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Urban resilience has become crucial in urban planning as cities face increasing 

challenges from climate change and rapid urbanization. This research examines two 

main urban resilience frameworks “equilibrium resilience and non-equilibrium 

resilience” by analysing their application in three cities: New York, Rotterdam, and 

Singapore. The aim is to evaluate the strengths and limitations of these frameworks 

in different urban contexts and provide insights for improving resilience in 

Egyptian cities, addressing environmental, social, and economic challenges. The 

methodology employs descriptive, analytical, and comparative approaches. New 

York illustrates an equilibrium resilience model (engineering), focusing on rapid 

disaster recovery. Rotterdam demonstrates an equilibrium resilience model 

(ecological), emphasizing long-term adaptation, particularly in water management. 

Singapore presents an evolutionary resilience model, blending immediate response 

with long-term sustainability. The study underscores the importance of crafting 

resilience strategies tailored to specific urban contexts, balancing immediate 

recovery with long-term adaptation to address emerging and unpredictable risks. 

Results show that equilibrium resilience effectively facilitates rapid recovery and 

system stability but lacks the flexibility needed for sustained adaptation over time. 

In contrast, non-equilibrium resilience promotes transformation and adaptability but 

demands substantial resources and strong governance coordination. To address 

these challenges, the study introduces a Hybrid Resilience Model, which merges 

the strengths of both frameworks. This model enables Egyptian cities to recover 

quickly while building sustainable, long-term adaptability to climate risks. 
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1. Introduction 

Urban resilience has arisen as a critical idea in 

urban planning and development debates, particularly 

in light of the 21st century's dual concerns of 

growing urbanization and climate change [1]. The 

term "resilience" has its roots in various disciplines, 

including ecology, engineering, psychology, physics, 

and economics, and over time, it has been adapted to 

the unique dynamics of urban environments [2]. 

Holling's work in the field of ecology during the 
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1970s was the most significant in developing the idea 

of urban resilience. Holling distinguished between 

resilience and stability, stating that stability "is the 

ability of a system to return to an equilibrium state" 

following a shock [3]. 

Even though the 1980s saw the first mentions of 

the idea of resilience in urban [4], urban planning has 

long been predicated on the key notion that cities 

must be able to adapt to both internal and external 

shocks and disturbances, such as natural disasters [5].  

Urban studies outline resilience as a city's ability to 

tolerate, bounce back from, and react to a variety of 

shocks and stressors, such as social disruptions, 

natural disasters, and economic recessions [6].  

Unquestionably, urban resilience is vital for cities, 

particularly in this day and age of expanding 

metropolitan areas and escalating environmental 

risks. Cities are at the forefront of addressing global 

concerns like climate change, rising sea levels, and 

extreme weather events since they are home to the 

majority of the world's population. To ensure that 

cities can handle these difficulties, safeguard their 

citizens, and preserve vital infrastructure, urban 

resilience is crucial. Without resilience, cities are 

likely to take longer to recover from disasters, which 

can lead to economic losses, social disturbance, and 

lower living standards for local residents [4]. 

In addition, resilience has an invaluable role to 

play even in the long-term sustainability of the city as 

per the present direction. It envisions that once a 

decent recovery takes place, a given city is able to 

function well, and also safe, and healthy for coming 

generations by the capacity to sustain and to cope 

with any catastrophe. Eventually, as urban 

inhabitants will grow, resilience becomes 

increasingly important for the protection of the urban 

habitat including the business activities and the 

population. It equips the cities with a mechanism that 

will not only ensure recovery to any shocks caused 

by adverse events but also enhance their ability to 

withstand other shocks in the future as well [3]. 

Though urban resilience has become a buzz word 

of increasing significance, it is still disputed with 

numerous frameworks providing different meanings 

of resilience. This paper will examine two 

frameworks: the equilibrium resilience framework 

and the non-equilibrium “evolutionary” resilience 

frameworks. The first is the equilibrium resilience 

approach which stresses that urban systems are able 

to bounce back from shocks to more or less their pre-

disturbance state, hence it implies stability and return 

to normal [7]. The notion of Urban Systems 

Resilience on the other hand does not treat urban 

systems as static and unchanging per se but rather as 

complex evolving systems that are subject to 

significant regime change under pressures from 

within and outside the system. This approach 

emphasizes change, education, and adaptability as 

key components of resilience [8]. 

This is fundamental to understanding how cities 

can build resilience to climate change, as it 

effectively is two different approaches. Equilibrium 

model provide a precise and quantitative method to 

build the resistance front against ranges of threads yet 

may not fulfil all the multi- layered problems that 

cities coping today. Evolutionary models are much 

more adaptable and fluid, but may be harder to apply 

in a real-world scenario given their oversimplified 

perspective on change. The research aims to elucidate 

these conceptual frameworks and explore the synergy 

of short-term and long-term approaches to enhancing 

urban resilience. 

1.1.    Research problem 

The problem of this research in theory lies in the 

limited understanding of the issue of urban resilience 

in cities against climate changes, and the problem lies 

in practice in how to apply and operate different 

patterns and frameworks of resilience in real urban 

contexts, i.e. how to apply them in real cities with 

different geographical, demographic and 

environmental conditions and challenges, as well as 

in knowing the different impacts and results of the 

application of each of these patterns and frameworks. 

On the other hand, the problem lies in the lack of 

specific visions or guidelines in Egyptian cities that 

enable them to maintain acceptable levels of urban 

resilience against of their growing environmental 

challenges. 

1.2.    Research aim 

This research mainly aims to shed light on the 

different aspects related to the issue of urban 

resilience in cities against climate change, and to 

explore the different frameworks and patterns of this 

resilience and the fundamental differences between 

them, the strategies of action and application of each 

of them and the expected results of each. This is done 

through the study and analysis of three case studies, 

namely the cities of New York, Rotterdam and 

Singapore, with the aim of extracting a number of 

lessons learned that can be guided by them to raise 

the efficiency of urban resilience levels in Egyptian 
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cities against the increasing environmental, social, 

and economic challenges and constraints. 

1.3.    Research Methodology 

The research methodology relied on combining 

several different research methods, the most 

important of which are the descriptive approach and 

the analytical method, in addition to the comparative 

method and the deductive method. The descriptive 

approach was used in reviewing the various literature 

to provide a clear theoretical basis for the topic of 

urban resilience and its associated concepts and 

foundations. The analytical approach was used to 

study and analyze urban resilience strategies and 

mechanisms that were practically applied in three 

different cities as case studies. The comparative 

approach was also used to compare the results of the 

application of these strategies and mechanisms in the 

three cities.  

As for the deductive approach, it was used to 

derive and draw lessons learned that can guide the 

development of the resilience of Egyptian cities 

against climate change. The process of selecting the 

study cases "study cities" relied on several criteria. 

The key criteria included: 

 Diversity in Geography and City Size: Cities 

were selected to represent diverse 

geographic locations and urban scales. 

 Quality and Type of Resilience Plans: 

Selected cities demonstrated distinct 

approaches to resilience planning, 

incorporating frameworks like 

engineering, ecological or evolutionary 

resilience. 

 Pioneering Role in Urban Resilience: Cities 

were required to have a globally 

recognized role in resilience, including 

active participation in initiatives like the 

100 Resilient Cities program, 

highlighting their leadership and 

influence in resilience planning. 

 Demonstrated Impact of Resilience 

Strategies: Each city needed a track 

record of measurable resilience 

outcomes. 

 Multi-Sectoral Integration: Selected cities 

implemented resilience strategies that 

integrate multiple sectors.  

