Measuring Community Disaster Resilience using Q-Methods: A Physical Resilience Perspective
Abstract:
Purpose

Decision makers, practitioners and community members have a need to assess the disaster resilience
of their communities and to understand their own capacities in disaster situations. There is a lack of
consensus among researchers as to what resilience means and how it can be measured. This paper
proposes a novel technique to achieve consensus among stakeholders on the definitions, objectives
and indicators for measuring a key dimension of community disaster resilience, namely Physical
Infrastructure (Pl).

Method

This study uses a 5-step approach utilizing Q-methods to contextualize a resilience index for Physical
Infrastructure. Interviews, focus groups and Q-sorting workshops were conducted to develop a tool
that ranked measures according to stakeholder preference. A total of 84 participants took part in the
workshops across four countries (UK, Malaysia, Pakistan and Sri Lanka).

Findings

The initial set of 317 measures was reduced to 128 and divided into the three community capacities
of Anticipatory, Absorptive and Restorative. The Physical Infrastructure Capacity Assessment Tool (PI-
CAT) was then finalized to encompass 38 indicators that were also ranked in order of importance by
the participants.

Practical implications

The PI-CAT can be useful for local governments and communities to measure their own resilience. The
tool allows stakeholders to be confident that the metrics being used are ones that are relevant,
important and will meet their requirements.

Originality

The Q-method approach helps stakeholders to develop and use a community capacity assessment tool
that is appropriate for their context. The PI-CAT can be used to identify effective investments that will

enhance community disaster resilience.
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INTRODUCTION:

Recent trends have shown that disasters result in increasing losses of life and in material damage (both
to the socio-economic and built environments) and affect more than 200 million people around the
world annually as well as inflicting annual losses of almost US$180 billion (Irwin et al., 2016, UNISDR,
2019). Due to the rising frequency and magnitude of natural disasters occurring worldwide (Irwin et
al., 2016) there is an increasing need for local decision makers, practitioners and community members
to better assess the disaster resilience of their communities from their own perspectives (Jones, 2019).
A more inclusive and participatory process of resilience assessment is required to better understand
a community’s capacity to anticipate hazard impacts, absorb disaster impacts and to restore basic
functions to prior levels, or even to build back better (UNISDR, 2019).

The international development community has increasingly embraced the concept of resilience as a
core strategy for communities as stated in Target 1.5 of the United Nations’ 2015 Sustainable
Development Goals (SDGs): ‘Build the resilience of the poor and those in vulnerable situations, and
reduce their exposure and vulnerability to climate-related extreme events and other economic, social
and environmental shocks and disasters by 2030’ (UN/ESCAP, 2015). This has led to resilience
becoming a core mechanism for intervention design by many international agencies working on
disaster risk reduction, poverty and issues of sustainability (Serfilippi and Ramnath, 2018).

Understanding and measuring Community Disaster Resilience (CDR) at the local level is often
characterized by limited technical knowledge and disagreement about the nature of resilience itself,
particularly the goals required to achieve it (Reyers et al., 2015). There exists a diversity of perspectives
among academics, practitioners and community members (CDR stakeholders) on the understanding
of resilience and this translates to different perspectives on measuring their community’s resilience
(Saja et al., 2018). A stakeholder perspective of community resilience includes their preferences
concerning risk management and preparedness, as well as their explicit interests, and the knowledge
that lies beneath these preferences (Raadgever et al., 2008). Stakeholder groups in the process of
understanding and measuring CDR discover that finding the “right solutions for the right problems” in
terms of building community disaster resilience requires reaching an agreement on the goals of an
assessment (Reyers et al., 2015). Once stakeholders define these goals, they are better placed to
participate in planning and managing risk reduction in their communities (Clare et al., 2017).

Developing an overview of the different stakeholder perspectives can increase an awareness of other
groups’ perspectives, may facilitate discussion and even support critical reflection on the rationality
behind stated positions’ methods (Andersen et al., 2007, Hovmand, 2014). As CDR can mean different
things to different stakeholders, there is a need to develop tools to help address the questions
concerning resilience to what, and of whom (Cutter, 2016, Patel et al., 2017). This research will define
resilience in terms of the key community capacities that can be measured using a generic adaptable
CDR framework. A resilience assessment which is based on more subjective methods seeks to be more
inclusive to the needs and perspectives of the community and will help in greater customisation and
contextualisation of the assessment at the community level (Jones, 2019).

