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Abstract

Despite the growing literature on climate change adaptation across diverse academic
fields, a significant research gap persists in the documented synthesis of concrete adapta-
tion actions implemented on the ground. The current lack of synthesized documentation
hinders effective learning across diverse contexts and limits the development of robust
adaptation strategies, especially due to existing monitoring and evaluation frameworks
that often rely on high-level, broad categorizations that obscure the true mechanisms of
change. This paper directly addresses this under-explored area by analyzing community-
level flood resilience interventions undertaken by the Zurich Flood Resilience Alliance
(ZFRA) in 19 countries between 2019 and 2024. Employing a mixed-methods approach,
we identify seven emergent intervention categories, encompassing infrastructure and phys-
ical improvements, community engagement and knowledge building, community flood
resilience planning, community action groups, nature-based solutions, asset protection and
diversification, and early warning systems. We examine these intervention categories in
relation to the Sustainable Livelihoods Framework’s five capitals and the crucial resilience
capacities of absorptive, adaptive, and transformative abilities. Our analysis demonstrates
that interventions within the same broad category can have vastly different functionalities,
impacting diverse capitals and contributing to varying resilience stocks (capital) and pro-
cess (capacities) — suggesting a shift away from monitoring and evaluating interventions
through broad, aggregated categorizations. This study underscores the importance of con-
sidering the interplay between different intervention types and the various dimensions of
community resilience, offering valuable insights for practitioners and policymakers seek-
ing to enhance the effectiveness of adaptation efforts and bridge the persistent gap between
adaptation planning and tangible action on the ground.
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1 Introduction

Climate action has gained significant momentum across diverse sectors, from national gov-
ernments to grassroots initiatives, demonstrating a global commitment to addressing climate
change. Under the United Nations Framework Convention on Climate Change (UNFCCC)
Paris Agreement and the 2030 Agenda for Sustainable Development (SDG), overarching
goals for climate action are ‘increasing the ability to adapt to the adverse impacts of climate
change and foster climate resilience’ (UNFCCC 2016, Article 2) with a dedicated ‘global
goal on adaptation’ (Lesnikowski et al. 2017; Persson 2019). International conventions have
also identified climate change adaptation and risk reduction as important global priorities
for sustainable development, specifically the Sendai Framework for Disaster Risk Reduc-
tion (SFDRR) (Tozier de la Poterie and Baudoin 2015; UNISDR 2015) and vice versa where
SDG and DRR indicators already tailored to the global level can be applied to reveal insights
into progress on adaptation (UNFCCC 2021). However, central to achieving these goals is
the empowerment of communities to adapt and thrive in the face of known and unknown
threats including climate risks (Adger et al. 2005; Shammin et al. 2022). Resilience has
thus become widely used for addressing across global challenges as a more broadly defined
concept that considers various systems (Folke 2006; Mock et al. 2015) as well as context-
specific enabling conditions assessment frameworks (Jones et al. 2017) and assessments
after events (Tierney and Bruneau 2007; Cutter et al. 2010).

Despite the proliferation of ambitious goals and agendas designed to address the inter-
connected challenges of climate change, disaster risk, and sustainable development with
building resilience, there persists a lack of comprehensive understanding and coordination
amongst the disciplines and practice (World Bank 2024) as well as a gap between aspira-
tions and necessary scale of action (IPCC 2022; Petzold et al. 2023). To promote and sup-
port further action, there has been efforts to systematically track adaptation policies, actions
and solutions for enhanced accountability, improved coordination, and effective knowledge
sharing, as demonstrated by the global stocktake of climate adaptation (Berrang-Ford et al.
2021; Araos et al. 2021). However, as effective adaptation requires a deep understanding of
local contexts, which necessitates bottom-up approaches that prioritizes local knowledge
and participation (Soanes et al. 2021; Sakic Trogrlic et al. 2022), collecting and consoli-
dating implementation projects at global scale is highly limited (Lesnikowski et al. 2019;
Laurien et al. 2020). Furthermore, adaptation options and measures, even when targeting the
same vulnerabilities, exhibit significant variations in labeling and description (Leitner et al.
2020; Berrang-Ford et al. 2021).

This paper addresses this critical gap by examining a unique dataset of community-level
resilience-building interventions implemented by the Zurich Flood Resilience Alliance
(ZFRA) in over 300 communities across 19 countries over a five-year project timeframe.
ZFRA is a multi-sectoral partnership consisting of six humanitarian and development
NGOs, two research, and one private sector partners focused on enhancing resilience to
climate hazards in both rural and urban communities (Fig. 2, map of ZFRA communities
that have implemented interventions). We build upon the conceptual richness of resilience,
including how it can be assessed against disasters (Cutter 2016; Keating et al. 2017), climate
change (Shammin et al. 2022) and community well-being (Folke et al. 2006; Bene et al.
2015) as well as how its dynamics can be characterized in community procedures and pro-
cesses (Norris et al. 2008; Aldrich and Mayer 2015) and as dynamic outcomes (Hochrainer-
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Stigler et al. 2021; Guimaraes et al. 2025). These conceptual frameworks of resilience have
yet to be empirically explored with large-scale empirical data of resilience-building actions,
particularly at the community level, which explains our limited understanding of what the
effects of resilience building are across diverse contexts (Berrang-Ford et al. 2021; Roezer
et al. 2023).

