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

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

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

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

• Stakeholder engagement promoted cross-sectoral learning but highlighted challenges in
ensuring continuity and institutional embedding of outcomes.
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Group, , San Cristóbal de La Laguna, 38200, Tenerife, Spain

hUniversidad de Las Palmas de Gran Canaria, Department of Art, City and Territory, , Las Palmas de Gran
Canaria, 35017, Gran Canaria, Spain

iCa’ Foscari University of Venice, Department of Environmental Sciences, Informatics and Statistics, Via Torino
155, Venice, 30170, Veneto, Italy

jCMCC Foundation - Euro-Mediterranean Center on Climate Change, Edificio Porta dell’Innovazione, 2nd floor, Via
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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

1

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=5280600

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



evaluation of multi-risk DRM pathways.

Keywords: Multi-risk, Disaster Risk Management, Adaptive Pathways, DAPP-MR, Qualitative
Case Studies, Stakeholder Engagement, Multi-Hazard, Multi-Sector, Climate Adaptation

1. Introduction1

Past disasters have demonstrated how natural and human factors amplify disaster risks. Multi-2

hazard events, defined by interactions between multiple hazards due to simultaneous or sequen-3

tial occurrence, can exacerbate the hazard-related impact drivers. Similarly, vulnerability char-4

acteristics and the dynamics of exposed infrastructure, services, people, and their dependence on5

each other can cascade impacts across sectors, regions, and communities (Simpson et al., 2021).6

These phenomena with interacting hazards and vulnerability dynamics are defined as multi-risk7

events (Zschau, 2017). For example, storm Boris led to significant flooding in central Europe8

and Italy, triggering landslides that damaged railway and road networks (BBC, 19 September9

2024). Similarly, the Catalonia region in Spain has frequently experienced severe periods of10

droughts and flash flood events as seen in 2024: prolonged drought conditions, combined with11

urbanisation, intensive agriculture, and flood risk protection measures, led to intensified flooding12

with limited relief for the drought due to the reduced infiltration and retention capacity of the soil13

(BBC, 17 January 2025).14

Understanding and addressing these complex interactions between and across human and15

natural factors is essential for effective disaster risk management (DRM, Hochrainer-Stigler et al.,16

2023; Sillmann et al., 2022; Zschau, 2017). However, DRM often focuses on isolated risks,17

not accounting for these interactions, which can result in unforeseen consequences elsewhere18

(Nilsson, 2017; de Ruiter et al., 2021). Furthermore, deep uncertainties related to climate change,19

socio-economic development, and other unpredictable factors complicate DRM decision-making20

(Lempert, 2003; Walker et al., 2003). In the case of Catalonia, the intensity of flash flood events21

is expected to increase because of rising mean sea temperatures (Amiri et al., 2025). At the same22

time, uncertainties in current future projections are large, which means that the exact precipitation23

patterns cannot be predicted yet. Additionally, the expansion of the city of Barcelona, built24

initially next to a river, gradually took over the entire delta, replacing the natural watercourses25

(Del Mar Pérez Cambra et al., 2025; Wynn, 1979). Risk management cannot be static in such26

contexts - it requires adaptive planning dealing with (future) uncertainties. However, such multi-27

(hazard) risk management in Europe often remains undelivered in practice (Poljansek et al., 2021;28

Šakić Trogrlić et al., 2024).29

Pathways-thinking has emerged as a promising approach to address challenges of uncer-30

tainties and complexities (Haasnoot et al., 2021; Ward et al., 2022). The Dynamic Adaptive31

Pathways Planning (DAPP) framework supports decision-making under uncertainty by identi-32

fying flexible, short-to-long-term strategies to deal with evolving risks (Haasnoot et al., 2013,33

2024). By mapping out alternative sequences of measures over time, pathway-thinking helps34

avoid lock-ins, maintain flexibility, and facilitate adaptive changes when needed (Haasnoot et al.,35

2024; Lawrence et al., 2025; Thaler et al., 2023). Pathways have been developed using computa-36

tional models (e.g., Jafino et al., 2021), qualitative expert knowledge (e.g., Cradock-Henry et al.,37
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2020), or a combination of both (e.g., Colloff et al., 2016). A recent study by Haasnoot et al.38

(2024) shows that pathways thinking has been applied for different specific hazards and sectors,39

such as forest management for future wildfire risk (Colloff et al., 2016), urban water management40

(Carstens et al., 2019), and transport infrastructure planning for future flood risk (Hadjidemetriou41

et al., 2022), but is still in its infancy for multi-risk settings.42

To address this gap in multi-risk pathways thinking, DAPP has been extended to multi-risk43

settings (DAPP-MR), which accounts for explicit interactions between multiple hazards and sec-44

tors (Schlumberger et al., 2022a). DAPP-MR follows a staged approach: pathways are developed45

separately for each sector-hazard combination first before integrating them to explore interac-46

tions, synergies, and trade-offs across multiple hazards and sectors. These decision stages reduce47

analytical complexity while ensuring that DRM pathways are robust across future conditions.48

To develop and evaluate pathways across the different stages of complexity, DAPP-MR iterates49

through a set of analytical stages. It starts with identifying the system boundaries, which include50

a characterization of the space and elements of the case study along with its vulnerabilities, future51

uncertainties, and objectives of interest. Based on this system understanding, potential DRM op-52

tions are identified, characterized, and combined into different pathways (Haasnoot et al., 2021).53

The system understanding is updated iteratively across the stages by incorporating additional54

information on different dynamics and connections.55

Previous applications of DAPP-MR include a synthetic quantitative, model-based case study56

to investigate the implications and challenges of multi-risk pathways analysis in data- and resource-57

rich contexts (Schlumberger et al., 2024). However, in real-life case studies, qualitative ap-58

proaches are often used as an entry point to engage stakeholders in long-term planning and draw59

on expert input and literature for developing pathways. These approaches can inform subsequent60

