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Executive Summary 

 

Flooding is one of the most severe and recurring hazards affecting urban areas, particularly in 

rapidly growing coastal cities such as Chennai, India. The city’s transportation systems, which 

function as lifelines for daily mobility and emergency response, are increasingly at risk from 

extreme rainfall and inundation events. Historical experiences, such as the 2015 Chennai 

floods, demonstrated the vulnerability of transport networks. Despite growing recognition of 

the need for resilient transport infrastructure, existing approaches to resilience assessment 

remain largely technocentric, focusing on engineering indicators while neglecting the values, 

needs, and expectations of the very stakeholders who depend on these systems. 

 

This study aims to develop an approach for integrating stakeholder values into a threshold 

matrix for resilience assessment of urban road transportation systems. It focuses on capturing 

how road users define “minimum acceptable performance” under varying flood hazard 

intensities and translating these values into resilience assessment tools that are both technically 

robust and socially legitimate. The research is validated through a case study in Tambaram, 

Chennai, a flood prone locality that highlights the urgency of stakeholder centered resilience 

planning. Beyond constructing the threshold matrix, the study proposes an approach to guide 

the integration process, documents complexities encountered in stakeholder engagement, and 

outlines mitigation strategies to address these challenges. The resulting approach is designed 

to be replicable and adaptable across different hazard contexts, ensuring that resilience 

assessments align technical performance with stakeholder expectations. To achieve this 

objective, the following research question is formulated: 

“How can user values be captured to assess road transportation resilience to flooding 

considering different system functionalities and hazard intensities in the Tambaram, 

Chennai context?” 

 

Overview of research 

To achieve the research aim, a mixed-methods approach was adopted, carefully designed to 

elicit both qualitative and quantitative insights from stakeholders. 

 

The first phase of the research established the theoretical foundation. This review highlighted 

the emerging concept of dynamic thresholds (performance benchmarks that vary depending on 

hazard intensity) while also revealing that stakeholder input had rarely been incorporated into 
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their formulation. This theoretical grounding was critical for defining and guiding the case 

study design. 

 

The second phase of the research involved empirical data collection through semi-structured 

interviews with 15 local road users in Tambaram. Participants were asked both to articulate 

their reasoning about acceptable performance under flood conditions and to quantify minimum 

acceptable performance as percentages across three key system functionalities: safety, 

connectivity, and travel time reliability. Flood scenarios were categorized into four levels; 

normal, low (15 cm inundation), medium (25–30 cm), and high (>30 cm). 

 

The qualitative data were analysed using the Gioia methodology, allowing first-order concepts 

to be distilled into second-order themes and overarching aggregate dimensions. These themes 

explained the logic behind user-defined thresholds, including tolerance for performance loss, 

performance expectations, system guarantees, user confidence, and the hierarchy of values 

across system functionalities. 

 

The quantitative data were aggregated using a Weighted Average Aggregation (WAA). This 

produced a threshold matrix that captured the average stakeholder defined minimum acceptable 

performance levels for each functionality at each flood intensity. The integration of qualitative 

reasoning with quantitative thresholds ensured that the resulting matrix was not only 

numerically robust but also anchored with insights. 

 

Finally, the study synthesized an approach to integrate stakeholder value in a threshold matrix 

for resilience assessment. This approach details the sequential steps of identifying the 

perspective, disaster phase, relevant stakeholders, relevant hazard intensity, system 

functionalities, eliciting stakeholder thresholds, aggregating values, and embedding them into 

resilience assessments. Importantly, it also documents the complexities faced during the 

research such as variability in user perceptions, challenges in communicating flood scenarios 

to participants, and difficulties in balancing qualitative richness with quantitative rigor and 

provided mitigation strategies and recommendations for future applications in other disaster 

contexts. 

 



9 
 

 

 

Figure A. An approach to stakeholder value integration in a threshold matrix for resilience assessment 
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Chapter 1 

Introduction 

 

1.1 Background 

Urban areas in tropical and subtropical regions are increasingly vulnerable to hydro-climatic 

events such as floods, droughts, and cyclones, exacerbated by climate change. These events 

pose significant challenges to urban infrastructure, which is often characterized by complex 

interdependencies among systems like transport, energy, and water. A failure in one system can 

lead to cascading effects in others, amplifying the overall impact on the city's functionality and 

resilience. 

 

Urban transportation networks are the lifelines of a city, and their resilience is vital for ensuring 

continuous connectivity during disasters. The concept of resilience has gained prominence as 

traditional risk management approaches proved insufficient against escalating climate hazards. 

In engineering terms, a resilient system is expected to suffer no catastrophic loss of 

functionality when shocked (robustness), have fallback options to maintain service 

(redundancy), adapt using available resources (resourcefulness), and restore normal operations 

swiftly (rapidity) (Coleman et al., 2024). Road transportation networks are recognized as 

critical infrastructure: any significant damage or downtime in the road system can cause 

cascading economic losses and impair essential services like disaster response and healthcare 

access. During flood events, road resilience translates to the network’s ability to keep people 

and goods moving (at least at a minimal acceptable level) and to recover quickly after 

floodwaters recede. The importance of this cannot be overstated as disruptions to road 

transportation not only incur direct economic costs but also endanger lives by delaying 

emergency services and isolating communities. An analysis by the World Bank indicates that 

globally, direct damage to transport infrastructure from natural hazards already costs billions 

annually, a figure likely to rise as extreme weather events become more frequent. In Chennai’s 

case, events like the 2020 Cyclone Nivar caused widespread inundation that halted public 

transport and underscored the need for robust flood ready transport systems (Using Mobility 

Data for Resilient Transport Planning and Investments, 2024). Thus, building resilience into 

urban road networks is now a core objective in both academic research and city planning 

practice.  

 

A key emerging concept in resilience assessment is the notion of dynamic performance 

thresholds. Traditionally, infrastructure performance has been evaluated against fixed threshold 

levels, a road network might be deemed “failed” if capacity drops below a static benchmark. 

However, recent research argues that acceptable performance levels during extreme events are 

not fixed; instead, they can be context-dependent and vary with the severity of stress. Arango 
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et al. (2023) introduced the dynamic threshold concept in resilience analysis of road networks, 

showing that the level of performance considered acceptable can shift between normal 

conditions and extreme hazard scenarios. In their study of wildfire impacts on traffic networks, 

they note that resilience assessment must account for “the acceptance of a specific loss of 

performance” under severe conditions, implemented by dynamic thresholds that reflect 

different requirements of the system under different hazard intensities. In simpler terms, rather 

than holding the network to the same performance standard in all situations, one recognizes 

that during a disaster stakeholders might temporarily tolerate a lower level of service. The 

dynamic threshold approach thus aligns resilience metrics with the reality of graduated service 

levels. It acknowledges that “failure” is not a binary state, but a spectrum governed by how 

much performance loss is bearable in a given scenario. This concept is highly relevant for flood 

prone transportation systems. By incorporating dynamic thresholds, planners and engineers can 

better characterize infrastructure performance across the full range of conditions, from normal 

operations to extreme disruptions. The emergence of this concept reflects a theoretical advance 

in resilience thinking it moves beyond static “fail/pass” criteria and instead uses performance 

targets that adjust to the context, providing a more nuanced picture of how infrastructure copes 

with stress. In the context of this thesis, dynamic thresholds offer a approach to evaluate 

Tambaram’s road network in a way that distinguishes what level of service is required during 

minor flooding versus catastrophic flooding. This is crucial for designing adaptive measures 

like uninterrupted service in routine floods, but plan for a managed degradation of service (yet 

avoiding total collapse) in extreme floods, aligned with what stakeholders deem acceptable.  

 

Another critical dimension in contemporary resilience research is the integration of stakeholder 

values and perspectives into infrastructure planning. Urban resilience is not solely a technical 

issue of pavements, bridges, and drainage capacities; it is fundamentally about people, the users 

of infrastructure, the communities at risk, the institutions managing the systems. Resilience 

outcomes are inherently tied to value judgments: What level of performance is acceptable, and 

for whom? Traditionally, engineers and planners might set these performance benchmarks 

based on expert driven standards (e.g. design codes or economic optimization), often with an 

implicit assumption that if a road meets certain technical criteria, it is “resilient enough.” 

However, there is growing recognition that such a top down approach can overlook the 

priorities and experiences of the very stakeholders who rely on the infrastructure. For instance, 

residents and daily commuters may value certain aspects like personal safety or reliable access 

to healthcare and livelihoods far more than what generic level of service metrics capture. If 

their expectations are not met, the transport system is effectively failing its purpose even if 

technical metrics appear nominally satisfactory. Conversely, stakeholders might be willing to 

accept certain trade-offs (like longer travel times during big floods) as long as their highest 

priorities (no loss of life, access to essentials) are preserved. Incorporating these nuanced 

preferences into planning can lead to more socially legitimate and robust resilience strategies. 

Indeed, international frameworks such as the UN’s Sendai Framework for Disaster Risk 

Reduction advocate an “all of society” approach, calling for the engagement of multiple 

stakeholders from government and industry to communities and citizens in resilience decision 

making (Coleman et al., 2024). In practical terms, this means stakeholder engagement is not 
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just a box ticking exercise, but central to defining what resilience means for a given community. 

Particularly in a place like Tambaram, differing stakeholder groups like local residents, 

commuters, municipal authorities, emergency services, business owners may have unique 

insights on vulnerabilities and what infrastructure functionality is most critical to protect. For 

example, during the 2021 Northeast monsoon floods, resident welfare associations in 

Tambaram proactively organized flood mitigation and relief efforts when official preparations 

fell short. Such experiences illustrate that engaging local stakeholders can surface priorities 

that might otherwise be underestimated in top down plans. Moreover, stakeholder involvement 

can enhance the legitimacy and effectiveness of resilience measures, when people see their 

values and inputs reflected in plans, they are more likely to trust and cooperate with the 

interventions. 

 

Bringing together the above threads, this thesis is built on a confluence of theoretical insights 

and practical realities. Theoretically, it builds on resilience engineering scholarship and systems 

theory that view performance as a dynamic continuum rather than a binary state. The idea that 

system can operate at various degraded levels yet still fulfil its core function is rooted in the 

concept of degradation and adaptive capacity in systems, ideas long discussed in resilience 

literature, but now being formalized through tools like the dynamic threshold approach. Such 

approaches acknowledge that performance metrics (like an acceptable percentage of road 

capacity during floods) should not be arbitrarily set by experts alone but can be co-defined with 

stakeholders through empirical inquiry.  

 

In summary, the background of this thesis is defined by its geographical focus on Tambaram, 

the conceptual focus on resilience (especially dynamic thresholds), and the normative focus on 

stakeholder value integration. This blend of context, concept, and community sets the stage for 

a research endeavour aimed at advancing practice in flood resilient transportation planning. 

 

1.2 Problem Definition 

Despite widespread acknowledgment that stakeholder engagement is essential to resilience 

planning, a persistent gap remains in how resilience is actually assessed. Prevailing approaches 

in road transport resilience privilege technical indicators while insufficiently incorporating the 

expectations and value trade-offs of those who depend on the system. The result is a one 

dimensional picture of resilience that can show how quickly traffic flow is restored or how 

many detour routes exist but reveals little about whether recovery meets people’s needs under 

real flood constraints. Empirical critiques highlight that robust, user oriented methods for 

evaluating transport resilience are largely absent, and the omission extends beyond users to 

other actors like city authorities, emergency services, public transport operators, and local 

businesses whose priorities often diverge. Engineering success may be defined as rapid asset 

repair, while residents judge resilience by reliable access to hospitals and schools, and 

businesses by supply chain continuity; collapsing these lenses into a single “system 
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performance” metric produces an oversimplified, technocentric view of a socio technical 

outcome experienced differently across groups.  

 

The consequence in flood prone urban road systems assessments that ignore stakeholder 

perspectives risk recommendations misaligned with on the ground realities. A capacity based 

analysis might deem a corridor “resilient” post flood if it carries a specified volume, yet from 

the user standpoint that same outcome is unacceptable if it entails unsafe conditions. The 2015 

Chennai floods exemplified this divergence: nominal “accessibility” on paper belied 

neighborhoods rendered functionally inaccessible by high water, demonstrating that technical 

connectivity does not equate to usable access.  

 

Excluding stakeholder input also undervalues human safety, access to essentials, and 

community confidence. More broadly, sidelining stakeholder expectations undermines the 

legitimacy and effectiveness of resilience measures. The risks of assessment without multi-

stakeholder input are therefore tangible: mis-prioritized investments, diminished public trust, 

slower recoveries, and avoidable losses. Flood impacts are also spatially heterogeneous and 

locally known; tolerance for disruption is ultimately a human judgment. Without clarity on 

which service levels people consider acceptable or critical under different flood severities, it is 

impossible to define transport resilience in a meaningful sense.  

 

To address the identified deficit, it is essential to integrate stakeholder defined performance 

expectations into the resilience assessment. This research proposes an elicitation process to 

capture stakeholder values and apply data analysis techniques to understand the collected input. 

Building on this foundation, the study introduces an approach that incorporates stakeholder 

value into the evaluation of road system functionalities under varying levels of flood severity. 

This integrated methodology aims to enhance the accuracy and relevance of resilience 

assessments by aligning them with stakeholder value. 

 

1.3 Research Gap 

While the importance of transportation resilience is well recognized, how to assess and improve 

resilience, particularly with stakeholder input remaining as an evolving research area. 

Traditional engineering resilience metrics often focus on technical performance (e.g., time to 

recovery, capacity loss) without explicitly accounting for what different stakeholders value 

most in an extreme event scenario. Arango et al. (2023) proposed a novel approach to assess 

road network resilience under wildfire hazards, introducing the concept of dynamic 

performance thresholds for different network functions. In their study, road network resilience 

was evaluated across multiple “targets” (or system functionalities such as safety, connectivity, 

reliability, and efficiency) with performance thresholds that adjust based on wildfire intensity. 

This approach acknowledges that under extreme conditions, stakeholders might accept lower 
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performance in certain functions (e.g., safety) while prioritizing others (e.g., connectivity, 

travel time, etc). However, a key gap identified in that work is the lack of direct 

stakeholder input in setting these performance thresholds. The authors note that 

incorporating different stakeholders’ perspectives in defining the threshold matrix of 

acceptable performance is an important future research direction (Arango et al., 2023). In other 

words, questions remain about, how stakeholders would define and prioritise various 

functionalities of the transport system under different hazard scenarios. Do emergency 

responders, daily commuters, infrastructure planners, etc define the system functionalities, set 

contrasting performance thresholds and assign different importance to network safety versus 

travel time during floods? Addressing this gap is essential because resilience is ultimately a 

socio technical concept; system performance deemed “acceptable” during a disaster should 

reflect societal values and needs, not just engineering criteria. 

 

1.3.1 Addressing the Research Gap  

Existing literatures reveals a significant gap between the theoretical advancement of dynamic 

thresholds in resilience assessment and their practical implementation through stakeholder 

value integration. While Arango et al. (2023) pioneered the concept of dynamic performance 

thresholds for transportation resilience assessment, their work explicitly acknowledges the 

absence of direct stakeholder input in setting these performance thresholds. This gap represents 

a fundamental limitation in current resilience evaluation frameworks, where technical 

performance metrics fail to incorporate the values, expectations, and priorities of those who 

directly experience system disruptions. 

Current flood resilience assessment methodologies predominantly rely on expert driven 

standards and static performance benchmarks, creating a disconnect between engineering 

criteria and community needs. The prevailing approaches in road transport resilience privilege 

technical indicators while insufficiently incorporating the expectations and value trade-offs of 

system users, emergency responders, and local authorities. This technocentric perspective risks 

producing resilience strategies that, while technically sound, may not align with stakeholder 

priorities or gain acceptance during actual flood events. 

Furthermore, the integration of stakeholder perspectives into quantitative resilience metrics 

remains methodologically underdeveloped. Existing studies have explored stakeholder 

engagement in disaster management and infrastructure planning but has not developed a 

systematic way to translate stakeholder values into measurable performance thresholds for 

resilience assessment. The challenge lies in developing robust approach that can operationalize 

diverse stakeholder perspectives into coherent, actionable threshold matrices for resilience 

evaluation. This study proposes a systematic approach to integrate stakeholder value in a 

threshold matrix for resilience assessment using Tambaram, Chennai as a case study. 
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 1.4 Research Objectives 

This study addressed the need for stakeholder value integration in resilience assessment. This 

was achieved by developing an approach to integrate stakeholder value in a threshold matrix 

using Tambaram, Chennai as a case study. This study addresses this need through the following 

objectives: 

• To understand how stakeholders (road users) in Tambaram, Chennai quantifies 

minimum acceptable performance and prioritize the pre-defined road system 

functionalities under varying flood intensities. 

• To gain insights on non-technical perspectives and expectations; and provide 

suggestions on how to deal with these insights.  

• To provide guidelines on how to perform stakeholder value integration with 

complexities that can arise during the process and how to mitigate those 

complexities: The approach to integrate stakeholder value in a threshold matrix for 

resilience assessment.  

 

1.5 Research Question  

This research is driven by a main question that encapsulates the core challenge and the need 

for integrating stakeholder value into a threshold matrix for road transportation flood resilience 

assessment. The main research question is as follows: 

“How can user values be captured to assess road transportation resilience to flooding 

considering system functionalities and various hazard intensities in Tambaram, Chennai 

context?” 

To answer the main research question comprehensively, the study is guided by the following 

sub-research questions: 

SQ-1: “What are the system functionalities that define road transportation resilience during 

various flood severities?” 

SQ-2: “To which extent the performance threshold captures the users value for the pre-defined 

system functionalities under different flood severities, and the reason behind the assigned 

thresholds?” 

SQ-3: “How do the users prioritize these pre-defined functionalities under various flood 

intensities?” 

SQ-4: “How can the captured stakeholder value be systematically integrated into a threshold 

matrix for resilience assessment?” 
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Chapter 2 

Theoretical Background 

 

2.1 Resilience 

Resilience has emerged as a critical concept in the face of growing threats from natural disasters 

and climate change. In general terms, Raicu et al. (2019), defines resilience as “a system’s 

ability to absorb disturbances and recover essential functions after disruption”. This capacity 

is crucial for reducing the impacts of shocks on society. A resilient system can withstand 

adverse events with minimal loss of service, protect lives, and reduce economic losses. 

Disruptions to essential services (water, energy, transportation, etc.) by extreme events have 

profound economic and social consequences, underscoring that resilience is vital to safeguard 

lives, livelihoods, and development gains (Bagnoli, 2024). In short, enhancing resilience helps 

ensure that critical systems continue to function (or quickly resume functioning) during crises, 

thereby mitigating cascading failures in modern society. 

 

2.1.1 Resilience in the Context of Flooding 

Among various natural hazards, floods stand out as particularly frequent and damaging events. 

Flooding has significantly increased in frequency and severity over recent decades (Guha-Sapir 

et al., 2011). It impacts human well-being and ecosystems and causes both direct and indirect 

losses. Direct losses include damage to buildings, infrastructure, and lives, while indirect losses 

manifest as disruptions to economic activities and essential services (e.g. transportation 

networks) (Tachaudomdach et al., 2021). In fact, floods are now recognized as the most 

common natural disaster worldwide, and their destructive potential is rising with climate 

change. When major floods occur, they can inundate vast areas for days, affecting communities 

and critical infrastructure on a large scale. The need for resilience in the context of flooding is 

therefore paramount. A resilient system can reduce the immediate damage floodwaters cause 

and speed up recovery, lessening long term socio-economic impacts. For instance, one study 

noted that even a 1 in 100 year flood could directly inundate ~14.7% of urban road networks 

globally yet cause nearly 45% of trips to fail due to network wide mobility disruptions (He et 

al., 2024). This dramatic multiplier effect where local inundation leads to citywide traffic 

failure illustrates why flood resilience measures (like flood proof design and emergency 

planning) are so important. By improving flood resilience, communities aim to ensure that 

critical functions (transportation, power, healthcare, etc.) continue to operate at an acceptable 

level during floods or can be restored quickly thereafter. 
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2.1.2 Criticality of Road Transportation Resilience during Floods 

Road transportation networks are among the most critical infrastructures requiring resilience 

in flood prone areas. Transportation infrastructure is the backbone of economic activity and 

emergency response; during disasters, functioning road networks enable evacuation, delivery 

of relief, and maintenance of supply chains. However, floods can severely compromise road 

infrastructure performance. Low lying roads may be submerged, bridges can be damaged by 

high flows, and landslides or erosion can sever connections. Even relatively moderate flooding 

on key road segments may propagate disruptions across a whole urban area (He et al., 2024). 

Failed road links force detours or completely block access, isolating neighbourhoods and 

critical facilities. Studies have shown that road network density and redundancy (having 

multiple alternative routes) are key factors in limiting mobility loss during floods (He et al., 

2024). Where networks lack alternate routes, even minor floods can trigger catastrophic 

connectivity losses, cutting off communities. In essence, road infrastructure that is not resilient 

to flooding can turn a hazardous event into a humanitarian crisis by hinder rescue and response 

and by stranding populations.  

Conversely, resilient road networks through robust design, redundancy, effective drainage, and 

adaptive traffic management can sustain connectivity and safety even under extreme weather. 

Maintaining at least an “acceptable level of service” for travellers during flood conditions is a 

core aspect of resilience (Nipa & Kermanshachi, 2019). Additionally, road resilience means 

faster restoration of full functionality after floodwaters recede. Given that transportation 

systems are interdependent with other infrastructures (hospitals, emergency services, supply 

chains), their resilience during floods is especially critical for overall societal resilience 

(Tachaudomdach et al., 2021). Ensuring road networks in flood prone regions like Tambaram, 

Chennai remain operable and safe during flooding is therefore a high priority for both civil 

protection and economic stability. 

 

2.2 Performance Thresholds in Context of Transportation Resilience 

 

Transportation resilience broadly refers to the system’s ability to maintain functional 

performance during disruptions and recover to normal operation in a timely manner (Arango 

et al., 2023). Modern definitions of resilience emphasize not only the capacity to absorb and 

withstand shocks, but also to adapt and recover while sustaining critical services (Arango et 

al., 2023). In practical terms, a resilient road network should continue maintaining essential 

functionality even under adverse events (e.g. floods), even though potentially at reduced levels. 

A key concept in quantifying such resilience is the idea of a performance threshold or minimum 

acceptable performance that must be upheld. Resilient systems are often characterized by 

having a predetermined acceptable minimum of functional performance that they should not 

fall below during crises (Leštáková et al., 2023). For instance, a water distribution network 

might be required to supply at least a basic volume of water per person per day during an 

emergency (Leštáková et al., 2023). Similarly, a road network could be expected to support a 
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minimum percentage of trips or connectivity even in flooded conditions. This notion of a 

baseline performance threshold provides a standard for deciding when service degradation 

becomes unacceptable. 

In the literature, several works have formalized the role of such thresholds in resilience metrics. 

Wen et al. (2019) note that “critical performance thresholds, below which performance is 

unacceptable” are commonly used to gauge infrastructure resilience. Many resilience models 

incorporate a binary evaluation: if system performance stays above the critical threshold (e.g. 

80% functionality), the system is considered to have “met” the resilience requirement; dropping 

below that level signifies an intolerable loss of service (Wen et al., 2019). Indeed, some authors 

even define resilience itself in terms of maintaining performance above a minimum acceptable 

level or restoring performance to that level within a target timeframe (Wen et al., 2019). Table 

1 summarizes several definitions of threshold values from recent studies, highlighting a 

common theme of minimum acceptable functionality. 

 

Threshold Value Definition Source 

“Predetermined (required, acceptable) minimum of 

functional performance”, baseline service level that resilient 

systems must maintain during a disruption. 

Leštáková et al. (2023) 

“Critical performance threshold, below which performance is 

unacceptable.” 

Wen et al. (2019) 

“Admissible performance loss”, level of performance 

degradation tolerated under specific conditions, beyond 

which interventions are triggered. 

Arango et al. (2023) 

Table 1. Definitions of threshold value 

 

As shown in Table 1, the idea of an acceptable performance is universal. For transportation 

systems, such a threshold might be expressed as a level of service or functionality percentage 

that must be preserved during a flood. For example, transportation engineers may specify that 

at least 60% of road network connectivity should remain intact in a 1 in 100 year flood, below 

which the situation is deemed critical. By setting a concrete benchmark, stakeholders and 

planners have a reference point to decide when emergency measures or investments are needed 

(hence “triggers corrective action”). In essence, the threshold separates the realm of tolerable 

performance from unacceptable failure (Wen et al., 2019). If performance falls below this line, 

it signals that the system’s resilience has been exceeded, and external intervention or rapid 

recovery is necessary.  

However, a limitation in many traditional assessments is that the threshold is treated as a fixed, 

static value regardless of context (Arango et al., 2023). Often borrowed from risk assessment 
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conventions, a single performance cutoff (e.g. 70% network functionality) is used uniformly 

for all scenarios. This one size fits all threshold approach yields a binary view of resilience. 

The system is either “acceptable” (above threshold) or “unacceptable” (below threshold) with 

no nuance in between. While straightforward, static thresholds ignore the fact that what is 

acceptable can depend on the severity of the event and stakeholder expectations. A fixed 

benchmark may be overly lenient under mild disruptions or overly strict under extreme 

conditions. For instance, expecting 90% mobility during a catastrophic flood may be unrealistic 

(and unnecessarily costly to design for), whereas accepting only 50% mobility during a minor 

flood could unduly underestimate achievable performance. In recognition of this issue, recent 

research has started to explore dynamic thresholds that adjust to circumstances (Arango et al., 

2023). The next section delves into the concept of dynamic threshold values and why it offers 

a more flexible and value informed way to assess transportation resilience. 

 

2.2.1 Dynamic Threshold Value in Resilience  

A dynamic threshold value is an adaptive performance benchmark that varies with the context 

such as the hazard intensity or scenario rather than remaining fixed. In this thesis, dynamic 

threshold is defined as the as the minimum acceptable performance percentage of the 

functionality under a given set of conditions (hazard severity), informed by stakeholder values, 

below which performance is deemed unacceptable. This concept builds on the static threshold 

idea but introduces context specific acceptability criteria (Arango et al., 2023). Instead of one 

universal cut off, there may be multiple threshold levels corresponding to different disaster 

intensities or operational states. Dynamic thresholds thus reflect the intuitive notion that the 

harsher the crisis, the more we may temporarily tolerate reduced service, whereas in routine or 

minor events we expect near normal performance.  

 

Arango et al. (2023) provide one of the clearest articulations of the dynamic threshold approach 

in a transportation context. Their study, focusing on road networks under wildfire hazards, 

argues that “the system cannot be asked to perform equally for all types of hazard intensities 

for economic reasons. Hence, there is a need to consider dynamic thresholds.”. In other words, 

a resilient design should differentiate between normal conditions and extreme events in terms 

of performance targets. Arango et al. (2023), introduce dynamic thresholds that “reflect the 

different requirements of the system under different conditions, including normal and extreme” 

scenarios. These thresholds represent the acceptable loss of performance at each level of hazard 

effectively formalizing how much service degradation stakeholders are willing to accept as, 

say, floods go from minor to moderate to severe. Crucially, these thresholds are not arbitrary: 

they are meant to be grounded in stakeholder expectations and priorities. The more critical a 

particular functionality (target) is to stakeholders, the higher (stricter) its minimum 

performance threshold will be, even under stress (Arango et al., 2023). 
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Figure 1. Comparison between static and dynamic thresholds, S.T., and D.T., respectively, 

for resilience assessment (Arango et al., 2023). 

Figure 1 illustrates the contrast between a static and dynamic threshold on a hypothetical 

performance curve. A static threshold is a horizontal line, performance above the line is deemed 

acceptable, below the line unacceptable, regardless of the event’s magnitude. This dichotomy 

splits outcomes into a simple pass/fail resilience evaluation. In contrast, a dynamic threshold 

(the dashed curve) rises or falls with hazard intensity. At lower intensities, the acceptable 

performance level is high (close to normal operations), but as the hazard worsens, the 

acceptable level may dip, acknowledging that some loss of service is inevitable and tolerable. 

Eventually, at the highest intensities, the dynamic threshold might even flatten or rise, 

indicating that beyond a certain point, performance must again be kept above some absolute 

lifesaving minimum (for example, maintaining basic emergency access). This gradation creates 

three performance zones instead of two:  

(1) Fully acceptable performance (system meets targets for given intensity),  

 

(2) A middle range where performance is degraded yet not disastrous relative to intensity 

(below ideal but not triggering failure, as long as above the dynamic threshold), and  

 

(3) Unacceptable performance (system fails to meet even the reduced expectations for that 

intensity).  

By dividing performance into these nuanced categories, dynamic thresholds enable a more fine 

grained resilience assessment. Non-compliance with a threshold at a given intensity does not 

necessarily imply total system failure it simply flags that performance is worse than 
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stakeholders deem acceptable for that scenario. This perspective aligns with resilience being 

about degrees of functionality rather than a binary functional versus failed state. 

 

From existing literature, it becomes evident that dynamic or context dependent performance 

targets are gaining traction as a solution to shortcomings of static metrics. Poulin and Kane 

(2021), in a comprehensive review of 274 publications on resilience “curves”, recommend 

“broader adoption of adaptive performance targets” that can vary with conditions. They 

observe that resilience evaluations often implicitly assume fixed benchmarks, which can 

oversimplify stakeholder needs. Instead, incorporating thresholds that shift with time or 

severity can better capture stakeholder valuations of performance at different stages of a 

disruption. Another study on critical infrastructure resilience criteria by Petersen et al. (2020) 

implicitly uses a dynamic threshold idea by measuring the public’s tolerance for service loss 

under various outage durations. The public’s tolerance levels essentially form a variable 

threshold e.g. citizens might accept only a short power outage on a normal day, but during a 

major crisis their tolerance (threshold for acceptable outage length) increases. Petersen et al. 

(2020) found that these tolerance thresholds were higher for severe scenarios than operators 

might expect, underscoring the importance of empirically determining acceptable performance 

levels from stakeholders.  

 

In the specific arena of transportation network resilience, Arango et al. (2023) demonstrate how 

to implement dynamic thresholds via a threshold index. They identified key resilience functions 

(or “targets”) for road networks safety, connectivity, reliability, efficiency and solicited what 

level of performance should be maintained for each function under both normal wildfire 

conditions and extreme wildfire events. For example, stakeholders could insist on full 

connectivity (100% of origin-destination pairs connected) during ordinary disruptions but 

accept perhaps 70% connectivity during an extreme event. In their case, that meant setting a 

connectivity threshold of 1.0 for mild conditions versus 0.7 for extreme wildfire, i.e. at least 

70% of the network’s connectivity should remain intact in the worst case. Such thresholds are 

expressed on a normalized 0 –1 scale (0% to 100% of ideal performance) for each functionality. 

A threshold of 1 means no performance loss tolerated (the function must be fully preserved), 

whereas a threshold of 0 means total loss is accepted (that function can fail without immediate 

system failure). In practice, a threshold of 0.6 for travel reliability signifies that 60% of trips 

should remain on-time/reliable even during the disruptive event. By assigning such values for 

each system functionality at each hazard intensity, one obtains a matrix of acceptable 

performance levels. This is effectively a “dynamic threshold index” that can be used as a 

reference to evaluate actual system performance during simulations or real events. 
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The dynamic threshold concept is particularly suited to this thesis because it marries technical 

performance metrics with stakeholder value judgments. Traditional static thresholds might be 

set by engineers or regulations (e.g. design standards requiring X% capacity), but a dynamic 

threshold approach invites stakeholders the users and operators of the system to define what 

performance is “good enough” under varying conditions. This is precisely the gap identified in 

the research problem: resilience should be measured not just in absolute terms, but in terms of 

what matters most to people relying on the system during floods. By adopting the definition of 

dynamic threshold value as “the minimum percentage of functionality that must be maintained 

before performance is unacceptable,” and allowing that percentage to change with flood 

severity, the assessment will directly reflect community and stakeholder priorities. Compared 

to other possible definitions (see Table 1), this dynamic interpretation is most appropriate here 

because urban flooding presents a spectrum of severities and trade-offs. A definition that allows 

thresholds to flex (rather than a rigid pass/fail criterion) is better able to capture whether 

stakeholders deem that acceptable for an event or a failure. Therefore, a dynamic threshold 

value approach provides the theoretical backbone for integrating human values into resilience 

metrics, ensuring that the resulting evaluation is not only technically sound but also socially 

relevant.  

 

Thus, various definitions of threshold values in resilience literature highlight a minimum 

acceptable performance level, though terminology varies (critical threshold, baseline 

functionality, etc). This study adopts a threshold definition as “the minimum percentage of 

functionality that must be maintained before system performance is considered unacceptable 

or triggers corrective action,” aligning with the above concepts.  

 

2.3 Stakeholder Value Integration 

Stakeholder value integration at its core, represents the systematic process of identifying, 

quantifying, and incorporating the diverse values, priorities, and perspectives of multiple 

stakeholders into resilience assessment and planning frameworks (Babar et al., 2015). This 

integration goes beyond simple stakeholder consultation to encompass the fundamental 

restructuring of assessment methodologies to reflect the multifaceted nature of value creation 

and risk perception across different stakeholder groups. 

 

The theoretical foundation for stakeholder value integration draws heavily from value based 

requirements engineering, where stakeholders are recognized as, key players in the 

requirements engineering process (Babar et al., 2015). In the context of resilience assessment, 

this translates to understanding that different stakeholders may prioritize different aspects of 

system performance, risk tolerance, and recovery objectives. For instance, emergency 
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responders may prioritize rapid system recovery and alternative route availability, while 

commercial transporters may focus on predictable service levels and minimal economic 

disruption. 

