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o DAPP-MR was applied qualitatively to develop multi-risk DRM pathways in four regions:
the Canary Islands, the Danube, the North Sea, and Scandinavia.

e We explored DAPP-MR’s potential to build multi-risk understanding, address analytical
complexity, and extract lessons for multi-risk DRM.

e The staged framework helped navigate system complexity and integrate cross-sector inter-
actions.

e Multi-hazard elements were least captured due to limited data, awareness, and analytical
tools.

o Stakeholder engagement promoted cross-sectoral learning but highlighted challenges in
ensuring continuity and institutional embedding of outcomes.
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Abstract

In the context of climate change and socioeconomic developments, disaster risk is intensifying,
driven not only by more frequent and severe hazard events but also by complex interactions be-
tween these events and underlying vulnerabilities. These interactions can amplify impacts and
trigger cascading failures across sectors. Using the Canary Islands, the Danube Region, North
Sea, and Scandinavia as four case study regions, this research explores how the Dynamic Adap-
tive Policy Pathways for Multi-Risk (DAPP-MR) framework can support the development of
integrated, adaptive DRM strategies to reduce risk while addressing these complex interactions.
We examine how DAPP-MR enables a deeper understanding of multi-risk systems, facilitates
stakeholder engagement, and structures the development of robust, cross-sectoral DRM path-
ways in these four qualitative applications. The findings indicate that DAPP-MR enables in-
tegrated, cross-sectoral thinking and encourages balancing short-term priorities and long-term
needs. This research shows that DAPP-MR provides a structured approach to untangle complex
dynamics between hazards and sectors, while maintaining flexibility in analytical focus. This
flexibility allows context-specific priorities to guide the analysis, but it can also make compar-
ing outcomes across different applications more challenging. This study further underscores the
need for additional tools to manage and explore the information to support the development and
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evaluation of multi-risk DRM pathways.
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Case Studies, Stakeholder Engagement, Multi-Hazard, Multi-Sector, Climate Adaptation

1. Introduction

Past disasters have demonstrated how natural and human factors amplify disaster risks. Multi-
hazard events, defined by interactions between multiple hazards due to simultaneous or sequen-
tial occurrence, can exacerbate the hazard-related impact drivers. Similarly, vulnerability char-
acteristics and the dynamics of exposed infrastructure, services, people, and their dependence on
each other can cascade impacts across sectors, regions, and communities (Simpson et al., 2021).
These phenomena with interacting hazards and vulnerability dynamics are defined as multi-risk
events (Zschau, 2017). For example, storm Boris led to significant flooding in central Europe
and Italy, triggering landslides that damaged railway and road networks (BBC, 19 September
2024). Similarly, the Catalonia region in Spain has frequently experienced severe periods of
droughts and flash flood events as seen in 2024: prolonged drought conditions, combined with
urbanisation, intensive agriculture, and flood risk protection measures, led to intensified flooding
with limited relief for the drought due to the reduced infiltration and retention capacity of the soil
(BBC, 17 January 2025).

Understanding and addressing these complex interactions between and across human and
natural factors is essential for effective disaster risk management (DRM, Hochrainer-Stigler et al.,
2023; Sillmann et al., 2022; Zschau, 2017). However, DRM often focuses on isolated risks,
not accounting for these interactions, which can result in unforeseen consequences elsewhere
(Nilsson, 2017; de Ruiter et al., 2021). Furthermore, deep uncertainties related to climate change,
socio-economic development, and other unpredictable factors complicate DRM decision-making
(Lempert, 2003; Walker et al., 2003). In the case of Catalonia, the intensity of flash flood events
is expected to increase because of rising mean sea temperatures (Amiri et al., 2025). At the same
time, uncertainties in current future projections are large, which means that the exact precipitation
patterns cannot be predicted yet. Additionally, the expansion of the city of Barcelona, built
initially next to a river, gradually took over the entire delta, replacing the natural watercourses
(Del Mar Pérez Cambra et al., 2025; Wynn, 1979). Risk management cannot be static in such
contexts - it requires adaptive planning dealing with (future) uncertainties. However, such multi-
(hazard) risk management in Europe often remains undelivered in practice (Poljansek et al., 2021;
Saki¢ Trogrli€ et al., 2024).

Pathways-thinking has emerged as a promising approach to address challenges of uncer-
tainties and complexities (Haasnoot et al., 2021; Ward et al., 2022). The Dynamic Adaptive
Pathways Planning (DAPP) framework supports decision-making under uncertainty by identi-
fying flexible, short-to-long-term strategies to deal with evolving risks (Haasnoot et al., 2013,
2024). By mapping out alternative sequences of measures over time, pathway-thinking helps
avoid lock-ins, maintain flexibility, and facilitate adaptive changes when needed (Haasnoot et al.,
2024; Lawrence et al., 2025; Thaler et al., 2023). Pathways have been developed using computa-
tional models (e.g., Jafino et al., 2021), qualitative expert knowledge (e.g., Cradock-Henry et al.,
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s 2020), or a combination of both (e.g., Colloff et al., 2016). A recent study by Haasnoot et al.
s (2024) shows that pathways thinking has been applied for different specific hazards and sectors,
w0 such as forest management for future wildfire risk (Colloff et al., 2016), urban water management
41 (Carstens et al., 2019), and transport infrastructure planning for future flood risk (Hadjidemetriou
« etal., 2022), but is still in its infancy for multi-risk settings.

4 To address this gap in multi-risk pathways thinking, DAPP has been extended to multi-risk
«  settings (DAPP-MR), which accounts for explicit interactions between multiple hazards and sec-
s tors (Schlumberger et al., 2022a). DAPP-MR follows a staged approach: pathways are developed
s separately for each sector-hazard combination first before integrating them to explore interac-
47 tions, synergies, and trade-offs across multiple hazards and sectors. These decision stages reduce
4 analytical complexity while ensuring that DRM pathways are robust across future conditions.
4 To develop and evaluate pathways across the different stages of complexity, DAPP-MR iterates
so through a set of analytical stages. It starts with identifying the system boundaries, which include
st acharacterization of the space and elements of the case study along with its vulnerabilities, future
sz uncertainties, and objectives of interest. Based on this system understanding, potential DRM op-
ss  tions are identified, characterized, and combined into different pathways (Haasnoot et al., 2021).
s« The system understanding is updated iteratively across the stages by incorporating additional
ss information on different dynamics and connections.

s Previous applications of DAPP-MR include a synthetic quantitative, model-based case study
57 to investigate the implications and challenges of multi-risk pathways analysis in data- and resource-
ss rich contexts (Schlumberger et al., 2024). However, in real-life case studies, qualitative ap-
so proaches are often used as an entry point to engage stakeholders in long-term planning and draw
s on expert input and literature for developing pathways. These approaches can inform subsequent
st (semi-)quantitative analyses by characterizing the scope and purpose of the analysis (Haasnoot
e2 etal., 2024; Ramm et al., 2018).

