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Abstract
Understanding and strengthening community-level resilience to natural hazard-induced disasters is critical for the manage-
ment of adverse impacts of such events and the growth of community well-being. A key gap in achieving this is limited 
standardized and validated disaster resilience measurement frameworks that operate at local levels and are universally 
applicable. The Flood Resilience Measurement for Communities (FRMC) is a foremost tool for community flood resilience 
assessment. It follows a structured approach to comprehensively assess community flood resilience across five classes of 
capacities (capitals) to support strategic investment in resilience strengthening initiatives. The FRMC is a further develop-
ment of an earlier version (the FRMT, the Flood Resilience Measurement Tool). The FRMT has been developed and applied 
between 2015 and 2017 in 118 flood prone communities across nine countries. It has been validated in terms of content and 
face validity as well as in terms of reliability. To reduce redundancy and survey effort, the FRMC holds a lesser number of 
indicators (44 versus 88) and has now been applied in over 320 communities across 20 countries. We examine the valida-
tion for the revised resilience construct and the new community applications and present a comprehensive overview of the 
statistical and user validation process and outcomes in both practical and scientific terms. The results confirm the validity, 
reliability as well as usefulness of the FRMC framework and tool. Furthermore, our approach and results provide insights 
for other resilience measurement approaches and their validation efforts. We also present a comprehensive discussion about 
the dynamic aspects of flood resilience at community level, and the many validation aspects that need to be incorporated 
both in terms of quantification efforts as well as usability on the ground.
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1 Introduction

Understanding and strengthening community-level resil-
ience to natural hazard-induced disasters (Kelman 2020), 
such as flooding, is critical for mitigating adverse impacts of 
disasters and the protection and growth of community well-
being (World Bank 2010). A key gap, however, is the limited 
standardized and validated measurement approaches that can 
be applied at local levels. The Flood Resilience Measure-
ment for Communities (FRMC), developed by the Zurich 

Climate Resilience Alliance (formally the Zurich Flood 
Resilience Alliance), is a structured approach to assess 
community flood resilience to support strategic investment 
in resilience strengthening initiatives. The FRMC is the 
most widely used community-level, standardized disaster 
resilience measurement approach in the world, having been 
applied in over 400 communities across the globe (Keating 
et al. 2025).

This extensive application of a standardized framework 
has enabled quantitative analysis of the resultant data, 
together with qualitative analysis of user experience. An 
important step in rendering an approach and tool cred-
ible is to validate it. Apart from the FRMC, the literature 
reports only limited instances of standardized and validated 
community (disaster) resilience measurement approaches 
that are universally applicable. Therefore, reporting on the 
complex endeavor of exploring validation of a resilience 
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measurement framework is an important contribution to the 
body of scholarship on resilience in general and its measure-
ment in particular.

We refer to validation of the FRMC framework and tool 
not only in terms of quantitative analysis, that is, statistical 
testing, but also in terms of its usefulness for users on the 
ground or “user validation.” There are several major chal-
lenges that need to be considered when exploring validation 
of a community disaster resilience measurement approach. 
For example, there is no agreed-upon definition of commu-
nity disaster resilience (Norris et al. 2008; Cutter et al. 2010; 
Alexander 2013). However, it can be said that the field is 
converging on an agreed conceptualization of community 
disaster resilience as a multi-dimensional construct, span-
ning dimensions of social capital and governance aspects, 
natural and built environments, and human well-being 
including health and education (Lewis and Kelman 2010; 
Laurien et al. 2020). In addition, resilience is a latent con-
struct, until tested by a disaster event. This means that it is 
not until a system (in this case a community) is challenged 
by a disaster that one can explore whether what is measured 
in the framework actually made a difference (Keating et al. 
2017). Furthermore, validation requires a high number of 
standardized applications; because community disaster resil-
ience is highly context specific, many measurement frame-
works allow for or even depend on extensive local customi-
zation. While the benefits of customizability are not to be 
discounted, they preclude the possibility of robust empirical 
validation.

In tackling these aforementioned challenges (as well 
as others), the FRMC approach was developed not only 
to provide practical, on-the-ground support to community 
flood resilience programming, but also to support scientific 
advancement in the fields of resilience measurement and 
building by allowing for validation-oriented analysis. The 
approach was designed to generate empirical evidence on 
how resilience can be measured and strengthened in diverse, 
real-world contexts. Importantly, the FRMC framework, 
tool, and application guidance were developed collabora-
tively between practitioners, academic researchers, and 
policymakers, in order to ensure practical utility, commu-
nity impact, and scientific robustness (Keating et al. 2017; 
Campbell et al. 2019; Keating et al. 2025).

The result of these design objectives around practical 
utility and enabling validation is a standardized measure of 
community flood resilience applicable on the global scale. 
At the same time, the data collection approach is flexible, 
allowing for local customization. Implementation is under-
taken collaboratively with community stakeholders and data 
are drawn directly from community, ensuring that commu-
nity voice is central to the process and results. This approach 
was designed to allow for sufficient local customization 
while achieving enough consistency to generate comparable, 

high-quality data across communities (Hochrainer-Stigler 
et al. 2021). Results are visually explored and represented 
through a user-friendly interface and web application (Lau-
rien et al. 2020). It should be noted that the FRMC does not 
replace existing processes nor direct users as to invest in a 
particular area of resilience; instead, it identifies areas of 
strength and gaps to support a wider process of intervention 
design (Keating et al. 2017).

In order to allow for pre- and post-event comparison, that 
is, to collect data on the latent construct of resilience as 
well as the revealed resilience when an event occurs, the 
FRMC is in fact two measures. The FRMC baseline meas-
ures the latent construct and fits what is typical for a resil-
ience measurement framework, in that it measures a set of 
characteristics, capacities, and resources that exist at the 
community level prior to disaster and are thought to con-
tribute to the community’s flood resilience. For example, 
indicators measuring the existence and quality of safe evacu-
ation plans. When a flood occurs in a community where the 
FRMC baseline has been taken, the FRMC post-event study 
is then applied. The post-event study measures the impacts 
of the disaster as well as the performance of various commu-
nity systems during and following the event. For example, it 
assesses how well the early warning system performed when 
tested by the disaster.