 

The concept extends beyond traditional stakeholder engagement by emphasizing the 

quantification and systematic integration of stakeholder values into technical assessment 

frameworks. This approach recognizes that the quality of value based idea is realized through 

the careful consideration of stakeholder requirements (Babar et al., 2015). In transportation 

resilience contexts, this means that effective resilience assessment must capture not only 

technical system performance metrics but also the diverse ways that different stakeholders 

experience and value are affected by system disruptions and recovery processes. 

 

2.3.1 Multi-Dimensional Stakeholder Engagement Frameworks 

Contemporary approaches to stakeholder value integration in resilience assessment emphasize 

the development of collaborative research frameworks that facilitate iterative interactions 

among diverse researchers and stakeholders around the topic of enhanced climate resilience 

(Singletary et al., 2022). These frameworks recognize that stakeholder engagement must be 

designed as an ongoing, iterative process rather than a one time consultation exercise. The 

implementation of such frameworks requires careful attention to the design of engagement 

experiences that can effectively facilitate knowledge co-production (Singletary et al., 

2022), between technical experts and diverse stakeholder communities. 

 

The multi-dimensional nature of stakeholder value integration becomes particularly evident 

when considering the diverse perspectives that different stakeholder groups bring to resilience 

assessment. Transportation system performance indicators are inherently subjective, as every 

stakeholder in the transport system has a set of indicators that he will find most important (ITF 

et al., 2024). This recognition necessitates the development of assessment frameworks that can 

accommodate and systematically integrate these diverse indicator preferences and value 

systems. 

 

Effective stakeholder value integration frameworks address several key dimensions 

simultaneously. First, they account for the temporal dimension of stakeholder values, 

recognizing that priorities may shift across different phases of disaster management, from pre-

disaster mitigation (Stage I), post-disaster emergency response (Stage II) and long-term 

recovery (Stage III) (Zhang et al., 2018). Second, they must accommodate the spatial 

dimension of stakeholder concerns, acknowledging that local communities, regional 
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authorities, and national agencies may have different spatial scales of concern and 

responsibility. Third, they must address the functional dimension, recognizing that different 

stakeholder groups may have fundamentally different relationships with and dependencies on 

transportation systems.  

 

This multi-dimensional understanding of stakeholder value integration directly informs the 

design and methodological foundation of this thesis. By focusing on the functional perspective 

specifically, how system functionalities are valued differently by stakeholders. Unlike 

traditional models that apply uniform performance criteria across systems, this study captures 

the dynamic, context specific perspectives of diverse stakeholder groups involved in road 

transportation management. These perspectives are essential in an urban environment where 

timely response and continued mobility are critical. By integrating stakeholder value across 

different flood hazard intensities into a threshold index, the thesis operationalizes the functional 

dimension of stakeholder engagement in a way that reflects both the complexity and specificity 

of real world decision making in urban resilience planning. 

 

2.3.2 Resilience Specific Value Integration Approaches  

The application of stakeholder value integration to resilience assessment requires a nuanced 

understanding of resilience itself, which is defined as "the capacity of a system to persist, adapt, 

or transform in the face of change" (Buyl et al., 2022). This definition encompasses three 

distinct but interrelated capabilities that stakeholders may value differently: persistence 

(maintaining functionality during disruption), adaptation (adjusting operations to 

accommodate changing conditions), and transformation (fundamental system redesign in 

response to new challenges). Different stakeholder groups may prioritize these capabilities 

differently based on their specific roles, responsibilities, and dependencies within the 

transportation system. 

 

The integration of stakeholder values into resilience assessment must account for the fact that 

resilience itself is a multifaceted concept with different dimensions that stakeholders may 

prioritize differently. Some stakeholders may prioritize robustness - "the extent to which 

disruption reduces the functioning of the system”, while others may focus more heavily 

on recovery capacity "the time needed to return to business as usual" (ITF et al., 2024). This 

distinction is crucial for developing threshold index that can accommodate diverse stakeholder 

preferences while maintaining analytical rigor. 
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2.3.3 Defining Stakeholder Value Integration  

In the context of infrastructure and disaster resilience, stakeholder value integration is the 

process of identifying stakeholder value systems (the things stakeholders consider important) 

and incorporating these values into decision making and analysis tools for resilience. In 

essence, stakeholder value integration ensures that resilience assessments are not solely 

technical evaluations of infrastructure performance, but also reflections of what stakeholders 

deem most vital for the system’s functionality and post-disaster recovery. 

Recent literature provides converging definitions that highlight the essence of this concept. 

Table 2 presents a comparative summary of definitions and descriptions of stakeholder value 

integration. These definitions underscore a common theme: resilience planning and evaluation 

must align with stakeholder priorities to be truly effective and inclusive. 

Source Definition / Description of Stakeholder Value Integration 

Pathak (2020) - 

Disaster resilience 

context 

Stakeholder values are defined as “the things that are of importance, 

merit, and utilities to the stakeholders”. Integrating these values into 

resilience planning is crucial yet often overlooked. Stakeholders hold 

numerous values with varying importance (a value system) and 

recognizing these in decision-making helps address shared 

responsibilities in emergency management. 

Ren et al. (2024) – 

Resilience planning 

context 

 

Resilience planning “necessitates the integration of diverse stakeholder 

values, the things and interests that hold significance and importance 

[to them] to formulate strategies that are effective and inclusive.” 

Different sectors (public, private, non-profit) have unique value systems; 

integrating them is vital to avoid conflicts and achieve consensus in 

resilience strategies (i.e., a human-centered, inclusive approach). 

 

Gosain (2023) – 

Infrastructure 

resilience evaluation 

 

A human-centered resilience evaluation framework that incorporates 

stakeholder value systems and dynamics into the assessment. The 

approach addresses the gap of traditional models by providing a method 

to measure what stakeholders value, thereby reducing debates over the 

costs and effectiveness of resilience initiatives. In practice, this means 

quantifying and embedding stakeholder priorities into the resilience 

metrics (e.g., for buildings or networks) to ensure the maximum value is 

delivered to stakeholders through resilience efforts. 

Table 2: Comparative definitions of stakeholder value integration 
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As shown in Table 2, these sources collectively paint stakeholder value integration as a 

dynamic, multi-sector process of aligning resilience goals with stakeholder priorities. All 

definitions stress that stakeholders, whether public agencies, private entities, or community 

groups, have their own value systems (ranked preferences for outcomes or functions) that must 

be understood and merged into resilience planning. Notably, Ren et al. (2024) focus on the 

need to unify diverse values for consensus building, while Gosain (2023) focuses on 

embedding values into evaluation models for tangible metrics. Pathak (2020) emphasizes 

identification of values and acknowledges their dynamic nature across disaster phases. Despite 

nuanced differences, each perspective underscores that resilience is context dependent, hinging 

on “resilience of what, to what, for whom” (Linkov et al., 2016), than a one size fits all 

approach. 

 

Among these definitions, the human centered integration described by Gosain (2023) is the 

most suitable definition for this research. The reason is that this research aims to directly infuse 

stakeholder values into a threshold index. Gosain’s description explicitly highlights 

incorporating stakeholder value systems into resilience evaluation, aligning perfectly with this 

research of developing a stakeholder value integrated threshold index. While Ren et al. provide 

a valuable lens on achieving consensus among divergent stakeholders, and Pathak illuminates 

the identification of values, Gosain’s definition best captures the methodological integration 

aspect crucial to this study. It justifies treating stakeholder input not as external to analysis, but 

as integral data that shapes the metrics and thresholds of resilience. Accordingly, this thesis 

adopts the view that, stakeholder value integration is the infusion of stakeholder defined 

priorities and preferences into the core of resilience assessment metrics and decision criteria, 

ensuring the process and outcomes remain aligned with what stakeholders consider most 

important. 

 

2.3.4 Stakeholder Value Integration in Threshold Matrix  

The development of threshold index for resilience assessment represents a sophisticated 

approach to stakeholder value integration that can systematically incorporate diverse 

stakeholder priorities while maintaining analytical tractability. The matrix provides a 

structured way for translating stakeholder values into quantitative thresholds that can guide 

resilience assessment and investment decision making. The integration of stakeholder values 

into threshold index requires careful attention to both the identification of relevant 

functionalities and the establishment of stakeholder informed performance thresholds for each 

functionality. 
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Functionalities in transportation flooding contexts typically encompass several key areas that 

different stakeholders may value differently. Technical resilience focuses on the physical 

capacity of infrastructure systems to withstand and recover from flooding impacts, including 

factors such as structural integrity, drainage capacity, and material durability. Operational 

resilience addresses the capacity of transportation systems to maintain service delivery during 

and after flooding events, including route availability, service frequency, and alternative 

transportation options. Economic resilience encompasses the capacity of transportation 

systems to minimize economic disruption and support rapid economic recovery following 

flooding events. Social resilience addresses the capacity of transportation systems to maintain 

equitable access to essential services and employment opportunities during and after flooding 

events, with particular attention to vulnerable populations who may have limited transportation 

alternatives. Environmental resilience considers the capacity of transportation systems to 

minimize environmental impacts during flooding events and support broader ecosystem 

recovery processes. Institutional resilience addresses the capacity of governance and 

management systems to coordinate effective response and recovery processes across multiple 

stakeholder groups and jurisdictions. 

 

The integration of stakeholder values into threshold index for these system functionalities 

enhances systematic approaches to stakeholder engagement that can identify both preferences 

of different functionalities and specific performance expectations within each functionality. 

 

2.4 System Functionality in Road Transportation 

To ground the evaluation of “system functionalities” for resilient road transportation, it is 

necessary to understand the broad dimensions of resilience identified in transportation 

infrastructure literature. Resilience is multifaceted, and numerous studies have attempted to 

break it down into constituent dimensions or attributes (often termed resilience dimensions or 

components). A comprehensive review by Nipa and Kermanshachi (2019) identified, eighteen 

key dimensions of resilience for critical transportation infrastructures. These dimensions 

encapsulate the various ways a transport system can resist, absorb, and recover from 

disruptions. Table 3 below lists all 18 resilience dimensions from that study, along with 

definitions. The dimensions range from structural qualities (like robustness and redundancy) 

to operational and organizational qualities (like mobility, adaptability, and collaboration). Each 

definition in the table below highlights how the dimension contributes to a transportation 

system’s resilience.  
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Figure 2. Resilience Dimensions for Transportation Infrastructure and Their Definitions 

 

As shown in Figure 2, transportation infrastructure resilience encompasses a broad spectrum 

of qualities. Some dimensions are physical/structural (e.g., robustness, strength, redundancy), 

ensuring the system and infrastructure can handle disruptions without failing. Others are 

functional/operational (e.g., mobility, reliability, rapidity), focusing on maintaining service 

levels and quick recovery. There are also organizational or adaptive dimensions (like 

resourcefulness, collaboration, adaptability, preparedness) that highlight the role of human 

management and learning in resilience. Notably, many of these dimensions are interrelated. 

For example, greater redundancy (alternative routes) usually improves mobility during 

disruptions and contributes to reliability, while preparedness (planning) can improve safety and 

rapidity of recovery. 
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2.4.1 Adaptation of System Functionalities for Flood Resilience in Road 

Transportation 

While all the above dimensions are relevant in a broad sense, not all will be explicitly used as 

“functionalities” in this study. The choice of functionalities to operationalize depends on the 

context (urban flooding) and the aspects of performance that are more critical for the resilience 

of the system. In this case, the road network in Tambaram, Chennai is the system. Based on 

the literature and the specific needs of road transportation in Tambaram, this research will focus 

on a tailored subset of functionalities that define the resilience of the system: 

• Safety in the context of flood resilience refers to the transportation system’s capacity 

to remain safe for users during and after a disaster. This includes preventing accidents 

on flooded roads, ensuring secure conditions for travel, and enabling safe evacuation or 

emergency access. A resilient road network should not only remain open but do so 

without endangering its users. Flood conditions often increase crash risks (e.g. vehicles 

skidding in water, people driving into inundated areas) and pose hazards like road 

collapse or strong currents. Therefore, safety is an indispensable functionality: a 

transport system that functions during floods but results in injuries or fatalities would 

be a failure in resilience terms. 

 

Academic research increasingly treats safety resilience as a measurable aspect of 

transport systems. For example, Tang et al. (2022) developed a method to assess the 

safety resilience of urban road traffic during extreme rain (waterlogging) by examining 

changes in system performance before and after the flood. This approach recognizes 

that maintaining a high level of service is not enough, the system must also operate 

safely under disaster conditions. Safety oriented resilience can include features like 

“safe to fail” infrastructure design (where any failures cause minimal harm) and traffic 

management strategies (e.g. timely road closures or warnings) to avoid accidents during 

floods. As noted in one study, transport resilience is essentially a guarantee for the 

safety and good operation of a city during disasters, meaning a resilient transport system 

keeps people out of harm’s way while maintaining functionality (Tang et al., 2022). 

 

The emphasis on safety aligns strongly with the priorities of government officials and 

emergency responders, Key stakeholders in this study. Their first concern in any 

disaster is protecting lives and public safety. A flood-resilient road system in Tambaram 

must allow emergency services to reach people swiftly and without undue risk, and it 

must minimize situations where citizens are trapped in hazardous conditions. Indeed, a 

safe network supports efficient rescue and relief: if ambulances and relief convoys can 

move without facing washed out roads or accidents, response times improve. Literature 

on resilience planning echoes this, noting that transportation resilience ensures the 

safety and operation of the system in response to disasters (Tang et al., 2022).  
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Therefore, “Safety” as a functionality means that during floods the road network remains 

secure for travel, thereby preventing secondary disasters (like traffic accidents or unsafe 

evacuations) and upholding the fundamental duty of care the transport system owes its users. 

 

 

• Reliability in this context denotes the consistency and dependability of the road 

transportation system’s performance during flooding. A reliable transport system 

maintains predictable travel times and overall service quality even under stress. In 

resilience terms, reliability can be thought of as the network’s inherent robustness and 

its ability to function without frequent breakdowns or excessive variability when facing 

a flood. This functionality is important because during disasters, travel time can 

severely hamper emergency response and public confidence. If roads that are expected 

to hold up remain within acceptable travel time bounds, we consider the system 

performance reliable. 

 

Transportation experts have increasingly integrated reliability metrics into resilience 

assessment. For example, Dong et al. (2022) incorporate a “link reliability” concept 

using thresholds of road link performance (speed/travel time) to evaluate network 

resilience during floods. By doing so, they capture how consistently the network can 

meet travel demand in a disrupted scenario. Their case study of Hurricane Harvey in 

Houston showed that reliability-based metrics effectively tracked the network 

performance variation during flooding. In simpler terms, a resilient network should not 

suffer erratic or catastrophic performance drops; it should remain as stable and 

predictable as possible throughout the event. Another way to view reliability is the 

probability that the system or a given link “survives” the flood without failing. In 

infrastructure engineering, reliability is about preventing initial failures (Kim et al., 

2025). For instance, ensuring that key bridges and road segments are unlikely to be 

washed out or closed. A highly reliable road network has strong robustness (can take a 

hit without failing) and often is designed with safety factors and protection measures 

that keep it operational. 

 

From a stakeholder perspective, reliability is paramount for planning and response. 

Government transport planners set resilience goals that explicitly mention reliability. 

Minnesota’s Department of Transportation (2017), defined its resilience objective as 

“reducing vulnerability and ensuring redundancy and reliability to meet essential 

travel needs”. This highlights that reliability, alongside redundancy, is seen as crucial 

to guaranteeing essential mobility (for work, emergency, etc.) during extreme events. 

Emergency responders require reliable routes, they must trust that certain roads will be 

passable when needed, and travel times will be consistent enough to plan evacuation or 

medical logistics. An unreliable system (where roads unpredictably fail or congestion 

skyrockets) can undermine response efforts and public safety. On the other hand, a 

reliable road network would mean, for instance, that even in heavy rain, critical 

corridors can be counted on to remain open, and travel time variability is minimized by 
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proactive measures (like real time traffic management and flood monitoring). Such 

steadiness greatly aids coordination among responders and maintains public trust that 

mobility needs will be met. 

Thus, “Travel time Reliability” as a functionality ensures that the transport system’s 

performance under flood is as close as possible to normal conditions with respect to travel time. 

It complements redundancy: while redundancy provides alternative options, reliability ensures 

that both primary and backup options are likely to function as intended without much travel 

time delay. 

 

• Connectivity: Connectivity is chosen as a functionality because it directly contributes 

to connectivity under duress. In the flood context, redundancy refers to having multiple 

routes or backup options if a particular road segment is inundated. In practice it covers 

keeping critical routes open or finding alternative paths providing connectivity between 

important locations (hospitals, shelters, residential areas). This aligns with 

stakeholders’ interest in maintaining access for emergency response and essential 

travel. The questionnaire will, for example, gauge how stakeholders value having 

alternate roads as compared to other features. Redundancy is highly relevant to 

Tambaram, where flood-prone choke points can paralyze traffic if no alternate routes 

exist. 

Connectivity refers to the presence of alternate routes and interconnections in the road 

network that allow traffic to reroute when some links are disrupted by flooding. It is a 

measure of how well the system can continue to connect origins and destinations despite 

partial failures. A highly redundant road network has multiple paths between key 

locations, so that even if one corridor is flooded, others can take over the traffic flow. 

This functionality is crucial in flood resilience: it directly addresses the risk of certain 

areas becoming isolated or inaccessible when specific roads are underwater. 

Connectivity is widely recognized as a cornerstone of resilient system. As a 

Transportation Research Board study succinctly states, “Road network redundancy 

contributes to reducing [disruption] consequences by providing viable alternative 

routes.” (Allen et al., 2024). By having backup links, the system ensures that 

communities are not cut off a factor especially important for isolated communities and 

emergency routes (Allen et al., 2024). Recent research quantifies the benefit: adding 

secondary roads to increase redundancy can decrease the expected increase in travel 

times during disruptions by over 90% on average (Allen et al., 2024). In other words, a 

web of well-connected streets can absorb the shock of a flood by rerouting traffic and 

drastically reducing delays and isolation. Kasmalkar et al. (2020) found in a flood study 

of the San Francisco Bay Area that areas with dense road networks (high connectivity) 

were more resilient to flood-related travel time delays, because alternate roads had 
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enough capacity to handle detoured traffic. This empirical insight reinforces that 

connectivity is vital for keeping the city moving in a flood. 

For stakeholders like government officials, redundancy is a strategic asset. It provides 

flexibility in crisis management: officials can implement diversions and use alternate 

corridors for relief logistics or evacuation. Emergency responders likewise rely on 

multiple access routes; a blocked road should not mean a blocked rescue. Indeed, 

research on lifeline networks often defines reliance on redundancy as a means to avert 

progressive failures across the system (Kim et al., 2025).  

By selecting “Connectivity” as a key functionality, this study focuses on the network level 

resilience ensuring the transport system has the necessary “web” of connections so that no area 

becomes unreachable and critical services can reroute as needed during floods. 

With the system functionalities finalized for the threshold index, the next step involves 

classifying hazard intensity to support its construction. The following section provides a 

concise overview of the flood intensity classification. 

 

2.5 Flood Intensity Classification 

In performance-based flood resilience frameworks, categorizing flood hazard intensity into 

discrete bands (e.g., low, medium, high) is essential for mapping and quantifying acceptable 

system performance thresholds. The selection of low flood: 15 cm, medium flood: 25–30 cm, 

and high flood: > 30 cm as inundation depth reflects a balance between stakeholder experience, 

operational meaningfulness, and empirical evidence on damage and response. Table 3 represent 

the classification of flood intensity based on depth of inundation.   

 

Depth band Resources 

Low (15 cm) 

Baseline threshold; widely used as minimum hazard level globally (Fox 

et al., 2024). Represents minor impacts easily recognized by 

stakeholders. 

Medium (25–30 

cm) 

Aligns with onset of moderate damage/functionality loss (commonly 

0.25–0.5 m damage bands). Accessible for stakeholder reasoning and 

aligns with depth damage evidence (Romali et al., 2025; Maranzoni et 

al., 2022). 
 

High (>30 cm) 
Crossing into severe impairment of safety/connectivity. Recognizes 

significant disruption prior to more extreme flooding. 

 

Table 3. Flood Intensity Classification 
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Flood depth values as low as 15 cm (0.15 m) are not trivial. Global risk assessments have 

commonly used 15 cm as a baseline inundation threshold with substantial implications. For 

instance, studies estimate that approximately 2 billion people are exposed to fluvial floods at 

depths ≥ 10 cm, underscoring its relevance as a baseline flood hazard category with real impact 

on populations (Fox et al., 2024). This makes it a practical starting point for low intensity 

hazard classification, water depths that may still impair base level services, pedestrian mobility, 

or minor vehicle operation, yet are commonly recognizable by the public and stakeholders (Fox 

et al., 2024). 

 

While exact literature on 25–30 cm thresholds is less abundant, many depth damage studies 

and building vulnerability models use damage and impact bands (e.g., 0.25–0.5 m) reflecting 

moderate damage onset. System functions, especially in transport networks often degrade 

significantly as water depth crosses 25 cm: doors become harder to open, electrical or 

mechanical equipment may be affected, and slower vehicle operation becomes typical. Thus, 

the choice of 25–30 cm corresponds to the boundary where moderate functional degradation 

starts to materialize (Romali et al., 2025; Maranzoni et al., 2022). 

 

Flood depths exceeding 30 cm (0.30 m) have clear, adverse operational implications—road 

networks become obstructed, pedestrian and vehicular safety dramatically decrease, and many 

essential services (e.g., pumping stations, ground floor utilities) risk complete failure. Many 

global guidance frameworks start marking 0.5 m as a damaging threshold for buildings or 

serious safety concerns. Setting the high flood category at > 30 cm thus captures a regime of 

severe impact while remaining sensitive to functional degradation. 

 

2.5.1 Why Depth of Inundation is suitable for this study  

Flood depth is among the most direct hydrological variables tied to damage and functional loss. 

System functionality including safety, connectivity, and reliability typically degrades as water 

depth increases. Depth damage functions central to flood risk modeling, as used in NFIP claims 

studies, emphasize depth as the strongest predictor of damage even if its predictive form varies 

locally (Romali et al., 2025). 

 

In addition, this study emphasizes stakeholder input via semi-structured interviews and mixed-

methods threshold elicitation. Therefore, depth is intuitive, participants can readily imagine or 

have experienced water levels of 15 cm, 25 cm, or 30 cm and can articulate what system 

performance means under such conditions. This interpretability ensures that the quantitative 

matrix genuinely reflects system’s perspective from the users. 
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2.6 Weighted Average Aggregation (WAA) 

Weighted average aggregation is a mathematical technique for combining multiple inputs (e.g. 

criteria scores, stakeholder opinions) into a single representative value by assigning a weight 

to each input proportional to its importance and then summing the weighted inputs (Ruangpan 

et al., 2020). This approach is essentially the linear additive model in multi-criteria decision 

analysis (MCDA), also known as simple additive weighting (Ruangpan et al., 2020). When all 

weights are equal, the method reduces to a simple arithmetic mean. In the context of this thesis, 

weighted average aggregation is used to synthesize stakeholders’ numeric inputs (threshold 

percentages for each functionality under each flood severity) into a aggregated value for 

analysis. Each stakeholder’s input contributes to the final threshold, with the “weight” 

reflecting the relative influence or count of that input. For this study, all stakeholders are treated 

equally (equal weights), meaning the aggregate is essentially the mean of the provided 

percentages. This aligns with the principle of giving each participant an equal voice in defining 

performance thresholds.  

 

Weighted averages are widely favored in decision making and resilience assessment for their 

simplicity, transparency, and intuitiveness (Ruangpan et al., 2020). First, the method makes 

combining different inputs straightforward and easily explainable every stakeholder’s opinion 

or every criterion’s value is explicitly represented by a weight, enabling transparency of how 

the final number is obtained. This transparency is valuable in participatory processes and 

stakeholder-driven studies, since participants and decision-makers can understand how the 

final results were derived. Marttunen et al. (2015) and Guarini et al. (2018) note that simple 

weighted summation provides a high degree of clarity in evaluation processes, making it “very 

suitable to be used in participatory processes”.  

 

Secondly, weighted averaging treats inputs impartially when equal weights are used, no single 

stakeholder’s response is prioritized over another’s, which aligns with normative ideals of 

fairness in stakeholder engagement. This was important for this study: every interviewed road 

user’s perspective is equally valid, so the aggregation reflects a collective threshold rather than 

an expert driven one. As a result, the threshold index derived is grounded in an equitable 

combination of perspectives.  

 

Moreover, the method aligns with the mixed methods approach by providing a straightforward 

quantitative outcome (the threshold values) that can be easily paired with qualitative insights. 

Because the results are simple percentages (e.g. “on average, stakeholders in Tambaram require 

~50% of normal road safety to still be ensured under a high severity flood”), they can be readily 

interpreted and discussed alongside interview quotes and themes. This is harder to achieve with 

opaque mathematical models. Additionally, using a weighted average avoids imposing any 

external value judgments beyond what stakeholders provided. This simplicity also aids in 

validating and checking the results.  
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In essence, the weighted average served as a “group aggregation” mechanism, wherein the 

average acts as a central tendency of the community’s minimum acceptance, while still 

allowing to note variability around that average. This combination of methodological rigor and 

practical clarity is a prime reason Weighted average Aggregation was chosen as the core 

quantitative technique for developing the Threshold Index in this thesis. 

 

2.6.1 Comparison with Other Decision-Making Methods 

While a simple weighted average was deemed most suitable for our purposes, it is important 

to justify this choice by comparing it to other available methods for incorporating stakeholder 

values into resilience assessments. Many decision-making and multi-criteria analysis (MCA) 

methods exist, each with its own strengths, assumptions, and fit to context. In this section, two 

prominent alternatives are discussed and why the weighted average (as implemented in this 

study) is a better fit for this research design. 

 

2.6.1.1 Analytical Hierarchy Process (AHP) 

The Analytical Hierarchy Process (AHP) is one of the most widely used decision-support 

methods, especially in fields like flood risk management and infrastructure resilience. AHP 

works by structuring a decision problem into a hierarchy (e.g. goal → criteria → sub-criteria) 

and then deriving priority weights through pairwise comparisons of elements at each level. 

Decision makers (or stakeholders/experts) compare two criteria at a time, expressing which is 

more important and by how much, and through an eigenvector calculation AHP yields a set of 

weights for all criteria that best reflects those comparisons. This structured approach is valued 

for converting qualitative judgments into quantitative weights in a consistent way (Won et al., 

2024). Indeed, a review by De Brito and Evers (2016) found that AHP was the “most common 

MCA method used in flood risk management” due to its flexibility and ease of application. 

Numerous resilience studies have adopted AHP to integrate stakeholder or expert preferences. 

For example, Moghadas et al. (2019) applied AHP to determine the relative importance of six 

urban flood resilience dimensions and their indicators in Tehran. By interviewing experts and 

performing AHP, they obtained weights for criteria like social, economic, infrastructural 

resilience, which were then used to construct a composite resilience index for different city 

districts. The appeal of AHP in such cases is that it provides a systematic framework to capture 

subjective priorities. AHP also includes a built-in consistency check; it calculates a consistency 

ratio to ensure that the pairwise comparisons made by participants are logically consistent (e.g., 

if A is preferred to B and B to C, then A should be preferred to C). This adds a level of rigor to 

the elicitation of stakeholder preferences. 

 

Despite its strengths, AHP has notable limitations that affect its suitability for this study. One 

issue is scalability. AHP requires pairwise comparisons to weight criteria, which becomes 
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tedious as number of criteria grows. In this study, stakeholders would potentially need to 

compare each system functionality against each other (safety vs. connectivity, safety vs. 

reliability, etc.) for each flood scenario, which could be overwhelming and impractical in an 

interview setting. Even with a moderate number of criteria, the cognitive load on participants 

to perform numerous comparisons reliably is high. Also, semi structured interviews were 

designed to be respondent friendly and mostly qualitative. So, inserting a full AHP 

questionnaire would disrupt the conversational flow and possibly deter participants with its 

repetitive nature. Instead, stakeholders were directly asked for threshold percentages in an 

intuitive way (“what % of normal service would you consider acceptable for X in a flood?”) 

rather than indirectly via pairwise comparison questions. Another limitation is that AHP yields 

relative weights, not absolute performance values. AHP by itself would only tell us, for 

instance, that stakeholders prioritize “Safety” twice as much as “connectivity” (hypothetically), 

but it would not directly give the acceptable performance level for the functionalities. In other 

words, AHP is excellent for priority weighting but not for threshold setting. If this research aim 

were to produce a single composite resilience score for the road network, then AHP might be 

used to weight each dimension and then compute a weighted sum. However, this research aims 

to establish specific threshold values per system functionality, reflecting stakeholder 

expectations on each.  

 

Thus, incorporating AHP would add complexity without clear value for this specific goal. In 

fact, Kim et al. (2024) note that while AHP is convenient for criteria importance, it often “faces 

limitations when dealing with interdependence among factors, necessitating an additional step 

to generate a composite index using the calculated weights”. This threshold index is designed 

in a way that it keeps each functionality separate during the data collection.   

 

2.6.1.2 Fuzzy Logic and Other Multi-Criteria Methods 

Beyond AHP, a variety of other decision-making methods could potentially be applied to 

integrate stakeholder values in resilience assessments. Two categories worth comparison are 

fuzzy logic-based aggregation and other multi-criteria decision-making (MCDM) techniques 

like TOPSIS or Delphi based aggregation/consensus. This sub section briefly examines these 

and explain why a basic weighted average was still preferable for this thesis. 

 

Fuzzy Aggregation Methods: One advanced extension of the weighted average is the use of 

fuzzy logic to handle uncertainty or vagueness in stakeholder inputs. In many real world cases, 

stakeholders might not have precise numeric answers about their preferences; instead, they 

might express things in linguistic terms (e.g. “safety should be almost fully ensured” or 

“mobility can drop a bit”). Fuzzy logic provides a mathematical way to convert such linguistic 

or uncertain inputs into fuzzy sets and then aggregate them. A technique known as Ordered 

Weighted Averaging (OWA), introduced by Yager (1988), allows a range of aggregation 
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behaviors between pure “AND” (minimum) and “OR” (maximum) by applying ordered 

weights to sorted inputs. A recent study by Tavakoli et al. (2025) applied a fuzzy ordered 

weighted averaging (FOWA) method in flood risk management. Their integrated approach 

combined AHP (to get factor weights) with FOWA to incorporate expert uncertainty in 

evaluating flood risk scenarios. The authors highlight that “the fuzzy ordered weighted 

averaging method addresses data imprecision and subjective variability, which are often 

limitations in conventional approaches”. In other words, fuzzy OWA can produce aggregated 

/consensus outcomes that consider not just the central values stakeholders give, but also the 

range of opinions and the confidence in those opinions. For example, if some stakeholders are 

very uncertain or divided, a fuzzy aggregation could reflect that by not averaging in a straight 

line but perhaps giving more weight to cautious estimates under certain “pessimistic” scenarios.  

 

Fuzzy methods have been used in other domains for stakeholder integration as well. For 

instance, in construction project management, Chong et al. (2024) utilized fuzzy stakeholder 

salience scores and then defuzzified them with a weighted average to get clear rankings of 

stakeholder importance. Likewise, in climate adaptation planning, fuzzy Delphi techniques 

(iterative expert surveys with fuzzy scoring) are sometimes employed to achieve aggregated 

/consensus on uncertain parameters. These methods are powerful when dealing with ambiguity, 

offering a nuanced output that a single crisp average might miss.  

 

However, for his research, the added complexity of fuzzy logic was not justified. To obtain 

percentage thresholds from stakeholders by clarifying their responses during interviews (e.g. 

asking follow-up questions like “could you put a number to what ‘significantly reduced’ means 

in percent?”). As a result, the data is already in a quantified form. The variation and any 

uncertainty in these responses can be observed in the spread of answers, which we handle by 

analyzing variability qualitatively (flagging outliers, discussing divergence) rather than by 

computing a fuzzy interval. In a larger sample or a survey where respondents simply tick 

qualitative boxes, a fuzzy approach might be more needed. But in this case, the semi-structured 

interviews allowed recording numbers, effectively reducing ambiguity at the data collection 

stage. Thus, a straightforward average on those numbers is sufficient and easier to 

communicate. 

 

Other MCDM Techniques (e.g., TOPSIS, VIKOR, Delphi): Aside from AHP and fuzzy 

logic, various other multi-criteria decision-making techniques exist such as TOPSIS 

(Technique for Order Preference by Similarity to Ideal Solution), VIKOR, ELECTRE, and so 

on, as well as consensus building processes like the Delphi method. Some of these have been 

applied in resilience measurement studies. For example, TOPSIS was used by Abdallah et al. 

(2022) to rank emergency flood management options, using stakeholder-weighted criteria to 

identify the solution closest to an “ideal” resilience scenario. Moghadas et al. (2019), 

mentioned earlier, actually combined AHP with TOPSIS: AHP produced weights for resilience 

indicators, and then TOPSIS was employed to score and rank Tehran’s districts by resilience. 
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These approaches are very useful when the goal is to choose among or rank alternatives (e.g., 

which district is most resilient, which intervention is best) based on multiple weighted criteria. 

However, for this research ranking alternatives is not the aim instead capturing minimum 

acceptable performance percentages (threshold percentage). Thus, applying a full TOPSIS or 

similar method would be conceptually misaligned with the objectives.  

