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Climate change and the increasing frequency of extreme events are placing 
unprecedented pressure on built environment systems (BESs), revealing 
determined gaps in how resilience is conceptualized and implemented in 
practice. Although resilience has become a pivotal objective in planning and 
infrastructure development, existing approaches often lack a consistent structure 
that relates conceptual capacities with measurable indicators and actionable 
priorities. This study addresses this challenge by proposing a systematic 
framework that integrates clearly defined resilience qualities (RQs) into the 
assessment and improvement of BESs. The proposed framework organizes 
eight RQs, reflectivity (Rf), robustness (Rb), redundancy (Rd), flexibility (Fx), 
resourcefulness (Rs), rapidity (Rp), inclusivity (Ic), and integration (It), into a 
hierarchical structure supported by consolidated resilience quality indicators 
(RQIs). These indicators were identified through a systematic literature review 
and refined through analytical screening to ensure relevance to built environment 
performance. To evaluate the RQIs’ relative importance and implementation 
status, a Delphi-based expert elicitation was conducted, followed by an 
importance–capacity gap analysis to identify priority areas for intervention and 
structured improvement pathways. The results highlight meaningful differences in 
how RQs are valued and implemented, revealing critical gaps between strategic 
intent and practical capacity. By providing a structured and expert-informed 
assessment framework, this study contributes a practical foundation for 
embedding resilience into planning, design, management, and policy 
processes within the built environment while supporting alignment with 
broader compliance and sustainability objectives.
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1 Introduction

Scientific evidence shows that climate extremes are changing significantly over time. 
Such changes make future conditions more difficult to predict due to uncertainties in 
greenhouse gas (GHG) emissions and the complexity of climate modeling (Knutti and 
Sedláček, 2013; IPCC, 2021). Human-driven GHG emissions continue to influence rising 
temperatures, sea-level rise, and changes in precipitation patterns (Hansen et al., 2010; 
Church et al., 2013; Ayyub, 2018). These ongoing trends are expected to intensify, placing 
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increasing pressure on the built environment, ecosystems, and other 
businesses. As a result, resilience within the built environment has 
become a central focus of current research and is getting more 
attention over time. It characterizes a society, system, or structure’s 
ability to tolerate, absorb, adapt to, alter, and recover from a shock or 
stress caused by climate change quickly and effectively (Vale, 2014; 
Jabareen, 2013; Attia et al., 2021).

Resilience to climate-related risks refers to the system’s capacity 
to lessen susceptibility to and vulnerability to potential hazards, 
survive extreme events, bounce back quickly from stress and 
negative effects, and draw lessons from past climatic challenges 
and events to guide future decision-making (Al-Humaiqani and Al- 
Ghamdi, 2022; IPCC, 2014; Folke, 2006; Adger et al., 2005; Anderies, 
2014; U.S. EPA, 2017). The resilience definition encompasses the 
extent to which a system can experience disturbance without losing 
its core functionality (Walker and Salt, 2012). This capacity is shaped 
by multiple dimensions, risk reduction, response mechanisms, 
absorptive or coping abilities, and adaptive capabilities, alongside 
the continuous strengthening of environmental, physical, social, 
institutional, and governance structures (Al-Humaiqani and Al- 
Ghamdi, 2023a; Al-Humaiqani and Al-Ghamdi, 2023b; Brown et al., 
2012; Cutter et al., 2008). In urban contexts, climate resilience 
involves assessing vulnerability level by evaluating a system’s 
exposure, sensitivity, and response capacity (Al-Humaiqani and 
Al-Ghamdi, 2023c). It is followed by developing action plans that 
enhance risk reduction and adaptive readiness (U.S. EPA, 2017; 
Meerow et al., 2016; Tyler and Moench, 2012). Generally, resilience 
enables a system, such as a city, to maintain essential functions 
under climatic stresses and shocks, ensuring communities can live 
sustainably and thrive safely (Al-Humaiqani and Al-Ghamdi, 2025; 
Ahern, 2011; Leichenko, 2011; Asian Development Bank, 2014).

For resilience to be meaningful in policy and management 
contexts, it must be interpreted clearly and operationally. Moving 
from a conceptual discussion to practical implementation is not 
straightforward; it requires a set of deliberate steps (Stevenson et al., 
2015). First, resilience needs to be defined in relation to the specific 
system, element, or sector being examined. This also entails 
articulating a coherent vision supported by measurable criteria 
and identifying the key drivers, such as institutional structures, 
resource availability, and human capacities, that influence resilience 
performance. In addition, existing resilience conditions should be 
benchmarked, the effectiveness of interventions assessed, and the 
operational boundaries of resilience features clarified. Such efforts 
require an understanding of how resilience characteristics and 
indicators function across varying contexts and, where 
appropriate, how they compare with those of other systems 
(Carpenter et al., 2001). Finally, the selection of appropriate 
assessment methods, preferably informed by stakeholder 
consultation and engagement, is essential to ensure the 
evaluation reflects practical priorities and constraints rather than 
remaining purely theoretical (Brown et al., 2012).

Resilience is not an abstract requirement; it manifests differently 
across sectors depending on the types of risks they face and the 
consequences of disruption. Strengthening resilience is therefore 
essential to limit the long-term economic and social impacts 
associated with climate-related hazards. In the built environment, 
for example, buildings are expected to maintain acceptable indoor 
environmental quality and occupant comfort even during periods of 

extreme heat or other climatic stressors (Attia et al., 2021). The 
infrastructure systems must remain robust against sea-level rise 
(SLR), storm surges, and other relevant hazards (Hallegatte et al., 
2013; McGranahan et al., 2007; Abou-Mahmoud, 2021; Al-Mutairi 
et al., 2021). Individuals, communities, and businesses also need 
protection from flooding (Serdar and Al-Ghamdi, 2023; Al- 
Humaiqani and Al-Ghamdi, 2023d; Zevenbergen et al., 2020) and 
interacting environmental stresses (Koks et al., 2019). Emerging 
research on RQs highlights important questions about the 
governance of resilience knowledge, the distribution of expertise, 
and the ways communities contribute to resilience in the built 
environment (Davoudi et al., 2012; Cote and Nightingale, 2012). 
It also examines how RQs circulate across systems to promote 
integration and engagement among stakeholders (Spaans and 
Waterhout, 2017). BES’s resilience can be described in a 
flowchart over different thematic areas, each containing its 
components as illustrated in Figure 1 (Twigg, 2007).

Resilience is also embedded in many United Nations Sustainable 
Development Goals (SDGs), highlighting its significance for global 
development agendas (UNDRR, 2015; UN, 2019; Nations, 2015). 
However, beyond the general recognition that resilience is 
embedded within the Sustainable Development Goals (SDGs) 
(United Nations, 2015), a more explicit mapping between the 
proposed eight RQs and specific SDG targets is necessary. As 
illustrated in Figure 2, this mapping strengthens both the 
conceptual foundation and the policy relevance of the proposed 
framework. Rb and Rd align closely with SDG 9.1, which calls for the 
development of reliable, sustainable, and resilient infrastructure 
systems. At the same time, Rf contributes to SDG 9.4 by 
encouraging infrastructure upgrading and retrofitting aimed at 
improving sustainability and resource efficiency. It also reinforces 
SDG 9.1, particularly in contexts where resilient infrastructure 
development remains an ongoing priority. Taken together, these 
interconnections situate the framework within the broader 
transformation agenda articulated under SDG 9 (Industry, 
Innovation, and Infrastructure).

At the urban and community scale, several RQs show clear 
correspondence with SDG 11 (Sustainable Cities and Communities). 
Rp is closely associated with SDG 11.5, which focuses on reducing 
disaster-related mortality and economic losses, underscoring the 
role of timely response and recovery in limiting urban disruption. Ic 
relates to SDG 11.3 and 11.9, as it emphasizes participatory planning 
processes and the integration of disaster risk reduction within local 
development strategies. Rs, in turn, supports SDG 11.1 and 
11.2 through its contribution to improved access to safe housing 
and sustainable transport systems. Fx further complements these 
objectives by enabling more reliable and adaptive service provision, 
particularly in energy systems, aligning with SDG 7 (Affordable and 
Clean Energy), especially targets 7.3 and 7.5 concerning energy 
efficiency and the expansion of sustainable energy infrastructure.

From a climate governance standpoint, several RQs intersect 
under SDG 13 (Climate Action). Rf and Rs both contribute to 
strengthening adaptive capacity, consistent with the objectives of 
SDG 13.1. In parallel, It advances SDG 13.2 by ensuring that 
climate considerations are systematically incorporated into 
policies, strategies, and planning frameworks. Rp further 
contributes to institutional preparedness and capacity-building 
mechanisms consistent with SDG 13. b. By articulating these 
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structured correspondences, the framework demonstrates a clear 
contribution pathway toward internationally recognized 
development targets. It thus operationalizes resilience not only 
as a systems-level engineering principle but also as a strategic 
instrument for advancing SDG-aligned urban sustainability, 
infrastructure transformation, and climate adaptation agendas. 
Designing systems with resilience in mind is therefore crucial to 
prepare for future climate disruptions that could impact 
infrastructure functionality and safety (Attia et al., 2021; 
Cimellaro et al., 2015; Attia, 2018), while simultaneously 
advancing SDG-aligned policy outcomes and global 
sustainability commitments.