(semi-)quantitative analyses by characterizing the scope and purpose of the analysis (Haasnoot61

et al., 2024; Ramm et al., 2018).62

This study investigates how DAPP-MR can support the development of multi-risk pathways.63

We draw from the process and experience of applying DAPP-MR in four European case study64

areas: the Canary Islands, the Danube Region, the North Sea Region, and Scandinavia. Specifi-65

cally, we evaluate how and why multi-risk elements were integrated into the analysis across the66

case studies. Additionally, by reflecting on the development process and feedback from stake-67

holder engagement activities, we investigate the means and value of breaking down complexity68

into analysis stages and what we can learn from applying DAPP-MR for multi-risk DRM. Finally,69

we discuss common challenges and opportunities and reflect on the strengths and limitations of70

DAPP-MR in qualitative applications.71

2. Methods72

In this study, we reflect on the strengths and limitations of DAPP-MR as a policy analysis73

framework to develop and evaluate multi-risk pathways qualitatively. We do so along the lines74

of a set of questions of interest that touch on the key purpose of DAPP-MR. The following75

subsections outline the approach and data used to answer these questions:76

1. How does DAPP-MR support forming a multi-risk system understanding? The frame-77

work explicitly addresses a set of multi-risk elements that could be relevant in a multi-risk78

system and offers guidance to unravel those. Therefore, this question aims to analyze79

whether patterns are detectable regarding which multi-risk elements are generally consid-80

ered and, if not, for what reasons.81
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2. How helpful is DAPP-MR in navigating complexity? Evidence from previous studies82

(Schlumberger et al., 2022a, 2024) indicates that a staged approach helps analyze complex83

systems without being overwhelmed by interactions. However, this approach is also sub-84

ject to some limitations. Thus, this question explores the complexity captured by the case85

studies using the approach and whether the staged integration is helpful.86

3. What can we learn from DAPP-MR for DRM? As a policy analysis framework, DAPP-87

MR facilitates the identification of relevant DRM options, synergies, and trade-offs. It of-88

fers a solution-oriented approach to identifying and analyzing multi-risk DRM options in89

contrast to more commonly used problem-centered approaches in risk assessment, which90

focus primarily on hazards and/or impacts (Schweizer and Renn, 2019). Thus, this ques-91

tion aims to analyze the added value regarding DRM for sectoral stakeholders and re-92

searchers by engaging in a DAPP-MR exercise.93

2.1. The multiple case study approach94

We use data from multiple case studies (MCS) to support our findings, offering rich evidence95

supporting the analysis and development of a theory (e.g., Baxter and Jack, 2015; Yin, 2009). In96

this study, we use MCS to investigate what conclusions are drawn regarding the above-outlined97

questions of interest in each case study to identify similarities across multiple cases or unique98

insights to specific ones (Eisenhardt, 1991; Yin, 2009). The cases considered in this study are99

“polar types” (Eisenhardt and Graebner, 2007, p.27), meaning they have a wide variety of char-100

acteristics in terms of general climatic and environmental context, spatial and temporal scope,101

sectors and stakeholders involved, governance level, and hazards of interest (see Section 2.1.1).102

In contrast to one case study, accounting for multiple case studies can offer more robust insights103

regarding the questions of interest (Eisenhardt and Graebner, 2007). Eisenhardt and Graebner104

(2007) highlight that MCS approaches usually take a small number of cases into account, which105

still significantly increases the analytic power compared to a single-case study approach. In-106

creasing the number of cases comes at the risk of insufficient in-depth knowledge and analysis of107

the specific case when considered part of an MCS study (Gerring, 2004). We overcame this chal-108

lenge by working in teams with in-depth knowledge of each case study, which were embedded109

in a broader team (see Section 2.1.2).110

2.1.1. A brief overview of the case studies111

The analysis presented in this work is based on four case studies from the HORIZON 2020112

Multi-hazard and sYstemic framework for enhancing Risk-Informed mAnagement and Decision-113

making in the EU project (MYRIAD-EU,www.myriadproject.eu, Figure 1). MYRIAD-EU114

aims to provide policymakers and practitioners with practical tools to create forward-looking115

multi-risk DRM strategies. Central to the project are the case study teams (pilots), which test116

methods developed in the project (e.g., Casartelli et al., 2025; Claassen et al., 2023, 2025; Dal117

Barco et al., 2024, 2025; Hochrainer-Stigler et al., 2023; Stolte et al., 2024; Warren et al., 2023)118

by engaging in a collaborative co-development process with local stakeholders to address region-119

specific sustainability challenges (Šakić Trogrlić et al., 2024; Ward et al., 2022). This study120

focuses on methods, results, and reflections used for the pathway development process following121

the DAPP-MR approach. As such, we focus on four out of the five pilots of MYRIAD-EU, as122

the Veneto pilot followed a different approach (Casartelli et al., 2025).123

The first case study focuses on the Canary Islands Pilot (CIP), an archipelago highly vul-124

nerable to multiple natural hazards, including volcanic eruptions, droughts, wildfires, and heat-125

waves, with increasing risks due to climate change. For example, the 2021 La Palma volcanic126
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eruption and the water emergency declared in 2024 highlight the region’s systemic weaknesses127

in disaster preparedness, particularly in the tourism and agricultural sectors. This case study128

examines the opportunities for recovering and increasing tourism capacities after the volcanic129

eruption in 2021 while adapting existing practices in tourism and agriculture to the increasingly130

limited freshwater resources.131

The Danube Pilot (DP) focuses on the multi-hazard and multi-risk challenges in the Danube132

region, which comprises 14 countries. The Danube region is a socio-economically heterogeneous133

region exposed to numerous natural hazards (Hochrainer-Stigler et al., 2024). The Danube case134

study explores the interconnectedness between countries and sectors and the spill-over effects135

of multi-hazards in the region. The pathways analysis focuses on reducing flood and drought136

risks in the agricultural and river navigation sectors. Due to its large geographical scale, the137

Danube Pilot uses generic characteristics common along the river basin to define the system138

while acknowledging that the derived findings might require a tailored contextualization to the139

specific locations along the basin.140

The third case study explores the evolving risks and challenges in the North Sea Pilot (NSP).141