The first version of the FRMC framework and tool 
(called the Flood Resilience Measurement Tool, or FRMT) 
was developed and applied between 2015 and 2017 in 118 
flood prone communities across nine countries. Following 
extensive user feedback, it evolved into the FRMC Next 
Gen (Keating et al. 2017; Keating and Hanger-Kopp 2020; 
Keating et al. 2025). While many of the building blocks of 
the framework were retained, the number of indicators—
called “sources of resilience”—was halved from 88 to 44. 
In addition, content was edited to improve usability and data 
quality, and improvements were made in the capacity for 
exploring data disaggregated by gender, age, and disability 
status. It is this Next Gen version of the FRMC that has been 
applied in communities across the globe and is the focus of 
the analyses reported on here.

This article provides a comprehensive overview of the 
validation process and outcomes in both practical and scien-
tific terms. It is structured around three main pillars includ-
ing validity, reliability, and usability aspects. For each pillar 
a detailed discussion of results found is given that confirms 
the validity, reliability, as well as usefulness of the FRMC 
framework and tool. In addition, this novel contribution to 
resilience knowledge and implementation is designed to 
provide actionable insights about resilience measurement 
and strengthening initiatives, and on the dynamic aspects of 
flood resilience at the community level. In the next section 
we present the methodology, framework, and tool in some 
detail. The corresponding results are presented in Sect. 3. 
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Afterwards, we discuss the results within a broader setting in 
Sect. 4 and conclude with an outlook to the future in Sect. 5.

2  Validation: Methodology, Framework, 
and Tool

We start with a discussion of the FRMC framework and 
associated application tool as well as introduce the data 
gathered for validation purposes, which are later discussed 
in greater detail.

2.1  Framework, Tool, and Data Gathered

The FRMC is based on the so-called “5C-4R” framework: 
it includes 44 indicators called “sources of resilience” that 
are distributed across and represent critical aspects of five 
complementary “capitals” (5Cs). The 5Cs follow the five 
capitals of the Sustainable Livelihoods Framework (DFID 

1999), which emphasizes that resilience comprises various 
dimensions including physical, social, human, financial, and 
natural aspects that interact over time. Each source is also 
assigned to one of four resilience properties derived from 
resilient system-thinking (4R). The sources are selected for 
the roles they play in helping people on their development 
path and/or providing capacity to reduce flood risk, prepare 
for, respond to, and recover from floods.

Users collect and analyze data using the FRMC tool, 
a practical hybrid software application comprising an 
online web-based platform for setting up and analyzing 
the process, and a smartphone- or tablet-based app that 
can be used offline in the field for data collection. The 
FRMC includes several data collection methods (house-
hold surveys, focus groups, key informant interviews, and 
secondary source data) and allows for the collection of 
data on various community perceptions, knowledge, and 
capacities (Fig. 1, left hand side). Data collection meth-
ods and the overall data collection strategy are designed 

Fig. 1  Flood Resilience Measurement for Communities (FRMC) data implementation process Source Based on Laurien et al. (2020)
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at the local level in response to local context. Use of data 
collection software technologies are supported by online 
or in-person user-training and guidance resources, which 
help ensure systematic and consistent data collection and 
framework use.

After data are collected on the app, they are uploaded to 
the web application. A grading team—typically composed 
of the FRMC implementing team, community members, and 
often local government representatives—compare collected 
data to pre-determined grading rubrics to grade each of the 
44 sources of resilience on an A–D scale (A being best prac-
tice, D being poor) (Fig. 1, middle). For aggregation, A–D 
grades correspond to number scores as follows: D = 0, C = 
33, B = 66, A = 100. The number scores of corresponding 
sources of resilience for each capital are then averaged to 
get an aggregate score for each capital; for example, if all 
sources of resilience in a capital group were graded “A,” the 
community would score 100 for that capital group. Graded 
results can be explored according to different “lenses” 
including the 5Cs, 4Rs, seven themes (relating to sectors 
such as health and education), five steps of the disaster risk 
management (DRM) phases, and system or context level 
(community level or enabling environment) (Fig. 1, right 
hand side). The online platform includes data analysis fea-
tures that facilitate exploration of interconnections between 
results and preparation of reports that can be shared with 
community stakeholders (Fig. 1, right hand side).

As Fig. 1 (bottom) indicates, in addition to the baseline 
resilience assessment there are further studies with their 
respective data: the post-event study that is undertaken after 
a flood event, and the endline study that is a re-application 
of the baseline study conducted 1–4 years after baseline. 
Finally, data on interventions applied after the baseline stud-
ies are also collected and used in our analysis. Together, 
these parts make up a cohesive, empirical analysis of com-
munity flood resilience over time. When data from applica-
tions of the FRMC and interventions across the globe are 
brought together, one has an unprecedented dataset with 
which to explore questions of validation.

Regarding data gathered, the FRMC Next Gen dataset of 
baseline resilience assessments encompasses over 320 com-
munities across 20 countries, representing a total estimated 
community population of approximately 1.07 million peo-
ple. Data were collected from 19,911 households and focus 
groups, key informants, and secondary data sources, and 
grades were assigned to each of the sources of resilience. 
In total, the baseline dataset includes 2,562,689 data points 
that were used to grade 14,300 sources of resilience. The 
endline resilience assessments were completed in more than 
290 of the original 325 communities across 19 countries, 
with responses from 16,946 households and with an esti-
mated population of 0.7 million people. These resulted in 
2,224,409 data points and 12,892 graded sources.