1.1 Measuring resilience

Since resilience cannot be observed directly, it must be 
quantified and compared to other traits that can be observed 
(Stevenson et al., 2015). It may be necessary to ascribe numerical 
values to complex social concerns (Stevenson et al., 2015). 
Systematic and quantitative assessment procedures are essential 
for gauging resilience, according to Risk Frontiers 2015. Prior 
and Hagmann (2014) emphasize that there are numerous goals 
for measuring resilience. These goals include defining resilience in a 
particular context and creating a multidimensional resilience 
measure, which calls for articulating the resilience components. A 

FIGURE 1 
Build environment resilience theme areas and their component.
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quantitative comparison can be made by allocating resilience 
resources, such as risk management. The objectives include 
increasing resilience through controlling disruption and its effects 
in low-resilience businesses, which is important. Resilience 
measurement is essential to evaluate the application of best 
practices and the effects of disruption on a system (Al- 
Humaiqani and Al-Ghamdi, 2023a; Al-Humaiqani and Al- 
Ghamdi, 2023b; Al-Humaiqani and Al-Ghamdi, 2023c). Risk 
management organizations can take appropriate actions into 
account by assessing the resilience level. Determination of 
resilience indicators of the eight RQs outlined in Figure 3 is 
crucial. Also, monitoring the values of the five characteristics, 

including preparedness, absorption and copying capacity, 
recovery, adaptability, and transformability, of the system 
resilience is very important. The characteristics presented in 
Figure 4 reveal the BES’s resilience level, which may inform 
future actions. Additionally, creating resilience thresholds can 
help select the appropriate wise policy choices. The purposes also 
include increasing public awareness. Another key objective is to 
enhance public awareness, particularly among vulnerable groups 
that can be engaged and supported through targeted resilience 
measures. Managers also play a crucial role by conveying 
resilience-related information to stakeholders whose performance 
falls below the defined criteria. Finally, the effectiveness of resilience 

FIGURE 2 
Conceptual mapping of the eight RQs to selected UN SDG targets, illustrating the alignment between the proposed resilience framework and global 
development and climate policy objectives.
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initiatives should be assessed by applying the resilience index to the 
relevant entity and tracking changes over time through longitudinal 
evaluation and comparisons. Aligning policy objectives with specific 
benchmarks for measuring progress is, therefore, critical during the 
development of any resilience-building policy and strategy.

1.2 Framework development 
through analysis

To carry out analysis and development of a resilience framework 
for the built environment against climate-related impacts, a 
systematic process is to be applied. For analyzing the resilience 
qualities indicators (RQs) and determining the correlations and 
interrelations between different indicators, it is essential to identify 
the dimensions of resilience. Built environment resilience analysis is 
related to disaster risks and threats, as discussed in the literature 
(Ribeiro and Gonçalves, 2019). According to Patel and Nosal (2016), 
the best dimensions that help characterize BER are those 
recommended by Ostadtaghizadeh et al. (2015) for community 
resilience.

In this study, resilience is conceptualized as a multidimensional 
construct encompassing four interrelated dimensions. Absorptive 
and coping capacity, defined as the ability to withstand and maintain 
essential functions during disturbances. The second is the adaptive 
capacity, which describes the capability to adjust operations and 
strategies in response to changing conditions. The third is 
restorative capacity, representing the ability to recover 
functionality and reorganize after disruption. Finally, the 
transformative capacity which describes the ability of urban 
systems, infrastructure networks, and governance structures to 
fundamentally reconfigure their physical form, functional logic, 
and institutional arrangements. These dimensions are consistent 
with established resilience in infrastructure and urban systems 

research and provide the conceptual backbone of the 
proposed framework.

The main characteristic of resilience that needs to be evaluated is 
the resilience of the BESs. The relevant attributes, such as 
adaptation, withstand, protection, etc., are also included. In 
selecting the different approaches to built environment resilience, 
the denominations of characteristics differ concerning the same 
resilience concept, which may make the application of the concept 
possible. Hence, adopting strategies for built environment resilience 
would allow the development of practical and robust approaches for 
systems to withstand and adapt to climate and natural disturbances 
(Ribeiro and Gonçalves, 2019). The definitions, dimensions, and 
measures were determined, and the indicators identified in the 
literature and this research are primary inputs for the proposed 
systematic framework. They must be considered for determining 
measures and actions to advance the framework for a more 
resilient BESs.

The eight RQs operationalize these four core capacities. For 
example, preparedness-oriented qualities and robustness- and 
redundancy-related qualities primarily contribute to absorptive 
capacity, Fx, and Rs capture adaptive capacity, and recovery- 
oriented qualities correspond to restorative capacity. Several RQs 
contribute to more than one dimension, reflecting the systemic and 
interconnected nature of infrastructure resilience. 
Operationalization occurs at the indicator level. Each of the 
44 RQIs was explicitly mapped to one primary resilience capacity 
and one RQ based on definitional alignment. Indicators were then 
evaluated across four measurement parameters: relevance, 
importance, contribution to climate-responsive planning, and 
contribution to adaptation capacity, using Delphi-based scoring. 
These parameter scores enable quantitative representation of 
otherwise qualitative resilience dimensions and allow aggregation 
into composite resilience scores and tier classifications. Thus, the 

FIGURE 3 
Resilience qualities (QRs) and their indicators.
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framework is organized in a stepwise manner, beginning with broad 
conceptualizations of resilience capacities (Umunnakwe et al., 2021) 
and progressively translating them into RQs, operational indicators, 
and parameterized metrics. These elements ultimately feed into the 
development of composite indices and a tiered system of 
prioritization. Such a progression helps maintain conceptual 
clarity while also supporting empirical consistency in assessing 
resilience within the built-environment context.

This paper presents an overview of a systematic and forward- 
looking framework for characterizing RQs and indicators relevant to 
the built environment through a Delphi-based indicator 
prioritization. It also supports identifying the relevance, 
importance, and contributions of resilience indicators to 
responsive planning and adaptive capacity, ultimately fostering 
adaptive, absorptive, and transformative urban environments 
(Sharifi, 2019; Meerow and Newell, 2019).

2 Methods and procedures

This study is built on the outcomes of the previously published 
articles that incorporated two questionnaires on RQs of BESs that 
were distributed among different stakeholders, including 
participants from regulatory entities, industry, research and 
development, and academia (Al-Humaiqani, 2023; Al- 
Humaiqani and Al-Ghamdi, 2024; Al-Humaiqani and Al- 
Ghamdi, 2023e). The designed questions were numerical and 
well structured to ensure the standardization and independence 
of the SMEs engagement (Tong, 2021). This study focuses on the 
Delphi Technique that evaluates the relevance, importance, and 
contribution of the resilience indicators categorized under the 
predefined eight RQs: Rf, Rb, Rd, Fx, Rs, Rp, Ic, and It, to 
determine their suitability for developing a holistic 
RQs framework.

FIGURE 4 
Key capacities of built environment resilience.
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2.1 Study design

2.1.1 Overview and objective

This study adopted the Delphi Technique interview 
methodology to identify, prioritize, and evaluate a comprehensive 
set of resilience indicators grouped under the eight RQs defined for 
the BESs. The objective was to establish a solid, evidence-informed 
basis for constructing a multi-dimensional resilience assessment 
framework (Al-Humaiqani and Al-Ghamdi, 2022; Al-Humaiqani 
and Al-Ghamdi, 2023a; Al-Humaiqani and Al-Ghamdi, 2023c; Al- 
Humaiqani and Al-Ghamdi, 2024; Al-Humaiqani and Al-Ghamdi, 
2023e; Al-Humaiqani et al., 2025). Rather than relying solely on 
theoretical classification, the process sought to draw on structured 
expert judgment to refine and validate the proposed indicators.

The interviews were designed to convert qualitative expert 
insights into analyzable quantitative inputs. In doing so, they 
enabled a systematic examination of each indicator’s relevance, 
relative importance, and contribution to strengthening the 
climate-responsiveness and adaptive capacity of BESs. This 
approach allowed the framework to reflect both conceptual rigor 
and practical expertise grounded in real-world infrastructure 
planning and management contexts.

2.1.2 Systematic literature review

A systematic literature review was undertaken in accordance 
with PRISMA 2020 reporting guidance to ensure methodological 
transparency and replicability (refer to the PRISMA checklist 
outlined in Supplementary Figure A1, Supplementary Appendix 
1). The review focused on resilience indicators and assessment 
frameworks applicable to urban and built-environment systems, 
with particular attention to climate risk governance. It examined 
peer-reviewed journal articles published in internationally 
recognized journals and databases over the past two decades. 
Searches were conducted across major academic platforms, 
including ScienceDirect, ACS Publications, Wiley, ASCE, Taylor 
& Francis, and MDPI, among others. Additional relevant studies 
were identified through backward and forward snowballing. To 
complement academic sources, gray literature from authoritative 
institutions, such as IPCC assessment reports, UNDRR guidance 
documents, World Bank and UN agency publications, as well as 
national strategies and technical reports, was also reviewed. The time 
frame covered publications from 2010 to 2025, with the final search 
completed in February 2026.

The search strategy combined three thematic blocks. The first 
and second are resilience-related concepts, and indicators and 
assessment terminology. While the third is contextual descriptors 
related to urban systems and infrastructure. Representative terms in 
the first block included resilience, climate resilience, urban 
resilience, and infrastructure resilience. The second block 
incorporated terms such as indicator, metric, index, framework, 
assessment, and capacity. The third block included urban, built 
environment, critical infrastructure, and city. Studies were included 
if they proposed or applied resilience indicators, metrics, or 
frameworks relevant to urban or infrastructure systems. They 
were also included if they provided sufficient methodological 
detail to interpret indicator construction and application, and 

were peer-reviewed or constituted credible gray literature. 
Exclusion criteria comprised studies limited to purely ecological 
or narrowly sectoral perspectives without transferable relevance to 
built environment resilience. It also excluded inaccessible full texts, 
duplicate records, and conceptual discussions of resilience lacking 
operational indicators.

