plan (PDUI—Plano de Desenvolvimento Urbano Integrado). The CA
contribution to the region’s resilience comes not only from the reduction of the
biophysical vulnerabilities of the territories to climate change but also through the
process of formulation and implementation of the CA by strengthening the interac-
tion between local governments, civil society, and non-governmental organizations,
setting up an experiment on new forms of territorial planning and management that
constitute process innovations for this region.
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To design the CA proposal, coordinated decision-making and capacity-building
processes between local governments and engaged organizations were shaped in the
framework of INTERACT-Bio. To this end, a participatory diagnosis of the pres-
sures operating on ecosystem services and the production of reliable and accessible
information about priority areas for conservation and necessary restoration efforts
were fundamental. The result of the diagnosis was represented in the Ecosystem
Services Map, allowing the dynamic visualization of the data plotted on the territory
and strengthened the understanding of local actors about the dynamics, flows, and
policies that influence and regulate Nature in the cities of the region. (ICLEI; CBC
2020; ICLEI 2021b).

By facilitating a series of workshops and virtual meetings, the collaborative
construction of the action plan for implementing the CA, throughout 2020, relied on
the equal participation of different sectors and actors, reflecting the multiple inter-
ests, needs, and realities present in the territories of the RMC. As a result, there
are 19 strategic objectives prioritized in the plan, which unfold in targets, actions,
and indicators, in addition to the definition of those responsible for each action. The
objectives are directly related to the Sustainable Development Goals (SDGs) of the
United Nations (UN), among which stand out SDG 6—Clean Water and Sanitation,
11—Sustainable Cities and Communities, 15—Life on Land, and 17—Partnerships
and Means of Implementation.

The plan is a future vision grounded on medium and long-term policies and
reestablishing the social pact between the different segments of society and public
power. The bet is that the CA experience will usher in a paradigm shift in planning
and regional development, adopting innovative public policy processes and instru-
ments based on the integration between restoration and biodiversity conservation,
integration between natural and built environments, and improving the quality of life
and well-being of the entire population.

Among the lessons learned in the experience of planning and implementing the
CA in the RMC are:

Explicitly integrating the biodiversity and climate change (mitigation and adap-
tation) agendas strengthens the initiatives involved and the power to mobilize people
and resources for the project as a whole. Moreover, the integration of analyses and
potential benefits related to the two agendas fosters systemic approaches that consider
the long-term relationships and dynamics underway in the territories, critical for
policies and actions to strengthen resilience.

The engagement and participation of several sectors and actors, with effective
opportunity to influence the process and the decisions, are indispensable for the
resulting instruments for development and territorial planning to be in line with
local realities and support their implementation. In the composition of the collective
instances, there must be representation from different levels of government, with a
clear definition of roles, processes, and mandates. In the case of the CA in the RMC,
the involvement of regional bodies and state institutions was essential for articulating
policies and instruments and making project implementation feasible.

Articulation and collaboration among projects underway in the region increase
the potential for impact and optimize resources and efforts. In the case of the CA,
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the alignment between INTERACT-Bio and RECONECTA RMC made it possible
to leverage synergies to strengthen technical knowledge and financial support and
broaden the range of actors involved.

Collective knowledge production, based on the integration between scientific and
empirical knowledge and translation into accessible and suitable materials for non-
specialist actors, is vital to ensure ownership of the initiative and its results, broad-
ening awareness about complex problems, vulnerability factors, and potential solu-
tions. The production of illustrated maps, for example, facilitated the process of
knowledge production and dissemination throughout the CA planning.

The institutionalization of collective planning processes and products is an effort
that should permeate all stages of the project to ensure its perenniality and the achieve-
ment of long-term results given the changes in the political scenario. To this end, in the
case of CA, the establishment of long-term cooperation agreements, the connection
of the initiative with regional policies, such as through the Integrated Urban Devel-
opment Plan (PDUI), and the involvement of São Paulo State authorities, promoting
multi-level cooperation, contributed to this.

The Connectivity Area in the Metropolitan Region of Campinas illustrates how
sustainable urban development can gainmateriality and be alignedwith the process of
strengthening long-term resilience through regional planning, once it is anchored in
the integration of public policies, inmulti-level and intersectoral governance arrange-
ments and the participation of the various actors and social groups. Moreover, the
experience is an example of how Nature-based Solutions can foster such elements
given their potential to generate multiple benefits and to promote understanding of
the dynamics and patterns of biophysical, socioeconomic, and political issues at
play in the territories. By becoming the first metropolitan region in Brazil to launch
a regional strategy for biodiversity, designed collaboratively by the municipalities,
the RCM serves as a reference and should inspire other municipalities and regions
in the country and in Latin America.

In this sense, the results of this project are considered innovative not only for the
collaborative mechanisms used to foster qualified exchanges and search for efficient
and shared solutions but also for the promotion of recognized cutting-edge techniques
to, for example, intelligently incorporate Nature-based Solutions in the RMC. As
such, the project results were widely disseminated, allowing opportunities to foster
knowledge exchanges, best practices, and technical cooperation between the cities
participating in the project and other Brazilian and international cities. Among other
events where the processes and results were presented and discussed, we canmention
BIO 2020: Brazilian perspectives on the post-2020 Global Biodiversity Framework,
III International Seminar on Nature-based Solutions, Greening Cities-Shaping Cities
SymposiumofMilan,UrbanNatureForum—ICLEIWorldCongress, and thenrg4SD
Conference of Cuenca.
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17.5 Discussion

In the context of South America, and perhaps in all the developing Global South,
innovation and smart solutions are viewed differently than in already developed coun-
tries. Innovation is of course recognized as important and somehow salutary for the
much sought progress and development. However, in the challenged socioeconomic
context that characterizes the region, a rational use of the limited resources will not
choose to acquire new technologies over addressing much more urgent needs of the
populations.

Apart from the reduced financial resources, other challenges, such as limited
knowledge and poor constructive exchanges between universities, private and public
sector,make it difficult to co-create and integrate local smart solutions in the construc-
tion and administration of territories. It is mostly to respond to this problem that this
paper presents City Diplomacy as an important first step toward smart solutions to
promote resilience in South America. City Diplomacy allows local authorities to see
a broader range of solutions and success cases through experience sharing opportu-
nities with other cities. Thus, through their contacts with the international society,
local governments are also exposed to the experiences of more developed territories
and get inspired to adopt new policies. Cities international interactions as already
mentioned are possible from city to city or within organizations and networks that
may have a focus on specific topics such as the resilient agenda or broadly urban
sustainable development.

More access to information, more knowledge, and more capacity-building oppor-
tunities are imperative actions to consolidate innovation and to implement smart
solutions to solve local issues. In the context of South America, these actions should
come before the race to acquire the latest technologies and still constitute innovation
themselves. This paper understands smart cities as the ones committed to progress and
equitative development by finding and implementing solutions that carry innovation,
responsible use of resources, and efficiency in their core.

This understanding makes innovation possible not only by the use of technology
but also through innovative processes and methods leaving no one behind as advo-
cated by the Brazilian Letter for Smart Cities (2020) that claims that connections
and innovation can be done in different manners than through digital technologies.
In this sense, smart cities are human constructions and will present different struc-
tures influenced by the diversity of the local contexts and inspired by international
standards.

The case of Campinas is an inspiration in all those senses. The city is very active
internationally especially through its participation in ICLEI, therefore exercising
diplomacy. The recent Mayor’s participation at the launch of MCR2030 and the
leadership implementing the InteractBio Project mentioned in the case study above
are proof of good use of CityDiplomacy for Resilience. The unprecedented processes
andmethods used during the elaboration of theAction Plan for the Implementation of
theConnectivityArea in theMetropolitanRegion ofCampinas constitute innovations
that permitted the adoption of this instrument that is also pioneer and innovative by
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itself. The processes andmethodswere pairedwith strong capacity-building sessions,
leaving Campinas and the other participant cities prepared to now integrate adequate
new technologies to enhance the effectiveness of the plan. All this was only possible
because of Campinas active city diplomacy through ICLEI.

17.6 Conclusions and Recommendations

The international ecosystem is changing. Security and sovereignty will find new
shapes and this article suggests that urbanization and the centrality of sustainability
issues are driving this transition.

The first highlight that deserves attention is what the local authorities, as
mentioned in the introduction, are calling “a seat at the global table.” Here they
are to stay. Players of diplomacy, members of the international society. But now
what should they bring to the table?What should they ask? How should they behave?
Without neglecting theuncertaintieswhich are a strongpart of this process, the answer
resides in the capabilities of the international city and local governments networks to
strengthen and qualify this representation. Also, it is worthwhile mentioning that the
answerwill be as good as the synergies and complementarities that those associations
can generate among themselves.

Secondly, it is clear that climate change is already considered a crisis, an emer-
gency, and therefore, an international security issue. The nature of this thread, though,
differs a lot from the traditional ones. It has no solution without a common action
from all. And that includes all levels of governments. Better resilience policies are
key to address this challenge successfully. And since it is a much more urbanized
world, the consequences of climate change are being felt in the cities and, there-
fore, should have the cities and local authorities as the first layer of the structural
modifications that society urgently needs.

Thirdly, but not less important, technology is there to support and accelerate the
required action! But to become a smart city is much more than to use technology
properly. To become a smart city is to know, understand, and manage data; it is
to foster civic participation and appropriation at the deepest level possible; it is to
value and preserve local history and culture, therefore identity; it is to participate
internationally, with clear interests; and it is also to foster diversity, creativity, and
innovation, allowing better use of IT.

To achieve solid smart transformations in sustainable development, local govern-
ments all over the world but especially in the Global South should understand and
look forward to this contemporary triad: diplomacy, resilience, and innovation. These
elements, combined in the right way, may constitute the basis for a successful urban
sustainable development.
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Chapter 18
The Role of Smart Cities in Building
the Resilience of Vulnerable
Communities: Three Case Studies
from Europe, Asia, and Africa

Prakash Kamtam, Pourya Salehi, Amy Jones, and Asad Asadzadeh

Abstract The smart city is an emerging dominant urban development paradigm
worldwide. Many local governments are using technology solutions to address their
challenges. The growing and disproportionate threat of climate-induced disasters is
posing multiple risks to cities. Resilience building is a complex phenomenon and it
has been increasingly featured in policy agenda, specifically for urban risk manage-
ment. This paper explores the resilience strategy within the smart city paradigm.
The focus is more on how cities can build the resilience of vulnerable communities
using smart governance and digital innovations. The three different case studies from
different geographies discussed in this paper highlight possible solutions with justi-
fication for linkage and integration of smart city approaches and urban resilience.
However, each city is unique, requiring local innovation and appropriate technology
solutions.

Keywords Urban resilience · Smart city · Vulnerable communities · Data
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ICLEI: Local Governments for Sustainability
ICT: Information and Communication Technologies
IoT: Internet of Things
SMS: Short Message Service
TfL: Transport for London
UN DESA: United Nations Department of Economic and Social Affairs
UNCDF: United Nations Capital Development Fund
UNCTAD: United Nations Conference on Trade and Development
UNDRR: UN Office for Disaster Risk Reduction
UN-Habitat: United Nations Human Settlements Programme
UN-SDG: United Nations-Sustainable Development Goals

18.2 Introduction

The twenty-first century poses two significant challenges to humankind: rapid urban-
ization and frequent disasters causing increased risk to millions of people (Correa
et al. 2011; World Bank 2016). At present, “more people live in urban areas than in
rural areas, with 55 percent of the world’s population residing in urban areas” (UN
DESA 2018, p. xix), and this trend will continue in the coming decades, as “by 2050,
the population of the world is projected to be 68 percent urban, with urban dwellers
numbering 6.7 billion” (UN DESA 2018, p. 10). In addition, according to a more
recent report by the UN DESA, nearly 1.3 million fatalities and 4.4 billion injuries
were due to natural disasters (Gu2019). Based on this report, “some60million people
were affected by extreme weather in 2018” (UN 2019, para. 1), leaving millions
homeless, displaced, or under emergency assistance, while economically speaking,
UNISDR released a report “highlighting that 91 percent of disaster events are climate
related. These account for 77 percent of theUS$3 trillion in recorded economic losses
from climate-related and geophysical disasters over the last 20 years” (UNISDR
2018, p. 82).

Furthermore, disaster risk is large andgrowing in urban areas (Lall andDeichmann
2010) due to the high population density and location ofmany cities around low-lying
coastal or riversides. UN DESA (2018) also states that globally, three in five cities
with a population of 500,000 inhabitants are prone to natural disasters and vulnerable
to either flood, cyclones, earthquakes, droughts, landslides, or volcanic eruptions—
or a combination of them.When combined, these cities host approximately one-third
of the world’s urban population (1.4 billion people).