Based on these criteria, three cities were selected 

as case studies: New York City, USA, which used 

equilibrium resilience in the aftermath of Hurricane 

Sandy with a focus on infrastructure reconstruction 

and disaster preparedness, Rotterdam, Netherlands, 

which used ecological resilience with a focus on 

long-term adaptation and change with innovative 

approaches to water management and climate 

adaptation, and Singapore, which successfully 

blended cutting-edge technology with strict planning 

laws to deliver Integrated insights into equilibrium 

and evolutionary resilience in the urban environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Urban resilience: A Theoretical Concept 

2.1.    Definitions of Urban Resilience 

As mentioned earlier, the concept of resilience 

originates from multiple disciplines, including 

ecology, engineering, and psychology, and has been 

adapted to urban environments to address the diverse 

challenges cities face. Urban resilience, as defined by 

UN-Habitat Urban Resilience Hub, is “the 

measurable capacity of an urban system, with its 

inhabitants, to maintain continuity in the face of 

shocks and stresses while adapting positively and 

transforming towards sustainability” [9]. This 

definition emphasizes the dual function of resilience: 

the ability to recover from shocks and the ability to 

evolve and transform in response to changing 

circumstances. 

Another widely cited definition comes from the 

Rockefeller Foundation’s 100 Resilient Cities 

initiative, which highlights resilience as "the capacity 

of individuals, communities, institutions, businesses, 

and systems within a city to survive, adapt, and grow 

Figure 1 Research methodology [Author] 
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no matter what kinds of chronic stresses and acute 

shocks they experience" [10]. This definition expands 

the scope of resilience beyond physical infrastructure, 

recognizing the social, economic, and institutional 

dimensions that contribute to a city’s overall capacity 

to cope with disruptions. 

 Urban ecological resilience, urban hazards and 

catastrophe risk reduction, the resilience of urban and 

regional economies, and urban governance and 

institutions that support resilience are the four 

research topics that scholars have recognized as being 

used to develop resilience in urban design [11]. 

However, "urban resilience" as a novel idea is 

primarily developed to environmental risks, with an 

emphasis on disasters, communities, and most 

recently, the effects of climate change, particularly 

disasters related to it. As a result, the literature on 

community resilience and disaster resilience 

primarily interacts with the literature on urban 

resilience [12]. In this part, we briefly overview one 

major area of planning literature that has addressed 

resilience. 

The detrimental effects of climate change are 

becoming more visible, as evidenced by rising sea 

levels and large-scale shifts in weather patterns. 

Cities are at the center of climate change mitigation, 

facing enormous challenges. As a result of recent 

climate-related hazards, such as extreme weather and 

natural disasters, the idea of resilience has gained 

popularity throughout the world as a fresh approach 

to urban risk management and emergency 

management [13]. Urban systems should be resilient 

to the risks posed by climate change, retain a certain 

level of functionality, and quickly restore the 

system's intended level of efficiency after a hazard. 

[11]. 

   Resilience is concerned with how cities may 

continue to grow and develop in the face of climate 

change. Cities must not only reduce the danger of 

frequent disasters in the short term but also enhance 

their capacity to respond effectively to a systemic 

transformation [12]. The discussion about urban 

climate resilience emphases on future uncertainties, 

unpredictability, and the city's complexity [14]. The 

capacity of a city to withstand the direct and indirect 

effects of climate change and natural disasters is 

particularly stressed. Urban climate resilience and 

related challenges must therefore play a significant 

role in policy planning, and urban climate resilience 

must be understood as the extent to which cities can 

tolerate stress before being compelled to reorganize 

and change [6]. 

2.2.   Urban resilience frames against climate 

change 

Framing happens when individuals with various 

backgrounds, knowledge, and experiences consider a 

shared problem and try to understand it from their 

own or their organization's point of view. The 

resulting frames can be viewed as intentional "sense-

making tools" that let group members recognize and 

categorize the activities they are involved in and 

place those processes inside a certain paradigm of 

beliefs, ideologies, or political goals [14]. Due to 

urban resilience's conceptual malleability, various 

people will have varied visions of what a "resilient 

urban future" may include. In other words, various 

people will frame urban resilience in different ways 

[15]. 

Cities and regions need to adjust to the complex 

and highly transdisciplinary topic of climate change. 

For the world to become less vulnerable to shocks 

and surprises brought on by climate change, cities 

must become more resilient. This will allow for quick 

and adaptable solutions to short-term problems as 

well as long-term challenges, and it will ensure that 

cities continue to thrive for years to come [16]. 

Instead than emphasizing reducing the effects of 

climate change and averting the threat, resilience 

shifts the narrative to concentrate on how to build a 

"good" city [15]. Examining the fundamental 

decisions that must be made, or are implicitly made, 

in resilience thinking is helpful when examining 

several potential urban resilience frameworks. 

According to Meerow et al., decision-makers must 

specifically consider the resilience of who, what, 

when, where, and why in order to achieve urban 

resilience. They result in various decisions, 

considerations, and trade-offs [17]. When thinking 

about urban resilience, Chelleri et al. point out that 

there are significant trade-offs to be made when 

considering both temporal and spatial scales [18]. 

Cities also differ in whether they prioritize short-term 

or long-term components of urban resilience 

development and climate change. 

The evolution of resilience thinking has influenced 

how urban resilience is approached. With time, the 

resilience models changed from striving for a stable 

equilibrium to recognizing the need for and 

importance of change and transformation. Initially, 

the concept of resilience in urban studies was rooted 

in engineering resilience in   the early of 1990s, 

which emphasized stability and rapid recovery. then 

ecological resilience in the mid of 1990s, which 

introduced the idea of multiple stable states emerged. 
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More recently, evolutionary resilience has emerged in 

2000s, emphasizing continuous adaptation and 

transformation [19]. The time evolution is shown in 

figure 2. 

Below we will explore two main conceptual 

frames related to short or long-term resilience 

equilibrium (engineering- ecological) and non-

equilibrium (evolutionary resilience). 

 

 

2.2.1 Equilibrium resilience 

 Equilibrium resilience is concerned with 

maintaining the status quo [4]. There are two kinds of 

equilibrium resilience: engineering resilience and 

ecological resilience. Holling distinguished between 

resilience and stability, characterizing stability as a 

system's capacity to resume equilibrium following a 

brief disruption [8]. This was called the "field of 

stability" engineering resilience. Engineering 

resilience is the ability of a system to stabilize or 

return to an equilibrium condition following a 

disruption. Return time, efficiency, consistency, and 

predictability are the main concerns [5]. This 

resilience is based on four qualities: toughness, which 

is the physical stamina to withstand disruption 

without functional degeneration; redundancy, which 

is the degree of replaceability of system components; 

resourcefulness, which is the capacity to recognize 

issues and mobilize the required resources; and 

adaptability. and swiftness, or the capacity to quickly 

restore order [19]. Engineering resilience addresses 

disruptions that affect the functional stability of 

systems, resulting in low failure probabilities and 

speedy recovery to normal levels of performance [1]. 

Although the idea of engineering resilience includes 

both resistance to and recovery from disturbances, 

the measurement only looks at recovery; the more 

quickly complete functionality is restored, the more 

resilient the system is. As shown in the figure 3. 

 

 

 

 

 

 

 

 

 

 

 The idea of engineering resilience highlights the 

importance of urban environments' physical 

components and infrastructure as well as their ability 

to endure shocks. The built-in infrastructure, such as 

housing, utilities, communications, and power plants, 

as well as rivers, soils, topography, geology, and 

other natural systems, is the one that attracts the most 

attention. The physical system must be able to endure 

the effects of extreme stress in the case of a disaster 

because it is the main structure of a city [21]. 