Post-event assessment (Fig. 1, bottom) was applied in 66 
communities across seven countries that had experienced 
flooding sometime after the baseline but before the endline. 
Post-event study data take the form of qualitative insights 
from focus group discussions, key informants, and sec-
ondary sources. This represented a population of 157,900 
people and yielded 48,575 data points from 1,716 graded 
indicators. Finally, interventions assessment was applied 
in 270 communities in 20 countries where interventions 
were implemented following the baseline. This comprises 
123,720 households and a total community population of 
576,954 people.

2.2  Validity, Reliability, and Usefulness

In regard to the FRMC, we developed the following working 
definition of validation: validation of the FRMC means to 
discern evidence that the sources of resilience contribute to 
improved resilience outcomes in case of a flood event and 
are reliably measured in a standardized way, and to synthe-
size feedback from users on the practicality or usability of 
the approach. Following this definition, the FRMC valida-
tion process is structured around three key pillars:

• Validity is about whether the sources of resilience actu-
ally measure community flood resilience. We used mul-
tiple lines of evidence to explore face validity, content 
validity, external validity, and construct validity.

• Reliability is about how the FRMC tool and process con-
stitute a standardized measurement approach. In other 
words, that the same is being measured across communi-
ties, grading teams, and time.

• Usability is the user-friendliness and practicality of the 
FRMC approach, including the framework, tool, and pro-
cesses.

In order to investigate the validity of the FRMC, we 
employed two main methodological approaches: (1) a struc-
tured empirical approach using quantitative data inputted 
into the FRMC, involving statistical reliability and valid-
ity tests, to identify which sources of resilience contribute 
most to resilient outcomes; and (2) a user validation process 
using qualitative feedback data, to synthesize the collective 
expertise of FRMC practitioners, understand the FRMC’s 
practical utility, and enable users to provide input into the 
framework and the tool evolution. To be more precise, valid-
ity is looked at through:

• Face validity. For the FRMC to be valid, it must align 
with resilience practitioners’ and communities’ under-
standing of what constitutes community flood resilience, 
so-called “face validity.” This is important for two key 
reasons: first, community flood resilience practitioners 
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and communities themselves are experts on community 
flood resilience since they work directly on and experi-
ence floods. Practitioner and community endorsement 
and uptake of the FRMC framework contributes substan-
tially to face validity. Second, for the FRMC tool to be 
useful for users, it should make sense to them. Data to 
undertake this analysis were gathered via various quali-
tative methods. This includes conducting qualitative 
interviews to understand practitioner perspectives and 
practitioner-reported community perspectives on flood 
resilience and the FRMC; interpretation of user feedback 
provided during peer workshops; analysis of comments 
inserted into the FRMC tool; and drawing on the “source 
relevant” and “grading confidence” tick-boxes filled out 
by users when grading a source.

• Content validity. This refers to the validity of the con-
tent in the framework and was based on an extensive 
literature review, expert design input from practitioners, 
disaster risk experts, and risk engineers, and an extensive 
peer review process. It is important to note that content 
validity, which looks at the underlying theoretical under-
pinnings of the FRMC framework, is also an important 
aspect of overall validity.

• External validity. For the FRMC to be a valid measure of 
community flood resilience, it must be applicable across 
various different types of communities—this is called 
external validity. Establishing external validity is based 
partially on face validity and partially on statistical analy-
sis exploring the impact of community characteristics 
(such as location, community type, poverty level, soci-
odemographic statistics, and so on) on FRMC outcomes.

• Construct validity. The validity of the FRMC construct 
was investigated empirically via statistical validity tests 
between the sources of resilience and theoretical frame-
work.

Reliability is important for demonstrating that the FRMC 
is plausible and comprehensive as a standardized measure of 
resilience. To empirically explore the reliability associated 
with the process of collecting and grading the sources, we 
used the following statistical tests to explore:

• Inter-rater reliability, which refers to the consistent use 
of raw data to assign grades across grading teams.

• Test-retest reliability, which refers to the consistency of 
the use of raw data to assign grades across time.

• Internal consistency reliability, which refers to the con-
sistency of the sources of resilience between communi-
ties in one framework (that is, 5Cs or 4Rs).

Usability dimensions are largely based on qualitative 
methods that were applied with users, in conjunction with 
data collection exploring questions of face validity and 

content validity. Semistructured qualitative interviews con-
ducted at key points throughout the process, content analysis 
of Alliance reporting, and peer review processes are being 
used to document and assess the usability of the FRMC 
framework, tool, and process. Exploring usability includes 
answering questions about, among others: ease of use of 
the FRMC; required resources for effective implementation; 
impact on staff capacity development; integration of FRMC 
with other project processes and tools; input of the FRMC 
into intervention design; advocacy-related outcomes; and 
outcomes of post-flood studies. This also includes deep-
dives into specific communities to analyze the complex 
interrelationships between resilience dimensions as well as 
possible intervention sets and outcomes. One example is 
presented in the results section.

3  Results

As indicated, we want to provide a comprehensive picture of 
the main processes involved and results found in our multi-
pronged FRMC validation evaluation, rather than provide 
details of the various validation analyses. We first present 
validation analyses related to the framework and tool, then 
move on to the equally important user validity analyses.

3.1  Validation of the Flood Resilience Measurement 
for Communities (FRMC) Framework and Tool

Starting with validity dimensions, the content validity of the 
FRMC framework was established based on an extensive 
literature review, expert design input from practitioners, dis-
aster risk experts, and risk engineers, and an extensive peer 
review process (see Keating et al. 2017). As described above, 
the 5C-4R framework is built on widely accepted concepts 
and frameworks in disaster risk management and develop-
ment programming (Campbell et al. 2019). The sources of 
resilience were designed on the basis of the 5C-4R model 
with input from risk and resilience experts and community 
practitioners. The post-event outcome variables were devel-
oped from models with similar operationalizations.