6 This study investigates how DAPP-MR can support the development of multi-risk pathways.
s« We draw from the process and experience of applying DAPP-MR in four European case study
s areas: the Canary Islands, the Danube Region, the North Sea Region, and Scandinavia. Specifi-
e cally, we evaluate how and why multi-risk elements were integrated into the analysis across the
&7 case studies. Additionally, by reflecting on the development process and feedback from stake-
e holder engagement activities, we investigate the means and value of breaking down complexity
o into analysis stages and what we can learn from applying DAPP-MR for multi-risk DRM. Finally,
70 we discuss common challenges and opportunities and reflect on the strengths and limitations of
7 DAPP-MR in qualitative applications.

72 2. Methods

7 In this study, we reflect on the strengths and limitations of DAPP-MR as a policy analysis
7 framework to develop and evaluate multi-risk pathways qualitatively. We do so along the lines
7 of a set of questions of interest that touch on the key purpose of DAPP-MR. The following
76 subsections outline the approach and data used to answer these questions:

7 1. How does DAPP-MR support forming a multi-risk system understanding? The frame-
78 work explicitly addresses a set of multi-risk elements that could be relevant in a multi-risk
79 system and offers guidance to unravel those. Therefore, this question aims to analyze
80 whether patterns are detectable regarding which multi-risk elements are generally consid-
81 ered and, if not, for what reasons.
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2. How helpful is DAPP-MR in navigating complexity? Evidence from previous studies
(Schlumberger et al., 2022a, 2024) indicates that a staged approach helps analyze complex
systems without being overwhelmed by interactions. However, this approach is also sub-
ject to some limitations. Thus, this question explores the complexity captured by the case
studies using the approach and whether the staged integration is helpful.

3. What can we learn from DAPP-MR for DRM? As a policy analysis framework, DAPP-
MR facilitates the identification of relevant DRM options, synergies, and trade-offs. It of-
fers a solution-oriented approach to identifying and analyzing multi-risk DRM options in
contrast to more commonly used problem-centered approaches in risk assessment, which
focus primarily on hazards and/or impacts (Schweizer and Renn, 2019). Thus, this ques-
tion aims to analyze the added value regarding DRM for sectoral stakeholders and re-
searchers by engaging in a DAPP-MR exercise.

2.1. The multiple case study approach

We use data from multiple case studies (MCS) to support our findings, offering rich evidence
supporting the analysis and development of a theory (e.g., Baxter and Jack, 2015; Yin, 2009). In
this study, we use MCS to investigate what conclusions are drawn regarding the above-outlined
questions of interest in each case study to identify similarities across multiple cases or unique
insights to specific ones (Eisenhardt, 1991; Yin, 2009). The cases considered in this study are
“polar types” (Eisenhardt and Graebner, 2007, p.27), meaning they have a wide variety of char-
acteristics in terms of general climatic and environmental context, spatial and temporal scope,
sectors and stakeholders involved, governance level, and hazards of interest (see Section 2.1.1).
In contrast to one case study, accounting for multiple case studies can offer more robust insights
regarding the questions of interest (Eisenhardt and Graebner, 2007). Eisenhardt and Graebner
(2007) highlight that MCS approaches usually take a small number of cases into account, which
still significantly increases the analytic power compared to a single-case study approach. In-
creasing the number of cases comes at the risk of insufficient in-depth knowledge and analysis of
the specific case when considered part of an MCS study (Gerring, 2004). We overcame this chal-
lenge by working in teams with in-depth knowledge of each case study, which were embedded
in a broader team (see Section 2.1.2).

2.1.1. A brief overview of the case studies

The analysis presented in this work is based on four case studies from the HORIZON 2020
Multi-hazard and s Y stemic framework for enhancing Risk-Informed mAnagement and Decision-
making in the EU project (MYRIAD-EU,www.myriadproject.eu, Figure 1). MYRIAD-EU
aims to provide policymakers and practitioners with practical tools to create forward-looking
multi-risk DRM strategies. Central to the project are the case study teams (pilots), which test
methods developed in the project (e.g., Casartelli et al., 2025; Claassen et al., 2023, 2025; Dal
Barco et al., 2024, 2025; Hochrainer-Stigler et al., 2023; Stolte et al., 2024; Warren et al., 2023)
by engaging in a collaborative co-development process with local stakeholders to address region-
specific sustainability challenges (Saki¢ Trogrli¢ et al., 2024; Ward et al., 2022). This study
focuses on methods, results, and reflections used for the pathway development process following
the DAPP-MR approach. As such, we focus on four out of the five pilots of MYRIAD-EU, as
the Veneto pilot followed a different approach (Casartelli et al., 2025).

The first case study focuses on the Canary Islands Pilot (CIP), an archipelago highly vul-
nerable to multiple natural hazards, including volcanic eruptions, droughts, wildfires, and heat-
waves, with increasing risks due to climate change. For example, the 2021 La Palma volcanic
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eruption and the water emergency declared in 2024 highlight the region’s systemic weaknesses
in disaster preparedness, particularly in the tourism and agricultural sectors. This case study
examines the opportunities for recovering and increasing tourism capacities after the volcanic
eruption in 2021 while adapting existing practices in tourism and agriculture to the increasingly
limited freshwater resources.

The Danube Pilot (DP) focuses on the multi-hazard and multi-risk challenges in the Danube
region, which comprises 14 countries. The Danube region is a socio-economically heterogeneous
region exposed to numerous natural hazards (Hochrainer-Stigler et al., 2024). The Danube case
study explores the interconnectedness between countries and sectors and the spill-over effects
of multi-hazards in the region. The pathways analysis focuses on reducing flood and drought
risks in the agricultural and river navigation sectors. Due to its large geographical scale, the
Danube Pilot uses generic characteristics common along the river basin to define the system
while acknowledging that the derived findings might require a tailored contextualization to the
specific locations along the basin.

The third case study explores the evolving risks and challenges in the North Sea Pilot (NSP).
The North Sea is becoming increasingly crowded with diverse activities, such as offshore wind
farms, shipping, and aquaculture. Climate change is intensifying these pressures, with more
frequent storms, heatwaves, and multi-hazard events impacting sectors across the region. This
case study examines how cross-sectoral maritime spatial planning can address these complex
risks.