Due to the increase in urban disasters, the Global Average Annual Losses (AAL)
in the urban built environment is estimated to increase to $415 billion by 2030
(World Bank 2016). Therefore, developing resilient cities is now more critical and
imminent than ever as climate change is further increasing the disasters in cities,
and incidentally, the cities have a more vulnerable population likely to be impacted.
Otherwise, if neglected, the disasters may adversely affect the vulnerable population
and could even reverse many development gains achieved previously, thus forcing
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tens of millions of populations back again into poverty and despair. For example,
the disaster losses in the Global South are approximately $862 billion, which is
equivalent to one-third of international development aid (HABITAT III 2015).

In an urban context, there is a desperate need and urgency for both a pragmatic and
scientific approach to building a resilient city (Moraci et al. 2018), and more so due
to its disproportionate impact on low income and maintaining the most vulnerable
population.Resilience is now increasingly applied in urban contexts to build scientific
and political strategies for cities toward proactively dealing with natural and climate-
related disasters and their associated challenges (Béné et al. 2017; Fekete et al. 2020).
While finding a consensus on the concept of the term resilience is challenging, many
recent attempts have made the case that new resilience initiatives should concentrate
on transformative capacities instead of coping or incremental adaptive capacities
(Hölscher et al. 2019; Romero-Lankao et al. 2018; Ziervogel et al. 2016; Pelling
et al. 2015). The implications of this paradigm shift in resilience are twofold. First,
the conventional disaster risk management processes and frameworks are insuffi-
cient to deliver long-term resilience pathways to effectively address the increasing
complexities and uncertainties of rapid urbanization and climate change dynamics
(Torabi et al. 2018; Birkmann et al. 2014). Second, newmethods and tools are needed
to capacitate urban governance and planning to guide the transition toward transfor-
mative capacities for resilience (Borie et al. 2019; Coaffee et al. 2018). However,
it is not possible for resilience to be enhanced by just a single program or sector,
it relies upon the inclusion of relevant actors (rich, poor, men, women, old, young,
among others), sectors, and programs to increase the capacity of urban systems in
times of adverse shocks or stresses (Borie et al. 2019; Hölscher et al. 2019; Ulrichs
and Slater 2016).

Further resilience should not be looked at from a narrow perspective of climate
change adaption; instead, it should include a comprehensive and holistic fabric
of social, economic, political, technological, and environmental aspects, including
equity, social justice, and multicultural dynamics (ICLEI 2019). Therefore, the key
message of urban resilience thinking is to avoid possible disruptions, copewith disas-
ters and their associated consequences, respond to impacts, restore the city’s previous
function, and adapt to new changes (Traballesi et al. 2019).

ICT can be fundamental to the prevention, mitigation, and management of
disasters (Berawi 2018). Emerging technologies such as AI, data analytics, cloud
computing, IoT, mobile communications, and social applications seem to have a
critical role in supporting urban resilience. However, according to Jeffrey Chan and
YeZhang (2019), the link between the technological capacity of cities and their ability
to recover from shocks is less studied, researched, and needs more focus, particularly
due to the current trend of increasing adaption of smart governance and technology
solutions in smart cities. In this context, the study of the relation and linkage between
urban resilience and the smart city’s current dominant urban development paradigm
seems to be very appropriate and relevant.

In line with this backdrop, this paper explores the potential linkage between
the urban resilience concept and smart cities model with a key focus on vulner-
able communities living in urban areas by narrating three case studies of London,
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Bengaluru, and Kampala. The case studies identify best practices and highlight the
contribution of technology, in particular the adoption of the smart city planning
framework in addressing the resilience of vulnerable communities living in cities.

This research employs a theoretical research method, specifically a literature-
based research approach, to identify a knowledge gap in the extant literature on the
resilience of vulnerable communities and its relation and linkage to emerging smart
city discourse. Since resilience, smart city, and the associated concepts and tools are
context-dependent phenomena, the case studymethod can present learnings from the
local context on the use and application of smart city strategy, tools, and techniques
in building resilient communities, along with the required capacities, systems, and
institutions. Furthermore, the insights may reveal those positions within the present
systems and processes of the smart city concept that open up or constraint oppor-
tunities to deliver more transformative pathways to resilience. The paper, therefore,
identifies the potential areas of linkage between the concepts of smart cities and
resilience and presents relevant recommendations for designing smart and resilient
cities of the future.

18.3 Positioning of Vulnerable Communities in Urban
Resilience

Several categories of people in cities experience exclusion from mainstream devel-
opment and are often identified based on their gender, age, race, ethnicity, religion,
class, and persons with disabilities, including migrants, refugees, and others (UN-
SDG 2015). The excluded groups are most vulnerable with minimal capacity to cope
with disasters, shocks, and stresses because they are poor, living in high-risk areas
with limited access to resources and institutions, including social capital, and often
hidden from view (Pinchoff 2018).

Older people living in cities, who are often excluded and marginalized, are
currently estimated at 500 million (OECD 2018) and this number is expected to
double to over one billion by 2050 (HelpAge International 2021). According to the
WorldReport onDisability (2011), approximately 15 percent of the global population
livewith some formof disability or impairment, and by2050nearly one billion people
in this category will be living in cities (World Health Organization 2011). Another
vulnerable group is refugees; Edwards (2016) states that 65.3 million people are
forcibly displaced worldwide, out of which 60 percent live in urban areas, and more
than half of all refugees are school-aged children. The UN-Habitat (2004), in addi-
tion to these estimates, suggests that over one billion people reside in urban slums
(informal settlements), further expected to rise to 2 billion by 2030. Today a quarter
of children globally live in these informal urban settlements, where they are subject
to social exclusion and deprived of access to essential services and opportunities for
a better future (UNICEF 2012).
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Globally, there are 2.5 billion adults who do not possess formal bank accounts
and experience financial exclusion (Demirgüç-Kunt and Klapper 2013). The recent
estimates of UN-Habitat (2020) show that “while more than 50 percent of the world’s
population is online, there are still 3.6 billion people without affordable access to
the internet” (UN-Habitat 2020, p. 1). The global digital divide across countries and
regions also contributes to the inequality of access to goods and services available
through technology.Likewise, the InternationalMonetaryFund (2020) argues that the
internet poses a danger, as it could exacerbate the existing socioeconomic imbalance
between those with and without access. Therefore, there is a critical need to act at the
subnational, national, and international levels to erase the worldwide digital divide.

Against this backdrop, urban shocks and stresses, including natural and artifi-
cial disasters, disproportionately impact these vulnerable communities (Pinchoff
2018; HABITAT III 2015). The Population Reference Bureau (PRB-USA) states
that viewing disasters from the lens of the vulnerability perspective implies that
the adverse impacts of disasters are huge when it strikes a deprived population or
community. For this reason, understanding various degrees of vulnerability is crucial
in planning a resilient city (Landry et al. 2016), yet the vulnerability in many cities
is both large and diverse, and the needs among these populations are intricate and
multisectoral (Patel et al. 2016).

Building resilience within vulnerable communities, such as the elderly, people
with disabilities, women, children, poor, migrants, refugees, and others is a chal-
lenging task and needs a targeted and specific approach. The key challenges and
obstacles in building the resilience of vulnerable communities from across cities and
countries are identified from the literature survey and shown in Table 18.1 below.

18.4 Smart City as Part of the Solution for Boosting
the Resilience of Vulnerable Communities!

Over the last decade, smart city concepts have been increasingly addressed to shape
urban resilience planning and initiatives (Vermiglio et al. 2020; Van Winden and
Carvalho 2017). Smart cities mainly focus on developing and integrating new tech-
nological solutions in urban and regional systems to pave the way to more live-
able communities (Melkonyan et al. 2020). The notion of resilience, on the other
hand, denotes that it is still possible to influence the unpredictable future of a city
(Moglia et al. 2018). Despite the differences in concepts and notions, they have some
common characteristics. For example, both terms focus on increasing the capacities
of urban systems and the associated elements to either sudden shocks or chronic
stresses (Jovanovic 2018). Furthermore, the concept of resilience is characterized
by the notions of complexity, learning, sustainability, and decentralization, which
is in line with the evolutionary smart city approach; smartness, forward oriented,
and inclusiveness (Tzioutziou and Xenidis 2021). Building resilience is a multi-
level governance exercise (Kubicki 2017), and the management of urban resilience
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Table 18.1 The key challenges and obstacles in building the resilience of vulnerable communities

Key challenges and obstacles in building the
resilience of vulnerable communities

Literature evidence

The narrow approach to disaster vulnerability:
Lack of holistic view, integrated and systems
approach, and working in silos have a severe
impact on urban resilience, particularly on the
vulnerable groups who are already deprived
and underprivileged of fundamental rights

Marana et al. 2019; Patel et al 2016; Pasteur
and McQuistan 2016; HABITAT III 2015

Difficulty in the identification of vulnerable
populations and lack of data: The vulnerable
population is loosely spread and much
diversified. There is very little subnational and
local data available to measure the exposure
and risk of vulnerable and marginalized
populations, and where data exists, it is not
disaggregated by critical measures of
vulnerability like sex, age, poverty status, etc

Pinchoff 2018; Patel et al. 2016

Complexity: Vulnerability and needs among
these populations are complex and
multisectoral, and there are multiple
interrelationships between community
wellbeing and local drivers of risk

Patel et al. 2016; Pasteur and McQuistan 2016

Inaccessible locations and lack of basic
amenities: Their location and lack of access to
safe housing and reliable basic services like
water, sanitation, energy, and education affect
the capacity of vulnerable residents to recover.
In current digital societies, lack of internet and
access to digital services is also considered a
basic amenity

ICLEI 2019; Patel et al. 2016; HABITAT III
2015; Sheppard et al. 2013

Partial treatment: They suffer from
consequences of uneven relief and recovery
efforts with obstacles to access entitlements,
assistance, etc

Sheppard et al. 2013

Poor governance and planning: Their
vulnerability to disasters is influenced by social,
economic, political, and institutional factors
that govern entitlements, including national and
global trends that contribute to uncertainty. In
addition, the rigid and regulative planning
frameworks have no flexibility to consider
scenarios other than business, as usual, leading
to the marginalization of urban poor

Pinchoff 2018; Pasteur and McQuistan 2016;
Sheppard et al. 2013; Birkmann et al. 2014;
Zebardast 2006

(continued)
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Table 18.1 (continued)

Key challenges and obstacles in building the
resilience of vulnerable communities

Literature evidence

Climate change: The climate crisis is hurting
the world’s most vulnerable populations first
and most severely, adding to violence, food
crisis, and displacement. “People who are
socially, economically, culturally, politically,
institutionally, or otherwise marginalized are
especially vulnerable to climate change” and
vice-versa

Matthews & Nell, 2019; IPCC, 2014, p. 4

Financial exclusion: Vulnerable people are
more exposed to financial exclusion. The key
barriers include—not being able to meet legal
requirements for access, financial requirements
for access to services, and absence of required
skills or means. The risk of exclusion is very
high with elderly and disabled people

Jérusalmy et al., 2020; UK Parliament, 2017

Social exclusion: Extreme poverty and
marginalization put vulnerable groups among
actors who are not being involved in
decision-making processes. These processes are
either related to disaster risk reduction and
adaptation or the conventional urban
development trajectories

Clark-Ginsberg et al. 2017; Keck and
Sakdapolrak 2013

Digital exclusion: Globally, there are still 3.6
billion people who lack an affordable
connection to the internet and data. For
example, in a developed country like the UK,
two million households are without access to the
internet and 22 percent of the country’s
population lack basic digital skills. The children
in these households are at risk of falling and
being left behind in their education. The adults
seeking jobs cannot apply online and are
missing opportunities. The families are missing
their friends and family while living in isolation
during COVID-19

UN-Habitat 2020

Lack of sustainable livelihoods:Most
vulnerable groups work in informal and
temporary jobs without sufficient and decent
income. Life for many urban poor migrants,
mainly living in the developing world, is an
everyday struggle

Serrat 2017

Lack of knowledge and skills: Low skills
perpetuate poverty and inequality. The
vulnerable communities like persons with
disabilities, learning disorders, low literacy
levels, homeless, migrants/refugees, women and
girls, etc., are at a high risk of marginalization
due to a lack of requisite skills and knowledge

World Bank 2016

(continued)
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Table 18.1 (continued)

Key challenges and obstacles in building the
resilience of vulnerable communities

Literature evidence

Inaccessible and high cost of healthcare and
insurance: The high cost of medical services
and insurance is the most significant barrier to
a healthy life. The elderly, disabled, and people
with low income are the worst affected and do
not have suitable and timely access to
healthcare

The Commonwealth Fund 2018

requires a multidisciplinary and multipronged approach with a holistic risk assess-
ments framework supported by cross-sector priorities and city-wide context (Marana
et al. 2019). The new digital technologies can provide solutions to emerging urban
challenges through efficient decision-making, resource optimization, and delivery of
urban services (Khansari et al. 2014; Mostashari et al. 2011).