This paper proposes a novel participatory approach to achieve consensus among stakeholders on the
definitions, objectives and indicators for measuring a key dimension of community disaster resilience,
namely Physical infrastructure (Pl). The current research is part of an Engineering and Physical
Sciences Council (EPSRC) funded Global Challenges Research Fund project called MOBILISE that aimed
at developing a digital platform for multi-agency collaboration for disaster risk reduction and



response. The first step concerns creating a tool for the assessment of the resilience capacities of CDR
at local levels and a closer stakeholder engagement in the resilience measurement process.

Community Disaster Resilience

As the concept of CDR continues to evolve, research is now increasingly focused on developing
methods and tools for its measurement and classification (Sharifi, 2016, Cutter, 2018). Despite this
growing importance, no clear definition for community resilience has emerged (Rogers, 2011,
Serfilippi and Ramnath, 2018). Systematic reviews by Ostadtaghizadeh et al. (2015) and Koliou et al.
(2018) have suggested that one of the definitions for resilience that has found consensus among a
wide range of stakeholders is the definition used by the United Nations International Strategy for
Disaster Reduction (UNISDR) (Ostadtaghizadeh et al., 2015, Koliou et al., 2018). UNISDR defines
resilience as “the ability of a system, community or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient manner, including
through the preservation and restoration of its essential basic structures and functions” (UNISDR,
2013). However, operationalising this definition presents its own set of challenges. These challenges
can range from methodological issues (i.e. measuring “soft” variables like social and human
relationships) to the role of power and influence in building resilience (i.e. equitable representation in
resilience assessments), the lack of any direct measures of hazards being used in the assessment and
the temporal dynamics of resilience over time.

Although the terms resist, absorb and recover are used in the UNISDR definition, it is important to
realize that these are distinct processes that can vary from hazard to hazard, place to place and
country to country (Constas et al.,, 2014). Therefore, one of the main challenges for resilience
guantification is the operationalisation of these processes, particularly when capturing the hazard
itself, and the cultural and national diversity that exists in the global context (Saja et al., 2018). In
addition to developing a robust operational definition, it is important to identify the variables and
processes that influence or predict resilience as well as the variability of resilience within different
communities (Serfilippi and Ramnath, 2018).

Community resilience in the literature can be defined as a system’s capacity to rebound or to return
to a state of equilibrium following an external disturbance (Cimellaro et al., 2010, Peck and Simonovic,
2013). The way these capacities are defined and operationalised in the literature range from being the
relatively simple direct measures of disaster impact to complex indices representing aspects of a
community’s capacity (Irwin et al., 2016). Hence, to better understand and measure these processes,
a more subjective approach, where stakeholders play a more participatory role in defining resilience
capacities and how to measure them, can help to operationalize CDR (Jones and Tanner, 2017). This
research adopts the approach used in the literature that links community resilience to community
capacities and has defined these as the three capacities (anticipatory, absorptive and restorative) that
best represent the processes mentioned in the UNISDR definition (Thayaparan et al., 2016, Tariq et
al., 2020).

In this study, Anticipatory capacity is defined as the ability of a system to anticipate and reduce the
impact of climate variability and extremes through preparedness and planning (Bahadur et al., 2015).
This is considered as a proactive action before a foreseen event to avoid disturbance, either by
avoiding or reducing exposure or by minimising vulnerability to specific hazards (Kellett and Peters,
2014).

Accordingly, Absorptive capacity is considered as the ability of a system to buffer, bear and endure
the impacts of climate extremes in the short term and avoid collapse (death, debilitation and



destruction of livelihoods) (Wisner et al., 2004, Folke et al., 2010, Béné et al., 2012). This is, also, the
ability of people, organizations and systems, using available skills and resources, to face and manage
adverse conditions, emergencies or disasters (UNISDR, 2009).

In the case of Restorative capacity, the study defines it as the ability of a system to be repaired easily
and efficiently (Biringer et al., 2013). In the context of critical infrastructure, system repair is the
distinguishing feature of restorative capacity and it has been claimed as the final line of defence that
requires the greatest amount of effort. This capacity is also linked to the terms adaptive and
transformative where communities respond by learning and using their knowledge and experience to
“build back better” over the long run (Constas et al., 2014).

This research has chosen the above three capacities as those which are most suited to characterise a
community resilience assessment process (Thayaparan et al., 2016). The use of the three capacities
outlined above has been undertaken to address some of the key limitations and challenges faced by
researchers in developing measures of community resilience as specified in the literature (Levine,
2014, Beccari, 2016). Each of these capacities generated a set of objectives for measurement from the
literature forming the basis of the activities in preliminary stage of the research as discussed in the
next section. The initial set of objectives, and the final selected ones, are presented in Table 3.