However, while engineering resilience is effective 

for short-term recovery, it has limitations in 

addressing the complex, long-term challenges that 

cities face, such as climate change, socioeconomic 

shifts, and emerging technologies. The assumption in 

engineering resilience is that a single, optimal state 

exists to which the system should return. This focus 

on equilibrium can limit a city’s ability to adapt to 

Figure 2 A) Evolution of resilience approaches with time. 
B) Evolution of resilience approaches with time. [Author] 

Figure 3 An illustration of engineering resilience 
conceptually. The time it takes for a damaged system to 
regain 100% of its prior functionality (t1-t0 in state A) is a 
measure of the system's resilience. The system becomes 
less resilient the longer it takes (case B), adapted from[20] 
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changes that require flexibility and transformation. In 

urban studies, this model has thus been critiqued for 

not fully accounting for the complexity and 

dynamism of urban systems, where multiple 

interconnected and evolving factors influence 

resilience [8]. 

Ecological resilience is explained as "the amount 

of stress that can be absorbed before a system 

changes structure." [22]. Therefore, ecological 

resilience is defined as the maximum amount of 

disturbance a system can tolerate without exceeding 

critical thresholds, as well as the time it takes for the 

system to recover following a shock [23]. To put it 

another way, ecological resilience relates to the 

system's ability to continue under a given condition 

while also allowing it to adapt into new equilibrium 

states. According to modern understandings of cities 

as complex systems, this perspective, which has its 

roots in ecology, focuses on strengthening urban-

based ecosystems and human-environmental systems 

when applied to urban areas. But it ignores how 

 

 dynamic and ever-changing urban systems like 

housing, transportation, and land use are, as well as 

how transformable they are [24]. 

Short-term shocks and immediate stressors are the 

main focus of this frame. Considering global 

warming, this encompasses severe weather events 

such heat waves, droughts, and floods [25]. The 

"prevent-prepare-respond-recover (PPRR) 

framework," among other pre-existing concepts from 

the literature on catastrophe resilience, greatly 

influences this framing [4]. 

These two equilibristic perspectives on resilience 

are appropriate for circumstances in which restoring a 

previous equilibrium or achieving a new one is the 

obvious goal rather than reacting to a slow variable or 

an ongoing process [6]. The main distinction between 

the two types is that ecological resilience 

acknowledges the existence of many equilibria and 

the potential for a system to flip into different 

domains while rejecting the concept of a single, 

stable equilibrium. Both viewpoints agree that 

systems seek an equilibrium, whether by returning to 

a pre-existing state (engineering) or by establishing a 

new one (environmental) [8].  

Fundamentally, ecological resilience is the 

capacity to endure in any state, while engineering 

resilience is the capacity to preserve stability—that 

is, to remain constant in the system state or to 

fluctuate as little as possible. These two system traits 

are distinct and even incompatible. poor engineering 

resilience can introduce strong ecological resilience, 

while systems with high engineering resilience can 

have poor ecological resilience [5]. 

2.2.2.   Non- Equilibrium (evolutionary) resilience 

It goes under several names, including adaptive 

resilience, transformational resilience, and social- 

ecological system resilience. The concept of 

equilibrium is challenged by evolutionary resilience 

[7]. According to evolutionary resilience, long-term 

shifts like urbanization, socioeconomic development, 

Figure 4 Contrasting Frames of Resilience: Equilibrium and Non- Equilibrium Resilience [Author]. 
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and demographic shifts, as well as interconnections 

between cities, are predictable in dynamic, complex 

systems [4]. It recognizes that stable conditions in 

society or nature can suddenly change, leading to 

entirely new and different states [23]. 

This perspective views resilience as the capacity 

of complex socio-environmental systems to change, 

adapt, or transform in response to stressors and 

strains rather than as a "return to normality." 

According to this viewpoint, systems go through a 

four-stage process of change known as the adaptive 

cycle that affects both their structure and their 

functioning [5]. It is believed that there is a chance to 

"rebuild the city in an upgraded or improved system" 

as urban systems may be able to adapt and change in 

response to current or anticipated disruptions caused 

by climate change. It employs multi-level, linked, 

dynamic social, institutional, cultural, and physical 

objects as its reference objects, placing a greater 

emphasis on the sociological components of cities 

from balance-based views [26]. 

According to the idea of evolutionary resilience, 

cities may benefit from adapting and even 

reorganizing in response to disturbances rather than 

going back to a previous state that might not be 

appropriate under new circumstances because they 

are dynamic, complex systems with interdependent 

social, economic, and ecological components [5]. A 

central idea in evolutionary resilience is "bouncing 

forward" rather than "bouncing back." In an urban 

context, this means not just restoring services and 

infrastructure after a disturbance but using such 

events as opportunities to improve the city’s social, 

economic, and environmental frameworks. For 

example, when rebuilding after a disaster, planners 

and policymakers might invest in green 

infrastructure, such as parks and rain gardens, which 

not only manage stormwater but also enhance 

community well-being [21]. The focus is on long-

term climate change, slow modifications to "shock 

regimes," and enduring forces such rising sea levels, 

fluctuations in precipitation or river discharge, and 

modifications to climatic vulnerability [27]. 

Evolutionary resilience emphasizes the capacity 

for long-term adaptation, proactive foresight, 

readiness, and change while keeping shocks in mind. 

[28]. Consequently, the term "concept of urban 

resilience" describes a city's ability to:  

 reverse course and return to its initial state 

(engineered urban resilience) 

 adjust to shocks and stresses and lessen 

disturbance by reorganizing itself (urban 

ecological resilience 

 acquire, adjust, and change (evolutionary 

urban resilience) [29]. 

This approach encourages urban areas to remain 

flexible and to invest in the capacities that allow them 

to respond creatively to emerging challenges. By 

fostering a culture of innovation, collaboration, and 

inclusivity, evolutionary resilience enables cities to 

become not only resilient to shocks but also more 

sustainable and adaptable over time. 

 

2.2.3.   Differences Between Equilibrium and 

Evolutionary Resilience 

 

The key difference between equilibrium resilience 

and evolutionary resilience lies in their approach to 

recovery and adaptation. Equilibrium resilience is 

concerned with the stability and quick restoration of a 

system to its pre-disruption state. It is reactive, 

responding to short shocks by returning to regular 

functions as soon as possible. When dealing with 

severe disasters like hurricanes or earthquakes, where 

the main objective is to reduce damage and get the 

city back to normal as soon as possible, this strategy 

works effectively [6]. 

In contrast, evolutionary resilience emphasizes 

learning, change, and greater adaptability. It requires 

a proactive approach, recognizing that urban 

environments are dynamic and that stress and 

disruption provide opportunities for growth and 

innovation. Evolutionary resilience enables cities to 

adapt to new challenges such as climate change, and 

thus withstand long-term threats and sudden shocks 

[27]. This approach improves cities’ ability to cope 

with future shocks by promoting transformation and 

recovery. Table 1 shows the differences between the 

two frameworks. 

The differing assumptions of these two 

frameworks create trade-offs in resilience planning. 

While equilibrium resilience offers stability and 

efficiency, it may limit a system’s ability to adapt to 

novel or unexpected conditions. Evolutionary 

resilience, on the other hand, encourages adaptability 

and long-term transformation but may sacrifice short-

term stability in favor of continuous evolution [18]. 

As a result, decision-makers must carefully balance 

these trade-offs, particularly in complex urban 

systems where both immediate recovery and long-

term adaptability are necessary to address evolving 

social and environmental challenges. 
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Table 1 Comparison between the two frameworks 

 

 3.Urban resilience: applied strategies and 

mechanisms 

 

This section studies the resilience strategies of three 

cities: New York (USA), Rotterdam (Netherlands), 

and Singapore (Singapore). Each city has developed 

unique strategies that are aligned with its specific 

risks, geographic vulnerabilities, and socio-economic 

challenges. By studying these cases, the research 

aims to analyze the practical applications of different 

resilience frameworks, such as “balanced resilience” 

and “evolutionary resilience,” and to draw lessons 

that can benefit other cities facing similar challenges. 