According to UNCTAD (2020) and South Asia Disaster (2015), science, tech-
nology, and innovation can contribute immensely to the resilience building of the
most vulnerable populations. The technology solutions can be used to empower these
communities and give them a voice. They can be used effectively to develop early
warning systems and extend access to basic services like education, sanitation, and
health, better monitoring of environmental risks, and connecting people and commu-
nity. The digital innovations that drive economic diversification allow economies to
adapt to shocks and thrive, further decoupling economic development from envi-
ronmental degradation and promoting environmental sustainability. In addition, it is
asserted that the smart city concept has the potential to democratize the resilience
planning process and create conditions for inclusive, just cities in which voices and
aspirations across social groups are heard and considered (McPhearson et al. 2016).

Smart planning is a key for the implementation of resilient projects in cities
(Moraci et al. 2018). The advantages of a smart city, such as better monitoring and
planning, speed and spread, savings and quality of living, have a close relationship
and linkage to urban resilience (Traballesi et al. 2019). Inspired by this viewandbased
on literature review and document analysis, the following few relevant and specific
contributions that a smart city can make toward building resilient communities are
highlighted in Table 18.2 below.

The above list indicates few representative examples of how the smart city
approach and ICT can contribute to resilience building. It is contended that these
specific interventions addressing the resilience of vulnerable communities can be
integrated into the overall smart city strategy. According to Giffinger et al. (2007),
the core platform of the smart city strategy is smart government, smart economy,
smart environment, smart living, smart mobility, and smart people.

As a narrative approach, we next analyze the three case studies of Smart London,
Smart Bengaluru, and Smart Kampala with relevant examples. Narrative methods
can be defined as “real-world measures” that are suitable when “real-life problems”
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Table 18.2 Smart city contribution to resilience

Smart city contribution to resilience Literature evidence

Smart & resilience governance: The use of
tech, data, and more innovative ways of
working will give the city the ability to govern
efficiently, at speed and transparently applying
collaborative governance to cross-vertical
challenges and citizen needs, particularly
before, during, and after the occurrence of
disasters. For example, the city governance
based on ISO standard for smart city operation
focuses on four key areas: the end outcomes,
cross-silo governance, citizen-centric service,
and data management are beneficial to build
resilience

Marana et al. 2019; ISO 37106 2018

Risk intelligence: Risk information such as
data on vulnerability and exposure to shocks
and stress is the key to building a sound
resilience strategy. The open data approach in
a smart city helps in improving urban
resilience. For example, the data is the critical
resource to manage and rebuild post-disaster,
and the power of the mobile phone is enormous
when used as an urban planning and disaster
management tool

HABITAT III 2015; Landry et al. 2016; South
Asia Disaster 2015

Smart warning systems: ICTs contribute a
significant part in disaster prevention,
mitigation, and management. They play an
essential role in the early warning system and
track and communication during emergencies
and post-disaster periods. For example, ICT is
the key backbone of smart city disaster
management solutions in Japan. Japanese city
resilience is built on its ability to process, store,
and share vast amounts of data (big data). It
involves multiple observation systems,
information gathering capabilities, data
gathering and analysis, decision-making
systems combined with intelligent warning
systems. As a warning in the event of an
earthquake, the Japanese mobile network is
equipped to send out messages in five languages
to mobile users and use the TV broadcast

Berawi 2018; Japan Meteorological Agency
2013

(continued)
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Table 18.2 (continued)

Smart city contribution to resilience Literature evidence

Smart communication channels: Smartness
combined with resilience will contribute to a
strong communication network, emergency
management, and time for recovery. For
example, the social bonds and communication
channels between people and communities
during the recent COVID-19 situation helped in
the timely dissemination of information, thus
mitigating the risk levels as much as possible.
Most countries set up exclusive hotlines to
provide information to the public on COVID-19
and the action taken. The commonly used
communication methods included emails and
text messages via SMS, WhatsApp, Viber, or
others. The resilience portal project in many
countries improves communications with
relevant stakeholders and includes services like
information sharing, establishing a
communication structure with stakeholders,
engagement and heightening awareness of
stakeholders, especially citizens, knowledge
sharing, information sovereignty, and usability

Traballesi et al. 2019; Marana et al. 2019

Participatory planning: Collective intelligence,
collaborative technology, smarter machines,
hidden talents, and renewed participatory
governance help in building a robust and
resilient city. Furthermore, smart cities foster
creativity and innovation as citizens generate
ideas rather than passive recipients. Urban
planners, solution providers, and investors can
also exploit digital technologies to practice
evidence-based decision-making based on a
scientific and rational approaches

Kubicki 2017

Climate-smart cities: The United Nations
Climate Change sponsored Climate-Smart
Cities program aims to “deliver an
evidence-based plan for rapid deployment of
energy-efficient technologies and investment in
climate-resilient infrastructure at the local
level.” These smart cities can contribute to
lowering greenhouse gas emissions from the
transport sector and minimizing electricity and
heat production

United Nations 2021

(continued)
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Table 18.2 (continued)

Smart city contribution to resilience Literature evidence

Knowledge and skills empower vulnerable
communities: Smart and digital tools provide
knowledge and skills at a cheaper cost and
more access. For example, online education of
poor children during COVID-19

OECD 2020

Safe and secure city: Technology tools such as
surveillance cameras, IoT sensors, and
smartphones support safety applications with
fast and quick alarms of any harassment and
violence of women

ARUP and The Rockefeller Foundation 2015

Smart digital entrepreneurs: Digital
innovations lead to diversification of the
economy. If utilized appropriately with the
private sector, data that is considered new gold
or new oil may lead to several business
innovations opening plenty of new
opportunities for city dwellers. This may also
contribute to increased start-ups and new
entrepreneurship, especially attracting the
youth. For example, today, Africa with more
than 50 percent of its population owning mobile
phone benefits from a huge mobile phone
penetration rate. Many entrepreneurs take this
opportunity to create new businesses and tackle
social issues with innovative solutions

OECD 2020

Smart banking & financial inclusion: Digital
tools are increasingly used for financial
inclusion mainly due to reduction in cost and
its reach and accessibility. For example, mobile
money is being quickly picked up in developing
countries in Asia, Africa, and Latin America

Bloomberg 2021; OECD 2020

are examined. Accordingly, a selection of three narratives is provided as examples
to showcase how technology innovations can address the challenge of the resilience
of vulnerable communities.

The three city examples from Europe, Asia, and Africa highlight different smart
solutions used to tackle the unique and specific local challenges, along with a focus
on improving and building the resilience of vulnerable communities. These case
examples represent different societies with unique and distinct challenges at different
growth and development levels, including their motivation and adaptation of ICT and
the smart city approach. The three cities also represent the varied urban landscapes
from high-income, middle-income, and low-income countries, respectively. Small
innovations and simple technology tools have immense potential to build resilience
across diverse economies in varied geographical contexts.
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18.5 Smart London: A Data-Driven Strategy Toward
Building the Resilience of Vulnerable Communities

London, the capital city of the United Kingdom, is a thriving global hub for business,
education, culture, and international affairs. “London is the tech capital of Europe
by size, level of investment, and the presence of more than a third of Europe’s
billion-dollar ‘unicorn’ companies” (Morningstar 2020). It is one of the first cities
to adopt a technological approach to development. The Smart London Plan (2013;
2016) proposes the adoption of technology and a new form of collaboration between
Londoners, government, businesses, and academics to approachLondon’s challenges
in an integrated way in effort to make it a more competitive and liveable city of the
world. The thrust areas of Smart London include city-wide collaboration, data, digital
skills and capacity, connectivity, and inclusive technology.

TheLondonCityResilienceStrategy (2020–2050) focuses on long-term resilience
challenges to improve the ability of the city to manage crises up to 2050. The
resilience vision ofLondon identifies opportunities across three cross-cutting themes:
resilience for people, resilience for place, and resilience for process. The vision
further states that a successful resilience is achieved through systems approach and
flexibility to deal with unpredictable events and recover to a new, better, normal when
things go wrong.

The London City Resilience Strategy further proposes to mobilize its collective
intelligence to improve societal wellbeing for current and future generations. The
“London Datastore” project is one such project toward building collective intelli-
gence of the city. This unique smart city initiative aims to build resilience, sustainable
growth, development of the city, and make available vast amounts of free data for
multiple stakeholders, including citizens. This data can be used to tackle crucial chal-
lenges of a city like improving air quality, easing road congestion, etc. Availability
of this data led to several other smart projects addressing the urban challenges of
London, including meeting the needs and requirements of many vulnerable groups
and communities. The key features of London Datastore are detailed in Table 18.3
below.

The initial budget for the setup of theDatastorewas less than £100,000.At present,
the Datastore has only two permanent employees, and the development costs are split
across multiple clients. In 2018, the Datastore moved beyond open data and initiated
facilitating access to data across the data spectrum.

TheLondonDatastore today contributes extensively toward the resilience building
of its citizens, particularly the vulnerable groups and communities. Table 18.4 below
highlights some of the relevant projects and contributions:
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Table 18.3 Key features of London Datastore (Source London Datastore)

Amount of free data 6000 + data sets

Domain wise listing of datasets Education (75), Crime and Community Safety (74),
Demographics (173), Environment (179), Transparency (152),
Business and Economy (131), Employment and Skills (148),
Planning (127), Health (103), Housing (111), Transport (95),
Young People (60), Income, Poverty and Welfare (32),
COVID-19 Data and Analysis (33), Art and Culture (30), Sport
(26), London 2012 (5), and Championing London (19)

Data format The data is available in 23 formats, including pdf, excel, and
ZIP file

Number of data publishers 116 agencies and includes Greater London Authority (GLA),
Transport for London, Office for National Statistics, London
Fire Brigade Census Information Scheme, and NHS

Software The Datastore uses CKAN, an open-source data portal
software, which allows much better management of publishing
organizations, each of which can have one superuser with
administrator rights

Number of users 60,000/month

18.6 Smart Bengaluru: A Safe and Secure City for Women

Bengaluru is the capital of the state of Karnataka, one of the southern states in India.
It is one of India’s fastest-growing cities, a major economic center with a billion-
dollar economy, and the leading earner of foreign exchange from services and exports
(Reserve Bank of India). Bengaluru city, often known as the Silicon Valley of India,
is home to some of the largest and prominent IT companies in the world. Over 400 of
the fortune 500 companies have an office in Bengaluru, and it contributes to almost
60 percent of the state’s GDP. Additionally, it has emerged as a global destination
for “new” service sector economies like IT and biotechnology. The most significant
attraction toward the city comes from its high economic growth rate, the premier
academic institutions, and availability of skilled workforce. It has the highest per
capita income among metro cities in India and the largest number of Research &
Development labs. Bengaluru has highly educated youths and constitutes 40 percent
of the urban educated voters. Furthermore, Bengaluru is claimed as the start-up
Capital of India, with nearly 1,200 to 1,500 start-up companies registered so far.