By using community capacity assessments as the basis of measuring community resilience,
researchers can address some of the challenges and make a more robust, valid and “fit-for-purpose”
resilience measurement tool. Fit-for-purpose tools are designed by the users themselves to measure
processes that they need to measure rather than through the perspective of external researchers. For
example, by allowing a greater say by community members (and other key stakeholders) to define
how these capacities are measured, more direct measures (those that may matter more to the
relevant stakeholders for local resilience issues) can be included (Jones, 2019). To be used effectively
for decision making, community capacity assessments must also correspond to the appropriate
systems or dimensions of a community that best describe the resilience issues affecting it, e.g. the
physical infrastructure and elements of the built environment or other aspects of the community.

Dimensions of Community Disaster Resilience

It was essential for the research team to initially select what dimensions of CDR would be included in
the classification of measures/indicators so that a preliminary library of measures could be formed
(Ostadtaghizadeh et al., 2015, Irwin et al., 2016, Links et al., 2017). A literature review was conducted
resulting in the selection of six dimensions of community disaster resilience: (1) Physical Resilience
which includes all the critical infrastructure and elements of the built environment (Biringer et al.,
2013, M.Thayaparan et al., 2016, Koliou et al., 2018); (2) Human/Health Resilience which covers the
skills, knowledge and the health outcomes of the population (Castleden et al., 2011, Lannigan et al.,
2014, Links et al., 2017); (3) Economic Resilience which incorporates financial capital, livelihoods and
economic facilities (Rose and Krausmann, 2013, Irwin et al., 2016); (4) Environmental Resilience which
looks at natural resources, bio-diversity and the hazard itself (Ayyub, 2014, Smith, 2015, NAS, 2017);
(5) Social Resilience which deals with social capital, networks and links between the population (Saja
et al., 2018, Rasanen et al., 2020), and (6) Governance Resilience which is the ability of the local
government and organizations to plan for, and deal with, the impacts of hazards (Council, 2015,
Alexander, 2015). These dimensions were selected to represent the overall CDR as shown in Table 1.
The choice of which dimension to focus on is based on the resilience problem being investigated by
the assessment team.



Table 1 — Dimensions or Systems of the MOBILISE Community Disaster Resilience Framework (CDRF)

Dimension/System Defined as (boundary conditions)

Physical
(Biringer et al., 2013, M.Thayaparan et al., 2016,
Koliou et al., 2018)

Those facilities or structures that form a network of
structures that perform a vital function that is of
critical importance to the normal functioning of the
community (i.e. power/electrical network/grid,
telecoms, water mains/supply, road/transportation
networks etc.).

Human/Health
(Castleden et al., 2011, Lannigan et al., 2014, Links
etal., 2017)

The human category focuses on the skills,
knowledge, labour and health outcomes of the
community

Economic
(Rose and Krausmann, 2013, Irwin et al., 2016)

The economic resilience category includes both the
static assessment of a community’s current
economy (economic activity) and the dynamic
assessment of a community’s ability to
continuously sustain economic growth (economic
development).

Environmental
(Ayyub, 2014, Smith, 2015, NAS, 2017)

Environmental or ecosystem resilience focuses on
the amount of disturbance an ecosystem can
absorb without drastically altering its functions,
processes and structures.

Social
(Saja et al., 2018, Rasanen et al., 2020)

Social resilience focuses on the capacity of people
to connect with each other as individuals, groups
and organizations.

Governance
(Council, 2015, Alexander, 2015)

Governance is an overreaching dimension that
looks at the application of laws, regulations and the
capacity of organizations to respond to, and assist,
in the case of disasters.

Physical infrastructure Resilience

Physical Infrastructure (Pl) is recognized to be a critical element in developing and maintaining healthy
economies and stable communities. It allows commerce, the movement of people, goods and
information, and enables society's daily activities (Irwin et al., 2016). The ability of the Pl system to
function during adverse conditions and quickly recover to acceptable levels of service after an event
is fundamental to the wellbeing of communities (Fekete, 2019). Accordingly, Pl Resilience is

intrinsically linked to the built environment and is defined in this research as those facilities, or
structures, that form a network of structures that perform a vital function that is of critical importance
to the normal functioning of the community. In the literature, scholars like Cimellaro et al. (2010),
Peck and Simonovic (2013) and Koliou et al. (2018) have divided Physical Infrastructure into several
sub-categories to indicate the elements of the built environment that need to be considered. The PI
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system which focuses on a community’s built environment and its sub-categories are shown in Table
2.

Table 2 — Sub-components/Elements of the Built Environment

No. Element of the Built Environment Description

1 Buildings The residential, commercial or cultural buildings that
make up the bulk of the built environment in
communities.

2 Lifeline Systems Those facilities/structures that form a network of

structures that perform a vital function that is of
critical importance to the normal functioning of the
community (i.e. power/electrical network/grid,
telecoms, water mains/supply, road/transportation
networks, etc.).