The study also seeks to explore how resilience 

strategies can contribute to enhancing cities’ long-

term sustainability and resilience to future 

disruptions. 

 

The selection of these cities is based on their 

different geographic contexts, climate risks, and 

resilience models. New York is a good example of 

equilibrium resilience, focusing on rapid recovery 

and rebuilding after crises. Rotterdam is a model of 

evolutionary resilience, focusing on continuous 

adaptation to long-term environmental changes. 

Singapore takes a hybrid approach that combines 

immediate recovery with long-term resilience 

planning. Each city will be analyzed across a number 

of key dimensions, including resilience strategies, 

tools, and actions. 

3.1   New York (USA) 

 New York City, one of the world’s most densely 

populated and economically significant metropolitan 

areas. The city and metropolitan area enjoy a 

Features Equilibrium resilience Evolutionary resilience Ref. 

Engineering Ecological 

Illustration 

 

 

 

 

   

 

 

 

 

 

[30] 

Structure Linear, static, and simple Non-linear Dynamic and complex [7] 

State Single equilibrium Multi-equilibrium Co-evolution [30,33] 

Means of 

assessment 

Time The maximum amount of disturbance that 

may be absorbed 

Adaptive capacity [30,44] 

Definition includes the notion that 

urban areas ought to be able 

to recover swiftly from both 

major and minor disasters. 

the ability of a system to absorb disruption 

and adjust to change without losing its 

fundamental structure. 

In contrast to the concept of 

equilibrium, evolutionary 

resilience highlights the idea that 

the nature of systems can evolve 

and change over time, whether or 

not there is an external 

disturbance. 

[8,29,3

1] 

Focus Speed to return to the 

equilibrium 

determinism 

predictability 

System evolution via various equilibria 

system adaptability 

Continuity of system functionality 

Transformability 

Unpredictability 

self-regulation and learning 

[30,33,

34] 

Properties Robustness 

Redundancy 

resourcefulness 

rapidity 

redundancy 

Recovery 

Adaptation 

 

Renewal 

Re-organization 

Adaptation 

Change 

[32, 

35] 

Objectives Return the system to its 

original state 

Maintains efficiency of function encourages the ability to change [32] 

35



EIJEST Vol.51(2025) 28–44 

temperate continental climate and are situated in the 

eastern United States' Atlantic Ocean coastline zone. 

Inland (street) flooding, heat waves, extreme wind 

events, coastal flooding and storm surge, and more 

urban-related hazards such urban heat islands and 

primary and secondary air pollutants are currently the 

main climatic hazards. It is anticipated that climate 

change would make these dangers worse. As a 

financial and cultural hub, disruptions in New York’s 

functionality have far-reaching economic 

consequences, not only locally but globally [36]. 

Hurricane Sandy in 2012 was a significant wake-up 

call, exposing weaknesses in the city’s infrastructure 

and the need for a resilience strategy that could 

rapidly restore services and minimize disruption after 

extreme weather events. New York City’s resilience 

strategy has long been grounded in the concepts of 

equilibrium resilience, which focuses on rapid 

recovery and a return to normalcy after traumatic 

events. This approach can be seen in the city’s 

response to Hurricane Sandy in 2012, where the 

primary focus was on quickly restoring services and 

rebuilding infrastructure. Examples of the city’s 

commitment to maintaining stability and minimizing 

disruption include implementing flood barriers, 

enforcing stricter building codes, and implementing 

emergency preparedness measures [37]. Below is a 

detailed look at the city’s plan, building on the points 

mentioned above. 

 Key Strategies & Actions: 

Rebuilding Infrastructure: After Hurricane Sandy, 

New York City made rebuilding its infrastructure a 

top priority, including transportation and energy 

networks. This plan aims to minimize social and 

economic impacts by restoring the city’s functions as 

quickly as possible. 

1-Rebuild critical transportation and energy 

networks post-disaster to minimize disruptions. 

2-Enhance structural resilience of buildings 

through enforced building codes designed for flood 

resistance 

Zoning Updates and Regulatory Reforms: After 

Hurricane Sandy, New York City amended zoning 

laws and building requirements to improve the 

resilience of new buildings to flooding and severe 

weather. As a result, high-risk areas were required to 

be elevated and more flood-resistant. 

1-Update zoning laws to require elevated designs 

in flood-prone areas, supporting resilience in new 

buildings. 

2-Enforce the NYC Climate Resilience Design 

Guidelines to consider climate risks in new 

infrastructure 

Community Preparedness Initiatives: The city also 

focused on increasing residents’ awareness of 

disaster preparedness, including evacuation 

procedures and ways to protect their property in the 

event of future storms. Community engagement was 

essential to ensure the public was prepared for 

potential disasters. 

1-Develop community emergency response teams 

that are trained in evacuation and disaster response. 

2-Conduct regular public awareness campaigns on 

disaster preparedness, including flood risk education 

and emergency planning resources [38]. 

Strengthen Coastal Defenses: The city has 

invested in building levees, seawalls, and other 

coastal defense systems to reduce the city’s 

vulnerability to future storms. 

1-Construct levees, floodwalls, and deploy 

temporary barriers, as seen in projects like the East 

Side Coastal Resiliency. 

The East Side Coastal Resiliency (ESCR) project 

is a comprehensive flood protection initiative 

designed to safeguard vulnerable neighborhoods 

along Manhattan’s East River shoreline from the 

impacts of climate change. Initiated in response to the 

extensive flooding caused by Hurricane Sandy in 

2012, the ESCR aims to enhance New York City's 

resilience by integrating flood protection with 

community amenities. This $1.45 billion project 

includes a series of levees, floodwalls, and green 

spaces spanning 2.4 miles from East 25th Street to 

Montgomery Street. In addition to providing essential 

storm surge barriers, the ESCR also revitalizes the 

area with park improvements, recreational spaces, 

and ecological restoration efforts, promoting 

resilience both to extreme weather events and to 

everyday urban needs. [36]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 The East Side Coastal Resiliency project protects 110,000 

residents of Manhattan's Lower East Side from potential coastal 

and tidal floods by constructing a continuous 2.4-mile barrier with 

berms, flood walls, flood gates, and raised parklands [40]. 
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Though these efforts have been effective in 

strengthening the city’s resilience to shocks, they 

remain essentially reactive. The focus on recovery 

rather than adapting to new or emerging hazards has 

hindered New York’s ability to address the 

underlying vulnerabilities [39]. 

3.2 Rotterdam (Netherlands) 

Rotterdam’s position in a low-lying river delta 

makes it one of the most flood-prone cities in Europe. 

As a crucial European port and transportation hub, 

Rotterdam cannot afford to disconnect from the water 

that surrounds it. Unlike New York, retreating from 

flood-prone areas is not an option. Rotterdam’s urban 

fabric is closely intertwined with its waterways, 

creating a need for resilience strategies that 

incorporate water into the city’s design. The 

geographical necessity of coexisting with high water 

risks has led Rotterdam to adopt an ecological 

resilience approach that focuses on long-term 

adaptation and flexible solutions [41], and as a result 

of its geographic fragility, it has chosen to take an 

evolutionary stance. Among the most notable 

examples of this strategy is the way the city has dealt 

with the growing concerns of flooding and sea level 

rise. Rotterdam has undertaken a number of cutting-

edge infrastructure projects, such as building 

multifunctional water squares that double as 

entertainment spaces during the dry season and flood 

storage areas during the wet season [42]. These are 

illustrated in the following points: 

 Key Strategies & Actions: 

Innovative Water Management: Rotterdam has 

made managing water risks a long-term goal. Water 

plazas are used by the city as both public gathering 

places in the dry months and sites to contain 

floodwaters in the rainy ones. These multipurpose 

areas show how water management can be integrated 

into regular infrastructure through urban planning. 

