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Abstract

Climate change impacts are increasing. Consequently, the need for harmonised, effective, and
inclusive climate risk assessments (CRAs) that operate at local and regional scales to inform cli-
mate risk management (CRM) strategies has become paramount. Various frameworks for CRA
have been developed across contexts, showcasing clear and proven steps for assessing climate risk.
However, key issues remain overlooked or unaddressed, such as effective integration of qualita-
tive and quantitative risk aspects, operationalisation of risk evaluation, including participation, or
explicit consideration of response as a driver of risk, as well as effective tailoring to different scales
and circumstances. The framework presented here provides a harmonised and inclusive CRA
approach adapted for regional and local use, while advocating what we call standardised flexibil-
ity. This is achieved through a conceptual and methodological framework that provides reference
to existing standards while supporting new directions and accounting for individual needs and risk
situations across diverse contexts. Within the developed assessment cycle, particular attention is
given to the process of risk evaluation (Key Risk Assessment), emphasising the social construction
of risk while attributing for adaptation response via resilience capacity. Framework application is
demonstrated by six case studies across the EU and beyond, illustrating strengths and capabilities,
as well as limitations in practice. Overall, the presented framework provides a strengthened CRA
approach with improved translation for CRM, thus moving towards useful and relevant climate
risk information that can support CRM and a resilient future.

1. Introduction

Understanding and managing climate-related risks, which are projected to increase significantly
(Seneviratne et al 2021, IPCC 2023), is crucial for safeguarding current and future development and
well-being. Climate risk assessment (CRA) plays an essential role in this process, serving as a key tool for
identifying areas, communities or sectors at risk. CRAs empower decision-makers to analyse and address
the most pressing risks emerging from climate change and thus contribute to local and regional devel-
opment planning (Adger et al 2018) by identifying entry points for climate risk management (CRM).
Through adaptation strategies, plans and policies that put current and future climate risks to its centre,
needs, gaps and limitations of current CRM practices can be highlighted, ultimately improving CRM for
climate resilience building (New et al 2022).

Climate-related risks result from the interplay of hazard, vulnerability, exposure, and response (Ara
Begum et al 2022) or capacity (in disaster risk; UNDRR 2017). Therefore, when conducting a CRA, it
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is fundamental to understand risk beyond its physical properties and consider key risks (Magnan et al
2023), as well as their underlying risk drivers (O’Neill et al 2022) for further insights on their social con-
struction (Blaikie ef al 2004). Such focus requires harnessing participatory processes, supporting a needs-
centred, bottom-up approach that allows to, first and foremost, comprehensively evaluate and identify
key climate risks. Considering and including, for example, groups of society that are disproportionately
affected by climate-related risks links to concepts of social justice and equity in climate change (Levy and
Patz 2015, EEA 2022) and allows to further refine respective climate risk profiles.

Existing frameworks for CRA, such as the international standards for climate risk assessment and
management (ISO 2018, 2020, 2021), or best-practice frameworks such as the six-step methodology for
CRA (Mechler et al 2021), the CRA framework presented in the GIZ Climate Risk Sourcebook (Zebisch
et al 2023), the Myriad framework for systemic multi-hazard and multi-risk assessment (Hochrainer-Stigler
et al 2023), and the Technical Guidance on Comprehensive Risk Assessment (UNDRR 2022), provide clear,
established and proven steps to assess climate-related risk while significantly contributing to risk literacy
in the applying communities and institutions. However, key remaining challenges need further attention
in order to produce a comprehensive and effective risk assessment:

o Effective integration of quantitative and qualitative aspects of climate-related risk, including their
translation to the whole CRA process (New et al 2022);

o Explicit consideration and implementation of climate risk evaluation (Magnan et al 2023) with a
focus on social risk construction through risk preference and perception (Villacis et al 2021), includ-
ing resilience capacity to dealing with the respective risk (Mechler ef al 2014, Mochizuki et al 2018);

e Effective integration of relevant and emerging conceptualisations and issues (e.g. response, equity
principles in CRA, context of relevant choices etc) (Simpson et al 2021, EEA 2022, O’Neill et al 2022);

e Comparability and quality assurance of CRAs accounting for different climate hazards;

e Include tried and tested approaches that inform relevant choices and processes for a dynamic and
iterative CRA process at the local and regional level.

In the following work we investigate how these gaps can be addressed in a harmonised and inclusive
way, without proposing a one-size-fits-all approach. Building on best practice through white and grey
literature synthesis (Higuera Roa et al 20252a) we thus propose to operationalise the concept of, what
we call, standardised flexibility in CRA to guarantee a standardised process while flexibly but effectively
accounting for heterogeneity across regions and contexts (i.e. climate risks, institutional processes, stake-
holders and sectors). Emphasis lies on both quantitative and qualitative risk integration with a focus
on evaluating key climate risks through the inclusion of resilience capacity and CRM considerations.
Participation of experts, stakeholders and representatives of vulnerable and marginalised groups is cen-
tral to this endeavour.

To illustrate the capacity of the framework to account for contextual heterogeneity while maintaining
a harmonised assessment structure, the framework is applied and discussed across six diverse use cases
that participated in the EU Horizon Europe project CLIMAAX. Within these use cases, results of the
CLIMAAX toolbox for quantitative climate risk estimation (CLIMAAX 2026) were harnessed. This article
refers to work previously documented in a CLIMAAX Horizon Europe project deliverable (Bachmann
etal 2024).

2. Towards a comprehensive CRA: A mixed-methods approach

The framework development builds on a mixed-methods approach focusing on two lines of evidence:
first, a synthesis of key literature and existing CRA frameworks and second, a co-creation process with
practitioners from CLIMAAX pilot regions and experts to guarantee usability and usefulness.

2.1. Literature synthesis

To understand the current state-of-the-art and developments in CRA, we synthesised targeted litera-
ture of CRA frameworks and guidance documents including ISO norms for climate risk assessment

and management (ISO 2018, 2020, 2021), the six-step methodology for CRA proposed by Mechler

etal (2021), the GIZ Climate Risk Sourcebook (Zebisch et al 2023), the Myriad framework for sys-
temic multi-hazard and multi-risk assessment (Hochrainer-Stigler et al 2023), the Technical Guidance on
Comprehensive Risk Assessment (UNDRR 2022), the International Risk Governance Council Guidelines
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for the Governance of Systemic Risks (IRGC 2018) and the European CRA (European Environment
Agency 2024). Additionally, we leverage insights from a systematic review of peer-reviewed literature that
was conducted and which has been published by Higuera Roa ef al (2025a) focusing on recent devel-
opments, advancements, and opportunities for improving CRA. Further existing literature reviews have
been harnessed for an overview of the CRA status quo (Gallina et al 2016, Jurgilevich et al 2017, Adger
etal 2018).

