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INTRODUCTION

Over the past decade, the National Centre for Resilience has helped position
Scotland at the forefront of research and practice on resilience and natural
hazards, generating new knowledge, tools and partnerships to strengthen the
country’s ability to anticipate, understand and respond to complex risks.

Through targeted research funding, cross-sector collaboration and knowledge
exchange, the National Centre for Resilience (NCR) has brought together universities,
government agencies, infrastructure operators, community organisations and
practitioners to address some of Scotland’s most pressing resilience challenges. In
doing so, the Centre has helped translate research into practical insight, ensuring that
new knowledge informs real-world preparedness, risk management and climate
adaptation.

The projects supported through NCR reflect the breadth and complexity of the
resilience challenge facing Scotland today. Research has advanced understanding of
how natural hazards emerge and interact in a changing climate, from landslides and
extreme rainfall to compound weather events and cascading infrastructure risks. This
work has strengthened the evidence base available to policymakers, planners and
practitioners, enabling better anticipation of future hazards and more informed
decision-making across sectors.

Alongside strengthening the evidence base, NCR-funded projects have produced
practical tools and approaches that support resilience in practice. These range from
sensor-based monitoring systems designed to improve the management of bridge
scour risk and protect transport infrastructure to digital flood visualisation tools that
enable communities and emergency planners to better understand evacuation
challenges during flood events. Other initiatives have demonstrated how nature-based
solutions such as peatland restoration can reduce flood risk while supporting climate
change mitigation and ecosystem recovery. The Centre has also supported innovative
approaches to public engagement and preparedness, including the educational
resources such as ‘Are you prepared?’ which was distributed to primary schools across
Scotland to help young people understand risks and build confidence in emergency
preparedness.

A defining feature of NCR’s work has been its role in connecting people and knowledge
across disciplines and sectors. Many projects have been developed in partnership with
public bodies, voluntary organisations and community groups, ensuring that research
addresses real-world needs. For example, the Fostering Resilience in Young People
with Additional Support Needs project worked closely with the Dumfries-based social
enterprise The Usual Place to explore how supportive workplace settings can help
young people with intellectual disabilities build resilience. In another example of
collaborative research on community resilience, place-based work along the river
Clyde has shown how combining technical flood risk data with local knowledge can
help communities better understand and respond to flooding.
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The Centre’s impact extends well beyond individual research outputs. NCR-supported
work has contributed to national policy discussions, informed climate risk
assessments, strengthened professional networks and stimulated follow-on research
funding across the UK and internationally. Equally important has been the Centre’s role
in building capacity from supporting students, early-career researchers to practitioners
who will lead resilience thinking in the years ahead.

The ten case studies that follow illustrate this impact in practice. Together they
demonstrate how NCR projects have generated new evidence, shaped policy
conversations, supported communities and strengthened critical infrastructure
resilience across Scotland. As climate change increases the frequency and severity of
natural hazards, the need for interdisciplinary research and collaborative action will
only grow. The work highlighted here provides a strong foundation for the future, with
the National Centre for Resilience continuing to connect research, policy and practice
to support a safer and more resilient Scotland in the decade ahead.
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IMPACT CASE STUDY: BUILDING A MOVEMENT:
COMMUNITY DEVELOPMENT AND COMMUNITY
RESILIENCE IN RESPONSE TO EXTREME EVENTS

PROJECT LEADS: SANDRA ENGSTROM AND TONY ROBERTSON
ORGANISATIONS/PARTNERS: STIRLING UNIVERSITY

DELIVERY YEAR: 2018 - 2019

EXECUTIVE SUMMARY

This project explored how community resilience is understood and enacted across
Scotland, bringing together perspectives from communities, the voluntary sector and
statutory organisations. It identified key gaps in knowledge and practice, particularly in
how resilience is coordinated across different sectors and types of extreme events.
Through a combination of research, engagement and policy-focused outputs, the
project contributed to shaping discussions around community resilience at national
and international levels. It informed thinking within the Scottish Government Resilience
Division, supported knowledge exchange across practitioner networks, and contributed
to a growing academic evidence base, including a highly cited publication. The project
also strengthened partnerships and stimulated further research activity, particularly in
relation to place-based approaches to resilience.