1- Develop multifunctional water plazas, like 

Benthemplein, that act as flood storage during 

rain and public spaces in dry periods [43]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- Green Roofs and Permeable Surfaces: 

Integrating green roofs and permeable 

surfaces mimics natural soil absorption 

processes, managing stormwater at its source. 

These interventions help reduce urban 

flooding by increasing the landscape’s 

capacity to absorb water. 

Climate Adaptation Programs: By 2025, the city 

wants to be completely climate-resilient. It 

incorporates adaptation to climate change into public 

spaces, housing, infrastructure, and other areas of 

urban development. 

1- Rotterdam Climate Proof Program: This city-

wide initiative focuses on long-term 

adaptability to climate risks, reflecting 

ecological resilience’s emphasis on flexibility 

and preparedness for various scenarios. 

2- Integration into Public Spaces and 

Infrastructure: By incorporating climate 

adaptation into everyday infrastructure, the 

city enhances its capacity to absorb 

environmental shocks [41]. 

Adaptive Infrastructure: Projects like floating 

homes and structures are intended to respond to 

rising water levels. Rather than just rebuilding after 

floods, the city can now adapt to the changing 

environment thanks to these creative ideas. 

1- Maeslantkering Storm Surge Barrier: The 

Maeslantkering barrier is designed to protect 

against high-impact North Sea storms and 

operates only when needed, preserving the 

natural state of the waterway when inactive 

2- Multifunctional Flood Defenses: These 

defenses combine protective infrastructure 

with community amenities, ensuring urban 

areas serve dual purposes [42]. 

Figure 6 the ground flood barriers during floods. A) Before flood, 

B) During flood [40]. 

A B 

A B 

Figure 7 A) The sports field Benthemplein water-square, which 

serves as a water storage area during periods of intense 

precipitation in (B) [44]. 
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3.3 Singapore (Singapore) 

As a densely populated island city-state with 

limited land, Singapore faces unique resilience 

challenges. Surrounded by water and reliant on 

efficient land use, Singapore is highly exposed to 

climate impacts like sea level rise, extreme heat, and 

heavy rainfall. The high population density and 

limited resources increase the urgency for efficient 

and adaptive resilience measures. Furthermore, 

Singapore’s economy and well-being are closely 

linked to its environmental stability, making 

resilience a crucial factor in its long-term planning. 

Singapore’s resilience strategy exemplifies 

evolutionary resilience, an approach that emphasizes 

adaptability, continuous transformation, and long-

term sustainability. This model of resilience goes 

beyond merely bouncing back from disruptions; it 

seeks to foster systems that can evolve in response to 

environmental and social changes over time. Given 

Singapore's constraints—high population density, 

limited natural resources, and exposure to global 

economic and environmental shifts—its approach to 

resilience is highly adaptive and forward-looking. 

[45]. The following points help to clarify this: 

 Key Strategies: 

Technological Innovation for Adaptation and 

Monitoring: Singapore uses cutting-edge technology 

to monitor environmental threats and coordinate 

disaster response measures. Real-time data is 

incorporated into these programs. The city's "Smart 

Nation" program serves as an example of how to use 

technology to improve urban resilience. 

1- Launch the Smart Nation Initiative, which 

utilizes real-time data from sensors and 

analytics to monitor environmental changes, 

resource use, and urban activity. 

2- Employ advanced systems like climate 

modeling and predictive analytics to identify 

emerging risks and enable timely responses. 

Integrated Urban Planning for Climate Resilience: 

This long-term project aims to improve the resilience 

of urban infrastructure to the challenges of climate 

change, while reducing the city’s carbon footprint. 

The initiative aims to prepare Singapore to respond 

effectively to long-term challenges such as rising 

temperatures and immediate threats such as flooding. 

1- Implement the Singapore Green Plan 2030, 

which integrates sustainability across multiple 

sectors, including energy, waste, and 

transportation.  

2- Develop and upgrade public infrastructure to 

withstand long-term climate impacts. This 

proactive adaptation embodies evolutionary 

resilience by preparing the city for future 

environmental conditions. 

Multifunctional Projects: They are a key part of 

this approach, with the Marina Barrage project being 

a prime example of such a project in Singapore. The 

project demonstrates the full potential of 

infrastructure to accommodate multiple functions 

within the city’s limited space. Not only is it a 

recreational area, it also serves as a water reservoir 

and a tidal barrier, helping to protect against 

flooding. 

1-Marina Dam: Marina Dam is a vital component 

of Singapore’s resilience strategy, providing space 

for public recreation, while ensuring water security 

and managing floods effectively. This integrated 

project demonstrates Singapore’s ability to balance 

long-term water resource management with rapid 

emergency response. 

2- Expand the use of green infrastructure, 

including rooftop gardens and urban greenery, to 

mitigate heat and manage stormwater [46]. 

3.4 Cases comparative analysis  

A comparative analysis of resilience strategies in 

New York, Rotterdam, and Singapore illustrates how 

these cities apply their chosen resilience 

frameworks—balance, evolution, and hybrid—to 

address the unique urban challenges they each face. 

By integrating these frameworks into a 

comprehensive comparative model, this paper 

highlights the benefits and drawbacks of each 

approach, providing valuable insights into their 

effectiveness in diverse urban environments, as 

shown in Table 2. 

This study takes a holistic approach that integrates 

geography and economics, demonstrating that the 

success of resilience strategies depends largely on the 

specific context in which they are implemented. For 

example, New York City’s focus on engineering 

resilience strategies has been shown to be particularly 

effective in the face of frequent and severe 

disruptions in dense urban areas, where any 

disruption to economic activity can have severe 

repercussions. In contrast, Rotterdam’s ecological 

resilience strategy is highly relevant for cities that 

regularly face environmental challenges, particularly 

those related to water management [47]. On the other 

hand, Singapore’s evolutionary resilience approach, 

which combines rapid disaster response with long-

term strategic planning, offers tangible benefits for 
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urban areas with diverse resilience needs, where 

sustainable development is essential 

 

 

Table 2  Comparison between the three cities 

This study examines through a comparative 

analysis the importance of tailoring urban resilience 

strategies to the unique geographic and economic 

characteristics of each city. In this way, cities can 

enhance their resilience and respond positively to 

diverse challenges, ensuring rapid recovery and 

sustainable growth in the long term. This in-depth 
Criteria New York Rotterdam Singapore 

Resilience Framework Equilibrium (Engineering) 

resilience 

Equilibrium (Ecological) resilience Non-Equilibrium (Evolutionary) resilience 

Focus and Objectives Rapid recovery and restoration 

of urban functions post-disaster 

Restoration of ecosystems and 

natural buffers to enhance resilience 

Integration of technology with 

sustainability for long-term adaptive 

strategies 

Key Implementation 

Strategies 

Infrastructure reconstruction 

Regulatory reforms and zoning 

updates 

Community preparedness 

initiatives 

Innovative water management 

Rotterdam Climate Proof Program 

Adaptive infrastructure (e.g., 

floating buildings) 

Urban planning integrating technology 

and sustainability 

Singapore Green Plan 2030 

 Multifunctional projects like Marina 

Barrage 

Key engineering 

solutions 

 Strengthening of coastal 

defenses and seawalls 

 

 

 

 

 