2.2. Theoretical basis

A key premise of the CRA framework is the advanced conceptualisation of climate risk as has been sug-
gested as part of the IPCC sixth assessment report (Ara Begum et al 2022). With response as a fourth
modulating factor of risk in addition to hazard, exposure, and vulnerability (Simpson et al 2021), it poses
a central departure point for shaping an updated CRA framework that allows a deeper integration of
the social construction of climate and disaster risk (White 1945, Dake 1992, Klinke and Renn 2002).
This paper refers to responses as adaptation or resilience interventions and CRM that increase or alle-
viate climate risk through interaction with exposure and vulnerability components (Ara Begum et al 2022,
Climate-ADAPT 2026). Response finally depends on the resilience capacity of a region or community to
respond to climate risk, which has traditionally been conceptualised as ‘lack of capacity’ within the vul-
nerability component (IPCC 2014, Zebisch et al 2023). While the concrete inclusion of responses as part
of climate risk is still a matter of discussion among climate risk scientists, it is evident that direct and
indirect effects of implementing responses require consideration within a CRA. This perspective can
open up new entry points for assessing both physical and non-physical capacities for managing cli-
mate risk (via CRM and resilience building)—such as those described in the five capitals framework
(DFID 1999), comprising human, social, natural, physical, and financial capital—and for addressing
both generic and specific resilience dimensions (Nelson 2011, Carpenter et al 2012, Keating et al 2017,
Hochrainer-Stigler et al 2025). This theoretical positioning shapes the framework development presented
in the sections following.

2.3. Co-development and evaluation
The framework co-development was facilitated as a continuous process with representatives from five
CLIMAAX pilot regions across Europe (e.g. civil protection agencies, environment or weather fore-
cast agencies). Co-development took place in participatory online and in-person meetings and work-
shops, with structured feedback collection guiding successive revisions of the framework. The framework
was tested and applied by the pilot regions as described in the CLIMAAX project deliverable by Kiithn
etal (2025).

Additional expert feedback from relevant institutes, agencies and EU Mission on Adaptation partner
institutions contributed to further alignment between existing and emerging material.

3. Building a framework for harmonised and inclusive CRA

Literature synthesis has shown that existing CRA frameworks are seeing convergence regarding struc-
ture and scope, which significantly influenced the CRA framework. Table 1 provides an overview of the
methodological and conceptual gaps addressed and ways forward. The review insights provide critical
input for the CRA framework such as developments in risk conceptualisation, timing of risk emergence
(urgency), accounting for justice and equity (Breil et al 2021, EEA 2022, UNDRR 2022) or the need for
inclusivity and participation in CRA (André et al 2023, Hochrainer-Stigler et al 2023, Zebisch et al 2023,
Parsons et al 2025).

This has resulted in the development of a five-step process for CRA (figure 1) consisting of Scoping,
Risk Exploration, Risk Analysis, Key Risk Assessment and Monitoring and Evaluation (M&E).

The overall approach of the CRA framework is hybrid, combining stochastic, quantitative risk anal-
ysis with indicator based and qualitative (narrative) inputs. This allows for a more nuanced understand-
ing of climate risk, covering several perspectives for further considerations in complex and systemic risk
assessment (UNDRR 2022). Notably, the framework is meant to be applied in a standardised flexibility
approach, which aims at providing a standardised structure for CRA that can be tailored to individual
risk contexts by integrating existing policies, procedures, and institutional structures. The five frame-
work steps and their respective sub-steps comprise standardised, core elements for a CRA, thus align-
ing with established frameworks, best practices, and recent methodological developments as outlined
in section 2. On the other hand, flexibility is embedded through two complementary mechanisms to
enhance applicability and accommodate the context-specificity of climate risk: iterative implementation

3



10P Publishing

Environ. Res. Commun. 8 (2026) 085038

M Bachmann et al

Table 1. Summary of key gaps and emerging topics from literature review and best practices, with corresponding ways forward as
addressed within the CLIMAAX framework for CRA.

Approach

Key gaps/emerging topics

Addressed gaps/novelties

Literature synthesis

Effective integration of quantitative and qualitative
aspects of climate-related risk (New et al 2022)

A framework architecture providing procedural
guidance and plug-in for quantitative risk analysis
through standardised flexibility, integrating
bottom-up and top—down information and data

Climate risk conceptualisation as hazard, exposure,
vulnerability, and response (Simpson et al 2021,
Ara Begum et al 2022, O’Neill et al 2022)

Qualitative integration of response/capacity via
Key Risk Assessment and risk evaluation
dashboard application

Improved climate risk evaluation with a focus on
social construction of climate risk (Mechler et al
2014, Mochizuki et al 2018, Villacis et al 2021,
Magnan et al 2023)

Evaluation of risk via consideration of likelihood,
magnitude and extent of impact, persistence,
timing of risk emergence, etc (Renn and Klinke
2015, O’Neill et al 2022, Magnan et al 2023)

A novel risk evaluation process
(incl. dashboard) accounting
for severity, urgency and
responses/capacities in a
participatory setting for justice
and equity in CRA

Participatory
co-development
process via pilot
region’s feedback

Participatory stakeholder engagement and
inclusion processes (EEA 2022, André et al 2023,
Parsons et al 2025)

Accounting for justice and equity in a CRA process
(Breil et al 2021, EEA 2022, UNDRR 2022)

Participatory processes as central to the CRA with
recurring, however flexible operationalisation
throughout the framework

Justice and equity as key conceptual underpinning,
operationalised throughout relevant steps of the
framework

Context for relevant technical choices in
quantitative risk assessment

Guidance on technical choices as a key pillar in
conceptual underpinnings of the CRA framework

Informing decision making for CRM

Risk Evaluation dashboard

within the five-step architecture, and adaptive application of the framework’s conceptual underpinnings.
First, the framework is designed to dynamically respond to insights emerging throughout the CRA pro-
cess, enabling iterative refinement—for instance, by incorporating participatory findings, advancing risk
analysis considerations, or revisiting ownership structures and policy contexts during the scoping step.
Second, while the application of the framework’s conceptual foundations (guiding principles, technical
choices, and participatory processes) is strongly recommended throughout the CRA process, their pre-
cise implementation remains flexible, accounting for potential resource constraints, context-specific risk
analysis priorities, or social and sectoral particularities of the communities involved. Especially engage-
ment with stakeholders, experts and priority groups strengthens the legitimacy and acceptance of results,
and builds understanding and capacities among involved actors while incorporating justice considera-
tions into both the design of the process and the interpretation of its outcomes (Fiorino 1989, National
Research Council 2008, Slinger et al 2023). Its mode, depth and intensity, however, remain flexible:
engagement may take the form of continuous involvement (e.g. established communities of practice pro-
viding input at each step), event-based engagement (e.g. workshops, focus group discussions or struc-
tured consultations) tailored to specific step objectives, or lighter touch approaches (e.g. surveys, inter-
views) depending on available resources and institutional preferences (CLIMAAX 2026). By doing so, the
framework seeks to advance process harmonisation while deliberately avoiding undue rigidity and pre-
scriptiveness.