3 Critical Facilities Those facilities/structures that have a specific function
and are measured according to the capacities outlined
above (i.e. hospitals, schools, local government
buildings, police stations, etc.).

4 Early warning systems The facilities/structures that help the community
monitor aspects of the hazard environment and can
help warn citizens and organizations prior to adverse
impacts occurring.

5 Green infrastructure Aspects of the built environment converted to green
infrastructure that helps the community deal with
hazards.

In order to measure resilience, the research team identified three capacities of disaster resilience —
anticipative, absorptive and restorative - as being representative of the range of broad considerations
for assessing resilience for operationalization. To assess the resilience of Physical Infrastructure, in
terms of the study’s approach, a Physical Infrastructure Capacity Assessment Tool (PI-CAT) was
developed using participatory methods — see the next section. The PI-CAT can be operationalized
through participatory methods to provide a stakeholder-defined resilience assessment tool from a
library of Physical Infrastructure resilience indicators. This will ensure a more “fit-for-purpose”
assessment tool based on the perspectives, experience and needs of the community’s key
stakeholders. The PI-CAT allows for greater customization of, and adaptability to, the disaster
resilience context of a specific community.

METHODOLOGY:

This paper uses a Q-methods’ approach to operationalizing the measurement of Physical
Infrastructure resilience. The approach uses a mixed methods’ approach, utilising both the qualitative
method (such as interviews and focus group discussions) and the quantitative method (such as the
ranking tool developed and used for selecting measures in this study, called the Q-sort, and a factor
analysis component that will be applied in future work). The steps required in Q-methods are shown
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in Figure 1 and, at each step, different tools are utilized to better understand the phenomenon under
study (Watts and Stenner, 2012, Alderson et al., 2018). In this case, these measures or indicators are
used to develop a consensus on an index to measure the resilience of a community. The research
team used Q-sorting, one of the steps in Q-methods, to allow participants to rank and select the
measures that are to be included in the PI-CAT.

Complex concepts like community disaster resilience require an understanding of diverse groups of
peoples’ views, opinions or beliefs about resilience issues. Q-methods is a relatively new method in
disaster management research to examine resilience questions from a more subjective approach to
resilience measurement where stakeholders such as decision makers, local government authorities
and community members’ perspectives, experience and knowledge can be used as inputs into the
process (Béné et al., 2016, Jones and Tanner, 2017). Objective approaches to resilience measurement
depend on more standardised measures that are mostly, though not exclusively, based on secondary
data collected about the community from other sources (Clare et al., 2017). Q-methods combines
qualitative and quantitative techniques which allow researchers to firstly identify the range of the
views that exist on a topic and then describe in-depth those viewpoints (Watts and Stenner, 2012,
Zabala, 2014).

The Q-method is being used here in this study to help define Pl resilience (and its sub-components)
and to determine the inclusion (and exclusion) of measures into an index of community level
capacities for physical resilience in the built environment. By using Q-methods to design and refine
the PI-CAT, the resilience assessment process gets a participatory approach built into its
implementation whereby key stakeholders are an inherent part of the resilience assessment process
(Clare et al., 2017). Although the method works well with small, selected samples of individuals, it is
not intended to be generalised to a larger population, hence, its appropriateness for ranking among
the expert groups used in this study (Raadgever et al., 2008, Zabala and Pascual, 2016). Applying Q-
methods within this study consisted of 5 steps as detailed in Figure 1.

STEPS:

1. Collection of
all possible
statements

4. Ranking of
statements by
respondents
according to how
much they agree
with each statement
(“Q-sorting”)

5. Analysis and
interpretation

2. Selection of
the most 3. Selection of

relevant respondents
statements (the “P-set”)

(the “Q-set”)
Snowball
technique

about the issue
at hand (the
“Concourse”)

METHODS:
review
and focus group
discussions (FGDs)

DATA COLLECTION: @

e

Thematic
Analysis,
Q-methods Descriptive

workshop Statistics & Factor
Analysis (FA)

STEP 2 IDIs, FGDs \ / STEP 4 Q-sort Workshops \ /" STEPS \

Sri Lanka Workshop In UK Objectives
: Ranki f
10 Physical Infrastructure (PI) 18 members of DMC in Q-sort .
Experts in Malaysia

In-depth-interviews
(IDIs),

PI-CAT workshop in Sri Lanka Measures

10 members PDMA*

8 Pl Experts in UK
on refining PI-CAT \ PI-CAT workshop in Pakistan /




*DMC = Disaster Management Centre in Sri Lanka; PDMA = Provincial Disaster Management
Authority, Khyber Pakhtunkhwa, Pakistan; and PI-CAT = Physical Infrastructure Capacity Assessment
Tool.