PROJECT CONTEXT & APPROACH

Community resilience is widely recognised as a critical component of preparedness for
and response to extreme events. However, in practice, approaches to community
resilience are often fragmented, with limited integration across sectors, hazards and
geographic contexts.

At the time of the project, there was a need to:

e Better understand how community resilience is conceptualised and enacted
across Scotland.

« ldentify gaps between policy, practice and lived experience.

e Bring together perspectives from communities, voluntary organisations and
statutory agencies.

o Explore how resilience operates across different types of extreme events rather
than in isolated silos.

This project addressed these challenges by adopting a cross-sector, multi-hazard
perspective and combined research, stakeholder engagement and policy-oriented
outputs to develop a more integrated understanding of community resilience.
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KEY ACTIVITIES

e Gathering insights from communities, voluntary sector organisations and

statutory bodies.

e Exploring community resilience across multiple extreme event scenarios.

e Producing a full report and policy briefing.

« Delivering engagement and co-design activity to bring stakeholders together.
o Developing an online presence, blogs and supporting materials to widen

dissemination.

The project emphasised dialogue and collaboration, creating opportunities for
stakeholders from different sectors to share perspectives and identify common

challenges.

KEY FINDIN

Community Resilience is a Cross-Sector Process

* Community resilience is not confined to a
single domain (e.g. flooding or emergency
response), but spans multiple sectors,
including health, environment, infrastructure
and community development.

¢ Truly effective resilience requires coordination
across all of these areas.

Community Development Approaches are key

* Emphasised value of community development

principles, including:
» Local knowledge and leadership.
 Strong social networks.
+ Empowerment and participation.
= Long-term relationship building.
* All critical to sustaining resilience before,
during and after extreme events.

OUTPUTS

CONTRIBUTIO

Gaps between Policy & Practice

Findings identified disconnects between
national-level policy and local-level
implementation.

While community resilience is a policy priority,
its enactment varies widely depending on local
capacity, resources and relationships.

Building Connections Across Domains

A key contribution of the project was
demonstrating the importance of linking
different actors and domains involved in
resilience.

By bringing together stakeholders who had
not previously worked together, the project
helped surface shared challenges and
opportunities for more integrated approaches.

OUTPUTS & DISSEMINATION

o Fullresearchreport.
e Policy Briefing

¢ Engagement and Co-design activities with Stakeholders

o COP26 Bitesize Lecture (October 2021)

e Blogs, Articles & Briefing Papers
e Photo Exhibit

ACADEMIC OUTPUTS
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Robertson, T., Docherty, P., Millar, F., Ruck, A. and Engstrom, S. (2021) Theory and

‘ practice of building community resilience to extreme events, International Journal of [Formatted: Font: Italic

Disaster Risk Reduction, Volume 59,102253, ISSN 2212-4209,
https://doi.org/10.1016/j.ijdrr.2021.102253.

Robertson, T., Docherty, P., Millar, F., Ruck, A. and Sandra Engstrom, Building a
Movement: Community Development and Community Resilience in Response to
Extreme Events — End of Project Report https://eprints.gla.ac.uk/206109/

NETWORKS AND CONNECTIONS

Outputs were used and shared by:

e Scottish Government Resilience Division.
e Scottish Flood Forum.
¢ Communities Prepared (UK-wide network).

Figure 1 - Image shows workshop held during the project

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

The project contributed to shaping thinking among policymakers, practitioners and
third sector organisations working in community resilience.

e The Scottish Government Resilience Division used the report and framework to
inform evolving approaches to resilience policy and practice.

e The Scottish Flood Forum disseminated findings across its network.

¢ Communities Prepared used the framework to compare the Scottish context
with approaches in England and Wales.

While direct attribution within formal policy documents is difficult to evidence,
stakeholders have indicated that the project informed new ways of working and
influenced how community resilience is approached in practice.
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LONGER TERM IMPACT AND LEGACY

The project has had a strong academic legacy, with its findings contributing to a highly
cited publication (over 100 citations). This work has informed subsequent research
both within the University of Stirling and more widely.

The project contributed to the development of further research, including a successful
Hydronation Chair Catalyst Award (2023): Building community water resilience in
Scotland: Using place-based approaches for engagement and action on the
determinants of water resilience.