We aim to advance the understandings of community-level resilience interventions
by first identifying emergent categories of community-level resilience building interven-
tions, then examining how different indicators of resilience explain the heterogeneity of
their intended effects among the intervention categories. To achieve these aims, this study
employs a mixed-methods meta-analysis approach to analyze community-level flood
resilience interventions and synthesize the diverse information available to move beyond
individual case studies and identify broader trends and patterns. The analysis proceeds in
two stages, where we first conduct a deductive analysis of the intervention data to identify
emergent categories or types of interventions, then inductively analyze these categories,
examining their alignment with established conceptual frameworks of resilience building,
specifically the ‘five capitals’ and the three resilience capacities (DFID 1999; Bene et al.
2015). Critically, our analysis demonstrates that interventions within the same broad cat-
egory can have vastly different functionalities, impacting diverse capitals and contributing
to varying resilience capacities. This finding challenges the common practice of monitoring
and evaluating interventions that are aggregated and based on broad categorizations and
emphasizes the need to specify the analytical unit to accurately capture the diverse progress
of resilience building.

The following sections detail our approach and findings. Section 2 describes the data and
methods. Section 3 presents the results, starting with the empirically deduced intervention
categories and then exploring their connection to established resilience frameworks. Section
4 discusses the significance of these findings, highlighting their contributions to both theory
and practice, and concludes with a look ahead at future research directions.

2 Methodology
2.1 Data source and sample

This study utilizes data on community-level DRR interventions collected through a
structured online survey completed by country teams, of the six implementation partner
organizations (international NGOs) involved in ZFRA, implementing interventions in com-
munities. The online survey, conducted annually between 2022 and 2024, covers interven-
tions implemented between 2018 and 2024. Within each NGO, local program managers
responsible for the local implementation of interventions provided details about these inter-
ventions to country program leaders. As the questionnaire focused on intervention details
and did not directly involve community members or collect individual-level data, no addi-
tional ethics approval was obtained. The survey instrument (more information in Appendix
B1) was designed to capture detailed information about each intervention, including: the
communities where it was implemented, a description of the intervention (what and how),
the resources and processes required for design and implementation, intended and initial
outcomes, and latest status. The questionnaire was explicitly not designed as an M&E or
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financial reporting tool used for performance assessment or funding disbursement. Its pri-
mary aims focus on learning, not compliance, and to collect detailed information required to
develop a replicable solution or a credible lesson learned. The core criteria for a ‘solution’
were replicability and sustainable increase in resilience, which requires an honest descrip-
tion of the mechanism, not just a positive outcome. The survey data is internally open for
the alliance to draw insights on trends and patterns, mainly by research partners, as well as
to facilitate internal peer-to-peer learning and exchange ideas between country teams.

For the purposes of this survey as well as this study’s analysis, an intervention is defined
as “an activity or group of activities that builds community flood resilience.” This included
a wide range of activities, from tangible assets (e.g. a platform for poultry refuge, a multi-
purpose shelter, or a bio-dyke) and technological tools (e.g. digital risk mapping, an online
app, or an early warning system) to community-based approaches (e.g. developing com-
munity disaster management committees) and specific livelihood strategies. However, indi-
vidual workshops, meetings, or training sessions were not considered interventions unless
they were part of a long-term strategy (e.g. first aid training or specific livelihood training)
and targeted a specific source or sources of resilience. This definition ensured consistency
in reporting across the implementing partners.

A total of 225 discrete flood resilience interventions were selected for analysis based
on the exclusion of incomplete entries and the requirement that all key analytical fields,
specifically the description, targeted resilience capitals, resources required, expected and
achieved results, were fully and logically completed. Each intervention is “discrete” in that
we refer to an intervention as one that can be implemented in one or multiple communities
in a country by the same implementing NGO.

2.2 Conceptual framework and analytical approach

Prior to interventions programming, as part of ZFRA’s induction phase, a standardized resil-
ience assessment is conducted using the Flood Resilience Measurement for Communities
(FRMC) framework and tool (Keating et al. 2017; Campbell et al. 2019; Chapagain et al.
2024) in all communities to self-assess their resilience by grading 44 sources of resilience
indicators using household surveys, key-informant interviews, and focus groups. The resil-
ience grades can be grouped to be understood according to four different lens — the disaster
risk management cycle, 4Rs of resilience, themes and five capitals, namely, human, social,
natural, financial and physical capital (DFID, 1999). This baseline assessment serves not
only as a metric for identifying gaps and prioritize needs, which influences the selection of
interventions but also as an enabler for consensus-building and empowerment of commu-
nity-led and locally designed interventions due to the participatory nature of the FRMC data
collection process (Hochrainer-Stigler et al. 2020).