3.1. Conceptual underpinnings

The conceptual components of the framework are structured around guiding principles, technical choices,
and participatory processes, which collectively inform the operational framework steps described in
section 3.2. Their implementation is further reflected throughout the respective framework stages.

First, several principles have been identified as central to a comprehensive CRA approach (e.g.
UNDRR 2022). In particular, considerations of social justice, equity and inclusivity are critical, as both the
impacts of climate change and the capacity to respond to them are unevenly distributed across popula-
tions and regions. Certain societal groups are disproportionately exposed and vulnerable to climate risks
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Figure 1. Framework for climate risk assessment. The five operational framework steps Scoping, Risk Exploration, Risk Analysis,
Key Risk Assessment and Monitoring & Evaluation are informed by the conceptual background (Principles, Technical Choices,
Participatory Processes). For each step, sub-steps are indicated. Source: CLIMAAX consortium.

due to existing socio-economic and institutional inequalities (Breil et al 2021, EEA 2022). Social justice
considerations can thus provide a diagnostic lens for understanding underlying social drivers of climate
risk as well as a normative framework for distributional, procedural or restorative dimensions of climate
risk to be evaluated (Ara Begum et al 2022, Schinko et al 2023). Further methodological related concepts
of a CRA regard quality, rigour and transparency to guarantee applicability, comparability, validation and
the possibility of individual standardisation of the CRA process, as well as uncertainty-awareness as part
of complex and dynamic conditions in a multi-driver context (Higuera Rao et al 2025). Participation

is the primary mechanism for translating these principles into action that is grounded in distributive,
procedural, and recognition justice, thereby acknowledging the diversity of knowledge, identities, and
vulnerabilities of affected groups while enabling a nuanced understanding of how impacts and risks are
socially and geographically distributed (Breil et al 2021, Bisaro et al 2024).

Second, technical choices are necessary considerations to be made in a CRA that includes risk quan-
tification (Carter et al 1994, European Environment Agency 2024). They encompass considerations of
scenario selection, relevant time horizons, use of climate models and datasets, or the extent of local/-
global data integration, but may require additional context-specific information. Their implementation is
directly linked to the quantitative risk analysis, that ultimately feeds into the CRA framework.

While principles and technical choices form part of the conceptualisation and are only relevant
to certain steps of a CRA, participation as a third pillar lies at the centre of the proposed framework
and is further specified by its three-pronged sub-processes learning, communication and consultation.
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Participatory processes have been found crucial to allow transformative practices and empowerment
(Parsons et al 2025, Biesbroek et al 2026) for improved climate risk decision making (André et al 2023).
Existing frameworks and literature show that inclusion of multiple bottom-up perspectives, place-based
realities and needs supports a comprehensive CRA with emphasis on issues of social justice, equity, and
adaptive or resilience capacity. CRA inherently reflects the perspectives, assumptions and knowledge
systems of those involved with understanding of what counts as risk, causal relationships, vulnerabili-
ties, risk drivers, and opportunities differing across actors, sectors, and communities (Menk et al 2022,
Kythreotis et al 2024). Moreover, CRAs framed primarily in biophysical and socio-economic terms risk
overlooking place-based social and political dimensions through which risks are experienced, interpreted
and acted upon, thus limiting the translation and usability of CRA outputs into place-relevant deci-
sions, and stressing the role of upstream engagement toward place-sensitive and equity aware assessment
(Kythreotis et al 2024).

A co-production approach (Reed 2008, Howarth et al 2022, Lee et al 2024) between stakeholders
(from policy or relevant public and private sectors), experts (scientists, practitioners, or policy advisors
with robust knowledge) and representatives of vulnerable or marginalised groups (subsequently termed
priority groups, e.g. communities with low socio-economic status, elderly, children, migrant commu-
nities) can reshape governance by challenging boundaries between science and policy, experts and cit-
izens, and dominant hierarchies of expertise and authority (Lee et al 2024). It can finally enable risk
democratisation (Cremen et al 2023, Gentile et al 2025), strengthening the legitimacy and ownership,
and improve the usability and societal relevance of CRA outputs, although its implementation may be a
challenge in practice.

Suggested methods, engagement modes and design considerations for participation throughout the
full CRA framework cycle can be found in Annex L

3.2. Operational framework steps

In the following we further discuss the five proposed steps in the presented framework. They opera-
tionalise the conceptual underpinnings outlined in section 3.1, reflect established CRA design consid-
erations (IRGC 2018, ISO 2018, 2020, 2021, Mechler et al 2021, UNDRR 2022, Hochrainer-Stigler et al
2023, Zebisch et al 2023, European Environment Agency 2024), and progress in gaps and emerging
topics for CRA (table 1).

3.2.1. Scoping

The Scoping phase defines objectives and contextual boundaries, identifies a preliminary set of stake-
holders, experts and priority groups, and establishes risk ownership as a precondition for effective CRM
(Hochrainer-Stigler et al 2023, Zebisch et al 2023, Higuera Roa et al 2025a). The definition of objectives
serves to confine purpose, expected outcome and temporal or geographical boundaries, thus supporting
methodological coherence and stakeholder alignment. Contextualising a CRA by linking it to its socio-
economic, socio-political and legal background and the actor space that it will inform, connects the
assessment into governance structures ultimately relevant for CRM decision making (Orlove et al 2020).
Furthermore, decisions on extent and modalities of participatory processes are determined at this stage,
influencing legitimacy and practical uptake of results (Reed 2008).

Actor identification produces a first set of relevant stakeholders, experts and priority groups (i.e. con-
sisting of risk owners that are responsible for CRM, and groups prone to and affected by climate
change) which may evolve over the course of the CRA. While stakeholder selection has been discussed to
affect recognition, prioritisation and action of (climate) risks (Fleming et al 2023, Van Vliet et al 2020),
initial identification is guided by existing knowledge, contextual understanding and assumptions of those
involved at this step. Activities conducted in subsequent steps can reveal additional patterns of expo-
sure and vulnerability with insights about previously not recognised groups. Revisiting the stakeholder
composition and their engagement via iteration as the assessment evolves constitutes a key expression of
justice, ensuring that emerging evidence from local and scientific knowledge can be reflected in CRA and
CRM.

Finally, allocation of risk ownership (as a formal or informal assignment of accountability for iden-
tifying, assessing and actively managing specific climate risks) is a further output of this step (Young
and Jones 2017, 2018, Harris et al 2022, Zebisch et al 2023). Risk ownership may often be stipulated
by rules and regulations and is usually governed by specialised agencies but may also extent to local
governments (e.g. having direct ownership of urban flood risks, as they engage in infrastructure plan-
ning and community education), or private actors (e.g. agricultural businesses owning risks related
to drought). This clear demarcation of roles and responsibilities ensures that multiple local actors are
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engaged and accountable, facilitating a coordinated and effective response to climate risks while enhanc-
ing transparency.