 

Also, traditional MCDM tools add unnecessary layers in this setup. The Delphi method is 

another avenue one might consider for reaching consensus on resilience thresholds. Delphi 

involves multiple rounds of surveys where experts (or stakeholders) anonymously rate or 

estimate something, see the group feedback, and revise their answers in subsequent rounds, 

converging toward consensus. Delphi has been used to develop indicators and thresholds in 

disaster management by leveraging expert agreement over iterations. Mini-Delphi approach 

theoretically can be used with the participants of this study. For example, doing a second round 

where the initial average thresholds will be presented and allow stakeholders to adjust their 

views. However, Delphi is time intensive and typically relies on expert panels rather than users. 

Participants for this study were everyday road users; expecting them to participate in iterative 

rounds was not practical. Given the limited timeframe, a one round direct query with a simple 

average aggregation was the most efficient path. This still captures the essence of the average 

without the attrition and effort of multiple Delphi rounds.  

 

Table 4 below synthesizes the comparison of the three approaches discussed: simple weighted 

average, AHP, and a fuzzy/advanced method in terms of their effectiveness and use in 

integrating stakeholder values. 
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Method Description & Use Pros Cons Application 

 

 

 

 

 

 

Weighted Average 

Aggregation 

(WAA) 

 

Simple linear combination 

of inputs with assigned 

weights. Used to aggregate 

criteria scores or 

stakeholder opinions into 

one value.  

 

In this case, stakeholders’ 

acceptable performance 

percentages are averaged 

(equal weights) to reflect 

group aggregation. 

 

– Transparent & easy to 

interpret. 

 

– Impartial if weights equal 

(each voice equal). 

 

– Suitable for participatory 

settings (stakeholders can 

follow the logic). 

 

– Requires minimal data 

processing (direct use of 

inputs). 

 

– Does not inherently 

capture uncertainty or 

differing confidence 

levels (treats inputs as 

precise values). 

 

– Minority extreme 

views can be masked 

by the average (outliers 

get diluted). 

 

– Assumes criteria or 

inputs are 

commensurable (often 

requires normalization 

if scales differ). 

 

 

Stakeholder mapping: Zhu et 

al. (2024) combined fuzzy 

stakeholder scores via 

weighted average to identify 

priorities 

 

 

 

 

 

Analytical 

Hierarchy Process 

(AHP) 

 

Hierarchical decision 

method involving pairwise 

comparisons to derive 

weights for criteria. 

Common in risk 

management to integrate 

expert preferences into a 

weighting scheme for multi-

criteria evaluation. Could be 

used to weight system 

functionalities. 

 

– Structured elicitation of 

preferences (pairwise 

comparison simplifies 

complex judgments). 

 

– Ensures consistency 

(calculates consistency ratio) 

in stakeholder judgments. 

 

– Widely validated in 

literature for incorporating 

 

– Scalability issues: 

impractical with many 

criteria or participants 

due to explosion of 

comparisons. 

 

– Only yields relative 

importance weights; 

needs to be combined 

with actual 

performance scores to 

make decisions. 

 

– Urban flood resilience 

index: Moghadas et al. (2019) 

used AHP to weight 

indicators, combined with 

TOPSIS for ranking districts. 

 

– Stakeholder preference in 

NBS: Loc et al. (2017) and 

Alves et al. (2018) used AHP 

to get stakeholder weights on 

criteria (social, enviro, 
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stakeholder/ expert input in 

decisions 

 

– Participants may find 

pairwise comparisons 

repetitive or confusing, 

potentially affecting 

reliability. 

economic) in flood solution 

appraisal. 

 

– General flood planning: 

Many studies reviewed by De 

Brito & Evers (2016) cite 

AHP as the go-to method for 

criteria weighting in flood risk 

MCA. 

 

 

 

 

Fuzzy & 

Advanced MCDA 

(Fuzzy Ordered 

Weighted 

Averaging, 

TOPSIS, Delphi) 

 

Extensions or alternatives to 

linear weighting that can 

handle uncertainty or 

provide rank order 

decisions.  

 

Fuzzy OWA introduces a 

range of weights reflecting 

optimism/ pessimism in 

aggregation.  

 

TOPSIS identifies best 

option by distance to ideal 

solution. Delphi uses 

iterative consensusbuilding 

among experts. 

 

– Accounts for uncertainty: 

Fuzzy sets capture ambiguity 

in human inputs, potentially 

yielding more robust 

consensus. 

 

– Scenario analysis: OWA 

can produce optimistic vs 

pessimistic aggregate 

scenarios by adjusting 

weighting strategy. 

 

– Alternative ranking: 

Methods like 

TOPSIS/ELECTRE can give 

a full ranking of options, 

useful for decision making 

(not just a single value). 

 

– Delphi: rich qualitative 

insight alongside quantitative 

 

– Complexity: requires 

expertise to set up 

(membership functions, 

rule sets) and interpret 

by stakeholders 

(reducing 

transparency). 

 

– Data demands: often 

need larger sample or 

more data points to 

justify fuzzy 

distributions or multiple 

rounds of Delphi. 

 

– Not directly needed if 

goal is not option 

selection: e.g., TOPSIS 

gives relative rankings 

but we needed absolute 

threshold values, which 

is a different task. 

 

– Resilient flood management: 

Tavakoli et al. (2025) 

integrated AHP with 

FuzzyOWA to improve 

handling of data imprecision 

in flood risk mapping. 

 

– Stakeholder consensus with 

uncertainty: Fuzzy Delphi 

used in climate adaptation to 

settle on priority actions under 

uncertainty (e.g., Kwon et al., 

2017 in coastal planning – 

hypothetical example for 

illustration). 

 

– Disaster indicator 

prioritization: Kim et al. 

(2024) propose a Q-

methodology (inverted factor 

analysis) as an alternative, 

ultimately suggesting a 
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ratings; reduces extreme 

divergence through iteration. 

weighted-average approach 

for combining local 

importance of indicators 

(showing innovative use of 

averaging after qualitative 

sorting). 

 

– Expert consensus: Delphi 

method applied in developing 

community resilience 

indicators (e.g., Cutter et al., 

2013 used Delphi to refine a 

set of recovery indicators 

illustrative reference), though 

seldom used for setting 

numeric performance 

thresholds due to time 

required. 

 

Table 4. Comparison of weighted average aggregation with AHP and fuzzy/advanced methods for integrating stakeholder values 

 

As shown in the table, each method has distinct merits. AHP offers a rigorous weighting mechanism that is well proven for incorporating 

stakeholder judgments, but it introduces process complexity that can be at odds with an exploratory, interview-based study. Fuzzy methods and 

other sophisticated MCDA tools can handle nuanced uncertainties and provide additional analytical depth (like scenario exploration with optimistic 

vs pessimistic aggregates), yet they come at the cost of technical overhead and potential opacity in results communication. The weighted average, 

in contrast, strikes a balance by being simple yet effective, yielding easily interpretable outputs that directly reflect the collected data.
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Chapter 3 

 

Methodology 

 

3.1 Introduction 

This chapter details the research design, data collection, and analysis methods used to address 

the study’s objectives. A mixed method approach was adopted, combining qualitative insights 

from semi structured stakeholder interviews with a quantitative aggregation of responses into 

a threshold matrix. The methodology is structured in several sections. First, the overall research 

design and approach is explained, including the rationale for integrating qualitative and 

quantitative methods. Next, the geographical scope of the study context and participant 

sampling strategy are described, followed by a detailed account of the semi-structured 

interview procedure and protocol. The chapter then outlines the analytical techniques: 

qualitative analysis of interview data (following the Gioia methodology for rigor) and 

quantitative calculation of the threshold matrix using a weighted average. Finally, ethical 

considerations and quality measures (such as validity and reliability strategies) are discussed. 

 

3.2 Research Design and Approach  

This research focuses on the Tambaram area in Chennai, using semi-structured interviews as 

the primary data collection method. The nature of the inquiry is exploratory and inductive, 

aiming to understand users’ perspectives on acceptable road system performance under flood 

conditions. Given the exploratory goals and the emphasis on contextual stakeholder input, a 

qualitative methodology is central to capture nuanced views and values. Semi structured 

interviews are well suited for this purpose, as they allow respondents to openly express their 

viewpoints in a flexible conversation format while still covering predetermined questions 

(Ruslin et al., 2022). Unlike fully structured interviews or surveys, the semi structured format 

provides both comparability across interviews and adaptability in probing relevant issues raised 

by participants (Ruslin et al., 2022). This flexibility is important to delve deeper into the reasons 

behind users’ threshold choices and to clarify concepts during the conversation. 

 

While primarily qualitative, the study incorporates a quantitative component in the form of the 

threshold matrix. Participants provided numeric estimates (percentage thresholds) for 

acceptable performance levels of the road network. These numerical inputs are aggregated to 

produce a quantitative threshold matrix representing collective user defined acceptable 

performance under various flood scenarios. Thus, the research design can be considered a 

convergent mixed methods design, where qualitative and quantitative data are collected from 

the same interviews and then integrated. The qualitative data (participants’ explanations, 



48 
 

opinions, and contextual insights) provide depth and understanding, while the quantitative data 

(percentage thresholds) provide a structured outcome. This integration aligns with a pragmatic 

research paradigm valuing both subjective insights and objective measures appropriate for 

resilience assessment that needs to bridge technical metrics with stakeholder perspectives. 

  

The choice of this design is driven by the identified research gap that current flood resilience 

assessments lack stakeholder defined performance thresholds. Traditional engineering 

resilience models often apply uniform technical standards without accounting for user 

perceptions. By directly eliciting thresholds from road users, the study ensures the assessment 

criteria reflect user values and priorities. The combination of qualitative and quantitative 

methods is intended to produce a result (the threshold matrix) that is both grounded in 

stakeholder input and operationally useful for decision making. The qualitative insights help 

explain why stakeholders consider certain levels acceptable, adding context to the raw 

numbers. This strengthens the study’s interpretive rigor and helps in translating the findings 

into practical recommendations. 

 

The research is confined to Tambaram, Chennai, an urban region frequently affected by 

flooding, which disrupts its road transportation network. The findings are intended primarily 

to benefit Tambaram. Thus, emphasizing internal validity and contextual relevance over broad 

generalizability. However, the methodology integrating stakeholder values into resilience 

thresholds is designed to be a transferable process for other flood prone urban areas. This aligns 

with the aim of developing a practical yet context sensitive method for resilience planning.  

In summary, the research design is characterized by an interpretive, qualitative core (to capture 

users’ perspectives) augmented with a simple quantitative synthesis (to under and justify the 

threshold values through their rationale). The subsequent sections detail how this design was 

implemented. 

 

3.3 Participant Selection and Sampling Strategy 

The study targeted daily users of the road network in Tambaram as the key stakeholders. This 

included ordinary citizens such as commuters, residents, and local drivers who regularly travel 

within Tambaram, especially in and around the Tambaram railway station area. These 

individuals are likely to experience the impacts of road flooding firsthand and can provide 

information based on perceived risks on what performance levels (in terms of safety, 

connectivity, and travel time reliability) are acceptable during flood events. By focusing on 

daily road users (rather than, say, policymakers or engineers), the study embraces a bottom up 

perspective on resilience and to gain insights on unique/peculiar perspectives that occurs from 

looking at the system from a non-technical view point. 
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All participants were adults (over 18), capable of giving informed consent. A purposive 

sampling strategy was employed, deliberately selecting participants who fit specific criteria 

aligned with the research objectives. In qualitative research, a relatively small, purposively 

selected sample is appropriate to gain depth of understanding (Campbell et al., 2020). The aim 

here was not statistical representativeness but to ensure that those interviewed could offer rich, 

relevant information about the expected road network’s performance under flood conditions. 

Purposive sampling allows to include participants who are most likely to yield insightful data 

(Campbell et al., 2020). In this study, the key criteria were:  

1. the participant is a regular user of Tambaram’s roads, and  

 

2. the participant resides in one of the five zones of Tambaram.  

 

The latter criterion was important to capture spatial variation in experiences. Tambaram is 

administratively divided into five zones, and flooding impacts (and possibly expectations of 

road performance) might differ across these zones. Therefore, the sample was stratified by zone 

to ensure coverage of all areas of Tambaram. 

 

A total of 15 participants were interviewed. The distribution was 2 to 4 participants per zone, 

resulting in fairly balanced representation from each of the five zones (Zone 1 through Zone 

5). This stratified purposive approach (covering all zones) was chosen so that the final threshold 

matrix/index would integrate perspectives from across the entire area rather than being 

dominated by one locality (Campbell et al., 2020). In qualitative inquiry, 15 interviews are 

within a common range for achieving data saturation, where additional interviews are unlikely 

to yield fundamentally new insights (Guest et al., 2006). Guest et al. (2006) observed that 

saturation of themes often occurs within the first dozen interviews in a relatively homogeneous 

population. Given that road users in a single town share many common experiences (though 

with individual differences), 15 was deemed sufficient to capture the major trends and 

variations in stakeholder responses. 

 

It is worth noting that the goal of the sample was not to generalize to all Tambaram residents 

with statistical confidence, but to understand a range of perspectives and ensure inclusivity of 

different neighbourhoods. This kind of purposeful variation sampling enhances the study’s 

rigor by making sure that potentially different viewpoints (due to different flood exposures in 

each zone) are all reflected in the data (Campbell et al., 2020). In other words, if certain zones 

experience worse flooding or have different road conditions, the study wanted those voices 

included. This strategy improves the credibility and transferability of findings: credibility 

because it increases the chance that all relevant viewpoints were heard, and transferability 

because readers can see how thresholds might vary with context (so they can judge applicability 

to other settings). 



50 
 

 

Participants were recruited through professional and personal networks in Tambaram. This 

involved reaching out to contacts who either themselves fit the criteria or could refer the 

researcher to others (snowball technique). Specifically, colleagues from a prior internship, 

friends’ parents, and acquaintances of family in Tambaram were contacted as initial leads. 

Importantly, recruitment followed a voluntary opt-in process. Initial contact was made only to 

inform individuals about the study and ask if they would be interested in learning more. If they 

expressed interest, they were then sent the formal invitation and Informed Consent Form (ICF). 

The study took care to avoid any form of coercion or undue influence. No financial incentives 

were offered, to avoid biasing participation; interviewees participated pro bono, motivated by 

interest in the topic or altruism towards improving local flood resilience. 

 

The resulting sample (15 interviewees across five zones) is summarized as follows: Zone I – 3 

participants, Zone II – 3 participants, Zone III – 3 participants, Zone IV – 3 participants, Zone 

V – 3 participants. Within these, there was a mix of genders, ages, and occupations (for 

instance, participants included working professionals who commute daily and who travel 

locally, and small business owners). This diversity adds breadth to the perspectives, though the 

study did not explicitly stratify by demographics beyond location. All participants reported 

using private cars as a mode of transport, which is relevant since the threshold values elicited 

were specifically framed for private car travel (this was a deliberate focus to keep responses 

comparable, as different modes of transportation change the perspective or the acceptable 

performance might vary).  

 

3.4 Data Collection Procedure  

All data were collected through semi-structured interviews conducted online. Given that 

participants were located in Tambaram, Chennai, India, the interviews were carried out via 

video conferencing. An online mode was selected for practicality and safety (especially 

considering any travel restrictions or convenience for participants). The consent was received 

from the participants prior to the interview or at the beginning of the interview (see Appendix 

B for the Informed Consent Form) and a brief explanation of the study’s purpose and what the 

interview would involve. Participants were asked to read the informed consent form carefully 

and were encouraged to ask any questions about it before proceeding. 

 

In line with ethical protocols, informed consent was obtained explicitly from all participants 

before starting the interview. The ICF included an overview of the study (“Stakeholder Value 

Integration in Threshold Matrix for Road Transportation Flood Resilience in Tambaram, 

Chennai”) and described what participation entailed: a ~60 minute interview about their views 

on road system performance under flooding. Crucially, the consent form highlighted that 

participation was voluntary and that the participant could withdraw at any time or skip any 
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question they were uncomfortable with. It also explained how data would be handled 

confidentially (discussed more in Appendix B). The form had a table of checkboxes for various 

consent items (e.g., “I understand the study information,” “I consent to participate,” “I agree 

that my anonymized quotes may be used in publications,” etc.). Participants signalled their 

consent by checking “Yes” to all items and providing a signature (signing on a digital 

document).  

 

At the interview’s start, it was confirmed that the participant had read and signed the consent 

form. The researcher then verbally reiterated key points: that the interview was voluntary, 

would not be recorded audio-visually, and that only written notes would be taken. This was 

done to ensure participants were comfortable and to build trust. All participants agreed to 

proceed under these terms. 

 

Each interview was scheduled at a time convenient for the participant, typically outside of their 

work hours (many were done in the evening IST or on weekends). The interviews were 

conducted in a mix of English and Tamil (the local language) depending on participant comfort 

responses given in Tamil were translated to English in the notes by the researcher. The 

interviews were one-on-one and lasted between 50 minutes to 75 minutes, averaging about an 

hour. The interview began with formally introducing the study again, emphasizing the 

exploratory nature and that there were “no right or wrong answers.” This was important to 

encourage participants to share honest opinions and even uncertainties. 

 

The decision to not record audio and video was a conscious choice and was communicated in 

the consent form: “The interview will not be recorded and transcribed; instead, interview notes 

will be taken during the interview”. The rationale for not recording was twofold:  

 

(1) to encourage free conversation (some participants might be more candid if they 

know they are not being taped) and  

(2) to provide an anonymized summary for participant validation afterward (thus 

ensuring accuracy in another way).  

 

During the interview, detailed notes were taken, almost in transcript form but categorised in 

parts. These notes captured key points, specific phrases or quotes that stood out, and all numeric 

values the participant provided for the thresholds. To ensure completeness, especially when 

noting a numeric threshold or a rationale were often repeated back or summarized what the 

participant said, thus performing a real-time member check. This practice helped mitigate the 

risk of misunderstandings due to not recording. 
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Immediately after each interview, the notes were expanded, adding details and organizing them 

according to the question topics. This was done to create a coherent interview summary while 

the conversation was fresh in memory. These summaries were typically, 2 pages of text per 

interview. Before asking the main questions, it was ensured that all participants had a common 

understanding of key terms and the scenario context:  

 

- The terms Low, Medium, and High flood severity were explained. For example, a Low 

flood severity might be described as localized waterlogging (perhaps under 15 cm of 

water on streets), Medium as more widespread flooding in the zone (streets around the 

station and low lying areas submerged, 25–30 cm water), and High severity as severe 

flooding (major roads impassable, water >30cm in many areas). These descriptions 

were of depth of inundations. Providing these standard descriptions allowed 

participants to envision roughly similar scenarios when giving thresholds.  

 

- The three system functionalities Safety, Connectivity, and Travel Time Reliability were 

explained as per the definition adopted for this study. This explanation ensured that the 

participant understood each system functionality for which they were later asked to 

assign performance thresholds under various flood intensities  

 

- Also, participants were informed to consider the give minimum acceptable performance 

percentage from the system’s perspective during morning peak period (6 AM to 12 PM) 

on weekdays (Monday to Friday) and focus on travel within a 2 km radius of Tambaram 

railway station (a central reference point in the town). This scope was chosen to 

standardize responses: morning peak is typically when people commute (hence 

critical), and the 2 km radius from the station covers Tambaram’s core areas where 

traffic is busiest. By fixing the timeframe and area, participants would be thinking about 

similar traffic conditions (peak hour congestion) and a consistent geographic context 

(urban roads around the station) when assessing acceptable performance. This helps 

make their threshold values comparable. The instruction was, for example: “Imagine 

it’s a weekday morning commute in Tambaram, and there is [low/medium/high] 

flooding in the area roughly within 2 km of the railway station. I’d like to know what 

minimum level of road performance you would consider acceptable in terms of safety, 

connectivity, and reliability, despite the flooding.” 

This scenario based framing anchored their responses to realistic conditions and their 

own experience. It also avoided overly abstract answers; people could picture actual 

roads and typical congestion levels. 

 

The interview was conducted while remaining neutral and avoiding leading questions. Probing 

questions were used such as “Could you explain the reason and rationale behind the threshold 

value for the functionality X?” or “What make you say that 60% connectivity is acceptable 
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under Y flood scenario?” to get deeper insights. The semi-structured format meant that while 

there was a predefined set of questions (refer Appendix A), the order and phrasing could vary, 

and the interviewer sometimes asked spontaneous follow ups if a participant introduced a new 

idea (consistent with good interview practice).  

 

At the end of the questions, participants were asked if they had anything to add anything to the 

interview regarding their values and the collected data was repeated again to make sure the 

participants are satisfied with their response. Many participants used this opportunity to share 

general comments on flooding in the city or to express appreciation for the research topic. It 

was also mentioned again that each participant would receive a summary of their interview for 

review and that once the study is completed, they would be sent a brief of the results if they 

were interested.   

 

3.5 Interview Protocol  

A semi structured interview guide was prepared to ensure consistency across interviews while 

allowing flexibility. The guide contained a series of main questions and suggested probes. The 

main topics corresponded to the key variables of interest (the threshold values for three 

functionalities under three flood scenarios) as well as some introductory and closing questions. 

The interview guide was pre-tested with a colleague for clarity before use. Below is an outline 

of the interview protocol and the core questions are given in Appendix A: 

 

The interview is structured into five main parts:  

- Part 1 (Introduction): This part of the interview begins with the with a self 

introduction of the researcher and introduction form the interviewee. In this section it 

was confirmed that whether the interviewee is a user of Tambaram road network and 

whether the participant resides in one of the five zones in Tambaram. Besides, a brief 

overview of the study was provided to all interviewees to ensure that both parties are 

aligned on the goals and expectations for the discussion.   

 

- Part 2: Interviewees experience with flooding were discussed to get the participant 

reflecting on the topic and possibly identify any particularly salient experiences. This 

helped later in understanding their mindset when giving thresholds. 

 

- Part 3 (core section): The core section questions were organized by functionality under 

each flood severity (refer section 2.4, above). At first the interviewees were asked to 

give minimum acceptable performance percentages for the scenario normal operations 

scenario. Then the researcher proceeded to ask about functionalities under various flood 

hazard intensities. To avoid confusion, the interview was structured by functionality, 
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not by flood scenario. This means the interviewer would take one functionality at a time 

(say, connectivity) and ask about acceptable performance for all three flood severity for 

that functionality, then move to the next functionality. This approach allowed the 

participant to mentally simulate that functionality fully without comparing across 

functionalities across different scenarios. The order of scenarios was from low to high 

severity, as it felt natural to escalate the situation. Throughout these, the interviewer 

was careful not to suggest numbers. All participants were able to provide numeric 

answers after some thought, though the interviewer occasionally helped by ensuring 

they understood the 0–100% scale. 

 

- Part 4 (Overall observation): In this section the stakeholders were asked follow-up 

questions to capture their reasoning for their minimum acceptable percentage for the 

functionalities. Also to see if stakeholders heavily prioritize one dimension (e.g., some 

might say “safety first, I don’t care if I am late as long as I am safe”). This question 

informs whether the study should weight one aspect more when creating composite 

indices or in recommendations. If a participant answered that one aspect was more 

critical, a follow-up might be: “So, for example, would you be willing to accept a much 

lower reliability if safety is high? Can you elaborate?” This helped clarify their value 

trade-offs. 

 

- Part 5 (Closing): Interviewees were if they would like to add anything regarding this 

context. The interview then ended with thanks and reiteration of the follow-up plan 

(member checking at the end of the interview and eventual sharing of results). And 

small feedback was asked to improve further interviews by the researcher.  

 

This above mentioned structure is the overview of the interview guide. However, given the 

semi-structured nature, the exact wording and sequence could vary. For example, if a 

participant pre-emptively discussed medium and high floods while talking about low, the 

interviewer adapted and perhaps cover those without strictly following the order. The guide 

ensured all topics were eventually covered.  

 

The interview questions are provided in Appendix A, for reference. It includes the introductory 

script, the main questions, and an example probe. This ensures transparency of the 

methodology and allows others to replicate or assess the method.  

 

Overall, this interview protocol was designed to elicit both quantitative estimates (the threshold 

percentages) and qualitative justifications (the reasoning and rationale behind those values). 

This dual output was intentional to serve the mixed method design of the research. 

 

 



55 
 

3.6 Data Analysis  

Data analysis consisted of two intertwined parts: a qualitative analysis of the interview content 

(notes and summaries) and a quantitative analysis to calculate the threshold matrix. The 

processes were undertaken in parallel to some extent, informing each other. The qualitative 

analysis provided context and helped interpret the quantitative results, while the quantitative 

aggregation allowed identification of patterns that were further explained by qualitative 

findings. Each is described below. 

 

3.6.1 Quantitative Analysis of Interview Data: Formulating threshold 

matrix 

The quantitative aspect of analysis focused on deriving the threshold matrix from the numerical 

values provided by participants for each functionality under each flood severity. The matrix is 

essentially of percentage values for each system functionality, representing the collective user 

defined performance thresholds under various flood severities. Each cell of the matrix needed 

to be computed from the 15 individual responses. 

 

From the interviews, each participant gave 12 numbers. These were organized in a data table 

where rows were participants (1 to 15) and columns were: Safety_low, Safety_medium, 

Safety_high, Connectivity_low, Connectivity_medium, Connectivity_high, Reliability_low, 

Reliability_medium and Reliability_high. If a participant did not directly give a number for a 

particular cell or only qualitatively described it, the researcher deduced a reasonable number 

based on their description and confirmed the percentage value. For example, if someone said, 

“in a severe flood, safety would be maybe half of normal,” that was recorded. By the end, a 

complete numerical dataset was in place. 

 

To aggregate individual responses into a single threshold value for each matrix cell, weighted 

average method was used. The weighted average is a common technique to combine inputs, 

especially when considering different groups or criteria (Zhu et al., 2024). In this context, the 

“weights” could conceptually be assigned to each participant or group if needed. However, 

since the research ethic was to “treat all participants (and zones) equally,” the simplest approach 

was to give equal weight to each participant’s input. This effectively reduces to a simple 

arithmetic mean of the percentages for each cell. 

 

Mathematically, for a given functionality f and flood severity s, the threshold value T(f,s) was 

calculated as: 
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Where  (f, s) is the percentage given by participant i for functionality f under severity s, and 

 is the weight for participant i. In this case, for all i, so this simplifies to T (f, s) = 

 . Each participant thus contributes equally to the final value, aligning with 

the principle of fairness in stakeholder inclusion. 

 

The decision for equal weighting was straightforward since each interviewee was considered 

an equally valid representative of user perspective. There were no objective reasons to weight 

one person’s opinion more (e.g., everyone was a road user, not an “expert vs novice” scenario). 

Moreover, although the sample was stratified by zone, the intent was to reflect the collective 

threshold for Tambaram as a whole. To ensure that zones with more interviewees did not 

disproportionately influence the average. 

 

The individual percentages were averaged and then rounded to a meaningful precision (round 

final thresholds to the nearest whole number) for ease of interpretation, as the data itself 

wouldn’t justify more precise decimals. This methodology emphasized that all aspects are 

treated equally. In other words, no functionality was prioritized over another in the output; the 

matrix keeps them separate. The question of which is more important is handled qualitatively 

rather than by numeric weighting. This study strictly looked at the minimum performance 

percentages users can accept during disruption. Thus, the matrix addresses performance 

thresholds exclusively. This scope choice is clarified so that the results focus on defining the 

boundary between acceptable and unacceptable performance (essentially a performance 

threshold) under various flood hazard. This decision was driven by feasibility and to fill the 

specific gap of threshold setting. 

 

The final stage of analysis was to interpret the threshold matrix using the qualitative themes. 

Each cell of the matrix was annotated with key points from interviews explaining why that 

threshold might be what it is. This step doesn’t change the numbers but enriches their meaning, 

ensuring the matrix is not viewed in isolation.  

 

Although the study’s numbers come from subjective judgments (not measurements), treating 

them quantitatively is still meaningful as a form of aggregated expert elicitation (where the 

"experts" are the local users). The validity here is more about face validity and aggregation. 

Individual data points that seemed off were cross checked with the interviewees. If one person’s 

answer was dramatically different from others, that interview was revisited to ensure it was 
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recorded correctly and to note the reason (maybe they had a unique situation). The average is 

thus an acknowledgement of variance. Sophisticated statistical analysis was not applied (like 

confidence intervals) due to the sample size and non-random nature; instead, the emphasis is 

on the combination of numbers and narrative. 

 

To sum up, the quantitative analysis was straightforward but carefully executed: taking the user 

inputs and computing the average acceptable performance for each flood hazard intensity. The 

resulting threshold matrix is the key output of the study, and it is robust in the sense that it 

directly stems from user data and treats all inputs impartially. The use of weighted average 

(with equal weights) aligns with the equitable inclusion of all participants’ voices in the 

outcome. 

 

3.6.2 Qualitative Analysis of Interview Data  

All interview notes/summaries were analyzed using an inductive qualitative coding approach, 

following principles of the Gioia methodology to ensure rigor. The Gioia method, as outlined 

by Gioia, Corley & Hamilton (2013), is well regarded for bringing systematic rigor to inductive 

research by clearly linking raw data to higher level themes. It involves a multi-step coding: 

first identifying first order concepts (staying close to participants’ own words), then distilling 

those into second order themes (more abstract, researcher interpreted categories), and finally 

grouping themes into overarching dimensions if applicable (Gioia et al., 2013). Employing this 

approach helps demonstrate transparency in how conclusions are derived from data, thus 

strengthening credibility.  

 

The interview texts were highlighted line by line (in practice, segment by segment, as many 

summaries were structured by question). At this stage, no coding software was used instead the 

phrases of the interviewees were highlighted from the interview summaries, meaning using 

participants’ own phrases as labels or very descriptive phases closely mirroring what was said 

refer table 7. This approach keeps the analysis grounded in participants’ terms. At this stage, 

no attempt was made to limit or categorize the codes; the goal was to capture all distinct ideas 

or points (thus generating a comprehensive list of first order concepts). As Gioia methodology 

literature notes, this usually results in a large number of initial codes. 

 

All first order codes were compiled in a spreadsheet alongside reviewed for commonalities for 

concepts. According to Gioia methodology, this involves looking for recurrent words, phrases, 

or sentiments across participants. This spreadsheet was used to look for overlaps or identical 

concepts expressed by different participants, which was late used to indicate patterns. And at 

the same time, to identify unique views. Such divergent views were also noted.  
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In the next step, the first order codes were examined to group them into broader themes. This 

was an iterative, interpretive process moving from the descriptive to a more conceptual level. 

These second order themes were not predetermined but emerged from the data through constant 

comparison. Whenever a theme was posited, the data was revisited to check if it really held up 

or if exceptions existed. This back and forth ensures the themes are truly reflective of the data 

(a form of constant comparative method from grounded theory).  

 

Final step was to find a relation between these themes and link it to a higher level theoretical 

construct, thereby formulating aggregate dimensions. Gioia et al. (2013) describe aggregate 

dimensions as overarching concepts that emerge when second order themes coalesce into a 

more general theoretical category. The outcome of this coding process was a data structure 

linking raw data to themes, similar to Gioia et. al.’s recommended practice. For transparency, 

a figure illustrating this data structure (with first order concepts, second order themes, and their 

relationships) is provided in table 7. This visual demonstrates how, for instance, individual 

statements (first order) roll into a theme, which in turn might be part of a larger dimension. 

 

By employing the Gioia methodology, the study ensured qualitative rigor. It encouraged clearly 

distinguishing between the participants’ voice and the researcher’s interpretation. First order 

codes are participant centric and second order themes are researcher centric. This dual step 

makes the analysis more systematic and credible to readers, who can see that the conclusions 

(themes) indeed arise from multiple participants’ statements. As Gioia et al. (2013) argue, such 

an approach lends credibility and plausibility to inductive findings by showing the chain of 

evidence from raw data to concepts.  

 

In this study, this is particularly important because the aim of the study is to influence how 

resilience is assessed having a transparent link from stakeholder quotes to the final 

recommendations can convince planners that these thresholds are well founded.  

 

To further enhance credibility (internal validity of qualitative findings), the study implemented 

a form of member checking. At the end of an interview the participants were asked to check 

their inputs both qualitative and quantitative data. They were invited to correct any inaccuracies 

or add clarifications. Several participants responded with minor clarifications or confirmations 

such as “Yes, that’s exactly what I meant,” and none disagreed with their input. This process 

helped ensure that the researcher’s understanding of each interview was accurate and that no 

major misinterpretations occurred. Additionally, once the preliminary themes were developed, 

a short summary of key findings (in general, not by name) was shared with a few participants 

asking if the conclusions resonated with their perspective. This informal validation found that 

participants generally agreed with how their input was characterized. 
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3.6.3 Integration of Quantitative and Qualitative Analysis  

To operationalize dynamic thresholds (refer sub-section 3.2.1) informed by users, this research 

employs a mixed methods approach, combining quantitative and qualitative techniques. Mixed 

methods research is valuable in resilience studies because it allows one to capture both the 

measurable aspects of system performance and the contextual insights (rationales, perceptions, 

etc) behind those numbers. In the context of transportation resilience, a mixed approach might 

involve collecting numerical data on acceptable performance levels (e.g. via surveys or 

structured/semi structured interview questions) and gathering narrative explanations or 

preferences through open ended discussion. By integrating these, a more comprehensive 

understanding of the data is achieved than what the quantitative data alone tell us what 

thresholds users set, and what the qualitative data alone tell us why they set them at those levels.  