The Scandinavian Pilot (SP) examines the interlinked challenges of Norway’s energy, forestry,
and agriculture sectors within a Scandinavian context. Norway’s reliance on hydropower, shift-
ing precipitation patterns, and rising energy demands call for adaptive strategies. Agriculture
faces extreme weather and land use transformations, while forestry contends with logging, land-
use conflicts, and climate impacts. The study explores sustainable practices, technology, and
integrated planning to achieve climate goals while maintaining economic stability.

2.1.2. The approach and methods used to develop multi-risk pathways

We used DAPP-MR as the foundation for developing DRM pathways in the case studies.
While DAPP-MR is designed for comprehensive policy analysis in multi-risk settings, qualita-
tive approaches require adaptations to accommodate varying levels of data availability, diverse
stakeholder involvement, and the need for accessible, intuitive methods. We simplified DAPP-
MR into a comprehensive framework that applies an iterative process that retains the core an-
alytical principles of DAPP-MR, notably the staged approach (Fig. 2). First, we established a
comprehensive system understanding, identifying key sectors, their objectives, and the interde-
pendencies between elements, functions, and stakeholders. Then, we identified and characterized
DRM measures that align with sectoral objectives and address current and future risks. Based
on these sets of measures, sectoral pathways were developed. Finally, multi-sectoral and multi-
hazard interactions were integrated, assessing how different measures influence each other across
sectors and, ultimately, the implications for the identified sectoral pathways. By embedding in-
creasing complexity in the final step, this simplified version of DAPP-MR keeps the stagewise
analytical focus while enhancing its practical applicability in qualitative settings. The overall
process remains highly iterative, allowing for continuous refinement of the system understand-
ing, measures, sectoral pathways, and interactions as new insights emerge.

Information relevant to the DRM pathway development process was collected using vari-
ous methods (Figure 2). Stakeholders were at the core of each case study. As part of the co-
production process of MYRIAD-EU, each case study organized two pilot workshops and two
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Figure 1: MYRIAD-EU pilot regions. Overview of their considered sectors, hazards, and sustainability challenges. Note:
The Veneto pilot region is not part of this study, as it applied a different approach. Copied from Ward et al. (2022).

focus group meetings with stakeholders (Ciurean et al. in progress), where intermediate results
of the pathways development process were presented to collect feedback and progress with the
analysis. Stakeholders included local, regional, national, and transnational governmental bodies,
academic institutions, private sector actors, and non-governmental or community-based organi-
zations. Their roles ranged from policy-making and implementation to research, technical ser-
vice provision, and sectoral advocacy. This functional diversity enabled the integration of strate-
gic, operational, and experiential knowledge. Thematically, stakeholders covered many sectors
aligned with the case study focus areas, including energy, tourism, agriculture, water manage-
ment, civil protection, and climate adaptation. Many brought cross-cutting or interdisciplinary
perspectives, particularly where systemic risk and uncertainty intersected with infrastructure, en-
vironment, and social resilience. Additional information on the contents of the key meetings and
the represented stakeholder profiles is available in Appendix A.1.

Additional information on known dynamics and connected challenges was elicited through
semi-structured interviews (Schlumberger et al., 2022b, ; van Maanen et al. in progress). Aside
from these organized data collection efforts, most case studies engaged in additional formal and
informal stakeholder engagement. For example, DP held four key informant interviews and a
further group interview with key stakeholders to ensure that the developing process of the DAPP
aligned with their field experiences. SP combined stakeholder engagement through various out-
reach activities, including presentations and panel discussions with relevant Norwegian industry
stakeholders and policymakers.
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Figure 2: Simplified analysis framework based on DAPP-MR and methods used in the case studies to develop multi-risk
DRM pathways in a staged approach.

Within the NSP and CP, the storyline approach was central in exploring and understanding
multi-risk systems and cause-and-effect relationships between risk drivers and impacts of past
and plausible future events. Storyline development aided in identifying DRM options, interac-
tions, and pathways (Crummy et al., in preparation). A storyline constructs plausible, detailed
narratives of past and potential future events to explore risk, uncertainty, and adaptation strate-
gies (Shepherd et al., 2018; Sillmann et al., 2021). Integrating scientific data with contextual
factors helps decision-makers understand how different hazards, vulnerabilities, and responses
might unfold under specific conditions (e.g., Buskop et al., 2024; Goulart et al., 2021; Marciano
et al., 2024). Additionally, the case studies used literature reviews to gain additional insights into
the system and its dynamics.

2.2. Qualifying the benefits of DAPP-MR

Schlumberger et al. (2022a) reviewed recent multi-hazard and multi-sector literature to iden-
tify key elements and dynamics that influence the development and evaluation of DRM pathways
for addressing multi-risk. These elements can be grouped into three interrelated themes: (1) ef-
fects of multiple interacting hazards, (2) dynamics and interdependencies of sectors, and (3)
trade-offs and synergies related to the DRM options. We use these elements and themes to in-
vestigate which aspects of multi-risk are generally well covered and which are not. By doing
s0, we investigate potential white spots of the applied analytical framework to form a multi-risk
understanding and results or data required for a comprehensive multi-risk pathway analysis.
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We qualify the benefits of DAPP-MR in navigating complexity and learning for DRM based
on the observations and experiences of the researchers leading the respective case studies, all
of whom are part of the author team of this study. Two or three researchers were responsible
for developing the DRM pathways in their case study, further supported by two DRM pathway
experts. Intermediate results and stakeholder feedback regarding the pathways development pro-
cess per case study were captured in confidential project deliverables, which will feed into a final
public report (Gottardo et al. in preparation). We use these project deliverables, experiences,
and discussions within the case study teams.

3. Results

In the following subsections, we will detail the observations and insights from the develop-
ment process relevant to the three questions of interest on the value of DAPP-MR.

3.1. How DAPP-MR supports the formation of a multi-risk system understanding

All case studies addressed elements of multi-hazard, multi-sector dynamics and interactions
across different DRM options to different degrees. Most elements were either considered in or
discussed, but ultimately excluded from the analysis (Figure 3; Gottardo et al. in preparation).
Reasons for exclusion varied, including limited relevance for the analysis or involved stakehold-
ers, or insufficient knowledge and data. Only a few elements were not considered from the
start. While multi-sector elements are well captured in the DRM pathways, multi-hazard ele-
ments have been more difficult to translate into the policy analysis process. Differences can be
observed across the case studies regarding the multi-risk elements related to DRM options.