3.2.2. Risk exploration

Risk Exploration entails a comprehensive process of screening climate risks as an analytical foundation
for the subsequent quantification of climate risks, encompassing their underlying hazards, exposures
and vulnerabilities. This includes historical hazard and disaster trends to provide empirical baselines
for assessing change as well as corresponding impacts on different sectors, areas, and priority groups
to make risk characteristics tangible (Reisinger et al 2020, Simpson et al 2021, Ara Begum et al 2022,
Zebisch et al 2022).

A preliminary, rapid analysis of sectors and geographic areas at risk serves to prioritise areas and sys-
tems for Key Risk Assessment, with economically critical infrastructure, locations of marginalised groups,
or ecologically sensitive areas (Mechler et al 2021). Engaging stakeholders supports the identification
of what communities value, including natural resources, cultural practices, traditions and place-based
meanings and identities, and how they experience and understand existing risks (Renn 2010, Adger
etal 2013, New et al 2022). It is here, upstream of quantitative analysis, that social representations of
risk, values and concern can emerge and influence the subsequent analytical and participatory activities
(Stirling 2008, Chilvers and Kearnes 2020).

These qualitative inputs inform and are complemented by data-driven methods and open access spa-
tial platforms (e.g. the Risk Data Hub, the IPCC Interactive Atlas or the Copernicus Interactive Climate
Atlas), providing reproducible support and facilitating transparency in necessary selection processes.
Climate hazard(s) selection and climate scenarios specification for quantitative risk estimation consti-
tute key outputs of this step. Future projections of relevant hazards may draw on RCP-based or coupled
SSP-RCP scenarios, with the latter enabling a more consistent representation of both climatic and socio-
economic changes (e.g. population growth, urban planning, infrastructure development) in future risk
estimates (O’Neill et al 2020). In this context, SSP-related global datasets can serve as basis to include
socio-economic scenarios in CRAs (Reimann et al 2026) with further refinement and use of local knowl-
edge supporting context-specific applications. Scenarios based on global datasets can be further refined
to support targeted decision-making and local relevance, towards more detailed, needs-driven, and
decision-focused scenario frameworks that explicitly consider uncertainties, global warming levels or low-
likelihood high-impact events. The CLIMAAX handbook provides specific guidance regarding model
uncertainty via a dashboard to explore regional model biases and projection uncertainty on NUTS2 level
for EURO-CORDEX regional climate model simulations for temperature and precipitation.

However, the choice of which scenario to prioritise in planning often goes beyond technical consider-
ations and includes assumptions about the decision context or tolerable range of uncertainty (Weaver
et al 2013). Decision makers ought to balance the amount of risk they are willing to accept with the
potential consequences, ensuring that their strategies align with their goals and resources.

3.2.3. Risk analysis

The Risk Analysis step operationalises boundary conditions established in Scoping and Risk Exploration
and quantifies climate-related risk estimates for current and future climate risk based on scenarios.
Within the CLIMAAX project, participating regions applied hazard-specific risk workflows (selected
through hazards of interest) estimating climate risk through combination of hazard, exposure, and vul-
nerability data (available global data sets or localised data) as applied in the CLIMAAX risk analysis tools
(CLIMAAX 2026). Depending on the hazard of interest, probabilities, return periods, financial damage
or relative risk was calculated.

Alternatively, event-based climate storylines and the impact chain methodology can offer a comple-
mentary, qualitative approach to assess (and communicate) risk in relation to other economic or soci-
etal risks as well as associated uncertainties that are relevant to decision-making (Shepherd et al 2018,
Shepherd 2019, Jack et al 2020, Chen et al 2021, Sillmann et al 2021, Young et al 2021, Zebisch et al 2021,
Baldissera Pacchetti et al 2023, Tanaka et al 2023, van den Hurk et al 2023). Such methods are particu-
larly suited for regions where quantitative data is scarce or incomplete (ISO 2021) and can accommodate
factors identified through participatory processes, thus emphasising the qualitative understanding of the
driving factors behind climate risk (Menk et al 2022). However, the integration of quantitative risk esti-
mation with qualitative risk insights by e.g. assessing potential risks of exceptional events (black swan
events), exploring unlikely scenarios or specific impact chains, can further improve risk analysis results.
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Risk
Risk Workflow Severity Urgency Capacity | Priority
c - Resilience/
CRM
River flooding High
Coastalflooding Low

Heavy rainfall

Heatwaves

Drought

Fire Moderate
Snow

Wind Moderate

Severity Urgency Resilience Capacity| | Risk Ranking
Critical Immediate action needed High Very high
Substantial More action needed Substantial High
Moderate Watching brief Medium Moderate
Limited No action needed Low Low

Figure 2. Example of Key Risk Assessment through risk ranking. A quantitative risk output can be evaluated by providing addi-
tional qualitative and/or semi-quantitative insights regarding risk severity (C—current, F—future), urgency, and capacity. This
results in a ranking (very high, high, moderate, low), finally leading to a prioritisation of key risks. Source: Adapted from EUCRA
(European Environmental Agency 2024).

3.2.4. Key risk assessment

The Key Risk Assessment step constitutes the most innovative and analytically distinct part of the CRA
framework, as risk evaluation has been found significantly underdeveloped in existing CRA frameworks
(table 1). Climate risk is usually quantified via hazard, exposure and vulnerability components but is
also determined by its social construction, thus building on individual or collective perceptions of risk
varying across communities, situations and cultures (Adger et al 2018, O’Neill et al 2022). The output
of the undertaken climate risk analysis may already provide comprehensive insights on risk (e.g. mon-
etary losses, hazard shifts, probabilities, etc, along with visual and spatial representation like heat maps
or flood-prone areas making the outputs understandable and debatable), which, however, remains to
be interpreted and/or compared to prioritise risks for CRM. This evaluation may be influenced not
only by risk perception and values, but also by trans-contextual information (Sillmann et al 2022) and
by evaluators’ confidence in their own knowledge and judgments, an aspect of metacognition that can
be particularly relevant in politically contested domains such as climate change (Fischer and Fleming
2024). Overall, such information ultimately allow to consider important aspects that cannot be covered
in a purely quantitative CRA process and thus supports the relative understanding of risk tolerance in a
region/community (Mechler et al 2019, UNDRR 2022). This interpretive process is closely linked to the
conceptual underpinnings of equity and justice in CRA (section 3.1) as well as to context, objectives, and
risk ownership established in Scoping and can be undertaken fully stakeholder-driven or as an expert-
driven and stakeholder-informed process.