The project team has been invited to present findings at a range of high-profile events,
including Scottish Government (Health and Social Care Analysis Division), COP26-
related events and Seoul Symposium on Community Disaster Resilience. Reflecting the
project’s contribution to wider conversations on community resilience beyond
Scotland.

SUSTAINED PARTNERSHIPS

The project strengthened relationships with key organisations, particularly with
Communities Prepared and the British Red Cross (through follow on funding bids).
These collaborations extended beyond the lifetime of the project, supporting ongoing
dialogue and joint funding applications focused on community resilience hubs and
place-based approaches.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

This project made an important contribution to advancing understanding of community
resilience in Scotland by bringing together groups, organisations and individuals who
had not previously worked together and helping them recognise the interconnections
across different aspects of resilience. By creating space for dialogue across sectors
and domains, it supported a shift towards more integrated and collaborative
approaches, emphasising the importance of community development principles and
stronger connections between policy, practice and lived experience.

SUPPORTING EVIDENCE

o Project webpage: https://extremeevents.stir.ac.uk/projects/building-a-
movement-community-development-and-community-resilience-in-response-
to-extreme-events/

o NCRWebpage: https://ncr.glasgow.ac.uk/?p=756

o Final Research Report: https://eprints.gla.ac.uk/206109/

e Policy Brief: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://extremeevents.stir.ac.u
k/wp-content/uploads/2021/09/Building-a-movement-Community-
Development-and-Community-Resilience-in-Response-to-Extreme-Events-

1.pdf
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e Blogs: https://policyblog.stir.ac.uk/2021/05/07/a-thread-usually-breaks-where-
it-is-thinnest-lessons-for-building-communities-back-better/

¢ Conversation Article: https://theconversation.com/from-bush-fires-to-
terrorism-how-communities-become-resilient-129932

e Journal Article:
https://www.sciencedirect.com/science/article/pii/S2212420921002193?via%3

Dihub
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IMPACT CASE STUDY: DEVELOPING A DIGITAL FLOOD
EVACUATION MODEL FOR CLIMATE CHANGE AND
WELLBEING

PROJECT LEADS: DR LESLIE MABON, DR YANG JIANG

ORGANISATIONS/PARTNERS: THE SCOTTISH ASSOCIATION FOR MARINE
SCIENCE, ROBERT GORDON UNIVERSITY

DELIVERY YEAR: 2019-2020

EXECUTIVE SUMMARY

This project investigated how immersive digital technologies can strengthen community
preparedness for flooding. While existing flood models can simulate the physical extent
of floodwaters, they often provide limited insight into how people experience flooding or
how evacuation and response decisions unfold in real-world settings.

To address this challenge, the project developed a three-dimensional virtual reality (VR)
flood simulation based on the flood-prone village of Ballater in Aberdeenshire. By
integrating environmental data from the 2015-16 Storm Frank event with social science
insights on community experiences of flooding, the project produced an interactive
model capable of visualising how floodwaters might evolve in real time.

The work demonstrated the potential for VR and augmented reality tools to support
emergency planning, community learning and evacuation preparedness, particularly
when developed alongside local knowledge and community engagement.

PROJECT CONTEXT & APPROACH

Planning for extreme weather events increasingly relies
on digital modelling tools. However, conventional two-
dimensional flood models can struggle to communicate
the lived experience of floods or illustrate how
communities may respond during an emergency.

This project explored how combining social science
research with digital modelling techniques could provide
aricher understanding of flood risk and preparedness.
Ballater in Aberdeenshire, a community significantly
affected by flooding during Storm Frank in 2015-16, was
selected as a pilot case study.
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The project adopted an interdisciplinary approach. Social science research was
undertaken to understand community experiences of flooding and identify key
decision-making challenges faced by emergency responders and residents. These
insights were then integrated into the development of a 3D virtual environment
simulating flood behaviour in the town, enabling users to visualise potential flood
scenarios and evacuation routes.

This approach aimed to support both emergency planning and community learning by
providing a more intuitive way to explore the dynamics of flooding and potential

response strategies.

KEY ACTIVITIES

e Social science research to examine how communities experience and
respond to flooding, including interviews and observational studies.
e Analysed governance and policy frameworks relating to flood resilience in

Scotland.

e Developed a 3D virtual reality simulation of flooding in Ballater, based on
environmental data from the Storm Frank event.

e Produced an augmented reality visualisation enabling mobile-based
exploration of flood scenarios.

e Held engagement sessions with stakeholders and community
representatives to test the models and discuss future applications.

e Supported undergraduate research projects examining flood preparedness
and community responses in Aberdeenshire.