The North Sea is becoming increasingly crowded with diverse activities, such as offshore wind142

farms, shipping, and aquaculture. Climate change is intensifying these pressures, with more143

frequent storms, heatwaves, and multi-hazard events impacting sectors across the region. This144

case study examines how cross-sectoral maritime spatial planning can address these complex145

risks.146

The Scandinavian Pilot (SP) examines the interlinked challenges of Norway’s energy, forestry,147

and agriculture sectors within a Scandinavian context. Norway’s reliance on hydropower, shift-148

ing precipitation patterns, and rising energy demands call for adaptive strategies. Agriculture149

faces extreme weather and land use transformations, while forestry contends with logging, land-150

use conflicts, and climate impacts. The study explores sustainable practices, technology, and151

integrated planning to achieve climate goals while maintaining economic stability.152

2.1.2. The approach and methods used to develop multi-risk pathways153

We used DAPP-MR as the foundation for developing DRM pathways in the case studies.154

While DAPP-MR is designed for comprehensive policy analysis in multi-risk settings, qualita-155

tive approaches require adaptations to accommodate varying levels of data availability, diverse156

stakeholder involvement, and the need for accessible, intuitive methods. We simplified DAPP-157

MR into a comprehensive framework that applies an iterative process that retains the core an-158

alytical principles of DAPP-MR, notably the staged approach (Fig. 2). First, we established a159

comprehensive system understanding, identifying key sectors, their objectives, and the interde-160

pendencies between elements, functions, and stakeholders. Then, we identified and characterized161

DRM measures that align with sectoral objectives and address current and future risks. Based162

on these sets of measures, sectoral pathways were developed. Finally, multi-sectoral and multi-163

hazard interactions were integrated, assessing how different measures influence each other across164

sectors and, ultimately, the implications for the identified sectoral pathways. By embedding in-165

creasing complexity in the final step, this simplified version of DAPP-MR keeps the stagewise166

analytical focus while enhancing its practical applicability in qualitative settings. The overall167

process remains highly iterative, allowing for continuous refinement of the system understand-168

ing, measures, sectoral pathways, and interactions as new insights emerge.169

Information relevant to the DRM pathway development process was collected using vari-170

ous methods (Figure 2). Stakeholders were at the core of each case study. As part of the co-171

production process of MYRIAD-EU, each case study organized two pilot workshops and two172
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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 results173

of the pathways development process were presented to collect feedback and progress with the174

analysis. Stakeholders included local, regional, national, and transnational governmental bodies,175

academic institutions, private sector actors, and non-governmental or community-based organi-176

zations. Their roles ranged from policy-making and implementation to research, technical ser-177

vice provision, and sectoral advocacy. This functional diversity enabled the integration of strate-178

gic, operational, and experiential knowledge. Thematically, stakeholders covered many sectors179

aligned with the case study focus areas, including energy, tourism, agriculture, water manage-180

ment, civil protection, and climate adaptation. Many brought cross-cutting or interdisciplinary181

perspectives, particularly where systemic risk and uncertainty intersected with infrastructure, en-182

vironment, and social resilience. Additional information on the contents of the key meetings and183

the represented stakeholder profiles is available in Appendix A.1.184

Additional information on known dynamics and connected challenges was elicited through185

semi-structured interviews (Schlumberger et al., 2022b, ; van Maanen et al. in progress). Aside186

from these organized data collection efforts, most case studies engaged in additional formal and187

informal stakeholder engagement. For example, DP held four key informant interviews and a188

further group interview with key stakeholders to ensure that the developing process of the DAPP189

aligned with their field experiences. SP combined stakeholder engagement through various out-190

reach activities, including presentations and panel discussions with relevant Norwegian industry191

stakeholders and policymakers.192
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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 understanding193

multi-risk systems and cause-and-effect relationships between risk drivers and impacts of past194

and plausible future events. Storyline development aided in identifying DRM options, interac-195

tions, and pathways (Crummy et al., in preparation). A storyline constructs plausible, detailed196

narratives of past and potential future events to explore risk, uncertainty, and adaptation strate-197

gies (Shepherd et al., 2018; Sillmann et al., 2021). Integrating scientific data with contextual198

factors helps decision-makers understand how different hazards, vulnerabilities, and responses199

might unfold under specific conditions (e.g., Buskop et al., 2024; Goulart et al., 2021; Marciano200

et al., 2024). Additionally, the case studies used literature reviews to gain additional insights into201

the system and its dynamics.202

2.2. Qualifying the benefits of DAPP-MR203

Schlumberger et al. (2022a) reviewed recent multi-hazard and multi-sector literature to iden-204

tify key elements and dynamics that influence the development and evaluation of DRM pathways205

for addressing multi-risk. These elements can be grouped into three interrelated themes: (1) ef-206

fects of multiple interacting hazards, (2) dynamics and interdependencies of sectors, and (3)207

trade-offs and synergies related to the DRM options. We use these elements and themes to in-208

vestigate which aspects of multi-risk are generally well covered and which are not. By doing209

so, we investigate potential white spots of the applied analytical framework to form a multi-risk210

understanding and results or data required for a comprehensive multi-risk pathway analysis.211

7

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=5280600

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



We qualify the benefits of DAPP-MR in navigating complexity and learning for DRM based212

on the observations and experiences of the researchers leading the respective case studies, all213

of whom are part of the author team of this study. Two or three researchers were responsible214

for developing the DRM pathways in their case study, further supported by two DRM pathway215

experts. Intermediate results and stakeholder feedback regarding the pathways development pro-216

cess per case study were captured in confidential project deliverables, which will feed into a final217

public report (Gottardo et al. in preparation). We use these project deliverables, experiences,218

and discussions within the case study teams.219

3. Results220

In the following subsections, we will detail the observations and insights from the develop-221

ment process relevant to the three questions of interest on the value of DAPP-MR.222