In recent years, Bengaluru has made significant advances in mobility, energy,
environment, safety and security, civic participation, and grievance redressal. For
example, the Smart City Plan of Bengaluru (2015) was proposed with a goal of
“Smart Communities build Smart City.” The city’s vision is for “Livable Bengaluru”
through “Connected, Vibrant and Healthy Communities” which is sustainable on
three fronts: Environment, Economy, and Equity. In essence, the strategic focus and
blueprint highlight a conscious directive for sustainable choice, informed decisions
through continued civic participation in city management and services, and building
on public–private partnerships for infrastructure projects in the city.
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Table 18.4 List of London Datastore projects contributing toward building the resilience of
vulnerable communities

Project name Details

Monitoring COVID-19 cases and vaccinations Use resident data to locate and support the
most at-risk population like the elderly or
disabled. This data is shared with the
grassroots organization to coordinate and
manage the infected cases and vaccination

Economic Impact of COVID-19 on London’s
Small and Medium-sized Enterprises (SMEs):

Data analysis of the impacts of COVID-19 on
London’s SMEs by sectoral, financial,
employment, and risk indicators

COVID-19 Labor Market Analysis Analysis of the labor market covering all the
impacts of the pandemic

Equality, Diversity, and Inclusion Evidence
Base Report and Measures

This dataset assesses the level of equality in
London across various policy areas and
supports the Mayor’s equality, diversity, and
inclusion strategy. It brings together data
relevant to equality that is publicly available

London Job Posting Analytics This workbook summarizes Job Posting
Analytics related to delivery drivers in London

Life in Generation Z This project focuses on the key issues and
concerns affecting young people aged 16–24,
examines the challenges they face, and the
required action to take in order to to help them
thrive across the capital

Universal Credit and Disabled Londoners The briefing provides an insight into the
ecosystem of organizations in London,
offering support to disability benefit claimants
migrating to Universal Credit (UC)

“Climate Just” data The “Climate Just” Map Tool shows the
geographical map of England highlighting
vulnerability to climate change at a
neighborhood scale. It shows the places that
are at disadvantage due to climate impacts. It
aims to heighten awareness on social
vulnerability and exposes knowledge on
flooding and heat that leads to uneven impacts
in different neighborhoods. The Climate Just
Map Tool comprises of maps on flooding, heat,
and fuel poverty

SafeStats It shows nearly 15 million records of datasets
covering issues of crime and public safety in
London. The data is provided by the
Metropolitan Police Service, Transport for
London, London Ambulance Service, British
Transport Police, Fire Brigade, and Hospital
Emergency Departments

(continued)
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Table 18.4 (continued)

Project name Details

Better Environment, Better Health It offers borough wise tailored information on
seven important environmental factors that
impact residents’ health. These factors are
healthy food, green spaces, surface water and
flood risk, active travel and transport, air
quality, overheating and fuel poverty

The Planning London Datahub It shows live data fed from boroughs and
applicants on how the city and environment is
changing and how planning policies are
impacting that change and so on

One of the main goals of the Bengaluru smart city is to work toward the safety and
security of women and enhance neighborhood safety. This takes prominence because
the sexual assaults on women and girls in India are rapidly increasing. The average
rate of reported rape cases is about 6.3 per 100,000 of the population. According to a
recent news report, about 99 percent of cases of sexual violence go unreported. As per
the last National Crime Records Bureau (NCRB, India) data, Bengaluru is one of the
most unsafe cities for women. Among the recent crime statistics of 19 metropolitan
cities in the country, Bengaluru is in the top three positions for four crimes such as:
murder, crimes against women, crimes against children, and thefts. The statistics of
“Crime in India – 2017” released by NCRB raises concern on Bengaluru’s crime
graph which is on steep upswing compared to the two previous years.

To manage this challenge, Bengaluru has adapted the use of ICT for city-wide
surveillance,with the project being called theSafeCity project. Essentially, it is aimed
at increasing 24/7 safety for women in Bengaluru by installing CCTV surveillance
cameras, panic buttons, up-gradation of dial 100, and GIS mapping of crimes in the
city. The Government of India sponsors the Safe City project under the Nirbhaya
Fund scheme (named after the victim of the 2012 Delhi gang-rape case). In addition
to Bengaluru, this scheme is implemented in Delhi, Mumbai, Kolkata, Chennai,
Hyderabad, Lucknow, and Ahmedabad.

Based on GIS mapping of crimes, the Bengaluru police will install nearly 16,120
high-tech cameras in sensitive areas with a panic button attached to the streetlight
pole, which will make a loud noise when prompted. The women can go to the nearest
“Suraksha deep” (safety light) and press the panic button. The panic button will then
alert the city’s command and control center (CCC), and the CCCwill notify the local
police patrol cars to proceed to the spot. The Safe City Project also has a provision
to upgrade the helpline 100 and child helpline 1098.

In addition, the Bengaluru City Police recently launched an innovative and easy-
to-use mobile App, SURAKSHA, meaning “safety” in English. This Bengaluru City
Police SOS is a fully integrated personal safety appwith policing. During emergency,
this App turns the user’s smartphone into a discreet personal safety device with a
call of service to police that can be triggered by simply activating the SOS button’s
icon on the user’s cell phone.
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Fig. 18.1 The key features of the SURAKSHA App in Bengaluru (Government of Karnataka,
2020, para. 2)

Furthermore, the SURAKSHA App, which has a panic button, can trigger the
police’s control room. The police can be reached in times of distress, and the nearest
patrol vehicle can address the issue. While the app was first launched in 2017 by
the city police and since undergone modifications, more than 200,000 women in
Bengaluru city alone have downloaded this app. The key features of SURAKSHA
are shown in Fig. 18.1 below.

In line with this, India’s ride-sharing company “Ola” has integrated its in-app
emergency button with the Bengaluru police’s safety App, SURAKSHA. The inte-
gration will allow users to share their ride information, including driver and car
details,with the city police to help them track the particular trip.Whenever a customer
presses the “emergency button,” or dial 100, the police will get real-time access to the
customer’s ride information along with the vehicle’s GPS coordinates. The nearest
police team is then able to track and trace the car. To attend to the distress calls, nearly
270 police patrol vehicles are stationed at sensitive zones and over 1,200 Cheetah
motorcycle patrol squads are available on 24/7 duty.

18.7 Smart Kampala: Building Urban Resilience Through
Inclusive Digital Financial Services

Kampala, the capital city of Uganda, is the largest city in the country with a size of
189 km2. It is the 13th fastest-growing city and ranked the best city to live in East
Africa. The resident population in the city is estimated at 1.5 million, while the day
population is estimated at 4 million. By 2040, the population is projected to be 10
million, and the city’s contribution to Uganda’s GDP is almost 60 percent. Due to its
widespread scale, the city is divided into five divisions that oversee local planning.

The Kampala Capital City Authority (KCCA) Smart City Strategic Plan strives to
holistically weave technology throughout the urban fabric to improve and enhance
community quality of life. KCCA Smart City focuses on data-driven decision-
making, stakeholder engagement with relevant and timely information, with user
feedback into service and program design for a better experience and outcomes.
Overall, the vision of Smart Kampala is to be a vibrant, attractive, and sustain-
able city, while its mission is to provide quality services to the city with core
excellence, client care, integrity, teamwork, and innovativeness. The core objectives
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are to improve institutional effectiveness, enhance the client experience, promote
collaboration experience, and develop service delivery through ICT innovation.

Today, Kampala is one of the lead cities in the Africa Smart Towns Network.
The Smart Kampala plan is developed on core SMART values of Sustainability,
Mobility, Accessibility, Resiliency, and Transparency. Additionally, the significant
services planned under the smart city are smart payments, smart education, smart
planning, smart communities and social services, and smart transport.

Despite these planned services, Kampala faces significant challenges in terms
of building urban resilience particularly in slums and informal settlements where
there is huge challenge of integrating the informal economy. In general, access to
formal financial services is still low inUganda. Lack of access to financial institutions
forces several informal workers and businesses to depend on precarious informal and
short-term funding offered at high-interest rates. Particularly, the informal vendors
are more vulnerable and have fewer opportunities to formalize their businesses. It
further leads to unregulated, uncontrolled, and unsafe work environment andmarkets
and services. However, the trend changed dramatically in 2009 with the introduction
of mobile money that has helped to expand formal financial services to previously
excluded populations such as these.

It is often argued that the development of innovative financial products on mobile
platforms has tremendous impact in improving financial inclusion outcomes across
manyAfrican countries. Uganda is one country where the access to and use ofmobile
money has expanded rapidly over the last few years. At present the digital financial
services (DFS) market in Uganda is dominated by mobile money service providers
(MMSPs). The mobile money ecosystem comprises of mobile network operations,
commercial banks, non-banking financial institutions, the Bank of Uganda (BoU),
technology providers, and third-party operations.

At present, seven MMSPs provide a wide range of financial services across the
country and, as a result, mobile money services enhance the financial inclusion of
vulnerable populations. For example, digitalized cash-based transfers are currently
made to millions of refugees, as Uganda hosts nearly 1.2 million forcibly displaced
persons and refugees; the most significant number in Africa and the third largest in
the world. Mobile money services are increasingly used to transfer social benefits.
For example, the social assistance grants for empowerment (SAGE) scheme aimed
at senior citizens and vulnerable families uses the digital cash transfer initiative of
the Government of Uganda.

In line with being a crucial financial tool for the most vulnerable, a mobile phone
is interestingly found to be an economic tool that liberates women entrepreneurs
from poverty and empowers them with knowledge. In Kampala mobile phone usage
is high among women entrepreneurs the majority of who are micro-entrepreneurs.
Women entrepreneurs rose especially inmainstream operations like customer service
delivery, marketing and sales, information sharing leading to increased business
processes, and profits, further facilitating increase in productivity and enterprise
transformation.

Furthermore, mobile money is providing an increased access to finance SMEs
(small and medium-sized enterprises), which have traditionally been poorly served
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by existing lending institutions.At present, banking throughmobile phones allows for
the real-time transfer and the receipt of small funds at a low cost. The mobile money
has opened up new opportunities in small businesses to access financial services
by reducing the costs of processing and administering small loans, thereby allevi-
ating a significant disincentive for lenders to extend credit to SMEs. Overall, mobile
technologies for development (M4D) represent a force for change in the market and
women’s economic activities, challenging but also reinforcing the informality of
the Kampala markets. Based on this success and building on the ongoing collabo-
ration with UNCDF in implementing the “Leaving No One Behind in the Digital
Era” strategy, Airtel Uganda Limited is building a new partnership model with two
financial technology firms that aim to empower rural customers to access digital
services.

18.8 Discussion

Many cities link their resilience initiatives with established planning systems and
development trajectories, including actions to enhance the inclusion of all relevant
actors in decision-making, transparency of the processes of planning, empowering
the local environment through digital innovations, and enhancing fair access to basic
infrastructures and services for vulnerable groups, among others. These strategies
predispose cities to resist change and bounce back to a former condition(coping),
adjust to change without modifying established structures (incremental adaptation),
and adapt to change and transform through training and self-organization (trans-
formational adaptation) in the context of rapid urbanization, climate change, and
the associated consequences (Torabi et al. 2018; Béné et al. 2017; Ziervogel et al.
2016). A resilient approach to development is expected to improve governance chal-
lenges and highlight the weak links, possible vulnerabilities, and other loopholes in
the system (HABITAT III 2015). The rapidly increasing urbanization is shifting the
focus toward building more resilient cities, thus saving more lives, resources, and
the environment (UN-Habitat 2017). However, the question of what contributes to
urban resilience and what kind of interactions are needed to enhance it remains on
the agenda (Asadzadeh et al. 2017).

More recently, many scientific and academic attempts have made the case that
establishing long-term resilience to increasing complexities and uncertainties neces-
sitates innovative and novelties for thinking, doing, and organizing (Hölscher et al.
2019;VanWinden andCarvalho2017). In otherwords, science, technology, and inno-
vation contribute immensely to resilience building (UNCTAD 2020). Harnessing the
power of technology canmitigate the challenges of urbanization and can help catalyze
urban resilience. The foundational technologies for cities, including mobile commu-
nications, cloud computing, data analytics, and social applications, have a critical
role in supporting urban resilience. Without the deliberate use and integration of
technology in approaching resilience, the cities will be ill-equipped to address the



18 The Role of Smart Cities in Building the Resilience … 433

shocks and stresses that are rising with the phenomena of rapid urbanization, climate
change, and globalization.

The smart city approach, particularly the use of technology, helps in building the
resilience of cities. The smart city is a term most often associated with innovative
technology solutions in urban environments. However, the smart cities movement is
much more than just technology. It combines urban planning, public administration,
and community engagement, all powered by innovation and expressed through actual
use cases that improve government operations or service delivery (100 Resilient
Cities). In order to realize this potential, many city governments started using ICT to
address various challenges, which later became more focused and identified through
smart city initiatives.

Across the globe, many technologies are used to improve government services,
including disaster risk management and urban resilience. Smart urban governance,
therefore, is increasingly considered as a core factor facilitating progress on all
activities related to urban resilience. Similarly, open and updated risk information and
communication contribute to transparent and evidence-based decision-making. The
three specific real-world cases discussed in this chapter highlighted the use of ICT in
different ways for building the resilience of vulnerable communities addressing the
local challenges. The London Datastore effectively uses the data to address the city’s
challenges, particularly vulnerable communities, through maps and apps open to the
public and other stakeholders. The Bengaluru Safe City Project aims to address the
challenges of women in cities who often experience violence and untoward incidents
in their daily life.Andfinally, the case ofKampala discussed building urban resilience
of vulnerable communities, including women, through inclusive digital financial
services.

Digging a little deeper, theLondonDatastore highlights how innovation anddigital
technologies can be implemented to build resilience and improve overall business
function and operational performance, including social and environmental impact.
This data-based evidence guides and influences GLA, including local boroughs, to
make informed and scientific decisions and accordingly design policy innovations
and allocate budgets. The open and transparent data encourages more collaborative
and constructivework amongvarious stakeholders and reinforcesLondon’s resilience
action plan. This project addresses two significant resilience development challenges:
(1) lack of access to information, and public participation in decision-making (2)
need for efficient communication and exchange among the relevant stakeholders
when shaping the resilience initiatives.