Screening was conducted in two stages. An initial review of titles 
and abstracts, followed by full-text assessment. Any discrepancies 
were resolved through discussion. Extracted information included 
indicator definitions, thematic domains, sectoral scope, 
methodological approaches, and reported implementation 
constraints. The synthesis focused on identifying recurring 
indicator families, examining their operational requirements, 
highlighting evidence gaps in translating indicators into policy 
practice, and assessing their alignment with climate risk and 
scenario-based planning approaches. Supplementary Figure A1
presents the PRISMA flow diagram summarizing the stages of 
identification, screening, eligibility assessment, and final inclusion 
of records. Examples of selected studies for climate change impacts 
and preparedness (Chen et al., 2018; Solomon et al., 2009; 
Wollschlaeger et al., 2021; Forzieri et al., 2017; Najib, 2009; Al- 
Maamary et al., 2017; Parry et al., 2004; Al Zawad and Aksakal, 2010; 
Gencer, 2013; Gu, 2019), Resilience Capacities and Dimensions 
(Tyler and Moench, 2012; Ayyub, 2020; Birchall and Bonnett, 
2021; Lak et al., 2020; Shafiei Dastjerdi et al., 2021; Li et al., 
2016; Lounis, 2013; Lounis and McAllister, 2016; Minsker et al., 
2015; Moghadas et al., 2019; Nan and Sansavini, 2017; Ouyang, 2017; 
Salem et al., 2020; Bocchini et al., 2014; Salimi and Al-Ghamdi, 2020; 
Samsuddin et al., 2018; Sharifi, 2016; Shi et al., 2021; Tamvakis and 
Xenidis, 2013; Tong, 2021; Sharifi and Yamagata, 2016; Pfefferbaum 
et al., 2011; UNDP, 2014; Bruneau et al., 2003; US IOTWS, 2007; 
Wardekker et al., 2017; Wu and Chiang, 2018; Chelleri et al., 2014; 
Francis and Bekera, 2014; Cerè et al., 2017; Chang and Shinozuka, 
2004; Curt and Tacnet, 2018; Deshkar and Adane, 2016; Faturechi 
and Miller-Hooks, 2015; Han et al., 2021; Hassler and Kohler, 2014; 
Kanno and Ben-Haim, 2011; Yazdani and Jeffrey, 2012; Huang et al., 
2021; Tempels and Hartmann, 2014; Kammouh et al., 2020). and 
Built Environment Resilience Qualities (BERQs) (Ouyang, 2017). 
Other sources discussed the resilience frameworks, such as 
community resilience (Cimellaro, 2016).

2.1.3 Indicator screening and 
categorization framework

The preliminary list of resilience indicators was compiled 
through a structured review of peer-reviewed journal articles, 
internationally recognized resilience frameworks, and 
infrastructure planning guidelines published between 2010 and 
2026. To ensure clarity and traceability, explicit inclusion and 
exclusion criteria were applied at the screening stage. Indicators 
were retained if they were clearly defined and capable of 
operationalization within built-environment systems. Also, if it 
appeared in at least three independent peer-reviewed studies or 
major resilience frameworks. Furthermore, it demonstrated 
conceptual consistency with one of the predefined RQs. 
Indicators were excluded where they were overly generic, 
duplicative, insufficiently operationalized, or narrowly sector- 
specific without broader infrastructure relevance. This process 
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resulted in a consolidated set of 44 RQIs (Al-Humaiqani and Al- 
Ghamdi, 2022; Al-Humaiqani and Al-Ghamdi, 2024; Al-Humaiqani 
and Al-Ghamdi, 2023e).

The 44 indicators were categorized under the eight RQs to reflect 
the different characteristics of built environment systems. The 
allocation reflects the conceptual scope and empirical 
representation of each RQ in the literature. Governance- and 
preparedness-oriented qualities, for example, typically encompass 
several interrelated dimensions such as planning capacity, 
institutional coordination, and policy integration, whereas 
structurally defined RQs tend to be more bounded. Accordingly, 
variation in the number of indicators under each RQ corresponds to 
theoretical breadth rather than methodological imbalance. 
Supplementary Table A1 in Supplementary Appendix 1 outlines 
the inclusion and exclusion criteria applied during screening and 
categorization.

2.1.4 Expert panel composition (Delphi Technique)

There is no collectively agreed standard regarding the 
appropriate panel size for Delphi studies, nor a definitive 
threshold distinguishing small from large expert groups (Akins 
et al., 2005; Williams and Webb, 1994). Sample size decisions are 
therefore typically guided by the purpose of the study, the 
complexity of the topic, and the availability of qualified experts 
rather than by fixed numerical rules. Although prior work has 
suggested that seven participants may represent a reasonable 
minimum, published applications have ranged from as few as 
four experts to several thousands (Akins et al., 2005). This wide 
variation underscores that panel adequacy is context-dependent and 
should be justified in relation to expertise diversity and the objective 
of achieving reasoned convergence.

In this study, a Delphi panel of ten subject matter experts (SMEs) 
was arranged to validate and evaluate the RQIs. Selection criteria are 
provided in Table 1. Consistent with the established Delphi process, 
emphasis was placed on depth of expertise and structured 
professional judgment rather than statistical representativeness. 
Panel participants were selected based on predefined criteria 
relating to disciplinary relevance, demonstrated experience, and 
institutional balance. The experts collectively represented civil 
engineering, architecture, urban planning, environmental science, 
disaster risk reduction, the energy and water sectors, sustainability, 
and public policy, domains directly connected to infrastructure 
systems and climate resilience planning. All participants had at 
least 10 years of professional or academic experience in areas related 
to urban infrastructure, sustainable development, or climate 

adaptation. The panel also reflected diversity in geographical 
exposure and experience and functional roles, including technical 
design, regulatory oversight, strategic planning, and research. A 
deliberate mix of public-sector practitioners, academic researchers, 
and private-sector consultants was included to broaden perspectives 
and reduce institutional bias.

Although the panel achieved strong sectoral and institutional 
coverage, it did not incorporate direct community representatives. 
As such, the findings primarily reflect system-level expert 
perspectives rather than grassroots viewpoints. To mitigate 
potential dominance effects, the Delphi process incorporated 
controlled anonymity, iterative feedback rounds, and convergence 
analysis. The results should therefore be interpreted as expert- 
informed assessments of built-environment resilience, while 
future research may expand representation to further strengthen 
inclusivity-related dimensions.

2.1.5 Assessment parameters and scoring protocol

The Delphi process was conducted over two iterative rounds to 
validate and refine the proposed RQIs. During the first round, the 
preliminary indicator list was circulated to the SMEs for review, 
focusing on clarity, conceptual consistency, and alignment with the 
defined RQs. Feedback was consolidated and incorporated before 
initiating the second round, which aimed to achieve convergence in 
scoring. The ten SMEs assessed the extent to which each indicator 
adequately captured the theoretical intent of its respective RQ and 
whether it could be operationalized within a practical 
assessment framework.

The finalized set of RQIs is presented in Table 2. In total, 
44 indicators were evaluated against four assessment parameters 
designed to reflect both conceptual soundness (e.g., theoretical 
relevance and construct representation) and practical 
applicability (e.g., measurability and implementation 
feasibility), as summarized in Table 3. Each SME assigned 
scores using a five-point Likert scale across all four parameters, 
as detailed in Table 4. Evaluating indicators across multiple 
parameters allowed distinctions to be made between theoretical 
Rb and implementation practicality, thereby improving 
transparency and interpretive clarity compared to reliance on a 
single composite metric. Following completion of Delphi Round 
2, parameter scores were aggregated across experts and analyzed 
for potential redundancy. Given the ordinal nature of the 5-point 
Likert scale, overlapping parameters were combined into a 
conceptual composite through averaging, and an optimized 
weighted index was recalculated.

TABLE 1 Criteria for selecting the SMEs (Delphi Technique).

# Criterion Provisions

1 Professional domain Expertise in civil engineering, architecture, urban planning, environmental science, disaster risk reduction, energy and water sector, 
sustainability and public policy

2 Experience A 10+ years of professional or academic experience directly related to urban infrastructure, sustainable development, or climate 
resilience

3 Representation The participants included a mix of public sector practitioners, academics and researchers, and private sector consultants to ensure 
diverse perspectives and mitigate institutional bias
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TABLE 2 The defined RQs and RQIs.

# Resilience Quality/Indicator Indicators Description

1.0 Leveraging Reflectivity (Rf) Rf represents the system’s capacity to learn continuously, revisit assumptions, update strategies, and 
generate new knowledge through feedback loops. It emphasizes institutional learning, monitoring, and 
evaluation as key enablers of resilience

1.1 Learning from the past The ability to systematically gather, interpret, and apply historical lessons, whether from past disasters, 
policy failures, or successful interventions, to avoid repeated mistakes and strengthen preparedness for 
future events

1.2 Active participation of professional stakeholders and 
experienced actors

Engaging technical experts, practitioners, and experienced actors to contribute insights that enhance 
decision-making. Their involvement supports evidence-based planning, identifies blind spots, and 
promotes continuous system improvement

1.3 Planning for the future Developing forward-looking strategies that anticipate emerging risks, evolving environmental conditions, 
and future societal needs. This ensures that resilience-building efforts remain proactive rather than 
reactive

1.4 Preparation for disasters Adopting structured preparedness measures, including training, drills, contingency plans, and risk 
assessments, that improve the system’s readiness to respond efficiently when crises occur

1.5 Decision-making facilitating Embedding reflective practices and robust information channels that enhance the clarity, speed, and 
quality of decision-making. This includes integrating scientific evidence, stakeholder input, and scenario 
analysis

1.6 Reflective environment systems Systems are designed to self-assess and adjust their performance through continuous monitoring, 
evaluation, and learning. These create an institutional culture that supports adaptive modifications over 
time

2.0 Building robustness (Rb) Rb focuses on physical, structural, and functional strength that allows urban systems to resist disruption. 
It limits exposure to hazards and minimizes the likelihood of catastrophic failure

2.1 Strength and stability of the system Ensuring that infrastructure, governance mechanisms, and operational processes are strong and stable 
enough to function reliably under stress

2.2 Withstanding disruptive events The capacity to endure shocks, such as extreme climate events, system overloads, or physical damage, 
without structural collapse or major service interruptions

2.3 Retention of functionality during the event Maintaining critical operations, such as energy supply, water delivery, and emergency services, even 
during periods of intense disruption

2.4 System’s performance The overall reliability and efficiency of the system in both normal and emergency conditions. High 
performance reflects strong design, effective maintenance, and operational readiness