 

In this thesis, semi-structured interviews will be the primary tool for data collection, designed 

to elicit both kinds of information from road network users in Tambaram, Chennai. Each 

interview will include questions that ask users to quantify the minimum acceptable 

performance of functionality under different flood scenarios (for instance, “What performance 

percentage of functionality “X” do you consider acceptable during a medium flood?”). This 

yields quantitative estimates (percentage thresholds) for each predefined functionality (safety, 

connectivity and travel time reliability) at various hazard intensities. At the same time, the 

interviews will probe the reasoning and justifications behind those numbers, e.g. “Why do you 

feel this performance for a certain functionality is acceptable?” or “What concerns lead you to 

require at least X% of certain functionality during a specific flood hazard intensity?”. These 

open-ended questions produce qualitative data that reveals users’ underlying values and 

expectations.  

 

The integration of these methods follows a concurrent triangulation design where qualitative 

and quantitative findings are brought together in analysis. One way the integration occurs is 

through creating a “threshold matrix” as mentioned above, using the numeric inputs, and then 

interpreting that matrix with themes from the qualitative insights. For example, if many 

stakeholders insist on a high safety functionality (say ≥90% of roads must remain safe), the 

qualitative comments might reveal themes driving that strict requirement. The qualitative 

analysis is carried out via thematic coding of interview transcripts, following standard 

procedures for identifying recurrent themes and patterns in textual data. This is akin to 

approaches seen in other infrastructure resilience studies that blend stakeholder surveys and 

interviews. Petersen et al. (2020), for instance, used a questionnaire to gather public tolerance 

levels (quantitative) and engaged with stakeholders to understand why those tolerance levels 

took the shape they did. The result was a richer interpretation of resilience criteria not just what 

levels of service were acceptable, but for whom and under what assumptions.  
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A mixed methods strategy has multiple benefits in this research. First, it helps validate and 

contextualize the quantitative thresholds. Purely numeric thresholds could be misleading or 

lack buy-in if story behind them is not known. By examining qualitative explanations, it can 

be ensured that the aggregated “threshold values” truly reflect users’ intentions. This alignment 

is crucial for producing a meaningful Threshold index. In the literature, scholars have warned 

that quantitative resilience metrics need to reflect actual stakeholder values to be useful (Wen 

et al., 2019). The qualitative component acts as a check and enriches the interpretation of the 

quantitative data. Second, the mixed approach enhances credibility and acceptance of the 

findings among diverse audiences (engineers, policymakers, community members, etc). 

Numbers backed by human reasonings are often more persuasive in decision making. For 

instance, if the analysis finds that connectivity can drop to 50% in a severe flood without people 

feeling unsafe, having interview quotes about “We can manage with half the roads if we are 

warned in advance” provides a narrative justification that decision makers can understand and 

trust.  

 

Notably, mixed method designs are increasingly common in resilience and climate adaptation 

research, where both hard data and human factors matter. A recent study by Zhu and Feng 

(2025) on urban climate resilience policy used a mixed method framework, scoring policies 

quantitatively and then conducting interviews to explain the scores. The interviews shed light 

on governance and social factors that the quantitative scoring alone could not capture. By 

analogy, this study’s interviews will illuminate factors like what level of performance loss is 

societally tolerable or how quickly the users expect recovery, which raw performance metrics 

alone would miss. This complementary use of numbers and narratives exemplifies what mixed 

methods offer: breadth and depth. The breadth of stakeholder opinions is captured in a 

comparable way (percentages that can be averaged, weighted and compared) and the depth of 

individual perspectives and reasoning (through thematic analysis).  

 

In practical terms, the data integration will occur during analysis by converting stakeholder 

inputs into a weighted average threshold matrix (quantitative aggregation) and simultaneously 

summarizing their qualitative rationale under each functionality and flood scenario. Literature 

on multi-criteria decision analysis supports using weighted aggregation to combine inputs, as 

it captures the collective priority while allowing differential influence if justified (Wen et al., 

2019). At the same time, qualitative findings will be explaining what concerns led to higher or 

lower thresholds. This mirrors mixed method integration strategies where quantitative results 

are explained or expanded upon by qualitative findings.  

 

To summarize, the mixed methods integration in this research ensures that the concept of 

dynamic threshold values is not applied in a vacuum but is firmly anchored in users’ reality. 

The quantitative part yields the Threshold index, a novel metric indicating resilience 

performance aligned with what users’ value (e.g., how far performance can drop before it’s 

unacceptable, per flood severity). The qualitative part ensures interpretation and validity of that 
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metric, and it provides rich insights into user priorities. Together, this method contributes to a 

literature backed, theoretically sound yet grounded approach to assessing road transport 

resilience.  
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Chapter 4 

Findings 

 

4.1 Quantitative Analysis 

The table 5 below represents the quantitative data collected from all 15 interviewees. Each row 

explicitly shows the minimum acceptable performance percentage given by users during the 

interview for different flood hazard intensities (low, medium and high flood) across system 

functionalities (safety, connectivity and travel time reliability).  
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Interview 

No.  

System Functionalities  

Safety Connectivity  Travel time reliability  

Normal 

Operation 

(%) 

Low 

(%) 

Medium 

(%) 

High 

(%) 

Normal 

Operation 

(%) 

Low 

(%) 

Medium 

(%) 

High 

(%) 

Normal 

Operation 

(%) 

Low 

(%) 

Medium 

(%) 

High 

(%) 

1 95 95 92 98 90 90 87 85 98 98 95 90 

2 80 80 80 90 85 85 75 60 90 90 80 70 

3 80 80 70 50 95 95 80 60 95 95 80 60 

4 95 90 87 80 90 85 82 78 85 80 77 70 

5 90 90 90 75 70 70 70 55 80 80 80 65 

6 90 60 45 20 80 50 35 20 75 55 45 25 

7 95 90 80 75 80 80 75 70 80 80 70 50 

8 92 80 73 63 90 84 74 66 90 82 74 66 

9 80 75 50 30 90 90 70 45 90 75 70 45 

10 90 90 80 50 90 90 80 60 90 90 80 70 

11 90 80 75 70 85 85 80 75 90 75 65 60 

12 90 85 80 60 70 65 60 40 80 65 60 50 

13 75 60 50 30 75 60 50 30 75 60 50 30 

14 60 80 100 100 100 60 60 100 80 100 100 80 

15 90 90 80 80 85 80 80 75 80 80 75 70 

 

Table 5. Quantitative Data
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After compiling the acceptable performance percentages from the 15 interviewees, a final 

threshold matrix was derived by weighted average aggregation (with equal weight for each 

stakeholder). Table 6 presents the aggregated acceptable performance thresholds for the three 

system functionalities, Safety, Connectivity, and Travel Time Reliability under three flood 

conditions (Low, Medium and High) including normal operation i.e. no flood scenario. These 

values represent the aggregated minimum acceptable performance percentage of road network, 

as defined by users in Tambaram: 

 

System 

Functionality 

Normal 

Operation (%) 

Low Flood 

(%) 

Medium Flood 

(%) 

High Flood 

(%) 

Safety 86% 82% 75% 65% 

Connectivity 85% 78% 70% 61% 

Travel Time 

Reliability 
85% 80% 73% 60% 

 

Table 6. Threshold matrix (Aggregated Minimum Acceptable Performance %) 

 

These aggregated values indicate that, on average, users expect the road transport system to 

maintain around 85–90% of normal performance in low severity floods, with only minimal 

acceptance for performance loss. Even under medium floods, the aggregated thresholds remain 

relatively high (approximately 70–75% of normal functionality). Only in high flood conditions 

do users accept substantial performance degradation yet even then, the average acceptable 

performance is around 60–65%, meaning users still expect the system to provide more than 

half of its normal performance of safety, connectivity, and reliability despite severe inundation. 

 

Notably, the weighted average acts as a “group aggregation” mechanism, capturing the 

minimum acceptable percentage while preserving the variability around that average. In other 

words, the final matrix reflects what the average road user in this sample deems acceptable 

performance, without imposing any external biases or arbitrary adjustments. Each input is 

represented equally in the outcome, aligning with best practices for participatory decision 

metrics in resilience studies.  

 

4.1.1 Patterns  

Several clear patterns emerged in the quantitative data (refer Table 5). First, Normal operation 

expectations are very high across all functionalities (~85–86%) (refer table 6), indicating that 

under non-flood conditions users expect near optimal performance (virtually no disruption). In 

everyday conditions, users assume the road network should function almost fully, with only 

minor delays or safety risks (e.g. due to typical traffic or human factors). For instance, one 
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interviewee noted that “in normal operation having safety at 80% is pretty good because users 

can still drive in ways that compromise safety, so the system must ensure ~80% safety is 

guaranteed”. Meanwhile, others expected even stricter normal performance: “every link in the 

road network should be functioning at 100% under normal operation”, argued one interviewee, 

emphasizing that any routine closures or inefficiencies should be minimal. The aggregated 

normal thresholds around 85% reflect these high baseline expectations, tempered slightly by 

recognition of everyday uncertainties (accidents, traffic signals, minor delays). For example, 

one of the interviewees (an outlier discussed later) accepted 60% safety in normal times, “the 

biggest factor in safety is user behavior”, but that perspective was atypical; most participants 

clustered near the upper 80’s or 90’s for normal conditions.  

 

Under Low flood conditions, the average acceptable performance remains almost as high as 

normal about 82% for safety and reliability, and ~78% for connectivity (refer table 6). In other 

words, on average users are willing to accept at most a 15–20% drop in functionality in a low 

flood. Many interviewees explicitly stated that a low level flood should not significantly disrupt 

the system performance, given proper maintenance and preparedness. “Safety, travel time 

reliability and connectivity should remain the same during a low flood…this level of water 

should be easily managed by the system. I cannot tolerate any drop in performance” explained 

one participant. Another concurred that with only ~15 cm of water, “the system should provide 

the same performance as normal”, assuming adequate drainage and infrastructure. This 

dominant reasoning is reflected in minimal average decreases. Indeed, a majority of 

interviewees (9 out of 15) gave identical thresholds for Normal and Low flood, effectively 

expecting no performance loss at all in low floods which reflects a static threshold view. This 

static threshold view where the system’s performance is assumed to diminish under greater 

stress. This view can be a reflection of the type of organisation, role in an organisation, nature 

of work and culture in the participants region. This finding is further discussed in sub section 

4.2.1.1.    

 

A few participants did allow slight drops at low flood (e.g. 5–10% lower), often citing caution 

due to reduced visibility or minor slowdowns. For example, one interviewee reduced safety by 

5% in low flood, acknowledging “a 5% loss due to reduced visibility”. However, the a low 

flood should not greatly affect travel: connectivity and reliability remain near 80–85%, 

meaning the system should still get people where they need to go with only negligible delays. 

This aligns with literature noting that connectivity and reliability are core indicators of 

transportation network resilience users expect an urban road network to maintain connections 

and predictable travel times even under minor disruptions. Safety, while often treated in 

traditional risk analysis separately, is also perceived as “a key indicator to be considered in 

resilience assessment”; indeed, users clearly did consider safety as fundamental to resilience, 

insisting on high safety percentage (avg. ~82%) in low floods as well.  
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In the case of a medium flood (e.g. inundation ~25–30 cm), the aggregated acceptable 

thresholds do show a drop but still indicate a majority expecting substantial functionality. 

Safety’s average threshold falls to ~75.5%, connectivity to ~70.5%, and reliability to ~73.4%. 

These values imply that even in a moderate flood scenario that causes some road closures and 

slower traffic, users collectively expect roughly one third of normal performance to be 

preserved. This is a striking result despite the significant challenges posed by medium floods, 

the “average” road user in this sample only tolerates about a 25–30% degradation in 

performance. Many users justified this by arguing that the system should be designed for at 

least medium floods, i.e. the drainage, road infrastructure, and management strategies should 

handle such events with limited performance loss. “I cannot accept loss in performance for just 

a 30 cm water level… the system should provide the same performance as normal up to medium 

flood” declared one participant. Others echoed that medium floods ought to be manageable: “a 

30cm rise should be handled by the system using proper drainage”. 

 

This suggests that people are somewhat more willing to accept loss of some routes or links in 

the network at this stage, as long as overall safety is protected and travel times remain 

somewhat predictable on the remaining routes. From the interviews it was identified that 

several users indeed prioritized maintaining safety and reasonable travel times over keeping 

every road open. For instance, one person said in a medium flood they would “accept a 10% 

drop in connectivity due to taking longer routes to stay safe,” acknowledging that detours might 

be necessary if certain roads are closed. Another noted they are “willing to see several 

secondary roads sacrificed if it keeps emergency routes clear” during a medium flood. These 

comments align with the idea of redundancy in resilience: as long as alternative paths exist, 

losing some links is tolerable (Ahmed & Dey, 2020). By contrast, travel time reliability was 

often expected to remain fairly high at medium flood, under the assumption that with planning 

and information, delays can be mitigated. One stakeholder argued that “once you publish a 

proper detour plan early, I can plan accordingly and reach my destination with a longer path – 

reliability stays high”. This explains why the average reliability threshold (73.4%) slightly 

exceeds connectivity’s at medium level. Users seem to value predictability: even if they must 

take a longer route (lower connectivity), they want the arrival time to still be reasonably 

dependable (high reliability). Safety remains the top functionality in the average at medium 

flood (~75%), reflecting that no matter the flood, the system should minimize safety risks. As 

one interviewee stated, “in medium flood I would like to be safe first, because water levels are 

high” a sentiment many shared. In fact, more than half of the participants (8 of 15) gave equal 

or higher safety thresholds compared to the other two functionalities at medium intensity, 

indicating low tolerance for safety compromises even as conditions worsen.  

 

Finally, under High flood conditions (severe inundation), the aggregated acceptable thresholds 

drop the most, yet they remain well above 50%. The aggregated minimum acceptable 

performance is ~65% for Safety, ~61% for Connectivity, and ~60% for Travel Time Reliability. 

In other words, even in an extreme flood scenario, the average stakeholder expects the road 

transport system to retain roughly two-third of its normal safety performance, and around 60% 
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of its connectivity and reliability. This is a notable finding: despite acknowledging that a major 

flood will inevitably disrupt the network, users still demand a significant level of functionality 

rather than a near total collapse. Safety continues to be the highest priority functionality on 

average at high flood (64.7% acceptable performance, versus ~60% for reliability). This 

reflects a commonality: “If I have to travel in a high flood due to emergency, I want to be safe, 

whatever happens I want to be safe”. Many interviewees stressed that in a life threatening flood 

scenario, preserving life and avoiding injury is number one, even if it means delays or detours. 

For example, one stakeholder said they “will only travel due to emergency in high flood, and 

what is the point of using the road network if I won’t be safe during the travel… Instead of 

dying at home I will die during travel that’s unacceptable”. Such strong reasonings underscores 

why the aggregated safety threshold remains the highest users require a baseline of protection 

(roughly two-third of normal safety performance) even when nature overwhelms the system. 

At the same time, the average acceptable connectivity (61%) in high floods is only a few points 

lower than safety. This indicates that avoiding isolation is also critically important to the public. 

Users generally felt that even in a major flood, the city must ensure that most areas remain 

reachable (if not via the usual route, then via some alternative path or evacuation route). For 

instance, one participant noted, “being stuck with no way in or out is a nightmare”, arguing 

that connectivity should take second priority after safety in floods. Another interviewee 

explicitly stated that in a high flood, “every possible route should offer connectivity to another 

place there should be connectivity to evacuation sites, hospitals, etc., from all areas”. This 

perspective that no area within the network should be completely cut off likely drove the 

connectivity threshold to ~61%, relatively high mean. Even those who focused on safety 

recognized connectivity’s role.  

 

Lastly, travel time reliability in high floods received the lowest average (~60%). This suggests 

that, collectively, users are most willing to sacrifice schedule predictability in an extreme event. 

Indeed, many interviewees accepted that delays in a catastrophic flood are inevitable and less 

critical than safety or access. “During a flood I cannot expect to reach a place without delays. 

So, travel time reliability gets third priority always” said one participant. Another noted that in 

a high flood, “people don’t expect to be on time, they just need a usable estimated time of 

arrival”. Thus, the users are prepared for longer and more variable travel times in extreme 

floods (hence the lowest threshold), so long as they can still travel (connectivity) and do so 

with reasonable safety. This ordering is intuitive and aligns with basic needs: in a disaster, being 

safe and having access to critical destinations (medical care, safe zones) outweighs punctuality.  

 

4.1.2 Outliers 

The analysis of outliers among stakeholders provides critical insights into the diverse 

expectations for system performance during flood events, enriching the understanding derived 

from aggregated values. While the primary matrix reflects a central tendency by averaging 

stakeholder inputs, examining individual deviations reveals unique rationales, special 
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considerations, and conflicting philosophies that are vital for comprehensive planning and 

policy formulation. This qualitative exploration serves two key purposes:  

(1) first, to ensure that extreme individual views did not unduly skew the overall average; 

and  

(2) second, to unearth underlying motivations or experiences that drive such significant 

differences in perceived acceptable performance thresholds. 

 

4.1.2.1 Optimistic Outliers (High Threshold) 

A distinct category of interviewees expressed minimal tolerance for performance degradation, 

even in severe flood scenarios, consistently setting higher thresholds than the group average. 

These "optimistic outliers" often articulated a demand for near perfect functionality. 

One of the interviewees (refer interview no. 14, Table 5) serves as the most prominent example 

of this perspective, demonstrating a highly adaptive yet unyielding philosophy towards system 

performance. His responses diverged dramatically from the typical pattern of gradual decline 

in acceptable performance across flood scenarios. For normal operations, he demanded 100% 

connectivity, reasoning that the fundamental purpose of infrastructure like a road network is to 

fully link destinations. This highlights a foundational expectation of absolute functionality 

under ideal conditions. 

As flood severity increased, his prioritization shifted strategically. In a low flood scenario, 

while he accepted a reduction in connectivity to 60% due to the closure of minor links, he 

insisted on 100% reliability (zero delays) and 80% safety. This indicates a willingness to 

compromise on minor access points provided that primary travel remains predictable and 

largely safe. His rationale here was satisfaction as long as the network facilitates reaching his 

destination. Moving to a medium flood, his emphasis again shifted decisively towards critical 

functions, demanding 100% safety (zero fatalities) and 100% reliability, contingent on a robust 

detour plan, while still tolerating 60% connectivity. This reflects a pragmatic approach to 

network management during disruption, prioritizing main arteries and the preservation of life 

over comprehensive access. Finally, in a high flood, he maintained 100% safety and 100% 

connectivity, accepting only 80% reliability. This ultimate demand for full safety and access in 

a catastrophic event underscores a "no compromise" stance on life saving measures and area 

accessibility. 

This overarching philosophy was to "push each functionality to its ceiling when its failure 

becomes life critical and relax it when another functionality can carry the load". He explicitly 

stated that in normal conditions, the network's role is efficient movement, but as water rises, 

safety takes priority, demanding maximum performance. This approach, termed "adaptive 

prioritization", is internally consistent but contrasts with the more uniform gradual declines 

accepted by other participants. His viewpoint resonates with a "zero failure tolerance" approach 
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often embedded in engineering standards for life safety, suggesting that certain functions, 

particularly safety and critical connectivity, become non-negotiable at higher flood levels. 

While his individual input was moderate due to being a single voice among 15 stakeholders, it 

did notably elevate the average connectivity and safety means for high floods, and reliability 

for low/medium floods. But this interview reflected to the concept of dynamic thresholds. 

Having lower or higher performance with respect to the need and expectations of system 

functionalities in each scenario. This interview also gave rise to the questions such as: does 

type of organisation, nature of work and role in organisation affects the expectations and 

tolerance? This question emerged from the observation that, participants who gave decreasing 

thresholds as the flood hazard intensity increases were employees in an organisation with 

exception of 2 interviewees (refer interview no. 1 & 2, Table 5) who still gave increasing values 

despite being employees (mentioned below) and the participant who mentioned he demands 

adaptive prioritisation (dynamic thresholds) is an employer, has his own firm. But, to deeply 

understand if this observation is valid, extensive research on does behaviour, organisation 

culture, regional culture and role in an organisation influences expectation from a system 

should be conducted.     

 

Also, two other interviewees (employees who gave increasing values) prominently highlighted 

an extreme safety first mindset. First interviewee (refer interview no. 1, Table 5) set an 

exceptionally high acceptable safety performance of 98% in a high flood, implying an 

expectation of near perfection safety even amidst a disaster. His reasoning was based on the 

premise that travel during high floods would only occur in emergencies, making safety 

paramount: "I am fine with extra distance and extra time, but in the end, I want to be safe". He 

unequivocally stated that connectivity or reliability is useless without safety, thereby asserting 

safety as the "number one priority" even at an almost unattainable 98%. This indicates an 

unwillingness to compromise on safety for any other benefit, effectively setting an exceedingly 

high bar for the system during floods. 

 

Similarly, another participant (refer interview no. 2, Table 5) not only maintained 80% safety 

for normal and medium floods but increased it to 90% for high floods. This counterintuitive 

elevation suggests an expectation that the system should implement additional safety measures 

in extreme events to compensate for challenging conditions like reduced visibility. He argued 

that the system must "take necessary measures; reflective cones, barricades, etc. to 

compensate" for worsening conditions, reinforcing the idea that greater risk needs greater 

safety efforts. 

 

The collective impact of these optimistic outliers (refer interview no. 1, 2 & 14, Table 5) was 

to pull the average safety threshold for high floods upward, from an approximate 60% to around 
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65%. This reinforces a crucial insight: a significant segment of users demands an exceptionally 

high degree of protection regardless of the environmental conditions. This stance highlights a 

potential expectation gap, where some users may assume that continuous, near absolute safety 

can be achieved through advanced technology or design (e.g., warning systems, strict controls), 

even when natural forces are overwhelmingly severe. 

 

4.1.2.2 Pessimistic Outliers (Low Threshold) 

In contrast to the optimistic views, another group of users exhibited a much more pessimistic 

view on system performance during floods. These "pessimistic outliers" consistently provided 

much lower acceptable thresholds than the group average, often reflecting past negative 

experiences or a deep distrust in system resilience.  

 

The most prominent instance when an interviewee (refer interview no. 6, Table 5) whose 

thresholds were consistently the lowest across all scenarios and functionalities in the sample. 

He was willing to accept low performance levels: 60% safety, 50% connectivity, and 55% 

reliability for a low flood; dropping to 45%–35% for a medium flood; and a mere 20% safety, 

20% connectivity, and 25% reliability for a high flood. This meant he tolerated an 80% 

performance loss in safety by high flood, drastically lower than the 65% group average. His 

reasoning emerged from a highly cautious perspective. He considered even a low flood (15 cm 

of water) as "already a bit high for cars," citing reduced visibility and inability to identify 

hazards like potholes. Consequently, he pre-emptively halved his expectations for performance 

at low flood. For medium floods, he assumed conditions would be so severe that he "can accept 

more than 50% drop in performance from normal”, intending to avoid the road network entirely 

unless for emergencies, for which he desired "at least half of its performance". In a high flood, 

his assessment was, "travel is not possible". Yet, he still articulated an expectation: if someone 

must travel, the system should offer "a minimum of 15–20% performance," because "more than 

20% drop cannot be tolerated, and it makes the system unusable, so there is no point in having 

a road network which cannot provide at least 20% performance in high flood". This 

contradictory justification expecting near total failure but demanding a minimum operationality 

to even justify the system's existence reveals profound lack of confidence in the systems 

resilience. 

 

Crucially, his thresholds were deeply rooted in his firsthand experiences of floods, including 

vanishing roads, stranded vehicles, and unseen dangers like open manholes and downed power 

lines. His perspective reflects a survival oriented mindset, where any functionality beyond the 

absolute bare minimum is perceived as an unexpected bonus. His inputs significantly pulled 

down the average thresholds, particularly for low and medium floods, where most users had 
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much higher expectations. For instance, his 60% value for low flood safety contributed to 

lowering the average to approximately 82%. From a stakeholder theory standpoint, his values 

strongly indicate prior negative experiences where the system demonstrably failed him, leading 

to a highly risk averse attitude aimed at managing disappointment or danger. This aligns with 

risk management literature which states that stakeholders' past experiences heavily influence 

their risk tolerance. In contexts like Tambaram, Chennai, a city with a history of significant 

flood events (e.g., the 2015 flood), individuals with high flood exposure would naturally set 

lower performance thresholds given the historical collapse of the system.  

 

Another notable low end outlier (refer interview no. 13, Table 5) displayed a unique approach 

by assigning the same thresholds for all three functionalities (safety, connectivity, reliability) 

across all flood scenarios: 75% for normal, 60% for low, 50% for medium, and 30% for high. 

This uniform degradation across functionalities contrasts with the typical prioritizations made 

by other users. Furthermore, his baseline expectation for normal operations (75%) was 

remarkably lower than any other participant's, most of whom anticipated near perfect 

performance (85–100%) in everyday conditions. This suggests a generally lower bar for system 

performance, perhaps reflecting a highly constrained view of what is truly achievable. 

 

His explanation revealed a nuanced understanding rooted in acknowledging uncertainty and 

the influence of human factors. He argued that "expecting the system to provide at least 75% 

performance in normal operation is fair… There can be situations where even if the system 

maintains functionalities, an issue can occur. So, I accept 75% of all functionalities in normal". 

This recognition of unpredictability, even in no flood conditions, sets him apart from others 

who expected near perfection. He specifically highlighted how users’ behavior during 

disruptions can effectively reduce system effectiveness, even if the system remains sound. For 

instance, in a low flood, while vehicles might technically be able to move, "drivers often 

respond with excessive caution, reducing their speed and thereby increasing overall travel 

time". This, in his view, leads to a perceived reduction in reliability and users self imposing 

limitations, justifying "it is reasonable to accept a 15% reduction in performance during low 

floods" because "the actual demand during such events is lower than what the system could 

deliver". 

 

His perspective introduces a critical point: if users’ behavior in a crisis naturally lowers 

effective performance (e.g., widespread caution reducing throughput), then why should the 

system be held to a higher functional standard than what users will naturally realize? His 

uniform drop across functionalities implies he views them as co-dependent; if safety driven 

caution leads to slower driving, both connectivity and travel time reliability inevitably suffer 

together. This highlights the human element in resilience engineering, where people's trust, 
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reactions, and collective behaviors can lead to "demand surges" or, conversely, under-

utilization of capacity. His input mildly lowered the aggregated averages, particularly for 

normal and low values, given his unique acceptance of 75% functionality even on a clear day. 

His views underscore that not all users expect or even desire 100% efficiency; some inherently 

factor in imperfections and personal caution, which can subsequently reduce the required 

system performance.  

 

In summary, the analysis of user’s perspectives reveals adoption of static view or pessimistic 

view on threshold values. A strong expectation on high system performance expectations up to 

medium flood scenarios, with only negligible degradation deemed acceptable was noted. This 

widely shared view reflects a low risk appetite for flooding. Furthermore, many users 

recognized the interdependence of functionalities, often treating connectivity and reliability as 

a pair, while viewing safety as somewhat independent and more volatile. 

 

The analysis identified significant outliers that provide crucial insights. Some stakeholders 

exhibited high threshold expectations, demanding near perfect performance even in extreme 

floods, particularly for critical functions like safety and connectivity. Conversely, pessimistic 

outliers revealed lower trust in resilience of the system, from prior negative experiences or 

acknowledgment of human factors and user behavior in crises impacting performance. These 

divergences highlight a range of risk tolerances and perceived system limitations. 

 

 

Crucially, the weighted averaging method effectively balanced these extremes, yielding a 

collectively reasonable estimate of acceptable thresholds. While normal and low flood 

thresholds show high robustness due to minimal variability, the greater divergence for high 

flood scenarios suggests potential for further refinement with larger samples. Nevertheless, the 

derived thresholds unequivocally indicate that the users do not accept complete system failure 

even during catastrophic events, presenting significant implications for resilience planning and 

investment. 

 

 

4.1.3 Managing Outliers 

Now that the outliers are identified which introduces variability in the quantitative data, the 

question arises whether to include these outliers in the aggregation of minimum acceptable 

thresholds? The determination of whether to include or exclude outlier data ultimately rests 

with the decision makers. This judgment should be informed not only by statistical 

considerations but also by the contextual relevance and interpretive value of the data. Decision 

makers must weigh the potential impact of outliers on analytical outcomes against the rationale 
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for their presence, ensuring that exclusions are methodologically sound and not arbitrarily 

imposed. 

 

For this research such quantitative data is include in the aggregation because of considerations 

that the users who are identified as outlier are part of the users of the road transportation in 

Tambaram. Also, excluding outlier for the sake of arriving at the resultant aggregate value 

provides minimum robustness to outlier identification/ignorance. But, in this research each 

outlier data has a strong rationale or reasoning behind it. These qualitative backings force the 

inclusion of outliers in the aggregation process, as it is an insightful extreme. Such outliers 

cannot be treated as errors as they can indicate diverse value priorities that are important for 

comprehensive resilience planning.  

 

The decision to accept, reject, or adjust outlier data should not be based solely on its numerical 

deviation from the dataset (methods like interquartile range, z-score, etc can be used to identify 

numerical outliers). It is equally important to consider the qualitative context and underlying 

rationale that may justify the presence of such data points. Treating data as an outlier purely on 

the basis of statistical variability, without accounting for its substantive justification, risks 

overlooking meaningful insights. Outliers supported by valid reasoning should be retained, as 

their exclusion, particularly when stakeholders gain a deeper understanding of the contextual 

factors involves distortion of the interpretiveness. Conversely, data lacking sufficient rationale 

or contextual grounding may be reasonably excluded to mitigate undue volatility and preserve 

analytical integrity.  

 

Furthermore, when stakeholders from specific urban zones are identified as statistical outliers, 

this may serve as a critical indicator of underlying vulnerabilities within those areas. Rather 

than dismissing such data, its presence should prompt a closer examination of contextual 

factors and systemic disparities. Recognizing these outliers can inform the development and 

implementation of targeted resilience strategies aimed at mitigating potential disruptions and 

enhancing adaptive capacity in the affected zones. This process necessitates a comprehensive 

analysis of the qualitative data underpinning the identified outliers. By examining the 

contextual and experiential dimensions associated with these data points, nuanced insights can 

be uncovered that may not be evident through quantitative measures alone. The following 

section presents an in-depth exploration of the qualitative findings related to the observed 

patterns and outliers, and critically examines their alignment with, or divergence from, 

established concepts. 
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4.2 Qualitative Analysis 

In the context of stakeholder values in road transportation flood resilience, the Gioia et al. 

(2013), methodology is highly pertinent. Resilience of road network under flooding is a 

complex socio technical domain where stakeholders (e.g. road users, commuters) hold implicit 

values and expectations about acceptable performance under adverse conditions. Traditional 

engineering metrics alone cannot capture these social dimensions of resilience. An inductive, 

theory building approach allows to explore how people make sense of concepts like safety, 

connectivity, and travel time reliability during floods, and how they decide what is “acceptable” 

performance. The Gioia et al. (2013), method provides a systematic way to surface these user 

defined thresholds and link them to broader theoretical ideas. By applying this methodology to 

15 in-depth interview notes, this study aims to develop a nuanced understanding of users’ 

acceptance in flood prone road transportation. Thus, contributing to resilience theory from a 

bottom up, user driven perspective. This approach aligns with calls for qualitative rigor in 

inductive research ensuring that theoretical insights and related constructs are well evidenced 

and traceable back to what users actually said. In sum, the Gioia et al. (2013), methodology is 

appropriate here to bridge empirical insights and theory: it helps to build a grounded conceptual 

model of how stakeholders evaluate and accept (or reject) the performance of road transport 

systems under flood. 

 

4.2.1 Data Structure Development 

The data structure follows a step by step inductive coding approach to develop a data structure 

from the 15 semi structured interview notes. Each interview centered on the interviewee’s 

perspective of road network performance under different flood hazard intensities (low, medium 

and high flood) across system functionalities (safety, connectivity and travel time reliability). 

The goal was to elicit first order concepts in the interviewees’ own words, then group those 

into second order themes. Finally aggregate to broader dimensions. The process was iterative 

and closely aligned with Gioia et al. (2013) recommendations for inductive theory building. 

Table 7 below illustrates the grouping of interview instances/quotes for first order concepts to 

second order themes to aggregate dimensions. 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

1 
“No performance drop will be accepted for a low flood as the water level increase is 

very low…” 

Tolerance Performance for 

Loss 
Acceptance 

2 
“Safety, travel time reliability and connectivity should remain the same during the 

low flood situation… So I cannot tolerate any drop in performance of the system.” 

Tolerance Performance for 

Loss 
Acceptance 

3 

“I cannot accept loss in performance even in medium flood… The system should 

provide same performance as normal operation in low and medium flood. I cannot 

accept loss in performance for just a 30 cm water level.” 

Tolerance Performance for 

Loss 
Acceptance 

4 

“In medium and high floods I cannot tolerate any drop in performance of safety even 

though there will be reduced visibility of the road. I want the system to ensure that it 

takes necessary measures (like reflective cones, barricades, etc.) 

Tolerance Performance for 

Loss 
Acceptance 

5 

“More than 20% drop [in performance] cannot be tolerated and it makes the system 

unusable… there is no point in having a road network which cannot provide at least 

20% performance during an extreme event.” 

Tolerance Performance for 

Loss 
Acceptance 

6 

“I will not use the system if there is a drop in performance below 80% and 60% for 

both connectivity and travel time reliability in medium and high floods respectively. 