The Key Risk Assessment step evaluates and contextualises Risk Analysis through three analytic dimen-
sions: severity, urgency and the capacity of a region/community to respond to the risk (figure 2) (Renn
and Klinke 2015, Warren et al 2018, Magnan et al 2023), thus resulting in a prioritisation and ranking of
key climate risks. Assessing severity and urgency improves the connection between analysing and evalu-
ating climate risk, while understanding the capacity of a region adds insights on existing responses to the
respective climate risk.

First, risk severity emerges from the previous risk analysis step and provides information on magni-
tude of the respective climate risk, which remains to be subjectively judged for the individual region/-
community situation (risk perception; IPCC 2021). Magnitude considerations may reflect on physical,
financial, natural, human and social thresholds (e.g. fatalities, financial damages, inundation depth)
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(DFID 1999), irreversibility or cascading effects such as the potential for critical disruption of commu-
nities, ecosystems, assets and infrastructure, the economy and/or life-threatening conditions for citizens
(O’Neill et al 2022, Magnan et al 2023). Additional attention may be given to ubiquity (spatial dimen-
sion) or reversibility of risk, as well as delay effects in impact manifestation or the potential for social
mobilisation (Renn and Klinke 2015).

Second, urgency depends on the severity of projected impacts, their expected rate of change from
current to future severity, potential persistence of the hazard, timing of hazard occurrence during criti-
cal periods (vulnerability), or hazard acceleration trends (e.g. slow- vs. sudden-onset events) (Renn and
Klinke 2015, Magnan et al 2021, O’Neill et al 2022, Zebisch et al 2023, European Environment Agency
2024).

Third, as an innovative aspect, assessing the capacity of a region/community (physical, social, finan-
cial, human, and natural; DFID 1999) introduces the ability to respond to risk and thus enhances
the representation of vulnerability. We operationalise capacity by considering general and specific
resilience (Cutter et al 2010, Folke et al 2010, Nelson 2011, Carpenter et al 2012, Chapagain et al 2024,
2025, Hochrainer-Stigler et al 2025) that may be understood as follows:

e General Resilience refers to the broad-spectrum capacity of a society to absorb shocks (Folke et al
2010, Carpenter et al 2012) and ‘provides sources of memory, flexibility, options, and innovations’
(Folke 2016). Driving factors include household income levels, financial stability, accessibility of
healthcare or the functioning of infrastructure and energy system and therefore require cross-checking
with applied vulnerability data.

o Specific resilience results from implemented CRM measures with actions already undertaken to tackle
the respective climate risk. These support resilience building to specific risks such as through physical
barriers against floods, early warning systems, or measures for raising awareness of hazard-exposed
and vulnerable citizens, which are else difficult to capture quantitatively.

Structured participation (Annex I) is central to this step and mobilises input from selected stakehold-
ers, experts as well as representatives of priority groups, thus enacting a risk democratisation process
(Cremen et al 2023, Gentile et al 2025). Deliberative workshops (McCrum et al 2009) support sensemak-
ing of and debate around risk analysis outputs, ultimately contributing to the collective appraisal of the
social significance of risks, including social tolerability thresholds, their prioritisation and the regional
capacity to respond. Where stakeholder evaluations diverge from quantitative estimates or between
perspectives, such divergence is not treated as a problem to be solved through expert judgements but
documented transparently and discussed through dedicated deliberation: disagreements are considered
informative outputs and a productive tension mirroring the social construction of risk (Cuppen 2012,
Engbersen et al 2026). The resulting risk ranking provides a prioritised, socially validated basis for CRM
decision-making, with key risks recommended to be included directly in CRM strategies and plans while
lesser risks would only require further monitoring.

3.2.5. M&E

M&E has a dual function for the CRA process: it closes the ongoing analytical cycle and serves as depar-
ture point for a future CRA iteration. This last step reflects on the need for climate risks to be effectively
monitored and managed and to ensure that CRA and CRM efforts have appropriate impact (Brown

etal 2018, Ebi et al 2018, Hallegatte and Engle 2019, Noltze et al 2021) based on goals and objectives
that have been set (ISO 2018). The generative production of new knowledge during M&E feeds back

to decision making processes (Ebi et al 2018, Noltze et al 2021), thus emphasising the need for adaptive
governance.

Monitoring tracks identified climate risks (both key and less urgent risks) and their management
responses (process). Successful CRM supports the alleviation of climate risks while maladaptation prac-
tices contribute to risk increase or creation of new risks, thus requiring consideration in the CRA (Ara
Begum et al 2022, O’Neill et al 2022). This sub-step therefore strongly connects CRM with CRA and
provides an entry point for management practices. On the other hand, evaluation reflects on the imple-
mentation of the CRA framework—its methodological robustness, or institutional uptake. The frequency
of evaluation is context-dependent and may vary according to risk outcomes, observed changes, objec-
tives or policy interest.

Both sub-steps require appropriate indicators and metrics (Stephane and Engle 2019), which may be
linked to specific objectives and can be assessed both quantitatively and/or qualitatively (CoastAdapt
2017, Brown et al 2018, Ebi et al 2018, Stephane and Engle 2019, ISO 2021, Dupuits et al 2024). M&E
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indicators ideally refer to a baseline to effectively track changes over time and allow for periodical
reassessment or adjustment (Brown et al 2018, Ebi et al 2018). Such indicators may include (a) hazard
observations, related probabilities, and connected losses and damages as well as trends in socio-economic
factors reflected in exposure or vulnerability shifts; (b) performance evaluations including efficacy, use-
fulness, and impact of the CRA. Setting risk thresholds within selected indicators may be helpful to indi-
cate a potential overshoot of risk tolerance and need to be attributed to (further) CRM measures (Ebi
et al 2018, Stephane and Engle 2019, Ranasinghe et al 2021, Brown and Berry 2022).

Finally, communication is embedded throughout the entire CRA process but is particularly rel-
evant within the M&E step, ensuring that generated plans and policies are relevant and actionable
(Beek et al 2022) and reach diverse audiences. Including how risks and management options can bene-
fit marginalised and disproportionately affected groups as well as how these are distributed across gen-
der, educational or socio-economic aspects further operationalises justice and equity aspects (EEA 2022).
Regular reporting (e.g. interim reports about decision on hazards or relevant priority groups at the
beginning of the CRA cycle) or a continuous dialogue with policy- and decision-makers has been shown
to enhance relevance and accountability of the CRA process over time (Beek et al 2022, Brown and Berry
2022, Higuera Roa et al 2025a).

3.2.6. Integration in CRM practices

At the local level, CRM addresses context-specific challenges posed by regional climate change and

thus supports respective risk reduction or alleviation. While a CRA is designed to inform CRM, risk-
informed adaptation measures also feed back into the CRA cycle through M&E, with potentially crucial
improvements or a significant shift for CRA. For this, the assessment of key climate risks through a risk
evaluation process is foundational to inform CRM decisions supporting the prioritisation of climate-
related risks based on their socio-economic significance and potential impact, the immediacy with which
they need to be addressed and the resilience capacity of a region, including CRM measures already
undertaken.