The FRMC promotes a systems-thinking approach, encouraging analysis of interconnec-
tions between different resilience factors and avoiding an isolated view of individual indi-
cators and their relative strengths and weaknesses. Similarly, most ZFRA interventions are
related to more than one of the 44 sources of resilience, and maybe even touch upon more
than one theme or capital. It should be noted that the FRMC does not generate specific inter-
ventions nor do interventions intend to target specific sources of resilience. The process of
the FRMC data collection, grading to interpretation, using the measurement framework of
resilience sources and related capitals are shown in Appendix Al. To ensure that our analy-
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sis remains grounded to the emergent patterns as well as existing resilience frameworks, we
implemented an exploratory methodology elaborated in the following sections.

2.2.1 Deductive categorization of interventions

A full screening of the survey data was conducted to gain meta-understanding and familiar-
ization of the qualitative survey data content of the interventions (see Sect. 3.1 and Table 1
for a descriptive overview and list of interventions). We used a thematic analysis approach
(Braun and Clarke 2006) to inductively identify key themes and patterns within the inter-
vention descriptions. This involved multiple readings of the data, followed by the develop-
ment of a preliminary coding scheme. Two researchers independently coded a subset of
the interventions to assess inter-coder reliability and discrepancies were resolved through
discussion. The coding scheme was iteratively refined until a high level of agreement was
reached. Specifically, the qualitative data responses provided from open-ended survey ques-
tions directly addressed the intervention’s objectives, implementation process, activities,
and intended outcomes (see full survey in Appendix B1). Key questions included: ‘What
resilience problem/gap is the intervention trying to address?‘, ‘Describe the intervention.
How does it work?‘, and ‘What short term and long-term outcomes is the intervention
expected to provide to the community? Which vulnerable groups will benefit?’ These ques-
tions provided the core data for understanding the nature and scope of each intervention,
allowing for the identification of common thematic elements.

Within this process a rough assessment of the consistency, reliability, potential biases and
overall evaluation on substantiation of the responses was conducted. In addition, emergent
thematic categories to classify the interventions for further analysis were identified. These
categories and their appropriateness to be used for analysis were reviewed with a team
of representatives from all implementing NGOs in the Alliance, including members who
were responsible in responding to the survey. No specific data analysis software was used
throughout this categorization process and was manually conducted.

2.2.2 Inductive analysis of interventions using resilience frameworks

Building upon the intervention categorization established through deductive analysis, the
second phase of the data exploration adopted an inductive approach, identifying applicable
resilience frameworks for application. Given the conceptual diversity of resilience stem-
ming from various fields, defining the objectives and finding consensus on “good (char-
acteristics of)” resilience (Haider et al. 2021) is a key challenge, especially for monitoring
and evaluating resilience-building interventions (Biagini et al. 2014; Sparkes and Werners
2023). Aligned with the focus of ZFRA on community resilience, we identified frame-
works that effectively represent the processes and intended outcomes of community-based
interventions enhancing resilience against floods. We selected the Sustainable Livelihoods
Framework (SLF) (DFID, 1999) and Bene et al.‘s (2015, 2018) conceptualization of resil-
ience as a combination of capacities, as they capture both the asset-based and process-
oriented dimensions of resilience. The SLF provides a holistic approach to understanding
poverty reduction by addressing how a combination of capitals (the 5Cs — natural, physi-
cal, human, financial, and social capital) and vulnerability factors influence people’s liveli-
hoods and their ability to achieve sustainable outcomes, particularly in the face of shocks.
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Complementing the SLF, Bene et al. define resilience as the ability of individuals, groups, or
systems to effectively cope with and recover from stressors, which involves: (1) absorbing
impacts, (2) adapting to change, and (3) transforming conditions to create a more stable and
enabling environment (more detail in Fig. 1).

Using the definitions from the two frameworks, we systematically analyzed each inter-
vention to determine its alignment with the 5Cs and the three resilience building capacities.
This process involved developing a detailed coding system that categorized interventions
based on the specific capitals they targeted and the resilience capacities they aimed to
enhance. Coding was conducted through a meticulous review of the intervention descrip-
tions similar to the deductive categorization method but using the conceptual definitions
of the capitals and capacities. To address interventions that appeared to fit within multiple
categories of capitals and capacities, we assigned it to the category that represented its pri-
mary or most significant impact. In cases of ambiguity, we prioritized the capital or capac-
ity that was most explicitly emphasized in the intervention’s description. Additionally, we
documented all instances of multiple alignments, allowing for a nuanced understanding of
the interventions’ multifaceted contributions to resilience building.

