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The built environment faces a growing number of challenges due to changing
climates. A resilient built environment system (BES) can withstand disruptions and
shocks, and resilient design allows communities to bounce back quickly.
Considering present and future needs, BESs can be oriented to adapt to new
uses or modified to handle changing climates. This study examines the resilience
qualities (RQs) of built environment systems (BESs) in responding to and
recovering from climate change disruptions effectively. A survey was designed
to capture the views of various stakeholders about the different indicators to
assess the four RQs: robustness (Rb), redundancy (Rd), inclusivity (Ic), and
integration (It). Regulatory and engineering stakeholders participated in the
survey, and the results were analyzed using statistical methods. Stakeholders
generally agree on the need to enhance transformative capacity for addressing
uncertainties and climate challenges. While stakeholders trust the role of BESs’
robustness against climate impacts, some suggest improving standards for better
resilience. There is consensus on the importance of regulatory measures
mandating emergency resources in BESs. The study highlights the need to
enhance adaptive capacities and tools within BESs. Incorporating
reconfigurability and spare capacity in BESs is crucial to prevent disruptions.
Participants tend to think promoting good practices at the community level is
essential to address climate impacts effectively. The analysis highlights the
importance of inclusive community consultation and involvement in fostering
a shared responsibility for enhancing urban ecosystems against climate change
impacts. This involves aligning processes across various city systems to support
cohesive decision-making and strategic investments. The study suggests
developing objective engineering techniques to establish a standardized
approach for evaluating the RQs of BESs.
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1 Introduction

Resilience is a critical objective for built environment systems
(BESs) confronting climate change (Meerow et al., 2016; Tahir et al.,

2021). A resilient built environment is crucial to protect human life,
property, and economic activity and helps achieve and retain
Sustainable Development Goals (SDGs) (Tahir et al., 2021). It
can also help ensure communities bounce back from disruptions

TABLE 1 Built environment resilience qualities and characteristics.

Resilience
quality

Related
capacities

Quality boundaries The phase of resilience Selected references

Robustness (Rb) - Absorptive
Capacity
(Absorption)

Rb refers to the ability to minimize or prevent
impacts, withstand climate-related disturbances,
assess system performance, and uphold an
acceptable level of service

During a disturbance event [refer to
Supplementary Figure S1 by Al-Humaiqani and
Al-Ghamdi, 2022 (Al-Humaiqani and
Al-Ghamdi, 2022)]

(Rus et al., 2018; Lak et al., 2020; Shafiei Dastjerdi
et al., 2021; Faturechi and Miller-Hooks, 2015;
Bruneau et al., 2003; Deshkar and Adane, 2016;
Wardekker et al., 2017)

- Scalability

Redundancy (Rd) - Reserve Capacity
(Absorption)

Rd in the provisions of governance roles and
functions and the management of public resources
and services

During a disturbance event (Al-Humaiqani and
Al-Ghamdi, 2022)

(Kanno and Ben-Haim, 2011; Huang et al., 2021;
Wardekker et al., 2017; Bruneau et al., 2003)

- Diversity

- Backup capacity

Inclusivity (Ic) - Engagement of
Community

Ic addresses stresses and shocks a specific sector,
location, or community faces

After the disturbance event (Reliability state)
(Al-Humaiqani and Al-Ghamdi, 2022)]

(Pfefferbaum et al., 2013; Arup and The
Rockefeller Foundation, 2014a; Sharifi, 2016;
UNDP Drylands Development Centre, 2016;
Salimi and Al-Ghamdi, 2020; Schwind, 2020; U.S.
IOTWS, 2007a)

Integration (It) - Adaptive Capacity It involves promoting consistent decision-making
and making investments

After the disturbance event (Reliability state) (Shafiei Dastjerdi et al., 2021; Arup and The
Rockefeller Foundation, 2014a; Chelleri and
Marta, 2012)- (Adaptability or

Adaptation)

FIGURE 1
RQs of BESs discussed in this paper (Part 2), including Rb, Rd, Ic, and It.
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and continue to thrive (Al-Humaiqani and Al-Ghamdi, 2023a; Al-
Humaiqani and Al-Ghamdi, 2023b). Resilience enhances a system’s
ability to cope, adapt, and recover from external changes effectively
and promptly (Al-Humaiqani and Al-Ghamdi, 2023c; Al-
Humaiqani and Al-Ghamdi, 2023d; Serdar and Al-Ghamdi,

2023). A resilient system can swiftly return to its original state or
even improve upon it after a disaster. The system’s recovery
capability hinges on prior mitigation measures and preparations
taken to ensure readiness to withstand such impacts (Rose, 2004;
Rose et al., 2007; Zobel, 2011). Resilience encompasses various

FIGURE 2
Research methodology showing the survey diagram and distribution process.
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definitions, all linked to the system’s capacity to anticipate adverse
effects, absorb, resist, adapt, and promptly recover from disruptive
events (Ayyub, 2020; McAllister, 2013).

The resilience of a BES is directly impacted by its robustness (Rb)
and ability to recover from disruptive events quickly. Resilient built
environments aim to minimize the impact of shocks on their
systems and enhance their adaptive capacity (Bazrkar et al.,
2015). Resilience in the built environment involves a
combination of essential qualities crucial for designing,
constructing, and managing infrastructure that can withstand
diverse climate challenges and disruptions. Al-Humaiqani and
Al-Ghamdi have identified eight key qualities for BES resilience:
reflectivity (Rf), robustness (Rb), redundancy (Rd), flexibility (Fx),
resourcefulness (Rs), rapidity (Rp), inclusivity (Ic), and integration
(It). Four resilience qualities (RQs), including reflectivity (Rf),
flexibility (Fx), resourcefulness (Rs), and rapidity (Rp), have
previously been studied and published by the authors (Al-
Humaiqani and Al-Ghamdi, 2023e), as explained in Appendix A.

The qualities of Rb and Rd can be compared, and it is evident
that structural Rd enhances Rb in uncertain conditions. As
demonstrated by Kanno and Ben-Haim, Rd is strongly linked to
Rb as Rb bounds strong Rd, making the two qualities identical
(Kanno and Ben-Haim, 2011). In general, the Rd of any structure
means a structure’s ability to withstand degradation without losing

specified elements (Kanno and Ben-Haim, 2011). Rd is essential in
the philosophy of structural designs. However, the literature has
defined Rd into two concepts: strong and weak, where strong Rd is
the lower bound of Rb and may exceed the Rb (Kanno and Ben-
Haim, 2011). Strong and weak Rds can be explained against each
other. On the other hand, Rb is the ability of a structure to maintain
some functionality against environmental uncertainty. Although
strong Rd and Rb may be equivalent in many cases, this does not
mean only the survivability aspects of a structure after degradation
are represented by these two characteristics.