Some case studies, such as the NSP, discussed the potential of multi-hazard events and incor-
porated them in their initial system understanding by conceptualizing impact chains and story-
lines. However, they were disregarded in the further pathways analysis because of a lack of data.
While individual hazards are relatively well understood, their interactions remain uncertain, par-
ticularly in their cumulative or cascading effects due to limited historical data on multi-hazard
events in the North Sea. Consequently, while it was conceptually possible to consider the inter-
actions between multiple hazards, it was difficult for stakeholders to imagine future scenarios of
multi-hazard events and understand their consequences. Likewise, the NSP identified that the
key driver of multi-risk stems from interactions between different sectoral development actions,
while multi-hazard dynamics play a relatively minor role. Similarly, in CIP, stakeholders high-
lighted drought and volcanic eruptions as key risks, but discussions on their potential interactions,
especially cascading or compounding effects, emerged only gradually during the post-eruption
recovery process, reflecting both limited data availability and a low baseline awareness of multi-
hazard dynamics. In DP, multi-hazard interactions between floods and droughts were discussed
but disregarded because of limited information on the statistical relevance of interaction effects
between these hazards. A combination of these reasons was identified in SP. As a result, for de-
veloping DRM multi-risk pathways, all case studies considered multiple hazards that adversely
affect the sectors without accounting for interactions.

Interactions between sectors and their objectives were considered in all case studies. Explicit
conflicts regarding limited resources were identified as the main drivers of sectoral interaction in
CIP, NSP, and SP. For example, in CIP, allocating the limited water resources used for agriculture,
tourism, and residential use is a significant challenge, as decisions in one sector affect the others.
By incorporating different future scenario narratives, CIP and NSP acknowledged the dynamics
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between sectors for limited resources (water and space). In NSP, a set of scenarios assumed an
energy-led spatial development of the North Sea, while another set assumed an ecosystem-led
spatial development. Likewise, sector-specific scenarios were developed to account for water
availability changes and competition across CIP sectors. Conversely, in the SP, stakeholders
discussed the power of different sectors due to current political priorities: interactions are mainly
determined by decisions in the energy sector, driven by energy transformation-related land use
changes affecting agriculture and forestry.

Other elements addressing multi-sectoral dynamics, such as changes in exposure and vul-
nerability or uncertainties in the relations between sectors, were discussed but not considered
in any case study. This was related to insufficient tools and data to make reasonable qualitative
assumptions and manage this information throughout the analysis. Impact-related interactions
were discussed in various case studies, but were not explicitly considered by most. This was
primarily due to the tailored system understanding for analyzing sectoral objectives, which did
not exhibit a high degree of cross-sectoral interaction. For example, SP takes the energy sector
as the starting point and expands the pathways by considering the different aspects of the mea-
sures’ interactions with other sectors. It includes the impacts on agriculture and forestry sectors,
social acceptance, land use concerns, nature impacts, social security, and resilience to climate
shocks. Some case studies add scenarios to account for general socioeconomic and climate-
change-related uncertainties. For example, the DP makes assumptions about future ship traffic
on the Danube and potential increases in agricultural yields, and the CIP makes assumptions
about the future tourism capacity needs in La Palma. In addition, SP incorporates assumptions
on different levels of social acceptance toward measures in the energy sector.

Patterns regarding the interaction elements in the context of DRM options are less clear across
the case studies. In line with disregarding multi-hazard impact drivers as discussed earlier, DRM
options were also not characterized concerning their vulnerability towards multi-hazard interac-
tions in any case study. Conversely, DRM options of different sectors were either already chosen
considering their vulnerability to the present hazards (e.g., NSP) or were characterized in general
terms concerning the current vulnerability of cases to hydrometeorological hazards (e.g., DP, SP).
In DP, synergies and trade-offs between droughts and floods were considered, particularly when
identifying measures that enhance resilience to both. Early Warning Systems and Nature-Based
Solutions were seen as such measures: Early Warning Systems were highlighted as a no-regret
measure that supports preparedness for multiple hazards, while the potential of Nature-Based
Solutions to mitigate flood risks and enhance drought resilience was recognized. Similarly, most
cases consider trade-offs across sectors, primarily employing additional evaluation criteria when
characterizing the methods or because of direct interactions between measures or the sectors (see
Section 3.2.3). Uncertainties regarding the effectiveness of DRM options are captured in some of
the case studies. In NSP, some effects of measures, especially regarding interaction effects, are
marked as uncertain, highlighting that the effects are unknown or context-specific. In contrast,
uncertainty regarding the perception is covered only in the SP, where the level of public accep-
tance was used to differentiate two different sets of scenarios (high vs. lower acceptance towards
renewable energies). The effectiveness of measures or uncertainties regarding interactions was
considered in the CIP and NSP, in response to a lack of knowledge or conditional performance,
for example, determined by technological innovation over the coming decades.

3.2. How helpful DAPP-MR is in navigating complexity

DAPP-MR offers a structured, stage-wise approach to integrating interactions rather than
directly building a complex system understanding. Figure 4 summarizes the key development
9
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Figure 3: Degree to which certain multi-risk elements were addressed in the different case studies to develop and evaluate
multi-risk DRM pathways. CIP: Canary Island Pilot. DP: Danube Pilot. NSP: North Sea Pilot. SP: Scandinavian Pilot.

steps as implemented in the case studies. In the following subsections, we will briefly touch
upon the different development phases in the context of navigating complexity.

3.2.1. Defining the system and the sectors

Most case studies spent most of the project time forming and refining their understanding
of the system and its sectors. This included formulating a system understanding consisting of
different sectors with different short-term challenges and long-term needs based on that under-
standing. The initial system maps were continuously updated and refined in the case studies
during the pathway development process.

The system understanding was built in all case studies, starting from the different sectoral
perspectives. In some case studies (CIP, NSP), integrating different sectors into one system
understanding started very early. For example, in the Canary Islands as a tourism destination,
elements of the agricultural and tourism sectors are tightly intertwined. Similarly, stakeholders in
the NSP identified that the primary source of disaster risk comes from the proximity of different
sectoral uses of the space. In SP, the importance of the system was also discussed. However, the
case study focused primarily on the energy sector because of the identified power dynamics (see
Section 3.2.1). Interactions across sectors were thus integrated much later (see Section 3.2.3).

The case studies completed this step in varying timeframes, as shown in Figure 4. Especially
in CIP and DP, it took much longer to develop a common understanding of the system and its
sectors than for NSP and SP. In CIP, this was mainly caused by the complexity of the tightly
interconnected sectors considered. Tourism is a primary driver of change in many other sectors,
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process was due to the deadline for a project deliverable. Hatched arrows indicate that in the future, each step could
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but also strongly depends on the services and products that other sectors deliver. Capturing this
in clear DRM objectives per sector was especially challenging. In DP, a general understanding
of the system and sectors was found relatively early. However, there was a significant struggle to
identify the scale for the analysis due to spatially diverging characteristics in the large case study
area. Similar challenges regarding the scale were encountered in SP, but it could be addressed
much faster due to the limited spatial extent of SP compared to DP. In NSP, the period of minor
revisions was relatively long because of the significant turnover of the stakeholders involved,
which required repeated revision and re-introduction (and thus feedback).