2.2.3 Analysis of exploratory findings using Sankey diagrams
To visually represent and analyze the complex relationships between intervention cate-

gories, resilience capitals, and resilience capacities, we employed Sankey diagrams. San-
key diagrams are a type of flow diagram that illustrate the magnitude of flows between

Resilience Building Capacities
and Indicators

l
|

Absorbing impacts
and coping with the
immediate effects

¢ Access to informal
safety nets

* Availability of
assistance

* Disaster
preparedness
plans and EWS

* Bonding social
capital

Adapting by learning
and adjusting to
changes

* Livelihood
diversification

* Confidence/capital
to adapt

* EWS including
forecasting

* Bridging social
capital

Transforming by

creating conditions

for long-term

systemic change

* Availability of
formal safety nets
and services

* Social cohesion

¢ Local participation
in EWS and
preparedness plan

* Local government
responsiveness

Intensity of response against stressor
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Fig. 1 Components of resilience capacity. (Adapted from Frankenberger et al. 2013; Bene, 2018.)
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different sets of variables, with the width of the arrows proportional to the flow’s mag-
nitude. Sankey diagrams provide a visual overview of the distribution of interventions
across different categories, which identifies what intervention types are most strongly
associated with specific capitals or capacities. Second, the diagrams facilitated the explo-
ration of the interconnectedness of the resilience building process, where targeting spe-
cific capitals contribute to different resilience capacities. For example, a Sankey diagram
could reveal how interventions categorized as “infrastructure improvements” might pri-
marily target physical capital but also contribute to social capital by fostering commu-
nity participation in construction and maintenance. Analysis using the Sankey diagrams
allows us to draw conclusions about which intervention categories are most correlated
to strengthening specific resilience capacities and how the different forms of capitals
contribute to these capacities.

While the original purpose of the intervention questionnaire was to identify and docu-
ment “solutions” (knowledge products) based on their replicability and systemic impact,
this study utilizes the data to test a more fundamental methodological hypothesis. We
argue that broad activity categories (e.g., “training” or “infrastructure”) are insufficient
units for evaluating resilience, as they fail to capture the diversity of actual outcomes.
Consequently, our methodology uses the questionnaire data to generate evidence for a
more appropriate aggregated unit of evaluation, one that is defined not by the activity
itself, but by the functional linkage between resource stocks (capitals) and resilience
processes (capacities). Because resilience outcomes are non-prescribed and context-
dependent, this linkage-based unit allows us to map the diverse pathways through which
a single intervention can build multiple forms of resilience. The Sankey diagrams, there-
fore, act as the primary analytical tool for identifying these emergent patterns and vali-
dating the linkage as the core unit for capturing systemic resilience outcomes.

2.3 Methodological scope and limitations

It is important to acknowledge the limitations inherent in this dataset. As the data relies
on self-reported information from program managers, potential reporting biases may
exist. While a standardized survey instrument was employed to mitigate these biases,
variations in interpretation and reporting practices across different NGOs should be
noted. Furthermore, the data primarily reflects program managers’ perspectives and may
not fully capture the complex dynamics of community-level resilience building. Notably,
this dataset does not constitute a formal Monitoring and Evaluation (M&E) framework
or a longitudinal impact assessment. The survey was designed as a cross-sectional inven-
tory to identify best practices and lessons-learned by collecting information on their
strategic characteristics rather than to measure long-term resilience outcomes over time.
Consequently, the analysis focuses on the alignment and strategic intent and design of the
interventions rather than substantiating their lasting efficacy in the field.

It should be mentioned that the nature of our data, primarily qualitative and categori-
cal, precluded the use of advanced statistical methods (e.g. cluster analysis). Instead,
our approach allowed us to explore the nuances of each intervention and its impact on
community resilience. In the next section, we first present and describe our categori-
zation of intervention, which serves as our basis for further integrated analysis and
visualizations.
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3 Results
3.1 Overview of implemented interventions

The interventions implemented within the ZFRA show significant diversity in geographical
distribution (Fig. 2), decision-making criteria, costs and resources required for implementa-
tion based on the survey responses (Appendix B1). For the purposes of this study, we focus
mainly on descriptive evidence of what was implemented (survey questions 1 and 9) and
what aspects of resilience were targeted (survey questions 6 and 8).

As shown in Fig. 3, these interventions were implemented across multiple levels of social
organization from individual households, women’s associations, school districts to commu-
nity and higher-level/local government institutions. Notably, most of the documented inter-
ventions (95% of those specifying implementation level) were executed at the household
and sub-community level. The implementation durations varied considerably across these
levels. Specifically, household-level interventions were typically completed within a maxi-
mum of 10 months, with a substantial proportion concluding within 6 months. Conversely,
community-level interventions displayed a wider range of durations: 40% were completed
within 6 months, 25% within 6 to 12 months, and 35% required more than a year, extending
up to three years. Blank cells indicates that there are no interventions with the implementa-
tion time and for the level, while the “Null” row shows the number of interventions with
inadequate information regarding their implementation time.

Further analysis of the main decision-making factors (Table 1) shows that interven-
tion selection was not uniform but operated under a principle of co-agency. Nearly half of
all interventions (49.5%) were driven by community priority, while a substantial portion
(43%) were guided by external resources and support (NGO technical expertise or program-
matic requirements). The categories primarily focused on longer-term assets (Infrastructure
and Asset diversification) were driven by community priority. Conversely, the categories

Count of full(226)
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Fig. 2 Count of unique interventions recorded across countries
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Fig. 3 Count of interventions Time (months) Household Community Multi-, Higher-
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focused on soft capacity (Education, Community organizing, Planning) were typically
driven by external support. This finding explains the selection process, where communi-
ties prioritized tangible needs (infrastructure, finance, safety systems), while implementing
partners enabled systematic capacity building (training, planning, knowledge transfer) and
more complex interventions (EWS and NBS) considered multiple factors.