Improving system resilience involves enhancing Rp and
ensuring sufficient repair resources are available. This approach
encourages assessing resilience as a combination of Rb and Rp
(Ouyang, 2017). Additionally, the Rb of systems, such as
infrastructure, ecosystems, policies, and strategic plans, contribute
to the determination of the ability to build resilience (Birchall and
Bonnett, 2021). Building robustness (Rb) is a crucial aspect of
resilience, as it pertains to the system’s stability and strength in
the face of both short and long-term shocks (Rus et al., 2018; Lak
et al., 2020; Shafiei Dastjerdi et al., 2021). Rb is measured by
evaluating the system’s performance from the onset of a
disruptive event until the point just before restoration begins
(Ouyang, 2017). At the urban level, resilient systems require
combining planning, efficiency, adaptability, diversity,

FIGURE 3
Respondents grouping.

TABLE 2 Survey questionnaire content and structure.

Question # Question type Issues tackled/Investigated

S#2: Q 1 Consent question A general question that allows participants to end their participation

S#2: Q 5–10 Demographic questions These questions gather demographic information about the audience

S#2: Q 11–12 Notes Two additional notes help participants to understand how the questions are connected

S#2: Q 13–65 G1 questions Questions regarding the Rb, Rd, Ic, and It dedicated to Group 1

S#2: Q 66–117 G2 questions Questions regarding the Rb, Rd, Ic, and It dedicated to Group 2

S#2: Q 118–167 G3 questions Questions regarding the Rb, Rd, Ic, and It dedicated to Group 3
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TABLE 3 Indicators, structure, subject, and the occupations and roles of participants in question formulation.

Questions Boundaries and audience Subject and indicators

S#2: Q 1–12, All Participants: Multiple Choice Mandatory questions: All respondents were asked to answer Demographic information was used to analyze the
participants’ identity and background characteristics. They
include educational background, geographical exposure,
experience, industry, affiliation, and role

RQ2 The audience’s perspectives on enhancing resilience through
understanding system stability and strength against short
and long-term shocks, as well as assessing performance
during disruptive events, are as follows

Rb is a measure of urban infrastructure resilience, indicating
its stability and strength against short and long-term shocks.
It assesses the system’s performance during a disruptive
event, from the beginning until restoration efforts begin

S#2: Q 13–22, G1 Participants: Multiple Choice 1) Governmental, regulatory, and governmental authorities The main Rb indicators are

1) Strength and Stability of the System

2) Withstanding Disruptive Events

3) Maintaining Functionality during the Event

S#2: Q 70–79, G2 Participants: Multiple Choice 2) Construction sector 4) System Performance

5) Minimizing Losses from Hazards

6) Low Failure Probability

S#2: Q 127–136, G3 Participants: Multiple Choice 3) Research and academic institutes, NGOs, and NPOs

RQ3 Respondents’ perspectives on promoting Rd through
understanding the ability of systems and facilities to
maintain functionality and integrity when faced with
disruptions

Rd refers to the ability of systems, facilities, and their
components to maintain functionality and structural
integrity when faced with disruptions

S#2: Q 23–44, G1 Participants: Multiple Choice 1) Governmental, regulatory, and governmental authorities The main flexibility indicators are

1) Reserve Capacity

2) Adaptive and Absorptive Coping Capacity

3) Diversity and Backup Capacity

4) Governance Frameworks

S#2: Q 80–101, G2 Participants: Multiple Choice 2) Construction industry 5) Emergency resources and supplies

6) Insurance and disaster funds

S#2: Q 137–158, G3 Participants: Multiple Choice 3) Research and academic institutes, NGOs, and NPOs

RQ7 The respondents’ opinions about broadening Ic through
extensive consultation and communities engagement and
how a specific community, sector, or location can address
shocks and stresses. Promoting inclusivity (Ic) to enhance
and inform decision-making

Ic focuses on broad community consultation and
engagement to address shocks and stresses. Actioning Ic to
enhance and inform decision-making

The main Ic indicators are

S#2: Q 45–55, G1 Participants: Multiple Choice 1) Governmental, regulatory, and governmental authorities 1) Communities’ Engagement

2) Shared Ownership Action

3) Feeding the Future Decision-Making

4) Improving Resilience

S#2: Q 102–112, G2 Participants: Multiple Choice 2) Construction industry

S#2: Q 159–169, G3 Participants: Multiple Choice 3) Research and academic institutes, NGOs, and NPOs

RQ8 The responses about consolidating integration by
understanding the integration between systems and across
various operational scales. This helps maintain consistency
in decision-making. By networking information from
different parts of the city’s systems, they can operate
cohesively and respond promptly

Integrating city processes would promote consistent
decision-making and investment placement. Networking
information from different city systems would enable them
to operate together and respond quickly. Aligning and
integrating systems across operational scales would support
outcomes and maintain decision-making consistency

S#2: Q 56–69, G1 Participants: Multiple Choice 1) Governmental, regulatory, and governmental authorities The main It indicators are

1) Adaptive Capacity

2) Systems Integration

(Continued on following page)
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interdependence, redundancy, strength, and flexibility, as
emphasized by Godschalk (2003).

Improving Rb and resistance and introducing efficient recovery
strategies can minimize both direct and indirect losses caused by
hazards (Bocchini et al., 2014). However, researchers like da Silva
et al. (2012) have come to an understanding of the difference
between robustness and resilience. For them, resilience is defined
as the ability to return a system to a stable equilibrium after
disturbance, while Rb focuses on maintaining functionality
during the event. However, some researchers argue that the
resilience of a critical system is reflected in its performance after
a disaster event and before restoration, emphasizing the importance
of robustness (Ouyang, 2017). For instance, Kammouh et al. (2020)
found a linear relationship between resilience, robustness, and
recovery capacity, where higher robustness leads to higher
resilience. Similarly, Moghadas et al. (2019) emphasize that
resilient cities prioritize robustness and adaptive capacities.