3.1. How DAPP-MR supports the formation of a multi-risk system understanding223

All case studies addressed elements of multi-hazard, multi-sector dynamics and interactions224

across different DRM options to different degrees. Most elements were either considered in or225

discussed, but ultimately excluded from the analysis (Figure 3; Gottardo et al. in preparation).226

Reasons for exclusion varied, including limited relevance for the analysis or involved stakehold-227

ers, or insufficient knowledge and data. Only a few elements were not considered from the228

start. While multi-sector elements are well captured in the DRM pathways, multi-hazard ele-229

ments have been more difficult to translate into the policy analysis process. Differences can be230

observed across the case studies regarding the multi-risk elements related to DRM options.231

Some case studies, such as the NSP, discussed the potential of multi-hazard events and incor-232

porated them in their initial system understanding by conceptualizing impact chains and story-233

lines. However, they were disregarded in the further pathways analysis because of a lack of data.234

While individual hazards are relatively well understood, their interactions remain uncertain, par-235

ticularly in their cumulative or cascading effects due to limited historical data on multi-hazard236

events in the North Sea. Consequently, while it was conceptually possible to consider the inter-237

actions between multiple hazards, it was difficult for stakeholders to imagine future scenarios of238

multi-hazard events and understand their consequences. Likewise, the NSP identified that the239

key driver of multi-risk stems from interactions between different sectoral development actions,240

while multi-hazard dynamics play a relatively minor role. Similarly, in CIP, stakeholders high-241

lighted drought and volcanic eruptions as key risks, but discussions on their potential interactions,242

especially cascading or compounding effects, emerged only gradually during the post-eruption243

recovery process, reflecting both limited data availability and a low baseline awareness of multi-244

hazard dynamics. In DP, multi-hazard interactions between floods and droughts were discussed245

but disregarded because of limited information on the statistical relevance of interaction effects246

between these hazards. A combination of these reasons was identified in SP. As a result, for de-247

veloping DRM multi-risk pathways, all case studies considered multiple hazards that adversely248

affect the sectors without accounting for interactions.249

Interactions between sectors and their objectives were considered in all case studies. Explicit250

conflicts regarding limited resources were identified as the main drivers of sectoral interaction in251

CIP, NSP, and SP. For example, in CIP, allocating the limited water resources used for agriculture,252

tourism, and residential use is a significant challenge, as decisions in one sector affect the others.253

By incorporating different future scenario narratives, CIP and NSP acknowledged the dynamics254
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between sectors for limited resources (water and space). In NSP, a set of scenarios assumed an255

energy-led spatial development of the North Sea, while another set assumed an ecosystem-led256

spatial development. Likewise, sector-specific scenarios were developed to account for water257

availability changes and competition across CIP sectors. Conversely, in the SP, stakeholders258

discussed the power of different sectors due to current political priorities: interactions are mainly259

determined by decisions in the energy sector, driven by energy transformation-related land use260

changes affecting agriculture and forestry.261

Other elements addressing multi-sectoral dynamics, such as changes in exposure and vul-262

nerability or uncertainties in the relations between sectors, were discussed but not considered263

in any case study. This was related to insufficient tools and data to make reasonable qualitative264

assumptions and manage this information throughout the analysis. Impact-related interactions265

were discussed in various case studies, but were not explicitly considered by most. This was266

primarily due to the tailored system understanding for analyzing sectoral objectives, which did267

not exhibit a high degree of cross-sectoral interaction. For example, SP takes the energy sector268

as the starting point and expands the pathways by considering the different aspects of the mea-269

sures’ interactions with other sectors. It includes the impacts on agriculture and forestry sectors,270

social acceptance, land use concerns, nature impacts, social security, and resilience to climate271

shocks. Some case studies add scenarios to account for general socioeconomic and climate-272

change-related uncertainties. For example, the DP makes assumptions about future ship traffic273

on the Danube and potential increases in agricultural yields, and the CIP makes assumptions274

about the future tourism capacity needs in La Palma. In addition, SP incorporates assumptions275

on different levels of social acceptance toward measures in the energy sector.276

Patterns regarding the interaction elements in the context of DRM options are less clear across277

the case studies. In line with disregarding multi-hazard impact drivers as discussed earlier, DRM278

options were also not characterized concerning their vulnerability towards multi-hazard interac-279

tions in any case study. Conversely, DRM options of different sectors were either already chosen280

considering their vulnerability to the present hazards (e.g., NSP) or were characterized in general281

terms concerning the current vulnerability of cases to hydrometeorological hazards (e.g., DP, SP).282

In DP, synergies and trade-offs between droughts and floods were considered, particularly when283

identifying measures that enhance resilience to both. Early Warning Systems and Nature-Based284

Solutions were seen as such measures: Early Warning Systems were highlighted as a no-regret285

measure that supports preparedness for multiple hazards, while the potential of Nature-Based286

Solutions to mitigate flood risks and enhance drought resilience was recognized. Similarly, most287

cases consider trade-offs across sectors, primarily employing additional evaluation criteria when288

characterizing the methods or because of direct interactions between measures or the sectors (see289

Section 3.2.3). Uncertainties regarding the effectiveness of DRM options are captured in some of290

the case studies. In NSP, some effects of measures, especially regarding interaction effects, are291

marked as uncertain, highlighting that the effects are unknown or context-specific. In contrast,292

uncertainty regarding the perception is covered only in the SP, where the level of public accep-293

tance was used to differentiate two different sets of scenarios (high vs. lower acceptance towards294

renewable energies). The effectiveness of measures or uncertainties regarding interactions was295

considered in the CIP and NSP, in response to a lack of knowledge or conditional performance,296

for example, determined by technological innovation over the coming decades.297

3.2. How helpful DAPP-MR is in navigating complexity298

DAPP-MR offers a structured, stage-wise approach to integrating interactions rather than299

directly building a complex system understanding. Figure 4 summarizes the key development300
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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 touch301

upon the different development phases in the context of navigating complexity.302