Regarding the second case study, theBengaluru Safe city project highlights the use
of technology in building a safe, secure, and empowering environment for women
in public places. Thus, enabling them to pursue all opportunities equally without
the threat of gender-based violence or harassment. Inspired by the success of this
project, recently, the city police have decided to launch a pilot project that will
identify the areas where women generally do not go because it is considered unsafe.
Consequently, in association with a local civil society group, the Bengaluru police
have identified eight spots, including roads, parks, and other public spaces where
women do not feel safe, turning them into more friendly spaces. Also, in the first of
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Fig. 18.2 National financial inclusion strategy of Uganda (2017)

its case, policewomen will patrol the streets of select Bengaluru areas such as where
usually, only police officers patrol the streets on motorbikes.

Lastly, theKampala project is an example to highlight how everyone in society can
access essential financial services regardless of their income or savings. It focuses
on providing financial solutions to the economically underprivileged who are most
vulnerable to economic shocks. The mobile phones and mobile money in Kampala
have enabledwomen to have the ability and tools tomanage and save their money and
also empower them with the right skills and knowledge to make the right financial
decisions. This will further lead to equality both within the community andwithin the
family. Inspired by the success stories,Uganda launched a national financial inclusion
strategy in 2017. This strategy focuses on five key areas, as shown in Fig. 18.2 below.

Urbanization, demographic shift, climate changes, and new technologies are
reshaping howcity leaders are looking at sustainability and resilience, particularly the
design and delivery of public services to address these new dynamics. Based on the
recent COVID-19 crisis alone, city governments have shifted their focus on the need
to build long-term resilience into their recovery strategies. Smart cities, which are
established upon complex and intelligent approaches of universal digital networks,
can better connect citizens, governments, and objects seamlessly. This will enable
the right environment and can optimize the performance of urban basic infrastruc-
tures and connect to citizens using integrated command and control centers where
the centralized units help manage and administer vital services efficiently during and
after a crisis.

The current digital age with increasing use of ICT applications can promote the
simultaneous improvement of smart cities and urban resilience, while also helping
to establish a new “smart urban resilience” model. As a result, the insights supported
by open data can deliver more resilient infrastructure and deliver a more sustainable
future. This, in turn, brings the most high-level technology into a centralized data
environment, enabling actors to maximize performance, minimize cost and delay,
and assure effective services.
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On the flip side, increasing digital dependency invites potential attacks on ICT
infrastructure. The cyber-attacks on cities’ physical and digital infrastructure often
could be more severe and disruptive than ever before. Therefore, cyber resilience
must become another dimension to tackle when building a “smart urban resilience”
model.

18.9 Conclusion

Cities are the key hubs of economy and growth. Strengthening urban resilience
is a critical element for global sustainable development. Resilient cities can better
withstand, adjust, and adapt to social, economic, political, and environmental shocks
and stresses. The vulnerable communities such as elderly people with disabilities,
women, children, poor, migrants, refugees, and other minority groups aremore prone
and exposed to natural and human-made disasters, including other life threats, shocks,
and stresses. Therefore, resilience initiatives recognize the importance of promoting
procedural justice by the inclusion of the needs and interests of all relevant actors,
including vulnerable and marginalized populations.

Such attitudes toward resilience call for innovations and novelties in planning
processes and practices since urbanization and climate change dynamics are glob-
ally rising, and cities are at the forefront of these phenomena. More recently, interna-
tional scientific and policy discourses on sustainable development stress the need to
incorporate smart city concepts into urban resilience trajectories. The city managers
and planners can leverage the benefits of ICT and use the same for building a
resilient and fool-proof city. In addition to this, the use of technology, such as early
warning systems for risk information and communication, enables efficient delivery
of services during and after disasters. Smart technologies predispose local gover-
nance and agencies to set more preventive measures that enable them to respond in
a time of emergencies and plan for long-term resilience and sustainability.

Further, the smart city approach enhances opportunities for developing innovative
solutions for building the resilience of vulnerable communities. The use of data and
communication systems will increase efficiency, collaboration, transparency, and
evidence-based decision among multiple actors working at city resilience strategy.

Consequently, the three case studies discussed in this chapter present different
use cases where the technology can contribute to resilience building. The London
Datastore is a classic example to highlight the use of data for evidence-based decision-
making. As described, London is using the data to measure and tackle the risk
exposure of vulnerable and marginalized populations with appropriate strategies
and interventions. Similarly, the case of Bengaluru highlights the use of emerging
technology solutions to build a safe and secure city environment for women. Finally,
the case example of Kampala highlights how technology is contributing to enhancing
financial inclusion with increased business opportunities for the informal sector.
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While the integrated concept of resilience thinking and smart city approach predis-
poses decision-makers and planners to shape sustainable and just cities, more empir-
ical insights are needed to understand how and to what extent different smart city
tools and paradigms contribute to the realization of different pathways to resilience.
However, it is debatablewhether cities can effectivelymerge resilience and smartness
without the right policy framework, institutional and people capacity, and consistent
disaster risk reduction plans at both governance and operational level. Further, an
additional layer posed is the challenge of how to run and maintain the ICT services
during and after disasterswithout causing any disruption.Overall, while these consid-
erations are relevant and highly significant to the discourse, the value that smart
cities provide in security, community inclusion, and resilience cannot go ignored, as
it offers modest insight in how to navigate a world that is seeing an increase in both
complexity and uncertainty.
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Chapter 19
Advancing Community Resilience
Through Smart Approaches: A Resource
for Canadian Communities

Ewa Jackson, Amy Jones, and Pourya Salehi

Abstract In response to the severe climate change impacts faced by Canada, Open
Smart Cities are increasing in number across the country. Open Smart Cities facili-
tate collaboration between different sectors and actors regarding the use of data and
technology to address social, economic and environmental challenges in an equi-
table and just manner. This chapter rigorously examines how open smart approaches
can increase urban resilience and draws upon initiatives implemented by the City
of Surrey in British Colombia to contextualize the theoretical underpinnings of
resilience and smart solutions, within a case study example.

Keywords Open Smart Cities · Resilience · Canada

19.1 Introduction

“Now, perhaps more than ever, Canadian communities are being both encouraged
(by, for example, the Smart Cities Challenge) and required (due to climate change,
urbanization, and other emerging trends threatening to disrupt daily life) to find inno-
vative solutions to the challenges facing their communities. The growing prevalence
of “smart” cities reflects this shift. While commonly understood as one that uses
data and connected technology to accelerate innovation within local communities
(Sodhi et al. 2018), we approach smart cities through a newer concept, called the
Open Smart Community.
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First developed by Open North in the Open Smart Cities Guide V1.0 and most
recently refined in the State of Open Smart Communities in Canada,1 the Open Smart
Community is defined as: “one where all sectors, including residents, collaborate to
mobilize data and technologies to develop their community through fair, ethical
and transparent government practices that balance economic development, social
progress and environmental responsibility” (Pembleton et al. 2019, p. 5). Critical
to this concept are principles like equity, engagement and transparency. We believe
that these elements can help to mitigate the potential risks associated with data and
connected technology initiatives, from data privacy, to accessibility, to the risks of
outsourcing public services (Sodhi et al. 2018).

The concept of the Open Smart Community is now being operationalized in
the context of the Community Solutions Network through four domains: Data,
Governance, Hardware & Software, and People & Engagement.

This resource is an outcome of the British Columbia Idea Camp held in the City of
Victoria, British Columbia, on October 30, 2019. Idea Camps are a series of regional
events that took place in 5 regions across the country in 2019. Each event brought
together mid- and senior-level municipal staff and Indigenous leaders for peer-to-
peer exchange and intensive instruction from experts to build capacity in areas related
to open data, governance and public engagement”.

“The British Columbia Idea Camp explored the connection between open smart
approaches and their ability to support community resilience goals (particularly
around climate change) and improve the lives of residents. The event hosted 23
participants representing 13 municipalities and 2 provinces, including Councillors,
municipal managers and community planners.

This resource has been developed to assist Canadian municipal and commu-
nity officials and administrators. It brings together key learnings from communi-
ties that are already using open smart approaches to resilience initiatives, as well
as resources and guiding principles to help communities identify and implement
resilience initiatives and strategies”.

19.2 The State of Climate Resilience in Canada

Climate change impacts are being felt across Canada in significant ways. With
observed increases in average temperature and precipitation over the last six decades,
including especially rapid rates of warming in the North, climate change is already
affecting Canada’s environment and economy, as well as the safety, physical, mental,
cultural, and spiritual health and well-being of Canadians. With these impacts
projected to intensify in the coming decades, it is essential that Canadians act now
to adapt and build resilience to climate change.

1 https://drive.google.com/file/d/1sWySv6IDQE-Fyqm-FuU73NcIYqVJ8khi/view.

https://drive.google.com/file/d/1sWySv6IDQE-Fyqm-FuU73NcIYqVJ8khi/view
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“According to the recently releasedCanada’s Changing Climate Report,2 Canada
has been warming over the last six decades, where temperature has increased in all
regions ofCanada and in the surrounding oceans” (Bush andFlato 2019). “From1948
to 2020, there is a trend in annual average temperature departures, showing 1.8°C
of warming over that period” (Government of Canada 2021, para. 3). “Canada has
also generally become wetter over the past several decades, with a shift toward less
snowfall and more rainfall. Annual and winter precipitation is projected to increase
everywhere in Canada over the twenty-first century. In the future, a warmer climate
will intensify some weather extremes. Extreme hot temperatures will become more
frequent andmore intense. Thiswill increase the severity of heatwaves, and contribute
to increased drought and wildfire risks. While inland flooding results from multiple
factors, more intense rainfalls will increase urban flood risks (Bush and Flato 2019).

Extreme weather events such as storms, floods, and windstorms are projected
to increase in severity and frequency under a future climate scenario. These types
of events have already impacted Canadian communities; the costs of recent major
Canadian weather events are evidence of the consequences that these types of events
can have:

• Windstorms in Toronto, Eastern Ontario, andQuebec inMay 2018 brought claims
worth CAD $600 million (Gambrill 2019).

• Heavy rains in May 2017 caused flooding and damage resulting in more than
CAD $233 million in insured damage in Eastern Ontario and Western Quebec”
(Insurance Bureau of Canada 2017).

• In April 2019, the Canadian Government announced that “annual precipitation is
projected to increase in all regions of Canada and a warmer climate is expected to
intensify some weather extremes. Projected increases in severe precipitation are
expected to increase the potential for future urban flooding” (Insurance Bureau
of Canada 2019, para. 2).

• “Insured damage for severe weather events across Canada reached $2.4 billion”
in 2020 (Insurance Bureau of Canada 2021, para. 1).

• “Wildfires in British Columbia in 2017 (…) cost the province CAD $568 million,
equal tomore than double the historical average annual cost of CAD$214million”
(Lindsay 2018).

While communities across Canada prepare strategies and implement actions to
prepare for climate risks, they are, at the same time, embracing data and connected
technology approaches in an effort to lower operating costs, enhance public services
and improve the quality of life of residents. Examples can be identified in transporta-
tion, where data from public transportation fare cards pinpoint commuter hotspots
and determine bus fleet needs, where bike sharing programs with self-service bike
stations are promoting active transportation for residents, and where street light
management is enabling the accommodation of real-time traffic conditions. In the
realmof health andwellness, the availability of telemedicine to account for increasing

2 https://changingclimate.ca/CCCR2019/

https://changingclimate.ca/CCCR2019/
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demands for healthcare services in underserved communities andpopulations is being
increasingly explored, piloted and implemented.

Similarly, communities are exploring how smart approaches [could] link to
climate resilience. This resource emerged from the discussions held at the British
Columbia Idea Camp that explored how communities can and are advancing
resilience strategies, and how open smart approaches to data and technologies can
be leveraged to help address resilience challenges.

19.3 Making the Connection: Climate Resilience and Open
Smart Approaches

Impacts of a changing climate are already being felt in towns and cities across
Canada.Municipalities are becoming increasingly vulnerable to a variety of impacts,
including increased incidences of extreme weather events, sea level rise, increasing
temperatures and changes in precipitation. Indeed, there is a growing acknowledge-
ment that it is now adaptation and resiliency strategies at the local level that are
essential to support infrastructure building and maintenance, land use planning and
the broad range of services provided by local governments. While climate change
adaptation has received increasing attention over the past several years, the focus has
largely been on the planning process (e.g. conducting vulnerability and risk assess-
ments, developing different types of asset management plans, storm water manage-
ment plans, community adaptation plans, etc.) and less on tangible on-the-ground
actions. Adaptation planning is a process that is often capable of delivering positive
outcomes; however, it must be supplemented with action; otherwise, vulnerability is
not reduced and a community is still exposed to climate risk. For many communi-
ties, bridging this gap between planning and implementation is an ongoing barrier
towards becoming more resilient”.