3.2 Emergent categories of disaster resilience-building interventions

The intervention data revealed seven distinct emergent categories, each representing
a unique approach to enhancing community flood resilience. Firstly, “Infrastructure and
Physical Improvements” encompass tangible, on-the-ground actions aimed at creating
safer and more resilient living environments. These interventions, ranging from elevating
infrastructure to installing sanitation facilities, focus on reducing physical vulnerability.
Secondly, “Community Engagement and Knowledge Building” interventions emphasize
empowering communities through training, education, and direct involvement in resilience-
building activities, fostering a culture of learning and informed decision-making. “Commu-
nity Flood Resilience Planning” interventions focus on developing community-led action
plans to enhance preparedness and response capacities. Fourthly, “Community Organizing”
facilitates dedicated groups to strengthen local capacities for flood response and community
empowerment. “Nature-Based Solutions” utilize natural systems to reduce flood risk and
enhance ecological resilience, promoting biodiversity and community engagement. “Asset
Protection and Diversification” interventions strengthen livelihood resilience through train-
ing and institution-building around climate-smart practices and financial mechanisms.
Finally, “Early Warning Systems” focus on improving the timeliness, accuracy, and accessi-
bility of flood warnings through technology, communication, and community engagement.

These emergent categories reflect a diverse range of strategies, each contributing to a
multifaceted approach to community flood resilience (see Table 1, columns “sources of
resilience targeted”) and discussed in more detail in Appendix C1. We find that interven-
tions simultaneously address multiple dimensions across resilience capitals and capacities.
For example, “Infrastructure and Physical Improvements” interventions, while primarily
targeting physical capital by enhancing community infrastructure, also contribute to social
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capital by improving access to essential services and fostering community involvement in
construction and maintenance. “Community Engagement and Knowledge Building” inter-
ventions, while focused on human capital development through training and campaigns,
also strengthen social capital by fostering community ownership and collaboration. “Com-
munity Flood Resilience Planning” interventions, encompassing assessments and action
plans, enhance both human and social capital by building preparedness and response capac-
ity through community-led processes. “Community organizing”, through local groups
for disaster management and advocacy strengthen social capital with collective action
and empowerment. ‘“Nature-Based Solutions”, while primarily impacting natural capital
by leveraging ecological resources, also contribute to human and social capital through
community engagement and the preservation of traditional knowledge. “Asset Protection
and Diversification” interventions, focusing on financial capital, also build human capi-
tal through training in climate-smart agriculture and financial management. Finally, “Early
Warning Systems”, while directly addressing vulnerability to hazards, also strengthen
human and social capital by improving access to information and fostering community par-
ticipation in monitoring and response.

To assess the robustness of the emergent intervention categories, we examined their
correlation with the implementing organizations responsible for each intervention. A clear
alignment between organizational expertise and intervention selection was evident, as
illustrated in the spider chart (Fig. 4). The chart reveals distinct distributions and foci of
intervention categories across different implementing organizations, represented by vary-
ing colors. The solid lines in the chart indicate the number of interventions within each
category implemented by each organization, while the dotted lines serve as axes indicating
the total number of interventions. The distribution of the solid lines demonstrates that most
implementing organizations (NGO 1-5) concentrated their efforts on specific intervention

Fig. 4 Type of interventions Asset diversify
implemented by implementing
partner organization (NGO)

Plan | Comm. brigades

NBS Education

Infrastructure EWS

@NGO1 NGO2 BNGO3 BNGO4 BNGO5 BNGO6
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types, suggesting that the emergent categories effectively reflect the established practices
and operational focus of these organizations.

For example, NGO 1 targets the most-vulnerable and supports direct assistance with
immediate outcomes through physical and economic asset development (climate smart
agriculture, infrastructure-based flood risk reduction measures). NGO 2 enables existing
networks and community structures to act so their programming has a natural focus on edu-
cation and community organizing and facilitating disaster response groups. NGO 5 focuses
on the development and inclusion of children and women and thus has programming that
center around education, planning and inclusive/accessible financing. NGO 6 spearheads
innovative solutions to tackle poverty and climate change, which is reflected in their ration
of nature-based solutions and early warning tool development. The differentiated likelihood
of certain types of interventions implemented by different NGO’s and their focus is intuitive
and indicates the importance and evidence of feasibility.