2.5 Minimizing losses from hazards Reducing the human, economic, and environmental losses caused by disruptive events through strong 
physical design and well-coordinated response systems

2.6 Low failure probability Designing systems with redundancies, high safety margins, and safety protocols to minimize the 
likelihood that critical functions fail during crises

3.0 Promoting redundancy (Rd) Rd involves multiple layers of protection and backup capabilities so that if one component fails, alternative 
pathways maintain system functionality

3.1 Reserve capacity Having additional or unused capacity, such as surplus energy, water reserves, or emergency shelters, that 
can be activated during high-demand periods or crises

3.2 Adaptive and absorptive coping capacity The ability of individuals, institutions, and systems to absorb impacts, reorganize quickly, and continue 
functioning despite disruptions

3.3 Diversity and backup capacity Ensuring functional diversity (multiple ways to achieve the same service) and establishing backup systems 
that can instantly step in when primary components fail

3.4 Governance frameworks Multiple institutional arrangements, legal mechanisms, and operational structures that can continue 
governance functions even if one authority or system is disrupted

3.5 Emergency resources and supplies Maintaining strategic stockpiles of essential materials, such as food, water, medical supplies, and fuel, to 
support response and recovery operations

3.6 Insurance and disaster funds Financial Rd that enables rapid compensation, reconstruction, and livelihood restoration without relying 
solely on government budgets

4.0 Enhancing flexibility (Fx) Fx reflects the system’s capacity to adjust behavior, reorganize functions, and modify operations in 
response to evolving or unforeseen conditions

4.1 Identifying, quantifying, and controlling the Fx Assessing the degree of Fx within systems and ensuring it is used effectively. Understanding limits helps 
avoid overuse, misuse, or insufficient use of adaptive options

(Continued)
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TABLE 2 Continued

# Resilience Quality/Indicator Indicators Description

4.2 Adopting alternative strategies to the crisis Switching to different operational modes, plans, or interventions when standard methods are 
compromised, ensuring continuity through adaptive pathways

4.3 Adaptation and inherent capacity The inherent ability of communities, institutions, and infrastructure to adjust naturally to shocks by 
modifying practices, reallocating resources, or reorganizing functions

4.4 Climate adaptation policies and processes Formal policy frameworks that support systemic adaptation through regulations, incentives, and strategic 
planning aligned with climate risks

4.5 Incorporating traditional knowledge and practices Integrating indigenous and long-standing local practices that have historically improved communities’ 
adaptive capacity and resilience to environmental stressors

4.6 Efforts to mitigate climate change impacts Implementing mitigation-focused actions, such as reducing emissions or enhancing natural buffers, that 
simultaneously improve long-term system Fx

5.0 Encouraging resourcefulness (Rs) Rs highlights the capacity to mobilize, coordinate, and utilize resources efficiently before, during, and after 
disruptions

5.1 Disaster preparedness Developing readiness plans, early warning systems, and training programs that ensure institutions and 
communities can react quickly and effectively to emerging threats

5.2 Emergency management Coordinating emergency responses by integrating command structures, communication flows, and 
operational teams to manage crises effectively

5.3 Resources utilization Maximizing the efficiency of available human, financial, and material resources through effective 
allocation and prioritization

5.4 Mitigating the losses by the community Empowering communities to minimize losses through awareness campaigns, preparedness training, and 
self-protective actions

5.5 Visualize and Act Developing situational awareness through monitoring tools and rapid assessments that support timely 
decision-making and swift action

5.6 Identify problems and establish priorities Recognizing emerging risks and directing resources to the most critical needs to ensure effective response 
and recovery strategies

6.0 Improving rapidity (Rp) Rp emphasizes the speed and efficiency of response and recovery, aiming to restore normalcy as quickly as 
possible after disruptions

6.1 Responsiveness and restorative capacity The ability to act immediately when disruptions occur, deploying resources and personnel to stabilize the 
situation

6.2 Adaptation Rapid adjustments to evolving conditions, reducing the duration and severity of disruption impacts

6.3 Rapid recovery Swift restoration of essential services and infrastructure to reduce social and economic disruption

6.4 Recovery activities (Resource allocation) Efficient mobilization of funds, materials, and technical support to accelerate restoration processes

6.5 Accommodating recovery requirements Ability to meet urgent and long-term recovery needs, ensuring that restored systems are resilient and 
future ready

7.0 Broadening inclusivity (ic) Ic ensures that diverse community voices and stakeholders actively participate in resilience-building, 
fostering equity and shared responsibility

7.1 Communities’ engagement Meaningful involvement of residents in planning, implementation, and feedback processes, ensuring 
decisions reflect real community needs

7.2 Shared ownership action Encouraging collective responsibility, where communities, authorities, and stakeholders jointly contribute 
to resilience outcomes

7.3 Feeding future decision-making Providing community insights that shape future policies, planning choices, and governance decisions, 
ensuring that strategies evolve with lived experiences

7.4 Improving resilience Enhancing social and institutional resilience through inclusive participation, which strengthens trust, 
cooperation, and adaptive capacity

8.0 Consolidating integration (it) Integration refers to seamless coordination across systems, institutions, sectors, and information 
networks, strengthening coherence and collective capacity

8.1 Adaptive capacity improvement Strengthening the system’s ability to adjust and innovate by integrating new knowledge, technologies, and 
collaborative mechanisms

8.2 Systems integration Ensuring that infrastructure networks, governance institutions, and service providers operate cohesively 
rather than in isolation, promoting efficiency and coordinated response

(Continued)
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2.1.6 Data collection process

A customized Microsoft Excel template was developed to 
support data collection and analysis. The template recorded 
raw ratings from all Delphi participants for each indicator, 
automatically calculated parameter-level aggregates and 
composite scores, and incorporated both simple and weighted 
averaging approaches to determine prioritization. To ensure 
consistency in interpretation, the template was distributed 
alongside a detailed guidance note and a structured 
explanation of each indicator, category, and scoring procedure. 
Aggregate averages for relevance and importance to the BESs 
resilience framework, contribution to climate-responsive 
planning, and enhancement of adaptation capacity across the 
44 RQIs are summarized in Table 5. Beyond reporting results, 
the table functions as a forward-looking analytical tool. It 
provides a basis for assigning implementation weights and 
relative priority levels to each RQI, thereby facilitating 
structured integration of the framework into planning and 
decision-making processes.

The analytic Hierarchy Process (AHP) can be used to assign 
relative weights to each resilience quality (RQ) and resilience 

quality indicator (RQI) through structured expert pairwise 
comparisons. These normalized weights provide a transparent 
basis for multi-criteria prioritization and can serve as input 
parameters for further modeling. In this study context, AHP is 
not treated as a standalone ranking tool; rather, it supports a 
broader analytical structure that incorporates relational modeling 
approaches such as system dynamics (SD). This integration is 
particularly relevant because resilience is inherently associated 
with feedback processes, adaptive capacity, non-linearity, and 
recovery over time. Within such a framework, RQs can be 
conceptualized as dynamic state variables. In this way, AHP- 
derived weights inform the relative influence of different RQs, 
while SD captures their temporal interactions under varying 
system conditions.

2.1.7 Data analysis plan

A multi-stage quantitative analysis was conducted to synthesize 
the SMEs’ inputs. The analysis incorporated five different types, 
including descriptive and composite analysis, consensus and 
reliability analysis, gap analysis, category-level analysis, and 
correlations analysis, as outlined in Table 6.

TABLE 2 Continued

# Resilience Quality/Indicator Indicators Description

8.3 Systems’ information exchanging Establishing mechanisms for real-time data sharing among agencies and systems, improving situational 
awareness, and synchronizing action

8.4 Decision-making promotion Improving the conditions under which decisions are made by streamlining processes, aligning policies, 
and ensuring data-driven governance

8.5 Integration of resilience policies with other programs and 
policies

Embedding resilience considerations within broader development agendas, sectoral strategies, and 
regulatory frameworks to ensure coherence and long-term sustainability

TABLE 3 The parameters for which the resilience indicators are assessed.

# Parameter Purpose

1 Relevance to BESs resilience framework The degree to which the indicator aligns with the core concepts and goals of the BES resilience framework

2 Importance to the BESs resilience framework The criticality of the RQI for accurately measuring and understanding BES resilience

3 Contribution to climate-responsive plan (capacity) The indicator’s utility in informing immediate or short-term response and recovery plans

4 Contribution to adaptation capacity The RI’s utility in guiding long-term, proactive adaptation and transformational strategies

TABLE 4 Rating scale against each designed parameter for the proposed RQIs.

# Relevance to BESs 
resilience framework

Importance to the BESs 
resilience framework

Contribution to climate- 
responsive plan (capacity)

Contribution to BESs 
adaptation capacity

1 Definitely not Not important Poor Poor

2 Probably not Slightly importance Fair Fair

3 Neutral Moderately important Good Good

4 Very probably Very important Very good Very good

5 Definitely Extremely important Excellent Excellent
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TABLE 5 The defined RQs and RQIs.