The climate risk profile of a region, including projected changes over time, is the primary indica-
tor of what, where, and how CRM and adaptation responses need to be initiated (UNDRR 2022, USAID
2022, Zebisch et al 2023). Identifying key risks in the CRA provides entry points for CRM, however
being subject to a number of important considerations. First, potential CRM needs to reduce risk by
tackling vulnerability, exposure or enhancing resilience through response to climate risk. These interven-
tions may include structural (e.g. engineered, ecosystem-based), social (e.g. educational, behavioural) and
institutional (e.g. governmental, economic) options (Noble et al 2014). Here, stakeholder engagement
is essential to guarantee viability and alignment with the needs and capacities of affected communities
(Gero etal 2011, Cafer et al 2019, Fischer 2021, Nalau et al 2021, Elkady et al 2024).

Second, CRM is often prioritised based on cost-effectiveness, feasibility, desirability, impact, and
stakeholder preferences (Mechler 2016, Singh et al 2020). This can be complemented with a thorough
assessment of benefits, limitations, readiness, resource availability, and short- and long-term implica-
tions (economic, environmental, social) of each option (Adger et al 2005, Klein et al 2014, Ford and King
2015) as well as potential maladaptation (Juhola et al 2016, Magnan et al 2016, Higuera Roa et al 2025b).
It may be beneficial to reconsider the resilience capacity of a region/community as well as to explore
opportunities emerging from the respective CRM (Tanner et al 2016, Fung and Helgeson 2017, Rozer
etal 2023).

Third, securing funding supports the implementation of CRM which is crucial for their effective
realisation (Fenton et al 2015, UNEP 2023, Venner et al 2024). It is therefore linked to financial capac-
ity as part of the Key Risk Assessment step. Funding sources for CRM may include government budgets,
international climate funds, private-sector investments, or public-private partnerships. Depending on the
management option, securing funding, however, may need a long-term strategy for financial support as
well as appropriate capacity building and technology to turn adaptation projects into actual resilience
outcomes (UNEP 2023, 2024).

Lastly, the implementation of chosen CRM involves not only the execution and management of
interventions but also includes the coordination of stakeholders, such as government agencies, local com-
munities, or private entities and is thus connected to participation, engagement and risk ownership in
the CRA process. Their early involvement can increase necessary buy-in, e.g. as needed for development
planning and policies, and may generate knowledge building and acceptance within society (Conway et al
2019, Estoque et al 2020, Rahman et al 2023, McNaught 2024).
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4. Applying the CLIMAAX framework for CRA in a European context and beyond

To illustrate how the CRA framework can be implemented across diverse local risk contexts, we have
summarised five unique use cases in Europe (Riga city, Latvia; Garmen municipality, Bulgaria; Cluj-
Napoca Metropolitan Area, Romania; Dobrich municipality, Bulgaria; Hegyvidék district (Budapest),
Hungary) and one extending beyond a classical European context (Sanliurfa metropolitan area, Tirkiye).
While the use cases do not constitute methodological validation of the framework, they illustrate its
applicability across different governance, geographic, and risk contexts. The use cases were participants
of the CLIMAAX project, either as pilot region or beneficiaries of the project’s cascading fund mecha-
nism, and were selected based on quality, completeness, and regional specificities of their CRA frame-
work application. Their CRA summaries and full reports are available in Annex II and III, where fur-
ther information on their regional implementation of quantitative risk analysis workflows from the
CLIMAAX handbook (CLIMAAX 2026) is available, that served as a basis for informing their CRA
framework implementation.

Table 2 showcases distinctive features of regional and local framework application across individual
local risk contexts. Across the six use cases, five cross-cutting observations emerged: First, the institu-
tional setting in which a CRA operates has major implications for the extent and mode of standardised
flexibility. Second, iteration within the CRA process and the selective application of conceptual under-
pinnings constitute key behavioural expressions of that flexibility. Third, a significant participation
gap emerged consistently across implementations, warranting further discussion. Fourth, the Key Risk
Assessment step and its associated risk evaluation dashboard proved an important point of convergence
for a range of analytical and participatory processes. Fifth, testing the framework at geographical and
scale boundaries demonstrates applicability beyond its original design context.

4.1. The institutional spectrum and standardised flexibility

The use cases reveal a highly heterogeneous institutional landscape for CRA—even within the European
Union. Riga, Cluj-Napoca, and Sanliurfa each blended the CRA framework into existing regulatory, pol-
icy, or governance structures (civil protection laws, regulatory mandates, climate action plans), which,
however, each influenced the CRA framework differently. By contrast, Garmen and Dobrich municipal-
ities operated in an institutional vacuum, with no pre-existing obligation or infrastructure for system-
atic CRA. Rather than adapting to an existing system, the framework generated the first structured risk
assessment context in both municipalities. This contrast reveals a distinction within standardised flexibil-
ity: adjustment of the CRA process within an established system versus cases in which the CRA frame-
work itself constituted the first structure in the absence of any prior institutional context.

4.2. Behavioural elements of standardised flexibility
Framework applications demonstrate flexibility along two dimensions: iterative behaviour within the five-
step architecture, and variable application of the conceptual underpinnings.

Iteration was most explicitly conducted in Garmen and Dobrich, where Risk Exploration was
expanded—triggered by participation and stakeholder feedback as well as additional analytical insights
and further sector considerations throughout the CRA process. These expansions illustrate the frame-
work’s standardised flexibility with CRA as a responsive process rather than a fixed protocol.

Flexibility regarding conceptual underpinnings in the use cases shows a more complex picture.
Technical choices—particularly scenario selection and time horizon definition—show converging pat-
terns, suggesting relevance and applicability across cases. On the other hand, participatory processes and
the consideration of core principles (social justice and equity; quality, rigour and transparency; uncer-
tainty awareness) vary considerably. Several cases (Riga, Cluj-Napoca, Hegyvidék) document participa-
tion shortfalls, including limited engagement of priority groups, top—down validation rather than co-
design, and resource constraints restricting learning, communication, and consultation. On the other
hand, Sanliurfa demonstrates how sustained, multicultural stakeholder engagement can implement jus-
tice and resilience principles in assessing climate risk. Across all cases, full operationalisation of the par-
ticipatory process principle remained constrained, thus pointing to a structural challenge for the frame-
work in practice.

4.3. Key Risk Assessment as point of convergence

The Key Risk Assessment step proves a consistent point of convergence across all use cases, integrating
quantitative risk analysis outputs, contextual knowledge, and participatory input into risk prioritisation,
eventually supporting CRA translation into CRM policies and action. Overall, the implementation of
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Table 2. Summaries of regional and local CRAs showcasing distinctive features of the CLIMAAX framework as well as standardised
flexibility implementation in different institutional and risk contexts.