Bruneau et al. (Bazrkar et al., 2015) believe that Rb represents
the system’s strength to withstand disruption and is used to
measure its absorptive capability in reducing negative impacts
and consequences.

The concept of Rd plays a crucial role in various design
philosophies and structural designs, as it determines the extent to
which a system can minimize the impact of a disruption. However,
there is still debate about the precise definition of Rd (Kanno and
Ben-Haim, 2011). Rd can be described as the system’s capacity to
remain functional and maintain its operations in the face of
disruptions (Faturechi and Miller-Hooks, 2015; Samsuddin et al.,
2018). According to Tong (2021), the built environment resilience
dimensions encompass robustness, redundancy, efficiency, and
multi-functionality. Furthermore, the relationship between Rd
and Rb is demonstrated by two key characteristics (Yazdani and
Jeffrey, 2012). The strong Rd is bounded by the Rb, and in some
cases, they may share identical qualities (Kanno and Ben-Haim,

TABLE 3 (Continued) Indicators, structure, subject, and the occupations and roles of participants in question formulation.

Questions Boundaries and audience Subject and indicators

S#2: Q 113–126, G2 Participants:Multiple Choices 2) Construction industry 3) Systems’ Information Exchanging

4) Decision-Making Promotion

5) Resilience policies are integrated with other policies and
programs

S#2: Q 170–183, G3 Participants: Multiple Choice 3) Research and academic institutes, NGOs, and NPOs

TABLE 4 Statistical tests used in this study.

Questions and statistical tests Respondent role Subjects

S#2: Q 13–69: Group 1 Measuring urban infrastructure resilience involves
evaluating its ability to withstand and recover from
short- and long-term shocks. Rb is measured by the
system’s performance during a disruptive event. It is
important to consider the built environment’s ability
to withstand and cope with disruptive events and its
absorptive capacity to minimize negative impacts
caused by climate change

Governmental Authorities: Decision-makers and
Planners: Ranking and Multiple ChoicesStatistical Test:
Relative Importance Index (RII), Pearson’s Chi-Squared

Understanding the adaptation strategies and actions to
address the impacts, integrating climate considerations
into current planning, and setting climate-informed goals

The description of essential elements is integral to
various design philosophies, particularly in structural
design. It refers to the systems’ ability, facilities, and
components to maintain functionality and structural
integrity when faced with disruptions

S#2: Q 70–126, Group 2 Performance may deteriorate if a component of a BES
fails as a result of climate stress or shock

Sustainability Professionals and Practitioners,
Sustainability Experts, Senior Environmental Managers
and Engineers Ranking and Multiple Choice Statistical
Test: Pearson’s Chi-squared, Cronbach’s Alpha (α),
Mann–Whitney U-test, Relative Importance Index (RII),

Implementing resilience management practices and
adopting new best practices while prioritizing resilience
traits in their day-to-day work is critical in reducing
potential climate change impacts. Furthermore, it assumes
a prominent role in coordinating processes for different
components of BESs while also facilitating the
implementation of optimal resilience plans

The description emphasizes the importance of
extensive consultation and community engagement to
address shocks and stresses in specific communities,
sectors, or locations. Actioning Ic will enhance and
inform future decision-making

S#2: Q 127–183, Group 3 Description of integrating city’s processes to promote
consistent decision-making and investment
placement. By networking information from various
city systems, they can operate together and respond
quickly. This alignment and integration across
operational scales support consistent decision-making

Climate Scientists, Experts, Scholars, Researchers, etc.,
Representatives of NGOs, and Sustainability entities
Ranking, Likert and Multiple ChoiceStatistical Test:
Pearson’s Chi-Squared, Cronbach’s Alpha (α), Relative
Importance Index (RII), Mann–Whitney U-test

Integrating accountability for climate change into the
framework of a growing city or system incentivizes
businesses to amplify environmental transparency and
improve system efficiency. This, in turn, fosters increased
participation in mitigating the impacts of climate change.
(Asfaw et al., 2017)
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2011). On the other hand, insufficient Rd of a system can lead to
premature deterioration and eventual collapse. This can be
observed in the case of highway bridges constructed in North
America during the mid-20th century (Astaneh-Asl, 2008;
Agrawal et al., 2010; Lounis and McAllister, 2016). To
enhance the Rd of a system, it is important to establish
comprehensive plans that ensure an abundance of disaster
resources. These plans should include sufficient funding and
necessary materials to mitigate future disasters effectively
(Huang et al., 2021).

Inclusivity (Ic) involves consulting and engaging
communities to address shocks and stresses in specific
communities, sectors, or locations. Ic improves and feeds
future decision-making processes through proper stakeholder
feedback (Salimi and Al-Ghamdi, 2020; Sharifi, 2016). By

actively involving various stakeholders, shared ownership
actions promote efficient information exchange and
integration within the city’s systems (Salimi and Al-Ghamdi,
2020). Community engagement in discussions about the threats
to the built environment fosters collective actions, improving
resilience and preventing community isolation (Arup and The
Rockefeller Foundation, 2014a). Methods such as questionnaire
surveys, focus group discussions, interviews with key informants,
and community conversations facilitate community
participation (Sharifi, 2016; US IOTWS, 2007b; Pfefferbaum
et al., 2013; UNDP Drylands Development Centre, 2016;
Schwind, 2020). According to the (UNDP Drylands
Development Centre et al., 2014), community participants
would help develop resilience tools, systems, or indicators by
reaching a consensus. Surveys and stakeholders’ participation in

TABLE 5 Summary of the typical Rb, Rd, Ic, and It resilience qualities/indicators covered in this research.