RQ 
ID

Resilience 
Quality 
(RQ)

Resilience 
Quality 
Indicator 
(RQI) ID

Resilience 
Quality 
Indicator 
(RQI)

Avg_Relevance 
to BESs 
Resilience 
Framework

Avg_Importance 
to the BESs 
Resilience 
Framework

Avg_Contribution 
to Climate- 
Responsive Plan 
(Capacity)

Avg_Contribution 
to BESs Adaptation 
Capacity

Final_Score Final_Score_Weighted

1 Leveraging 
reflectivity (Rf)

1.1 Learning from 
the past

4.5000 4.3000 4.0000 4.1000 4.2250 4.2700

1.2 Active 
participation of 
professional 
stakeholders and 
experienced 
actors

4.3000 4.6000 4.2000 4.1000 4.3000 4.3150

1.3 Planning for 
future

4.9000 4.8000 4.6000 4.6000 4.7250 4.7550

1.4 Preparation for 
disasters

4.7000 4.8000 4.7000 4.3000 4.6250 4.6450

1.5 Decision-making 
facilitating

4.2000 4.1000 4.5000 4.0000 4.2000 4.1950

1.6 Reflective 
environment 
systems

4.0000 3.9000 3.5000 4.0000 3.8500 3.8750

2 Building 
robustness (Rb)

2.1 Strength and 
stability of the 
system

4.6000 4.7000 4.2000 3.8000 4.3250 4.3850

2.2 Withstanding 
disruptive events

4.5000 4.6000 4.2000 3.8000 4.2750 4.3250

2.3 Retention of 
functionality 
during the event

4.6000 4.7000 4.2000 3.9000 4.3500 4.4050

2.4 System’s 
performance

4.2000 4.2000 3.9000 4.2000 4.1250 4.1400

2.5 Minimizing 
losses from 
hazards

4.3000 4.1000 4.2000 3.7000 4.0750 4.1100

2.6 Low failure 
probability

4.3000 4.3000 4.0000 3.6000 4.0500 4.1000
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TABLE 5 Continued

RQ 
ID

Resilience 
Quality 
(RQ)

Resilience 
Quality 
Indicator 
(RQI) ID

Resilience 
Quality 
Indicator 
(RQI)

Avg_Relevance 
to BESs 
Resilience 
Framework

Avg_Importance 
to the BESs 
Resilience 
Framework

Avg_Contribution 
to Climate- 
Responsive Plan 
(Capacity)

Avg_Contribution 
to BESs Adaptation 
Capacity

Final_Score Final_Score_Weighted

3 Promoting 
redundancy 
(Rd)

3.1 Reserve capacity 4.1000 4.1000 3.9000 3.5000 3.9000 3.9400

3.2 Adaptive and 
absorptive coping 
capacity

4.5000 4.5000 4.2000 4.4000 4.4000 4.4200

3.3 Diversity and 
backup capacity

4.5000 4.3000 4.1000 4.2000 4.2750 4.3100

3.4 Governance 
frameworks

4.5000 4.6000 4.1000 4.3000 4.3750 4.4050

3.5 Emergency 
resources and 
supplies

4.3000 4.1000 4.4000 3.5000 4.0750 4.1100

3.6 Insurance and 
disaster funds

3.6000 3.7000 3.6000 3.4000 3.5750 3.5850

4 Enhancing 
flexibility (Fx)

4.1 Identifying, 
quantifying, and 
controlling the Fx

4.3000 4.3000 3.8000 4.3000 4.1750 4.2000

4.2 Adopting 
alternative 
strategies to the 
crisis

4.3000 4.3000 4.4000 4.3000 4.3250 4.3200

4.3 Adaptation and 
inherent capacity

4.3000 4.3000 4.0000 4.3000 4.2250 4.2400

4.4 Climate 
adaptation 
policies and 
processes

4.6000 4.6667 3.5556 4.3333 4.2889 4.3544

4.5 Incorporating 
traditional 
knowledge and 
practices

3.9000 4.0000 3.3000 3.9000 3.7750 3.8050

4.6 Efforts to 
mitigate climate 
change impacts

3.8000 3.9000 3.4000 3.7000 3.7000 3.7250
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TABLE 5 Continued

RQ 
ID

Resilience 
Quality 
(RQ)

Resilience 
Quality 
Indicator 
(RQI) ID

Resilience 
Quality 
Indicator 
(RQI)

Avg_Relevance 
to BESs 
Resilience 
Framework

Avg_Importance 
to the BESs 
Resilience 
Framework

Avg_Contribution 
to Climate- 
Responsive Plan 
(Capacity)

Avg_Contribution 
to BESs Adaptation 
Capacity

Final_Score Final_Score_Weighted

5 Encouraging 
resourcefulness 
(Rs)

5.1 Disaster 
preparedness

4.5000 4.5000 4.9000 4.5000 4.6000 4.5800

5.2 Emergency 
management

4.6000 4.8000 4.8000 4.5000 4.6750 4.6700

5.3 Resources 
utilization

4.5000 4.3000 3.8000 3.7000 4.0750 4.1500

5.4 Mitigating the 
losses by the 
community

4.1000 3.9000 4.1000 3.6000 3.9250 3.9500

5.5 Visualize and Act 3.5000 3.6000 3.9000 3.5000 3.6250 3.6050

5.6 Identify 
problems and 
establish 
priorities

4.4000 4.5000 4.2000 4.4000 4.3750 4.3850

6 Improving 
rapidity (Rp)

6.1 Responsiveness 
and restorative 
capacity

4.4000 4.5000 4.7000 4.5000 4.5250 4.5050

6.2 Adaptation 4.4000 4.5000 3.8000 4.7000 4.3500 4.3650

6.3 Rapid recovery 4.4000 4.3000 4.2000 4.2000 4.2750 4.2950

6.4 Recovery 
activities 
(Resource 
allocation)

4.4000 4.4000 4.3000 4.2000 4.3250 4.3400

6.5 Accommodating 
recovery 
requirements

4.0000 4.0000 4.2000 4.2000 4.1000 4.0800

7 Broadening 
inclusivity (ic)

7.1 Communities’ 
engagement

4.5000 4.6000 4.5000 4.4000 4.5000 4.5050

7.2 Shared 
ownership action

4.2000 4.4000 4.0000 4.2000 4.2000 4.2100

7.3 Feeding future 
decision-making

4.3000 4.1000 3.3000 3.8000 3.8750 3.9500

7.4 Improving 
resilience

4.3000 4.5000 3.8000 4.1000 4.1750 4.2100
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3 Advancing the resilience framework 
based on established evidence

The research methodology of this paper is an extension of the 
research done by the authors and previously published in well- 
known journals (Al-Humaiqani and Al-Ghamdi, 2024; Al- 
Humaiqani and Al-Ghamdi, 2023e). It includes two main steps, 
continuing on the research done by the authors on the topic, starting 
with content analysis and Delphi Technique interviews, while the 
analytic hierarchy process (AHP) is planned as a future study for 
weighing and scoring the proposed resilience framework. Figure 5
illustrates the entire processes of the current study and how it is 
linked to the previous research conducted by the authors (Al- 
Humaiqani and Al-Ghamdi, 2024; Al-Humaiqani and Al- 
Ghamdi, 2023e)and their planned future work.

Step 1 involved conducting a systematic review of peer-reviewed 
literature published in reputable international journals and 
academic databases on resilience characteristics within the built 
environment. The review focused on scholarship examining climate 
change impacts, disaster risk, and the capacity of built-environment 
systems to withstand and adapt to such pressures. Across the 
surveyed studies, a consistent message emerges: resilience should 
not be treated as a corrective measure applied after disruption 
occurs, but rather as a consideration embedded at the earliest 
stages of planning and development. Integrating resilience 
principles upfront increases the likelihood that systems can 
absorb shocks, maintain core functions, and avoid cascading 
failures under stress. The literature also underscores the 
importance of strengthening policy instruments and refining 
assessment methodologies tailored to built-environment contexts. 
Several studies point to gaps in translating resilience concepts into 
measurable planning tools and actionable standards, emphasizing 
the need for clearer operational frameworks within urban 
governance structures (Al-Humaiqani and Al-Ghamdi, 2022). 
Furthermore, many authors highlight the value of expert 
judgment in navigating technical complexity, while also 
recognizing that structured stakeholder engagement enhances 
legitimacy, inclusivity, and the overall Rb of decision- 
making processes.

Step 2 focuses on analyzing the relationships between defined 
RQs and the built environment systems’ capacities and how they 
feed the capacities. This analysis was performed in two steps; the first 
is based on mapping the relationship based on past studies through a 
systematic literature review (Al-Humaiqani and Al-Ghamdi, 2022; 
Al-Humaiqani, 2023; Al-Humaiqani and Al-Ghamdi, 2024; Al- 
Humaiqani and Al-Ghamdi, 2023e). The second step was based 
on the Delphi questionnaire conducted for this study. The outcomes 
indicated that climate resilience emphasizes the ability to reduce 
vulnerability, withstand extreme events, rapidly recover after the 
shock, and gather lessons from the event for future improvement of 
the system’s capacities. These outcomes include reducing the risk, 
responding to the event, coping with the impact, and improving 
absorptive, adaptive, and restorative capacities. Improving such 
capacities may improve the physical capital and enhance the 
other capitals, such as environmental, social, institutional, and 
governance. The outcomes were then combined to produce a 
map that graphically describes the interrelations and correlations 
between BERQs as summarized by Al-Humaiqani and Al-Ghamdi T
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(2022) and BES capacities, and the other attributes demonstrated by 
Masik and Gajewski (2021). Figure 6 shows the kind of contribution 
that can be sought from each one to improve the capacities of the 
built environment systems.

Step 3: After defining the eight RQs and establishing their 
indicators, two questionnaires were distributed to stakeholders 
and practitioners to determine the importance and ranking of 
the different indicators that assess the resilience level of the BES 
(Al-Humaiqani and Al-Ghamdi, 2024; Al-Humaiqani and Al- 
Ghamdi, 2023e). It was concluded that a framework model 
would be a good idea to map out the discussed RQs and their 
indicators and specify the way forward for future qualitative and 
quantitative assessments (Al-Humaiqani and Al-Ghamdi, 2023e). 
This step contained the determination of the correlations between 
different resilience indicators, the ranking of parameters, and the 
relationships and performance of RQs. The analysis was further 
expanded to assess the key challenges associated with identifying, 
measuring, and managing the RQs of BESs. This stage underscores 
the idea that effective decision-making plays a central role in shaping 
a resilient built environment. Nonetheless, meeting climate- 
resilience goals in the built environment remains complex and 
can only be achieved through coordinated efforts involving 
multiple sectors, technical experts, and community members. It 
also highlights the need to advance the relevant policies and 
regulations to support the resilience action plan on the built 
environment scale at a minimum.