Big data is proving to be a highly effective decision-making tool. This is because
analysing data fromdifferent sources such as climate, socialmedia, traditionalmedia,
NGOs and citizen-led groups offers a level of precision for tackling global challenges.
In addition to analysis, big data creates a space of dialogue as it can be used to educate
or warn communities about various shocks and stresses (Sarker et al. 2020).

“The connection between open smart approaches and local government action to
reduce climate impacts are increasingly being considered and explored, but it is a
newly emerging practice across Canada.At this intersection, for example, geographic
information systems (GIS) can be used in local hazard mapping and analysis to help
identify evacuation routes and locate vulnerable housing. Through enhanced connec-
tivity and the proliferation ofmobile technology, people living in vulnerable areas can
use mobile phones to participate in collective mapping exercises and help identify
local priorities for action. They can also provide ongoing feedback on the effec-
tiveness of risk-reduction initiatives that have been deployed in their communities.
Many of the methods for reducing climate impacts rely on sensors either to record
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and relay real-time consumption information or to detect the activities of residents.
In many parts of Canada, fixed and mobile telecommunications networks are ideally
suited for a lot of these tasks. The detection and collection of key data, when used
appropriately, can help local governments make informed decisions that contribute
to climate reduction.

To date, much of the work on resilience and smart cities has been siloed; the two
initiatives are not frequently thought of as mutually beneficial and complimentary,
or even as existing within the prevue of local government. Instead, smart cities
approaches have typically come from outside of local government. In order for the
two concepts to be mainstreamed, local governments will also need to co-create
solutions from within, working with residents, entrepreneurs, academics, not-for-
profits and others to develop innovative prevention and risk reduction tools that help
to address identified community challenges and needs”.

Cities have traditionally functioned as a collection of individual silos which
provide essential services to citizens but are not always built around their needs.
Smart cities, however, value holistic, citizen-centric models which facilitate the cross
pollination of ideas between different departments and avoid operating in silos (BSI
Group, n.d).

Resilient cities tend to be discussed as an abstract and multi-facetted concept
(Cummings et al. 2005)which differs to smart cities, which are driven by technocratic
solutions (Kitchin et al. 2017). This is reflected in the way that resilience frames
cities as a socio-ecological system of metabolic flows (Kaye et al. 2006), whereas
smart cities are seen as technical systems where challenges can be overcome with
technological solutions (Kitchin et al. 2017).

However, there is a nexus between resilient and smart cities; both resilient and
smart cities require a degree of urban transformation and the uptake of solutions into
mainstream practice. In fact, smart cities have been described as a mainstream form
of experimental urbanism (Cugurullo 2018) which can also apply to resilient cities
as an integral component of achieving urban resilience is allowing cities to develop
strategies for transitioning to more sustainable systems which offer an alternative to
mainstream practices (Evans 2011).

“Some examples of the nexus between resilience and smart approaches are:
The role of big data in climate resilience, where anonymized cell-phone use

records can be made available to track movements during extremes weather events.
In work done by Professor James Ford (McGill University and University of Leeds),
big data can also be used to georeference data around vulnerability of high risk
groups—such as household income, demographics, housing characteristics—data
which is often non-existent, outdated or unreliable.

The creation ofwarning systems that incorporate socialmedia data to trigger emer-
gency response measures (e.g., heat or flood alert systems). In this way, smartphones
could be equipped with sensors that allow for the monitoring of human movement
before, during, and after an extreme event to aid with disaster response (Ford et al.
2016). Integrating detailed considerations on data, technology and connectivity into
the planning process for climate change strategies (alongside the people who will
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be responsible for their implementation) can be one of the ingredients for success in
moving forward with open smart approaches.

Some recent examples of how Canadian cities are using data and connected
technology as part of their climate adaptation strategies include:

• The City of Windsor used thermal imaging to understand how increased temper-
atures were affecting playgrounds in the city. Through imaging, the City found
that temperatures on surfaces below certain play structures ranged from 50–70 C.

• Libraries of Things: The concept of borrowing a neighbour’s drill, lawnmower,
or tent is not new. However, increasing rates of social isolation have virtually
eliminated this practice. In response, Libraries of Things have emerged to not
only help neighbors interact, but also to address the consumption of resources (a
significant contributor to climate change). Libraries of Things, enabled by soft-
ware platforms, have become community hubs which increase entrepreneurship,
social innovation and local economic development.

• Many cities are adopting technology-based water monitoring systems that not
only broadcast risk alerts, but also help to control and record behaviours in main-
taining a satisfactory water flow (see the River Watch mobile app,3 developed by
Civic Tech Fredericton and now serving all New Brunswickers). Such early flood
detection and warning systems are reliable and have stable structures in terms of
communications and accuracy.

As a result of the British Columbia Idea camp, three key opportunities were identified
for connecting smart approaches to resilience action:

• Raising awareness among Canadian communities around smart approaches as a
tangible and locally relevant response to (…) climate change challenges.

• Knowledge exchange and sharing around smart approaches—digitization, data
integration, connected technology – that can be applied in remote or rural, small-
to medium- sized communities.

• Building relationships across a network of communities and innovation partners
centred around collaboratively advancing smart approaches as solutions to local
resilience challenges”.

19.4 Theoretical Foundation

19.4.1 Resilience

The concept of resilience evolved from the natural sciences in the 1970s. Since then,
different disciplines have adopted the concept (Alexander 2013) and it has become
key for sustainability and disaster risk reduction (Davoudi 2016). Resilient urbanism
is now a prominent topic for discussion within governments. Definitions of resilience

3 https://www2.gnb.ca/content/gnb/en/news/public_alerts/river_watch.html.

https://www2.gnb.ca/content/gnb/en/news/public_alerts/river_watch.html
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vary between disciplines; however, there is general agreement that a resilient city can
be defined as being “prepared to absorb and recover from any shock or stress while
maintaining its essential functions, structures, and identity as well as adapting and
thriving in the face of continual change” (ICLEI 2019, p. 5). A resilient approach to
urban development is synonymous with a holistic approach as it considers a whole
system’s ability to bounce back after a shock and its adaptive capacity (Sarker et al.
2020). It is important for cities to be resilient because in this way, they can be in a
state of constantly adjusting to the consequences of the climate crisis and revising
the mainstream practices that take place.

19.4.2 Smart Cities

Digital cities were heavily discussed in the early 2000s until 2009 where greater
attention was given to smart cities and it has continued to gain traction to the point
where academic work referred to the concept more than sustainable cities in 2012
(de Jong et al. 2015). Smart cities are prominent in the New Urban Agenda, which
calls for a commitment “to adopting a smart-city approach that makes use of oppor-
tunities from digitalization, clean energy and technologies, as well as innovative
transport technologies, thus providing options for inhabitants to make more envi-
ronmentally friendly choices and boost sustainable economic growth and enabling
cities to improve their service delivery”.

The concept of smart cities began with a focus on “technology assisted—through
sensors, surveillance cameras, control centres, autonomous driving, and connected
infrastructure and communities” (Yigitcanlar et al. 2019). Since then, the concept
has evolved as technology has become more advanced and sophisticated (Kitchin
et al. 2017). There is not yet a single standardized agreed upon definition of smart
cities. McKinlay (2017) argues that this debate is helpful for local governments to
refine their approach to smart cities. This paper recognizes, however, that a smart
city can be generally defined as a city that uses technology to increase the efficiency
of urban systems and strive for a high quality of life for its citizens (Batty et al.
2012; Harrison et al. 2010; Xie et al. 2019; Yigitcanlar and Cugurullo 2020). Smart
cities arose from the belief that smart solutions are crucial for addressing the main
challenges in sustainability and that a technocratic approach can alter the trajectory
of the climate crisis (Kitchin et al. 2017).

Kitchin et al. (2020) argue that smart city solutions advocate for collaborative
working between the public sector and the private sector. However, as smart strate-
gies become more sophisticated and evolve over time, a gap is created within the
knowledge of decision makers and this can lead to the potential of implementing
these solutions being overlooked. The limitation created by asymmetrical knowl-
edge between different groups can lead to inaction and prevent the benefits of smart
solutions being harnessed.
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19.4.3 Open Smart Cities

Open Smart Cities aim to overcome the challenge of asymmetric knowledge in
different groups by building trust within administration processes and being trans-
parent about potential opportunities and risks of increased data use with all stake-
holders (Pembleton et al. 2019). Specifically, an open smart city is one in which
“residents, civil society, academics, and the private sector collaborate with public
officials to mobilize data and technologies when warranted in an ethical, account-
able and transparent way in order to govern the city as a fair, viable and liveable
commons and balance economic development, social progress and environmental
responsibility” (Sodhi et al. 2018, p. 10). Open Smart Cities are able to combat some
of the challenges faced by smart cities such as the lack of regulations in place to
prevent data privacy leaks, ransomware attacks and biases within algorithms.

19.4.4 Vulnerability

The vulnerability of a city depends on its exposure, sensitivity and adaptive capacity.
Exposure refers to the extent towhich people, livelihoods and assets could potentially
be harmed. Sensitivity refers to the extent to which communities or individuals are
affected by a climate change impact. Adaptive capacity refers to the extent to which
people possess the relevant knowledge, capacity and opportunities to adapt to and
limit climate change impacts (Hardoy and Pandiella 2009). Bridging the gap between
planning and implementing capacity building initiatives in the community increases
resilience and decreases vulnerability.

19.4.5 Disseminating Smart Solutions into Mainstream
Practice

The private sector has heavily influenced the development of what constitutes a smart
city. IBM was one of the first companies to advocate for smart cities. In 2008, IBM
announced its smart city vision within its Smarter Planet Initiative which argued
the importance of investing in urban digital systems. However, the incentive was to
increase efficiency and lessen the risk of economic decline (Wiig 2015). Canadian
government have invested in smart cities, i.e. Industry Canada invested $60 million
into its nationwide “Smart Communities” initiative (Hollands 2008), and since then,
there has been more research into smart cities and interest at the government level
has increased further.

Put simply, smart cities require a change in dynamic between technology and
society (Soderstrom et al. 2014). Within academic literature, increasing importance
is being placed upon increasing the level of citizen engagement. In Canada, there is
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a growing demand at the municipal level for this citizen engagement to be smart.
The open element of Open Smart Cities means that government data is accessible to
communities and this results in more transparent and accessible forms of governance
(Johnson et al. 2020).

Johnson et al. (2020) identify a gap in the research to explore how smart
approaches to citizen engagement can be achieved through the planning stages
of projects. This paper contributes to this gap in the literature as it investigates
how the City of Surrey’s initiatives have disseminated smart solutions throughout
communities.

19.5 Methodology

The Victoria Idea Camp took place on 30 October 2019 and lasted 5.5 h. The idea
camp was open to LCF delegates and other communities; it was designed to provide
a space of dialogue to municipalities from British Columbia so they could “connect,
share, and ask questions around smart cities, which achieve meaningful outcomes
for residents through the use of data and connected technology”. The conversation
explored “the connection between smart cities approaches and how digitalization
and information technology can provide opportunities to achieve broader resilience
goals” (University of British Columbia 2019, para. 1).

Pre-consultation calls were offered by ICLEI Canada and Evergreen to those
attending in order to advance the understanding of the issues and questions facing
communities in British Columbia and the divergence between their current capacity
to navigate the smart cities landscape and the capacity needed (University of British
Columbia 2019). This contributed to the Idea Camp being able to precisely target
the main challenges faced by communities and build capacity.

A case-study approach was taken to carry out an in-depth assessment on the City
of Surrey and its strategy for becoming a smart city. The City of Surrey was chosen
because of its prominent position within the sustainability arena that it has held for
over a decade. In addition, the city is aiming to become a leader in innovation via its
“Smart Surrey Strategy”. This “seeks to guide Surrey’s growth from an innovation
and technological perspective”. The case-study approach “is used to generate an in-
depth, multi-faceted understanding of a complex issue in its real-life context” (Crowe
et al. 2011, p. 1). This method has been used to rigorously analyse how the City of
Surrey has implemented smart city solutions.

19.6 Case Study: The City of Surrey, BC

“The City of Surrey is located in the Metro Vancouver region of British Columbia.
Surrey has been a leader on a variety of sustainability initiatives for decades and
has been working on climate change since 2010, with their Community Climate
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Action Strategy4 being endorsed by Council in 2013. Likewise, it has been working
on advancing smart approaches through a variety of initiatives under the banner of
the Surrey’s strategy Smart Surrey: Leading Through Innovation.5 Surrey began by
creating a local definition: “A ‘Smart’City creates sustainable economic development
and high quality of life by considering innovation and technological advancements
as a key ingredient in its decision making and strategy development” (City of Surrey
2020, p. 7).