# Resilience quality (RQ)/
Indicator

Definition/Scope References

2.0 Building Robustness (Rb) Rb is a measure of urban infrastructure’s resilience, assessing
its stability and strength against shocks. It is determined by the
system’s performance during disruptive events

(Ouyang, 2017; Rus et al., 2018; Lak et al., 2020; Birchall and
Bonnett, 2021; Shafiei Dastjerdi et al., 2021; Bocchini et al.,
2014; da Silva et al., 2012; Kammouh et al., 2020; Moghadas
et al., 2019; Tong, 2021; Bruneau et al., 2003; Deshkar and
Adane, 2016)

2.1 Strength and Stability of the System

2.2 Withstanding Disruptive Events

2.3 Maintaining Functionality during the
Event

2.4 System’s Performance

2.5 Minimizing Losses from Hazards

2.6 Low Failure Probability

3.0 Promoting Redundancy (Rd) The concept of Rd holds paramount significance in various
design philosophies, especially in the context of structural
designs. Rd can be defined as the degree to which systems,
facilities, and their components can uphold functionality and
structural integrity when confronted with disruptions

(Kanno and Ben-Haim, 2011; Godschalk, 2003; Astaneh-Asl,
2008; Agrawal et al., 2010; Yazdani and Jeffrey, 2012; Faturechi
and Miller-Hooks, 2015; Lounis and McAllister, 2016;
Samsuddin et al., 2018; Tong, 2021; Nik and Moazami, 2021)

3.1 Reserve Capacity

3.2 Adaptive and Absorptive Coping
Capacity

3.3 Diversity and Backup Capacity

3.4 Governance Frameworks

3.5 Emergency resources and supplies

3.6 Insurance and disaster funds

7.0 Broadening Inclusivity (Ic) Ic centers around extensive consultation and engagement with
communities, addressing how specific communities, sectors, or
locations can effectively cope with shocks and stresses. Taking
action on Ic serves to enhance and contribute to future
decision-making processes

(Salimi and Al-Ghamdi, 2020; Sharifi, 2016; Arup and The
Rockefeller Foundation, 2014a; Sharifi, 2016; US IOTWS,
2007a; Pfefferbaum et al., 2013; UNDPDrylands Development
Centre, 2016; Schwind, 2020; Sharifi, 2016; UNDP Drylands
Development Centre et al., 2014; Sharifi, 2016; Pfefferbaum
et al., 2013)

7.1 Communities’ Engagement

7.2 Shared Ownership Action

7.3 Feeding the Future Decision-Making

7.4 Improving Resilience

8.0 Consolidating Integration (It) Incorporating It processes into the city’s systems promotes
consistency in decision-making and investment placement.
Networking information from various parts of the city’s
systems enables them to operate collaboratively and respond
swiftly. Ensuring alignment and integration across systems and
their operational scales not only supports desired outcomes
but also maintains coherence in decision-making processes

(Shafiei Dastjerdi et al., 2021; Arup and The Rockefeller
Foundation, 2014a; Owens, 2005; Chelleri and Marta, 2012;
Morphet, 2010; Lynch, 1960)8.1 Adaptive Capacity

8.2 Systems Integration

8.3 Systems’ Information Exchanging

8.4 Decision-Making Promotion

8.5 Resilience policies are integrated with
other policies and programs
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the discussions help assess community resilience and identify
improvement strategies (Sharifi, 2016; Pfefferbaum et al., 2013).
Ic of people and places is supported by a place-based approach
(Owens, 2005), which encourages understanding of the way of

acting and behaving through collective culture and reflective past
(Shafiei Dastjerdi et al., 2021).

Integrating processes across different city systems enhances
decision-making reliability. This integration involves networking

FIGURE 4
Groups’ responses to (A) leveling the importance of the need for urban governance and providing regulations stating mandatory emergency
resources and supplies, (B) conducting the necessary assessment to improve the adaptive capacity of BESs, improve the resilience of community tools by
the government authorities, and processes integration within the city’s systems.
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the systems’ information to facilitate mutual operation and rapid
response (Salimi and Al-Ghamdi, 2020). The information
exchange among city systems enables collective functioning
and swift response to threats and disasters (Arup and The
Rockefeller Foundation, 2014a). For instance, integrating
natural systems with the constructed form will improve
ecological resilience and reduce the occurrence of such
disasters (Shafiei Dastjerdi et al., 2021; Chelleri and Marta,
2012). The alignment and integration of systems across
various operational scales are crucial for maintaining
consistency in decision-making and supporting positive
outcomes. This involves sharing information among systems
to enable them to function collectively and respond quickly to
threats or disasters within a city (Arup and The Rockefeller
Foundation, 2014b).

Similarly, in spatial resilience, it is critical to integrate all
components of a special network and places through adaptive
capacity in a multi-scale hierarchy to ensure consistency and
functionality (Shafiei Dastjerdi et al., 2021). Collaboration
between relevant authorities and stakeholders in adopting design
approaches and integrated planning can reduce the associated
implications and result in a holistic model (Morphet, 2010). Also,
policies, including the functioning and nature of places, and other
procedures and programs must be integrated for spatial resilience.
Spatial resilience relies on the adoption of guidelines specific to the
place, encompassing both bottom-up integrated and top-down
institutional frameworks (Shafiei Dastjerdi et al., 2021). So, in
this context, the community’s social role and the importance of

integrated physical settings have been emphasized by Lynch’s theory
(Lynch, 1960). Table 1 outlines the resilience qualities and
characteristics covered in this study.

1.1 Objectives

It is essential to integrate pertinent strategies for better system
preparedness and response (Rus et al., 2018), which can be achieved
through collaborative efforts of stakeholders (Samsuddin et al., 2018;
Schipper and Pelling, 2006; Lin et al., 2008; Malik et al., 2019;
AlQahtany and Abubakar, 2020) and by ensuring the integration of
RQs into the systems (Samsuddin et al., 2018). This paper intends to
quantify four different resilience qualities for the built environment’s
ability to withstand climate change risks and stresses. The quantification
follows procedures used in previous research by Al-Humaiqani and Al-
Ghamdi for the other four resilience qualities assessed (Al-Humaiqani
and Al-Ghamdi, 2023e). This study involves the second part of the
survey that collects the target audience’s perception. The objective of
this paper is driven by the increasing climate change threats and their
direct and indirect impacts on the BESs (Schipper and Pelling, 2006;
IFRC, 2003; Li et al., 2012; Sato, 2017; Alec Tzannes, 2019; Andrić et al.,
2019; Halder and Bandyopadhyay, 2021; Al-Humaiqani and Al-
Ghamdi, 2022; Auffhammer, 2022; Bamdad et al., 2022; Blekking
et al., 2022; Hidalgo-Galvez et al., 2022; Hürlimann et al., 2022;
Larsson Ivanov et al., 2022; Mayo and Lin, 2022; Wang et al., 2022;
Wollschlaeger et al., 2022; Al-Humaiqani and Al-Ghamdi, 2023f; Tahir
and Al-Ghamdi, 2023). Hence, understanding the built environment

FIGURE 5
Evaluating the extent of the Rb of the BESs.
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resilience can underscore the importance of enhancing relevant policies
and strategies (Al-Humaiqani and Al-Ghamdi, 2022; Alyami et al.,
2023). The different objectives include 1) the determination of
stakeholders’ perceptions about the built environment resilience; 2)
the investigation of the interrelations among different resilience

indicators, characteristics, and measures; and 3) the determination of
the importance of the BESs’ RQs.