Regarding face validity, we found that practitioners have 
a high degree of agreement with the framing and content of 
the FRMC. Alliance practitioners confirmed that, in their 
expert opinion, all 44 of the sources of resilience included 
in the FRMC are indeed important for strengthening com-
munity flood resilience. Additionally, practitioners did not 
identify any major gaps in the sources of resilience, that is, 
sources that they believed were missing. Practitioners over-
whelmingly stated that the various lenses used in the FRMC 
framework—in particular the five capitals and disaster risk 
management phases—were particularly useful for inform-
ing programming. Practitioners using the FRMC reported 
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widespread acceptance and engagement by the communities 
they are working with, which further supports the finding 
that the FRMC makes sense to people on the ground (Keat-
ing et al. 2025).

Both the FRMC’s external validity and construct valid-
ity are supported by evidence from analysis using cluster-
ing techniques and principal component analysis (PCA). A 
detailed statistical analysis can be found in Chapagain et al. 
(2024a). Chapagain et al. (2024a) especially showed that 
the FRMC is able (in terms of explaining variation in the 
capitals through clustering agglomeration) to measure com-
munity flood resilience across different types of communi-
ties, that is, in communities that fall into statistical clusters. 
For the FRMC capitals, a single-component PCA explains 
around 31–45% of the total variance in the set of sources; 
this is a remarkable result as the sources have to explain the 
quite complex, latent capital construct. It is reassuring that 
if a Kaiser criterion (eigenvalue > 1) is applied, we found 
2–3 sub-components within each capital that represent dif-
ferent dimensions of it, altogether explaining 55–67% of 
the original variance—again an acceptable level for such a 
complex construct like community flood resilience across 
multiple dimensions (capitals). Moreover, resilience capital 
grades strongly correlate with communities’ socioeconomic 
characteristics, including poverty, female education levels, 
and income from remittances, which further strengthens the 
claim for construct validity. Furthermore, the PCA guided 
the grouping of the post-event outcome variables into six 
themes, collectively explaining 71% of the total variance in 
post-event assessments (see Chapagain et al. 2025). These 
findings show a good agreement with the underlying frame-
work, supporting both external validity and construct valid-
ity of the framework and tool.

Regarding reliability, inter-rater reliability was tested 
using big-data analysis to examine if different FRMC users 
undertaking the grading step give consistent grades when 
presented with the same raw data. To test this kind of reli-
ability, we compared the collected raw data and correspond-
ing grades of the sources of resilience across the baseline 
study sample. Due to the very different scales used across 
the sources (for example, nominal, ordinal, and continuous), 
we applied boosted regression tree approaches, following 
similar analysis in the first phase (Hochrainer-Stigler et al. 
2021). Overall, we found that grades are more consistent 
between graders when the source requires less subjective 
judgment. The overall inter-rater reliability was at accept-
able levels, particularly considering that the design of the 
FRMC assumes that the grading of the sources of resilience 
based on raw data necessarily requires deliberation by local 
experts.

Internal consistency was measured using the classic 
Cronbach’s Alpha metric (Nardo et al. 2005). We found that 
the internal consistency of the 44 sources used to measure 

the 5Cs in the FRMC baseline and endline assessments 
fall within the commonly accepted threshold of 0.7 (see 
Table 1). This confirms that the sources of resilience within 
each capital are closely related and can be aggregated to 
measure the latent capital. Finally, a test-retest reliability 
method was applied to compare the internal consistency of 
the grading process for baseline and endline studies, again 
using Cronbach’s Alpha method.

3.2  Realized Resilience and Interventions

Taking the above validation dimensions together, we con-
clude that the FRMC is assessing resilience in a valid and 
reliable manner. The next element of the validation analysis 
therefore relates to the post-event outcomes and interven-
tions, to explore which baseline resilience sources, or groups 
of sources, are most important for resilience when it is real-
ized during and after a disaster, and which intervention types 
best support it (Fig. 1, bottom). As described above, when 
a community where the FRMC baseline has been measured 
experiences a flood disaster, FRMC users conduct a post-
event assessment to understand what actually happened—
specifically, how the community’s underlying resilience 
played out during the disaster. Unlike the resilience sources, 
which focus on the characteristics that make a community 
more resilient, this assessment looks at 29 post-flood out-
come variables. These variables measure both the direct and 
indirect impacts of the flood event, as well as how different 
community systems performed during and after the event. 
Among these variables, three are classified as “hazard trait” 
variables, which assess the size and type of the flood. This 
helps to ensure that researchers account for the severity of 
the event when analyzing its effects. The remaining 26 vari-
ables cover a broad range of community aspects, including 
assets, livelihoods, life and health, lifelines, governance, and 
social norms.

The post-event analysis examined how a community’s 
underlying resilience—measured by the baseline FRMC—
affects post-flood outcomes. The findings, detailed in Chapa-
gain et al. (2025), confirm that communities with higher 

Table 1  Results of internal consistency tests using Cronbach’s Alpha 
for the five capitals, baseline, and endline assessments

No. Capital No. of 
Sources

Classic Cronbach’s 
Alpha coefficient

Baseline Endline

1 Financial 7 0.79 0.86
2 Human 9 0.71 0.66
3 Natural 5 0.72 0.73
4 Physical 12 0.84 0.82
5 Social 11 0.85 0.85
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baseline resilience tend to experience significantly lower 
flood impacts, controlling for the severity of the triggering 
hazard. Specifically, communities with strong natural, phys-
ical, and financial capital generally perform better across 
most post-flood measures, while social capital plays a key 
role in governance-related outcomes. Moreover, resilience 
is found to be the result of complex interactions between 
multiple factors. For example, investments in risk reduc-
tion, early warning systems, large-scale flood protection, 
emergency food supplies, community safety measures, and 
coordination between communities all contribute to better 
outcomes. Since these resilience-building efforts have wide-
spread benefits in reducing flood damage, they should be 
considered key priorities for strengthening community disas-
ter resilience. Overall, the post-event analysis results further 
support the validity of the FRMC framework of measuring 
resilience.