 

 

 

 

 

 Implementation of zoning and 

building code changes post-

Sandy 

 Creation of the NYC Climate 

Resiliency Design Guidelines 

 Construction of the 

Maeslantkering storm surge barrier 

   

 

 

 

 

 

 

 

 

 

 Development of the Rotterdam 

Climate Proof program 

 Implementation of multifunctional 

flood defenses and adaptive 

building designs 

 Building of the Marina Barrage for flood 

control and water supply 

 

 

 

 

 

 

 

 

 

 

 Development of innovative urban 

planning and integrated water 

management systems 

Geographical Context Coastal megacity, highly 

vulnerable to storm surges and 

sea level rise 

Low-lying delta city with significant 

flood risk 

 Island city-state with limited land, 

dependent on efficient land and resource 

use 

Economic Context Global financial hub with 

significant economic impact 

from disruptions 

Major European port city with 

critical infrastructure at risk 

Highly urbanized international trade and 

finance center, with robust government 

investment in resilience 

Applicability in 

Diverse Urban 

Contexts 

cities facing frequent, high-

impact disasters 

cities with progressive 

environmental challenges 

complex, urbanized environments with 

varied resilience needs 

Figure  8  Coastal defenses and seawalls 

in New York protect the city from rising 

sea levels [48]. 

Figure  9  Maeslantkering: A robust 

flood barrier ensuring urban resilience 

against rising sea levels and extreme 

weather [49]. 

Figure  10  Marina Barrage: A vital 
urban resilience solution in Singapore, 
integrating flood control, water 
management, and green space. [50]. 
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understanding provides key insights into how to 

adapt and integrate different resilience strategies to 

meet the specific requirements of diverse urban 

environments. 

4. Results & Discussion 

The analysis of the case studies and urban 

resilience models highlights the challenges and 

opportunities faced by cities in their pursuit of 

resilience. While equilibrium and evolutionary 

resilience each offer valuable insights, their 

application in resource-constrained environments, 

such as Egypt, reveals the need for a more integrated 

approach. The Hybrid Resilience Approach presents 

a promising solution to this challenge, combining the 

strengths of both models to create a more adaptable 

and sustainable framework for urban resilience. 

In the context of Egypt, cities like Cairo, 

Alexandria, and other rapidly urbanizing areas face 

unique challenges related to rapid population growth, 

climate change. These challenges require an 

innovative approach to resilience that can effectively 

balance immediate recovery needs with long-term 

sustainability. The Hybrid Resilience Approach is 

particularly well-suited for Egypt due to its 

comprehensive, adaptable nature that addresses both 

short-term shocks and long-term transformations. 

Challenges: 

 Balancing two models: balancing between 

stability and adaptation poses an obstacle when 

merging these models together. Equilibrium 

resilience focuses on recovery and stability. May 

overlook the necessity, for long term change and 

adjustment. On the hand evolutionary resilience 

encourages innovation and flexibility; however, it 

typically demands time and financial investment 

to ensure successful implementation [7]. The 

Hybrid Resilience Approach bridges these gaps 

by synthesizing the immediate response 

capabilities of equilibrium resilience with the 

long-term adaptability fostered by evolutionary 

resilience. 

 Limited Resources: Implementing strategies to 

enhance resilience through evolution often 

demands commitment, to involving the 

community and fostering creativity and 

exploration in research fields like never before 

have been depicted as demanding for cities, with 

limited resources especially as they grapple with 

the rise of urban living and various critical social 

and economic dilemmas [51]. The Hybrid 

Resilience Approach offers a solution by 

emphasizing cost-effective strategies that 

combine technology, community-based resilience, 

and nature-based solutions. This approach allows 

cities to optimize existing resources, focusing on 

scalable, sustainable actions that are accessible 

even in resource-constrained settings. 

 Governance and Coordination Issues: Urban 

resilience can only be achieved through action 

involving sectors and government bodies working 

together harmoniously even though merging 

various resilience frameworks may face 

challenges due, to institutional obstacles or 

conflicting goals. Successful implementation 

requires cohesive collaboration, robust leadership, 

and a deep understanding of complex governance 

structures [52]. The Hybrid Resilience Approach 

addresses this by promoting inclusive and 

collaborative governance, where diverse 

stakeholders, including local communities, 

government agencies, and private sector actors, 

work together toward shared resilience goals. 

The Hybrid Resilience Approach focuses on short-

term recovery and long-term adaptability, it provides 

cities with a strategic framework that balances 

immediate needs with future growth. This integrated 

approach is particularly well-suited to developing 

countries, as it focuses on maximizing available 

resources, fostering community participation, and 

leveraging sustainable solutions. In doing so, it paves 

the way for cities to become more resilient, adaptive, 

and equitable, ensuring they are better prepared for 

both the current and future challenges of urban living. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 A hybrid resilience model that combines the 

equilibrium model with evolutionary resilience [Author]. 
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The study of urban resilience strategies in case 

studies and the adoption of a hybrid approach as a 

conceptual framework provides an integrated 

approach that can be used to improve the resilience of 

Egyptian cities. Key insights from this approach 

include: 

Contextual Assessment of Egyptian Cities: 

 Vulnerability Analysis: The first step involves 

understanding the specific risks that Egyptian 

cities face, such as flooding from the Nile, 

desertification, urban heat islands, and socio-

economic disparities. These vulnerabilities 

require both immediate and long-term resilience 

strategies. 

 Stakeholder Consultation: Engaging local 

communities, government agencies, and experts 

in discussions ensures that resilience strategies are 

inclusive and reflect the needs of all stakeholders. 

Setting Dual Objectives: 

 Short-Term Recovery Goals: Focusing on 

immediate recovery from climate-related disasters, 

such as enhancing the capacity of emergency 

services, restoring critical infrastructure (e.g., 

roads, water supply), and providing short-term 

flood defenses. 

 Long-Term Adaptation Goals: These goals include 

developing sustainable urban planning practices 

and enhancing green infrastructure to improve 

resilience over time, especially in light of shifting 

climate conditions. 

Integrated Strategies for Egyptian Urban Areas: 

 Infrastructure Development: 

Equilibrium Focus: Invest in resilient 

infrastructure, such as levees and drainage systems, 

to handle immediate flood risks. 

Evolutionary Focus: Integrate nature-based 

solutions, like wetlands and green roofs, which can 

evolve and adapt to changing environmental 

conditions, providing both short- and long-term 

benefits. 

 Policy and Regulatory Frameworks: Update 

building codes to require flood-resistant designs 

and encourage multi-functional public spaces. 

These spaces will not only meet immediate needs, 

like shelter or emergency services, but also offer 

long-term ecological benefits, such as improving 

air quality and reducing heat island effects. 

Adaptive Management Practices: 

 Real-Time Monitoring: Establish a data-driven 

system to monitor and assess risks like flooding and 

urban heat island effects. This system will facilitate 

timely interventions and adjustments based on 

emerging challenges. 

 Flexible Urban Planning: Create urban planning 

frameworks that can adapt to future climate 

scenarios, ensuring that infrastructure investments 

remain relevant and effective over time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Collaborative Governance Models: 

 Inter-Agency Collaboration: Strengthening 

cooperation between various governmental bodies 

(e.g., urban planning, environmental protection, 

disaster management) is essential to ensuring the 

success of integrated resilience strategies. 

 Public-Private Partnerships: Leveraging private 

sector resources for infrastructure projects, 

especially those that combine immediate resilience 

measures with long-term sustainability goals, can 

help overcome budgetary constraints while 

advancing resilience objectives. 