The first objective is to assess the quality of responses and evaluate
the audience’s understanding of climate change resilience. The second
objective is to investigate the interrelationships and interconnections

FIGURE 6
Evaluations of the (A) BESs’ ability to mitigate climate-related disruptions and minimize associated consequences and rating the capacity and (B)
ranking the level of losses over time.
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between resilience indicators. The third objective is to assess the
importance level of these resilience indicators. The rationale behind
these objectives is the challenges posed by climate change and the need to
adapt. Numerous studies have highlighted the importance of improving
resilience in the design, construction, and operation of BESs (Li et al.,
2012; Sato, 2017; Alec Tzannes, 2019; Halder and Bandyopadhyay, 2021;
Al-Humaiqani andAl-Ghamdi, 2022; Auffhammer, 2022; Bamdad et al.,
2022; Hürlimann et al., 2022; Larsson Ivanov et al., 2022; Wollschlaeger
et al., 2022; Mayo and Lin, 2022; Andrić et al., 2019; Blekking et al., 2022;
Hidalgo-Galvez et al., 2022; Wang et al., 2022; Forzieri et al., 2018;
Khavarian-Garmsir et al., 2019; Gallego-Schmid et al., 2020;Mallen et al.,
2020; Saranko et al., 2020; Carter et al., 2021; Koc andAcar, 2021; Barnes

et al., 2022; Caby et al., 2022; Gür, 2022; Hiruta et al., 2022; Manes et al.,
2022; Mattauch et al., 2022; Murshed et al., 2022; Sovacool et al., 2023).
To achieve these objectives, insights from urban planners, policymakers,
developers, professionals, and experts on resilience indicators
are required.

2 Methods and procedures

A questionnaire on RQs of BESs was distributed to participants
from regulatory and governmental authorities, the construction
industry, and academic institutes. The numerical, structured, and

TABLE 6 Evaluating the capacity of the BESs to buffer climatic disturbances and reduce or prevent the resulting consequences (Relative importance index).

Statement subject Group 1 Group 2 Group 3 Overall

RII Rank RII Rank RII Rank RII Rank

Shelter systems 0.6080 1 0.6060 2 0.4200 1 0.5607 2

Life Support Systems 0.6080 1 0.6299 1 0.4067 2 0.5705 1

Movement Systems 0.6080 1 0.6060 2 0.4200 1 0.5607 2

Open Space Systems 0.6080 1 0.6060 2 0.4200 1 0.5607 2

FIGURE 7
The progress in promoting good practice in the built environment at the community level and advancing future measures to reduce the impacts of
climate change.

TABLE 7 Ranking the diversity and backup capacity of the BESs to withstand climate hazards.

Statement subject Group 1 Group 2 Group 3 Overall

RII Rank RII Rank RII Rank RII Rank

Shelter systems 0.1600 2 0.5493 3 0.3800 1 0.4279 3

Life Support Systems 0.1920 1 0.5791 1 0.3800 1 0.4508 1

Movement Systems 0.1920 1 0.5731 2 0.3733 2 0.4459 2

Open Space Systems 0.1920 1 0.5791 1 0.3800 1 0.4508 1

Frontiers in Built Environment frontiersin.org11

Al-Humaiqani and Al-Ghamdi 10.3389/fbuil.2024.1343334

https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2024.1343334


closed-ended questionnaire ensured the objectivity and
standardization of the engagement (Cohen et al., 2018). This
survey covered the four RQs: robustness (Rb), redundancy (Rd),

inclusivity (Ic), and integration (It). These four RQs are visually
represented in Figure 1. The remaining four RQs, depicted in grey
hatch marks, were independently examined. These eight RQs form

FIGURE 8
Evaluations of (A) correlation of the diversity and backup capacity of the BESs to withstand climate change hazards and (B) progress in promoting
good practice in the built environment at the community level and advancing future measures to reduce the impact of climate change disturbances.
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the basis of the proposed holistic RQs framework. The graphic
depicting these RQs is used consistently in all publications resulting
from this research, aiming to maintain connection and inform
readers about the covered RQs. Figure 2 provides an explanation
of the questionnaire survey distribution procedures.

2.1 Questionnaire design

In Figure 3, stakeholders were categorized into three groups
based on their professional and task scope The first group consists of
participants from governmental authorities and regulatory bodies.
The second one includes professionals from the construction
industry, while group 3 focuses on academic institutions and
non-governmental organizations. The first group consists of
regulatory bodies and government-owned businesses. To start,
the participants’ working fields, experiences, occupations, roles,
capacity-building backgrounds, and current sectors of work were
determined. The survey questionnaire consists of three parts,
starting with a briefing of the audience about its scope and
objectives. It also declares the no-risk engagement and
confidentiality of information. The survey continued with
questions related to demographics and the consent to accept or
decline participation in the study. The demographic questions
covered education level, occupation, experience, and the sector of
work, which determined the appropriate group for each participant.
The third part covers four main topics: 1) Building Robustness (Rb),
2) Promoting Redundancy (Rd), 3) Broadening Inclusivity (Ic), and
4) Consolidating Integration (It). Table 2 summarizes the content
and structure of the questionnaire, while Table 3 outlines the
boundaries, structure of the questions, audience, subject, and
Indicators. Also, it outlines the occupations and roles of the
participants. Table 4 presents the respondents’ groups and

statistical tests applied to the questions. Each group was allocated
approximately fifty questions to address the discussed objectives
in section 1.1.

Determining the populations of the three stakeholder groups
was challenging due to the limitations of the target audience.
Nevertheless, the calculations show that the population ranges
between 350 and one thousand. The sample size was determined
accordingly based on various scientific references, including the
guidelines recommended by Cohen et al. (2018). These guidelines
primarily suggest using online calculators such as those provided by
Raosoft (2022), MaCorr (Research, 2022), Creative Research
Systems (2022), Qualtrics (2022), and the SurveyMonkey website
(SurveyMonkey, 2022). The chosen level of confidence is 95%, with a
margin of error of 5%. Considering the limitations of each group, the
total sample size for the three groups ranges between 169 and 278.