Next, different intervention types were analyzed. Using 
the FRMC to inform interventions is a resource intensive 
two-stage process of analyzing results and planning inter-
ventions. First, FRMC user teams conduct an internal analy-
sis to understand the results and determine the most effective 
ways to share them with the community and other stakehold-
ers. Second, a participatory process engages the commu-
nity and relevant stakeholders in sharing and discussing the 
results to collaboratively develop an action plan. The FRMC 
serves as a decision-support tool, identifying critical flood 
resilience needs and opportunities within the community. It 
is important to note that the FRMC does not generate spe-
cific interventions. Instead, it highlights key areas requiring 
further exploration and community-led decision making. It 
especially promotes a systems-thinking approach, encourag-
ing an analysis of interconnections between different fac-
tors and avoiding an isolated view of individual resilience 
sources and their relative strengths and weaknesses.

We identified a clear lack of data or empirical investiga-
tions of community flood resilience interventions that looked 
across multiple communities in diverse contexts. Therefore, 
we utilized the interventions data collected in the Alliance 
to generate evidence of intervention types, themes, distribu-
tion, and determining factors. Furthermore, we developed 
a classification scheme as much needed in addition to the 
existing conceptual approaches currently dominating the 
debate, including seven different intervention types. As in 
the case with the post-event analysis, we also related inter-
ventions to the baseline data. In this way, our empirical 
analysis should make also an important contribution to the 
conceptual literature. For example, we find that interven-
tions in the same category can be very different in regard 
to their functionality for enhancing resilience for different 
capitals. This calls for caution regarding which interventions 
and possible broad-based implementation perspectives ought 
to be prioritized in different contexts. While our analysis 

focuses on current intervention implementation, it is equally 
important for contributing to thinking around climate change 
adaptation options that will ultimately build on these current 
interventions. It is therefore necessary to bring these short- 
and long-term intervention horizons together, along with 
consideration of transformational potential, for a deliberate, 
effective, and seamless transition of strategies for reducing 
climate related risks from today into the future.

3.3  Usefulness and Deep‑Dives

We now go into more detail about the usability dimension of 
the FRMC validation process. As discussed above, useful-
ness and usability on the ground are critical. Here we also 
include some country program scale deep-dives in order to 
demonstrate usability and the wealth of community resil-
ience insight possible with the FRMC.

3.3.1  Usability and Usefulness

In-depth qualitative feedback from FRMC users—the only 
people qualified to report on the usability and usefulness of 
the FRMC on the ground—overall finds strong results on 
this dimension of validation. We first discuss the usability of 
the FRMC framework and tool itself, followed by a discus-
sion on the contribution of the FRMC process to capacity 
development. It should be noted that prior to starting the 
FRMC process, users must complete training; the accessibil-
ity and usefulness of this “pre-work” step is critical to the 
overall smooth use of the approach. Overall, FRMC users 
found that the online training provided to them is compre-
hensive and were positive about the experience, particularly 
the step-by-step explanations and examples. Some did find 
elements of the online training long or technical, particularly 
for those with less strong English skills. However, support 
from more experienced colleagues within the Alliance ena-
bled user teams to effectively plan for and implement the 
FRMC.

The study setup—one of the first steps in the FRMC pro-
cess—was found to be a straightforward process for most 
users. A collaborative approach that involves working with 
local authorities and stakeholders can be a time-consuming 
but necessary step for socializing the project and collecting 
data. Data collection was reported to be achievable, with 
many users appreciating the deep community and stake-
holder engagement enabled by the FRMC data collection 
process. The graphic tools for the display and analysis of 
results were reported as a major benefit of using the FRMC. 
Overall, many users referred to the strength and innovation 
of the FRMC’s holistic approach on a conceptual and/or 
practical level. They also highlighted the strength of the par-
ticipatory and collaborative methods for collecting, using, 
and validating the data and results. Another key strength is 
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having a rich source of data to support program development 
and advocacy. The technical language and complexity of the 
concepts and process are the most challenging part. This can 
be a steep learning curve for some users. People also find 
it to be a time-consuming and resource-intensive process, 
although this is balanced with benefits and not to the extent 
that would make it unusable.

An important result that emerged from this and previous 
FRMC research is the positive impact on users learning and 
capacity regarding resilience thinking. The FRMC helps to 
operationalize the concept of resilience in a holistic way, and 
to link with diverse expertise and stakeholders. The partici-
patory approach used throughout the entire FRMC process 
is empowering compared to other approaches. The systems-
based framework was designed to foster new and innovative 
ways to think about flooding; evidence from users indicates 
that using the FRMC helps expand thinking about what it 
means to build flood resilience and what kind of actions 
to take to make that a reality. Further, the data generated 
through the process are being utilized to deliver concrete 
resilience actions and support local advocacy.

3.3.2  Deep‑Dives

A qualitative analysis of FRMC data collected in Malawi 
demonstrates the potential of community cluster deep-dives, 
including gaining a holistic understanding of the mecha-
nisms of resilience building in one particular area of the 
country. The research revealed tight couplings between capi-
tals, connected through numerous mechanisms (see Fig. 2). 
Findings underline that social capital plays a central role 
in connecting and leveraging other capitals, particularly in 
facilitating financial access, knowledge sharing, and com-
munity organization. In addition to the importance of social 
capital, findings underscore the key roles of financial and 
human capitals, particularly in relation to local knowledge 
and leadership. The findings emphasize the importance of 
integrated approaches that strengthen inter-capital inter-
actions, particularly those leveraging social networks, to 
enhance community resilience to floods in Malawi and other 
flood-prone regions.

This deep-dive analysis indicates that there are vari-
ous complex mechanisms involved within context-specific 
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resilience, and that the standardized measurement approach 
of the FRMC has the potential to reveal highly context-spe-
cific insights. Both standardized as well as locally specific 
approaches can then provide complementary, meaningful 
ways forward for enhancing resilience based on a multiple 
line of evidence approach.