Step 4 recommends rating the defined RQIs under the eight RQs 
for the proposed framework by conducting the Delphi Technique to 
collect thorough insights into the proposed framework map. The 
basis for establishing the questions can be the two accomplished 
questionnaires covered under our previous publications (Al- 
Humaiqani and Al-Ghamdi, 2024; Al-Humaiqani and Al- 
Ghamdi, 2023e). Such a method will help gain in-depth 
perceptions from the subject-matter experts, whose contribution 
is an added value. However, before engaging with selected experts, 
the effectiveness and suitability of the questions are checked by 
engaging two SMEs who refined them. The profiles of selected 

participants are defined early and checked against the pre-set 
experiences and knowledge requirements. In this step, the Delphi 
Technique members are requested to rate the relevance, importance, 
and contribution of the RQIs to the climate-responsive plan and 
adaptation capacity. This step calculates metrics using the 
appropriate degree of consensus equations.

Finally, Step 5 recommends the application of the Analytic 
Hierarchy Process (AHP) method to weigh and score each 
indicator and quality based on further investigation for the 
proposed resilience framework. The outcomes from step 4 
(which is entirely this study) will be the basis for accomplishing 
this step as a future study. However, applying the AHP will depend 
on the quality, comprehensiveness, and appropriateness of the 
concluded parameters.

3.1 Building on previously accomplished 
research: Insights from the 
questionnaire analyses

3.1.1 [Rf] learning from the past and active 
participation

Understanding how past experiences, strategies, and tools have 
shaped current practices is a core aspect of reflective capacity. This 
includes assessing the level of awareness regarding climate impacts, 
evaluating previous management approaches, and adopting updated 
methods to address emerging risks. Effective reflection requires the 
ability to respond to disruptions, exchange perspectives, and 
improve decision-making processes. Drawing from existing 
resilience frameworks, reflective systems are typically 
characterized by learning from earlier events, meaningful 
participation of professional stakeholders, proactive future 
planning, disaster readiness, decision-support mechanisms, and 
feedback-driven environmental systems. The relative importance 
analysis suggests a broad perception among stakeholders that 
lessons from past climate events are not being systematically 
translated into forward-looking planning and investment 

TABLE 6 Data analysis plan employed by the study.

# Analysis stage Description Key outcomes

1 Descriptive and composite 
analysis

Mean scores and standard deviations were calculated for each indicator across all 
parameters. A composite priority score was derived for ranking, using both simple 
averages and a weighted model that emphasized importance and relevance

- Mean and SD per RI 
- Composite priority score 
- Ranking of indicators

2 Consensus and reliability 
analysis

Inter-expert consensus was evaluated using the standard deviation for each indicator 
and parameter. Indicators were grouped into high, medium, and low consensus tiers

- Consensus tiers 
- Reliability assessment 
- Identification of disagreement areas

3 Gap analysis A 2 × 2 matrix plotted importance against capacity (average of climate-responsive plan 
and adaptation). Indicators were placed into four quadrants

- High-readiness priorities (high importance, high 
capacity) 

- Strategic priorities (high importance, low 
capacity) 

- Supportive implementation options (low 
importance, high capacity) 

- Low priority (low importance, low capacity)

4 RQ-level analysis Scores were aggregated at the category level to assess performance across eight 
domains. Findings supported proposed category-level weighting

- Category performance profiles 
- Proposed weighting of domains

5 Correlation analysis Correlation coefficients were used to examine relationships among the four assessment 
parameters

- Parameter interrelationships 
- Identification of parameter dependencies
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decisions (Al-Humaiqani and Al-Ghamdi, 2023e). Although 
historical experiences provide valuable evidence on system 
vulnerabilities and recovery dynamics, their integration into 
policy and infrastructure design appears limited.

The findings further indicate that uncertainty considerations 
and Fx remain insufficiently embedded in current planning practice. 
Strengthening Integration (It) across built-environment systems 

(BESs) is therefore critical, not only to improve preparedness for 
climate-induced disruptions but also to reduce long-term capital 
expenditures and enhance the performance of infrastructure 
investments. The analysis also points to a modest positive 
relationship between the involvement of construction 
professionals, non-governmental organizations, and academic 
institutions and the extent to which uncertainty is addressed 

FIGURE 5 
Research methodology for developing a systematic RQs framework for the built environment.
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within planning processes. Notably, more than 40% of respondents 
reported that governmental capacity is either inadequate or not 
clearly defined, highlighting concerns regarding institutional 
readiness and reinforcing the need for targeted capacity-building 
measures (Al-Humaiqani and Al-Ghamdi, 2023e).

3.1.2 [Rb] system strength and stability

The study examines several indicators linked to the system’s 
overall strength and stability. These include the capacity to withstand 
disruptions, maintain essential services under stress, preserve 
acceptable performance levels, limit physical or operational 
damage, and reduce the probability of systemic failure. Taken 
together, these dimensions define what is referred to as Rb (Lak 
et al., 2020; Shafiei Dastjerdi et al., 2021; Rus et al., 2018). In practical 
terms, Rb captures the extent to which a system continues to function 
during a disturbance, spanning the period from the initial shock until 
structured recovery measures are activated (Ouyang, 2017). The 
conceptual roots of this understanding can be traced to C.S. 
Holling’s work on ecological resilience, which highlighted the role 
of stability within complex systems (Holling, 1973), and extended 

classical notions of equilibrium-based stability (He et al., 2020). 
Within this perspective, stability is often interpreted through the 
time required for a system to return to equilibrium after disruption. 
A similar logic informs engineering-based interpretations of 
resilience, where attention is directed toward how quickly a 
system can re-establish steady-state performance following 
disturbance. Accordingly, system strength and stability form a 
central basis for evaluating resilience capacity in built- 
environment systems (Al-Humaiqani and Al-Ghamdi, 2024). 
Consistent with prior research, Rb, together with Rd, Rs, and Rp, 
is frequently identified as one of the core characteristics 
underpinning urban system resilience (Bruneau et al., 2003; 
Chang and Shinozuka, 2004; Curt and Tacnet, 2018; Zobel, 2011), 
with these four qualities collectively representing the foundational 
attributes of a resilient urban system (Bruneau et al., 2003).

3.1.3 [Rd] reserve, adaptive, and absorptive coping 
capacities

The questionnaire explored several dimensions related to 
reserve capacity, as well as adaptive and absorptive capabilities. 

FIGURE 6 
RQs and the other attributes, and how they contribute to improving the capacities of the built environment systems.
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These included the availability of backup systems, emergency 
supplies, insurance mechanisms, and disaster-related funding 
arrangements. The results suggest that indicators associated with 
Rs are currently oriented more toward formal emergency 
management structures than toward community-based mitigation 
strategies. Participants repeatedly noted that emergency 
management constitutes a primary mechanism through which 
communities and infrastructure systems respond to hazards 
(Zona et al., 2020). Preparedness emerged as the second most 
highly valued dimension, underscoring the significance of pre- 
disaster measures in limiting potential losses and system 
disruption (Samsuddin et al., 2018). While approximately 64% of 
respondents acknowledged the importance of community task 
forces during emergencies, many expressed uncertainty regarding 
whether such engagement mechanisms are presently established for 
climate-related risks (Al-Humaiqani and Al-Ghamdi, 2024). This 
gap points to a need for clearer institutional arrangements linking 
formal response systems with local participation.

3.1.4 [Fx] flexible strategies, adaptive capacity, and 
climate policy processes

Fx captures the ability of a system to adjust to changing 
environmental conditions, adopt alternative strategies, and 
modify operational practices during climate-related disturbances 
(Nik and Moazami, 2021). Systems characterized by higher levels of 
Fx are generally able to accommodate variability with limited 
performance degradation, whereas rigid systems may experience 
gradual decline and, in some cases, functional failure (Shafiei 
Dastjerdi et al., 2021; Smart City Hub, 2020). Despite its 
recognized importance, measuring Fx remains methodologically 
challenging. Its inherently dynamic character, combined with the 
uncertainty associated with climate projections and evolving risk 
conditions, complicates efforts to define stable metrics (Al- 
Humaiqani and Al-Ghamdi, 2023e). As a result, operationalizing 
Fx requires continuous monitoring and periodic reassessment 
rather than one-time evaluation.

3.1.5 [Rs] preparedness, emergency management, 
resource utilization, and mitigating the losses

Political and economic commitment to emergency management 
constitutes a central dimension of Rs. Assessing this capacity is 
complex, given the breadth of preparedness-related components, 
which range from early warning systems and emergency resource 
allocation to infrastructure readiness and institutional coordination. 
Preparedness is also integral to optimization and simulation models 
designed to examine both post-event recovery and pre-event 
resilience enhancement (Hosseini et al., 2016). Existing resilience 
frameworks consistently emphasize the interdependence between 
preparedness and other qualities, including Rb, Rd, and Rs (). 
Findings from the present study indicate that stronger regulatory 
mechanisms are required to mandate minimum emergency supplies 
and response resources across built-environment systems (Faturechi 
and Miller-Hooks, 2015). Furthermore, community participation in 
loss-reduction initiatives appears limited, suggesting the need for 
more structured engagement strategies and capacity development 
measures (Al-Humaiqani and Al-Ghamdi, 2023e).

3.1.6 [Rp] responsiveness, adaptive recovery, and 
rapid restoration

Assessing response capacity requires attention to the role of local 
stakeholders in supporting urban system recovery. Rp refers to the 
speed at which a system can restore functionality following 
disruption and is often described in the literature as restorative 
capacity or recoverability (Bruneau et al., 2003). The pace of 
recovery directly influences overall system resilience, particularly 
during prolonged or cascading disturbances. In this study, Rp 
encompasses both adaptive responses implemented during crises 
and the system’s capacity for rapid restoration afterward (Nan and 
Sansavini, 2017). Rapid recovery was identified as one of the most 
significant indicators, with clear implications for revising regulatory 
standards to incorporate explicit recovery benchmarks. The findings 
also highlight the importance of resource allocation in shaping 
recovery trajectories, consistent with results from resilience 
simulation modeling (Al-Humaiqani and Al-Ghamdi, 2023e).