3.2.2. Developing sectoral DRM pathways

In line with DAPP-MR, all case studies identified DRM options to achieve their primary ob-
jectives (see Step 2 in Fig. 2). These DRM options were additionally characterized regarding
other evaluation criteria relevant to the specific case studies. The case studies used scorecards to
summarize the characterizations (see e.g., Figure 5), which were gradually populated. For most
case studies (CIP, SP, DP), these evaluation criteria already include references to interactions
with other sectors. For example, literature review and expert judgment were used in SP to char-
acterize the cross-sectoral effects of different energy measures. Synergies included integrating
renewable energy projects on agricultural lands, using agricultural residues for bioenergy, and
promoting agroforestry practices. Trade-offs were identified in the competition for water and
land, the potential negative impacts on natural ecosystems, and the economic costs of imple-
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In SP, most pathways were derived from existing long-term strategies of prominent energy
sector actors. One additional pathway was developed based on expert knowledge regarding the
plausibility/feasibility. On the other hand, NSP, CIP, and DP used narratives to form sectoral
pathways - sequences of DRM options. While the NSP used narratives of different technological
focus (e.g., energy sector pathways to extend offshore-wind capacity or to prioritize alternative
energy sources), DP and CIP used perspective-driven narratives. For example, in CIP, pathways
dealing with increasing bed capacity could have a sustainable focus (or not). In all case studies,
stakeholders validated and refined the pathways regarding measures used and their sequencing.
In CIP, this feedback also resulted in a revision of the evaluation criteria of the DRM options, un-
covering criteria that were relevant for stakeholders to characterize their feasibility or plausibility
as a short-term measure or long-term option.

Again, some differences regarding the difficulty of this analysis step can be observed across
the case studies (Figure 4). In most case studies (CIP, DP, NSP), a similar process was followed
to identify and characterize measures, reorganize by reducing the number of measures, and refine
the criteria used for the characterization. In particular, the identification of promising sectoral
pathways was challenging. Stakeholders, generally unfamiliar with long-term planning, required
time to get accustomed to the concept and its implications for their sectors. This resulted in
multiple iterations and adjustments of the considered sectoral pathways. A notable exception
was SP, where energy companies and the government had already developed long-term strategies
for the energy sector, offering relevant measures and some of their characterization.

Social Nature Energy Climate Economic Resilience Cross-
Measure y N Livelihood o

Acceptance Impact  Security Mitigation Profitability to Shocks sectoral
N-5 Grid Link 1 -1 1
Offshore Wind -1 -1 2 2
OHShore wind -- 2 -1
Region Link 1
Extend Store. Cap. 1 -
Reg. Water Store 2
Solar PV 1
Biocenergy 0
Legend I

Figure 5: Scorecard listing measures from the energy sector and their aggregate impacts on society, nature, and other
criteria that could be considered when implementing such measures in SP. Scores reflect the relative preference for
each criterion: higher positive values indicate more favorable evaluations, while negative values indicate less desirable
outcomes. For example, a large negative score for costs implies high expense, whereas a negative score for effectiveness
suggests poor performance.
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3.2.3. Identifying interactions and multi-risk DRM pathways

While interactions across hazards and sectors were already iteratively considered in step 1
of the analysis, the case studies investigated the interactions between measures and sectors to
develop multi-risk DRM pathways in the third step of this process. While SP used and integrated
the interaction effects of the energy sector on other sectors already in their scorecard characteri-
zation of the measures (see Section 3.2.2), NSP and DP used interaction matrices to characterize
interactions. The NSP case study systematically investigated how measures from one sector in-
fluence those in another (see Figure 6). Each combination was examined to identify pairs of mea-
sures that have positive, negative, uncertain, or no effects on each other. For example, opening
wind farms for shipping generally increases risks for the energy sector due to the increased possi-
bility of collisions of ships with energy infrastructure in case of low-maneuverability conditions.
The increased shipping traffic might also prevent/limit specific measures related to alternative
energy sources and hydrogen production because of the space demand.

The matrix represented an initial step toward developing multi-sector pathways by summa-
rizing the general potential for interaction between sectoral measures and those of other sectors.
Interactions across different pathways were identified based on specific subsets of sectoral mea-
sures. This made it possible to highlight pathways with greater synergy potential or higher risk
of trade-offs, helping to identify promising combinations of sectoral pathways. As shown in
Figure 7b, the selected combination of the best-performing sectoral pathways (highlighted in
blue in the first column) does demonstrate some degree of synergy, but not the highest possible.
This raises important questions: Should sectors choose a different sectoral pathway to maximize
synergistic effects, even if it slightly compromises direct individual sector performance? Alter-
natively, should one sector be encouraged to modify its pathway to improve the overall synergy?
As some interactions remain uncertain, it also opens the question regarding key knowledge gaps
and possible context-specific interaction potential.
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Figure 6: Cross-sectoral Risk Management Matrix for the three North Sea sectors. Green “+”: measure positively
influences another. Red “-”: measure adversely impacts another. Yellow “?”: effects of a measure are still uncertain. “0”:
measure has no significant positive or negative effect on another.

A similar approach was applied in the DP, where interactions between DRM options across
sectors were first identified using a matrix similar to NSP and a chord diagram. Unlike the NSP,
DP did not focus on the effect on performance evaluation using a scorecard method but on the
pathway timings (see Figure 8). During Focus Group 2, expert calibration revealed challenges
in gathering feedback on pre-developed pathways. Instead, stakeholders favored co-developing
sectoral pathways in parallel, drawing on a complete understanding of interactions between the
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Effectiveness Impact on ctfects onlEft -