Community Engagement and Education: 

 Local Awareness Campaigns: Raise awareness 

within communities about disaster preparedness, 

such as evacuation plans and home modifications 

for flood resilience. Public education is a critical 

Figure 12 Integrated Approach for enhancing urban resilience 

[Author]. 
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component in ensuring that resilience measures are 

effective. 

 Participatory Planning: Involve local communities 

in the urban planning process to ensure that 

resilience strategies are well-aligned with the 

needs and insights of the people who will be most 

impacted by them. 

Evaluation and Iteration in the Egyptian 

Context: 

 Regular Assessments: Conduct periodic 

evaluations of resilience strategies to measure 

their effectiveness. This includes tracking 

progress on both short-term recovery and long-

term adaptation. 

 Learning and Adjustment: Use the feedback from 

these assessments to adjust strategies as 

necessary, ensuring that urban resilience improves 

continuously over time. 

 

5. Conclusion 

This study highlights the importance of adopting 

an integrated approach to urban resilience in 

developing countries, such as Egypt. The Hybrid 

Resilience Approach, combining elements of 

equilibrium and evolutionary resilience, provides a 

comprehensive framework for addressing the 

challenges faced by rapidly urbanizing Egyptian 

cities, such as Cairo and Alexandria. This approach 

balances the need for immediate recovery with long-

term adaptability, essential for managing both short-

term shocks and long-term transformations.  

The analysis of case studies from cities like New 

York, Rotterdam, and Singapore reveals that while 

equilibrium resilience focuses on stability and 

recovery, and evolutionary resilience fosters 

innovation and long-term sustainability, neither 

model alone is sufficient for the complexities of 

developing countries. The Hybrid Resilience 

Approach addresses these gaps by synthesizing the 

strengths of both models, ensuring a more adaptable 

and sustainable resilience framework. 

Key to the approach is the vulnerability analysis of 

specific risks such as flooding, desertification, and 

urban heat islands, coupled with stakeholder 

consultation to ensure inclusive and context-specific 

strategies. The strategy’s dual emphasis on 

immediate recovery actions (such as improving 

emergency services and infrastructure) and long-term 

adaptation measures (like green infrastructure and 

sustainable urban planning) guarantees that urban 

resilience strategies address present needs while 

preparing for future challenges. Additionally, the 

Hybrid Approach prioritizes collaborative 

governance, involving government entities, the 

private sector, and local communities to ensure 

coordinated and cohesive efforts. 

The Hybrid Approach also emphasizes 

collaborative governance, involving government 

bodies, private sector, and local communities to 

ensure coordinated efforts. Adaptive management, 

through real-time monitoring and flexible planning, 

ensures that resilience strategies remain effective 

over time. Furthermore, community engagement and 

participatory planning are critical to aligning 

resilience measures with the needs of local 

populations. 

In conclusion, the Hybrid Resilience Approach 

offers a robust, flexible, and resource-efficient model 

that can guide Egyptian cities toward enhanced 

resilience, addressing both current vulnerabilities and 

future uncertainties while promoting sustainability 

and social equity. 

References 

[1] Martin-Moreau M., and Ménascé D., “Urban resilience: 
introducing this issue and summarizing the discussions,” 

Field Actions Science Reports [Online], no. 18, pp. 6-11, 

2018.  

[2] Müller F., Hoffmann-Kroll R., and  Wiggering H. , 

“Indicating ecosystem integrity - Theoretical concepts and 

environmental requirements,” Ecological Modelling, vol. 
130, no. 1, p. 13 – 23, 2000.  

[3] Batty M., “Resilient Cities, Networks, and Disruption,” 

Environment and Planning B: Planning and Design, vol. 
40, no. 4, pp. 571 - 573, 2013.  

[4] Shi W., Tian J., Namaiti A., and Xing X., “Spatial-

Temporal Evolution and Driving Factors of the Coupling 
Coordination between Urbanization and Urban Resilience: 

A Case Study of the 167 Counties in Hebei Province,” Int. 

J. Environ. Res. Public Health, vol. 19, 2022.  

[5] Holling C. S., “Resilience and Stability of Ecological 

Systems,” Annu. Rev. Ecol. Syst, p. 14, 1973.  

[6] Collier J. M., Nedović-Budić Z., Aerts J., Connop S., Foley 
D., Foley K. , Newport D. , McQuaid S., Slaev A., and 

Verburg P., “Transitioning to resilience and sustainability 

in urban communities,” Cities, vol. 32, pp. S21-S28, 2013.  

[7] Davoudi S., Brooks E., and Mehmood A., “Evolutionary 

Resilience and Strategies for Climate Adaptation,” 

Planning Practice & Research, vol. 28, no. 3, p. 307–322, 
2013.  

[8] Liao K. H. , “A Theory on Urban Resilience to Floods—A 
Basis for Alternative Planning Practices,” Ecology and 

Society, vol. 17, no. 4, 2012.  

[9] UN-Habitat, “WORLD CITIES REPORT,” United Nations 
Human Settlements Programme, Nairobi, 2022. 

[10] ARUP, “City Resilience Index,” THE ROCKEFELLER 

FOUNDATION ,ARUP, 2015. 

42



Walaa A. Mohamed, et. al /  Urban Resilience in relation to climate changes: Lessons from New York, Rotterdam, and Singapore 

[11] Leichenko R., “Climate Change and Urban Resilience,” 

Current Opinion in Environmental Sustainability, vol. 3, 

no. 3, pp. 164-168, 2011.  

[12] Davidson J. L., Jacobson C. , Lyth A., Dedekorkut-Howes A., Baldwin 

C. L., Ellison J. C., Holbrook N. J., Howes M. J. , Serrao-Neumann S., 

Singh-Peterson L., and Smith T. F., “Interrogating resilience: toward a 
typology to improve its operationalization,” ECOLOGY AND 

SOCIETY, vol. 21, no. 2, p. 27, 2016.  

[13] Wang L., “Exploring a knowledge map for urban resilience 
to climate change,” Cities, vol. 131, 2022.  

[14] Satterthwaite D., and Dodman D., “Towards resilience and 

transformation for cities within a finite planet.,” 
Environment and Urbanization, vol. 25, no. 2, pp. 291-298, 

2013.  

[15] Asprone D., and Manfredi G., “Linking Disaster Resilience 
and Urban Sustainability: A local Approach for Future 

Cities,” Disaster, vol. 39, p. 96–111, 2014.  

[16] Wardekker A., “Framing ‘Resilient Cities’: System Versus 
Community Focused Interpretations of Urban Climate 

Resilience,” in Urban Resilience: Methodologies, Tools 

and Evaluation Theory and Practice, Castillo O. F. G., 
Antoniucci V., Márquez E. M., Nájera M. J., Valdiviezo A. 

C. and Castro M. O., Eds., Switzerland, Springer Cham, 

2022, pp. 17-30. 

[17] Wardekker A., de Jong A., Knoop J. M., and van der Sluijs 

J. P. , “Operationalising a resilience approach to adapting 

an urban delta to uncertain climate changes,” 

Technological Forecasting & Social Change, vol. 77, no. 

6, p. 987–998, 2010.  

[18] Meerow S., and Newell J. P., “Urban resilience for whom, 
what, when, where,and why?,” Urban Geography, vol. 40, 

no. 3, p. 309–329, 2019.  

[19] Béné C., Mehta L., McGranahan G., Cannon T., Gupte J., 
and Tanner T., “Resilience as a policy narrative: Potentials 

and limits in the context of urban planning,” Climate and 

Development, vol. 10, no. 2, pp. 116-133, 2017. 

[20] Wardekker A., “Contrasting the framing of urban climate 

resilience,” Sustainable Cities and Society, vol. 75, 2021.  