Using the system becomes pointless if performance… cannot be maintained or the 

drop… minimised as much as possible.” 

Tolerance Performance for 

Loss 
Acceptance 

7 
“I can only tolerate 20% loss in performance of safety during floods as it will greatly 

affect my confidence if it is more.” 

Tolerance Performance for 

Loss 
Acceptance 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

8 

“So I can accept a maximum of 15% drop in safety during high flood… The reason 

why I am not expecting the same performance for low flood and I have accepted a 

5% drop in performance is due to the reduction in visibility, a very minor reduction.” 

Tolerance Performance for 

Loss 
Acceptance 

9 

“So, in this situation I can accept a 10% drop in performance for the travel time 

reliability of the system. I won’t travel during high floods but if I have to travel due 

to emergency then I would prefer at least 70% travel time reliability.” 

Tolerance Performance for 

Loss 
Acceptance 

10 

“I will accept a huge performance loss in travel time reliability because I can at least 

plan accordingly… I can accept up to 30% loss in travel time reliability because I 

have to reach a place even with delays.” 

Tolerance Performance for 

Loss 
Acceptance 

11 

“A performance level of 75% is often regarded as acceptable… Therefore, I find it 

reasonable to accept up to a 15% reduction in performance during low flood 

scenarios.” 

Tolerance Performance for 

Loss 
Acceptance 

12 
“In medium flood I can accept a 10% loss in performance… further reduction in 

performance… is deemed unacceptable.” 

Tolerance Performance for 

Loss 
Acceptance 

13 
“I can accept a 5% loss in connectivity because the terrain is not flat… So a 5% loss 

is acceptable.” 

Tolerance Performance for 

Loss 
Acceptance 

14 “Threshold is about how much loss I can tolerate before calling it failed.” 
Tolerance Performance for 

Loss 
Acceptance 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

15 

“I expect the system to provide at least 90% performance in normal operation and low 

floods, and 80% in medium floods. I can only tolerate a 10% loss in performance of 

the functionalities…” 

Performance Expectations Acceptance 

16 

“I expect the system to provide 95% of performance for connectivity and travel time 

reliability [in normal operation] because the system has control over these two 

functionalities unlike safety.” 

Performance Expectations Acceptance 

17 

“If the road is maintained properly without potholes and [has proper] drainage… I 

would expect the same percentage of functionality in low flood with respect to normal 

operation.” 

Performance Expectations Acceptance 

18 

“Medium flood situation is when evacuation may begin so I want the system to 

maintain the same connectivity as in low flood, but safety is a volatile factor so I can 

accept a 10% loss in performance… a minimal loss is still acceptable.” 

Performance Expectations Acceptance 

19 

“In high floods, I will push the system to have high performance… I want the system 

to maintain connectivity between major areas and locations. Also I can only accept a 

minimal loss in connectivity and travel time reliability…” 

Performance Expectations Acceptance 

20 
“In high flood scenarios… a system which can maintain ~30% of its performance 

under these extreme weather conditions is a well designed system.” 
Performance Expectations Acceptance 

21 

“The system should drain the water as fast as possible and increase the visibility of 

the road such that the system can provide more safety or make sure there is less drop 

in safety during medium floods.” 

Performance Expectations Acceptance 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

22 

“During high floods, I would expect the system to deploy various methods, strategies 

or increase the number of emergency responders, thereby increasing the performance 

of safety.” 

Performance Expectations Acceptance 

23 
“I expect a road system to provide a safe travel and offer connectivity… which will 

in turn provide an acceptable and predictable travel time.” 
Performance Expectations Acceptance 

24 
“Even in normal operation I want to be safe first. So the system has to provide at least 

90% of safety… Then comes reliability… Third comes connectivity…” 
Performance Expectations Acceptance 

25 

“The system must ensure that 80% safety is guaranteed. What I mean by guarantee is 

that the system takes enough measure to make the user have a certain amount of 

confidence in using the road network.” 

System Guarantees Acceptance 

26 

“The system should… make sure this loss in visibility is compensated by lets say 

reflective cones, barricades, etc. Also, I can accept no loss in safety performance even 

in medium and high flood.” 

System Guarantees Acceptance 

27 
“Only if safety is guaranteed to a certain level I can travel or use the road network 

without any discomfort.” 
System Guarantees Acceptance 

28 

“I know that I won’t get 100% performance from the system. But at least the system 

should make me trust and give me the confidence that the system can provide 90% 

and 80% in low and medium floods respectively.” 

System Guarantees Acceptance 

29 “Only if the system can provide at least 50% safety in high floods will I be able to 

trust the system and make use of the road network… Without 50% safety I won’t… 
System Guarantees Acceptance 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

use the road network even if the system can maintain 60–70% of connectivity and 

reliability.” 

30 

“With proper roads, well designed and efficient drainage and strong enforcement of 

rules and regulations the system can provide safety and connectivity of desired level 

at a low flood scenario easily.” 

System Guarantees Acceptance 

31 

“Also only if the system can fulfil the above mentioned thresholds (my acceptance 

percentages) I will be confident enough to use the road network. The system should 

provide me confidence that even in 30 cm water level I will be able to receive the 

same performance…” 

Confidence Acceptance 

32 
“I will not use the system if performance drops below X%… I will not use the system 

if there is a drop in performance below 80%… in medium and 60% in high floods.” 

Confidence 
Acceptance 

33 

“Using the system becomes pointless if… connectivity and travel time reliability 

cannot be maintained or the drop in expected performance percentage is minimised 

as much as possible.” 

Confidence 

Acceptance 

34 
“Basically the confidence level goes down if the system cannot keep the loss in 

performance below 20% of its normal operation.” 

Confidence 
Acceptance 

35 
“If I know I won’t be safe I won’t use the road network or I will avoid the unsafe areas 

of the road network during my travel.” 

Confidence 
Acceptance 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

36 

“Even if the system has good drainage… potholes [mean] there will be water 

stagnation which will reduce my confidence to use the system during floods and I 

won’t use the road network to travel to avoid accidents.” 

Confidence 

Acceptance 

37 
“Safety is a key functionality which builds confidence for me as a user to use that 

system under disruption.” 
Confidence Acceptance 

38 

“For me safety comes first. That is the reason why I have low tolerance for safety 

compared to other functionalities and also the high acceptable performance 

percentage for normal operation.” 

Value Hierarchy Value Prioritization 

39 

“For me safety comes first… So safety is first priority. Then comes connectivity 

because I should be able to reach a place only then I can think about travel time. But 

it’s a paradox between connectivity and travel time reliability… even with 

connectivity if there is a huge delay then the network becomes useless.” 

Value Hierarchy Value Prioritization 

40 “Safety wins every time, no debate.” Value Hierarchy Value Prioritization 

41 
“Without safety having 100% connectivity or travel time reliability is useless and 

pointless.” 
Value Hierarchy Value Prioritization 

42 
“Connectivity without safety is useless. So I have given a lesser acceptance 

percentage for connectivity compared to safety.” 
Value Hierarchy Value Prioritization 

43 “If I am not safe what is the point of having connectivity and travel time reliability.” Value Hierarchy Value Prioritization 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

44 

“Generally safety comes first but I prefer travel time reliability because I would reach 

the place in the expected time… then I wouldn’t exceed speed limit, break rules or 

rash drive… which increases safety.” 

Value Hierarchy Value Prioritization 

45 

“This is the reason why I give higher priority to travel time reliability than 

connectivity and safety in low flood. But in medium and high flood… I would like to 

prioritise safety over other functionalities.” 

Value Hierarchy Value Prioritization 

46 

“Without safety… 100% connectivity or reliability is useless… I accept lower 

performance for safety than connectivity and reliability from a threshold perspective, 

but while comparing functionalities I would prefer safety over others.” 

Value Hierarchy Value Prioritization 

47 

“My priorities would change according to the situation… I give equal priority to 

connectivity and travel time reliability in low and medium floods and higher priority 

to safety in high floods… Also… there is no use in having connectivity or reliability 

without safety. So I expect the system to maintain at least 50% safety – this will be 

my number one priority in high floods.” 

Value Hierarchy Value Prioritization 

48 

“I don’t want to be isolated from any area… So connectivity gets slightly more 

importance when compared to reliability. But percentage wise I can accept 60% 

minimum performance. This is the reason to give higher priority to connectivity even 

though the acceptable performance values are the same for connectivity and travel 

time reliability. In high floods both connectivity and travel time reliability are equally 

important, but I want higher performance for travel time reliability of the system.” 

Value Hierarchy Value Prioritization 
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SI no.  first order concepts (Interview Quote) Second Order Theme 
Aggregate 

Dimension 

49 

“Connectivity takes the second priority. Being stuck with no way in or out is a 

nightmare. Travel time reliability gets third priority always. During a flood I cannot 

expect to reach a place without delays…” 

Value Hierarchy Value Prioritization 

50 

“I feel like safety should be the number one priority but I cannot expect the system to 

provide safety during normal and extreme weather conditions. So I would prioritize 

connectivity and travel time reliability. I would rather [have] less tolerance towards 

the other two functionalities than safety which greatly depends on the users of the 

system.” 

Value Hierarchy Value Prioritization 

 

Table 7. Data structure table 
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1. First Order Concepts: The interview notes and summaries were thoroughly read, and 

the interviewees phrases were highlighted to form the initial code. In this initial phase, 

the wording was not changed or altered instead it was kept as true as possible to the 

participants’ own language. For example, when an interviewee said, “No performance 

drop will be accepted for a low flood as the water level increase is very low”, it was 

coded as a first order concept of “no tolerance for performance loss”. Another 

interviewee noted that “I cannot tolerate any drop in performance of safety even in 

medium and high floods” and that the system should compensate reduced visibility with 

measures like reflective cones, this was captured as “zero tolerance for safety 

degradation”. Statements such as “I expect at least 90% predictability in travel time to 

ensure efficient and dependable mobility” were coded as “high expected travel time 

reliability”. Similarly, dozens of such first order codes were identified across the 

interviews. At this stage, imposing any pre-existing theory or terminology was 

deliberately avoided. Instead, the interviewees’ own articulations of their values and 

reasoning were mirrored. This yielded a long list of raw concepts essentially a reflection 

of each meaningful idea mentioned by the users in relation to how they value road 

functionality under flood conditions.  

 
After coding, all 15 interview notes were compiled and reviewed for commonalities in 

first order concepts. According to Gioia et al. (2013) methodology, this involves 

looking for recurrent words, phrases, or sentiments across participants. Strong recurring 

ideas were noticed (refer table 7, above). For instance, many participants used the terms 

“tolerate” or “accept” to talk about how much drop in performance they would 

withstand. One participant explicitly defined a “threshold as, how much loss I can 

tolerate before calling it failed”. Another common idea was what users “expect” the 

system to provide, often expressed as a percentage. The notion of “guarantee” also 

emerged, with interviewees saying the system must guarantee a certain level of safety 

or service to earn their confidence. Finally, “confidence” (or trust) was a term used to 

describe their feeling of functionality and willingness to use the roads under flood 

conditions; for example, “confidence level goes down if the system cannot keep the 

loss in performance below 20% of normal operation”. These repeated ideas signaled 

that while participants described them in their own ways, there were underlying 

conceptual commonalities forming.  

 

To manage the volume of first order codes, similar codes were clustered together. The 

integrity of the participants wordings was maintained (per Gioia et al. guidance to use 

informant centric terms) but began noting provisional labels for groups of first order 

concepts. For instance, statements about not accepting drops, the percentage of 

performance loss one “can tolerate”, and conditions for calling the system “failed” were 

grouped into a provisional category around “tolerance for performance loss.” Quotes 

about what the system “should provide” or what participants “expect” in various 

scenarios formed a category of “performance expectations.” References to the system 

“guaranteeing” safety or reliability or needing the system to take measures (drain water 
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quickly, provide signage, etc.) were grouped as “system guarantees/assurances.” And 

comments about the interviewee’s “confidence to use the road network” often tied to 

whether a certain functionality is assured were collected as another group. The first 

order categories that essentially echoed with the user’s perspective were identified 

(informant centric concepts). This reflects the completion of the first step of Gioia et al. 

(2013) analysis: where the first order concepts were distilled from raw data but retaining 

the perspective of the interviewees.  

 

 
2. Second Order Themes: In this phase, the analytical lens shifted to theoretical 

significance in the first order categories. Meaning, what concept is this an instance of? 

Why might these participants terms be important? to examine the first order groups for 

patterns and relationships. Four prominent second order themes became apparent, each 

corresponding to the repeated ideas: Tolerance, Expectations, Guarantees, and 

Confidence. These were not arbitrary labels; they arose from the language stakeholders 

themselves used, but it had elevated them to a slightly more abstract level to capture 

the essence of each cluster of ideas. Second order theme were defined as follows, with 

grounding in the data and literature:  
 

- Tolerance for Performance Loss: This theme encapsulates the degree to which 

stakeholders are willing to endure reductions in road system functionality (safety, 

connectivity and travel time reliability) during floods. It reflects their acceptable 

loss in performance of the system. For example, one interviewee stated plainly, 

“Threshold is about how much loss I can tolerate before calling it failed”, indicating 

a cutoff point for acceptability. Many participants provided specific percentages of 

performance drop they could live with in different scenarios (e.g. “I will take a 30% 

drop in Safety because perfect protection is not possible”; “I can only tolerate 20% 

loss in safety performance during floods as it will greatly affect my confidence if 

more”). This theme connects to the concept of acceptable risk in the literature. The 

idea that there is a level of risk or performance degradation deemed acceptable to 

individuals or society before an intervention is needed. For instance, in flood risk 

management, decisions about safety standards often revolve around what level of 

risk is tolerable or “acceptable” to stakeholders. Vrijling et al. (1998) note that 

determining acceptable risk involves criteria that should be stringent and aligned 

with societal values. From the collected data, tolerance emerged as a nuanced 

theme: it varied by context (hazard severity) and by functionality. Users expressed 

zero or very low tolerance at low flood levels “No performance drop will be 

accepted for a low flood”, essentially saying minor floods should not cause any 

noticeable performance loss. In contrary, for medium floods, some were willing to 

accept a small drop, and by high floods many voiced high tolerance for loss in 

certain functions (travel time, connectivity) if basic safety was preserved. This 

indicates that tolerance increase as conditions worsen. This is elaborated in the 

findings, how this tolerance is articulated.  
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The key is that tolerance represents stakeholders’ capacity to endure degraded 

performance, a concept resonant with risk appetite in organizational terms (how 

much bad outcome one is willing to bear) and with “acceptable performance” 

thresholds in resilience.  

 

 
• Performance Expectations: This theme captures what users demand or what they 

expect the system to deliver under various flood severities. It is closely related to 

tolerance, but tolerance focuses on the downside (how much loss I’ll accept), 

expectations focus on the baseline (what I believe should be delivered). Participants 

frequently used phrases like “I expect the system to provide…” a certain level of 

safety, connectivity, or travel time reliability. For example, one person in normal 

conditions expected “at least 90% predictability in travel time to ensure efficient 

and dependable mobility”, acknowledging minor delays but still a high level of 

service. Under low flood conditions, many expected essentially no change from 

normal: “The system should perform the same at low disruptions, I expect the same 

percentage of functionality in low flood as normal operations”. This reflects a belief 

that the system should handle very minor disruptions without noticeable impact. As 

floods worsen, expectations often adjusted downward: e.g. “During high floods, my 

realistic expectations would be bare minimum as the system cannot do anything to 

provide certain performance”. Another interviewee bluntly said, “In high floods I 

know I won’t be safe. The system cannot maintain expected level of safety. So, I 

would rather expect reduced delays than to expect safety during that journey”. This 

theme links to literature on service level expectations and satisfaction. In transport 

research, users have certain expectations for level of service (e.g. a certain travel 

time) and when reality falls below that expectation, satisfaction drops (Parasuraman 

et al., 1985) in service quality theory. Here, stakeholders articulate their expected 

performance benchmarks for the road system’s resilience. These expectations are 

also grounded in what the users perceive as reasonable or feasible. Some 

participants tempered their expectations by acknowledging constraints (e.g. “I 

cannot expect 100% safety; I want at least 90%”; “you cannot expect to reach 

without delays in a flood, but the delays should be minimal”.  

 

Thus, expectations as a theme represent a more proactive stance: what people 

believe the system should strive to provide, which in turn defines the baseline for 

acceptance. Grounded theory literature often discusses how participants carry 

“theoretical expectations” of phenomena; here it was literally seen as expected 

performance (if expectations aren’t met, users lose trust/confidence).  
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• System Guarantees (Assurance): The third theme revolves around users’ desire 

for assurance that the system will deliver critical functions, under adverse 

conditions. Interviewees used the word “guarantee” in the sense of the system 

ensuring a minimum level of performance. One participant explained, “80% safety 

should be guaranteed. By guarantee I mean the system takes enough measures to 

give the user a certain amount of confidence in using the road network”. This 

illuminates how guarantee is tied to concrete actions (maintenance, flood 

management measures, enforcement, etc) that system must undertake so that users 

feel secure. Another noted that “I expect the system to guarantee certain percentage 

of safety, connectivity and travel time reliability”, emphasizing that some 

performance level should be assured by design or response.  

 

However, participants recognized limits: “As water level increases, the system 

cannot guarantee safety, but it can ensure connectivity and reliability” here 

distinguishing that safety is harder to guarantee due to external factors (human 

behavior, chaotic conditions, etc) whereas connectivity and travel time can be 

managed through planning and infrastructure. This aligns with many interviewees’ 

reasoning that safety is partly in the users’ hands, so they doubt a full guarantee on 

safety, whereas they demand the system guarantee other functionalities (like 

keeping main routes open and providing alternate routes to maintain connectivity). 

The theme of guarantee connects to trust and accountability in literature. It echoes 

the concept of a “social contract” between users and providers. People expect that 

systems are designed with safety factors and contingency such that certain failures 

are highly unlikely. In resilience terms, this is similar to performance standards or 

service guarantees, e.g. a transport agency might guarantee that even in a 1 in 10 

year flood, primary roads will remain 80% operational. The participants of this 

research, in an inductive way, voiced a need for such assurances. This theme also 

links to risk communication and trust: previous research suggests that when systems 

clearly guarantee certain protections (or transparently acknowledge what cannot be 

guaranteed), it affects public acceptance and trust (Slovic, 1993; Siegrist & 

Cvetkovich, 2000). Here, when participants say they want the system to guarantee 

safety to a level, they are implicitly expressing a need for trust in institutional 

provisions. They want evidence of preparedness: e.g. pre-installed flood drainage, 

proper road maintenance (fix potholes, as several mentioned), emergency response 

readiness. If those guarantees are perceived as in place, it increases their willingness 

to use the system in a flood.  

 

 

 

• Confidence (Trust in System): The fourth second order theme is the confidence of 

users to use the transport system under flood conditions. This theme is essentially 

the outcome or consequence of the other three: if expectations are met and basic 

guarantees are in place (with tolerance not exceeded), users gain or retain 

confidence to travel; if not, their confidence decreases. “Basically, the confidence 
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level goes down if the system cannot keep the loss in performance below 20% of 

its normal operation” one interviewee explained, adding “I won’t use the road 

network during floods to avoid accidents when performance drops too much”. 

Another stated, “Only if safety is guaranteed to a certain level can I use the road 

network without discomfort”, directly relating safety assurance to confidence.  

 

Conversely, participants described how if certain conditions are met, they will have 

confidence to venture out: e.g. “If the road is maintained properly then there will be 

less accidents, which will increase connectivity by avoiding closures. I will have 

confidence that even during flood I can travel through that route”. Confidence here 

means trust in one’s personal safety and trust in the network’s reliability.  

 

In broader theoretical terms, this connects to risk perception and protective action 

decision models eople decide whether to evacuate, stay home, or travel in hazardous 

conditions based on their confidence (or lack of confidence) in the system and in 

their own safety. In this context, if users lack confidence that a flooded road is safe 

or passable, they will avoid using it (which in turn affects the resilience of the 

system in terms of usage). Confidence also relates to psychological comfort. 

Several interviews indicated that anxiety or fear would prevent them from driving 

if, say, water is above a certain level or if they’re not sure about safety. One 

participant illustrated this: “For example, if there is water flowing under the bridge, 

I should have the confidence to use the bridge. So, safety is my first priority”. This 

underscores that confidence is derived from the perception of safety.  

 

In summary, confidence as a second order theme captures the trust and comfort level 

users have in using the transport system when it’s under stress, which is a key 

human factor in resilience (a perfectly intact road network is not truly resilient if 

people refuse to use it out of fear). Lee and Boniface (2000) mentioned this as 

“people need to trust that the system will not put them in undue danger”.  

 

 

 

• Value Hierarchy: The fifth second order theme (also known as priority trade-offs) 

captures how users rank system functionalities safety, connectivity and travel time 

reliability when forced to make trade-offs. Nearly every interviewee explicitly 

compared the importance of these functionalities under different flood scenarios. A 

consistent pattern emerged: safety is almost universally deemed the top priority, 

usually followed by connectivity, with travel time reliability ranked last during 

floods. One participant directly mentioned, “Safety wins every time, no debate,” 

underscoring that other benefits mean little if one is not safe. Another noted, 

“Without safety, having 100% connectivity or travel time reliability is useless and 

pointless,” highlighting the sentiment that if safety isn’t assured, other 

functionalities hold no value. Connectivity is typically given the second priority 

because being completely cut off is seen as unacceptable: “Connectivity takes the 
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second priority. Being stuck with no way in or out is a nightmare. Travel time 

reliability gets third priority always during a flood” one interviewee explained. This 

common sentiment reflects a fear of isolation outweighing the inconvenience of 

delay. Thus, travel time reliability while valued in normal conditions was often 

considered a “luxury” in flood conditions, to be sacrificed first when necessary. In 

the words of several stakeholders, mentioned that they would “rather be late than to 

be unsafe” in a disaster scenario.  

 

At the same time, participants frequently discussed a “connectivity vs. reliability” 

dilemma. Because connectivity (having an open route) is a prerequisite for mobility, 

it must come first “I should be able to reach a place only then I can think about 

travel time” as one put it. Yet, if connectivity is achieved but delays are extreme, 

the network becomes useless. As one interviewee noted, “even with connectivity, if 

there is a huge delay then the network becomes useless”. Conversely, great 

reliability means nothing if roads are closed. Users navigate this dilemma by 

generally prioritizing connectivity (access) slightly over promptness, except in 

special cases. Some acknowledged that in life critical situations, speed can be as 

crucial as access, for example, reaching a hospital in time can directly affect 

survival, temporarily bumping up the priority of travel time reliability. Indeed, one 

person in a high flood scenario gave equal priority to safety and connectivity but 

then remarked “in high floods both connectivity and travel time reliability are 

equally important, but I want higher performance for travel time reliability”. This 

illustrates that during emergencies, once a minimal level of connectivity is secured, 

stakeholders do desire improved reliability (faster travel) an insight consistent with 

disaster management literature that time can become critical when lives are at stake. 

On the whole, however, the prevailing hierarchy in floods was safety first, 

connectivity second, reliability third. Even those who in low risk situations ranked 

reliability above safety did so only because they assumed safety was already 

guaranteed in a minor flood. For instance, a couple of participants gave safety a 

lower rank (2) in low flood, reasoning that if flooding is minimal “safety is not 

actually at risk,” so minimizing delay took precedence in that context. This again 

demonstrates that priority weights are context dependent under mild conditions 

people expect normal convenience, but under severe conditions they focus on 

survival and access. As one interviewee summarized, “I can travel extra distance or 

time, but I want to be safe in the end”.  

 

Notably, while safety is conceptually non-negotiable, many stakeholders set high 

tolerance for performance thresholds for safety than for connectivity. They 

recognized that perfect safety in a flood is unrealistic, so they were reluctantly 

willing to tolerate a larger drop in safety performance. In other words, they value 

safety most but also expect it to degrade the most when push comes to shove. One 

interviewee explicitly reflected on this trade-off, saying safety “should be number 

one priority but I cannot expect the system to provide safety fully” and have “less 
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tolerance towards the other two functionalities than safety”. This reveals a 

pragmatic understanding: because they doubt whether the system can guarantee 

safety in extreme floods, they hold the system more accountable for maintaining 

connectivity and travel time reliability, which are seen as more controllable 

functionalities. Similarly, another participant described accepting a 30% drop in 

safety performance but only 10% in connectivity, reasoning that some safety loss is 

inevitable, whereas losing connectivity “affects” more. This counterintuitive 

inversion allowing a bigger drop in the value they conceptually hold highest was 

noted across multiple interviews. It highlights that stakeholders balance their ideal 

priorities with realistic expectations of system limits. In essence, people prioritize 

what matters most but set their performance acceptance thresholds by considering 

which failures they can personally cope with and which trade-offs they are willing 

to make. Thus, Value Hierarchy theme captures the priority trade-offs underlying 

such decisions.  

 

In summary, Value Hierarchy reflects a complex, but coherent trade-offs voiced by 

users, wherein safety is paramount but understood as imperfect and connectivity is 

vital for maintaining basic functioning. This theme enriches the understanding of 

user values by showing why certain performance losses are tolerated: it depends on 

what people refuse to compromise versus what they are prepared to sacrifice. 
 

Having identified these five second order themes: Tolerance, Expectations, Guarantee, 

Confidence and Value Hierarchy, and double checked them against the data to ensure each 

theme is well supported (this often involves an iterative return to the data, which is called 

constant comparison). This constant comparison was done to make sure that these themes held 

or if new themes were needed. For instance, one interview was far more forgiving across the 

board, expecting only 75% performance even in normal conditions due to realism about 

uncertainties. This initially seemed like a new theme (e.g. perhaps a theme of “realism” or 

“resilience thinking”). However, upon closer analysis, it was actually another expression of 

expectations and tolerance. The participant simply had a generally lower performance 

expectation and higher tolerance for the system. Thus, all concepts in the interview notes were 

accommodated under these five identified themes, with some variation in how they were 

expressed. Also, the constant comparison process continued until theoretical saturation was 

reached, i.e., additional data did not reveal new themes, only nuances of the existing ones. At 

that point, the identified second order themes robustly represented the interview data. 

 

3. Aggregate Dimensions: The final step was to look at how these second order themes 

relate to one another and to higher level theoretical constructs, thereby formulating 

aggregate dimensions. Gioia et al. (2013) describe aggregate dimensions as overarching 

concepts that emerge when second order themes coalesce into a more general 

theoretical category. From the analysis, one clear aggregate dimension that surfaced 

was “Acceptance”. It is labelled as such to denote the overall idea of users’ acceptance 
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of system performance under flood different hazard intensities. Essentially, acceptance 

here means the degree to which stakeholders are willing to live with the transport 

system’s performance (and continue to use it or support it) across varying flood 

scenarios. The identified theme: tolerance, expectations, guarantee, and confidence all 

interrelate to shape this notion of acceptance. They are each facets of how acceptance 

is constructed:  

 
• Tolerance defines boundaries of acceptance (how much worse can things get before 

I no longer accept it?).  

 
• Expectations define the baseline of acceptance (what I require as a minimum from 

the system).  
 

• Guarantees relate to the conditions for acceptance (what assurances or measures 

must be in place for me to accept the risk of traveling).  
 

• Confidence is the outcome or consequence of acceptance (if the other factors are 

satisfied, I feel confident i.e., I effectively accept the situation and proceed to use 

the system). 

Thus, Acceptance was theorised as an aggregate dimension of themes. This aligns with how 

the term “acceptance” is used in risk literature: for example, Saunders et al. (2012) argued that 

determining what safety outcomes are acceptable requires understanding stakeholders’ risk 

perceptions and tolerances. For this case, acceptance of flood impacts on functionalities is very 

much a synthesis of perceiving that the situation is within one’s tolerance, meets one’s 

expectations (or adjusted expectations), and that the system has provided reasonable guarantees 

such that one can confidently proceed. This is further discussed in the findings section.  

 

Notably, when users talked about what they “accept” or “cannot accept,” they often implicitly 

invoked multiple themes at once (e.g. “I cannot accept loss in performance even in medium 

flood. The system should provide same performance”, combining expectation and zero 

tolerance; or “I will only travel in high flood due to emergency and what is the point of using 

the network if I won’t be safe” or “I can only accept minimal loss in connectivity and reliability 

(in a particular scenario)”. Thus, linking expectation of safety, tolerance for loss in others, and 

condition of emergency. These multi-faceted statements indicated that the aggregate concept 

of Acceptance was indeed at play.  

 

Besides acceptance, the research remained open to other aggregate dimensions emerging 

inductively. One additional aggregate dimension that did emerge from the analysis was related 

to Value Hierarchy. This concept captures how stakeholders prioritize different values (safety, 

connectivity and travel time reliability) when trade-offs must be made. It was noticed that 
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beyond discussing acceptable performance levels, almost every interviewee explicitly ranked 

or compared the importance of the three functionalities under various conditions (often using 

a priority ranking of 1, 2 and 3 for safety, connectivity and travel time reliability). This was 

sometimes discussed as a dilemma. For example, one interviewee mentioned, “It’s a dilemma 

between connectivity and travel time reliability: even with connectivity, if there is a huge delay 

then the network becomes useless”. Many stated unequivocally that “safety comes first” or 

“Safety wins every time, no debate”, yet some also acknowledged that in practice they set lower 

performance thresholds for safety than for connectivity due to the uncontrollable and volatile 

nature of safety. This indicates a complex value hierarchy: conceptually safety is the top 

priority (a fundamental value), but practically, they sometimes accept more safety degradation 

than, say, connectivity because they recognize limits of the system and personal control. This 

recurrent theme of value hierarchy, lead to another an aggregate dimension about users’ values, 

Value Prioritisation. 

 

In addition, confidence is not only a consequence of tolerance, system guarantee and 

performance expectation but it also a contributing theme for the aggregate dimension Value 

Prioritisation. Given an ultimatum, the users of the road network considered confidence of 

that the system provides to them as an evaluation criterion to set priorities. One of the 

interviewees stated that, “If I know I won’t be safe I won’t use the road network, or I will avoid 

the unsafe areas of the road network during my travel”. Another interviewee mentioned that 

“Basically the confidence level goes down if the system cannot keep the loss in performance 

below 20% of its normal operation”. Similarly, there are many instances where confidence of 

the user for the road system has significantly impacted the prioritisation of the functionalities 

under disruption as mentioned above where connectivity and travel time reliability are less 

prioritised to enhance safety. Therefore, confidence is not limited to the consequence of 

tolerance, system guarantee and performance expectation, but it is also a factor which 

influences the prioritisation of the functionalities. Thus, confidence greatly contributes to the 

aggregate dimension Value Prioritisation. In other words, the second order theme confidence 

plays a major role as the deciding factor during trade-offs. 

 

Thus, the second aggregate dimension, Value Prioritisation explains how people balance 

different system functionalities. It is related to acceptance but not identical. One can accept a 

certain outcome only after deciding which value is more important to uphold. For example, if 

forced to choose, most participants would sacrifice travel time reliability to preserve safety and 

connectivity during floods; that is a prioritization decision. In theoretical terms, this dimension 

connects to multicriteria decision making and utility trade-offs in the face of risk (Keeney & 

Raiffa, 1993). It also resonates with the idea in resilience literature that resilience is multi-

dimensional, and stakeholders may prioritize some dimensions over others depending on 

context (Bruijn et al., 2017).  
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Figure 3. Illustrates the data structure, mapping how numerous interviewee quotes cluster into our themes and how those relate to the aggregate 

dimensions. 



93 
 

By the end of the coding process, a set of first order concepts (dozens of specific users’ 

statements), were grouped into four second order themes (Tolerance, Expectations, Guarantees, 

Confidence and Value Hierarchy) and these in turn informed two main aggregate dimensions: 

Acceptance (of system performance under flood conditions) and Value Prioritization (under 

different flood hazard intensities).  

 

This qualitative analysis, employing the systematic Gioia et al. (2013) methodology on 15 in-

depth interview notes, successfully developed a nuanced, bottom-up understanding of user 

acceptance and value prioritization in road network resilience during flood events. By 

inductively surfacing first order concepts from participants' own words, the study identified 

five robust second order themes: Tolerance for Performance Loss, Performance Expectations, 

System Guarantees (Assurance), Confidence (Trust in System), and Value Hierarchy. These 

themes collectively coalesce into two overarching aggregate dimensions: Acceptance of system 

performance under flood conditions and Value Prioritization when trade-offs are necessary. 

 

An important finding is the consistent value hierarchy: safety is universally paramount, 

followed by connectivity, with travel time reliability consistently ranked lowest during floods. 

However, this conceptual priority is pragmatically balanced by an observed, often 

counterintuitive, higher tolerance for safety performance degradation compared to 

connectivity, as users acknowledge the inherent limitations of achieving perfect safety in 

extreme conditions. Confidence emerged not only as a consequence of other themes but also 

as a direct influence on this prioritization. These findings comprehensively illuminate the 

rationale and reason behind certain performance losses tolerance, and what people refuse 

to compromise versus what they are prepared to sacrifice. 
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Chapter 5 

An Approach to Integrate Stakeholder Value in a Threshold 

Matrix for Resilience Assessment 

 

 

5.1 The Approach 

To integrate stakeholder value in a threshold matrix for resilience assessment, a phased 

approach is proposed. This approach outlines the step by step process used in this study 

(focused on the Tambaram, Chennai case) to arrive at a stakeholder value integrated threshold 

matrix, highlighting the complexities encountered at each step and the mitigation measures 

adopted and recommended for future studies. The rationale behind each methodological 

decision is explained to guide future research in similar contexts.
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Figure 4. An approach to integrate stakeholder value in a threshold matrix for resilience assessment 

 

Note: To further understand, an illustration of approach using this research is given below with the identified complexities during the research 

and the mitigation strategies used and recommendations for future research for diverse stakeholder involvement. 
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Phase 1: Scope 

The first step is to make the scope manageable by determining the perspective and the disaster 

phase in which the stakeholder value is to be integrated.  