Figure 1 - Steps of the study, methods used and sample size
Developing the “Concourse”, the “Q-set” and the “P-set” for the study

This paper focuses on the built environment, stated here as the Pl resilience of a community. Every
study using Q-methods begins with a collection of items, pictures or statements called the
“Concourse” developed through a preliminary qualitative study (Watts and Stenner, 2012). As part of
this first step (as shown in Figure 1), a systematic review of 31 resilience frameworks was conducted
and thematically analyzed (Tariq et al., 2020). The results of this review were used as the “Concourse”
in this study and this resulted in the creation of an initial library of 317 measures (Cimellaro et al.,
2010, Joerin et al., 2012, Ayyub, 2014, Ostadtaghizadeh et al., 2015, Irwin et al., 2016, Sharifi, 2016,
Cutter, 2018, Jones, 2019). These measures were then looked at in detail by the research team and
were highlighted for further refinement and validation by interviews and focus group discussions (as
shown in Figure 1) with subject matter expert groups through several steps of the research study to
form 30 to 40 statements for each capacity. These refined sets were the set of statements used as “Q
set” (step 2 in Figure 1) for each capacity in subsequent stages.

Figure 1 also looks at the number and types of participants in the study in Steps 2 and 4 of the research
where, at Step 2, interviews and focus group discussions were conducted with key stakeholders to get
feedback on the definitions of the core concepts such as Physical Infrastructure resilience, its sub-
components, the three resilience capacities and also the initial set of measures for the library. In step
4 of the research, Q-sort workshops were conducted where further validation of the definitions, sub-
components and measures in the library was undertaken. The participants in a Q study are called the
“P-set” and for the workshops they were drawn from key project stakeholders across the three project
countries of Malaysia, Pakistan and Sri Lanka. The snowball sampling technique was used where
participants in the first set of interviews and focus groups were asked to identify colleagues and
experts in Pl resilience, who were subsequently contacted for participation in the workshops. The Q-
sorts were completed with these participants to determine the important measures from the
stakeholders’ point of views. The total number of participants and the groups they belonged to are
shown in Figure 1.

As preparation for both Steps 2 and 4, the keywords from the definitions in the review, the sub-
categories list and the indicators identified in the literature review were then converted to
“statements” on cards and were entered in an online tool called Q sortware which allowed the Q-sort
to be administered to individuals and through focus groups. The statements are the output from the
Concourse in Step 1 and were worded the same as the actual measures found in the literature. These
statements were then sorted and ranked for each of three capacities, which created a stakeholder
designed PI resilience measurement tool for the community resilience context being explored. Step 2
required conducting several interviews, and focus groups, with relevant stakeholders to go through
the statements, to rank them according to importance for inclusion in the assessment tool and to
finalize a Q-set of 30 to 40 measures for each capacity (anticipatory, absorptive and restorative). The
interviews and focus group discussions (FGDs) conducted in Step 2 were implemented face-to-face by
the research team and took about forty-five minutes and one and a half hours each respectively. In
the FGDs, materials were first presented, and then participants were asked to work in groups.



Similarly, at Step 4 the Q-sort workshops were conducted face-to-face with participants divided into
three capacity groups by self-selection where they each completed the Q-sort exercise as designed.
The sorting process allowed stakeholders to include essential measures in the PI-CAT and to drop
others, ranking them in order of preference from the most important (+5) to the least important (-5).
Q-sort uses a forced choice, quasi-normal sorting distribution designed for use with a 48 item Q-set.
This contains 11 ranking variables ranging from +5 to -5 which sets the number of items at each value
(two at +5, three at +4, and so on).

The more times Q-sort exercises are undertaken with stakeholders the larger the library of available
PI-CAT preferences can become, hence offering additional insights into how different stakeholders
think about community disaster resilience, the capacities, and their link to the resilience problem
being considered. As more stakeholders become involved in the study in the future, factor analysis by
groups will be conducted exploring the relationship between PI-CAT preferences and type of
participants and groups.