Nature forreaching | Cost | maritime | Regret Combinations Nature | Encrgy | Shipping | |ty
objectives space
Waste & Runoff s S o 2 Waste & Runoff Reduction || Offshore Wind Expansion | [ Surveillance & Windfarms 2 4 1 3
Reduction Nature Enhancement | | Offshore Wind Expansion || Surveillance & Windfarms 2 4 1 )
Nature 5 o > 5 Local Nature Protection | | Offshore Wind Expansion | | Surveillance & Windfarms 1 73 1 1
Waste & Runoff Reduction | | Wind Energy Focus | | Surveillance & Windfarms 2 3 1 6
Local Nature 5 s s 3 Nature Enhancement || Wind Energy Focus | | Surveillance & Windfarms 2 3 1 7
Protection Local Nature Protection | | Wind Energy Focus | | Surveillance & Windfarms 1 3 1 7
Local Nature Protection || Offshore Wind Expansion | | Surveillance & Policy Measures | 2 2 1 1
Effectiveness Impact on Waste & Runoff Reduction | | Offshore Wind Expansion || Surveillance & Policy o 2 p A
Energy forreaching | Cost | maritime | Regret Measures

jecti space Nature Enhancement | | Offshore Wind Expansion || Surveillance & Policy Measures 2 2 1 2
Wind Energy - B 3 - Local Nature Protection | | Wind Energy Focus || Surveillance & Policy Measures 2 1 1 2
Focus Waste & Runoff Reduction || Wind Energy Focus | | Surveillance & Policy Measures 2 1 1 3
Diverse Energy 5 9 2 6 Waste & Runoff Reduction | | Offshore Wind Expansion | | Spatial Policy Measures 2 1 1 3
Mix Nature Enhancement | | Wind Energy Focus | | Surveillance & Policy Measures 2 1 1 3
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Policy Measures Local Nature Protection | | Diverse Energy Mix | | Surveillance & Windfarms 0 2 1 9
Spatial Policy 7 % 3 10 Local Nature Protection | | Diverse Energy Mix | | Surveillance & Policy Measures 1 1 0 4
Measures Waste & Runoff Reduction || Diverse Energy Mix || Surveillance & Policy Measures 1 1 0 5
Surveillance & 9 11 0 11 Nature Enhancement | | Diverse Energy Mix | | Surveillance & Policy Measures 1 = 0 5
Windfarms Waste & Runoff Reduction | | Diverse Energy Mix || Spatial Policy Measures 1 2 0 7
Nature Enhancement | | Diverse Energy Mix || Spatial Policy Measures 1 2 0 7
Local Nature Protection | | Diverse Energy Mix | | Spatial Policy Measures 0 2 0 6

Figure 7: Scorecard-based evaluation of sectoral pathways in the NSP (a) and investigating combinations of pathways
with the least trade-offs regarding the three sectors and uncertain interaction effects (b). Scores reflect the relative
preference for each criterion: higher positive values indicate more favorable evaluations, while negative values indicate
less desirable outcomes. The pathway combination highlighted in blue in the first column represents the best-performing
sectoral pathways when not accounting for interactions.

shipping and agricultural sectors. Key considerations included governance, financing, and cross-
sector dependencies. Parallel implementation was explored where beneficial, particularly for
enabling conditions like Early Warning Systems and cross-border cooperation. The discussions
also surfaced potential medium- to long-term land-use conflicts for implementing the DRM op-
tion.

In the SP, the analysis of interactions of pathways did not focus on the interactions between
the DRM options for energy and other sectors. Instead, it was more broadly informed by an
integrated system understanding and the cross-sectoral interactions of DRM in Norway. As such,
interactions were discussed more qualitatively and broadly per measure in a specific pathway
(see Figure 9 for an example). It raises awareness that effective DRM at a national scale should
be implemented in a multi-dimensional perspective. Rather than focusing on the interactions
between specific measures, the SP potentially makes the approach more accessible and user-
friendly for stakeholders.

In the CIP, measures regarding the effects on limited resources (water budget) relevant to
multiple sectors were characterized. The effects of all measures were quantified either in ab-
solute terms (e.g., how much water consumption a hotel with an additional 2,000 beds would
contribute) or in relative terms (e.g., how much water could be saved by installing water-saving
fixtures). While these numbers appealed to stakeholders to make the measures and the interac-
tions more practical, it turned out to be quite challenging to build pathways and the interactions
across pathways purely qualitatively. Instead, the case study combined the quantitative effects of
the measures to determine the implementation timing under different climate scenarios with and
without interactions across sectors (see Figure 10). This visualization helped investigate the ex-
pected lifetime of implemented DRM options, depending on whether only climate-driven reduc-
tion in the available water budget was considered or whether this reduction was compounded with
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Figure 8: Final set of multi-risk DRM pathways developed for the agriculture and shipping sector in DP.
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Figure 9: Interaction analysis for measures in a specific energy pathway regarding the agriculture and forestry sectors
and various other aspects.

specific pathways to meet the bed capacity requirements. In that way, the impacts of different
bed capacity strategies were made explicit, discussing whether pathways could meet the sectoral
interests with less adverse effects regarding water demand. Similarly, stakeholders discussed
which water demand seemed more plausible regarding the required timing of implementation of
new DRM options. Finally, the visualisations could be used to discuss the trade-offs between
tourism’s consumption of local water resources and agricultural production, especially under
scenarios where no additional interventions are introduced to alleviate future water scarcity.

3.3. What we can learn from applying DAPP-MR for DRM

Applying the DAPP-MR framework across the four case studies provided valuable insights
into its role in strengthening DRM. Overall, the approach was recognized as a helpful tool for
raising awareness and sparking dialogue around key issues: the need for long-term planning,
cross-sectoral cooperation, transboundary risk management, and the synergies and trade-offs
of DRM measures. It was recognized for its flexibility in working across different scales and
challenges, offering inspiration and ingredients for the analysis while still allowing tailoring to
the specific context.

In all case studies, DAPP-MR enabled more integrated, cross-sectoral thinking. Engaging
diverse stakeholders and gathering feedback on interim results facilitated dialogue among ac-
tors who did not collaborate before. In CIP, it helped structure discussions between the tourism
and agriculture sectors, revealing how sectoral pathways interact under resource scarcity and
uncovering governance gaps, particularly between water planning and risk reduction. This un-
derscored the importance of anticipating sectoral conflict before hazards emerge. In DP, the
process increased awareness of interdependencies across hazards, sectors, and scales, which is
crucial in the Danube’s complex transboundary context. New stakeholder networks for ongoing
collaboration have been formed in the NSP, where DRM awareness is limited.
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Figure 10: Exploration of the timing of two different pathways to reduce water consumption in the tourism sector (rows)
without interactions (left column) and when accounting for the effects of one specific pathway to increase bed capacity
(right column). Without interactions, the timing is mainly determined by the remaining available water budget driven
by climate uncertainty (represented by the grey envelope in the left column). With interaction effects, the additional
use of water resources linked to policies to increase the bed capacity combines with the climate-driven decline in water
resources, resulting in sudden jumps in the scenario envelope, driving the solution space for the water reduction strategies.