 

1. Perspective: It was decided whether to focus on the transport system’s performance 

(service delivery to users) or the infrastructure’s performance (physical asset 

resilience). In this study, system’s perspective was emphasized, since the stakeholder 

group consisted of road users for relatability and scenario visualisation (refer section 

5.2).  

 

2. Phase of Disaster: The time frame of the interest was also clarified by focusing on 

particular phase of the disaster. For example, whether stakeholders are considering 

performance in pre disaster, during disaster or post disaster phase. For Tambaram, 

stakeholders were primarily asked about performance during a disaster for the same 

reason, to introduce relatability and for scenario visualisation (refer section 5.2).  

 

By explicitly stating the phase and/or perspective in which each functionality is 

considered, stakeholders could focus on the relevant context when providing their 

thresholds. In addition, the exact days and time of the day was communicated and 

location in which this scenario is to be imagined was also informed to help stakeholders 

visualise the scenario. This focus made it easier for stakeholders to give meaningful 

input based on their knowledge and experience.  

 

The second step involves the identification of relevant stakeholders pertinent to the study. 

Given the inaccessibility of expert participants, road users are designated as the primary 

stakeholder group for this study. Subsequently, a power-interest analysis is conducted to 

evaluate the relative influence and decision making authority of each stakeholder group, 

particularly in contexts where multiple groups are engaged. This step is elaborated in Phase 2 

to establish the connection between stakeholder type and their impact on the design and 

adoption of the data collection procedure. 

 

The third step is to determine the functionalities for which stakeholder value is to be integrated 

(minimum acceptable performance thresholds). These functionalities represent key dimensions 

of resilience for transportation sector. Rather than deriving these dimensions from scratch, the 

study leveraged existing research for consistency. Nipa and Kermanshachi (2019) identified 18 

resilience functionalities for the transportation sector in their work, providing a comprehensive 

starting list. Adopting established definitions or a refined subset of them ensures that the study 

builds on validated concepts and makes it easier to communicate with stakeholders.  
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A major challenge was ensuring the chosen functionalities were meaningful and understandable 

to stakeholders. As stakeholders might misinterpret them or conflate multiple concepts. For 

example, a lay stakeholder might mix “mobility” with “accessibility” if the terms are not clearly 

defined, leading to confusion when providing threshold values. Additionally, attempting to 

derive functionalities purely from stakeholder feedback (a bottom up approach) would require 

a very large sample and extensive analysis, since each stakeholder might express expectations 

in different terms. Interpreting and clustering such open ended inputs into formal resilience 

dimensions would be tedious and potentially ambiguous. One person’s description of a “safety 

issue” could be categorized by researchers under a completely different functionality like 

“emergency response,” and vice versa.  

 

To address these issues, the study adopted pre-defined set of system functionalities before 

engaging stakeholders. For lay stakeholders it is advised to describe each functionality in non-

technical terms to facilitate understanding. This top down approach (grounded in literature but 

simplified for practical use) prevented misinterpretation and kept stakeholders focused. It also 

ensured that stakeholder inputs (their minimum acceptable performance thresholds) directly 

corresponded to known resilience dimensions, avoiding the need to retrospectively map diverse 

stakeholder statements to technical categories. Furthermore, the selected perspective and 

disaster phase helps to adopt and explain functionalities as the functionalities were framed 

within specific categories.  

 

The type of stakeholder (expert/non-expert) influenced how each functionality was 

communicated. Technical experts (e.g., engineers or planners) can understand and debate 

sophisticated definitions, whereas lay stakeholders need more intuitive descriptions. If the 

definition was too complex for a given stakeholder, there is a risk they would provide 

misguided thresholds or merge multiple issues into one.  

 

To mitigate this risk the functionality definition was tailored to the stakeholder group’s 

expertise. In this study, since the participants were road users (lay stakeholders), the definitions 

were kept simple. Each functionality was explained with real life context. This helped 

participants confidently give a minimum acceptable performance level (percentage threshold) 

for that functionality. In future studies with technical stakeholders, more precise or technical 

definitions could be used, but for the purposes of this study, clarity and simplicity took priority.  

 

Furthermore, this study adopts depth of inundation as the primary criterion for classifying flood 

hazard intensity into three categories: low, medium, and high. While alternative classification 

methods exist (see Section 2.5), the use of inundation depth offers a straightforward and 

intuitive approach, facilitating clearer interpretation and scenario visualization for both experts 

and lay stakeholders. 
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By the end of Phase 1, the study had a clear pre-defined set of functionalities, scoped to the 

perspective, relevant disaster phase and classified hazard intensities, ready for stakeholder 

evaluation. This groundwork mitigated the risk of confusion and ensured that subsequent 

stakeholder discussions would be aligned and focused.  

 

 

Phase 2: Methodology Design and Stakeholder Engagement  

With the functionalities established, the next phase involved designing the data collection 

methodology to elicit stakeholder defined threshold values. Several critical considerations 

guided this phase: the choice of data collection method, the power-interest of stakeholders, 

practical recruitment challenges, and communication (language) issues. Each consideration 

presented its own complexities and required careful mitigation strategies, as detailed below.  

 

• Selecting a Data Collection Method (Interviews or Questionnaires): 

One of the earliest methodological decisions was how to collect data from stakeholders 

(interviews or survey). Each approach has advantages and drawbacks in the context of 

capturing nuanced stakeholder values for uncertain scenarios like disasters.  

 

- Interviews (Preferred Approach): The study opted for semi-structured interviews as 

the primary data collection method. Interviews allow the researcher to clearly 

communicate the context (explaining the scenario, the defined functionalities, and the 

concept of performance thresholds) and to clarify any doubts on the spot. This two-way 

interaction was critical given the complexity of the topic. Participants could ask for 

clarification, and the interviewer could probe for reasoning without leading the 

interviewee. As a result, richer and more reliable data were obtained. Interviews also 

inherently reduce certain biases, there is no predefined numeric scale that might skew 

responses (participants state their threshold in their own terms or percentage, guided by 

open questions). Additionally, the interviewer can observe cues and ensure the 

participant stays on the question’s scope. It was found that interviews enabled 

participants to provide deep insights and logical reasoning behind their chosen 

threshold values; this qualitative context is invaluable for interpreting the numbers.  

Finally, interviews made it feasible to incorporate immediate validation of responses. 

In this study, an on-spot member checking was done, during the interview and at the 

end of each interview. The interviewer summarized the key points and the stated 

thresholds to the participant, to verify accuracy. This instant validation ensured that the 

recorded data was what the stakeholder truly meant, reducing the risk of later 

misinterpretation. 
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For future studies a workshop can be conducted after collecting individual inputs. The 

data could be presented in a group setting for discussion and consensus building, which 

can directly inform practice (In high engagement contexts, a stakeholder workshop can 

help reconcile differing views and produce a consensus threshold value that everyone 

supports).  

 

 

 

- Questionnaires were considered but rejected due to the following reasons: 

 

First, explaining the complex context in a written form is challenging, a questionnaire 

would have to contain extensive instructions, definitions of functionalities, and 

hypothetical scenarios, making it very lengthy and potentially confusing. Without an 

interviewer present, respondents might misinterpret questions or skip important details, 

yielding low quality data.  

 

Second, a questionnaire offers no opportunity to clarify stakeholder doubts in real time. 

Participants might answer based on a flawed understanding of a functionality, and there 

will be no chance to correct it after submitting the response.  

 

Third, purely quantitative questionnaires encourage blunt answers. Stakeholders could 

simply fill in a number for a threshold without providing any rationale (“this is just 

what I want” is not a sufficient explanation). This lack of reasoning would undermine 

the ability to interpret the results or validate outlier responses (refer section 4.1.3).  

 

Fatigue and engagement were additional concerns. By taking a survey for more than 

10–15 minutes risks participants losing interest and giving careless answers just to 

finish quickly. Particularly problematic is the use of predefined scales in questionnaires. 

If a reference scale is provided for performance (say, describing 90% functionality as 

“only 5 users out of 100 cannot travel safely”), there is a huge risk of anchoring 

everyone’s answers at a high performance level. In pilot discussions, for example, it 

was realized that if stakeholders see an option implying any loss of life or safety (even 

a small number), they would simply choose 100% as their acceptable threshold to 

ensure “everyone stays safe”. This results in skewed data with clustered responses (e.g., 

everyone might answer 95–100% for safety), which fails to reveal true priorities or 

trade-offs.  

 

Essentially, a questionnaire could introduce bias and eliminate variability in responses, 

negating the value of the exercise. It also precludes asking follow-up questions to 

understand the reason behind a participant’s particular threshold value.  
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Given these considerations, the study adopted semi-structured interviews as the data collection 

method to ensure clarity, depth, and reliability of the data. The interview protocol was carefully 

designed to introduce the scenario and each functionality step by step (refer section 3.4 & 3.5), 

check for understanding, and then record the stakeholder’s threshold percentage along with 

their reasoning. By avoiding a rigid questionnaire, the risk of miscommunication and bias was 

reduced. The interview setting also helped build rapport, making participants comfortable in 

expressing honest opinions (including any extreme views, which are important data points). 

For research capturing stakeholder values in highly uncertain or complex contexts, interviews 

are recommended over questionnaires to obtain nuanced and credible inputs. 

 

 

• Recruit and engage stakeholders:  

Stakeholder selection and engagement were guided by a power-interest analysis. Different 

types of stakeholders (e.g., government officials, engineers, everyday users) have varying 

levels of power in decision-making and interest in the issue. This influences both their 

willingness to participate and the way they should be involved.  

 

- High-Power High-Interest Stakeholders: Those who have decision-making authority 

and are very invested in resilience can provide expert insights and also stand to use the 

study’s results. Such stakeholders, if available, can be engaged in a more extensive 

process. The interview process might involve multiple stages, an initial interview, a 

follow-up verification after preliminary analysis, and possibly a group workshop to 

discuss and reach consensus on threshold values. The rationale is that these stakeholders 

have the influence to implement changes based on the findings, so ensuring they deeply 

understand and agree with the results is valuable. Moreover, they are often willing to 

dedicate time to a research process that could inform their decisions.  

 

 

- Low-Power High-Interest Stakeholders: In this study, road users fell into this category. 

They do not hold decision making power but have a keen interest in transport resilience 

(since they are directly affected by disruptions). Such stakeholders were very willing to 

share their experiences and expectations, but it was found that they have practical limits 

on their time and engagement. Many of the users who were approached had busy daily 

schedules (some commuted 2–3 hours and worked full days), which meant they could 

spare time for a single interview but were reluctant to commit to any lengthy process 

beyond that. For this group, the engagement was tailored to be concise and convenient. 

interviews were scheduled at times comfortable for them (even weekends for about one-

third of participants) and kept to a reasonable length (~75 minutes maximum). On spot 

member checking was adopted because requesting them to review findings later or 

attend a second meeting would likely fail. This approach ensured the gathering of 

quality data without overburdening the participants. The willingness of users to 



101 
 

contribute despite their low power underscores their high interest; however, it was 

crucial to respect their time limitations to maintain goodwill and get authentic 

responses.  

 

 

- High-Power Low-Interest (or Low-Power Low-Interest) Stakeholders: Some 

stakeholders either have limited interest in the research or are too busy to participate, 

even if the topic is related to their work. In this context, one of the key decision making 

stakeholders identified were considered to be high power but turned out to have low 

interest in participating (perhaps due to workload or other priorities). Such stakeholders 

may prefer to observe outcomes rather than actively contribute. It was found that certain 

officials were interested in knowing the stakeholder feedback from others (like users) 

but were not prepared to be interviewed themselves. This could be because they trust 

their own expertise but still want to gauge public sentiment before making decisions. 

For stakeholders in this category, a feasible approach is to keep them informed of the 

study’s findings and possibly involve them in a later stage of discussion or validation 

(for example, sharing an executive summary or inviting them to a workshop to hear the 

collective results). While they might not provide input directly, acknowledging their 

perspective and ensuring the research captures a holistic view, which will make the 

results more acceptable to them. 

 

The power-interest insights meant a one-size-fits-all approach is not possible. The depth of the 

interview protocol and validation process had to be adapted. High-power high-interest 

stakeholders, if participating, could be asked for a more detailed interview and later engaged 

in result validation (like confirming the aggregated thresholds or participating in consensus 

workshops). In contrast, low-power stakeholders needed a streamlined process. This approach 

is flexible enough to mitigate complexity. In practice, for this study focusing on road users 

(low-power high-interest stakeholders) a single round interview with on-spot validation, as 

described was used. If high-power stakeholders were secured, then the methodology would 

have been altered to conduct follow-up meetings to verify their inputs and perhaps facilitate a 

multi-stakeholder workshop to reconcile any differences between groups.  

 

Stakeholder Recruitment Challenges and Mitigation:  

One practical challenge was simply getting stakeholders to participate especially those with 

decision making power. Initially, it was sought to include local officials and disaster 

management authorities in Tambaram, as they have the expertise and authority in road transport 

resilience. However, reaching them proved difficult. The official Disaster Management Contact 

Directory (2024–2025) for Chnegalpattu District provided only general office phone numbers 

and, in a few cases, WhatsApp numbers. Dedicated email addresses for specific officers were 

not available (only a general department email was listed, which likely receives an 

overwhelming volume of messages). Repeated phone calls often went unanswered, and 



102 
 

messages sent via WhatsApp sometimes failed or received no response, in some cases, the 

numbers were outdated or not tied to active WhatsApp accounts. Only one official could be 

reached by phone, and he indicated that he could only consider participation if approached in-

person, and he declined an online interview outright due to his tight schedule. This reflects a 

common scenario in developing urban contexts as key stakeholders are extremely busy with 

on ground responsibilities and may not prioritize academic research, especially if the approach 

is not face to face.  

 

To cope with these recruitment hurdles, the study pivoted to alternative stakeholders who were 

more accessible yet still relevant. Road users, who although not in authority, provide a critical 

perspective on resilience as the end beneficiaries. Recruiting users was more feasible through 

local community networks in Tambaram area. Additionally, their high interest in the subject 

(being directly affected by flooding and road disruptions) meant they were willing to engage 

when approached properly. To further facilitate participation, stakeholders’ schedules were 

accommodated, for example, conducting interviews on weekends or after work hours for those 

who had long commutes and busy weekdays. This flexibility was essential in securing a 

sufficient sample (15 participants in this case). While this shift meant that the gathered insights 

were primarily from a user perspective, it provided valuable data that might otherwise have 

been unattainable given the constraints.  

 

In future studies, a mitigation strategy for involving hard to reach high-power stakeholders 

could include securing support from a higher authority (e.g., a letter of cooperation from a 

government department) or aligning the research with an ongoing official initiative to make it 

a mutual interest. In this study, resource limitation made such strategies unviable, so focusing 

on users was the practical solution. Another important consideration was the language of 

communication during interviews. In a diverse region like Chennai, many stakeholders, 

especially community members, prefer to express their thoughts in their native language 

(Tamil) rather than English. Even those who understand English might be more comfortable 

articulating nuanced opinions in their mother tongue. On the other hand, some stakeholders 

(particularly younger professionals or students) were perfectly at ease with English. The mix 

of languages could introduce challenges in data interpretation as direct translations might miss 

context and the researcher’s own proficiency in the local language becomes critical. The 

interviewer (researcher) was proficient in the regional language, which enabled participants to 

choose their preferred language for the interview. Many participants used a mix of Tamil and 

English. To ensure accurate interpretation of the qualitative data, the interviewer employed 

active probing and paraphrasing during the conversation. For example, if a participant 

explained their reasoning in Tamil, the interviewer would occasionally restate it in English to 

confirm understanding: “So, if I understood correctly, you set the threshold at 80% because 

you believe so and so, right?” Participants could then affirm or clarify the point. This real time 

cross checking mitigated the risk of misinterpretation of responses. Additionally, notes were 

taken in English and care was taken during transcription and coding to maintain the original 
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meaning. Through these measures, the study respected participants’ comfort with language 

while preserving the accuracy of the information gathered.  

 

By the end of Phase 2, a set of stakeholders (road users) ready to provide input, an interview 

protocol tailored to their profile, and strategies in place to handle logistical and communication 

challenges. This groundwork set the stage for collecting high-quality data that truly reflects 

stakeholder values. 

 

 

Phase 3: Data Analysis and Synthesis of Stakeholder Value into a Threshold 

Matrix 

After conducting the interviews and gathering stakeholder inputs on minimum acceptable 

performance levels for each functionality, the next phase was to analyze these data and 

synthesize them into a usable form, the threshold matrix. This phase involved quantitative 

aggregation of the various stakeholder inputs and qualitative analysis to interpret and validate 

the findings. Throughout the analysis, particular attention was paid to identifying any 

anomalies (outlier responses or conflicting views) and understanding their implications, as well 

as ensuring that the integrated results remained true to the raw data. The following steps were 

undertaken: 

 

• Patterns and Outliers:  

In analyzing the responses, special attention was paid to outliers’ values that were significantly 

higher or lower than the rest. Outliers in stakeholder responses are not necessarily “wrong”, 

they can indicate a minority perspective or unique concern that others did not consider. From 

a statistical standpoint, methods like the interquartile range (IQR) or z-scores can flag outliers. 

However, deciding what to do with them is more than a statistical exercise; it requires 

understanding why the outlier occurred. Therefore, outliers should be retained for aggregation 

if they were backed by strong qualitative insights. In practice, that meant referring back to the 

interview transcripts for any outlier response. If the participant had given a clear, logical 

reasoning for their threshold, then this perspective was deemed valid and was included in the 

aggregation. The outliers were not excluded simply for being different, as it could represent a 

valid sub-group or a scenario that hadn’t considered. On the other hand, if an outlier seemed to 

result from a misunderstanding, then that data should be treated with caution. In this study’s 

results, no responses were discarded outright; every data point was examined in context. The 

qualitative explanations helped determine that all inputs were given intentionally and 

meaningfully, even if some were at the extremes. Therefore, the final aggregated values are 

reflective of the entire spectrum of stakeholder opinion, not just the median. The outcome of 

this quantitative step was a preliminary matrix of functionalities and threshold percentages, 

essentially capturing the average minimum performance stakeholders expect for each 
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functionality under the given disruption scenario. However, those numbers alone only tell part 

of the story. To fully understand and trust these results needs to be interpreted through the lens 

of stakeholder experiences and reasoning which is where the qualitative analysis comes in.  

 

 

• Qualitative Analysis and Interpretation  

 

Beyond the numbers, the interviews provided rich narrative data on thresholds and what factors 

influenced their expectations. A structured qualitative analysis approach was adopted to extract 

themes and insights from these narratives. The study followed the qualitative data analysis 

method outlined by Gioia et al., (2013), which is designed to bring rigor to inductive research. 

In practice, this involved coding interview transcripts in multiple stages. This Gioia inspired 

coding structure allowed to systematically move from raw data to higher level insights. It 

ensured that the qualitative interpretation was grounded in the actual words and concerns of 

stakeholders, enhancing credibility. The qualitative findings were then used to explain and 

enrich the quantitative threshold matrix.  

 

 

• Aggregation of threshold values: 

 

Each interview yielded one threshold percentages per functionality per scenario. To create a 

single integrated threshold for each functionality, a Weighted Average Aggregation (WAA) was 

used. In this study, since all 15 participants belonged to the same stakeholder group (road users) 

each participant’s input was given equal weight. The aggregate threshold was thus essentially 

the arithmetic mean of all responses for that functionality (after confirming all responses were 

on a comparable basis). This provided a baseline “stakeholder defined” minimum performance 

level for each resilience functionality under study. For future research involving a variety of 

stakeholder groups, simple averaging may not be appropriate. Different groups could 

justifiably carry different weights in the decision-making process. For instance, if officials, 

engineers, and users all provide thresholds, one might decide that official perspectives (high 

power) should have greater weight in the final number, or conversely that user perspectives 

(high interest) should be emphasized to ensure community needs are met. This introduces 

complexity in aggregation on how to assign weights fairly. 

 

As a potential solution, researchers can assign weights based on objective criteria such as the 

stakeholder’s role in decision-making, expertise, or degree of impact. For example, a weight 

could be proportional to a stakeholder group’s influence on implementation (policy-makers 

higher weight) or to the size of population they represent (user group weight might depend on 

how many people they speak for). In this study, this was not an issue as all weights were equal. 
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Note: Explicitly documenting a weighting scheme is important when combining various voices, 

to maintain transparency and acceptance of results. The weighting scheme should be based on 

criterion considered for the study. 

 

By the end of Phase 3, a comprehensive understanding of stakeholder value integration: a 

quantitative threshold matrix for system functionalities and a set of qualitative themes 

explaining those thresholds was obtained. The two strands of analysis together form a robust 

stakeholder value integrated threshold matrix for resilience assessment.  

 

In summary, the approach outlies the elicitation process to capture and understand the 

stakeholder value and indicates the complexities that arised during the operation of the research 

and ways in which these complexities were mitigated and considerations for future research 

will carrying out similar studies.  
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Chapter 6 

Discussion 

 

6.1 Data Reliability 

Ensuring data reliability and that participants fully understood the interview context were 

fundamental. Several steps were taken to preserve credibility and avoid bias. First, the 

interview protocol itself was carefully structured: definitions of the system functionalities 

Safety, Connectivity, and Travel Time Reliability were explicitly read to each participant at the 

beginning. This ensured that all respondents shared a common understanding of the technical 

terms. The scenario-based framing anchored answers to realistic traffic conditions and peak 

hour experience. By providing these standard descriptions and clarifying scenario details (time, 

location, flood depth, etc), misinterpretations were minimized, and all participants were 

positioned within the same reference.  

 

To minimize interviewer induced bias, neutrality was maintained and avoided leading prompts 

during the core questioning. The semi structured format allowed flexibility but with consistent 

core content across interviews. The question orders were deliberately structured by 

functionality, not by flood scenario. In practice, this meant asking all questions about 

Connectivity (under normal, low, medium, high floods sequentially) before moving on to 

Reliability then Safety and vice versa. While this could theoretically bias some responses (for 

instance, a participant might anchor on the first functionality addressed), it was chosen to 

reduce cognitive load and avoid confusion from switching back and forth across functionalities. 

Research on interviewing suggests that such structured order can reduce respondent fatigue 

and confusion, thereby improving reliability (Nielsen Norman Group, 2022). Indeed, all 

participants were able to provide numeric thresholds once they understood the scale (0 – 

100%), and each value and reasoning was confirmed by repeating it back to the participant 

immediately. This in on spot member checking (respondent validation during the interview) 

was crucial. Whenever a respondent hesitated or gave an ambiguous answer, the answer was 

repeated back to the participant and meaning /insight was confirmed, ensuring accuracy. This 

on spot member checking also increased the consistency between the quantitative and 

qualitative data.  

 

Interview language was another potential source of misunderstanding. Most of the participants 

were fluent with English which made recording insights easier and more accurate. When Tamil 

was used (regional language), the responses were translated into English notes on the fly and 

further developing it into a structured interview notes immediately after the interview. No 

audio/video recording was made (to put participants at ease and for ethical considerations), so 

notes were taken almost verbatim, especially noting every numeric threshold mentioned. The 
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combination of detailed note taking and immediate post interview expansion helped preserve 

data integrity. For example, after each session notes were expanded into 1-2 page transcript 

like summary and followed up to clarify any ambiguous point. These practices creating an audit 

trail of detailed interview summaries and doing member checks are standard quality measures 

in qualitative research (Lincoln & Guba, 1985). They helped ensure that even when biases or 

misunderstandings could creep in, they were corrected quickly.  

 

It was also considered whether the order of topics introduced any systematic bias. By not 

randomizing functionalities, one might worry that answering all questions about safety before 

reliability could prime participants to focus on safety issues first. In practice, participants often 

spontaneously ranked priorities when asked (e.g. “safety first, then connectivity” or vice versa), 

regardless of question order. Nevertheless, it is acknowledged that different sequencing (e.g., 

alternating functions) could result in slightly different framing. To guard against this, all 

interviews used the same order, making responses internally consistent. Moreover, at the end 

participants were explicitly asked if one functionality was more important than others, allowing 

them to reflect on their priorities after giving all thresholds. This check helped verify that no 

functionality had been inadvertently de-emphasized by question order.  

 

The data reliability was promoted through standardization and transparency. By providing the 

same scenario, definitions, and consent information (in writing and verbally) to all participants. 

The researcher remained neutral, probes encouraged elaboration without suggesting answers, 

and any numeric value was immediately confirmed verbally. These practices mirror best 

practice guidelines for qualitative rigor (Gioia, Corley & Hamilton, 2013) and for interviews. 

By carefully managing the interview context and validating data as it was collected, the 

trustworthiness of the findings was maximized. This practice led to accurate capture of the 

stakeholder values but how to manage data collection in highly uncertain field of research, 

especially when the participants were non-experts. This collection of quality data in uncertain 

studies is further discussed in section 5.2. 

 

Even so, responses did vary widely. Outliers were encountered at both ends. For instance, one 

interviewee (optimistic outlier) (refer interview no. 14, Table 5, above) insisted on near perfect 

system performance even in high floods demanding “100% connectivity” and “100% 

reliability” under normal and low flood conditions. Another participant (pessimistic outlier) 

(refer interview no. 6, Table 5, above) essentially distrusted the system entirely; he reported 

that he would only accept 20–25% reliability and safety in high floods, based on past harrowing 

experiences of roads disappearing. In each case, the reasoning were probed. The optimistic 

interviewee justified his high expectations by focusing on critical functions (he would sacrifice 

some connectivity but never safety), whereas the pessimistic interviewee explained a “survival 

oriented” mindset formed by actually seeing floodwaters cause major disruption on roads. By 

documenting these explanations, it was verified that their extreme values were indeed 

intentional, not errors. Critically, neither type of outlier unduly influenced the final results, 
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because equal weighted averaging was used to formulate the threshold matrix, which by design 

smooths extreme inputs. At the same time, including outliers in analysis enriched the 

understanding: it highlighted the range of risk perceptions in the community, and it validated 

that the qualitative coding of themes correctly captured this diversity.  

 

While speaking of uncertainties, it was also noted that 3 out of the 15 interviewees intuitively 

adopted the concept of dynamic thresholds. Having lower or higher performance with respect 

to the need and expectations of system functionalities in each scenario. This gave rise to the 

questions such as: does type of organisation, nature of work and role in organisation affects the 

expectations and tolerance? This question emerged from the observation that, participants who 

gave decreasing thresholds as the flood hazard intensity increases were employees in an 

organisation with exception of two interviewees who still gave increasing values despite being 

employees (two out of three participants mentioned above) and the participant who mentioned, 

he demands adaptive prioritisation (dynamic thresholds) is an employer, has his own firm. So, 

what lead them to understanding or adoption of concept of dynamic threshold or how did they 

do that or to further understand the mindset of interviewees of this kind further research on 

does behaviour, organisation culture, regional culture and role in an organisation influences 

expectation from a system should be conducted. 

 

Also, what made others not adopt a dynamic threshold? A few possible factors emerge. 

Some may have taken a technically realistic stance, believing that certain losses are 

unavoidable as floodwaters rise. For them, it may seem unrealistic to demand higher 

performance (especially beyond what normal operations yield) under stress. Others may not 

have fully grasped the idea of raising targets; they answered based on conservative default 

expectations rather than strategic trade-offs. It is also possible that only a subset of interviewees 

understood or resonated with the dynamic thresholds concept. For example, Interviewee 

fourteen explicitly thought in terms of carrying capacities (“other functionality can carry the 

load”), whereas others spoke more descriptively about losses (e.g. “roads will close… I can 

accept X% drop”). In short, most respondents implicitly treated thresholds as non-adaptive 

benchmarks, reflecting an assumption of monotonic performance degradation. This aligns with 

resilience scholarship noting that fixed benchmarks often oversimplify stakeholder needs. The 

fact that only three out of fifteen embraced dynamic adjustments suggests that dynamic 

threshold reasoning is not yet intuitive for all stakeholders and may require explicit facilitation 

or education to surface in analysis. 

 

6.2 Ensuring data quality 

Interview based elicitation of values inherently involves uncertainty in whether data collected 

is of expected quality or not, especially when stakeholders are non-experts. Stakeholders often 

struggle to articulate precise performance levels or to quantify probabilities, and their answers 
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may reflect gut feelings or memories of past events. In this study, participants sometimes 

expressed uncertainty explicitly. To address this, the interviews were treated as a conversation 

with opportunities for clarification rather than a one shot test of their knowledge. Multiple 

strategies were used to help stakeholders express their values under uncertain areas:  

 

• Scenario Visualization: Questions were framed in concrete terms (weekday morning 

commute, specific flood depths) so respondents could visualize the context rather than 

answer abstractly. This kind of mental simulation is known to improve lay 

comprehension of risk scenarios in risk communication literature and was critical to 

this approach.  

 

• Definition Simplification: The system functionalities (safety, connectivity and travel 

time reliability) were given simple operational definitions. Now, questions arise 

regarding the definition and understanding were clarified before moving on to data 

collection. If a participant hesitated, the interviewer explained in plain language (“By 

connectivity I mean, can you still get from point A to B?”). This iterative explanation 

approach is recommended when eliciting technical criteria from lay stakeholders 

(Morgan et al., 2001).  

 

• Analogical & Iterative Elaboration: When stakeholders seemed uncertain, analogies 

or simple examples were used. For instance, one participant initially said “100% safety” 

in high flood, then we asked, “So you would accept only no injuries at all, meaning if 

it was a 30 cm of water level due to flood, would you be okay if there were one accident 

per hundred trips?” Such prompts forced reflection and sometimes revision of their 

thresholds. This kind of “what if” probing acts as an informal calibration, akin to aspects 

of the Delphi method, and helps lay respondents articulate values in a structured way 

(Montibeller & von Winterfeldt, 2015).  

 

• Structured Elicitation Ideas: While the participants were not experts, concepts were 

borrowed from formal expert elicitation to increase rigor. Future work could explicitly 

include a mini-Delphi among stakeholder groups: after initial individual interviews, a 

workshop could show aggregated results back to participants and allow them to revise 

their values (a “social Delphi” or consensus discussion). Such consensus building steps 

should be documented to produce more considered judgments, even among non-

experts. 

 

Overall, the interview protocol itself functioned as a guided elicitation, with built-in 

redundancies to cope with uncertainty. The semi structured format allowed follow up questions 

that clarified misunderstandings (e.g. “Could you explain why you think 60% connectivity is 

acceptable?”). This is important because studies have found that an interactive, conversational 

approach tends to yield higher quality data from stakeholders who are not trained in giving 

expert risk estimates (Clemen & Reilly, 2001). In the collected data, themes like Guarantees 
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and Confidence often emerged precisely when participants grappled with uncertainty. These 

qualitative insights show that respondents did in fact hold concrete beliefs, even if sometimes 

hidden under initial vagueness.  

 

The lay stakeholder answers mix factual uncertainty with value judgements. As one 

“pessimistic” participant noted, his low thresholds were based on experience. This illustrates 

how personal experiences and heuristics dominate when precise prediction is impossible. A 

formal structured expert elicitation (SEE) typically requires calibration questions and training 

to mitigate such biases (Aspinall, 2010). This study did not have that luxury, but it was ensured 

through probing that this study captured the rationale behind answers, not just the raw numbers.  

 

In structured expert elicitation, protocols like IDEA (Investigate Discuss Estimate Aggregate) 

and Delphi are used to reach consensus among experts. Adapting these ideas for stakeholders 

could mean several rounds of input and feedback. For example, future studies might first gather 

individual interviews, then hold a group discussion of the aggregated thresholds, and finally 

re-ask key questions (a mini-Delphi among users). This could help those who were uncertain 

refine their answers by hearing peers’ reasoning. For this study a very basic form of the above 

mentioned method was conducted by interpreting and clarifying the reasonings and rationale 

of each participant during their interview for verification (a form of member check), and by 

sharing overall findings later. Such iterative validation is in line with qualitative best practice 

(Lincoln & Guba, 1985) and increases trust in the data under uncertainty.  

 

It was recognized that eliciting numeric thresholds from non-experts is inherently uncertain. 

This can be mitigated by clear framing, iterative questioning, and member  checking to ensure 

comprehension. This approach resembles a semi structured elicitation embedded in an 

interview combining conversational probing with attempts to quantify values. This hybrid 

method draws on uncertainty management literature: by blending qualitative narrative (to 

express uncertainty and justification) with forced quantitative answers (to anchor values), to 

produce data that acknowledge uncertainty while remaining actionable. The approach is not 

fully “expert elicitation,” but by using structured techniques (clear definitions, repeated 

questions, on spot member checking, recording rationale and reasoning during the interview) 

it was approximated that rigor in a lay context. 
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6.3 Limitations of the study 

While this study provides valuable insights, it is important to acknowledge its limitations and 

to outline how future research can extend and refine the work. Reflecting on the generalizability 

of the findings given the sample and context, the methodological constraints, and suggest ways 

to deepen and broaden the investigation. Key areas of discussion include the sample scope and 

generalizability (what 15 road users from Tambaram represent and what they don’t), future 

quantification strategies (how to strengthen the quantitative aspect, possibly with larger 

samples or different approaches), and expanding stakeholder inclusion (involving more diverse 

stakeholders and integrating their perspectives, including how a “threshold index” could be 

applied in planning processes).  