Further insight into the specific intervention sub-categories implemented by each NGO
is provided in Fig. 5. This figure reveals how implementing organizations leverage their
specialized expertise and focus within and across broader intervention categories. For
instance, while both NGO 1 and NGO 5 implemented asset diversification interventions,
NGO 1 concentrated on climate-smart agriculture, whereas NGO 5 focused exclusively on
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install D 1 o nbs
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Fig. 5 Detailed sub-types of interventions implemented by implementing partner organization (NGO)
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finance-related initiatives. Similarly, nuanced differences emerged in the implementation
of early warning systems (EWS) and community organizing. Most NGOs emphasized the
participatory aspects of EWS, while NGO 6 prioritized the development of technical tools.
In the case of community organizing, the distribution of general committees and response
groups varied; while most NGOs maintained a relatively balanced approach, NGO 1 leaned
towards committees and NGO 2 towards response groups. Notably, education and planning
interventions exhibited a consistent sub-category breakdown across organizations, poten-
tially reflecting the ZFRA’s emphasis on promoting active knowledge, such as training and
planning, over passive information dissemination through campaigns and assessments. It is
crucial to acknowledge that these observations, derived from correlational patterns, require
further substantiation with direct evidence. The analysis does not establish causality or
quantify measured differences.

As supplementary insights to the intervention patterns observed in Figs. 4 and 5, we
summarize several critical factors affecting the feasibility and effectiveness of resilience-
building interventions that have been highlighted from published ‘solutions’ knowledge
products, especially from a few selected cases (see Appendix D1). Firstly, financial con-
straints posed a significant barrier to the implementation of complex physical interventions,
emphasizing the need for increased funding. Secondly, enhanced community engagement
was deemed essential for identifying locally appropriate interventions. Thirdly, limitations
in small-scale infrastructure protection necessitated improved collaboration and coor-
dination with government agencies to address institutional gaps and prioritize proactive
resilience building. These insights underscore that while interventions are executed at the
household and community level, their feasibility is inherently multi-scalar, contingent upon
an enabling national environment that must bridge the gap between local initiative and insti-
tutional resource allocation.

The ‘solutions’ review team, comprised of representatives from each ZFRA implement-
ing organization, acknowledged the challenge of limited data and evidence to support the
effectiveness of certain interventions, highlighting the need for robust monitoring and eval-
uation frameworks. Additionally, there was a consensus on the importance of addressing the
underlying drivers of vulnerability rather than solely focusing on immediate needs, advocat-
ing for long-term, systemic approaches to resilience. Consequently, the lack of an evaluative
method capable of capturing the non-linear progress of resilience building remains a signifi-
cant operational gap. The following exploratory analysis addresses this gap by redefining
the analytical unit of interventions, moving beyond simple activity counts to a system of
aggregation based on strategic outcomes. By linking intervention types to their respective
resource stocks (capitals) and resilience processes (capacities), this framework provides a
mechanism to map local household-level actions to the broader, multi-scalar indicators used
to measure long-term resilience progress.

3.3 Exploring and visualizing interventions and resilience dimensions linkages

In the previous section we identified different intervention categories based on deductive
analysis of community-based resilience building intervention implemented by the ZFRA
communities. Using Sankey diagrams, a visualization method that assists explore the con-
nections and relationship between variables of interest, we relate our intervention categories
to the five capitals from the Sustainable Livelihood Framework (DFID, 1999) and to the
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resilience-building capacities — adaptive, absorptive and transformative capacities (Bene
and Doyen 2018). Amongst the 225 discrete interventions, roughly 25% are education
related interventions, followed by planning related interventions (approximately 20%) and
infrastructure related interventions (15%). The remaining 40% of the interventions are com-
posed of asset diversity, community organizing, early warning systems, and nature-based
solutions (all make up for roughly 10% of total interventions). The proportion of which
capitals and capacities the interventions target is less evenly spread out — about a third of all
interventions target human capital, while financial, physical and social capital are targeted
by roughly 20% of interventions. Meanwhile, more than half of the interventions are clas-
sified as adaptive capacity building interventions, more than 40% are absorptive capacity
building and less the 5% have transformative capacity building characteristics.

Figure 6 illustrates the complex interplay of interventions and their targeted type of
capital (e.g. financial, human, social) and type of resilience capacity across and within the
intervention categories and vice versa. The varying widths of the flows represent the rela-
tive influence or correlation to sub-types of each variable of interest. The diagram reveals
that financial capital is significantly correlated to adaptive capacity (approximately 90% of
financial capital related interventions) suggesting that financial resources are not merely a
safety net for coping (absorptive capacity), but as a primary engine for long-term flexibility
and mobilization. In contrast, human capital acts as a foundational “bridging” capacity,
split between immediate survival skills (absorptive capacity) and the cognitive flexibility
required for future adjustment (adaptive capacity). Meanwhile physical capital plays a dom-
inant role in fostering adaptive capacity (approximately 80%) followed by social capital,
which is correlated to other capacities equally. While Natural capital shows a unique path
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Fig. 6 Sankey diagram showing the proportion of different types of interventions building different capi-
tals and capacities
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toward Transformation, its small sample size (10 interventions) suggests that systemic, eco-
system-based shifts remain underutilized, and it is difficult to draw significant conclusions
relative to the other sub-types of capital and capacities.