KEY FINDINGS AND PROJECT CONTRIBUTIONS

The project demonstrated that immersive digital environments can offer valuable
support for flood preparedness and risk communication.

AR & VR for
improved
planning

Visualisation tools
such as VR and AR can
help communities and
emergency responders
better understand how
flooding may develop
spatially and
temporally.

Simulations to
support
practice

Digital simulations
provide a practical way
to explore evacuation
routes and assess how
different response
strategies may operate
in real-world
environments.

Community
voice and
leadership

The social science
element of the project
highlighted the
importance of trust,
communication and
community leadership
in effective emergency
planning.

Local knowledge
to shape
decision tools

Decision-support tools

are most effective
when they are informed
by local knowledge and
developed in
collaboration with
community
stakeholders.

The project also emphasised that digital modelling should complement—not replace—
local expertise and community-led preparedness efforts.
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OUTPUTS & DISSEMINATION

OUTPUTS

e Full Project Report outlining development and findings of the digital flood model

o A 3Dvirtual reality flood simulation based on the town of Ballater.

¢ A mobile-based augmented reality visualisation tool for exploring flood
scenarios.

EDUCATIONAL & ENGAGEMENT OUTPUTS
e Community engagement with the Ballater Flood Group to discuss model
findings and potential applications.
e Undergraduate student dissertations examining flood preparedness, community
trust and risk communication in Aberdeenshire.
o Knowledge exchange with stakeholders involved in flood planning and risk
communication.

NETWORKS AND CONNECTIONS

The project involved collaboration between researchers, community organisations and
public-sector stakeholders.

Key groups engaged included:
o Ballater Flood Group
e Aberdeenshire Council

¢ James Hutton Institute

These organisations contributed local knowledge, technical expertise and policy
perspectives that informed the development and testing of the digital modelling tools.

The project also fostered international academic exchange through collaboration with

researchers at Xi’an University of Technology, supporting knowledge sharing on flood
modelling and resilience research.

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

Community stakeholders expressed strong interest in using the visualisation tools to
better understand past flooding events and explore possible future scenarios.

The Ballater Flood Group engaged with the project team to review the virtual flood
model and consider how it could support ongoing discussions about flood defences
and contingency planning in the area. The model helped illustrate how the 2015 flood
unfolded and provided a basis for evaluating potential mitigation strategies.
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Aberdeenshire Council also received summaries of the research findings and
associated student dissertations to inform their future work on risk communication and
public engagement around flood preparedness.

LONGER TERM IMPACT AND LEGACY

Although the project did not generate follow-on funding immediately, it contributed to
developing new approaches to digital flood visualisation and community-focused
resilience planning. The work also supported academic training and student research,
leading to undergraduate dissertations examining flood preparedness, risk perception
and community responses to flooding in Aberdeenshire. More broadly, the project
highlights how universities can play a role in connecting community experiences, social
science research and digital technology to support resilience planning.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

The project’s most significant contribution lies in demonstrating the potential of virtual
and augmented reality technologies to support flood preparedness and community
learning. By visualising how floodwaters might develop within a built environment,
immersive digital models can help communities, emergency responders and local
authorities better understand evacuation challenges and potential response strategies.

Equally important was the project’s emphasis on the role of trusted local actors and
community leadership in emergency planning. The research highlights that effective
resilience strategies depend not only on technological tools but also on strong
community relationships and trusted communication networks.

SUPPORTING EVIDENCE

¢ Research Summary: https://eprints.gla.ac.uk/206588/
e Project Webpage: https://ncr.glasgow.ac.uk/?p=760
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IMPACT CASE STUDY: IMPROVING BRIDGE RESILIENCE
THROUGH STRUCTURAL HEALTH MONITORING FOR
SCOUR RISK

PROJECT LEADS: DR ENRICO TUBALDI

ORGANISATIONS/PARTNERS: UNIVERSITY OF STRATHCLYDE, TRANSPORT
SCOTLAND

DELIVERY YEAR: 2020

EXECUTIVE SUMMARY

This project investigated how structural health monitoring (SHM) technologies can
improve the assessment and management of bridge scour risk. Scour—the erosion of
material around bridge foundations caused by flowing water during floods—is one of
the leading causes of bridge failures worldwide and represents a major threat to
transport infrastructure resilience.