Another deep-dive relates to the exploration of health out-
comes in the FRMC data. This study of health outcomes is 
highly relevant as floods pose both immediate and long-term 
risks to human health. These include fatalities, injuries, and 
delayed mortality due to various factors, such as a weakened 
healthcare system and water contamination (Du et al. 2010; 
Paterson et al. 2018; Chapagain et al. 2024b). As before, the 
analysis utilized the data from the 66 communities where the 
post-event study was applied and used a quasi-experimental 
research design to control for demographic and economic 
confounders. Empirical findings indicate that while commu-
nity resilience levels are not statistically linked to reductions 
in flood-related mortality, certain forms of capital—specifi-
cally social and human capital—do contribute significantly 
to lowering the number of injuries. This suggests that while 
resilience capacity, as measured, may not be sufficient to pre-
vent fatalities during extreme flood events, it does play a role 
in mitigating non-lethal harm. The lack of significant associ-
ations with mortality could point to threshold effects, where 
only very high levels of capital accumulation yield life-sav-
ing benefits, or to measurement limitations in capturing the 
nuances of community resilience. These findings highlight 
the importance of complementing resilience-building efforts 
to achieve meaningful reductions in flood-related deaths. 
The Malawi and health dimensions deep-dives indicate the 
wealth of information enabling exploration of both relevant 
resilience dimensions as well as mechanisms that can be 
analyzed from both top-down and bottom-up approaches to 
indicate in a comprehensive manner the underlying com-
plexities as well as dynamics needed for an understanding 
of resilience.

4  Discussion

The validation results presented have focused on the FRMC 
tool and framework, building on the first version of the 
approach (FRMT, applied in phase 1 of the Alliance), where 
a variety of similar validation activities were performed (see 
Keating et al. 2017; Campbell et al. 2019; Hochrainer-Stigler 
et al. 2020; Laurien et al. 2020; Keating et al. 2025). Apart 
from decreasing the set of sources of resilience from 88 
to 44, a further key difference between the phase 1 FRMT 
and phase 2 FRMC was that many more post-event studies 
were carried out, as well as the additional data collection 
and subsequent analysis of interventions. The driving force 
behind the changes made between phase 1 and phase 2 was 

to improve the usefulness for communities, practitioners, 
and other decision makers. Indeed, based on our validation 
definition, the indicators measured in the framework should 
reflect users’ and communities’ perspectives of what consti-
tutes community flood resilience. In doing so, the sources of 
resilience should be able to explain the different impacts of 
flood disasters; learnings from phase 1 were used to improve 
the user validity of the framework in phase 2. The benefits 
are not only in regard to the statistical analysis of which 
sources of resilience are especially relevant but also relate to 
detailed data that were gathered on outcome indicators that 
include health aspects as well as details of each community 
and its trajectories (of resilience) over time (see the applica-
tion to Bangladesh by Paszkowski et al. 2024).

When taken together, the three pillars of our validation 
process—validity, reliability, and usefulness—form a self-
reinforcing system of checks and balances for the FRMC. 
That is, for example, having strong theoretical underpinnings 
and clearly defined grading guidelines (content validity) 
ensures that different graders grade the same raw data reli-
ably (inter-rater reliability). On the other hand, having good 
usability also ensures that the FRMC aligns with practition-
ers’ expectations and needs (face validity). Taking the three 
pillars together, the final results, as discussed here, indicate 
that the FRMC framework and tool is assessing resilience in 
a valid and reliable manner. In addition, previous resilience 
research has emphasized the role of individual dimensions 
or capitals in building resilience, but the interplay between 
capitals remains poorly understood (Aldrich 2017; Gaisie 
et al. 2021). The deep dives should contribute to filling this 
gap by empirically identifying mechanisms driving commu-
nity resilience to floods and by demonstrating the intercon-
nections between capitals.

Our results challenge the conventional emphasis on physi-
cal capital, or the built environment, being the cornerstone 
of flood resilience (Aldrich and Meyer 2015). While flood 
protection infrastructure is critical, results underline that 
human, social, and financial capitals—and the interplay 
between them—are key foundations of community resilience 
to floods. The interconnections between capitals also suggest 
that integrated resilience strategies are warranted, and that 
stronger capitals (for example, social and human) could be 
leveraged strategically to reinforce other capitals (Laurien 
et al. 2020).

Furthermore, our research complements previous research 
on social capital that demonstrated its role as a determinant 
of community resilience (Kerr 2018; Aldrich et al. 2020; 
Aldrich and Meyer 2022), but nonetheless also underlined 
that social capital was not sufficient on its own and could 
even have negative impacts. For example, strong in-group 
cohesion (bonding capital) was found to sometimes lead to 
the marginalization of out-groups and exacerbate inequali-
ties between groups (Kerr 2018; MacGillivray 2018; Aldrich 
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and Meyer 2022). Our findings demonstrate the important 
role of bridging and linking capitals—that is, the links 
between groups and with external stakeholders—to steer 
political decisions and mobilize external resources, under-
lining that community resilience emerges from multi-level 
interactions (MacGillivray 2018).

In addition, using the interventions data we were also 
able to identify seven key categories of resilience-build-
ing interventions implemented in Alliance communities: 
Infrastructure and Physical Improvements; Community 
Engagement and Knowledge Building; Community Flood 
Resilience Planning; Community Brigades; Nature-Based 
Solutions; Asset Protection and Diversification; and Early 
Warning Systems. Together they create a useful framework 
for understanding the various strategies aimed at enhancing 
community flood resilience and provide valuable empirical 
evidence that complements existing conceptual frameworks. 
Importantly, they show that even interventions within the 
same category can differ significantly in how they func-
tion and their specific impacts on resilience capitals. This, 
again, highlights the need to move beyond broad classifica-
tions to adopt a more detailed, context-oriented approach in 
designing and evaluating interventions. The Zurich Flood 
Resilience Alliance’s two-stage process for analyzing out-
comes and planning actions emphasizes that effective resil-
ience building calls for an in-depth understanding of the 
impacts of interventions and a community-driven approach 
to planning.