The framework also fostered a shared understanding of multi-risk systems, emphasizing the
interconnections between hazards, sectors, and DRM options. Stakeholders, especially in DP, ac-
tively discussed strategy synergies and trade-offs, ultimately co-developing sectoral pathways in
parallel to balance opportunities and potential conflicts. Similar solution-oriented dialogues oc-
curred across all case studies. CIP shifted from reactive, sector-specific approaches to integrated,
anticipatory DRM. By examining tourism and agriculture under uncertainty, the pathways re-
vealed system vulnerabilities, resource conflicts, and tipping points, enabling local authorities to
align policies better, prioritize early action, and coordinate governance. Similarly, dialogue and
learning occurred across sectoral boundaries and between different actors, including government
authorities, non-governmental organizations, researchers, and private sector actors. Engaging
this wide array of stakeholders was seen as very helpful for the analysis process.

DAPP-MR further supported long-term adaptive planning by helping stakeholders align short-
term priorities with long-term goals. Most case studies translated DRM narratives (e.g., "’busi-
ness as usual” or “technical solutions”) into two to five sector-specific DRM pathways. In SP,
pathways reflected energy companies’ existing strategies, complemented by an expert-informed,
integrated scenario, which allowed the outcomes of the pathways analysis to be linked to ongoing
discussions about energy transformation strategies. In CIP, the framework helped to put DRM
in its broader context, allowing for the integration of the short-term DRM needs with long-term
sustainability challenges of the tourism destination. All case studies underscored the value of
scenario-based thinking for managing future uncertainty. In addition to climate-related scenar-
ios, each case study introduced a second dimension: social perceptions (SP), spatial planning
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priorities (NSP, SP), external decision-making (CIP), or broader socio-economic uncertainties
(DP). Across multiple case studies, the value of identifying and discussing the uncertainty in the
effectiveness of different DRM measures, along with the task to extend the set of possible DRM
solutions outside the typical narrow perspective, was perceived as very useful.

4. Discussion

In this study, we applied the DAPP-MR framework in four qualitative case studies to assess
its value in developing multi-risk pathways. Our findings highlight the framework’s capacity
to foster integrated system understanding, support strategic thinking, and navigate complexity
in DRM. Across all cases, DAPP-MR served as a helpful guiding structure. Multi-sector in-
teractions were effectively captured, whereas multi-hazard dynamics remained less developed,
primarily due to limited stakeholder awareness, data constraints, and insufficient analytical tools.
The overall process flow where the case study teams developed intermediate results and then
further updated and refined them based on feedback from stakeholders seemed adequate for the
application context of multi-risk DRM pathways - a theme still emerging within the research
community (Brett et al., 2025; Saki¢ Trogrli€ et al., 2024).

The staged approach of DAPP-MR enabled the gradual refinement of analytical focus and
adaptation to system complexity, resulting in diverse emphases across the cases. Focusing on
DRM options helped streamline the analysis of sectoral interactions without overcomplicating
the process. While the development of pathways was demanding, stakeholders found the process
valuable and insightful for exploring future DRM strategies, as reported in other studies as well
(Haasnoot et al., 2024; Werners et al., 2021). Similar to findings in other pathway development
studies, difficulties arose in aligning scales, defining clear objectives, and selecting appropriate
policy options (Bosomworth et al., 2017). Issues of scale were particularly pronounced. For
example, in DP, it was challenging to generalize system elements across regions with different
land-use patterns, governance structures, and planning priorities. Stakeholders emphasized that
the choice of scale critically influences the identification of DRM measures and the assessment of
interactions. For example, adaptation in agriculture proved highly context-specific, complicating
efforts to identify general synergies or trade-offs between sectors.

4.1. The value and challenge of co-production and local stakeholder engagement for multi-risk
DRM pathways development

The case studies underscored the critical role of stakeholder engagement in developing multi-
risk DRM pathways. Feedback moments were essential for aligning assumptions, substantiating
multi-risk knowledge, revealing oversimplifications and uncertainties, and guiding the direction
of analysis. As discussed in Section 3.3, qualitative applications of DAPP-MR proved valuable
for learning, capacity-building, and cross-sectoral knowledge exchange. The structured yet flex-
ible nature of the pathway-development process functioned as a powerful tool for cross-sectoral
learning, like a structured brainstorming session, encouraging shared exploration of interdepen-
dencies between hazards, sectors, and DRM options. As the outcomes of the analysis show,
especially when comparing Figures 7 to 10, the directions and angles that can be used for the
pathways development process are manifold. It is reassuring that DAPP-MR offered the flexi-
bility for such diversity, given the broad field of aspects that could be captured for an analysis
of multi-risk DRM. Some, like SP and NSP, framed their work around development challenges,
such as expanding energy production, which were influenced by decisions in other sectors or
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broader socio-environmental uncertainties. Others, like CIP and DP, focused more explicitly on
DRM strategies in response to climate change. This diversity suggests that DAPP-MR’s ability
to integrate complexity across governance levels, sectors, and types of risk may have relevance
beyond DRM, particularly in the context of climate-resilient development (Schipper et al., 2022)
or cross-boundary collaboration (Carter et al., 2021).

At the same time, it reflects a well-documented issue of comparability across applications due
to the subjectivity in qualitative methodologies (Denzin and Lincoln, 2011). As shown in Section
3.1, each case study followed a distinct focus and set of priorities, shaped by the composition
and engagement of its stakeholder group. While the process involved operational experts from
key sectors, decision-makers with formal mandates for DRM or long-term planning were less
frequently engaged. As a result, the involved stakeholders provided in-depth practical knowledge
about the different sectors. They used the analysis process for knowledge sharing and learning.
In contrast, the consideration of strategic decisions and direct impacts of the analysis outcomes
on the sectoral decision-making was less central in the discussions. A key consideration for
future efforts thus needs to be identifying and engaging organizations with long-term planning
mandates and cross-sectoral responsibilities to embed the DAPP-MR process within the relevant
sectoral and institutional contexts and set up together with representative stakeholders (Reed,
2008; Stringer et al., 2006; Stanton and Roelich, 2021). As a result, the analysis focus might
shift, different forms of engagement might be needed, and different needs and potential for co-
production and institutional continuity might arise (Klenk et al., 2017). However, if receiving
sufficient attention and interest, what starts as a brainstorming and learning exercise can turn
into real-world practice of DRM pathways, as examples from New Zealand show (Lawrence and
Haasnoot, 2017; Lawrence et al., 2025).