Findings:
Capacities of Resilient Communities

At Step 1 of the research, the literature review indicated a large number of objectives for each of the
capacities and these were used in several consultations and focus group discussions as part of co-
creation workshops with Physical Infrastructure and built environment experts conducted across the
four countries (UK, Malaysia, Pakistan and Sri Lanka). The research team focused on validating the
objectives of the three capacities for measuring Physical Infrastructure resilience and reducing the
large number of objectives to a more manageable number according to stakeholders’ feedback.
Through interviews with experts, the team checked for validity of the objectives as extracted in the
literature review and received feedback that they were too broad in coverage and required a more
detailed approach. Participants recommended dropping several objectives and combining others into
one allowing for a more focused assessment. For example, for Absorptive capacity several measures
related to the robustness, quality or strength of the infrastructure were combined into an indicator
called Resistance. Similarly, in Restorative Capacity, several indicators related to costs were combined
to form an indicator for Economics of Restoration. A focus group discussion was conducted after the
interviews were completed to consolidate these indicators. The participants were also asked to
recommend other colleagues and experts who could become potential participants in subsequent
focus group discussions and workshops. The final output from the focus group discussion regarding
the objectives for measuring the PI resilience of the built environment are shown in Table 3 - for
comparison the initial and final set chosen by participants are both shown. The final set of objectives
reflect the opinions and preferences of the subject matter experts on how the capacity framework
can be practically used to measure Physical Resilience.

Table 3. Initial objectives from the literature and the final list of objectives after interviews and focus
group discussions in Step 2.

Objectives from the Literature Final Objectives

Capacities (Initial Q-set for each capacity) (after workshops)




1. Awareness of
1. Awareness of potential hazards potential hazards
.. 2. Quality of infrastructure 2. Quality/Extent of
Anticipatory . . s
Capacit 3. Pre-event functionality of the mitigating features
‘.) v infrastructure 3. Learn-
(Prior (2014); . e . -
4. Quality/extent of mitigating features ability/Training
UNDP (2014); . . -
. 5. Quality of disturbance 4. Communication
Council (2015); ) .
. planning/response Systems/Information
Koliou et al. . . .
(2018)) 6. Quality of crisis sharing
communication/information sharing 5. Quality of
7. Learnability disturbance
planning/Response
1. Systems’ failure (unavailability of
assets)
Absorptive 2. Severity of failure
Capacity 3. Justin time delivery - Reliability
(Cimellaro et 4. Post-event functionality 1. System failure
al. (2010); 5. Resistance 2. Severity of failure
Cabinet Office 6. Robustness 3. Resistance
(2011); 7. Withstanding
Watson et al. 8. Redundancy
(2014); Koliou 9. Resourcefulness
et al. (2018)) 10. Response
11. Economic sustainability
12. Interoperability
1. Post-event damage assessment
. 2. Recovery time post-event
Restorative .
Capacit 3. Recovery/loss ratio
pacity 4. Cost of reinstating functionality post- 1. Post-event damage
(Constas et al. assessment
event
(2014).'| ) 5. Substitutability (replacement of 2. Recovery time
Council (2015); service) 3. Economics of
Koliou et al. - - restoration
(2018)) 6. Adaptability/flexibility
7. Impact reducing availability
8. Consequences reducing availability

Accordingly, the initial set of 317 measures was then reduced to 128 measures to form the final “Q-
set” for this study via an initial focus group discussion and sharing with an expert panel group as
indicated in Figure 1 Step 2. In order to cover the many perspectives, these statements were then
shared with colleagues and extended research team members to get their feedback on reliability and
comprehensiveness. After the feedback from this expert group, an internal workshop among the
research team was conducted resulting in the selection of the most relevant measures/indicators to
be included in the “Q-set”, in order to make the Q-workshop size and time duration manageable. The
selection of final set of measures for each capacity was based on how they best matched the objectives
identified in the previous step and on the clarity of the wording of the measures to ensure maximum
engagement of the participants in the workshops.
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Q-workshops

In the Q-sort workshops of Step 4, the participants were asked to divide into three groups (one for
each capacity) and were asked to rank the Q-sets to the best of their ability and opinion by achieving
consensus among all those in the group. This set of workshops resulted in the finalization of the PI-
CAT which consists of the thirty-eight final indicators and their ranking in order of preference by each
capacity. The results from these workshops is summarised by capacity in Table 4 where an average of
the ranks of each statement from the workshops is also shown.

Table 4 — Capacities and ranking of measures/indicators for Pl resilience assessment.

No. Capacity Average Ranking of Measures
Anticipatory Capacity
1 Adaptation plans 14
2 Community aware of the number of hazards that 1
may threaten their livelihoods
3 Procedures/plans for hazard mitigation exist 2
4 Procedures up to date 8
5 Amount/money spent on business continuity plans 15
6 Equipment for hazard mitigation exist 9
7 Percentage of businesses/organizations with 10
business continuity plans
8 Resilience included in economic development plans 11
9 Plans for risk communication between sectors 12
10 Communication system/mechanism between sectors 13
11 Is there a community level Early Warning System 3
(EWS)?
12 Percentage of businesses integrated into the EWS 6
13 Percentage of households integrated into the EWS 7
14 Backup of EWS 5
15 Does a training programme/system for DRR exist? 4
Absorptive Capacity
1 Cost of damaged assets 1
2 Time that a unit is not able to serve its intended 7
function
3 Loss for certain hazard levels 2
4 Probability of failure 3
5 Age of structure 5
6 Safety design factors 6
7 Backup safety design factors 10
8 Built according to building codes 4
9 Built according to hazard mitigation standards 9
10 Maintenance plan/costs 11
11 Diversity of industries/livelihoods 8
1 Post-event damage system or mechanism 4
2 Length of time to conduct damage assessment 5
3 Percentage of change from base level after event 8
(functionality loss)
4 At community level: does a recovery plan exist? 1