3.1.7 [Ic] communities’ engagement

The study underscores the critical importance of stakeholder 
involvement in developing resilient systems, promoting shared 
responsibility, and facilitating the exchange of information across 
urban subsystems. The results highlight the importance of 
stakeholder participation in strengthening resilience within built- 
environment systems. Engaged communities contribute not only to 
shared responsibility in risk reduction but also to improved 
information exchange across interconnected urban subsystems. 
Effective engagement mechanisms can enhance trust, 
coordination, and collective problem-solving capacity, thereby 
reinforcing the broader resilience framework. Indicators for this 
dimension include community engagement, co-ownership of 
resilience actions, enhanced decision-making, and collective 
learning (Al-Humaiqani and Al-Ghamdi, 2024). Participants 
recognized that active involvement is essential for shaping 
effective resilience tools and approaches, as consensus-building 
ultimately strengthens system-wide resilience. Community 
engagement assessment could have a bottom-up approach 
through discussions, and establishing a collaboration baseline 
(Sharifi, 2016; Pfefferbaum et al., 2011), such as the Communities 
Advancing Resilience Toolkit (CART) (Pfefferbaum et al., 2013) and 
Community-Based Resilience Analysis (CoBRA) (UNDP, 2016).

3.1.8 [It] integration, adaptive capacity, information 
sharing, decision-making promotion, and 
integration of resilience policies

Ensuring coherence across urban networks requires strong 
adaptive capacities, effective information exchange, and seamless 
integration of processes across different urban systems (Shafiei 
Dastjerdi et al., 2021; Rockefeller and Arup, 2014). Respondents 
indicated moderate agreement regarding the integration of systems 
to support decision-making and investment alignment, with 
approximately 45% in Group 1 noting that this integration 
occurs only occasionally. Nonetheless, all three respondent 
groups acknowledged that integration is generally occurring at 
least to some degree.
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The incorporation of resilience policies into other regulatory and 
planning processes remains crucial. However, the origins of these policies, 
as well as political and value-based differences, must be better understood. 
Questionnaire findings revealed that the integration of uncertainty and Fx 

into decision-making is still inadequate, despite recognized benefits. This 
further reinforces the importance of decision-making as a central pillar for 
achieving reflective built environment systems, as shown in Figure 7 (Al- 
Humaiqani and Al-Ghamdi, 2024).

FIGURE 7 
The hierarchy of decision-making facilitation factors included leveraging previous climatic experiences, engaging additional stakeholders, and 
embedding uncertainty within the decision-making framework.

FIGURE 8 
Count for tier for the RQs based on the consensus of the SMEs.
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4 Results and discussion

This section draws on the judgments of the SMEs to evaluate and 
rank the indicators associated with the eight RQs in built- 
environment systems (BESs). The analysis combines quantitative 
scoring with qualitative reflections gathered during the Delphi 
rounds. Together, these inputs provide insight into indicator 
relevance, areas of strategic priority, levels of consensus, and 
emerging capacity gaps. By integrating weighted scoring, 
agreement diagnostics, gap assessment, and cross-category 
comparison, the study offers a structured picture of both the 
current resilience profile and areas requiring targeted attention. 
The results indicate broad agreement on foundational resilience 
principles, while also revealing domains where institutional or 
operational capacity does not yet match perceived importance.

The findings from the Delphi rounds are presented narratively 
to clarify how the framework evolved. Although the panel size was 
modest, the format encouraged detailed and technically grounded 
contributions. During Delphi Round 1, indicators were required to 
meet predefined consensus thresholds, a median relevance 
score ≥3.5 (on a 5-point scale) and an interquartile range 
(IQR) ≤ 1.0, to remain in the framework. Indicators not meeting 
these criteria were revised or excluded following structured 
feedback. This filtering process helped retain indicators that were 
both conceptually sound and practically meaningful. Correlation 
diagnostics revealed a strong relationship between Relevance and 
Importance (ρ = 0.866, p < 0.001), suggesting partial overlap. To 
avoid double-counting in the composite index, a conceptual average 
was incorporated into an optimized weighting scheme. Across all 

indicators, the overall average resilience score was 4.43 out of 5. This 
high score reflects strong recognition among SMEs of the relevance 
of RQIs and their contribution to response and adaptation capacity. 
Core concepts, such as preparedness, responsiveness, institutional 
learning, and adaptive management, appear well established within 
professional practice. Nevertheless, variation across individual 
indicators and RQs was evident.

The Delphi results identify Rp, Rs, and Rf as the most highly 
weighted RQs. Rather than functioning independently, these 
qualities appear to operate as a closely connected capability set 
that shapes system recovery under uncertainty. Rf provides the 
learning and evaluative foundation, enabling monitoring, post- 
event assessment, and informed adjustment of strategies. This 
reflective capacity supports more effective allocation of resources 
under Rs, guiding prioritization of resources, considering repairs, and 
coordination across actors. Rs, in turn, supplies the tangible means, 
financial, human, technical, and informational, required to 
implement those priorities. Rp reflects the realized outcome of 
this interaction, capturing the speed with which systems transition 
from disruption to recovery. The relationship among these RQs is 
iterative. Efforts aimed at accelerating recovery generate performance 
data, such as restoration timelines and operational constraints, that 
feed back into Rf, strengthening future decision-making. Improved 
reflection enhances resource targeting Rs, which further supports 
recovery speed Rp. The prioritization pattern, therefore, reflects an 
internally reinforcing dynamic rather than isolated attributes.

Tier-based analysis confirms the prominence of Rp, Rs, and Rf, 
alongside Rd and Fx, which consistently occupy Tier 1 positions 
under both ranking- and percentile-based classification approaches. 

FIGURE 9 
Level of consensus among the four parameters.
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This consistency indicates stable expert prioritization even after Rd 
adjustment. Collectively, these RQs emphasize anticipatory 
planning, structural Rb, Rd, Fx, and adaptive governance, 
attributes central to resilient BESs. High-priority indicators 
within these RQs include forward-looking planning instruments, 
system Rb against disruptive events, infrastructural Rd, institutional 
coordination mechanisms, adaptive crisis strategies, emergency 
preparedness protocols, rapid restoration capacity, targeted 
resource deployment during recovery, and cross-sectoral policy 
integration. The clustering of these RQs within Tier 1 reflects a 
shared expert view that resilience in climate-responsive 
infrastructure depends on proactive governance, operational 
continuity, and efficient post-disruption recovery. Figure 8
illustrates the distribution of RQs across consensus-based tiers 
derived from the optimized weighted scores, integrating 
redundancy-adjusted metrics and Delphi convergence measures 
to demonstrate both prioritization and reliability.

The study demonstrated a high level of consensus among SMEs, 
particularly for relevance and importance parameters. 63.6% of all 
indicators achieved a high consensus level, with standards deviation 
below 0.8, reinforcing the validity of the defined RQI set and affirming 
the reliability of the SMEs’ judgments and inputs (refer to Figure 9). 
Moderate consensus levels were observed for several performance- and 
context-dependent RQIs at an arrangement of 36.4%, including the 
system’s performance, minimizing losses from hazards, insurance, and 
disaster funds. It also includes incorporating traditional knowledge and 

practices, efforts to mitigate climate change impacts, shared ownership 
action, feeding future decision-making, and systems’ information 
exchange. Consensus by assessment parameter (SD-based) for 
relevance were 63.6% (high), 36.4% (medium), while importance 
achieved 61.4% (high), and 38.6% (medium). On the other hand, 
the level of consensus for response/plan were 43.2% (high), and 56.8% 
(medium). Similarly, the high consensus for adaptation was 52.3%, and 
medium 45.5%. The only low-consensus case in adaptation (SD ≥ 1.3) 
is “Strength and Stability of the System. The average consensus and 
proposed weights for the eight RQs are presented in Figure 10. These 
reflect areas where contextual or interpretive differences in the SMEs’ 
interpretations are based on operational experience, institutional 
setting, or regional context.

The gap analysis classified the RQIs into four distinct quadrants 
based on relative importance and capacity scores, as shown in 
Figure 11. Strategic priorities (high importance but low capacity) 
require targeted investment, institutional strengthening, and clear 
governance arrangements. To enhance operability, the strategic- 
priority RQIs were translated into phased implementation pathways 
with defined responsibilities across government, enterprises, and 
communities (Table 7). High-readiness priorities (high importance 
and high capacity), such as disaster preparedness and emergency 
management, should be implemented immediately. Supportive 
implementation options (low importance but high capacity) may 
be incorporated selectively but are not essential, while low-priority 
indicators (low in both importance and capacity) can be 

FIGURE 10 
The average consensus and proposed weights for the eight RQs.
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deprioritized in the short term without compromising resilience 
outcomes (refer to Figure 12). This structuring enables policymakers 
to allocate resources toward the highest-impact gaps while 
maintaining momentum in areas of demonstrated capacity.

Government and regulators should institutionalize the framework 
by incorporating priority resilience indicators into mandatory urban 
planning and infrastructure standards, linking compliance to 
permitting and public investment processes, and establishing 
governance arrangements for cross-sector coordination. Planners 
and designers should interpret the priority RQIs into 
implementable technical requirements by embedding indicator- 
linked specifications at the design stage, e.g., defining minimum 
Rd and backup capacity thresholds for critical systems (Rd), 
integrating climate-adapted design criteria into codes and tender 
documents, and using checklists during concept and detailed 
design reviews to ensure resilience measures are not value- 
engineered out. Furthermore, enterprises and infrastructure 
operators should operationalize implementation through asset 
management and continuity planning: adopting performance 

monitoring, maintenance, and recovery protocols, investing in Rd 
and interoperability where gaps are highest, and participating in 
pooled risk-transfer mechanisms. Incentive mechanisms can be 
used to encourage enterprise participation in insurance and 
disaster funds. Communities and civil society actors have an 
important role in operationalizing resilience, particularly in areas 
linked to inclusivity and traditional knowledge. Structured 
engagement mechanisms can ensure that locally grounded 
practices inform preparedness and adaptation measures rather 
than remaining peripheral to formal planning processes. To 
strengthen accountability, a cyclical monitoring approach is 
recommended. Under this model, priority indicators would be 
tracked using a limited set of measurable proxies, progress would 
be reviewed at predetermined intervals, and resilience levels would be 
periodically audited by independent third parties applying the same 
indicator definitions and scoring protocol. Such continuity allows 
benchmarking over time and reduces inconsistencies in 
interpretation. This iterative feedback structure supports adaptive 
governance by identifying implementation gaps, recalibrating 

FIGURE 11 
The identified quadrants for classifying the RQIs in the gap analysis.
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priorities as institutional capacity evolves, and maintaining 
momentum in resilience programming. Table 8 summarizes the 
stakeholder-specific action pathways and monitoring signals 
derived from the importance–capacity gap analysis.