The project evaluated the benefits of sensor-based monitoring technologies for
detecting and managing scour risk at bridges. Through research and collaboration with
transport authorities, the project reviewed existing monitoring techniques, assessed
their effectiveness, and explored how sensor data can support improved decision-
making for bridge management.

The research contributed to raising awareness of the role of sensing technologies in
improving infrastructure resilience. It also supported collaboration with Transport
Scotland and other transport agencies, leading to the installation of monitoring systems
at bridges vulnerable to scour and informing subsequent research projects on bridge
monitoring and flood resilience. The project generated multiple academic publications
and helped establish an ongoing programme of research and collaboration in this area.

PROJECT CONTEXT & APPROACH

Flood-induced scour occurs when flowing water erodes sediment around bridge
foundations, potentially compromising structural stability. Scour is recognised as one
of the most common causes of bridge failures globally, with numerous collapses linked
to flooding events and erosion of bridge foundations.’

In the UK, thousands of bridges are located over rivers and waterways and therefore
remain vulnerable to scour hazards during extreme weather events. Traditional

"Tubaldi, Enrico, Maroni, Andrea, Ferguson, Neil and Zonta, Daniele (2020) Evaluating the benefit of
structural health monitoring for improving bridge resilience against scour. Deliverable D1 - Report
on critical review of alternative techniques for bridge scour monitoring. Documentation. National
Centre for Resilience.
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approaches to managing scour risk typically rely on visual inspections and indirect
indicators such as water levels. However, these approaches can be costly, time-
consuming and may not provide sufficiently accurate information about the evolving
state of bridge foundations.

The research aimed to:

e Quantify the benefits of SHM systems for bridge scour early warning and risk
assessment.

« Review existing scour monitoring technologies and evaluate their effectiveness.

e Explore how sensor data could be integrated into decision-support systems for
bridge management.

The project combined technical analysis, literature review and engagement with
transport authorities to develop a clearer understanding of how monitoring
technologies can enhance infrastructure resilience.

Figure 2 Images collected during the project showing impacts of scour

KEY ACTIVITIES

e« Conducted a critical review of existing bridge scour monitoring techniques used
in the UK and internationally.

« Evaluated the effectiveness of alternative sensor technologies for monitoring
scour at bridge foundations.

« Developed a framework for integrating data from different monitoring systems
into scour risk assessment.

e Applied the methodology to a case study bridge at high risk of scour and
collaborated with Transport Scotland to support the installation of monitoring
sensors at two vulnerable bridges.

« Engaged with transport agencies, operators, consultancies and local authorities
through workshops and knowledge exchange.
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Detection
Limitations

Improved
Early Detection

Demonstrated how
structural health
monitoring systems
can improve early
detection of scour
hazards and provide
more reliable data for
risk assessment.

Helped to identify the
advantages and
limitations of different

including direct and
indirect sensing
approaches.

monitoring techniques,

Building Scotland’s resilience to natural hazards

KEY FINDINGS AND PROJECT CONTRIBUTIONS

Assessment of
Monitoring

Developed a
methodology for
assessing the
effectiveness of
monitoring systems
based on their ability to
reduce uncertainty in
bridge risk assessment.

Supported
Decision Making

Highlighted how
integrating monitoring
data into decision-
support systems can
support improved
management of bridge
closures and traffic
restrictions during
extreme events.

The research emphasised the potential of monitoring technologies to move bridge
management from reactive inspection-based approaches towards more data-driven
and proactive infrastructure resilience strategies.