There are several examples of initiatives that highlight how Surrey has opera-
tionalized Smart Surrey: Leading Through Innovation. These include:

Surrey mobile apps
An example of a citizen information system, providing access to a variety of

mobile apps developed by Surrey to help residents access the following City of
Surrey services:

• Building Inspection Request App6

• MySurrey App7

• Surrey Libraries App8

• Surrey RCMP App

Data Driven Decision Making (D3M)
Surrey’s D3M process launched in 2018 in partnership with the consulting

company, CGI. Through this process, 80 different technologies were identified as
being used byCity departments. Staffwere asked towork throughproblemstatements
to get to a common “wish list” that included:

• Reducing data lags and “Self-service” access to data
• Effective forecasting
• Data catalogue
• More public-facing data

The City’s focus on creating and improving city information systems, while at the
same time moving towards more integrated data-driven decision making is helping
to build resilience in Surrey, both within their corporate operations as well as in the
broader community. The variety of mobile apps that are offered and downloaded
by residents are vital communications platforms that can be used before, during, or
after an emergency event to communicate vital information regarding the level of
risk and where residents can turn for help. Advancing D3M is an important process
for city staff to use to design better, more targeted, and equitable resilient actions
and solutions”.

4 https://www.surrey.ca/about-surrey/sustainability-energy-services/climate-adaptation-strategy.
5 https://www.surrey.ca/sites/default/files/media/documents/SmartSurreyStrategy.pdf.
6 https://www.surrey.ca/renovating-building-development/building/building-inspections/building-
inspection-request-app.
7 https://www.surrey.ca/services-payments/online-services/mobile-apps/mysurrey-app.
8 https://www.surrey.ca/services-payments/online-services/mobile-apps/surrey-libraries-app.

https://www.surrey.ca/about-surrey/sustainability-energy-services/climate-adaptation-strategy
https://www.surrey.ca/sites/default/files/media/documents/SmartSurreyStrategy.pdf
https://www.surrey.ca/renovating-building-development/building/building-inspections/building-inspection-request-app
https://www.surrey.ca/services-payments/online-services/mobile-apps/mysurrey-app
https://www.surrey.ca/services-payments/online-services/mobile-apps/surrey-libraries-app
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19.7 Discussion

19.7.1 Key Considerations for Local Governments

A number of lessons learned emerged from the City of Surrey case study and the
broader discussions held at the British Columbia Idea Camp. These lessons provide
insight around some guiding elements that local governments can keep in mind
when considering and/or moving forward with the implementation of open smart
approaches to help address climate resilience challenges:

• Early capacity building and knowledge sharing: Staff knowledge and capacity
must be developed early on in order to reduce reliance on external organizations
and providers.

• Aligning around a shared vision: Changing the way we make decisions around
resilience and technology will take time. Establishing the trust needed for collab-
orative decision-making can help to leverage the potential in communities and
advance a collective vision for an equitable and resilient community. Aligning
around a shared vision of what a resilient community looks like, and the role
of technology in it, will lead to long-term progress and shared ownership for
implementation.

• Meaningful public and stakeholder engagement is crucial: Ensuring compre-
hensive and meaningful public and stakeholder engagement is key to building
and maintaining trust with residents, and opens the door for co-creation. The
shared vision of your resilient community should drive your engagement strategy
and process. By making decisions and developing policies collaboratively, and
ensuring ongoing transparency and accountability, the foundation will be laid for
meaningful and long-term change.

• Quality of life > technology for innovation’s sake: It is easy to be swept up
in the promises of new technologies and the benefits and solutions they claim
to enable. Understanding the needs and wants of your residents and maintaining
focus on improving their quality of life can help you to avoid the potential pitfalls
of prioritizing innovation and newness. A few questions to ask are: What problem
are we trying to solve with this technology? How certain are we that the problem
will be solved by this technology?

• Time and resources are real constraints: Many communities lack dedicated
resources to take on new data and technology initiatives (few Canadian communi-
ties have a dedicated smart city or open data branch or department). In most cases,
data and connected technology initiatives are undertaken by existing departments
that are already limited in resources.

• Understand the risks:While smart approaches promise many benefits, they also
have the potential to pose significant threats to individual rights. From invasion of
privacy due to increasing and new forms of surveillance, to the ability of data or
connected technology initiatives to reflect or even exacerbate existing social and
economic inequalities, there is reason for exercising caution. This is particularly
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significant when approaching resilience initiatives; resilience, at its core, is meant
to promote equity and social connectedness. Understanding the risks associated
with a certain intervention and the purpose behind it, is a crucial early step.

Discussions at the British Columbia Idea Camp also triggered important questions
for local governments to consider when applying data and technology approaches to
climate resilience:”

1. “Do you have reliable and consistent access to broadband internet?
Generally, smart approaches to data and technology rely on continuous and

reliable broadband internet and connectivity. Many parts of Canada, especially
in Northern, rural, and remote areas, struggle with connectivity issues and do
not have adequate or consistent access to broadband internet. To meet this need,
governments at all levels have acknowledged this as a fundamental challenge
and are taking action to close the digital divide by creating funding mechanisms
and infrastructure to provide reliable internet access for all Canadians.

For more information, go to:
• Government of Canada Universal Broadband Fund9

• Internet speed test with Canadian Internet Registration Authority (CIRA)10

• Conference Board of Canada Progress Report on Connectivity11

• Community Solutions Network”12

2. “Do you have a comprehensive community and stakeholder engagement
strategy?

When considering the application of data and connected technology to advance
resilience, it is important to engagewith communities and stakeholdersmore broadly.
Better engagement helps to identify resident needs and how open smart approaches
can help to meet those needs. When building these relationships, it is important
to identify all stakeholders: governments, utilities, IT, finance, private businesses,
etc. Additionally, it is important to identify opportunities for a variety of partner-
ships, both public/public and public/private as prospects for funding. Models to
help connect innovators with practitioners and funders (e.g. the Innovate BC model,
which connects innovators with funding, tools, resources, etc.) should be pursued
when considering open smart approaches.

For more information, go to:

• Innovate BC13

• Future Cities Canada: Getting to the Open Smart City14

9 https://www.ic.gc.ca/eic/site/139.nsf/eng/h_00006.html.
10 https://performance.cira.ca/
11 https://www.conferenceboard.ca/hcp/Details/Innovation/connectivity.aspx.
12 https://www.evergreen.ca/our-projects/community-solutions-network/
13 https://www.innovatebc.ca/
14 https://futurecitiescanada.ca/downloads/2018/Getting_to_Open_Smart_City.pdf.

https://www.ic.gc.ca/eic/site/139.nsf/eng/h_00006.html
https://performance.cira.ca/
https://www.conferenceboard.ca/hcp/Details/Innovation/connectivity.aspx
https://www.evergreen.ca/our-projects/community-solutions-network/
https://www.innovatebc.ca/
https://futurecitiescanada.ca/downloads/2018/Getting_to_Open_Smart_City.pdf
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• Municipal World: Smart(er) cities focus on open data and community engage-
ment15”

3. “Do you understand the unique needs and challenges of your community’s
equity-seeking communities? Have you addressed them in your approach to
resilience?

Climate change impacts are disproportionately impacting Indigenous people, low-
income families, and people of colour. Climate change worsens gaps that historically
(and presently) prevent inclusion of whole communities in building resilience. We
need to make sure that open smart approaches are people-centred (and equitable) by
ensuring that all are included or considered in conversations on data and technology.
Likewise, technological responses must be catered to a perceived and/or identified
local need or gap and implemented actions must reflect people and place. Funda-
mentally, communities need to make sure that solutions include (or at a minimum
do not discriminate) against those for whom technology and connectivity are not as
readily available.

For more information, go to:

• City of Calgary Resilience Strategy16”

4. “Are you aware of and considering the differences for large versus small
communities?

In large communities it can be hard to “act locally” due to large bureaucracy, and
manypre-identified and competing priorities. In small communities, however,munic-
ipal staff may not necessarily see open smart technologies as a priority area and also
may not have the resources to take on something new. To overcome these considera-
tions, smart city approaches need to be framed as a solution to resilience challenges
(in any type of community) leading to better uptake and long-term implementation.

For more information, go to:

• Do not forget about Smart Towns17”

19.8 Conclusion

“Communities across Canada are actively working on resilience – from vulnera-
bility and risk assessments, to creating resilience strategies/plans, to implementing
resilience interventions. In most cases these initiatives are not being approached
through a data and connected technology lens; digitization, data-driven decision
making, automation, and technological innovation are often not central components

15 https://www.municipalworld.com/feature-story/smarter-mid-sized-cities-focus-open-data-com
munity-engagement/
16 https://www.calgary.ca/CS/Documents/ResilientCalgary/ResilienceStrategyBooklet.PDF.
17 https://link.springer.com/article/10.1007/s12599-018-0536-2#citeas.

https://www.municipalworld.com/feature-story/smarter-mid-sized-cities-focus-open-data-community-engagement/
https://www.calgary.ca/CS/Documents/ResilientCalgary/ResilienceStrategyBooklet.PDF
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s12599-018-0536-2#citeas
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of resilience strategies and plans. In many cases, we are relying on the ways we have
always planned cities to plan for a new and uncertain future.

Planning for this uncertain future requires a paradigmshift in theway communities
are planned and designed. Innovative and sustainable approaches to many aspects
of community life, such as public transportation, urban agriculture, construction,
housing and smart building technologies can advance resilience, create jobs, and
help communities stand up to a changing climate. Open smart approaches can have a
role to play in advancing these future-ready solutions. By better integrating principled
data and connected technology approaches into resilience strategies in a manner that
is equitable, transparent and participatory, we can ensure our communities are taking
long-term action that is inclusive and responds to local risks and stressors”.

It is clear that Open Smart Cities have great potential to help build resilience. To
implement successful smart solutions, it is important to take a holistic approach to
urban development and look beyond cities as just technical systems, and instead,
view them as socio-ecological systems as this allows planners to consider all aspects
of urban areas when implementing smart initiatives.
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Chapter 20
Toward Integrating Resilience Thinking
in Smart City Planning and Development

Pourya Salehi and Ayyoob Sharifi

Abstract Along with sustainability, resilience and smartness have arguably been
the most dominant terms in science and policy debates about cities in the past 2–3
decades. Much has been written on the integration of sustainability and smartness
as well as sustainability and resilience. By comparison, integration of smartness and
resilience has received limited attention. This is despite the fact that, on the one hand,
smart city solutions and technologies can provide numerous benefits for enhancing
urban resilience, and, on the other hand, resilience thinking can contribute to planning
and implementation of more efficient smart city projects that are able to survive
and thrive during different types of crises. Different theoretical and empirical issues
related to the integrationof resilience thinking into smart city planningwere discussed
in this book that has contributed to gaining a better understanding of the concept of
resilient smart cities. In addition to a summary of the main issues discussed in the
previous chapters, this concluding chapter provides recommendations for further
integration of the concepts of smart city and urban resilience.

Keywords Smart city · Urban resilience · Integrated approaches · Urban
planning · Resilient cities

20.1 The Importance of Smart and Resilient Cities

Resilience is a beneficial concept for urban areas aiming to address the impacts of
human-made and natural disasters and respond to stressors such as climate change
and pandemics with a proactive approach. The United Nation’s Sendai Framework
for Disaster Risk Reduction 2015–2030 states that disaster prevention should span
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acrossmultiple sectors in order tomaximize its efficacy. The framework comprises of
four key aims: firstly, to understand the risk of disasters occurring, secondly, to govern
risks at different scales, thirdly, to invest in reducing the risk of disasters occurring,
and fourthly, to increase preparedness in order to improve the response to disasters,
as well as building back better if a disaster does occur. The first three aims are top-
down strategies whereas the fourth aim is to empower communities through building
resilient critical infrastructure (Meriläinen 2019). Specifically, the framework sets
out the goal of increasing the resilience of critical infrastructure such as schools and
hospitals by 2030. The Sendai Framework is critical for achieving the Sustainable
Development Goals (SDGs) relating to building resilience. With regard to Goal 9
(Industry, Innovation, and Infrastructure), the framework aims to improve the process
of building and re-building by implementing design, construction, and retrofitting
principles to withstand hazards. In addition, the framework encourages investment
in innovation and technology to carry out research in disaster risk management. The
framework contributes to Goal 11 (Sustainable Cities and Communities), by aiming
to mainstream the presence of disaster risk assessments in land-use policies, urban
planning, land degradation assessments, and informal housing (UN 2015).

Similarly, the smart cities concept is increasingly included in recent sustainability
agendas; as an example, smart solutions feature in the New Urban Agenda (NUA),
specifically, digitalization. More specifically, in the NUA, paragraph 66 highlights
an alliance to the smart city approach including digitalization, paragraph 151 illumi-
nates the importance of administrative and technical capacity via the digitalization
of accounting processes and records, paragraph 156 encourages the use of citizen-
centric digital governance tools in addition to geospatial information systems (GIS),
and paragraph 157 discusses digital innovation for urban planning and policymaking
(UN-Habitat III 2016). As another example, in Addis Ababa Action Agenda, para-
graph 114 advocates for the commercial banking sector to remove barriers in order to
increase the accessibility of financial services across the world, by encouraging the
use of microfinance and digital banking tools which are considered smart solutions
(United Nations 2015).