2.2 Questionnaire distribution process

The participants were chosen using the probability (random
sampling) method, taking into account their audience profiles,
background knowledge, and experiences. Group one consists of
respondents from institutions and organizations owned by the
government and regulatory agencies. Group two comprises
professionals in the construction sector, such as developers,
consultants, design firms, contractors, project managers, and real
estate professionals. On the other hand, group three consists of
respondents who work for NGOs, NPOs, academic institutions, and
universities. The entities were contacted directly and informed of the
study’s scope and goals. They were asked to disseminate the survey
among possible respondents from engineering departments in their
organizations. Apart from that, the researchers contacted certain
regulatory agencies and governmental authorities through phone

FIGURE 9
The progress in promoting good practice in the built environment at the community level and advancing future measures to reduce the impact of
climate change disturbances.
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and email and visited some others in person. In addition, the researchers
made local calls to several engineering and construction firms. In
addition, the participation of many NGOs, NPOs, academic
institutions, and universities was requested in several ways.

The survey was conducted using the SurveyMonkey platform and
distributed electronically to the audience. An introductory email and
approval letter from the institutional review board (IRB) at Qatar
Biomedical Research Institute (QBRI) were sent to the audience. This
included a diverse group of approximately two thousand individuals
from various engineering backgrounds, including decision-makers,
regulators, researchers, academics, experts, and professionals. A
turnover of 240+ responses was accomplished with 188 completed
responses. The demographic information was discussed in section 3,
including occupation, educational background, geographical exposure of
expertise, roles, experience, and the entity they represent. Supplementary
Figure S1 outlines the research methodology and survey distribution
process applied in this study. The survey consisted of general questions
for all participants and specific questions for three groups based on their
affiliations: Group 1 (questions 13–69), Group 2 (questions 70–126), and
Group 3 (questions 127–183). Additional instructions were provided in
questions 11 and 12 to guide participants in answering the survey.

2.3 Validity and reliability of the
questionnaire

The survey questions were extracted from the detailed review
conducted on the up-to-date studies on the built environment’s Rb,
Rd, Ic, and It. The first draft was shared with three professionals from
different groups with deep experience in urban resilience, sustainability,
environmental sciences, and engineering. Specific questions against
every six indicators of each resilience quality were prepared for each
group separately, as shown in Table 3. The aim was to obtain responses
that accurately represent the understanding and knowledge of each
group. The selected indicators under each quality remain the same for all
the groups, maintaining the reliability and consistency of comparisons.
After a thorough review, the professionals agreed on the proposed
questions, making minor adjustments based on their comments before
distributing the survey to the intended audience. Survey approval was
obtained from the Institutional Review Board (IRB) at Hamada Bin
Khalifa University’s Qatar Biomedical Research Institute to ensure
ethical standards and the protection of respondents’ privacy. The
approval letter confirmed compliance with ethical guidelines and
assured the confidentiality of respondents’ information and involvement.

FIGURE 10
The public crucial role in developing resilience systems, tools, and indicators, as well as improving urban resilience and reducing community
isolation through public engagement.

Frontiers in Built Environment frontiersin.org14

Al-Humaiqani and Al-Ghamdi 10.3389/fbuil.2024.1343334

https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2024.1343334


The survey was conducted using the SurveyMonkey platform for
4 months to gather data from the audience. Various statistical
techniques were employed to assess the validity and reliability of
the obtained results. Pearson’s chi-squared (X2) and Students’
T-tests were used to understand the complexity and correlations
among the measured indicators. Additionally, the reliability and
consistency of the measures, including the Likert scales, were
evaluated through Cronbach’s Alpha (α) test.

2.4 Ranking Rb, Rd, Ic, and It qualities

Various ranking scales were chosen based on the type of
question and assessed indicator. Level 1 represents the most
important resilience quality in all cases, and five indicates the
lowest. The importance of the assessed quality or indicator was
evaluated through the relative importance index (RII) method, with
rankings ranging from 1 to 5 as per Eq. (1).

RII � ∑
Wi

AxN′ (1)

WhereWi represents the weight assigned to each variable by the
respondent, A is the highest weight, and N’ is the total number of
respondents.

A Pearson’s Chi-squared (X2) test was used to assess the influence of
group type on evaluating the Rb extent of the BES in withstanding the
climate change impacts and minimizing the losses caused by hazards.

The study utilized the procedures outlined by Al-Humaiqani
and Al-Ghamdi (2023e) and Ngin et al. (2020) to assess
participants’ perceptions of specific resilience characteristics
and indicators of the built environment concerning climate
change. The survey examined the impact of climate change on
city systems, exploring coping and adaptation strategies to boost
resilience against potential damage. Questions aimed to gather
respondents’ views on enhancing the resilience characteristics of
BESs against climate change. The participation definitions and
categories are illustrated in Figure 3 and Supplementary Figure
S2, while the assessment of the BESs’ robustness is based on six
main indicators, detailed in Table 5. Respondents’ perceptions of
these systems’ capacity to withstand climate-related disturbances
and minimize their effects were collected to assess system
performance.

Feedback was gathered on the role of urban governance in
developing the ability to adapt to uncertainty and change, particularly
in BESs. Opinions were also obtained on conducting assessments to
enhance the adaptive capacity of BESs and community resilience tools.
Additionally, participants provided input on integrating processes within
city systems to promote consistent decision-making and investments.

FIGURE 11
The community required inclusive consultation and engagement to establish a collective sense of ownership and agreement. This approach to
inclusion ensures a unified vision and shared responsibility for developing urban resilience.
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3 Results and discussion

The collection of survey responses took place during the period
from September to December 2022. The majority of responses came
from construction professionals (group 2), comprising 55% of the
total, while groups 1 and 3 accounted for 20% and 25%, respectively,
as illustrated in Supplementary Figure S3.

3.1 Importance of urban governance and
providing regulations stating mandatory
emergency resources and supplies

The analysis presented in Figure 4A highlights the significance of
urban governance in building resilience to uncertainty and change,
especially in Built Environment Systems (BESs). The findings indicate
a collective inclination towards considering urban governance
moderately to highly important. Group 1 displayed a tendency
towards moderate importance, while groups 2 and 3 leaned more
towards deeming it highly important. This analysis suggests a shared
agreement among respondents across all three groups on the need for
urban governance to strengthen its transformative capabilities in
addressing uncertainty and change within BESs. Moreover,
Figure 4A depicts a strong consensus among most respondents
regarding the importance of regulations that mandate emergency
resources and supplies for BESs, particularly those situated in
vulnerable areas.