OUTPUTS & DISSEMINATION

ACADEMIC OUTPUTS

e Three project reports evaluating scour monitoring technologies and approaches.
https://eprints.gla.ac.uk/225801/

e« Academic journal article on bridge monitoring and flood resilience:
https://www.sciencedirect.com/science/article/pii/S0951832023003873?via%3
Dihub

e Ahorizon scanning paper on future challenges in improving bridge flood
resilience leading from workshop with transport agencies, operators,
consultancies and councils:
https://nhess.copernicus.org/articles/22/795/2022/

¢ Award Winning Paper published in the Institute of Civil Engineers Journal
(Thomas Telford Prize Recipient): https://www.emerald.com/jsmic/article-
abstract/175/2/92/442069/A-monitoring-based-classification-system-for-
risk?redirectedFrom=fulltext

NETWORKS AND CONNECTIONS

The project involved collaboration with a range of infrastructure and research
organisations, including:

e Transport Scotland
« National Highways
e Scottish Road Research Board
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e Local authorities and consultancies
e Academic researchers working on infrastructure resilience and monitoring
technologies.

Workshops organised during the project brought together transport agencies,

infrastructure operators, engineers and researchers to discuss challenges and future
directions in bridge flood resilience.

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

The project contributed to improving awareness among practitioners and infrastructure
operators about the benefits of sensor-based monitoring for managing scour risk.
Through collaboration with Transport Scotland, the project supported the installation of
monitoring sensors at bridges identified as being at high risk of scour. These monitoring
systems provide data that can support improved risk assessment and management of
bridge infrastructure exposed to flood hazards. The findings also informed professional
discussions on bridge monitoring and resilience and contributed to publications
addressing future directions in infrastructure monitoring and flood resilience.

LONGER TERM IMPACT AND LEGACY

The project has had a significant academic and research legacy, underpinning several
subsequent research projects focused on bridge monitoring and flood resilience.

NAME FUNDER DATES | AWARD VALUE
Structural Performance monitoring and evaluation of | EU Horizon Europe-
scoured bridges under dynamic actions ERIES call 06/24 | £52,500
EPSRC-Innovati 01724
Researcher in Residence at Connect Places Catapult. -innovation
Launchpad — £49,972
Improved models for the impact of floods. Network+ L1725
06/24
Enabllng the Fow-cost, high coverage monitoring of Transport Scotland . £116,071
hydraulic actions on transport assets
11/25
Foundations - improving risk assessment and 0323
prioritisation processes for management of scour at National Highways — £166,000
structures. 09/24
Development of a low-cost bathymetric survey . 03/23
- Scottish Road
system combining a sonar sensor and a remote- — £2,500
Research board
controlled boat. Student Research grant. 06/23
03/22
Low-cost sensor system for enhanced bridge flood Department for R £30.000
resilience Transport (TRIG) ’
10/22
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03/22
Affordable monitoring system for improving bridge Royal Society . £16.136
flood resilience. Research Grant ’
03/23
02/22
RAMOBRIS Risk Assessment and MOnitoring for EU (MSCA IF 2020) | — £181,000
BRidges under Scour hazard
10/24

Together, these projects have supported the continued development of low-cost
sensor technologies and monitoring systems for improving bridge resilience against
flooding and scour hazards.

SUSTAINED PARTNERSHIPS

The project strengthened partnerships between researchers and infrastructure
operators, particularly with Transport Scotland, which continues to collaborate on
monitoring and resilience research. Additional collaborations have been established
with organisations including National Highways, the Scottish Road Research Board and
local authorities. These partnerships support ongoing research and knowledge
exchange focused on infrastructure monitoring and climate resilience.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

This project contributed to strengthening the resilience of Scotland’s transport
infrastructure by demonstrating the value of sensor-based monitoring technologies for
managing bridge scour risk.

By improving the understanding of how structural health monitoring can support early
warning and better risk assessment, the project has helped advance approaches to
managing hydraulic hazards affecting bridges. The work highlights the potential for
data-driven monitoring systems to support more proactive and resilient infrastructure
management in the face of increasing flood risks associated with climate change.

ADDITIONAL EVIDENCE

o Feature: https://cp.catapult.org.uk/article/meet-the-academic-protecting-
bridges-from-climate-change
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IMPACT CASE STUDY: BUILDING RESILIENE TO
INTERACTING EXTREME WEATHER-DRIVE HAZARDS
AND CASCADING IMPACTS

PROJECT LEADS: DR CHRISTOPHER WHITE
ORGANISATIONS/PARTNERS: UNIVERSITY OF STRATHCLYDE

DELIVERY YEAR: 2022 - 2023

EXECUTIVE SUMMARY

This project explored how interacting extreme weather events, often referred to as
compound or multi-hazards, can generate cascading impacts across infrastructure
systems, environments and communities. While hazards such as storms, flooding or
heatwaves are often studied individually, real-world events frequently arise from
combinations of interacting drivers and processes.