Figure 7 shows the breakdown of interventions designed to enhance resilience by
strengthening different capitals. Overall, one type of intervention is found to be mainly
associated to building a capital in the following ways. The heavy reliance on education,
training, and health-related interventions for human capital (52%) highlights a sector-wide
belief that knowledge transfer is an effective entry point for resilience building. The more
even distribution within social capital — strengthening community organization building
(26%) and planning (33%) interventions, indicates that building collective agency requires
a hybrid approach of both formal structure and participatory processes. Physical capital

financial capital human capital

natural capital physical capital

social capital

42 social'capital!

Fig. 7 Number of interventions categorized by types of capital they aim to strengthen for increased
resilience
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is targeted with infrastructure improvements and construction of shelters (50%), reflect-
ing a priority on immediate protective capacity. However, the inclusion of nature-based
solutions (16.7%) suggests an emerging shift toward hybrid infrastructure that combines
physical protection with ecological sustainability. Similarly, the focus on financial capital
was through livelihood diversification training, access to financial services, and support
for income generation, which indicates a strategic intent to move beyond short-term relief
toward long-term economic agency, enabling households to self-finance their recovery.
Natural capital was least targeted (12 interventions) with the majority using nature-based
solutions (50%), ecosystem restoration and sustainable resource management education and
community organization. Notably, the fact that Early Warning Systems (EWS) target all five
capitals simultaneously marks them as a “multi-dividend” intervention (Hochrainer-Stigler
etal. 2025). This suggests that EWS is no longer viewed as a simple technical tool for safety,
but as a sophisticated platform that protects physical assets, reinforces social trust, and pre-
serves financial stability.

Figure 8 demonstrates that the distinction between capacities is not necessarily about the
type of intervention, but the temporal and strategic depth of its application. While the 94
interventions that target absorptive capacity aim to help communities cope with immediate
flood impacts and protect their basic needs, the 121 interventions targeting adaptive capacity
represent a shift toward future-proofing — fostering learning, flexibility, and the ability to
adjust to changing flood risks. The critical interpretive insight here is that the same activity
(e.g., infrastructure) can target different capacities, it is “absorptive” when it protects a home
today, but “adaptive” when it is designed to be adjustable to the uncertainties of shifting

absorptive capacity

absorptive capacity;94

adaptive capacity transformative capacity

transformative capacity;10

Fig. 8 Types of interventions contributing to different types of resilience capacities
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climate patterns tomorrow. This proves that the resilience value of an intervention is not
inherent in the activity itself, but in the capacity-linkage intended in the implementation.

Transformative capacity is the most challenging to achieve as it requires fundamental
shifts in behaviors, governance, social structures along with longer-term visions. From the
10 ZFRA interventions, we find examples of transformative capacity building interventions
to be, advocacy and stakeholder engagement - working with authorities and institutions to
influence policies and create an enabling environment for long-term resilience; community
knowledge building - empowering communities to advocate for their needs and participate
in decision-making processes that affect their resilience; nature-based solutions can contrib-
ute to transforming the relationship between communities and their environment, leading to
more sustainable practices. To illustrate how nature-based solutions enable transformation
capacity building we quote a reflection from the interventions review team, a practitioner
from an implementing organization, “the work we are doing with nature-based solutions
people are excited and saying that they can protect their communities based on the restor-
ative functions of nature and management from the community based on local knowledge.”
Iterative bottom-up, community-led initiatives and changes drive the paradigm shifts and
investment towards transformative capacity building.

4 Discussion and conclusion

The core insight of this study is that resilience building cannot be understood through iso-
lated activity types, but through the functional linkages between intervention categories,
the resource stocks (capitals) they build, and the specific capacities (absorptive, adaptive,
or transformative) they activate. This categorization, based on a dataset of unprescribed,
community-based, implemented interventions around the world, reflects on-the-ground
realities of resilience building. By relating these categories to existing conceptual frame-
works and indicators of resilience, the analysis reveals the complexity and multi-faceted
nature of interventions and implicates the challenges to systematically tracking, monitoring,
and evaluating community-based interventions. The seven emergent intervention catego-
ries (Infrastructure and physical improvements, Community engagement and knowledge
building, Community flood resilience planning, Community organizing (brigades and com-
mittees), Nature based Solutions, Asset protection and diversification, and Early Warning
Systems) identified in this study are characterized by a strong emphasis on participatory and
co-owned approaches, reflecting the necessity of responding directly to community needs
within resource-constrained, rural settings.