3.2.1. Defining the system and the sectors303

Most case studies spent most of the project time forming and refining their understanding304

of the system and its sectors. This included formulating a system understanding consisting of305

different sectors with different short-term challenges and long-term needs based on that under-306

standing. The initial system maps were continuously updated and refined in the case studies307

during the pathway development process.308

The system understanding was built in all case studies, starting from the different sectoral309

perspectives. In some case studies (CIP, NSP), integrating different sectors into one system310

understanding started very early. For example, in the Canary Islands as a tourism destination,311

elements of the agricultural and tourism sectors are tightly intertwined. Similarly, stakeholders in312

the NSP identified that the primary source of disaster risk comes from the proximity of different313

sectoral uses of the space. In SP, the importance of the system was also discussed. However, the314

case study focused primarily on the energy sector because of the identified power dynamics (see315

Section 3.2.1). Interactions across sectors were thus integrated much later (see Section 3.2.3).316

The case studies completed this step in varying timeframes, as shown in Figure 4. Especially317

in CIP and DP, it took much longer to develop a common understanding of the system and its318

sectors than for NSP and SP. In CIP, this was mainly caused by the complexity of the tightly319

interconnected sectors considered. Tourism is a primary driver of change in many other sectors,320
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Figure 4: Outline of the staged approach implemented in the different case studies. Hatched bars indicate that only minor
revisions have been done in a given analysis step over that period. Note that the common end of the overall development
process was due to the deadline for a project deliverable. Hatched arrows indicate that in the future, each step could
continue to be refined further.

but also strongly depends on the services and products that other sectors deliver. Capturing this321

in clear DRM objectives per sector was especially challenging. In DP, a general understanding322

of the system and sectors was found relatively early. However, there was a significant struggle to323

identify the scale for the analysis due to spatially diverging characteristics in the large case study324

area. Similar challenges regarding the scale were encountered in SP, but it could be addressed325

much faster due to the limited spatial extent of SP compared to DP. In NSP, the period of minor326

revisions was relatively long because of the significant turnover of the stakeholders involved,327

which required repeated revision and re-introduction (and thus feedback).328

3.2.2. Developing sectoral DRM pathways329

In line with DAPP-MR, all case studies identified DRM options to achieve their primary ob-330

jectives (see Step 2 in Fig. 2). These DRM options were additionally characterized regarding331

other evaluation criteria relevant to the specific case studies. The case studies used scorecards to332

summarize the characterizations (see e.g., Figure 5), which were gradually populated. For most333

case studies (CIP, SP, DP), these evaluation criteria already include references to interactions334

with other sectors. For example, literature review and expert judgment were used in SP to char-335

acterize the cross-sectoral effects of different energy measures. Synergies included integrating336

renewable energy projects on agricultural lands, using agricultural residues for bioenergy, and337

promoting agroforestry practices. Trade-offs were identified in the competition for water and338

land, the potential negative impacts on natural ecosystems, and the economic costs of imple-339
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menting adaptation measures.340

In SP, most pathways were derived from existing long-term strategies of prominent energy341

sector actors. One additional pathway was developed based on expert knowledge regarding the342

plausibility/feasibility. On the other hand, NSP, CIP, and DP used narratives to form sectoral343

pathways - sequences of DRM options. While the NSP used narratives of different technological344

focus (e.g., energy sector pathways to extend offshore-wind capacity or to prioritize alternative345

energy sources), DP and CIP used perspective-driven narratives. For example, in CIP, pathways346

dealing with increasing bed capacity could have a sustainable focus (or not). In all case studies,347

stakeholders validated and refined the pathways regarding measures used and their sequencing.348

In CIP, this feedback also resulted in a revision of the evaluation criteria of the DRM options, un-349

covering criteria that were relevant for stakeholders to characterize their feasibility or plausibility350

as a short-term measure or long-term option.351

Again, some differences regarding the difficulty of this analysis step can be observed across352

the case studies (Figure 4). In most case studies (CIP, DP, NSP), a similar process was followed353

to identify and characterize measures, reorganize by reducing the number of measures, and refine354

the criteria used for the characterization. In particular, the identification of promising sectoral355

pathways was challenging. Stakeholders, generally unfamiliar with long-term planning, required356

time to get accustomed to the concept and its implications for their sectors. This resulted in357

multiple iterations and adjustments of the considered sectoral pathways. A notable exception358

was SP, where energy companies and the government had already developed long-term strategies359

for the energy sector, offering relevant measures and some of their characterization.360

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 pathways361

While interactions across hazards and sectors were already iteratively considered in step 1362

of the analysis, the case studies investigated the interactions between measures and sectors to363

develop multi-risk DRM pathways in the third step of this process. While SP used and integrated364

the interaction effects of the energy sector on other sectors already in their scorecard characteri-365

zation of the measures (see Section 3.2.2), NSP and DP used interaction matrices to characterize366

interactions. The NSP case study systematically investigated how measures from one sector in-367

fluence those in another (see Figure 6). Each combination was examined to identify pairs of mea-368

sures that have positive, negative, uncertain, or no effects on each other. For example, opening369

wind farms for shipping generally increases risks for the energy sector due to the increased possi-370

bility of collisions of ships with energy infrastructure in case of low-maneuverability conditions.371

The increased shipping traffic might also prevent/limit specific measures related to alternative372

energy sources and hydrogen production because of the space demand.373

The matrix represented an initial step toward developing multi-sector pathways by summa-374

rizing the general potential for interaction between sectoral measures and those of other sectors.375

Interactions across different pathways were identified based on specific subsets of sectoral mea-376

sures. This made it possible to highlight pathways with greater synergy potential or higher risk377

of trade-offs, helping to identify promising combinations of sectoral pathways. As shown in378

Figure 7b, the selected combination of the best-performing sectoral pathways (highlighted in379

blue in the first column) does demonstrate some degree of synergy, but not the highest possible.380

This raises important questions: Should sectors choose a different sectoral pathway to maximize381

synergistic effects, even if it slightly compromises direct individual sector performance? Alter-382

natively, should one sector be encouraged to modify its pathway to improve the overall synergy?383