Use case

Distinctive features

Operationalisation of standardised flexibility

Riga city, Latvia
Classification:
NUTS3 but CRA
process on
NUTS2
Population:
591.882 (2025)

The Riga use case constitutes one possible
pathway for the framework implementation
and is notable for: (1) strong institutional
embeddedness, directly referring to and
blending into existing national regulatory
structures, illustrating the framework
principle of rooting CRA in existing policies
and context; (2) (qualitative) consideration of
income data to contextualise flood exposure
in the Key Risk Assessment, aiming at social
justice and equity principles; (3)
acknowledgement of participation
shortcomings—under-resourced ‘soft’ aspects
(equity, broad stakeholder inclusion), pointing
to the need for sustained institutional support.

Riga illustrates standardised flexibility
primarily through its scoping and risk
exploration decisions. The framework’s
step-by-step structure was followed
consistently, however, blending into Latvia’s
existing regulatory structures rather than
replacing them. Flexibility was exercised in
hazard scope (focusing on one of two screened
hazards) and in data choice for quantitative
risk analysis (supplementing global baselines
with local data for one scenario). Participation
was limited to expert consultation due to
resource constraints—the framework’s
participatory process principle was only
partially operationalised, which the
discussion explicitly acknowledges as a
trade-off.

Garmen
municipality,
Bulgaria
Classification:
LAU
Population:
14.771 (2023)

(1) Garmen is the clearest demonstration of
the framework functioning as
capacity-builder rather than
methodology-complement with the
framework implementation generating a first
context for CRA in the Garmen municipality.
(2) A further distinctive feature regards the
iterative risk exploration step (adding a third
workflow in response to evidence and
stakeholder input) highlighting the iterative
and flexible structure, by revealing a
compound flood-drought signal invisible
from the primary hazard assessment alone. (3)
The municipality’s planned replication
outreach to further Bulgarian municipalities
via the National Association demonstrates that
the framework’s learning and communication
sub-processes within M&E are being actively
pursued.

Garmen operationalises flexibility through
iterative hazard/risk exploration (adding a
third hazard mid-process based on evidence
and stakeholder need). Furthermore, the
framework’s principle of blending into
existing context is operationalised inversely
here—where no process for CRA existed, the
framework created it, thus providing crucial
input for standardisation.

Cluj-Napoca
Metropolitan
Area, Romania
Classification:
LAU
Population:
425.000 (2021)

(1) Only within Key Risk Assessment based
contextualisation, the finding that observed
heatwave trends outrun modelled projections
showcases the importance of the framework’s
uncertainty-awareness principle—suggesting
that an urgency evaluation can serve as an
important checkpoint for quantitative risk
analysis results. This supports the social
construction and social embeddedness of
climate risk. (2) The explicit link between the
framework’s CRA scoping and an existing
regulatory mandate (Pluvial and Stormwater
Management Plan—PMAP) is among the
clearest illustrations of the framework’s
principle of blending into existing policies.
Furthermore, the confirmed institutional
uptake within the CRA itself suggests a
translation mechanism in place that the
framework sets as a goal.

Cluj-Napoca showcases standardised flexibility
similarly to the Riga use case by anchoring
CRA scoping/objectives to an existing
regulatory obligation (PMAP),
operationalising the framework’s guidance to
link CRA to existing policies and actor
contexts. Secondly, Cluj-Napoca applies the
iterative nature of the CRA framework in the
Risk Exploration step, thus differentiating
flood types based on local governance and
physical reality, rather than applying a single
generic flood category. Finally, the absence of
priority group engagement is documented as
a trade-off, transparently acknowledging a
rather top—down, validating stakeholder
consultation.
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Dobrich
municipality,
Bulgaria
Classification:
LAU
Population:
77.000 (2024)

(1) Dobrich comprises a first attempt to
qualitatively understanding compound,
multi-hazard risk, demonstrating the
framework’s Risk Exploration and Key Risk
Assessment step working (2) iteratively and
responsively. (3) This identified additional
risk windstorm reflects a locally grounded risk
screening outcome that stands out among
common (quantitative) CRA approaches,
demonstrating context- and
situation-specificity as the framework
intends.

Similarly to Cluj-Napoca, Dobrich
operationalises standardised flexibility
through iterative expansion from one to five
hazards across framework implementation
with risk screening as an open, responsive
process shaped by evidence and stakeholder
input. The structured stakeholder survey as a
formal analytical input to both screening and
Key Risk Assessment operationalises the
participatory processes principle in a
systematic, empirical way—generating
quantitative risk perception and evaluation
data that complements physical risk outputs.
The compound risk assessment

(rainfall X wind) goes beyond single-hazard
assessment logic, thus operationalising the Key
Risk Assessment step to a customisable and
flexible way.

Hegyvidék
district
(Budapest),
Hungary
Classification:
LAU
Population:
57.000 (2025)

(1) Hegyvidék illustrates the framework’s
scalability at sub-municipal scale while
maintaining the framework’s analytical logic
by adapting the hazard selection to the local
context (urban green space drought). (2)
Similarly to Cluj-Napoca, Hegyvidék outlined
a compound risk feedback loop among
analysed hazards/risks (drought — green
infrastructure loss — amplified heat and
flood), thus attempting a multi-risk
consideration as part of the Key Risk
Assessment dashboard. Doing so, included
considering adaptation needs as well as their
potential implementation time frames (e.g.
increased vegetation cover and trees),
ultimately influencing the urgency scoring of
the respective risk. Hegyvidék’s approach
therefore strongly connects CRA to adaptation
and CRM. (3) An innovative communication
of the CRA results (M&E) is planned as an art
project with installations.

Hegyvidék explicitly follows the CRA
framework structure, however had to
significantly adjust the CLIMAAX
methodology/workflow to an urban
block/street scale, thus testing the framework’s
scalability limits. This included a hazard
redefinition (urban green space drought) as
well as, more innovatively, a broad
participatory process via citizen knowledge
as an analytical input (two stakeholder groups
(expert and community), multiple rounds of
meetings, resident questionnaires, and
community events). However, the Hegyvidék
team notes that evaluation in the Key Risk
Assessment via participation was rather a
validating exercise by the CRA implementing
team. Hegyvidék notes that the implemented
CRA differs heavily from the CRA
framework—not due to non-compliance but
as a finding about what standardised flexibility
requires when scaling the framework to a finer
level than it was designed for.

Sanlurfa
province, Tirkiye

Classification:
NUTS3
Population:
2,1 million

(1) Sanliurfa’s CRA demonstrates the
framework’s geographic and socio-economic
applicability to a non-standard European
context. (2) The use case shows the most
thorough operationalisation of the justice
and equity principle across all cases,
including deliberate attention to multicultural
engagement. (3) As part of this engagement,
the recurrent expert working group structure
as a model for integrating participatory
consultation with relevant climate risk
stakeholders throughout the assessment cycle.