The project developed a comprehensive review of compound hazards and cascading
impacts relevant to Scotland, drawing on international literature, historical case
studies and climate projections. By reassessing notable weather events through a
multi-hazard lens, the research identified how interactions between hazards can
amplify disruption across sectors including infrastructure, water resources, agriculture
and ecosystems.

The work also highlighted a significant gap in Scotland-focused research on interacting
hazards and emphasised the need for improved understanding of how compound risks
may evolve under climate change. These insights have contributed to ongoing research
and policy discussions on infrastructure resilience, including engagement with the
Climate Ready Infrastructure Scotland (CRIS) Forum and the UK’s Fourth Climate
Change Risk Assessment (CCRA4) process.

PROJECT CONTEXT AND APPROACH

Traditional approaches to hazard assessment typically examine weather-driven events,
such as storms, droughts or floods, individually, but many extreme events are the result
of multiple interacting drivers that unfold across spatial and temporal scales.

For example, periods of prolonged rainfall followed by saturated soils may increase the
likelihood of flooding and landslides, while heatwaves combined with drought
conditions can intensify agricultural and ecological impacts. These interactions can
trigger cascading effects, where disruptions spread across interconnected systems
such as infrastructure networks, supply chains and environmental resources.
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The project aimed to provide an initial assessment of these complex interactions within
the Scottish with the aim to enable the development of a baseline understanding of
interacting hazards and cascading impacts relevant to climate resilience planning in
Scotland. 2

Figure 3 The Forth bridges near Edinburgh illustrate the interconnected infrastructure systems that may be affected by
interacting hazards and cascading climate risks.

KEY ACTIVITIES

e Conducted a cross-disciplinary literature review examining global and UK
research on compound hazards and cascading impacts.

o |dentified and analysed historical weather events relevant to Scotland to
illustrate how interacting hazards can lead to cascading impacts.

o Re-evaluated single-hazard events through a multi-hazard framework,
identifying interactions between drivers such as rainfall, wind, temperature and
soil moisture conditions.

« Analysed climate projections to explore how combinations of extreme weather
drivers may change in future decades.

o Developed case studies illustrating key compound hazards affecting Scotland,
including hot-dry events, compound flooding and wildfire risks.

e Produced aresearch report summarising findings and recommendations for
future research priorities.

KEY FINDINGS AND PROJECT CONTRIBUTIONS

The research highlighted that many natural hazards affecting Scotland are the result of
interacting weather and environmental processes, rather than single events occurring
in isolation.

Several key insights emerged:

28immonds, R., White, C. J., Douglas, J., Sauter, C., & Brett, L. (2022). A Review of Interacting
Natural Hazards and Cascading Impacts in Scotland.
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¢ Compound hazards can amplify impacts across sectors by triggering cascading
disruptions in infrastructure systems, environmental processes and societal
activities.

e Scotland currently has relatively limited research examining multi-hazard
interactions compared with other regions.

« Climate change is likely to increase the likelihood of interacting hazards,
including combinations of extreme rainfall, windstorms, heatwaves and drought
conditions.

¢ Improved understanding of cascading risks is essential for infrastructure
planning, climate adaptation and resilience strategies.

The project also introduced a framework for analysing compound hazards based on

four interaction types: multivariate, spatially compounding, preconditioned and
temporally compounding events.

OUTPUTS & DISSEMINATION

OUTPUTS

« Research report: A review of Interacting Natural Hazards and Cascading Impacts
in Scotland https://eprints.gla.ac.uk/267515

¢ Evidence base summarising compound hazards and cascading impacts relevant
to Scotland.

e Policy-relevant insights informing discussions within the Climate Ready
Infrastructure Scotland (CRIS) Forum.

e Contributions to academic publications exploring compound hazards and
cascading risks.

¢ Inputto ongoing research and discussions around national climate risk
assessments.

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

Project outputs were shared with members of the CRIS Forum, helping inform
discussions on the resilience of Scotland’s critical infrastructure systems.