As some interactions remain uncertain, it also opens the question regarding key knowledge gaps384

and possible context-specific interaction potential.385

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 across386

sectors were first identified using a matrix similar to NSP and a chord diagram. Unlike the NSP,387

DP did not focus on the effect on performance evaluation using a scorecard method but on the388

pathway timings (see Figure 8). During Focus Group 2, expert calibration revealed challenges389

in gathering feedback on pre-developed pathways. Instead, stakeholders favored co-developing390

sectoral pathways in parallel, drawing on a complete understanding of interactions between the391
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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-392

sector dependencies. Parallel implementation was explored where beneficial, particularly for393

enabling conditions like Early Warning Systems and cross-border cooperation. The discussions394

also surfaced potential medium- to long-term land-use conflicts for implementing the DRM op-395

tion.396

In the SP, the analysis of interactions of pathways did not focus on the interactions between397

the DRM options for energy and other sectors. Instead, it was more broadly informed by an398

integrated system understanding and the cross-sectoral interactions of DRM in Norway. As such,399

interactions were discussed more qualitatively and broadly per measure in a specific pathway400

(see Figure 9 for an example). It raises awareness that effective DRM at a national scale should401

be implemented in a multi-dimensional perspective. Rather than focusing on the interactions402

between specific measures, the SP potentially makes the approach more accessible and user-403

friendly for stakeholders.404

In the CIP, measures regarding the effects on limited resources (water budget) relevant to405

multiple sectors were characterized. The effects of all measures were quantified either in ab-406

solute terms (e.g., how much water consumption a hotel with an additional 2,000 beds would407

contribute) or in relative terms (e.g., how much water could be saved by installing water-saving408

fixtures). While these numbers appealed to stakeholders to make the measures and the interac-409

tions more practical, it turned out to be quite challenging to build pathways and the interactions410

across pathways purely qualitatively. Instead, the case study combined the quantitative effects of411

the measures to determine the implementation timing under different climate scenarios with and412

without interactions across sectors (see Figure 10). This visualization helped investigate the ex-413

pected lifetime of implemented DRM options, depending on whether only climate-driven reduc-414

tion in the available water budget was considered or whether this reduction was compounded with415
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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 different416

bed capacity strategies were made explicit, discussing whether pathways could meet the sectoral417

interests with less adverse effects regarding water demand. Similarly, stakeholders discussed418

which water demand seemed more plausible regarding the required timing of implementation of419

new DRM options. Finally, the visualisations could be used to discuss the trade-offs between420

tourism’s consumption of local water resources and agricultural production, especially under421

scenarios where no additional interventions are introduced to alleviate future water scarcity.422

3.3. What we can learn from applying DAPP-MR for DRM423

Applying the DAPP-MR framework across the four case studies provided valuable insights424

into its role in strengthening DRM. Overall, the approach was recognized as a helpful tool for425

raising awareness and sparking dialogue around key issues: the need for long-term planning,426

cross-sectoral cooperation, transboundary risk management, and the synergies and trade-offs427

of DRM measures. It was recognized for its flexibility in working across different scales and428

challenges, offering inspiration and ingredients for the analysis while still allowing tailoring to429

the specific context.430

In all case studies, DAPP-MR enabled more integrated, cross-sectoral thinking. Engaging431

diverse stakeholders and gathering feedback on interim results facilitated dialogue among ac-432

tors who did not collaborate before. In CIP, it helped structure discussions between the tourism433

and agriculture sectors, revealing how sectoral pathways interact under resource scarcity and434

uncovering governance gaps, particularly between water planning and risk reduction. This un-435

derscored the importance of anticipating sectoral conflict before hazards emerge. In DP, the436

process increased awareness of interdependencies across hazards, sectors, and scales, which is437

crucial in the Danube’s complex transboundary context. New stakeholder networks for ongoing438

collaboration have been formed in the NSP, where DRM awareness is limited.439
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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 the440

interconnections between hazards, sectors, and DRM options. Stakeholders, especially in DP, ac-441

tively discussed strategy synergies and trade-offs, ultimately co-developing sectoral pathways in442

parallel to balance opportunities and potential conflicts. Similar solution-oriented dialogues oc-443

curred across all case studies. CIP shifted from reactive, sector-specific approaches to integrated,444

anticipatory DRM. By examining tourism and agriculture under uncertainty, the pathways re-445

vealed system vulnerabilities, resource conflicts, and tipping points, enabling local authorities to446

align policies better, prioritize early action, and coordinate governance. Similarly, dialogue and447

learning occurred across sectoral boundaries and between different actors, including government448

authorities, non-governmental organizations, researchers, and private sector actors. Engaging449

this wide array of stakeholders was seen as very helpful for the analysis process.450

DAPP-MR further supported long-term adaptive planning by helping stakeholders align short-451

term priorities with long-term goals. Most case studies translated DRM narratives (e.g., ”busi-452

ness as usual” or ”technical solutions”) into two to five sector-specific DRM pathways. In SP,453

pathways reflected energy companies’ existing strategies, complemented by an expert-informed,454

integrated scenario, which allowed the outcomes of the pathways analysis to be linked to ongoing455

discussions about energy transformation strategies. In CIP, the framework helped to put DRM456

in its broader context, allowing for the integration of the short-term DRM needs with long-term457

sustainability challenges of the tourism destination. All case studies underscored the value of458

scenario-based thinking for managing future uncertainty. In addition to climate-related scenar-459

ios, each case study introduced a second dimension: social perceptions (SP), spatial planning460
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priorities (NSP, SP), external decision-making (CIP), or broader socio-economic uncertainties461

(DP). Across multiple case studies, the value of identifying and discussing the uncertainty in the462

effectiveness of different DRM measures, along with the task to extend the set of possible DRM463

solutions outside the typical narrow perspective, was perceived as very useful.464