20.2 Defining Resilient Cities and Smart Cities

In different parts of this volume, efforts have been made to further clarify the under-
lying principles of resilient cities and smart cities and define the concept of smart
city resilience. Resilience is a multidimensional and multifaceted concept used for
measuring the capacity of a city to respond to shocks and stresses. While there is
no agreement among scholars where the concept of resilience originates from, most
believe that the conceptwas derived fromphysicswhere the terminologywas adopted
in the second half of the seventeenth century, to convey an object’s reaction to the
impact of an intrinsic force (Peng et al. 2017). Subsequently, the term gained trac-
tion as a popular term in the 1960s and 1970s and was used in ecology, firstly to
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measure the time taken for a system to recover after a shock, and secondly, to ascer-
tain the size of shock needed to cause a disruption in the system (Perrings 2006).
It should also be noted that this definition of resilience has been expanded upon by
scholars such as Perrings (1998), who argues that the resilience of a system equates
to its ability to withstand uncertainties. The engineering profession also uses the
concept of resilience and defines it as the ability of physical infrastructure to with-
stand disruptions (Martin-Moreau andMénascé 2018). The extensive use of the term
resilience by different disciplines demonstrates its malleability and usefulness for a
variety of stakeholders. Urban areas are no exception to this, as various academics
have connected the concept with the behavior of socio-ecological systems. Urban
resilience is widely recognized as a positive feature of cities, but some schools of
thought have questioned whether a system returning to its original state before a
shock is wholly positive. For example, returning to conditions such as high levels
of poverty would not be desirable. For this reason, Gleeson (2008) advocates that
resilient cities should be able to withstand disturbances, adapt from one state to
another, and transform radically.

It is important to consider that the different ways in which disciplines refer to
resilience, aswell as the different weightings of importance that researchers and insti-
tutes place on the various aspects of resilience, are nuanced. By and large, there is no
globally agreed definition for resilience which is partly due to the different technical
languageusedbydifferent disciplines and the differingperspectives. Someacademics
value characteristics such as redundancy, diversity, efficiency, autonomy, strength,
interdependence, adaptability, and collaboration, and other academics consider these
characteristics in addition to social capital, innovation, tight feedback, ecosystem
services, and overlap in governance (Tasan-Kok et al. 2013). However, despite the
differences between eminent definitions, there are some unifying recognized charac-
teristics of urban resilience from various scholars which are as follows: robustness,
diversity, redundancy, connectivity, flexibility, resourcefulness, agility, efficiency,
adaptive/learning capacity, modularity, creativity (innovation), equity, inclusiveness,
and foresight capacity, which suggests commonalities for local leaders to prioritize
in policy making.

In a way that is comparable to resilience, there is no agreed-upon definition of
smart cities (Ahvenniemi et al. 2017; Angelidou 2015; Ismagilova et al. 2019).
Scholars believe that this is due to the various lenses through which the smart city is
viewed by different disciplines. For this reason, the body of research on smart cities
is both technological and holistic in approach.

There are various definitions of the smart city. Early definitions view smart cities
as being synonymous with the use of ICT and business-oriented objectives (Harrison
et al. 2010; Lombardi et al. 2012; Paul et al. 2011).However, later definitions incorpo-
rate a deeper understanding of smart cities. For instance,Marsal-Llacuna et al. (2015)
argue that the purpose of smart cities is not only limited to improving urban perfor-
mance through the use of technology but smartness is also instrumental in providing
efficient services to citizens, increasing economic collaboration, and encouraging
business models that involve both public and private stakeholders. In addition, it is
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argued by Giffinger et al. (2007) and Hollands (2008) that technological solutions
should be coupled with social, human, cultural, and governance factors.

The smart city concept originates from information, digital, and intelligent cities
(Yigitcanlar et al. 2018). The early literature on smart cities is predominantly focused
on one dimensional, technocentric, and top-down solutions but the literature recog-
nizes that since this early research, there has been a shift toward slowly incorpo-
rating the elements of citizen engagement and human capital (citizens, businesses,
and government) to cultivate innovation for social, economic, environmental, and
cultural growth. This shift has resulted in the development of the widely agreed-
upon four pillars for smart cities, namely, physical infrastructure, social infrastruc-
ture, institutional infrastructure, and economic infrastructure (Silva 2018). Also, as
was discussed in Chapter 3, seven major smart city dimensions, namely, economy,
people, governance, environment, living, mobility, and data have been frequently
used in the literature to define smart cities (Sharifi 2019, 2020a).

The concept has been gainingmomentum in recent years,with the number of smart
city projects increasing at a rapid pace, and research inputs growing from the elec-
tronics and machine learning community. Concurrently, there has been an increase
in the uptake of Artificial Intelligence (AI) for data mining and analysis, which is
supporting decision-makers in making increasingly informed choices (Batty 2013;
Allam and Dhunny 2019). This increase in usage and research has occurred simulta-
neously with the evolving development of new digital technologies and the opinion
that smart city initiatives are becoming increasingly essential in achieving sustainable
urban development and helping cities transform to more sustainable systems.

In line with this, there is a strong school of thought that smart cities require smart
citizens,which places citizens at the center of the concept and places great importance
on education to amass a skilled workforce to further support smart city initiatives
(Winters 2011). It is worth noting that there is a geographical divide regarding the
approach to smart cities. European research tends to be aligned with a holistic view
of smart cities, whereas North American research tends to take a technocentric and
innovation-focused approach (Mora et al. 2017). As well as this divide, there is
a prominent debate between top-down and bottom-up approaches and the mono-
dimensional versus multidimensional approaches to smart cities.

20.3 Synergies Created by the Resilient Smart City

There are positive impacts of both smart cities and resilient cities, and these are ampli-
fied due to the way in which the two concepts complement each other. As explained
in Chapter 5, the two concepts of smart city and resilient city should not be viewed
in isolation and their synergistic benefits should be utilized. As noted in Chapter 5:
“In the resilient-smart city framework, smart city solutions and technologies provide
technical support to ensure a resilient city can deal with disasters and emergencies
in an efficient manner, while the resilient city provides positive feedback for smart
city in resisting external interferences and disturbances.” Connections can be drawn
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between smart solutions such as sensors used to monitor smart cities in real-time
and respond immediately to various situations, with the need for resilient cities to be
able to access data to assist with informed decision-making. In addition, the ability
of resilient cities to protect people, ecosystems, assets, resources, and services is
essential for smart cities as well. This extends to the use of technologies to increase
the ability of cities to prevent disasters, as opposed to only placing the emphasis
on recovery (Sharifi 2016). This overlap demonstrates that both concepts rely on a
similar set of principles and as such, the success of one can benefit the other.

The resilient smart city centers around the idea that resilience cannot be detached
from technology, and smart cities can and should enhance the resilience of urban
areas. In other words, smart cities also increase resilience by providing the necessary
technical support for resilient initiatives and infrastructure. There are a variety of
resilient practices that can be enhanced and improved by technology such as natural
disaster monitoring and assessment, urban disaster relief, and disaster prevention and
mitigation systems. For instance, the COVID-19 pandemic illuminated the ability of
the combination of ICT, big data, and geospatial and temporal information to enable
the monitoring of the situation and consequently better manage the impacts (Sharifi
et al. 2021). This same concept of building resilience through monitoring can also
be applied to infrastructure, transportation, buildings, electricity, and water to ensure
high quality of resources and resource-use efficiency. However, due attention must
be given to the potential risks associated with smart city initiatives as these can lower
resilience by, for example, increasing a city’s vulnerability to cyber-attacks. For
the above-mentioned reasons, scholars have generated frameworks enhancing urban
resilience with the utilization of smart city solutions. Most of these frameworks
emphasize that resilience is a process rather than a goal (Ilmola 2016).

20.4 Key Considerations for Decision-Makers

It is known that the act of resilience thinking is conducive for decision-makers to
incorporate a range of possible future scenarios into their planning that ultimately
allows the city to implement initiatives that will be the most effective for the local
context. Local authorities should begin the process of resilient planning by assessing
prominent risks and vulnerability of their jurisdiction to various hazards and incor-
porate tailor-made solutions to combat potential disruptions. In addition, decision-
makersmust consider the dynamics of socio-technical systems, andmultilevel gover-
nance structures (Burch et al. 2014), as it illustrates in greater depth the root causes of
unsustainable practices and uncovers the current development path. However, as the
world continues to change at an accelerating rate and becomes increasingly complex,
conventional practices to resilience building are falling short. This is well manifested
by the COVID-19 pandemic when cities and local governments are finding it chal-
lenging to match past performance results while responding to the impacts of the
COVID-19 pandemic and at the same time adapting to accelerating changes.
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Against this backdrop, and knowing that the smart cities concept is bringing
unconventional and innovative approaches to the table, it is necessary to ensure that
decision-makers further leverage the offerings of smart solutions and frameworks
when developing an overarching resilience strategy for their jurisdictions.

In essence, resilient and smart approaches require a shift away from unsustain-
able trajectories; it is, therefore, essential for decision-making bodies to go beyond
focusing on climate policy, by changing the underlying development pathway of
their local area. This change should be carried out in a way that capitalizes on the
synergistic benefits generated by embedding resilience thinking, as well as deploys
smart solutions in their transformation pathways.

Overall, the theoretical and empirical insights presented in the volume can be
utilized for better integrationof the concepts of smart city and resilience in science and
policy debates. This, in turn, could lead to developing innovative and transformative
plans and solutions that would enable cities to better prepare for, absorb, recover
from, and adapt to various types of adverse events that are expected to increase in
frequency and intensity due to climate change.

Despite the contributions of this volume, the concept of smart city resilience is
still in its infancy and is expected to further develop in the coming years. Among
various issues that can be prioritized in research and practice, we recommend the
following items:

– It is essential for decision-makers to engage citizens in innovative and transfor-
mative solutions toward smartness and resilience. Participatory practices should
be facilitated by local leaders to ensure local expertise and grass-root knowledge
are harnessed and leveraged. Participation also ensures public buy-in which is
integral to the success of resilient smart cities agendas. Participatory approaches
are only successful when diversity is considered. A wide range of perspectives
and local knowledge should be harnessed to aid the implementation of tailor-made
resilient smart cities agendas and ensure buy-in from the whole community. For
this reason, local leaders should prioritize making the process accessible for all
members of the community and ensure all groups are engaged in the conversation
of transformative change based on smart solutions toward enhancing community
resilience.

– Contributions of smart city solutions and technologies to resilience against adverse
events are increasingly recognized.However, such contributions havemainly been
associated with technical aspects of smart cities. It is essential to recognize that
smartness is a multidimensional concept and is beyond just technical solutions.
Hence, potential resilience benefits that can be achieved through enhancing non-
technical aspects of smart cities should also be taken into account.

– Similarly, it can be argued that a more holistic approach toward resilience is
needed. Traditionally, research and practice on urban resilience have paid more
attention to recovery from adverse events (Sharifi 2020b). As a result, short-
and medium-term approaches, and measures related to recovery to pre-disaster
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equilibrium states are currently dominant. As discussed across different chap-
ters of this volume, resilience is a multidimensional concept and entails contin-
uous efforts that go beyond absorption and recovery and include planning and
adaptation. Through data analytic tools and approaches, smart city solutions
can provide opportunities for a paradigm shift toward more holistic approaches.
Such approaches will also be conducive to a better understanding of the actual
and/or potential contributions of smart and resilient cities to achieving different
Sustainable Development Goals.

– As expected, there is limited knowledge of the empirical contributions of smart
cities to resilience. This could be explained by the fact that the concept is still
in its infancy and there are still ongoing debates on the theoretical aspects. The
case studies presented in this volume could pave the way for more studies on the
operationalization of the concept of smart city resilience.

– Finally, it should be noted that what we define as a smart city approach and
framework is constantly evolving due to the increasing complexities in the world
and urban systems. What may have been considered a smart approach a decade
ago is no longer considered a smart approach now. The concept of resilience is
no different, as it too is constantly evolving which draws attention to the need for
new definitions and types of resilience. It is very apparent that resilience thinking
needs to be embedded into sustainability planning and action at the local level.
At the same time, having a tailor-made smart cities agenda that supports local
governments in providing basic services for their communities while achieving
sustainable development in their jurisdiction seems necessary. These issues should
be duly considered in future efforts aimed at revisiting and updating the underlying
principles and definitions of smart city and resilient city.
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