5 How many hazard types does the recovery plan 6
cover?
6 Time needed for recovery 2
7 How long until the restoration of full operations? 3
8 Costs of restoration 7
9 Loss of income during restoration 10
10 Maintenance costs after hazard (clean-up costs) 11
11 Reputation costs/Insurance costs 12
12 Adaptability 9

For the anticipatory capacity, participants considered that hazard awareness was a key measure or
indicator that described the community’s preparedness best. This was followed by an emphasis on
preparedness plans and the presence or absence of early warning systems. Not surprisingly, including
resilience in development plans did not rank very high among the participants. Cavaye and Ross (2019)
indicate that this disconnect is perhaps related to either silo thinking among practitioners or because
of underlying power relationships that exist between different types of decision makers — those in
disaster response concerned with dealing with a disaster and those in urban planning dealing with
growth (Brown, 2016, Cavaye and Ross, 2019). Alternatively, the lack of linkage between resilience
and development plans may be because participants thought that the measure belonged in the
restorative capacity rather than in the anticipatory capacity. Similarly, adaptation plans, money for
business continuity plans, and prevalence of business continuity plans in the community were ranked
lower than expected suggesting that there is still a lack of awareness among practitioners on the
benefits of private sector business continuity planning (Kliem and Richie, 2015). This could also be, at
least in these participant groups, due to the low expectations regarding resources being available for
preparedness, mitigation and DRR in low- and middle-income countries (Jones et al., 2014) indicating
that the answer to this question may be different in other settings.

In the ranking exercise for the absorptive capacity, participants selected the cost of damaged assets,
damage curves for different levels of the hazard, and the construction of Pl according to building codes
as of the highest priority to measure. The participants in the Disaster Management Centre (DMC) and
Provincial Disaster Management Authority (PDMA) workshops, in Colombo and Peshawar
respectively, reportedly selected these measures as important due to their primary occupational
responsibilities. i.e. to assess damages at the community level. Rapid damage assessments are a key
function of disaster management authority staff and are of critical importance for decision making for
response, relief and recovery activities (Lallemant et al., 2017). After the measure for building codes
and standards, the age of the structure and safety design factors of the build/or asset were considered
as next of importance to understand the vulnerability of the community’s physical assets. Overall,
measures on built according to mitigation standards, back-up safety features in the infrastructure, and
maintenance plans/costs were ranked lowest with participants. The measures on built to mitigation
standards was ranked low because it had similar wording to the first-choice measure, built according
to building code/standards, and participants found it difficult to differentiate between them. For the
other two measures, the most common reason given was that the other measures were simply more
important, and it was hard to decide. This difficulty in selection may mean these measures were not
explained properly, in comparison to others and required clearer language or wording.

In the restorative capacity, the importance of a recovery plan, the calculation of time to service
restoration, and the presence of a post-event damage assessment mechanism were highlighted as the
most important for recovery. Participants reported that recovery plans at the local level give decision

12



makers more information on local capacities and can help restore basic services and functions quicker.
Platt (2017) has also emphasised the role of properly developed recovery plans in affecting both the
speed and quality of recovery, while Clare et al. (2017) have shown that planning can help the quality
of recovery if developed properly in consultation with local community groups. Additionally, the time
taken to recover from a disaster event (with respect to the last event) and the time taken to restore
basic services (with respect to the last event) where both selected as key measures by the participants
to represent the restorative capacity of a community. Finally, measures on loss of income (of service
providers), maintenance and clean-up costs were ranked low in importance. The least important
measure considered for restorative capacity was reputation and insurance costs to the service
providers or utility companies. All three of these measures were from the Economics of Restoration
indicator, perhaps revealing a selection bias against those measures that require allocation of
additional resources or finances, as indicated previously practitioners may have lower expectations
for securing funding for disaster management policies in low resource settings (Jones et al., 2014).