 

• Participants were primarily private car users recruited through local networks. This 

study did not explicitly include other stakeholder categories like public transit 

operators, freight delivery services, emergency service providers, or city officials. 

These groups might have differing perspectives. Thus, socio-economic profile of 

the participants could influence results; all being from one town means the study 

captured a certain demographic range, but not the full spectrum of Chennai’s 

population. It was ensured to bring in variation by sampling across Tambaram’s 

zones, which gives some spatial diversity, but there may be unrepresented voices 

(e.g., people with disabilities might have different concerns about safety in floods, 

or those without personal vehicles might emphasize public transport continuity 

differently). This is not to say that the findings are only applicable to Tambaram. 

Many patterns (safety first, etc.) are likely universally relevant as they echo 

fundamental human priorities. However, the context specific details (like references 

to local drainage issues or particular roads) are tailored to Tambaram’s scenario. 

Thus, caution should be exercised in applying the exact numbers elsewhere without 

local validation.  

 

• Another limitation of the study is the sample size and composition. This study 

interviewed 15 road users in Tambaram, Chennai. While this allowed for in-depth 

qualitative analysis and was sufficient to reach thematic saturation within that 

relatively homogeneous group (many common perspectives emerged by the 12th 

interview), it is still a small sample focused on a specific locality. As such, the exact 

threshold values and nuances found may not be directly generalizable to all road 

users in Chennai, let alone other cities or regions. Tambaram’s context influenced 

respondents’ answers. For instance, residents who have experienced regular floods 

might have different tolerances than those in a city with rare floods. Indeed, this 

study hypothesized that elsewhere stakeholders might demand nearer to 100% 

performance if they view floods as exceptional and preventable.  
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• Also, it was acknowledge that the aggregated values are high for this sample, but it 

cannot claim statistical representation of a larger population. The thresholds are 

“aggregated values” among those 15, not a statistically inferred mean of all 

Tambaram residents. This was mitigated this by stratifying sampling (covering 

different zones to include various flood exposures) and by noting that 15 interviews 

often suffice for thematic saturation in a homogeneous group. Nonetheless, for 

stronger generalizability, a larger survey could be conducted.  

 

• Additionally, while performing weighted average aggregation each participant was 

given equal weightage. In reality one might argue that certain road users (e.g., 

public transport users versus car users, or experienced drivers versus novices) might 

have different levels of knowledge or stake that could be weighted. But all the 

voices were treated equally to get an average perspective. This is a limitation that 

this study did not differentiate or segment the results by sub groups (except 

qualitatively noting a few outliers). Future studies with larger samples could explore 

segmenting thresholds by demographic or commuter type.  

 

• Finally, this research is a single case study in a Indian context. Cultural factors (such 

as risk tolerance shaped by past disaster experiences) might influence the findings. 

The relatively high demands might reflect for instance a frustration from prior poor 

system performance. In other contexts, people might be more resigned or more 

demanding. Therefore, while the methodology and broad insights are transferable, 

the specifics should not be uncritically transplanted without local data.  

 

Therefore, while applying the threshold matrix in planning, future research can focus on 

developing tools for planners to use these thresholds. For instance, one could create a planning 

support tool or Geographic Information System (GIS) based model where planners input 

potential measures and it outputs expected performance against the threshold matrix. Then 

planners can easily see if a proposed action keeps performance in the “green” (acceptable) or 

“red” (unacceptable) zone from a stakeholder perspective. Future studies could test such a tool 

in a planning department, gathering feedback on how it influences decision making. This would 

be moving from research to practical implementation, but with research evaluation of that 

process. Thus, expanding stakeholder inclusion means both widening the pool of who is asked 

about thresholds (for broader legitimacy and insight) and deepening how these thresholds are 

incorporated into collaborative decision frameworks (for practical uptake). This will not only 

enhance the findings’ robustness but also ensure that future resilience plans built on this 

approach are equitable and comprehensive.  

 

In summary, every study has its bounds, and the limitations of this study has been outlined in 

terms of sample, context, and methodological choices. These limitations, however, pave the 



113 
 

way for rich future work. The findings of this research for Tambaram serve as a proof of concept 

that integrating user values into resilience planning is both feasible and illuminating. Future 

research can take this concept to larger scales, different settings, and more complex decision 

models. If done, a clearer more democratic picture of “resilience” will emerge, one where the 

success of system under stress is measured not just by technical metrics but by meeting the 

needs and expectations of the people it serves. Through iterative research and application such 

as larger surveys, cross city studies, participatory planning, the idea of a stakeholder and user 

defined resilience threshold could become a standard part of how cities plan for and evaluate 

their preparedness for disasters. This continuous improvement cycle will address current 

limitations and help realize the full potential of aligning engineering goals with human values 

in the quest for truly resilient transportation systems. 

 

 

6.4 Limitations of the approach 

While this approach can reveal local expectations and preferences, it has several limitations. In 

particular, its format and scope may not suit all stakeholder types, alternative methods might 

yield richer data, and its assumptions about context and values may not generalize easily. 

Below, the elicitation method is critically examined across multiple dimensions. Drawing from 

the participatory methods, multi-criteria decision tools, and resilience planning to highlight 

how interviews can fall short and how the approach might be improved.  

 

• Applicability to other stakeholders  

Semi structured interviews are often well suited for non-expert stakeholders, but may be less 

effective for technical experts, government officials, or other high level decision makers. 

Experts and officials may respond differently to formal interview protocols compared to lay 

stakeholders. Technical stakeholders, for example, typically think in quantitative or system 

terms and may require detailed data or analytical framing to express their values. Government 

officials may be constrained by policy agendas or risk averse attitudes, making candid value 

statements difficult. The same set of questions may not resonate equally with all groups. 

Research on stakeholder methods notes that in-person interviews can capture individual 

perspectives well but are often based on small samples and yield results that are not statistically 

generalizable. In practice, a transportation engineer might interpret a “resilience” question in 

technical design terms, whereas a local resident might think in terms of daily commute 

inconvenience. An interview may therefore bias responses: for instance, experts might focus 

on technical performance metrics, while community members emphasize social impacts. 

Moreover, interviews can be influenced by how questions are framed and by interviewer 

presence. Closed or leading questions can steer stakeholders to particular answers. In a semi-

structured elicitation setting, this means that the choice of which values to ask about and how 

thresholds are described can inadvertently prioritize some concerns. Technical experts may also 
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feel constrained by formality or may prefer workshop style engagements (e.g. scenario 

exercises) over one on one interviews. Similarly, government officials often operate through 

formal committees; a lone researcher interview may not capture the negotiation and power 

dynamics of actual decision making. Finally, stakeholder power dynamics can skew results. 

High power stakeholders often dominate discourse. Without deliberate measures to balance 

voices, interviews may over sample more accessible or vocal groups and under sample 

marginalized ones. As engagement guidance suggests, inclusive processes require designed 

outreach (e.g. working with social inclusion experts) to reach low income, disabled, or minority 

groups. If the study’s interviewee list is not carefully balanced, its elicited values may reflect 

only a subset of interests (for example, transport and commerce priorities over informal 

vendors’ needs). In short, while interviews can work well for some groups, the approach may 

need adaptation for technical experts or officials, and it risks neglecting less organized 

populations. 

 

• Methodological alternatives  

The interview based elicitation in this study is only one of many participatory techniques. It is 

worth asking whether other methods might have been more robust or complementary. For 

example, Delphi methods use multiple anonymous rounds with experts to build consensus. 

Delphi can involve geographically dispersed experts and reduce groupthink, but it is time 

consuming and can dilute accountability. Delphi’s anonymity eliminates potential sources of 

conflict and enables participants to express views freely, yet multiple rounds require a large 

time commitment and anonymity may lower the incentive for accountability. The thesis’s single 

round interviews lack the iterative feedback of Delphi. So, participants cannot revise their 

views after seeing others’ responses, so consensus (if needed) is harder to achieve.  

 

Analytic Hierarchy Process (AHP) is another alternative for eliciting and weighting values. 

AHP uses structured pairwise comparisons of criteria and alternatives and can aggregate 

multiple stakeholder judgments into a quantitative ranking. This could provide a rigorous 

framework for weighting resilience factors. However, AHP has its own drawbacks as it requires 

experts to make many pairwise comparisons, which can be tedious and cognitively demanding. 

Hartwich (1999) notes that “the procedure of pairwise comparisons is time consuming” and 

“some interviewees may find it somewhat tedious to go through that amount”. For a multi-

factor threshold matrix, the number of comparisons grows quickly, risking fatigue or 

inconsistent answers. AHP also offers little guidance on how to structure the problem hierarchy; 

different hierarchies can yield contrasting results. In sum, while AHP can formalize stakeholder 

weights, it may not suit broad public engagement without simplification.  

 

Participatory modeling or workshops represent a more interactive alternative. Techniques like 

fuzzy cognitive mapping or systems dynamics involve stakeholders co-creating causal models 

or scenarios. Such approaches can capture diverse knowledge and foster mutual learning. Yet 
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they are resource intensive. Participatory modeling studies caution that the limitations include 

the increased time, resource (for both modellers and participants) and, therefore, expense of 

the process, as well as the need for models to remain simple (which risks oversimplification). 

In practice, convening a large cross section of stakeholders in workshops can be expensive and 

hard to coordinate, especially with experts. Moreover, participatory models may produce 

outputs that are difficult to generalize or quantify.  

 

Other engagement tools could supplement interviews. For example, focus groups or citizen 

juries allow stakeholders to discuss and prioritize issues together, potentially revealing group 

dynamics. However, focus groups can be dominated by outspoken participants, and some 

individuals may be reticent to express opinions in a group setting. Questionnaires or surveys 

can reach more people but lose the depth of interviews where respondents cannot clarify their 

reasoning. Each method has trade-offs. In this research, a semi structured interview approach 

provided depth but at the cost of breadth. Alternative or mixed methods (e.g. combining 

interviews with a workshop or survey) might capture a more complete picture, though at higher 

cost. In all cases, the robustness of value elicitation depends on carefully matching the method 

to the stakeholders’ communication styles and the expertise. 

 

• Transferability across contexts 

A key question is whether this elicitation approach can be replicated in other cities or regions 

with different social and institutional contexts. Methods that work in one locale often require 

adaptation elsewhere. Tambaram is a large suburban area in Chennai, India, with its own 

linguistic, cultural, and governance norms. In another Indian city or in rural India, stakeholders 

might interpret questions differently. Likewise, outside India, cultural frameworks for 

discussing risk and value may vary widely. The literature on inclusive engagement emphasizes 

that stakeholder identification and communication must be tailored to local diversity. In 

practice, this means that any interview guide would need to be translated (not just linguistically 

but culturally) and pre-tested to ensure relevance. For instance, questions about “flood 

resilience” in Chennai may assume certain knowledge of monsoon patterns and local 

infrastructure. In a non-monsoonal region, similar questions might miss the mark.  

 

Socioeconomic factors like literacy levels, digital access, and community organization matter 

too. Engaging low income or illiterate populations often requires non-written methods or 

community facilitators. Thus, a straightforward interview schedule could be ineffective in a 

rural or poorer setting without visual aids or local mediators. Institutionally, the process 

depends on governance structures. Chennai has specific agencies (like the Chennai 

Metropolitan Development Authority) and civic groups. Replicating the study in Netherlands 

would involve different agencies, regulations, and often a greater emphasis on environmental 

impact analysis. The stakeholders themselves would change. The method would need to engage 

these entities appropriately. Moreover, political culture affects participation. In some places, 
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citizens expect extensive public consultation; in others, they defer to experts. Even within 

India, the role of resident associations in Tambaram (as seen during flood relief work) may not 

exist elsewhere.  

 

In summary, transferring the approach requires cultural and institutional translation. Practical 

steps would include adapting language and examples to local norms, re-mapping stakeholder 

categories to the new context, and possibly restructuring the interview format (e.g. using focus 

groups where social hierarchy limits individual speech). In Chennai, a semi-structured 

interview might capture values effectively; in a different context, alternative facilitation 

(community meetings, storytelling, media like photo elicitation) might be needed to uncover 

the same content. Ignoring such differences risks misinterpreting results. As stakeholder 

processes must be designed together with representatives from minority or under served groups 

to properly incorporate cultural and language differences. If this is not done, the elicited 

“values” may reflect only those groups that the method could comfortably reach. 

 

• Transferability to other hazards  

This study focused on road transport during floods, but could the same value elicitation method 

apply to other disasters like earthquakes, wildfires, etc? Conceptually, the idea of interviewing 

stakeholders to elicit resilience values is general, but the content and framing would need major 

adjustment. Each hazard has different dynamics, impacts, and relevant stakeholders. For 

example, earthquakes damage buildings and infrastructure suddenly, whereas floods are slower 

onset but more seasonal. Thus, stakeholder priorities and the “functionalities and the thresholds 

itself” that matter will differ.  

 

Multi-hazard approaches can work but require expanded scope. In San Francisco Bay, the 

Adapting to Rising Tides project initially targeted flooding but stakeholders quickly pushed to 

include seismic risks as well. This required bringing in earthquake experts and considering how 

strategies for one hazard might affect another. The integrated process found synergies (shared 

data, combined planning) but also demanded more complex stakeholder coordination. 

Similarly, a road system assessment for earthquakes would involve civil engineers and disaster 

managers, whereas wildfires planning would include forest officers, etc. The elicitation 

interview guide would need new questions (e.g. about evacuation routes in an earthquake) and 

possibly new metrics.  

 

Nonetheless, certain fundamental values (life safety, connectivity, rapidity, etc) often recur 

across hazards. A semi structured interview can still probe these, but with hazard specific 

examples. The clarity and relevance of the questions would hinge on stakeholder familiarity: a 

road vendor may easily relate to water blocked roads, but might not readily conceptualize a 

earthquake or wildfire’s impact on transport. The method should be adapted by including 
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scenario walkthroughs or visual aids to maintain relevance for non-familiar hazards. Finally, 

some hazards involve far more social and behavioral aspects; eliciting values around them may 

require attention to trust in institutions or social equity, which the original interview might not 

have covered. In short, while the interview based value elicitation is in principle portable, 

applying it to a new hazard type would necessitate updating both the stakeholder list and the 

content of the questions to reflect that hazard’s unique context.  

 

Furthermore, any stakeholder elicitation raises questions of power, representation, and fairness. 

Who gets invited to define “value” can greatly shape the outcomes. If the process over relies 

on “vocal” groups or official channels, less visible interests may be ignored. The risk of such 

exclusion is well known in participatory planning: without explicit effort, participatory spaces 

often repeat existing inequalities. Therefore, further research is needed to identify these 

inequalities and how to structure the decision making approach to provide a fair treatment to 

these inequalities. To be specific research on ethical and political dimension’s influence in such 

a setting is required.  

 

• Extent to which value is captured 

Even with broad participation, any single method can only capture certain types of values. The 

semi structured interview in this study likely elicited concrete, present tense concerns (e.g. 

delays, road damage, emergency access). However, it may have missed subtler dimensions of 

value. Emotional values (fear of flood trauma, pride in community spirit) or cultural values 

(religious significance of certain routes, traditional knowledge) often lie outside direct 

questions. Likewise, intergenerational values; concerns for future children’s safety or long term 

environmental change are abstract and may not surface unless explicitly probed. Research on 

values elicitation points out that “talking about values” is inherently difficult without context. 

Stakeholders may default to easily articulated metrics (time lost, money spent) and overlook 

intangible drivers.  

 

More fundamentally, values are situational. An interviewee might claim that safety is 

paramount, but in practice trade it off for other gains when seated in a nuanced scenario. Le 

Dantec et al. (2009) argue that without real life context, value rankings are based on 

“spontaneous thoughts” and thus can be biased. For example, a commuter might say in an 

interview that “fast travel” is his top priority, but in a group discussion might reveal otherwise. 

The method may not capture such shifts. Intangible values like trust in government, social 

solidarity, or empathy are especially hard to quantify in an interview. Likewise, unique cultural 

values such as communal land or festival routes might not be mentioned unless the interview 

explicitly includes them. The study’s approach of capturing and integrating values into a 

threshold matrix further risk simplifying complex values into numeric or categorical entries, 

potentially losing meaning.  
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In sum, the elicitation approach likely captured a useful but partial slice of stakeholder values. 

As values are abstract motivational constructs and can play different roles based on situational 

context. A single round of semi-structured questions can provide an overview of stakeholder 

priorities, but cannot fully uncover dynamic or latent values. Emotional or cultural dimensions 

may require qualitative narratives or workshops to reveal. Thus, the approach’s boundary is its 

focus on explicit, present minded values.  
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Chapter 7 

Conclusion and Recommendations 

 

7.1 Conclusion 

In conclusion, this research provides an approach for integrating stakeholder values in a 

threshold matrix for resilience assessments. By carefully selecting what to ask, whom to ask, 

and how to ask it and by rigorously analyzing the responses both quantitatively and 

qualitatively, researchers and practitioners can develop a performance threshold matrix that 

have real world legitimacy. The process is admittedly complex, as this study encountered 

challenges in stakeholder communication, recruitment, and data interpretation. However, each 

complexity can be managed through thoughtful methodological choices by simplifying 

concepts for clarity, favouring interactive data collection, tailoring engagement to stakeholder 

characteristics, and using structured analysis techniques. The experience from the Tambaram 

case study underscores the importance of flexibility and stakeholder centric design in research. 

Future studies can adopt and adapt this approach, remaining mindful of potential hurdles and 

the mitigation strategies outlined, to ensure that resilience assessment truly reflect the values 

and needs of the communities they serve. Thus, an approach to integrate stakeholder value in 

a threshold matrix for resilience assessment is proposed.  

 

Answering the research question 

The objectives of the study have been achieved by answering the following research questions. 

The section also provides a recap into the process followed in the research. 

“How can user values be captured to assess road transportation resilience to flooding 

considering system functionalities and various hazard intensities in Tambaram, 

Chennai context?” 

To comprehensively answer this, four sub-research questions were developed, each 

progressively building towards the final outcome. 

 

Sub-research question 1:  

“What are the system functionalities that define road transportation resilience during various 

flood severities?”  

This was answered by adopting and refining three system functionalities drawn from the 

literature for Tambaram. By adopting these functionalities, linked to specific disaster phases 

and hazard intensities, the study ensured that stakeholders could meaningfully engage. This 
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provided the conceptual foundation of the research by defining resilience dimensions in 

relevant terms. 

 

Sub-research question 2:  

“To which extent do performance thresholds capture user values for the predefined 

functionalities under different flood severities, and what is the reasoning behind the assigned 

thresholds?”  

Through semi-structured interviews, the study elicited both quantitative thresholds and 

qualitative reasoning. Application of the Gioia methodology ensured these narratives were 

rigorously analysed, showing that thresholds reflected concrete user experiences. The findings 

confirmed that user defined thresholds captured values meaningfully, while also revealing 

boundaries such as challenges in articulating intangible or long-term priorities. 

 

Sub-research question three 3:  

“How do users prioritise these predefined functionalities under various flood intensities?”  

The results showed that stakeholder priorities were dynamic: under severe flooding, safety 

dominated, while in lower severity conditions, connectivity and mobility took precedence. This 

highlighted the context dependency of stakeholder values and underscored the importance of 

incorporating scenario variation in threshold elicitation. 

 

Sub-research question 4:  

“What approach can be developed to systematically integrate stakeholder values into a 

threshold matrix for resilience assessment?”  

This question synthesised the insights from SQ1–SQ3 into the proposed three phase 

approach. The approach specifies how to define scope (functionalities, hazard intensities, 

perspective, disaster phase), design engagement and data collection methods tailored to 

stakeholder types and integrate both quantitative and qualitative inputs into a final threshold 

matrix through aggregation. Importantly, it also identifies the complexities encountered such 

as recruitment challenges, language barriers, and differences in technical knowledge and 

outlines mitigation strategies, including on-the-spot validation, simplified definitions, and 

flexible engagement. The approach not only addresses how to operationalise stakeholder value 

integration but also embeds lessons for improving validity and inclusivity, along with 

recommendations for future refinement. 

 

Together, the four sub-research questions provide a comprehensive answer to the main research 

question. SQ1–SQ3 developed the conceptual, empirical, and analytical foundations, while 
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SQ4 delivered the methodological synthesis: a replicable approach that demonstrates how 

stakeholder values can be systematically captured and translated into resilience thresholds. 

 

7.2 Recommendations 

Building on this experience, future stakeholder value integration in a threshold matrix study 

can further improve how uncertainty and comprehension are addressed. The following practice 

are recommended: 

• The stakeholder elicitation approach should be tested across multiple disaster types, 

urban scales, and geographic settings. Future research can adapt the questions and 

scenarios to new hazards (e.g. seismic events, wildfires, etc) and different planning 

scales (from neighborhood to regional) demonstrating how context specific narratives 

can engage stakeholders effectively. Comparative pilot studies in other regions would 

reveal how elicited value thresholds vary by culture, climate, and governance. 

Researchers should customize the approach to each context and then compare results; 

this will show whether the elicitation process is robust or needs local calibration.  

 

• A key recommendation is to broaden participation to include non-traditional and 

marginalized voices. Beyond planners and technical experts, future studies should 

actively recruit lay community members, informal actors, and underrepresented groups. 

In practice, researchers should assemble panels or workshop cohorts that span: Local 

community representatives (including low-income and culturally diverse 

neighborhoods), Sectoral experts and practitioners (e.g. urban planners, infrastructure 

engineers, public) and vulnerable groups (persons with disabilities, informal workers). 

This diversity ensures the threshold matrix reflects a fuller range of values and avoids 

biasing results toward any single group.  

 

• To deepen value capture, the elicitation process should be complemented by rich 

engagement tools. Serious games can be designed where, the game mechanics and 

storylines reflect realistic multi-hazard scenarios which provide a risk free environment 

for experimentation, enabling stakeholders to explore trade-offs and learn from scenario 

outcomes. Equally, participatory mapping and story mapping can spatially link 

stakeholder priorities to physical risks. Future work should experiment with a mix of 

techniques (e.g. role playing, photovoice, scenario planning workshops) and assess 

which combinations yield the richest understanding of stakeholder values.  

 

• Robust elicitation should use multiple methods in parallel. Researchers should 

triangulate stakeholder values with different decision analytic tools (e.g. Delphi, 

Analytic Hierarchy Process, Q-method, surveys) to check for consistency. Future 
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research could run a Delphi process to identify thresholds, then use AHP to rank them, 

and also conduct Q-sorts or ranking surveys for comparison. This ensures consistent 

outcomes across methods and it strengthens validity, while discrepancies could 

highlight method specific biases. Comparative use of these methods can also reveal 

advantages and limits of the threshold approach. Overall, methodological pluralism will 

build confidence in the elicited results.  

 

• It also important to compare subjective thresholds against objective risk data. 

Researchers should design studies to reveal gaps between how stakeholders feel about 

risk and what the data say. This might involve overlaying hazard maps (e.g. floodplains, 

seismic zones) or historical loss records with community risk perceptions collected in 

the elicitation. Identifying gaps in awareness between perceived and actual risks is 

critical. Longitudinal studies could further test if the elicited thresholds predict real 

world outcomes: do communities that set stricter thresholds actually experience fewer 

losses? Embedding such analytical checks into future research will help calibrate the 

method so that subjective values align more closely with measurable resilience targets.  

 

• To ensure the approach’s usefulness, it must be validated in new settings and measured 

for predictive power. Empirical pilots in different cities and hazard contexts will test 

transferability. Threshold matrices derived in one region should be applied elsewhere 

to see if they still make sense or need adaptation. Statistical or comparative analysis 

(where possible) can examine how well elicited thresholds correlate with independent 

resilience indicators. Future research should benchmark elicited values against existing 

resilience metrics and against observed disaster outcomes. By rigorously testing 

hypotheses the predictive utility and generalizability of the elicitation process can be 

assessed. The threshold elicitation process itself should be embedded in an iterative, 

participatory cycle. It is recommend holding repeated co-design workshops, cross 

sector exercises, and pilot tests to refine both the method and the results. By combining 

experts with residents in scenario planning exercises will expose the threshold matrix 

to a wide range of inputs. Importantly, feedback from each round should feed into the 

next, allowing thresholds to be co-refined. This iterative co-design will not only 

validate the thresholds in practice but also build stakeholder buy-in.  

 

• It is essential to acknowledge the current approach’s limitations and address them in 

future work. Any participatory elicitation risks subjectivity and bias. And small or non-

representative samples may not capture the full range of community values. The novelty 

of the resilience threshold matrix also means there is no established study for direct 

comparison, so validity must be built empirically. To address these issues, future studies 

should use larger and more diverse stakeholder samples (possibly combining multiple 

Delphi or survey rounds) to improve reliability. Conduct reliability checks (e.g. repeat 

the elicitation after some time to test stability) and quantify uncertainty in the results. 
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Transparently document all methodological steps and potential biases, so that others 

can critique and refine the approach.  

 

By systematically addressing these gaps through empirical case studies, cross method 

comparisons, and quantitative validation, researchers can strengthen the confidence in 

stakeholder derived thresholds ensuring that stakeholders’ real values and concerns are 

articulated despite inherent ambiguity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



124 
 

Reference:  

Ahmed, S., & Dey, K. (2020). Resilience modeling concepts in transportation systems: a 

comprehensive review based on mode, and modeling techniques. Journal of Infrastructure 

Preservation and Resilience, 1(1). https://doi.org/10.1186/s43065-020-00008-9 

 

Allen, E., Costello, S. B., & Henning, T. F. (2024). Contribution of network redundancy to 

reducing criticality of road links. Transportation Research Record Journal of the 

Transportation Research Board. https://doi.org/10.1177/03611981241252767 

 

Alshehri, Saud & Rezgui, Yacine & Li, Haijiang. (2015). Disaster community resilience 

assessment method: A consensus-based Delphi and AHP approach. Natural Hazards. 78. 

10.1007/s11069-015-1719-5. 

 

Arango, E., Nogal, M., Yang, M., Sousa, H. S., Stewart, M. G., & Matos, J. C. (2023). Dynamic 

thresholds for the resilience assessment of road traffic networks to wildfires. Reliability 

Engineering & System Safety, 238, 109407. https://doi.org/10.1016/j.ress.2023.109407 

 

Axelsson, C., Giove, S., & Soriani, S. (2021). Urban Pluvial Flood Management Part 1: 

Implementing an AHP-TOPSIS Multi-Criteria Decision Analysis Method for stakeholder 

integration in urban climate and stormwater adaptation. Water, 13(17), 2422. 

https://doi.org/10.3390/w13172422 

 

Bagnoli, L. (2024, December 4). The importance of resilient infrastructure in addressing 

climate change. Energía Para El Futuro. https://blogs.iadb.org/energia/en/the-importance-of-

resilient-infrastructure-in-addressing-climate-

change/#:~:text=emphasized%20the%20urgent%20need%20for,adverse%20effects%20of%2

0climate%20change 

 

Babar, M. I., Ghazali, M., Jawawi, D. N. A., & Zaheer, K. B. (2015). StakeMeter: Value-Based 

Stakeholder Identification and Quantification Framework for Value-Based Software Systems. 

PLoS ONE, 10(3), e0121344. https://doi.org/10.1371/journal.pone.0121344 

 

Buyl, T., Gehrig, T., Schreyögg, J., & Wieland, A. (2022). Resilience: a critical appraisal of the 

state of research for business and society. Schmalenbach Journal of Business Research, 74(4), 

453–463. https://doi.org/10.1007/s41471-022-00151-x 

 

Campbell, S., Greenwood, M., Prior, S., Shearer, T., Walkem, K., Young, S., Bywaters, D., & 

Walker, K. (2020). Purposive sampling: complex or simple? Research case examples. Journal 

of Research in Nursing, 25(8), 652–661. https://doi.org/10.1177/1744987120927206 

https://doi.org/10.1186/s43065-020-00008-9
https://doi.org/10.1177/03611981241252767
https://doi.org/10.1016/j.ress.2023.109407
https://doi.org/10.3390/w13172422
https://blogs.iadb.org/energia/en/the-importance-of-resilient-infrastructure-in-addressing-climate-change/#:~:text=emphasized%20the%20urgent%20need%20for,adverse%20effects%20of%20climate%20change
https://blogs.iadb.org/energia/en/the-importance-of-resilient-infrastructure-in-addressing-climate-change/#:~:text=emphasized%20the%20urgent%20need%20for,adverse%20effects%20of%20climate%20change
https://blogs.iadb.org/energia/en/the-importance-of-resilient-infrastructure-in-addressing-climate-change/#:~:text=emphasized%20the%20urgent%20need%20for,adverse%20effects%20of%20climate%20change
https://blogs.iadb.org/energia/en/the-importance-of-resilient-infrastructure-in-addressing-climate-change/#:~:text=emphasized%20the%20urgent%20need%20for,adverse%20effects%20of%20climate%20change
https://doi.org/10.1371/journal.pone.0121344
https://doi.org/10.1007/s41471-022-00151-x
https://doi.org/10.1177/1744987120927206


125 
 

Citizen Matters. (2023, December 7). Resilience during adversity: How RWAs in Tambaram 

helped combat floods. The News Minute. https://www.thenewsminute.com/tamil-

nadu/resilience-during-adversity-how-rwas-in-tambaram-helped-combat-

floods#:~:text=%E2%80%9CDuring%20the%20heavy%20rains%2C%20the,with%20corpor

ation%20officials%20but%20there  

 

Coleman, N., Li, X., Comes, T., & Mostafavi, A. (2024). Weaving equity into infrastructure 

resilience research: a decadal review and future directions. Npj Natural Hazards., 1(1). 

https://doi.org/10.1038/s44304-024-00022-x  

 

De Brito, M. M., & Evers, M. (2016). Multi-criteria decision-making for flood risk 

management: A survey of the current state of the art. Natural Hazards and Earth System 

Sciences, 16(4), 1019-1033.  

 

Deshpande, N. R., Kothawale, D. R., Kumar, V., & Kulkarni, J. R. (2018). Statistical 

characteristics of cloud burst and mini‐cloud burst events during monsoon season in India. 

International Journal of Climatology, 38(11), 4172–4188. https://doi.org/10.1002/joc.5560 

 

Dong, S., Gao, X., Mostafavi, A., Gao, J., & Gangwal, U. (2022). Characterizing resilience of 

flood-disrupted dynamic transportation network through the lens of link reliability and stability. 

Reliability Engineering & System Safety, 232, 109071. 

https://doi.org/10.1016/j.ress.2022.109071 

 

Ekmekcioğlu, Ö., Koç, K., & Özger, M. (2021). Stakeholder perceptions in flood risk 

assessment: A hybrid fuzzy AHP-TOPSIS approach for Istanbul, Turkey. International Journal 

of Disaster Risk Reduction. 

 

European Commission (ThinkHazard!). (n.d.). ThinkHazard! methodology documentation: 

Flood hazard classification thresholds—low = 0.5 m, high = 2 m. Retrieved from 

ThinkHazard! gfdrr.github.io. 

 

Fox, S., Agyemang, F., Hawker, L., & Neal, J. (2024). Integrating social vulnerability into high-

resolution global flood risk mapping. Nature Communications, 15(1). 

https://doi.org/10.1038/s41467-024-47394-2 

 

Freckleton, D., Heaslip, K., Louisell, W. and Collura, J. (2012). “Evaluation of resiliency of 

transportation networks after disasters.” Transportation Research Record: Journal of the 

Transportation Research Board, (2284), pp.109-116. 

 

https://www.thenewsminute.com/tamil-nadu/resilience-during-adversity-how-rwas-in-tambaram-helped-combat-floods#:~:text=%E2%80%9CDuring%20the%20heavy%20rains%2C%20the,with%20corporation%20officials%20but%20there
https://www.thenewsminute.com/tamil-nadu/resilience-during-adversity-how-rwas-in-tambaram-helped-combat-floods#:~:text=%E2%80%9CDuring%20the%20heavy%20rains%2C%20the,with%20corporation%20officials%20but%20there
https://www.thenewsminute.com/tamil-nadu/resilience-during-adversity-how-rwas-in-tambaram-helped-combat-floods#:~:text=%E2%80%9CDuring%20the%20heavy%20rains%2C%20the,with%20corporation%20officials%20but%20there
https://www.thenewsminute.com/tamil-nadu/resilience-during-adversity-how-rwas-in-tambaram-helped-combat-floods#:~:text=%E2%80%9CDuring%20the%20heavy%20rains%2C%20the,with%20corporation%20officials%20but%20there
https://doi.org/10.1038/s44304-024-00022-x
https://doi.org/10.1002/joc.5560
https://doi.org/10.1016/j.ress.2022.109071
https://gfdrr.github.io/thinkhazardmethods/?utm_source=chatgpt.com
https://doi.org/10.1038/s41467-024-47394-2


126 
 

Ganeshu, P., Fernando, T., & Keraminiyage, K. (2023). Barriers to, and Enablers for, 

Stakeholder Collaboration in Risk-Sensitive Urban Planning: A Systematised Literature 

review. Sustainability, 15(5), 4600. https://doi.org/10.3390/su15054600 

 

Gioia, D. A., Corley, K. G., & Hamilton, A. L. (2013). Seeking qualitative rigor in inductive 

research: Notes on the Gioia methodology. Organizational research methods, 16(1), 15-31. 