4. Discussion465

In this study, we applied the DAPP-MR framework in four qualitative case studies to assess466

its value in developing multi-risk pathways. Our findings highlight the framework’s capacity467

to foster integrated system understanding, support strategic thinking, and navigate complexity468

in DRM. Across all cases, DAPP-MR served as a helpful guiding structure. Multi-sector in-469

teractions were effectively captured, whereas multi-hazard dynamics remained less developed,470

primarily due to limited stakeholder awareness, data constraints, and insufficient analytical tools.471

The overall process flow where the case study teams developed intermediate results and then472

further updated and refined them based on feedback from stakeholders seemed adequate for the473

application context of multi-risk DRM pathways - a theme still emerging within the research474

community (Brett et al., 2025; Šakić Trogrlić et al., 2024).475

The staged approach of DAPP-MR enabled the gradual refinement of analytical focus and476

adaptation to system complexity, resulting in diverse emphases across the cases. Focusing on477

DRM options helped streamline the analysis of sectoral interactions without overcomplicating478

the process. While the development of pathways was demanding, stakeholders found the process479

valuable and insightful for exploring future DRM strategies, as reported in other studies as well480

(Haasnoot et al., 2024; Werners et al., 2021). Similar to findings in other pathway development481

studies, difficulties arose in aligning scales, defining clear objectives, and selecting appropriate482

policy options (Bosomworth et al., 2017). Issues of scale were particularly pronounced. For483

example, in DP, it was challenging to generalize system elements across regions with different484

land-use patterns, governance structures, and planning priorities. Stakeholders emphasized that485

the choice of scale critically influences the identification of DRM measures and the assessment of486

interactions. For example, adaptation in agriculture proved highly context-specific, complicating487

efforts to identify general synergies or trade-offs between sectors.488

4.1. The value and challenge of co-production and local stakeholder engagement for multi-risk489

DRM pathways development490

The case studies underscored the critical role of stakeholder engagement in developing multi-491

risk DRM pathways. Feedback moments were essential for aligning assumptions, substantiating492

multi-risk knowledge, revealing oversimplifications and uncertainties, and guiding the direction493

of analysis. As discussed in Section 3.3, qualitative applications of DAPP-MR proved valuable494

for learning, capacity-building, and cross-sectoral knowledge exchange. The structured yet flex-495

ible nature of the pathway-development process functioned as a powerful tool for cross-sectoral496

learning, like a structured brainstorming session, encouraging shared exploration of interdepen-497

dencies between hazards, sectors, and DRM options. As the outcomes of the analysis show,498

especially when comparing Figures 7 to 10, the directions and angles that can be used for the499

pathways development process are manifold. It is reassuring that DAPP-MR offered the flexi-500

bility for such diversity, given the broad field of aspects that could be captured for an analysis501

of multi-risk DRM. Some, like SP and NSP, framed their work around development challenges,502

such as expanding energy production, which were influenced by decisions in other sectors or503
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broader socio-environmental uncertainties. Others, like CIP and DP, focused more explicitly on504

DRM strategies in response to climate change. This diversity suggests that DAPP-MR’s ability505

to integrate complexity across governance levels, sectors, and types of risk may have relevance506

beyond DRM, particularly in the context of climate-resilient development (Schipper et al., 2022)507

or cross-boundary collaboration (Carter et al., 2021).508

At the same time, it reflects a well-documented issue of comparability across applications due509

to the subjectivity in qualitative methodologies (Denzin and Lincoln, 2011). As shown in Section510

3.1, each case study followed a distinct focus and set of priorities, shaped by the composition511

and engagement of its stakeholder group. While the process involved operational experts from512

key sectors, decision-makers with formal mandates for DRM or long-term planning were less513

frequently engaged. As a result, the involved stakeholders provided in-depth practical knowledge514

about the different sectors. They used the analysis process for knowledge sharing and learning.515

In contrast, the consideration of strategic decisions and direct impacts of the analysis outcomes516

on the sectoral decision-making was less central in the discussions. A key consideration for517

future efforts thus needs to be identifying and engaging organizations with long-term planning518

mandates and cross-sectoral responsibilities to embed the DAPP-MR process within the relevant519

sectoral and institutional contexts and set up together with representative stakeholders (Reed,520

2008; Stringer et al., 2006; Stanton and Roelich, 2021). As a result, the analysis focus might521

shift, different forms of engagement might be needed, and different needs and potential for co-522

production and institutional continuity might arise (Klenk et al., 2017). However, if receiving523

sufficient attention and interest, what starts as a brainstorming and learning exercise can turn524

into real-world practice of DRM pathways, as examples from New Zealand show (Lawrence and525

Haasnoot, 2017; Lawrence et al., 2025).526

4.2. The need for an appropriate toolbox527

Qualitative applications of DAPP-MR in practice require a more extensive and integrated set528

of tools to support its operationalization - a common theme across policy analysis approaches for529

decision-making under uncertainty (Schlumberger et al. in preparation; Stanton and Roelich,530

2021). Especially in Section 3.1, we show that some aspects of multi-risk dynamics, mainly531

linked to multi-hazard interactions, were only considered to a certain extent. While the lack of532

prior experience with such dynamics probably contributed to this bottleneck (van Maanen et al.533

in preparation), the tools and methods used to generate, collect, or structure relevant data did534

not yet appear fully equipped to inform multi-risk DRM. While storylines and impact chains535

were used to untangle the dynamics of specific events and could thus help to form a better un-536

derstanding of the interaction effects (Crummy et al in preparation), other tools that allow for537

more systematic identification and mapping of multi-hazard events, such as methods developed538

by Claassen et al. (2023, 2025) were not applied. They are not yet tailored for qualitative ap-539

plication for multi-risk DRM pathways, for example, through easy-to-use visualisations or the540

capacity to consider future climate change uncertainty. Integrating such tools into DAPP-MR541

processes could help stakeholders better grasp the potential impact and risk arising from multi-542

hazard interactions. The latter can help judge the importance of considering multi-hazard events543

for long-term DRM decision-making. However, beyond identification of multi-hazard occur-544

rence, a policy analysis framework like DAPP-MR requires tools that capture the impacts and545

dynamic interactions triggered by these events, particularly through shifts in vulnerability or sys-546

temic feedbacks. Here, impact chains (Zebisch et al., 2021), storylines or other process-oriented547

methods (e.g., de Polt et al., 2023, Buijs et al. in preparation) could serve as valuable start-548

ing points for more structured, yet stakeholder-accessible, tools. Similarly, tools developed for549
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spatial analysis (e.g., van de Ven et al., 2016) offer promising leads, but their use for multi-risk550

challenges is still in progress (Langendijk et al. in preparation). Finally, while scenarios were551

used in this study to explore future change and uncertainty, most case studies did not implement552

a complete scenario-based planning process. Tools like the updated version of the Pathways553