The FRMC’s systems-thinking perspective, which cap-
tures resilience holistically and values the connections 
between resilience factors, aligns well with our observation 
that interventions often have complex effects, impacting 
multiple capitals and capacities at once. This categorization 
framework and the accompanying empirical data provide a 
meaningful foundation for evaluating intervention effective-
ness and guiding future strategies for climate change adapta-
tion. Acknowledging the diverse roles within intervention 
categories is useful for connecting present practices with 
the need for innovative adaptation solutions moving for-
ward. For example, when considering the role of the FRMC 
framework and tool to inform policy and practice regarding 
health outcomes, our findings align with existing research 
emphasizing how disruptions in social networks and support 
systems can lead to serious health consequences for disaster 
victims (Van Landingham et al. 2022). The role of financial 
capital in post-flood mortality reduction further underscores 
the importance of economic stability in long-term disaster 
resilience. Investing in financial and social capital may 
therefore serve as critical interventions to mitigate health 
risks in flood-affected communities. However, other dimen-
sions also play important roles (see Chapagain et al. 2025).

Concluding our discussion, studies have demonstrated, 
and our research supports, that disaster resilience varies 

significantly depending on the context. The FRMC approach 
provides a standardized method for empirically assessing 
community flood resilience in diverse contexts across the 
globe. It also establishes a taxonomy for categorizing com-
munities based on their similarities and differences in abso-
lute and distributional resilience levels, as well as socioeco-
nomic factors (Chapagain et al. 2024a). Each community 
taxonomy identified based on FRMC profiles possesses 
distinct strengths and gaps, clearly distinguishing them 
from each other. This supports identifying, selecting, and 
prioritizing resilience strategies and interventions tailored to 
the specific resilience profiles of different community types. 
Hence, the FRMC serves as a useful decision-support tool 
for both community programs and policy making as well.

5  Conclusion

When the Zurich Flood Resilience Alliance began in 2013, 
the community disaster resilience measurement field was far 
less advanced than it is today. The last decade has seen sig-
nificant progress and increasing academic and practitioner 
consensus around what community disaster resilience is, as 
well as useful and conceptually robust approaches to meas-
urement. Yet validation of resilience metrics remains a sig-
nificant challenge for the field. The results presented here 
along the multiple validation dimensions of the FRMC is—
to our best knowledge—one of the most advanced resilience 
measurement validation endeavors currently being under-
taken, supporting a universally applicable and standardized 
approach. The results and discussion demonstrate consider-
able evidence for the validity, reliability, and usefulness of 
the FRMC for measuring community flood resilience. Both 
quantitative and qualitative analyses of this unprecedented 
dataset extend the field of community disaster resilience 
measurement and strengthening.

Looking ahead, a significant next step for the FRMC 
and similar tools lies in the integration of emerging cli-
mate change projections and scenario analysis. As climate 
shifts, floods may become more prevalent and patterns more 
unpredictable, communities may face compound hazards or 
sequential disasters (for example, floods followed by heat-
waves, or cascading infrastructure failures). The evidence 
for the conceptual robustness of the FRMC, together with 
strong user feedback around usability and usefulness, made 
the case for the Alliance to invest in extending the approach 
to include other rapid-onset hazards. Following an in-depth 
peer review process and framework redesign, the FRMC has 
evolved into the CRMC—the Climate Resilience Measure-
ment for Communities. Like in the progression from FRMT 
to FRMC, insights from analyses together with lessons from 
experience were used to inform the redesign of the sources 
of resilience. The CRMC was first designed to measure 
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community resilience to flood and/or heatwave. Later, what 
is now the Zurich Climate Resilience Alliance partnered 
with researchers in Australia to design the wildfire hazard. 
In the future, more hazards are planned to be added.

The inclusion of advanced modeling techniques along-
side community-based insights contributes to more dynamic 
resilience assessment, which illustrates not only how well 
communities cope with current risks but also how they 
might adapt to uncertain, evolving future risk landscapes. 
Such expansion can deepen the scientific rigor of resilience 
measurement and offer even more actionable guidance for 
practitioners. This ongoing evolution provides opportunities 
for further evidence generation and user-based validation of 
what community disaster resilience is and how to measure it.

Acknowledgments This work was funded by the Z Zurich Foundation, 
Zurich, Switzerland as a contribution to the Zurich Climate Resilience 
Alliance.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aldrich, D. 2017. The importance of social capital in building com-
munity resilience. In Rethinking resilience, adaptation and trans-
formation in a time of change, ed. W. Yan, and W. Galloway, 
357–364. Cham: Springer.

Aldrich, D., and M. Meyer. 2015. Social capital and community resil-
ience. American Behavioral Scientist 59: 254–269.

Aldrich, P., and M. Meyer. 2022. Community level social capital and 
resilience. In Routledge handbook of environmental hazards and 
society, ed. T.K. McGee, and E.C. Penning-Rowsell, 201–213. 
New York: Routledge.

Aldrich, P., O. Kolade, K. McMahon, and R. Smith. 2020. Social capi-
tal’s role in humanitarian crises. Journal of Refugee Studies 34(2): 
1787–1809.

Alexander, D.E. 2013. Resilience and disaster risk reduction: An ety-
mological journey. Natural Hazards and Earth System Sciences 
13(11): 2707–2716.

Campbell, K.A., F. Laurien, J. Czajkowski, A. Keating, S. Hochrainer-
Stigler, and M. Montgomery. 2019. First insights from the Flood 
Resilience Measurement Tool: A large-scale community flood 
resilience analysis. International Journal of Disaster Risk Reduc-
tion 40: Article 101257.

Chapagain, D., L. Bharati, R. Mechler, K.C. Samir, G. Pflug, and C. 
Borgemeister. 2024b. Understanding the role of climate change in 
disaster mortality: Empirical evidence from Nepal. Climate Risk 
Management 46: Article 100669.