Unlike the often top-down, service-oriented strategies prevalent in urban and developed-
country contexts (Biagini et al. 2014; Jenkins et al. 2022), these interventions prioritize
bottom-up engagement, empowering communities to take ownership of resilience-building
efforts (Grady et al. 2016; Rozer et al. 2023). This is evident across all the categories of
ZFRA interventions, which ensure that interventions are tailored to local knowledge and
build long-term capacity. Notably, resilience-oriented interventions often promote this
locally led approach, contrasting with adaptation and risk management strategies that fre-
quently adopt a technical assessment followed by a prescribed action model (Fisher et al.
2015; Sakié Trogrli¢ et al. 2017). Our analysis also reveals that this local ownership does
not exist in isolation; its success is predicated on functional interdependencies with higher-
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level governance. For example, while EWS and evacuation planning are executed locally,
their efficacy is contingent upon integration into provincial disaster management or national
hydrometeorological data frameworks (refer to the case studies summarized in Appendix
D1). While the co-ownership model fosters a sense of responsibility and enhances the sus-
tainability of resilience initiatives, it is crucial to acknowledge the inherent limitations of
locally led interventions when confronted with the escalating intensity and frequency of
climate change-induced events (Nalau and Verrall 2021). Risks that surpass the capacity
of community-level action highlight the need for complementary national and sub-national
strategies. This raises critical questions about the limits of adaptation within a framework
primarily focused on local ownership, prompting a broader discussion on the necessary
balance between community-driven resilience and higher-level interventions to address the
increasing challenges posed by climate change (Scolobig et al. 2015).

This nuanced understanding of interventions beyond their labeled characteristics can
enhance the design and implementation of interventions, ensuring they effectively target
specific capitals and contribute to the desired resilience capacities. Specifically, the Sustain-
able Livelihoods Framework and resilience capacities (absorptive, adaptive and transforma-
tive) was applied to compare our seven emergent categories of interventions to find that not
one category could be generalized to indicate that a type of intervention (i.e. infrastructure
or hygiene education campaign) will align or target a certain indicator of resilience (i.e.
capitals and capacities). This finding strengthens the argument for localized, context-spe-
cific strategies driven by community-led decision-making (Saki¢ Trogrli¢ et al. 2022). Such
an approach is essential for ensuring appropriate intervention design, fostering community
ownership and agency in operations, and facilitating effective monitoring, evaluation, and
learning. It highlights the limitations of a ‘one-size-fits-all” approach including universally
prescribed interventions (Oliver-Smith 2016; Nightingale et al. 2019).

Furthermore, we address the practical limitations and complexities to development assis-
tance for locally led actions, noting the potential bias and reliance on the NGOs expertise, as
evidenced from the concentration of certain intervention categories in Fig. 4. This concen-
tration has duality, in that it allows NGOs to apply their expertise to communities and coun-
tries with specific needs, but also risks introducing biases in intervention selection (Brass et
al. 2018; Ghafran and Yasmin 2025). By examining these differences across NGOs’ selected
intervention categories and interests in certain resilience indicators, we can uncover biases
and potentially refocus interventions to community needs (identified by baseline resilience
assessments, such as the FRMC) and strategies (target resilience capital and capacities).
Additionally, our assessment of interventions and their co-benefits across different capitals
and capacities, allows implementing organizations and local stakeholders to be critical with
the design, selection and upkeep of resilience-building initiatives. In other words, the same
category of interventions leads to vastly different resilience capital and capacity building.

Our findings highlight the cross-cutting role of various capitals and capacities in building
different dimensions of resilience. Financial and human capital emerges as a significant con-
tributor to adaptive capacity, suggesting that interventions enhancing financial and human
capital are often accompanied by increases in adaptive capabilities. While we cannot infer
direct causality, the strong association underscores the importance of human and finan-
cial capital development. Conversely, physical capital proves vital for absorptive capac-
ity, aligning with the idea that tangible and protective measures are crucial for absorbing
shocks. However, transformative capacity is contingent upon specific, context-dependent
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enabling environments, as it needs systemic changes through investments in governance,
infrastructure, and robust social protection mechanisms (Eriksen et al. 2015). Financial cap-
ital exhibits a strong correlation with adaptive capacity, with a substantial portion of finan-
cial capital-related interventions also fostering adaptation. Social and human capital further
demonstrates its versatility, playing a significant role in both adaptive and absorptive capac-
ities. Finally, natural capital, intrinsically linked to nature-based solutions, shows a potential
connection to transformative capacity. However, the limited sample size of interventions
targeting natural capital prevents us from drawing definitive conclusions compared to other
forms of capital. Further research with larger datasets is needed to fully understand the
intricate relationship between capital dimensions of resilience and transformative capacity.

This study, focused on a specific set of interventions within the ZFRA, underscores that
the generalizability of resilience interventions is limited by the heterogeneity of these gov-
ernance contexts. Furthermore, our analysis primarily examined the implementation phase,
offering less insight into the crucial design and selection processes that precede it. While we
underscored the importance of robust community engagement and context-specific interven-
tions, a more in-depth exploration of the methodologies and challenges involved in achieving
these goals is warranted. Exploring the scalability and replicability of successful interventions
across varying contexts is also essential for informing future climate adaptation strategies. Our
analysis of the implementation phase suggests that the next frontier for resilience evaluation
is not merely monitoring activity counts but tracking the maturity of the interdependencies
between local agency and sub-national support structures. Only by substantiating these long-
term, multi-scalar linkages can we determine if an intervention has truly contributed to sus-
tained transformative change or simply provided a temporary buffer against immediate shocks.
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