[21] Davidson D. J. , “The Applicability of the Concept of 

Resilience to Social Systems: Some Sources of Optimism 

and Nagging Doubts,” Society & Natural Resources, vol. 

23, no. 12, pp. 1135-1149, 2010.  

[22] Malalgoda C., Amaratunga D., and Haigh R., “Creating a 

disaster resilient built environment in urban cities:The role 
of local governments in Sri Lanka,” International Journal 

of Disaster Resilience in the Built Environment. , vol. 4, 

2013.  

[23] Abdulkareem M., Elkadi H., and Bneane M., “From 

engineering to evolutionary, an overarching approach in 

identifying the resilience of urban design to flood,” 
International Journal of Disaster Risk Reduction, vol. 28, 

2018.  

[24] Lowe M., Bell S., Briggs J., McMillan E., Morley M., 
Grenfell M., Sweeting D., Whitten A., and Jordan N., 

“Urban resilience for local government: Concepts, 

definitions and qualities,” The University of Melbourne, 
Melbourne, 2021. 

[25] Wenger C. , “The oak or the reed: how resilience theories 

are translated into disaster management policies,” Ecology 
and Society, vol. 22, no. 3, p. 18, 2017.  

[26] Ferguson P. , Wollersheim L., and Lowe M. , “Approaches 

to Climate Resilience. In: The Palgrave Handbook of 
Climate Resilient Societies,” 2021.  

[27] Restemeyer B., van den Brink M., and Woltjer J., 

“Resilience unpacked–framing of‘uncertainty’and 

‘adaptability’in long-termflood risk management strategies 

for London and Rotterdam,” EUROPEAN PLANNING 
STUDIES, vol. 26, no. 8, p. 1559–1579, 2018.  

[28] Linkov I., Bridges T., Creutzig F., Decker J., Fox-Lent C., 

W. Kröger, Lambert J. H., Levermann A., Montreuil B., 
Nathwani J., Nyer R., Renn O., Scharte B., Scheffler A., 

Schreurs M., and Thiel-Clemen T., “Changing the 

resilience paradigm,” Nature Climate Change, vol. 4, p. 
407–409, 2014.  

[29] European Environment Agency (EEA), “Urban adaptation 

to climate change in Europe 2016,Transforming cities in a 
changing climate,” Luxembourg, 2016. 

[30] Walker B., Holling C. S., Carpenter S. R., and Kinzig A., 

“Resilience, Adaptability and Transformability in Social–
ecological Systems,” Ecology and Society, vol. 9, no. 2, p. 

5. [online], 2004.  

[31] Resilience Alliance, “Urban Resilience Research 
Prospectus: A Resilience Alliance Initiative for 

Transitioning Urban Systems Towards Sustainable 

Futures,” Arizona State University,Stockholm University, 
Australia, USA, Sweden: CSIRO, 2007. 

[32] Goosse T., and Luuk Boelens L., “Evaluation of the 

Belgian FRAMES pilots : an analysis through three 
perspectives,” Gent, Belgium, 2020. 

[33] Lamond J. E., and Proverbs D. G., “No AccessResilience 

to flooding: lessons from international comparison,” Urban 
Design and Planning, vol. 162, no. 2, pp. 63-70, 2009.  

[34] Amirzadeh M., Sobhaninia S., and Sharifi A. , “Urban 

resilience: A vague or an evolutionary concept?,” 
Sustainable Cities and Society, vol. 81, 2022.  

[35] Pickett S., Cadenasso M. and Grove M., “silient cities: 

Meaning, models, and metaphor for integrating the 
ecological, socio-economic, and planning realms,” 

Landscape and Urban Planning, vol. 69, no. 4, pp. 369-

384, 2004.  

[36] New York City Economic Development Corporation 

(NYCEDC), “East Side Coastal Resiliency (ESCR) 
Project: Final Environmental Impact Statement.,” 2020. 

[Online]. Available: Retrieved from 

https://www.nycedc.com/project/east-side-coastal-

resiliency. 

[37] Tri H. C., Hens L., Phuoc P. M. T., Hung N. T. and Phuong 

T. H., “A Systematic Approach to the Dilemma Between 
Flood Vulnerability and Resilience-Review and Concepts,” 

Vietnam Journal of Science and Technology, vol. 55, no. 5, 

pp. 620-636, 2017.  

[38] Finn D. , Chandrasekhar D., and Xiao Y. , “A Region 

Recovers: Planning for Resilience after Superstorm 

Sandy,” the Journal of Planning Education and Research, 
vol. 43, no. 1, 2019.  

[39] Rosenzweig C., and Solecki W. , “Hurricane Sandy and 

adaptation pathways in New York: Lessons from a first-
responder city,” Global Environmental Change, vol. 28, p. 

395–408, 2014.  

[40] NYC Urbanism, “East Side Coastal Resiliency,” 7 Nov. 
2019. [Online]. Available: 

https://www.nycurbanism.com/blog/2019/11/7/east-side-

coastal-resiliency. [Accessed 9 Nov. 2024]. 

[41] Khader M., “Rotterdam Resilience Strategy, Rotterdam,” 

in Urban Planning for Transitions, 2021, pp. 1-18. 

[42] Zevenbergen C., Rijke J., Herk S., Chelleri L., and 
Bloemen P., “Towards an adaptive, flood risk management 

strategy in The Netherlands: An overview of recent 

43



EIJEST Vol.51(2025) 28–44 

history,” in Conference: River Flows 2016, St Louis, USA, 

2016.  

[43] Anna. B., “Embedding resilience of urban areas to climate 
change: a case study of Rotterdam,” Urban Development 

Issues, vol. 56, no. 4, pp. 59-68, 2017. 

[44] Landezine, “de Urbanisten,” [Online]. Available: 
https://landezine-award.com/de-urbanisten/. [Accessed 10 

Nov. 2024]. 

[45] Islam M., and Quek R., “Climate Change and Urban 
Resilience: The Singapore Story,” in Globalization, 

Development and Security in Asia, 2014, pp. 199-214. 

[46] Chan F., Chuah C. J., Ziegler A., Dąbrowski M., and Varis 
O., “Towards resilient flood risk management for Asian 

coastal cities: Lessons learned from Hong Kong and 

Singapore,” Journal of Cleaner Production, vol. 187, pp. 
576-589, 2018.  

[47] Sellberg M.M., Ryan P., Borgström S.T., Norström A.V., 

and Peterson G.D., “From resilience thinking to Resilience 
Planning: Lessons from practice.,” Journal of 

environmental management, vol. 217, pp. 906-918, 2018.  

[48] SCAPE Studio, “NYC SIRR Coastal Protection Plan,” 
[Online]. Available: 

https://www.scapestudio.com/projects/nyc-sirr-coastal-

protection-plan/. [Accessed 10 November 2024]. 

[49] The Civil Engineer, “Video: Maeslantkering, the biggest 

storm surge barrier in the world,” 18 Sep. 2015. [Online]. 

Available: https://www.thecivilengineer.org/news/video-

maeslantkering-the-biggest-storm-surge-barrier-in-the-

world. [Accessed 11 Nov. 2024]. 

[50] ZARCH, “Marina Barrage exterior works,” 2016. [Online]. 
Available: https://www.zarch.com.sg/projects/marina-

barrage-exterior-works. [Accessed 11 Nov. 2024]. 

[51] Tanner, T., Mitchell T., Polack E., and Guenther B., 
“Urban governance for adaptation: assessing climate 

change resilience in ten Asian cities.,” in IDS Working 

Papers, 2009.  

[52] Harris E., Franz A., and O'Hara S., “Promoting social 

equity and building resilience through value-inclusive 
design,” Buildings, vol. 13, no. 8, p. 2081, 2023.  

 

 

44