4.2. The need for an appropriate toolbox

Qualitative applications of DAPP-MR in practice require a more extensive and integrated set
of tools to support its operationalization - a common theme across policy analysis approaches for
decision-making under uncertainty (Schlumberger et al. in preparation; Stanton and Roelich,
2021). Especially in Section 3.1, we show that some aspects of multi-risk dynamics, mainly
linked to multi-hazard interactions, were only considered to a certain extent. While the lack of
prior experience with such dynamics probably contributed to this bottleneck (van Maanen et al.
in preparation), the tools and methods used to generate, collect, or structure relevant data did
not yet appear fully equipped to inform multi-risk DRM. While storylines and impact chains
were used to untangle the dynamics of specific events and could thus help to form a better un-
derstanding of the interaction effects (Crummy et al in preparation), other tools that allow for
more systematic identification and mapping of multi-hazard events, such as methods developed
by Claassen et al. (2023, 2025) were not applied. They are not yet tailored for qualitative ap-
plication for multi-risk DRM pathways, for example, through easy-to-use visualisations or the
capacity to consider future climate change uncertainty. Integrating such tools into DAPP-MR
processes could help stakeholders better grasp the potential impact and risk arising from multi-
hazard interactions. The latter can help judge the importance of considering multi-hazard events
for long-term DRM decision-making. However, beyond identification of multi-hazard occur-
rence, a policy analysis framework like DAPP-MR requires tools that capture the impacts and
dynamic interactions triggered by these events, particularly through shifts in vulnerability or sys-
temic feedbacks. Here, impact chains (Zebisch et al., 2021), storylines or other process-oriented
methods (e.g., de Polt et al., 2023, Buijs et al. in preparation) could serve as valuable start-
ing points for more structured, yet stakeholder-accessible, tools. Similarly, tools developed for
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spatial analysis (e.g., van de Ven et al., 2016) offer promising leads, but their use for multi-risk
challenges is still in progress (Langendijk et al. in preparation). Finally, while scenarios were
used in this study to explore future change and uncertainty, most case studies did not implement
a complete scenario-based planning process. Tools like the updated version of the Pathways
Generator, which helps visualize and develop pathways under different scenarios, may offer sig-
nificant value, especially in helping navigate the complexity of timing and tipping points and
measuring interactions across diverse scenarios.

In addition to these identified gaps, there are opportunities to offer a collection of similar
or different methods that could be used to implement each step of the DAPP-MR process. Our
findings highlight the diversity in how interaction analyses were conducted, showcasing the rich-
ness of integrated system understanding and the multiple approaches available for addressing
multi-risk. For example, collaborative system mapping was a key element in most case studies,
yet the comparative strengths of different mapping techniques remain underexplored in the con-
text of multi-risk. Testing different approaches, such as those reviewed by Warren et al. (2023),
and reflecting on their differences regarding stakeholder engagement, focus, and system char-
acterization, could offer a nuanced set of tools more flexible and supportive for a wide range
of application contexts. Similarly, while this study’s identification and prioritization of DRM
options relied on narratives and expert inputs, other tools could offer additional guidance. For
example, the Peer Review Assessment Framework for Disaster Risk Management tool (PRAF,
Casartelli et al., 2025), applied in the Veneto pilot of MYRIAD-EU (Casartelli et al., in prepa-
ration), offers a structured approach for option identification and development around the DRM
cycle, as well as key areas such as disaster risk governance, risk assessment, and DRM planning.
It enables the identification of a coherent and comprehensive set of possible DRM options that
could provide valuable insights for developing multi-risk DRM pathways.

5. Outlook

This study applied the DAPP-MR framework in four qualitative case studies to assess its
value for multi-risk DRM pathways development. The findings demonstrate that DAPP-MR s a
valuable addition to the existing landscape of risk assessment and decision-support approaches.
Its particular strength is designing adaptive policy strategies under multi-risk and future uncer-
tainty conditions. By emphasizing the evaluation of DRM options and their potential syner-
gies and trade-offs, stakeholders in the different case studies recognized that DAPP-MR fills a
methodological gap in how complex and uncertain risk environments can be addressed strategi-
cally. Taken together, the findings from this study suggest that DAPP-MR should not be seen as
a replacement for existing approaches, but rather as a strategic complement.

Looking ahead, informing real-world DRM decisions and climate adaptation planning will
require further development of tools to support the different steps of the DAPP-MR framework
across diverse data and institutional contexts. In addition, future research could focus on building
on the findings developed in the case studies. These could serve as a foundation for more refined
analyses like quantitative pathways assessment and development, or for continued learning and
co-production activities within the involved sectors. Such follow-up work could be used in future
iterations of the case studies’ pathways development process to refine their scope, DRM options,
and evaluations of pathways. It could furthermore help assess the transferability and practical
relevance of the DAPP-MR. It would also deepen the integration of multi-risk dynamics and
pathway-thinking into ongoing decision-making processes.
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Appendix A. Overview of key stakeholder engagement activities and stakeholder profiles

We provide comprehensive information on the various stakeholders present during the key
stakeholder engagement activities. We distinguish between organizational affiliations, stake-
holder types, governance levels, and thematic focus.

The diversity of participating stakeholders reflects a broad spectrum of organizational affilia-
tions. Public institutions played an important role in the case studies, including government de-
partments at the local, regional, and national levels, often responsible for policymaking, planning,
and the delivery of public services. Academic and research institutions were also represented,
providing scientific and technical expertise in various thematic areas. Private sector participation
was broad, ranging from individual consulting institutions and service providers to infrastructure
operators and industry associations. Civil society perspectives were brought to the table by non-
governmental and community organizations, often anchored in advocacy, local development, or
thematic responsibility (e.g., environmental protection or sustainable agriculture). In some cases,
intergovernmental and transnational actors representing regional cooperation platforms or global
institutions also participated.

Participants represented a wide range of functional roles within governance and decision-
making systems. Some had formal authority to develop, coordinate, or regulate policy frame-
works, while others were responsible for implementing programs, managing infrastructure, or
providing technical services. Strategic insights and technical knowledge came from both con-
sultants and academic researchers. Industry associations shared common perspectives of spe-
cific sectors or professional groups. Community organizations and interest groups brought local
voices, social values, and thematic priorities such as equity or sustainability into the analysis
process.

Stakeholders represented various governance levels. Local actors typically addressed place-
specific needs and implementation challenges, often related to urban resilience, tourism develop-
ment, or municipal services. Regional stakeholders often had responsibilities for coordination on
subnational issues such as resource management or infrastructure planning. National institutions
brought sectoral oversight and policy coherence to the discussion, while transnational actors,
particularly in macro-regional contexts, provided insights into cross-border coordination.

The actors contributed knowledge and experience from a broad range of issues. This included
sector-specific expertise in areas such as energy systems, tourism development, agriculture, ma-
rine policy, and water resource management, as well as cross-cutting issues such as climate
adaptation, environmental risks, and sustainable development. Some actors brought deep spe-
cialization in specific policy areas or technical systems, while others contributed integrative or
interdisciplinary perspectives. Thematic diversity reflected not only the structure of the systems
involved but also the interconnectedness of the risks addressed.
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