Generator, which helps visualize and develop pathways under different scenarios, may offer sig-554

nificant value, especially in helping navigate the complexity of timing and tipping points and555

measuring interactions across diverse scenarios.556

In addition to these identified gaps, there are opportunities to offer a collection of similar557

or different methods that could be used to implement each step of the DAPP-MR process. Our558

findings highlight the diversity in how interaction analyses were conducted, showcasing the rich-559

ness of integrated system understanding and the multiple approaches available for addressing560

multi-risk. For example, collaborative system mapping was a key element in most case studies,561

yet the comparative strengths of different mapping techniques remain underexplored in the con-562

text of multi-risk. Testing different approaches, such as those reviewed by Warren et al. (2023),563

and reflecting on their differences regarding stakeholder engagement, focus, and system char-564

acterization, could offer a nuanced set of tools more flexible and supportive for a wide range565

of application contexts. Similarly, while this study’s identification and prioritization of DRM566

options relied on narratives and expert inputs, other tools could offer additional guidance. For567

example, the Peer Review Assessment Framework for Disaster Risk Management tool (PRAF,568

Casartelli et al., 2025), applied in the Veneto pilot of MYRIAD-EU (Casartelli et al., in prepa-569

ration), offers a structured approach for option identification and development around the DRM570

cycle, as well as key areas such as disaster risk governance, risk assessment, and DRM planning.571

It enables the identification of a coherent and comprehensive set of possible DRM options that572

could provide valuable insights for developing multi-risk DRM pathways.573

5. Outlook574

This study applied the DAPP-MR framework in four qualitative case studies to assess its575

value for multi-risk DRM pathways development. The findings demonstrate that DAPP-MR is a576

valuable addition to the existing landscape of risk assessment and decision-support approaches.577

Its particular strength is designing adaptive policy strategies under multi-risk and future uncer-578

tainty conditions. By emphasizing the evaluation of DRM options and their potential syner-579

gies and trade-offs, stakeholders in the different case studies recognized that DAPP-MR fills a580

methodological gap in how complex and uncertain risk environments can be addressed strategi-581

cally. Taken together, the findings from this study suggest that DAPP-MR should not be seen as582

a replacement for existing approaches, but rather as a strategic complement.583

Looking ahead, informing real-world DRM decisions and climate adaptation planning will584

require further development of tools to support the different steps of the DAPP-MR framework585

across diverse data and institutional contexts. In addition, future research could focus on building586

on the findings developed in the case studies. These could serve as a foundation for more refined587

analyses like quantitative pathways assessment and development, or for continued learning and588

co-production activities within the involved sectors. Such follow-up work could be used in future589

iterations of the case studies’ pathways development process to refine their scope, DRM options,590

and evaluations of pathways. It could furthermore help assess the transferability and practical591

relevance of the DAPP-MR. It would also deepen the integration of multi-risk dynamics and592

pathway-thinking into ongoing decision-making processes.593
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Appendix A. Overview of key stakeholder engagement activities and stakeholder profiles617

We provide comprehensive information on the various stakeholders present during the key618

stakeholder engagement activities. We distinguish between organizational affiliations, stake-619

holder types, governance levels, and thematic focus.620

The diversity of participating stakeholders reflects a broad spectrum of organizational affilia-621

tions. Public institutions played an important role in the case studies, including government de-622

partments at the local, regional, and national levels, often responsible for policymaking, planning,623

and the delivery of public services. Academic and research institutions were also represented,624

providing scientific and technical expertise in various thematic areas. Private sector participation625

was broad, ranging from individual consulting institutions and service providers to infrastructure626

operators and industry associations. Civil society perspectives were brought to the table by non-627

governmental and community organizations, often anchored in advocacy, local development, or628

thematic responsibility (e.g., environmental protection or sustainable agriculture). In some cases,629

intergovernmental and transnational actors representing regional cooperation platforms or global630

institutions also participated.631

Participants represented a wide range of functional roles within governance and decision-632

making systems. Some had formal authority to develop, coordinate, or regulate policy frame-633

works, while others were responsible for implementing programs, managing infrastructure, or634

providing technical services. Strategic insights and technical knowledge came from both con-635

sultants and academic researchers. Industry associations shared common perspectives of spe-636

cific sectors or professional groups. Community organizations and interest groups brought local637

voices, social values, and thematic priorities such as equity or sustainability into the analysis638

process.639

Stakeholders represented various governance levels. Local actors typically addressed place-640

specific needs and implementation challenges, often related to urban resilience, tourism develop-641

ment, or municipal services. Regional stakeholders often had responsibilities for coordination on642

subnational issues such as resource management or infrastructure planning. National institutions643

brought sectoral oversight and policy coherence to the discussion, while transnational actors,644

particularly in macro-regional contexts, provided insights into cross-border coordination.645

The actors contributed knowledge and experience from a broad range of issues. This included646

sector-specific expertise in areas such as energy systems, tourism development, agriculture, ma-647

rine policy, and water resource management, as well as cross-cutting issues such as climate648

adaptation, environmental risks, and sustainable development. Some actors brought deep spe-649

cialization in specific policy areas or technical systems, while others contributed integrative or650

interdisciplinary perspectives. Thematic diversity reflected not only the structure of the systems651

involved but also the interconnectedness of the risks addressed.652
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