Discussion:

A lack of consensus in the literature as to how community resilience can be operationalized in a
measurable framework creates issues regarding the practical implementation of community resilience
assessment tools within at-risk communities (Norris et al., 2008, Cimellaro et al., 2010). Some
academics such as Levine (2014) argue that the quantification of a concept like resilience misses the
point and reduces its value by taking away the focus from creating the right type of discussions on
DRR among stakeholders. A tool that cannot be defined (and hence implemented) properly may make
some practitioners and policymakers uncomfortable in using the concept practically in their everyday
work processes (Ramalingam, 2013, Clare et al., 2017). Clare et al. (2017) suggest that resilience
assessment tools developed without considering the perspectives, experience and knowledge of its
stakeholders run the risk of becoming invalid for the purpose for which they are being designed. Such
not “fit-for-purpose” resilience assessment processes or frameworks can also present a problem for
systematic research and for the development of evidence-based policy and may lead to less than
equitable outcomes for DRR interventions (Matin et al., 2018). The lack of consensus does not help to
solve the practitioner’s dilemma regarding measurement which makes it hard to implement and,
hence, hard to include as part of a systematic risk assessment process for Disaster Management
Authorities (DMAs).

This study thus identifies a need to focus on developing a common conceptual and measurement
model and, in so doing, also provides a tool that can help researchers reach that consensus to measure
physical resilience. The CDR framework for Pl resilience in the built environment provides both a
robust approach to assessing a community’s physical resilience (based on key characteristics and
indicators) and a customizable one according to the needs of the stakeholders. The structure of the PI
Resilience framework remains the same as top-down approaches but at the indicator/measures’ level
it can be contextualized by engaging the key stakeholders at the community and local government
level within the same broad structure of assessment. This framework can also be operationalized
among different communities and in different disaster contexts and can be further refined according
to stakeholder preferences and requirements. Further application in case studies is required so that
multi-conditional testing of the indicators in different contexts can help improve the functionality of
the framework and the evidence-based process of modification and verification of the proposed
indicators.
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It is important to note that the study uses a combined subjective and objective approach depending
on the stages of the study. Steps 2 and 4 used a subjective approach to define Pl resilience, its sub-
categories and how capacities can be measured, i.e. developing a case context PI-CAT. The measures
and indicators chosen for PI-CAT are, in the most part, themselves objective in nature, i.e. using either
primary or secondary data, as in household education levels or health outcomes, and are applied as
before, i.e. designed as objective measures. Hence, the resilience assessment tool uses the same types
of data that the practitioners are already familiar with and does not require them to develop new skill
sets.

Limitations

The application of the library of measures’ approach in the context of the CDR Physical Infrastructure
framework in this study needs to be evaluated further in additional workshops and in use case studies.
The researchers wish to point out that not all of the measures included in the library are easy to
measure, for example those measures that require a valuation of social or human factors such as
learning or training capacities that play a role in the running and maintenance of Pl where proxy
indicators can be used.

Additionally, a key limitation of such subjective approaches (as used in the study) are that more care
and attention are needed to avoid cognitive biases, social desirability and priming (Jones, 2019). The
process of stakeholder consultation itself is time consuming and may be dominated by the
representation of fewer stakeholders than is ideal for the assessment which can adversely impact
upon who is represented and how Pl resilience is categorized.

Policy and Practical Implications

The participatory workshop approach to building resilience assessment tools allows stakeholders at
various levels to select (or to at least agree on and validate) suitable measures of Physical
Infrastructure resilience that, in their perspective, best represents the resilience issues in their
community. The inclusion of a subjective characterisation process for resilience assessment is a novel
way of developing a more “fit-for-purpose” set of tools and can be useful where practitioners and
policy makers want to contextualize the tool to suit their requirements. This subjective process also
meets the requirements of international development agencies and partners that emphasize the need
for greater inclusiveness in the disaster risk reduction planning of marginalized communities.

Conclusion:

This research proposes a novel method of indicator selection for the measurement of community
disaster resilience as part of the community resilience assessment process and can be conducted with
several stakeholder groups ranging from local and state government representatives, political decision
makers to the community members themselves. The tools and methods developed in this paper allow
for the application of a mixed methods’ approach to calibrate and contextualise the resilience
measurement tool according to the community stakeholder groups themselves and allows for the
sharing of perspectives, goals and motivations with regard to community disaster resilience and how
to improve it over time. Similarly, researchers in the built environment can utilize the same framework
for advancing knowledge concerning Physical Infrastructure resilience measurement by adapting it to
the context of their research.

Future Works

Additional Q-sort workshops are needed to validate the framework and will be carried out in the
remainder of the MOBILISE project’s duration including a factor analysis of preferences by stakeholder
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groups in each of the three countries. Also, additional work on the other 5 dimensions (Human/Health,
Environmental, Economic, Social and Governance) is also required to test the applicability of the
method among other expert and stakeholder groups.
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