 

Gnecco, I., Pirlone, F., Spadaro, I., Bruno, F., Lobascio, M. C., Sposito, S., Pezzagno, M., & 

Palla, A. (2024). Participatory Mapping for Enhancing Flood Risk Resilient and Sustainable 

Urban Drainage: A Collaborative Approach for the Genoa Case Study. Sustainability, 16(5), 

1936. https://doi.org/10.3390/su16051936 

 

Guest, G., Bunce, A., & Johnson, L. (2006). How many interviews are enough? An experiment 

with data saturation and variability. Field methods, 18(1), 59-82. 

 

Guha Sapir, D., Vos, F., Below, R., & Ponserre, S. (2011). Annual disaster statistical review 

2010: The numbers and trends. 

 

Gosain, P. (2023). Integrating Multi-Sector Stakeholder Value Systems with Resilience 

Evaluation for Residential Buildings. FIU Digital Commons. 

https://digitalcommons.fiu.edu/etd/5350 

 

He, Y., Rentschler, J., & Avner, P. (2024). Mobility and resilience: A global assessment of flood 

impacts on urban road networks. World Bank Blogs. 

https://blogs.worldbank.org/en/developmenttalk/mobility-and-resilience-global-assessment-

flood-impacts-urban-road-

networks#:~:text=On%20average%2C%20about%2014,beyond%20the%20initially%20affec

ted%20area 

 

Hester, P. T., Velasquez, M., & Hester, P. T. (2013). An analysis of multi-criteria decision 

making methods mission creep view project systemic thinking view project an analysis of 

multi-criteria decision making methods. Int J Oper Res, 10. 

 

ITF, Merk, O., & Teodoro, A. (2024). Transport System Resilience: Summary and Conclusions. 

In D. Prater (Ed.), ITF Roundtable Reports (No. 194). OECD Publishing. https://www.itf-

oecd.org/sites/default/files/docs/transport-system-resilience.pdf 

 

Ivanov, D., Sokolov, B., and Dolgui, A. (2014). “The ripple effect in supply chains: trade-off 

‘efficiency-flexibility-resilience’ in disruption management.” International Journal of 

Production Research, 52(7), 2154-2172. 

https://doi.org/10.3390/su15054600
https://doi.org/10.3390/su16051936
https://digitalcommons.fiu.edu/etd/5350
https://blogs.worldbank.org/en/developmenttalk/mobility-and-resilience-global-assessment-flood-impacts-urban-road-networks#:~:text=On%20average%2C%20about%2014,beyond%20the%20initially%20affected%20area
https://blogs.worldbank.org/en/developmenttalk/mobility-and-resilience-global-assessment-flood-impacts-urban-road-networks#:~:text=On%20average%2C%20about%2014,beyond%20the%20initially%20affected%20area
https://blogs.worldbank.org/en/developmenttalk/mobility-and-resilience-global-assessment-flood-impacts-urban-road-networks#:~:text=On%20average%2C%20about%2014,beyond%20the%20initially%20affected%20area
https://blogs.worldbank.org/en/developmenttalk/mobility-and-resilience-global-assessment-flood-impacts-urban-road-networks#:~:text=On%20average%2C%20about%2014,beyond%20the%20initially%20affected%20area
https://www.itf-oecd.org/sites/default/files/docs/transport-system-resilience.pdf
https://www.itf-oecd.org/sites/default/files/docs/transport-system-resilience.pdf


127 
 

 

Jewpanya, P., Nuangpirom, P., Nakkiew, W., Pitjamit, S., & Jaichomphu, P. (2025). Optimizing 

tourist destination selection using AHP and Fuzzy AHP based on individual preferences for 

personalized tourism. Sustainability, 17(3), 1116. https://doi.org/10.3390/su17031116 

 

Keeney, R. L., & Raiffa, H. (1993). Decisions with Multiple Objectives. 

https://doi.org/10.1017/cbo9781139174084 

 

Khan, T. U., Nabi, G., Ullah, S., Akbar, A., Omifolaji, J. K., Achakzai, J. K., & Iqbal, A. (2025). 

Mapping flood resilience: a comprehensive geospatial insight into regional vulnerabilities. 

Frontiers in Water, 7. https://doi.org/10.3389/frwa.2025.1465505 

 

Kim, J. W., et al. (2024). Using Q-methodology to discover disaster resilience perspectives 

from local residents. International Journal of Disaster Risk Reduction, 104, 104353.  

 

Kim, T., Yi, S., Kim, J. H., & Byun, J. (2025). Disaster resilience analysis framework for 

lifeline networks: Integrating reliability, redundancy, and recoverability. International Journal 

of Disaster Risk Reduction, 105436. https://doi.org/10.1016/j.ijdrr.2025.105436 

Kordi, M. (2008). Comparison of fuzzy and crisp analytic hierarchy process (AHP) methods 

for spatial multicriteria decision analysis in GIS. 

 

Lendering, K. T., Sebastian, A., Jonkman, S. N., & Kok, M. (2018). Framework for assessing 

the performance of flood adaptation innovations using a risk‐based approach. Journal of Flood 

Risk Management, 12(S2). https://doi.org/10.1111/jfr3.12485 

 

Leštáková, M., Logan, K. T., Rehm, I., Pelz, P. F., & Friesen, J. (2023). Do resilience metrics 

of water distribution systems really assess resilience? A critical review. arXiv.org. 

https://arxiv.org/abs/2306.13113 

 

Liao, T. Y., Hu, T. Y., and Ko, Y. N. (2018). “A resilience optimization model for transportation 

networks under disasters.” Natural hazards, 93(1), 469-489. 

 

Linkov, I., Trump, B. D., Fox-Lent, C., & National Academy of Sciences. (2016). Resilience: 

Approaches to risk analysis and governance. In IRGC Resource Guide on Resilience. 

https://irgc.org/wp-content/uploads/2018/09/Linkov-Trump-Fox-Lent-Resilience-

Approaches-to-Risk-Analysis-and-

Governance.pdf#:~:text=Stakeholders%20play%20a%20key%20role,In%20addition%2C%2

0system%20resilience 

 

https://doi.org/10.3390/su17031116
https://doi.org/10.1017/cbo9781139174084
https://doi.org/10.3389/frwa.2025.1465505
https://doi.org/10.1016/j.ijdrr.2025.105436
https://doi.org/10.1111/jfr3.12485
https://arxiv.org/abs/2306.13113
https://irgc.org/wp-content/uploads/2018/09/Linkov-Trump-Fox-Lent-Resilience-Approaches-to-Risk-Analysis-and-Governance.pdf#:~:text=Stakeholders%20play%20a%20key%20role,In%20addition%2C%20system%20resilience
https://irgc.org/wp-content/uploads/2018/09/Linkov-Trump-Fox-Lent-Resilience-Approaches-to-Risk-Analysis-and-Governance.pdf#:~:text=Stakeholders%20play%20a%20key%20role,In%20addition%2C%20system%20resilience
https://irgc.org/wp-content/uploads/2018/09/Linkov-Trump-Fox-Lent-Resilience-Approaches-to-Risk-Analysis-and-Governance.pdf#:~:text=Stakeholders%20play%20a%20key%20role,In%20addition%2C%20system%20resilience
https://irgc.org/wp-content/uploads/2018/09/Linkov-Trump-Fox-Lent-Resilience-Approaches-to-Risk-Analysis-and-Governance.pdf#:~:text=Stakeholders%20play%20a%20key%20role,In%20addition%2C%20system%20resilience


128 
 

Lu, Y., Zhang, G., & Wang, D. (2025). Assessing community-level flood resilience: Analyzing 

functional interdependencies among building sectors. Applied Sciences, 15(6), 3161. MDPI 

 

MAO, X., LOKE, A.Y. & HU, X. Developing a tool for measuring the disaster resilience of 

healthcare rescuers: a modified Delphi study. Scand J Trauma Resusc Emerg Med 28, 4 (2020). 

https://doi.org/10.1186/s13049-020-0700-9 

 

Maranzoni, A., et al. (2022). Quantitative flood hazard assessment methods: A review. Journal 

of Flood Risk Management. unesco-floods.eu 

 

Moghadas, M., Taheri, A., Gholamrezaei, M., & Vafeidis, A. (2019). A multi-criteria approach 

for assessing urban flood resilience in Tehran, Iran. International Journal of Disaster Risk 

Reduction, 35, 101069.  

 

Murray-Tuite, P.M. (2006). “A comparison of transportation network resilience under 

simulated system optimum and user equilibrium conditions.” In Proceedings of the 2006 

Winter Simulation Conference (pp. 1398-1405). IEEE. 

 

Nature Communications. (2020). New insights into US flood vulnerability revealed from 

flood insurance big data. Nature 

 

NHESS. (2024). Water depth estimate and flood extent enhancement for satellite-based 

inundation maps: FLEXTH. NHESS 

 

Nipa, T. J., & Kermanshachi, S. (2019). Identification of the resilience dimensions and 

determination of their relationships in critical transportation infrastructure. Construction 

Research Congress 2022, 644–653. https://doi.org/10.1061/9780784482858.070 

 

Panteli, M., and Mancarella, P. (2017). “Modeling and evaluating the resilience of critical 

electrical power infrastructure to extreme weather events.” IEEE Systems Journal, 11(3), 1733-

1742. 

 

Paraschi, I. et al. (2024). Climate-resilient transportation policies for India: Strategies and 

gaps. Journal of Infrastructure, Policy and Development, 8(15), 10366. 

 

Parasuraman, A., Zeithaml, V. A., & Berry, L. L. (1985). A conceptual model of service quality 

and its implications for future research. Journal of Marketing, 49(4), 41. 

https://doi.org/10.2307/1251430 

https://www.mdpi.com/2076-3417/15/6/3161?utm_source=chatgpt.com
https://doi.org/10.1186/s13049-020-0700-9
https://www.unesco-floods.eu/wp-content/uploads/2023/08/Maranzoni-et-al-J-Flood-Risk-Management-2022.pdf?utm_source=chatgpt.com
https://www.nature.com/articles/s41467-020-15264-2?utm_source=chatgpt.com
https://nhess.copernicus.org/articles/24/2817/2024/?utm_source=chatgpt.com
https://doi.org/10.1061/9780784482858.070
https://doi.org/10.2307/1251430


129 
 

Pathak, A. (2020). Stakeholder Value Dynamics Analysis in Hurricane Michael: Towards 

Collaborative decision making in building disaster Resilient communities. 

https://doi.org/10.25148/etd.fidc008974 

 

Petersen, L., Lundin, E., Fallou, L., et al. (2020). Resilience for whom? The general public’s 

tolerance levels as CI resilience criteria. Int. Journal of Critical Infrastructure Protection, 28, 

100340. 

 

Poulin, C., & Kane, M. B. (2021). Infrastructure resilience curves: Performance measures and 

summary metrics. Reliability Engineering & System Safety, 216, 107926. 

https://doi.org/10.1016/j.ress.2021.107926 

 

Raicu, S., Rosca, E., & Costescu, D. (2019). Resilience of urban technical networks. Entropy, 

21(9), 886. https://doi.org/10.3390/e21090886 

 

Rao, N. N., Paul, S., Skekhar, M. S., Singh, G. P., Mitra, A. K., & Bhan, S. C. (2021). 

Unprecedented heavy rainfall event over Yamunanagar, India during 14 July 2016: An 

observational and modelling study. Meteorological Applications, 28(6). 

https://doi.org/10.1002/met.2039 

 

Recent systematic review on flood damage assessment. (2025). A systematic review of flood 

damage assessment: Insight for the… Water Depth as a key factor. SpringerLink 

 

Ren, Hang and Zhang, Lu and Whetsell, Travis A. and Emel G. (2024). Enhancing 

Collaborative Resilience Planning: Unifying Stakeholder Value Systems through 

Reinforcement Learning and Network Analysis. http://dx.doi.org/10.2139/ssrn.4876285 

 

Romali, N. S., Sulong, S., & Kawasaki, A. (2025). A Systematic Review of Flood Damage 

Assessment: Insight for the Data-Scarce Regions. Water Resources Management. 

https://doi.org/10.1007/s11269-025-04265-9 

 

Rouhanizadeh, B. Kermanshachi, S., and Nipa, T. J. (2019). “Identification, Categorization, 

and Weighting of Barriers to Timely Post-Disaster Recovery Process.” Proceeding of ASCE 

International Conference on Computing in Civil Engineering, Atlanta, Georgia, US, June 17-

19, 2019. 

 

Ruangpan, L., Vojinovic, Z., Plavšić, J., Doong, D., Bahlmann, T., Alves, A., Tseng, L., 

Randelović, A., Todorović, A., Kocic, Z., Beljinac, V., Wu, M., Lo, W., Perez-Lapeña, B., & 

Franca, M. J. (2020). Incorporating stakeholders’ preferences into a multi-criteria framework 

https://doi.org/10.25148/etd.fidc008974
https://doi.org/10.1016/j.ress.2021.107926
https://doi.org/10.3390/e21090886
https://doi.org/10.1002/met.2039
https://link.springer.com/article/10.1007/s11269-025-04265-9?utm_source=chatgpt.com
https://dx.doi.org/10.2139/ssrn.4876285
https://doi.org/10.1007/s11269-025-04265-9


130 
 

for planning large-scale Nature-Based Solutions. AMBIO. https://doi.org/10.1007/s13280-020-

01419-4 

 

Ruslin, R., Mashuri, S., Rasak, M. S. A., Alhabsyi, F., & Syam, H. (2022). Semi-structured 

Interview: A methodological reflection on the development of a qualitative research instrument 

in educational studies. IOSR Journal of Research & Method in Education (IOSR-JRME), 12(1), 

22-29. 

 

Saaty, T.L. (1996). The Analytic Hierarchy Process: Planning, Priority Setting, Resource 

Allocation, RWS Publications, Pittsburgh. 

 

Saaty, T. L. (2012). Decision Making for Leaders: The Analytic Hierarchy Process for 

Decisions in a Complex World. Third Revised Edition. Pittsburgh: RWS Publications 

 

Schmidt, K., Aumann, I., Hollander, I., Damm, K., & Von Der Schulenburg, J. G. (2015). 

Applying the Analytic Hierarchy Process in healthcare research: A systematic literature review 

and evaluation of reporting. BMC Medical Informatics and Decision Making, 15(1). 

https://doi.org/10.1186/s12911-015-0234-7 

Siegrist, M., & Cvetkovich, G. (2000). Perception of hazards: the role of social trust and 

knowledge. Risk Analysis, 20(5), 713–720. https://doi.org/10.1111/0272-4332.205064 

 

Singh, H., Varade, D., & Mishra, P. K. (2023). Cloudburst events in the Indian Himalayas: A 

Historical geospatial perspective. In International Handbook of Disaster Research (pp. 777–

797). https://doi.org/10.1007/978-981-19-8388-7_192 

 

Singletary, L., Koebele, E., Evans, W., Copp, C. J., Hockaday, S., & Rego, J. J. (2022). 

Evaluating stakeholder engagement in collaborative research: co-producing knowledge for 

climate resilience. Socio-Ecological Practice Research, 4(3), 235–249. 

https://doi.org/10.1007/s42532-022-00124-8 

 

Slovic, P. (1993). Perceived risk, trust, and democracy. Risk Analysis, 13(6), 675–682. 

https://doi.org/10.1111/j.1539-6924.1993.tb01329.x 

 

Sotoudeh-Anvari, A. (2022). The applications of MCDM methods in COVID-19 pandemic: A 

state of the art review. Applied Soft Computing, 126, 109238. 

https://doi.org/10.1016/j.asoc.2022.109238 

 

https://doi.org/10.1007/s13280-020-01419-4
https://doi.org/10.1007/s13280-020-01419-4
https://doi.org/10.1186/s12911-015-0234-7
https://doi.org/10.1111/0272-4332.205064
https://doi.org/10.1007/978-981-19-8388-7_192
https://doi.org/10.1007/s42532-022-00124-8
https://doi.org/10.1111/j.1539-6924.1993.tb01329.x
https://doi.org/10.1016/j.asoc.2022.109238


131 
 

Sun, W., Bocchini, P., and Davison, B. D. (2018). “Resilience metrics and measurement 

methods for transportation infrastructure: the state of the art.” Sustainable and Resilient 

Infrastructure, 1-32. 

 

Sury, J., Qin, Y., Soden, R., Quijano, G., & Delgado Castillo, Y. (2021). Co-Designing a 

Participatory Community Mapping Method for Informal Sheltering in Puerto Rico (Natural 

Hazards Center Public Health Disaster Research Report Series, Report 14). Natural Hazards 

Center, University of Colorado Boulder. https://hazards.colorado.edu/public-health-disaster-

research/co-designing-a-participatory-community-mapping-method-for-informal-sheltering-

in-puerto-rico 

Tachaudomdach, S., Upayokin, A., Kronprasert, N., & Arunotayanun, K. (2021). Quantifying 

Road-Network Robustness toward Flood-Resilient Transportation Systems. Sustainability, 

13(6), 3172. https://doi.org/10.3390/su13063172 

 

Tang, S. H., et al. (2022). Safety resilience assessment of urban road traffic system under 

rainstorm waterlogging. China Safety Science Journal, 32(?) 14–150. 

Tavakoli, M., Karimzadeh Motlagh, Z., Dąbrowska, D., Youssef, Y. M., Đurin, B., & Saqr, A. 

M. (2025). Harnessing AHP and Fuzzy Scenarios for Resilient Flood Management in Arid 

Environments. Water, 17(9), 1276. 

 

Using mobility data for resilient transport planning and investments. (2024, October 7). 

https://datapartnership.org/updates/using-mobility-data-for-resilient-transport-planning-and-

investments/#:~:text=For%20instance%2C%20in%20November%202020,Chennai%2C%20

disrupting%20public%20transport%20services  

 

Vrijling, J., Van Hengel, W., & Houben, R. (1998). Acceptable risk as a basis for design. 

Reliability Engineering & System Safety, 59(1), 141–150. https://doi.org/10.1016/s0951-

8320(97)00135-x 

 

Wan, C., Yang, Z., Zhang, D., Yan, X., and Fan, S. (2018). “Resilience in transportation 

systems: a systematic review and future directions.” Transport reviews, 38(4), 479-498. 

 

Wassmer, J., Merz, B., & Marwan, N. (2024). Resilience of transportation infrastructure 

networks to road failures. Chaos an Interdisciplinary Journal of Nonlinear Science, 34(1). 

https://doi.org/10.1063/5.0165839 

 

Wen, M., Chen, Y., Yang, Y., Kang, R., & Zhang, Y. (2019). Resilience‐based component 

importance measures. International Journal of Robust and Nonlinear Control, 30(11), 4244–

4254. https://doi.org/10.1002/rnc.4813 

 

https://hazards.colorado.edu/public-health-disaster-research/co-designing-a-participatory-community-mapping-method-for-informal-sheltering-in-puerto-rico
https://hazards.colorado.edu/public-health-disaster-research/co-designing-a-participatory-community-mapping-method-for-informal-sheltering-in-puerto-rico
https://hazards.colorado.edu/public-health-disaster-research/co-designing-a-participatory-community-mapping-method-for-informal-sheltering-in-puerto-rico
https://doi.org/10.3390/su13063172
https://datapartnership.org/updates/using-mobility-data-for-resilient-transport-planning-and-investments/#:~:text=For%20instance%2C%20in%20November%202020,Chennai%2C%20disrupting%20public%20transport%20services
https://datapartnership.org/updates/using-mobility-data-for-resilient-transport-planning-and-investments/#:~:text=For%20instance%2C%20in%20November%202020,Chennai%2C%20disrupting%20public%20transport%20services
https://datapartnership.org/updates/using-mobility-data-for-resilient-transport-planning-and-investments/#:~:text=For%20instance%2C%20in%20November%202020,Chennai%2C%20disrupting%20public%20transport%20services
https://doi.org/10.1016/s0951-8320(97)00135-x
https://doi.org/10.1016/s0951-8320(97)00135-x
https://doi.org/10.1063/5.0165839
https://doi.org/10.1002/rnc.4813


132 
 

Won, J., MA, Leite, F., Lieberknecht, K., Stephens, K. K., & Bixler, R. P. (2024). Using Q-

methodology to discover disaster resilience perspectives from local residents. International 

Journal of Disaster Risk Reduction, 104, 104353. https://doi.org/10.1016/j.ijdrr.2024.104353 

 

Wu, Z., & Abdul-Nour, G. (2020). Comparison of Multi-Criteria Group Decision-Making 

Methods for Urban Sewer Network Plan Selection. CivilEng, 1(1), 26–48. 

 

Yang, Z., Barroca, B., Weppe, A., Bony-Dandrieux, A., Laffréchine, K., Daclin, N., November, 

V., Omrane, K., Kamissoko, D., Benaben, F., Dolidon, H., Tixier, J., & Chapurlat, V. (2023). 

Indicator-based resilience assessment for critical infrastructures – A review. Safety Science, 

160, 106049. https://doi.org/10.1016/j.ssci.2022.106049 

 

Zhang, W., Wang, N., Nicholsonc, C., & Tehrani, M. H. (2018). A stage-wise decision 

framework for transportation network resilience planning. arXiv (Cornell University). 

https://doi.org/10.48550/arxiv.1808.03850 

Zhang, X., Lu, Y., Wang, J., Yuan, D., & Huang, X. (2023). Quantifying Road Transport 

Resilience to Emergencies: Evidence from China. Sustainability, 15(20), 14956. 

https://doi.org/10.3390/su152014956 

 

Zhu, Q., Xi, J., Hu, X., Chong, H.-Y., Zhou, Y., & Lyu, S. (2024). Stakeholder Mapping and 

Analysis of Off-Site Construction Projects: Utilizing a Power–Interest Matrix and the Fuzzy 

Logic Theory. Buildings, 14(9), 2865. https://doi.org/10.3390/buildings14092865 

 

Zhu, S., & Feng, H. (2025). Strengthening Climate Resilience Through Urban Policy: A 

Mixed-Method Framework with Case Study Insights. Land, 14(4), 890. 

https://doi.org/10.3390/land14040890 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.ijdrr.2024.104353
https://doi.org/10.1016/j.ssci.2022.106049
https://doi.org/10.48550/arxiv.1808.03850
https://doi.org/10.3390/su152014956
https://doi.org/10.3390/buildings14092865
https://doi.org/10.3390/land14040890


133 

APPENDIX A 

A.1 Protocol for semi-structured interviews:

Stakeholder Value Integration in Threshold Matrix for Road Transportation 

Flood Resilience in Tambaram, Chennai 

This interview consists of five parts and will take approximately 60 minutes to complete. 

Part 1: Self introduction and introduction of the interviewee with the 

confirmation of consent.  

Q1. The interview started with the self introduction of the researcher: 

Hello, I am Prethwin Rathnavelu, a master’s student in Construction Management and 

Engineering at TU Delft. Currently, I am at the last phase of my studies pursuing graduation 

research in the above-mentioned topic. I am interested in resilience topics and stakeholder 

value integration in this topic, so I decided to pursue this research. In my free time, I enjoy 

playing cards or sweating it out by playing badminton or volleyball.  

Q2. Introduction of the interviewee 

• Name:

• Age:

• Zone in which they reside in Tambaram:

Part 2: Past experience with flooding were discussed to ease the conversation 

Part 3 & Part 4: Core section with overall observations   

After explaining the context of the research, the researcher proceeded with: 

I will ask two sets of questions. First, I will ask you to give minimum acceptable performance 

(as percentages) for three system functionalities; Safety, Connectivity, and Travel time 

reliability across four conditions: Normal (no flood), Low (≤15 cm), Medium (~25–30 cm), 

and High (more than 30 cm). Please answer with a percentage from 0–100 that indicates the 
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minimum level of that functionality you would find acceptable. Second, you will be asked to 

rank the three functionalities by priority for each flood scenario (1 = highest priority; 3 = 

lowest). Please explain briefly why you chose the numbers. Your answers are anonymous; so, 

you can answer as honestly as possible. 

 

The core interview questions 

Part A: Threshold matrix inputs (questions 1–3) 

These three questions gather numeric thresholds for each functionality. The questions were 

asked one at a time, for each of the four scenarios. Record both the percentage and a rationale 

& reasoning for the threshold. 

1. Safety thresholds (numeric + rationale & reasoning) 

 

On a scale of 0–100%, what is the minimum percentage of Safety you would accept for the 

road system in each of these situations (normal/no flood, low, medium & high flood)? Kindly 

give four numbers (%) for Normal, Low, Medium & High and briefly explain why you chose 

each value. 

2. Connectivity thresholds (numeric + rationale & reasoning) 

 

Using the same 0–100% scale, what is the minimum percentage of Connectivity you would 

accept in Normal, Low, Medium and High flood situations? Kindly give the four numbers 

(%) and justify your acceptable performance percentage for each scenario. 

3. Travel-time reliability thresholds (numeric + rationale & reasoning) 

 

For Travel-time reliability, give the minimum acceptable percentages for Normal, Low, 

Medium and High floods (0–100%). Again, give a reason for each number. 

- Example follow up questions based on the threshold values  

Please describe briefly why the threshold values increase/decrease/higher threshold for one 

functionality compared to others/uniform decrease or increase with increase severity of 

flood? (based on the threshold values given by the participants) 

 

Part B: Ranking (questions 4 & 5) 

These two questions collect priority rankings and the conditional rules that underpin acceptance 

(this captures trade-offs and the conditionality observed in the interviews). 

4. Priority ranking by scenario (numeric ranking + justification) 

 

For each flood scenario (Normal, Low, Medium, High), please rank the three functionalities 

Safety, Connectivity, Travel-time reliability from 1 (most important) to 3 (least important). 

Briefly explain the reason for ranking the functionalities under each scenario. 
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• If two are equally important, you may assign the same rank and please explain that 

choice. 

5. Follow up question based on the shift in priority (if observed) from the input of the 

threshold matrix and ranking  

 

a. When comparing functionalities under a specific scenario, does the prioritization of a 

specific functionality shift if its acceptable performance threshold is significantly lower than 

that of the others?  

b. Does comparing functionality change their priority?   

 

These five main questions were followed by the clarification questions to clarify and accurately 

capture the reasoning & rationale behind the thresholds and ranking during the interview. 

Maximum of 8-10 questions were asked including the five main interview questions. The 

clarification questions differ with each interview.  

 

 

Part 5: Closing + on spot member checking  

At the end of the interview the data collected during the interview was reviewed by the 

participants and any misinterpretation identified were communicated to the interviewer for 

rectification. This on spot member checking led to validation of the interview data. Considering 

the busy schedule of the participants on spot member checking was performed (many 

interviews were conducted on the weekends due to the tight schedule of the interviewees).  

 

Also, the interviewees were informed about the that they had the option to receive their 

interview summary and research findings once the research is completed. In addition, the 

privacy protocols were communicated once again for clarification. And small feedback was 

asked to improve further interviews by the researcher.  
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APPENDIX B 

 

B.1 Ethical Considerations  

Ethical compliance and integrity were prioritized throughout the research. Since this study 

involves human participants (interviews with members of the public), it was subject to review 

and approval under TU Delft’s Human Research Ethics procedures. The following outlines 

how ethical issues were addressed: 

 

1. Ethics Approval  

The project was screened using the TU Delft Human Research Ethics Checklist (Version Jan 

2022) prior to data collection. Based on the checklist, this research was classified as minimal 

risk and did not involve sensitive personal data or interventions but nonetheless required 

adherence to standard ethical safeguards. The responsible researcher (supervisor) oversaw this 

process. Key points from the ethics checklist:  

• The research did not involve any vulnerable populations (no children, prisoners, or 

others unable to consent). 

  

• It took place in India (outside EU), which raised considerations about data transfer 

and local context, but there were no specific legal/ethical conflicts identified (India 

is not a dangerous or data restrictive country for this kind of study). 

  

• Participants were in no dependent relationship with the researcher (they were not 

his students or employees). 

 

 

• No deception was used, and participants were fully informed of the study’s purpose 

and their rights. 

 

• The study topic (flood resilience in road transportation) was not highly sensitive or 

likely to cause distress; at most, recalling flood experiences could be mildly 

upsetting, but participants were free to not answer any question that made them 

uncomfortable (none actually reported distress). 

 

2. Informed Consent  

Participants received a written ICF that clearly explained the study in plain language. They had 

the opportunity to ask questions. Consent was recorded through a signed form with specific 

checkboxes to confirm understanding of various aspects. This explicit consent form included 
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items about data use, risks, voluntary nature, and confidentiality. By ticking “Yes” to all and 

signing, participants acknowledged their informed consent. This procedure complies with 

ethical standards for social research and was documented. No one was interviewed without a 

completed consent form on file. Picture below is the Informed Consent Form (ICF) used for 

this research.  
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Figure 5. Informed Consent Form 

 

 



139 
 

3. Privacy and Anonymity  

To protect participants’ identities, several measures were taken:  

• Interviews were not audio/video recorded, as noted, which means no potentially 

identifying voice or image data was stored. Only written notes were kept.  

 

• The notes and subsequent summaries did not include names or personal identifiers. 

Each participant was assigned a code (e.g., P1, P2, ... P15). The link between these 

codes and actual identities was kept separately and securely by the researcher and 

will be destroyed after the thesis completion.  

 

• In writing up results, any direct quotes used are presented anonymously (e.g., “As 

one participant said, “…”). Care was taken that quotes do not contain identifying 

information. For instance, if someone said, “As a 45 year old shop owner next to 

Tambaram station, I…”, the researcher would generalize it in reporting to “One 

interviewee mentioned that…”.  

 

• Personal data collected (minimal, mostly contact info like email addresses, and 

basic demographics if offered) are stored on a password protected university 

network drive accessible only to the researcher and supervisor, in accordance with 

TU Delft data management guidelines. The Data Management Plan (DMP) for the 

thesis outlines these storage and deletion plans (reference to Appendix C for DMP 

details).  

 

• As per consent form, all personal identifying data will be deleted by July 2026, 

which is within one year of project completion, ensuring data are not kept longer 

than necessary. This includes deletion of the participant identity key. The 

anonymized interview content (notes without names) may be retained for academic 

purposes (e.g., to use in future research or publications), which participants were 

informed about, but such data will have no identifiers and thus pose minimal risk. 

 

4. Risk Assessment  

The potential risks to participants were very low. The main theoretical risk was a data breach 

of personal info or someone’s opinions being linked back to them, which could be sensitive if, 

say, they criticized authorities. Mitigation steps followed are described:  

• Data anonymization and secure storage. Participants were explicitly informed of 

these risks and how they are minimized.  

 

• Another minimal risk was inconvenience or minor emotional discomfort recalling 

flood events. Participants were free to decline any question, and the interviewer was 

empathetic when discussing experiences of flooding.  
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In practice, participants were comfortable and often eager to discuss many treated it as an 

opportunity to voice their opinions. 

 

5. Fair Treatment and Bias   

The study committed to treating all participants and their input equitably. This is not just in 

analysis (equal weighting) but also in the interview experience. Each interviewee was given 

the same baseline information, the same approximate time, and the chance to share freely. The 

interviewer remained non-judgmental and thanked everyone for their contributions, regardless 

of what they shared. There was no hierarchy among participants; even though recruited via 

different channels, once in the study, each was just “a road user” voice. This upholds the 

principle of justice in research fair burden and benefits distribution. All got the same 

opportunity to influence the outcomes (which could eventually benefit the community 

including them). 

 

6. Participant Feedback and Rights   

Participants had the right to withdraw. None chose to formally withdraw data after the fact, but 

knowing they could possibly empowered them. They also had the right to receive a summary 

of interview notes (upon request) and the findings of research, and the researcher will honor 

that by sending an email update after thesis completion, as per what was promised in consent. 

This gave them a sense of ownership and respect, aligning with ethical best practice of 

respecting persons. Also, engaging them in on spot member checking provided clarity and 

validation of the data from the interviewees.  

 

7. Documentation 

Documentation like the signed consent forms and the ethics checklist are kept on record. The 

ethics checklist and research proposal were reviewed by the Faculty Ethics Officer and found 

to meet requirements, so no further full board review was necessary. This is typical for a 

master’s thesis of this nature at TU Delft. 

 

8. Data Integrity 

In terms of honesty in analysis, the researcher maintained an audit trail of how data was 

analyzed (data structure table). This ensures the findings can be traced back to source data, a 

practice which while methodological, is also an ethical issue of integrity and transparency. No 

fabrication or misrepresentation of data is involved; direct quotes are used to illustrate points 
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genuinely emerging from the data, and any inference beyond what was said is clearly noted as 

researcher interpretation. 

 

9. Conflict of Interest  

The researcher had no conflicts of interest. Since topics were not highly personal or 

controversial, this likely did not impede openness. The researcher continually reminded 

participants to speak freely as independent respondents. There was no incentive for the 

researcher to skew results; the goal was academically to find out stakeholder values. This was 

communicated to participants, so they didn’t feel they needed to give any “desired” answer 

(and indeed, the range of answers suggests they spoke their mind, not what they thought the 

researcher wanted). 

 

In conclusion, the methodology was carried out with strong ethical safeguards, aligning with 

the principle of “do no harm” and respecting participant autonomy and privacy. By obtaining 

informed consent, ensuring confidentiality, treating participants fairly, and validating findings 

with them, the study enhances its ethical rigor. This not only protects participants but also 

improves the quality of data (people tend to respond more honestly when they trust the process 

is ethical).  
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APPENDIX C 

 

C.1 Data Management Plan (DMP)  

The DMP for this research is given below in detail.   
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Figure 6. Data Management Plan 
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