The analysis indicates that group 1 finds the assessment of
enhancing the adaptive capacities of BESs and related tools

inadequate, with responses mostly falling between fair and
average. Similarly, over 60% of Group 2 members feel that efforts
to enhance adaptive capacities are insufficient. However, less than
30% of all respondents find the actions taken satisfactory.

In contrast, in group 3, 30% consider the actions by relevant
authorities to be poor, while another 30% rate them as fair to
average. Conversely, 25% view the actions as good, as depicted in
Figure 4B. Respondents also shared their opinions on integrating
processes among the city’s systems to ensure consistency in
decision-making and investments. In group 1, 65% believe the
integration level is average, with the rest strongly agreeing.
Group 2 presents a different trend, with around 50% disagreeing
with this notion. Group 3’s perspective aligns more with Group 2’s,
but no participant strongly agrees on integrating the processes of
existing BESs.

3.2 Building robustness (Rb)

This section discusses response rates from various groups on
their comprehension of the importance of enhancing resilience
against the impacts of climate change. Figure 5 illustrates the
extent of the Rb of the BESs in line with notes by Ouyang (2017)
that emphasize the BESs’ resilience in enduring and recovering
from disasters, referencing the resilience of a BES to its
robustness in withstanding and recovering from a disaster.
The results did not provide enough evidence to reject the null
hypothesis that there are no differences in grouping and expertise
types (p-value of 0.995 at 5% significance level). Most

FIGURE 12
Responses on the integrating processes within the BESs to ensure consistency in promoting decision-making and making investments.
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respondents in Group 1 and Group 2 perceive the Rb extent of the
BESs to climate change impacts and hazard-induced losses as
high. In contrast, Group 3 respondents see this Rb extent at a
moderate level, suggesting potential for enhancing building
standards, particularly from a research and academic
standpoint. According to Kammouh et al. (2020), a system is
deemed resilient when it demonstrates high robustness, low
failure likelihood, and rapid recovery capabilities. Figure 6
present evaluations of the BESs’ ability to mitigate climate-
related disruptions and minimize associated consequences,
echoing (Bruneau et al., 2003) view that Rb is the system’s
strength to withstand disruption and measure absorptive
capability to reduce the negative impacts and consequences.

The robustness of a project is attributed to its early phase
preparation, indicating the urban ecosystem’s capacity to
maintain essential functions (Tong, 2021). In group 1, most
respondents rated the capacities of the four BESs between good
and excellent, averaging at about 50%. For group 2, the majority
perceived the systems’ capacities as generally good, with
approximately 55% rating them between average and excellent.
This confirms that protective infrastructure targeting climate
hazards lacks resilience and diversity, the research by Birchall
and Bonnett (2021) indicates. Group 3 showed different
perceptions, with their views falling within a similar range for

different systems. The analysis suggests that group 2’s confidence
level is high, likely influenced by their experience and skills in system
construction. Conversely, the perspectives of groups 1 and 3 are
notably influenced by each group’s role. Table 6 displays the results
of the relative importance index analysis, ranking the BESs’ capacity
to mitigate climate-related disturbances and their consequences.
Group 1 ranked the four BESs equally, while groups 2 and 3 had
different rankings. Group 2 prioritized life support systems, whereas
Group 3 considered the remaining two systems more crucial. The
results showed a consensus with the findings of the study by Salimi
and Al-Ghamdi (2020), which proposes that strategic approaches to
building resilient infrastructure should prioritize robustness,
redundancy, and resourcefulness. The statistical analysis did not
yield enough evidence to reject the null hypothesis of grouping and
professionalism differences, with p-values ranging between
0.875 and 0.999 at a 5% significance level.

3.3 Promoting redundancy (Rd)

Redundancy (Rd) is fundamental in design philosophies, especially
structural designs (Al-Humaiqani and Al-Ghamdi, 2022). It refers to
the ability of systems and facilities to sustain functions (Samsuddin
et al., 2018) and integrity in the face of disruptions (Faturechi and

FIGURE 13
Groups’ ranking of the significance of several indicators, including the BESs’ ability to adapt to long-term changes that contribute to uncertainty,
conducting the required assessment to improve the adaptive capacity of the BESs and improve the tools of community resilience assessment and level of
importance of implementing proactive urban adaptive strategies instead of reactive plans and integrating disaster resilience into urban planning.
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Miller-Hooks, 2015). The participants shared their opinions onwhether
authorities and organizations can prepare for expected or unexpected
climate change disasters. Figure 7 indicates that 56% of respondents
agree with the notion, and 44% expressed doubts about the progress in
promoting good practices in the built environment. This observation
may be attributed to the lack of progress due to limited community
involvement in proactive measures, which authorities and regulatory
bodies should address. On the other hand, Table 7 summarizes the
ranking of the diversity and backup capacity of the BESs to withstand
climate hazards. The results show that life support systems and open
spaces are ranked highest, followed by movement and shelter systems.

This study determined the relationship between the diversity
and backup capacity of BESs in relation to their ability to withstand
climate change hazards for different built environment systems
(Supplementary Figure S4). The Rb and Rp of an urban system is
influenced by its Rd, with Rb often equated to strong Rd according to
Kanno and Ben-Haim (2011). Based on specific questions, the
analysis presented in Figure 8 identified correlations within BESs,
underscoring the importance of Rd in enhancing their resilience.
Participants also shared views on promoting good practices in the
built environment at the community level and future strategies to
mitigate the climate change impacts. Figure 9 illustrates diverse
opinions among the groups, with 45% in agreement, 15%
disagreement, and approximately 40% unsure about the
advancement of good practices. This highlights the critical notion
that inadequate Rd may result in premature system deterioration
and subsequent collapse, as evidenced by Astaneh-Asl (2008);
Agrawal et al. (2010); Lounis and McAllister (2016).