Chapagain, D., S. Hochrainer-Stigler, S. Velev, A. Keating, J.H. 
Hyun, N. Rubenstein, and R. Mechler. 2024a. A taxonomy-
based understanding of community flood resilience. Ecology 
and Society 29(4). https:// doi. org/ 10. 5751/ ES- 15654- 290436.

Chapagain, D., S. Hochrainer-Stigler, S. Velev, A. Keating, and 
R. Mechler. 2025. Realized resilience after community flood 
events: A global empirical study. International Journal of Dis-
aster Risk Reduction 118: Article 105246.

Cutter, S.L., C.G. Burton, and C.T. Emrich. 2010. Disaster resil-
ience indicators for benchmarking baseline conditions. Journal 
of Homeland Security and Emergency Management 7(1). https:// 
doi. org/ 10. 2202/ 1547- 7355. 1732.

DFID (Department for International Development). 1999. Sustain-
able livelihoods guidance sheets. DFID, UK.

Du, W., G.J. FitzGerald, M. Clark, and X.-Y. Hou. 2010. Health 
impacts of floods. Prehospital and Disaster Medicine 25(3): 
265–272.

Gaisie, E., S. Han, and H. Kim. 2021. Complexity of resilience capaci-
ties: Household capitals and resilience outcomes on the disaster 
cycle in informal settlements. International Journal of Disaster 
Risk Reduction 60: Article 102292.

Hochrainer-Stigler, S., F. Laurien, S. Velev, A. Keating, and R. 
Mechler. 2020. Standardized disaster and climate resilience 
grading: A global scale empirical analysis of community flood 
resilience. Journal of Environmental Management 276: Article 
111332.

Hochrainer-Stigler, S., S. Velev, F. Laurien, K. Campbell, J. Cza-
jkowski, A. Keating, and R. Mechler. 2021. Differences in the 
dynamics of community disaster resilience across the globe. Sci-
entific Reports 11(1): Article 17625.

Keating, A., and S. Hanger-Kopp. 2020. Practitioner perspectives of 
disaster resilience in international development. International 
Journal of Disaster Risk Reduction 42: Article 101355.

Keating, A., K. Campbell, M. Szoenyi, C. Mcquistan, D. Nash, and 
M. Burer. 2017. Development and testing of a community flood 
resilience measurement tool. Natural Hazards and Earth System 
Sciences 17(1): 77–101.

Keating, A., S. Hochrainer-Stiger, R. Mechler, F. Laurien, N. Ruben-
stein, T. Deubelli, S. Velev, M. Szoenyi, and D. Nash. 2025. 
Reflections on the large-scale application of a community resil-
ience measurement framework across the globe. Climate Services 
38. https:// doi. org/ 10. 1016/j. cliser. 2025. 100562.

Kelman, I. 2020. Disaster by choice: How our actions turn natural 
hazards into catastrophes. Oxford, UK: Oxford University Press.

Kerr, S.E. 2018. Social capital as a determinant of resilience: Implica-
tions for adaptation policy. In Resilience: The science of adapta-
tion to climate change, ed. Z. Zommers, and K. Alverson, 267–
275. Amsterdam: Elsevier.

Laurien, F., S. Hochrainer-Stigler, A. Keating, K. Campbell, R. 
Mechler, and J. Czajkowski. 2020. A typology of community 
flood resilience. Regional Environmental Change 20(1): Article 
24.

Lewis, J., and I. Kelman. 2010. Places, people and perpetuity: Com-
munity capacities in ecologies of catastrophe. ACME: An Interna-
tional Journal for Critical Geographies 9(2): 191–220.

MacGillivray, B. 2018. Beyond social capital: The norms, belief sys-
tems, and agency embedded in social networks shape resilience 
to climatic and geophysical hazards. Environmental Science and 
Policy 89(2018): 116–125.

Nardo, M., M. Saisana, A. Saltelli, S. Tarantola, A. Hoffman, and E. 
Giovannini. 2005. Handbook on constructing composite indica-
tors: Methodology and user guide. Paris: OECD.

Norris, F.H., S.P. Stevens, B. Pfefferbaum, K.F. Wyche, and R.L. Pfef-
ferbaum. 2008. Community resilience as a metaphor, theory, set of 
capacities, and strategy for disaster readiness. American Journal 
of Community Psychology 41: 127–150.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5751/ES-15654-290436
https://doi.org/10.2202/1547-7355.1732
https://doi.org/10.2202/1547-7355.1732
https://doi.org/10.1016/j.cliser.2025.100562


 Hochrainer-Stigler et al. Assessing Community Resilience

Paszkowski, A., F. Laurien, R. Mechler, and J. Hall. 2024. Quantifying 
community resilience to riverine hazards in Bangladesh. Global 
Environmental Change 84: Article 102778.

Paterson, D.L., H. Wright, and P.N.A. Harris. 2018. Health risks of 
flood disasters. Clinical Infectious Diseases: An Official Pub-
lication of the Infectious Diseases Society of America 67(9): 
1450–1454.

Van Landingham, M., B. Bui, D. Abramson, S. Friedman, and R. Cis-
neros. 2022. Health and mortality consequences of natural disas-
ters. In International handbook of population and environment, 
ed. L.M. Hunter, C. Gray, and J. Véron, 331–345. Cham: Springer 
International Publishing.

World Bank. 2010. Natural hazards, unnatural disasters: The econom-
ics of effective prevention. Washington, DC: World Bank.


	Assessing Community Resilience: Validating a Universally Applicable Flood Resilience Measurement Framework and Tool
	Abstract
	1 Introduction
	2 Validation: Methodology, Framework, and Tool
	2.1 Framework, Tool, and Data Gathered
	2.2 Validity, Reliability, and Usefulness

	3 Results
	3.1 Validation of the Flood Resilience Measurement for Communities (FRMC) Framework and Tool
	3.2 Realized Resilience and Interventions
	3.3 Usefulness and Deep-Dives
	3.3.1 Usability and Usefulness
	3.3.2 Deep-Dives


	4 Discussion
	5 Conclusion
	Acknowledgments 
	References