Qualitative feedback from SMEs provided additional context to 
the quantitative findings. Participants stressed the importance of 

reflective systems that enable continuous learning, the need for 
reserve capacity to prevent abrupt system failure, and the value of 
community participation in legitimizing resilience measures. They 
also emphasized that resilience should be embedded across sectoral 
policies rather than treated as a stand-alone initiative. Several 
contextual constraints were repeatedly highlighted, including 

TABLE 7 Phased improvement pathways for strategic-priority RQIs (high importance–low capacity) and responsible entities.

# Strategic- 
priority RQI

Short term 
(0–2 years)

Medium term 
(2–5 years)

Long term (5+ years) Lead/Supporting 
entities

1 Insurance and disaster 
funds

⁃ Establish dedicated resilience/ 
disaster fund 

⁃ Define eligibility, disbursement 
triggers, and transparent 
governance

⁃ Strengthen risk-sharing and 
risk-transfer mechanisms (e.g., 
pooled coverage for critical 
assets, PPP risk layering, 
incentives for risk reduction) 

⁃ Integrate with contingency 
budgeting

⁃ Enable cross-institutional/ 
cross-regional coordination 
and interoperability of funds 
to diversify risk and improve 
systemic financial resilience

⁃ Lead: Government finance + 
disaster-management 
authorities/financial regulator 

⁃ Support: Insurers and 
reinsurers, major 
infrastructure operators, large 
asset owners

2 Climate adaptation 
policies

⁃ Standardize climate-risk 
screening for public projects 

⁃ Issue sectoral adaptation 
guidance 

⁃ Align land-use/infrastructure 
standards

⁃ Mainstream adaptation into 
public investment 
management and regulatory 
enforcement (budgeting, 
procurement, permitting, 
monitoring)

⁃ Institutionalize adaptive 
governance (iterative policy 
review cycles, decision- 
support platforms, durable 
accountability mechanisms)

⁃ Lead: Planning + sector 
ministries/regulators 

⁃ Support: Municipalities, 
project developers, operators, 
consultancies, academia

3 Incorporating traditional 
knowledge in planning

⁃ Systematically document local 
risk experience 

⁃ Formalize stakeholder 
engagement to ensure 
representation in planning

⁃ Implement co-designed pilot 
interventions embedding local 
knowledge 

⁃ Define evaluation metrics and 
learning loops

⁃ Institutionalize through 
planning guidance, 
professional training, and 
sustained participatory 
mechanisms

⁃ Lead: Municipalities/planning 
bodies 

⁃ Support: Community 
organizations, NGOs, 
universities, private 
contractors

FIGURE 12 
The gap analysis matrix.
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limited financial resources, fragmented governance structures, and 
institutional silos. Addressing these structural barriers is essential for 
institutionalizing resilience across sectors. Financial and insurance 
mechanisms require further development to distribute risk and 
absorb economic shocks, while adaptive and flexible strategies 
must be embedded to address evolving uncertainty. Broader 
stakeholder and community engagement is likewise necessary to 
sustain long-term resilience outcomes. Collectively, these 
recommendations point toward the need for an integrated 
resilience ecosystem in which design, operations, governance, and 
long-term planning are aligned around shared resilience objectives.

5 Limitations and future research

This study is based on Delphi elicitation, and consequently, its 
primary contribution lies in prioritization and governance- 
oriented planning. The results are shaped by the composition 

of the panel and the institutional contexts represented. While the 
panel provided strong disciplinary coverage, it may not fully 
capture the diversity of perspectives across policymakers, 
practitioners, and community stakeholders involved in 
resilience planning. Future applications should consider 
stratified expert recruitment across geographic regions, 
infrastructure sectors, and functional roles. Where feasible, 
weighting strategies or subgroup analyses could be employed 
to examine systematic differences among these strata. Although 
the proposed RQIs and the associated gap diagnostics offer 
structured decision-support insights, further empirical 
validation is necessary. Multi-case applications in real-world 
contexts would help test transferability and identify boundary 
conditions. Additional research may also explore dynamic 
interactions among RQIs using systems modeling approaches 
and, where data permit, integrate historical disruption and 
recovery datasets to calibrate resilience functions and 
strengthen predictive validity across different BESs.

TABLE 8 Phased improvement pathways for stakeholders (high importance–low capacity) and responsible entities.

Stakeholder Immediate actions 
(0–2 years)

Medium-term 
actions (2–5 years)

Monitoring and 
evaluation signals 
(what to track)

Review/Accountability

Government and regulators Embed priority RQIs into 
mandatory planning/permit 
checklists; require climate-risk 
screening for public projects; 
establish a dedicated disaster/ 
resilience fund with eligibility + 
disbursement rules

Integrate RQIs into public 
investment management 
(budgeting, procurement, 
permitting); formalize PPP 
risk-layering and rules for 
insurer participation; cross- 
agency governance for 
continuity

% Of projects screened for 
climate risk; # of standards 
updated; fund capitalization and 
disbursement time; % critical 
assets covered by risk-transfer

Annual public reporting + mid- 
term independent review

Urban planners and designers Convert RQIs into design-stage 
requirements (e.g., minimum 
Rd backup/alternate pathways); 
add resilience clauses to tender 
specs; resilience checks at 
concept/detailed design gates

Standardize resilience design 
templates; require resilience 
verification in design review; 
integrate resilience into BIM/ 
asset handover requirements

% Designs meeting Rd 
thresholds; # tenders with 
resilience specs; non- 
compliance findings in design 
audits

Design audit per major project; 
regulator spot-checks

Infrastructure operators 
(utilities/transport/critical 
services)

Strengthen continuity and 
emergency protocols; prioritize 
upgrades where capacity gaps 
are highest; implement 
monitoring of critical 
components

Integrate RQI tracking into 
asset management; 
interoperability and mutual-aid 
agreements; stress-test recovery 
procedures

Downtime/recovery time 
proxies; compliance with 
continuity plans; Rd availability; 
maintenance backlog

Quarterly internal dashboard + 
annual external audit

Enterprises and private sector 
(developers, major asset owners)

Participate in pooled insurance/ 
disaster fund schemes; adopt 
risk-reduction measures tied to 
incentives (premiums, 
procurement scoring)

Formalize risk-sharing 
partnerships; invest in 
redundancy and climate- 
proofing to reduce losses and 
premiums

Participation rate in fund; risk- 
reduction investments; 
premium reductions tied to 
actions; business continuity 
maturity

Procurement-based incentives + 
annual compliance attestation

Insurance/finance sector Develop products linked to 
measurable risk-reduction (e.g., 
premium credits for Rd/DRR 
actions); support rapid- 
disbursement triggers

Expand risk models and pooled 
mechanisms; co-design 
parametric/pooling structures 
aligned to fund governance

Uptake of resilience-linked 
products; payout speed; claim 
ratios; share of critical assets 
insured

Regulator oversight + periodic 
stress tests

Communities and civil society Structured engagement to 
integrate traditional/local 
knowledge into planning 
priorities; co-define locally 
relevant indicators/examples

Institutionalize participation 
mechanisms; co-design pilots; 
feedback loops to refine 
measures

# Engagement cycles; 
representation diversity; uptake 
of community-informed 
measures; satisfaction/ 
legitimacy indicators

Annual participatory review + 
publication of outcomes
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6 Conclusion

This study presents an expert-informed framework for assessing 
resilience in BESs through systematic evaluation of RQIs across eight 
defined RQs. By combining quantitative scoring with qualitative 
SME insights, the analysis identified priority domains, levels of expert 
convergence, and strategic capacity gaps relevant to strengthening 
BES resilience. The overall average score of 4.43 (on a 5-point Likert 
scale) indicates strong agreement among SMEs regarding the 
importance of core resilience principles. Nevertheless, variation 
across individual RQIs and RQs demonstrates that 
implementation capacity remains insufficient. Rp, Rs, and Rf 
emerged as the highest-ranked RQs. Together, they emphasize the 
importance of learning from previous events, mobilizing resources 
effectively, and restoring system functionality quickly following 
disruption. High-priority indicators, such as proactive planning 
mechanisms, governance coordination structures, backup capacity, 
emergency preparedness protocols, and policy integration, highlight 
the dual importance of responsive and adaptive capabilities. At the 
same time, the gap analysis identified weaknesses in insurance and 
disaster financing instruments, climate adaptation policies, and the 
integration of traditional knowledge. These areas require institutional 
strengthening and sustained capacity-building efforts.

The study emphasizes the necessity of embedding resilience 
principles across all sectors, strengthening reflective learning systems 
and preparedness, enhancing the absorptive capacity, maintaining 
reserve capacity, and addressing financial and governance 
fragmentation. Taken together, the findings call for system-wide 
integration of resilience into planning, design, operations, and long- 
term development processes within BESs. Future research should focus 
on the empirical implementation of the proposed framework within 
real-world case studies. Applying the model to a defined urban system 
would allow benchmarking, sensitivity testing, and longitudinal 
performance assessment under simulated or observed shock 
scenarios. Comparative studies across different climatic, socio- 
economic, and governance contexts would further strengthen 
external validity and support refinement of indicator weighting 
schemes. Such empirical validation represents a critical next step in 
interpreting the framework from methodological development to a 
practical decision-support tool for BESs’ resilience planning.
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