3.4 Broadening inclusivity (Ic)

Broad consultation and community engagement are essential for
establishing a shared sense of ownership. As per the Rockefeller
Foundation and Arup, community engagement encompasses all
groups, including vulnerable populations, collaboratively addressing
the challenges faced by various sectors and working to reduce
isolation between communities. This inclusive approach
promotes a cohesive vision and joint accountability in building a
resilient city (Arup and The Rockefeller Foundation, 2014b). It is
widely acknowledged that an inclusive strategy ensures a unified
vision and collective responsibility for urban resilience, emphasizing
the importance of valuable stakeholder input in shaping a decision-
making process that is inclusive (Sharifi, 2016).

This section analyzes the relationship between Ic’s indicators
and their correlations, which include community engagement,
shared ownership action, informing future decision-making, and
enhancing resilience. Achieving an inclusive decision-making
process involves obtaining feedback from relevant stakeholders
(Salimi and Al-Ghamdi, 2020; Sharifi, 2016). The study assessed
participants’ confidence in contributing to resilience development
by achieving consensus as a united community. It also evaluated
agreement levels on improving urban resilience and reducing
community isolation through public engagement in collecting
data on climate change disasters through surveys and interviews.
The results for both perceptions are displayed in Figure 10,
highlighting the importance of various stakeholders participating
in shared ownership actions to facilitate information exchange and

promote efficient integration among different components and
systems as suggested by Salimi and Al-Ghamdi (2020).

To evaluate community resilience effectively, it is essential to
identify priorities, utilize assessment tools, and create action plans
through participatory approaches and mapping techniques (Al-
Humaiqani and Al-Ghamdi, 2022). Research surveys and
stakeholder involvement are crucial for assessing the enhancement
of community resilience performance over time (Sharifi, 2016;
Pfefferbaum et al., 2013). The analysis explored the importance of
involving the community in discussions to establish mutual ownership
of BESs resilience, as depicted in Figure 11. It also assessed the
consensus on adopting an inclusive approach to promote shared
responsibility and a common vision for urban resilience.

3.5 Consolidating integration (It)

Incorporating integration (It) processes into the BESs would ensure
consistency in decision-making and investment placements and ensure
they function together and respond quickly (Salimi and Al-Ghamdi,
2020; Al-Humaiqani and Al-Ghamdi, 2022). According to Shafiei
Dastjerdi et al., preserving the integrity and functions of places and
spatial networks relies on integrating all elements through adaptive
capacity within a multi-scale hierarchy (Shafiei Dastjerdi et al., 2021).
The survey investigates the impact of integrating city systems’ processes
on decision-making and investment placement. Results indicate that
45% of Group 1 respondents sometimes believe in this integration.
However, all three groups generally agree on its effectiveness, with over
45% consensus, as shown in Figure 12. The groups also prioritize
different indicators, such as the adaptability of BESs to long-term
changes that lead to uncertainty, illustrated in Figure 13. This figure
outlines the assessments required to enhance the adaptive capacity of
BESs and improve community resilience tools. Additionally, the text
stresses the importance of proactive urban adaptive strategies over
reactive plans and integrating disaster resilience into urban planning.

4 Conclusion

This study examines the resilience qualities of BESs, focusing onRb,
Rd, Ic, and It, along with their corresponding indicators. The research is
based on a survey that gathered input from three main stakeholder
groups. Responses were analyzed rigorously to assess the four resilience
qualities and their relationships. Stakeholders, such as regulatory bodies,
government entities, contractors, experts, academia, and NGOs,
participated in the survey to assess the RQs of BESs, associated
measures, and indicators. The survey explores how current built
environment resilience indicators are interconnected and their
perceived effectiveness in addressing climate change impacts.

The study investigates the significance of urban governance in
enforcing regulations for emergency resources and supplies. The results
show that respondents generally view these regulations asmoderately to
very important. There is a consensus across all respondent groups that
urban governance needs to be able to adapt to uncertainty and change
in urban environments. The study also examines the integration of
processes within systems to ensure coherent decision-making and
investments. The statistical analysis, however, did not provide
enough evidence to reject the null hypothesis. There is a strong
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belief in the importance of BESs being resilient to climate change and
reducing hazards. Despite this, there are opportunities to improve the
resilience of BESs by enhancing standards to mitigate disturbances and
their consequences. More than 40% of respondents noted a lack of
progress in promoting best practices in the built environment, possibly
due to limited community engagement. The study suggests that relevant
authorities and regulatory bodies should address this issue. The study
found that life support systems and open spaces were rated as the most
important, followed by movement and shelter systems.

The study focused on participants’ readiness to contribute to
developing resilience systems, indicators, or tools through community
consensus. Results showed agreement on the importance of involving
diverse community input to cultivate shared ownership in enhancing
resilience to climate change. The study underscores the significance of
gathering comprehensive stakeholder feedback to facilitate an inclusive
decision-making process, ensuring a cohesive vision and collective
responsibility for urban resilience. The integration analysis evaluated
if city processes support consistent decision-making and investment
allocation, with a general consensus that they do. The study also
highlights the necessity of evaluating and strengthening the adaptive
capacity of BESs and improving community resilience assessment tools.
Furthermore, it suggests that proactive urban adaptive strategies are
more crucial than reactive plans and emphasizes the importance of
integrating disaster resilience into urban planning.
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Appendix A

In a previous study (Al-Humaiqani and Al-Ghamdi, 2023e), the
authors “Al-Humaiqani and Al-Ghamdi” assessed the Reflectivity
(Rf), Flexibility (Fx), Resourcefulness (Rs), and Rapidity (Rp)
resilience qualities. The study entitled “Assessing the Built
Environment’s Reflectivity, Flexibility, Resourcefulness, and
Rapidity Resilience Qualities against Climate Change Impacts
from the Perspective of Different Stakeholders” utilized

responses from the three respondent groups. The study is
available for downlaod at this link: https://www.mdpi.com/2071-
1050/15/6/5055. This research applied a similar methodology to
assess the resilience qualities of Robustness (Rb), Redundancy (Rd),
Inclusivity (Ic), and Integration (It). Both studies asses the built
environment’s resilience qualities from the prespective of different
stakholders, aiming to establish a framework that outlines the
phases, characteristics, boundaries, and relationships of all
eight qualities.

The scope of the previous study published by authors includes four RQs: reflectivity (Rf),
Flexibility (Fx), resourcefulness (Rs), and rapidity (Rp) (Al-Humaiqani and Al-Ghamdi,
2023e)

The scope of the current study includes four RQs: robustness (Rb), redundancy (Rd),
inclusivity (Ic), and integration (It)
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