Sanliurfa operationalises standardised
flexibility across the framework’s three
conceptual underpinnings. On principles:
the justice and equity principle is
operationalised with depth (multicultural
team composition, targeted engagement of
refugee and marginalised communities, and
explicit attention to disproportionate
exposure). On technical choices: scenario
selection includes socio-economic pathways
relevant to a non-standard European
agriculture context. On participatory
processes: two monthly expert working
groups are the most systematically structured
operationalisation of the framework’s
consultation sub-process among the studied

use cases.

the Key Risk Assessment step and dashboard in all use cases illustrates that the approach can be applied
irrespectively of participatory engagement or top—down application. Beyond risk prioritisation, the step
demonstrates the facets of social climate risk construction that quantitative risk analysis alone cannot
capture. In Cluj-Napoca, expert contextualisation in the Key Risk Assessment revealed that observed
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heatwave trends outpace modelled projections: An uncertainty-awareness finding with direct implica-
tions for urgency scoring. Stakeholder input in Dobrich shows an extensive awareness-preparedness gap
and has further enabled an assessment of compound hazard interactions (heavy rainfall and windstorm),
with implications for severity and urgency evaluations.

4.4. Testing geographical and scale boundaries

Finally, the use cases of Sanliurfa and Hegyvidék illustrate the framework’s applicability in an extended
geographical and scale context. Sanliurfa is the only non-EU case and is confronted with a markedly dif-
ferent socio-economic and political context for CRA: GDP per capita approximately ten times below the
EU average, a large refugee population, and ethnically diverse communities with distinct vulnerability
profiles. This context has challenged Sanliurfa’s CRA and Key Risk Assessment, resulting in a thorough
operationalisation of the justice and equity principle via a multicultural team composition, engagement
with priority communities, and explicit attention to disproportionate hazard exposure.

Hegyvidék is the only sub-municipal application among selected use cases, thus testing the frame-
work’s lower scalar boundary. While their adapted fine-scale quantitative risk analysis for drought in
urban green spaces and innovative integration of citizen data suggests innovative methodological adjust-
ment through flexibility, Hegyvidék demonstrates the framework’s minimum procedural and analytical
core as defined in section 3.

5. Discussion and conclusion

As climate-related events become increasingly frequent and severe, there is a growing imperative for
communities to enhance their climate risk knowledge and resilience through CRM actions. The frame-
work provides a harmonised and inclusive CRA procedure, uniting quantitative and qualitative risk
insights and further advances the state of the art on three fronts. First, it operationalises response via
capacity, thus moving beyond the hazard-exposure-vulnerability concept. Second, it introduces a struc-
tured and participatory risk evaluation process (Key Risk Assessment), emphasising the social construc-
tion of risk including necessary considerations of resilience and available CRM measures relevant for a
CRA. Third, it formalises the framework application via standardised flexibility, providing standardised
steps while allowing for iteration and context-dependent application of the conceptual underpinnings
(i.e. principles, relevant technical choices, participatory processes).

The six use cases—from municipal to regional, and within as well as beyond an EU context—
illustrate how the CRA framework can be applied in highly heterogeneous socio-economic, institutional
and climate risk contexts and highlight its versatility by indicating how the CRA framework blends into
and enhances existing policies, plans, processes and structures. It showcases how CRA efforts may be
streamlined along standards in CRA while allowing for regional and situational flexibility, thus proving
relevance and suitability for the local context. The use case applications demonstrate that the framework
does not aim to unify regional/local approaches but rather to structure CRA thinking around proven
processes and sequence of steps, or in the case of the Bulgarian municipalities, to provide a first struc-
ture for CRA.

However, the framework applications also surface a participation gap as a considerable limitation
and structural challenge particularly regarding the inclusion of priority groups. While the framework
positions participatory processes (and just resilience) as key principles and operational components in the
CRA framework—emphasising the rationales, benefits, and opportunities of participation throughout
CRA—, the presented use cases highlight a consistent gap between aspiration and implementation. The
cases document a predominance of expert validation over co-production, and constrained attention to
communication and learning across the CRA cycle.

This pattern is well-documented: participatory processes are frequently advocated in CRA and adap-
tation but remain under-operationalised or challenging in practice (Uittenbroek et al 2019, Menk et al
2022, Sartorius et al 2024). The literature identifies several intertwining factors that seek to explain this
gap. First, CRA processes tend to concentrate the majority of effort, expertise and institutional resources
to the quantitative-analytical component while participatory and justice-related activities mostly happen
downstream in the process, receiving comparatively less consideration and operational support, often
treated as supplementary rather than integral to the analytical work (Stirling 2008, Kythreotis et al 2024).
Second, institutional capacities required for designing meaningful engagement—particularly of vulnerable
groups who typically do not gravitate around institutionalised participation arenas, contrary to experts
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and economic stakeholders—are frequently unavailable or undervalued within institutions and organ-
isations (Parsons et al 2025). Regions with dedicated team members having socio-political and gover-
nance expertise were shown to be better positioned to operationalise participation (ibid.). Third, implicit
assumptions held by technical experts and political authorities about what constitutes legitimate knowl-
edge typically shape what kind of engagement is considered necessary and feasible and at which stage,
therefore limiting both the depth and ambition of the participatory approach (Bauer 2014, Dryzek and
Pickering 2017).

The limited operationalisation of justice, equity or inclusivity in the presented use cases may at least
partly be attributed to these factors and dynamics, with implications for whose risks were recognised,
and whether CRA outcomes reflect the distributional dimension of climate risks, resilience capacity,
measures in place to tackle assessed risks and those potentially viable including opportunities and ben-
efits, which remains underdeveloped with potential implications for future CRM.

Addressing this participation gap therefore requires moving beyond the treatment of participation as
a procedural complement towards recognising it as an integral analytical and governance dimension of
CRA. Strengthening participatory capacities, institutional learning structures, and mechanisms for the
inclusion of underrepresented groups may be as critical for effective CRM as improving technical mod-
elling capacities or data availability.

At the same time, the use cases demonstrate that the operationalisation of inclusive and resilience-
oriented CRA remains strongly conditioned by institutional resources, governance cultures, and existing
planning structures. The framework can support and structure these processes, but it cannot by itself
overcome participatory, representational, and institutional constraints.

Despite these challenges, CRAs advance European regions and communities in their journey toward
resilience. With methods, tools, SSP-RCP scenarios, and data required for effective quantitative risk
analysis increasingly available, the purposeful integration of knowledge and processes across the full
CRA process remains critical. This goes beyond framework and methodological guidance but strongly
relies on institutional incentives, capacity building, and learning opportunities for practitioners engaged
in CRA and CRM. Standardised but flexible CRAs that unite analytical rigour with inclusive, place-
sensitive, and justice-aware processes will be essential for empowering decision-makers to safeguard cur-
rent and future development and well-being.
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