The research also contributed to the development of expertise at the University of
Strathclyde on compound hazards and cascading risks. This expertise enabled
participation in the infrastructure chapter of the UK’s Fourth Climate Change Risk
Assessment (CCRA4), which examines interconnected and cascading risks affecting
infrastructure systems. Through these activities, the project helped introduce multi-
hazard thinking into resilience discussions within Scotland’s infrastructure community.

LONGER TERM IMPACT AND LEGACY

The project has generated substantial academic and research legacy.

It has contributed to:
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¢ multiple peer-reviewed publications examining compound hazards and
cascading risks.

« the development of ongoing PhD research projects at the University of
Strathclyde

e undergraduate and MSc research exploring related climate resilience topics.

The work has also laid the foundation for further funded research projects focused on
compound hazards and infrastructure resilience. These include initiatives supported by
Network Rail, Horizon Europe and international research networks exploring multi-
hazard risk assessment and early warning systems.

The project strengthened collaborations between the University of Strathclyde and
partners involved in infrastructure resilience and climate adaptation. These
partnerships continue through participation in the Climate Ready Infrastructure
Scotland Forum, as well as involvement in international research initiatives examining
compound hazards and disaster risk governance.

The project has also helped position the Strathclyde research team as a contributor to
emerging international work on compound and cascading climate risks.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

A key contribution of this project has been to introduce and develop multi-hazard and
cascading risk thinking within the Scottish resilience landscape.

By highlighting how extreme weather drivers interact to generate cascading impacts,
the research provides a framework for understanding systemic risks affecting
infrastructure and environmental systems. This perspective is increasingly important as
climate change intensifies the frequency and severity of extreme weather events.

The project therefore contributes to Scotland’s resilience by helping policymakers,

infrastructure managers and researchers recognise the importance of interconnected
risks and cross-sectoral impacts when planning for future climate hazards.

SUPPORTING EVIDENCE

Project Webpage: https://ncr.glasgow.ac.uk/?p=810

Project Report: https://eprints.gla.ac.uk/267515

Project Team Page: https://pureportal.strath.ac.uk/en/publications/a-review-of-
interacting-natural-hazards-and-cascading-impacts-in-/

CRIS Forum Page: https://adaptation.scot/our-work/climate-ready-infrastructure-
scotland/
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IMPACT CASE STUDY: FOSTERING RESILIENCE IN
YOUNG PEOPLE WITH ADDITIONAL SUPPORT NEEDS

PROJECT LEADS: DR ALEXANDER WHITELAW, DR ANTHONY BELL
PARTNERS: THE USUAL PLACE CIC

DELIVERY YEAR: 2021-2022

EXECUTIVE SUMMARY

This pilot project investigated how organisational “settings” can foster resilience
among young people with Additional Support Needs (ASN). Delivered in partnership
with The Usual Place (TUP), a social enterprise café in Dumfries, the project explored
how inclusive workplace environments support young people with ASN to develop
resilience, particularly in the context of the COVID-19 pandemic.

The project generated new insights into resilience as a dynamic and relational process
and demonstrated the importance of balancing structured support with managed
exposure to risk. Its findings have influenced practice within local authorities, NHS and
third sector organisations, informed academic publication and postgraduate teaching,
and directly led to a follow-on project (“Eco for Me”) funded by the UNESCO Biosphere
Building Future Skills programme.

PROJECT CONTEXT & APPROACH

Young people with Additional Support Needs face significant inequalities. These
challenges were heightened by the COVID-19 pandemic, which increased isolation,
anxiety and disruption to routines and support structures.

Resilience is widely discussed in research and policy, however much of the literature
focuses on individual traits or coping strategies. Far less attention is given to how young
people with Additional Support Needs conceptualise resilience themselves, how it can
be fostered within realistic everyday settings. This project responded directly to these
gaps. It aligned closely with NCR priorities around resilience to extreme events and
sought to extend resilience thinking beyond individual attributes towards “settings-
based” approaches.

The project adopted an exploratory case study design in partnership with The Usual
Place (TUP), a Dumfries-based social enterprise café that provides employment,
training and accredited qualifications for young people with ASN.
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KEY FINDINGS AND PROJECT CONTRIBUTIONS

Resilience as a Dynamic and Relational Process The Importance of Organisati

* Young people described resilience not as a Importance of creating an enabling environment,
fixed personal trait, but as a dynamic process including:
of “becoming” — linked to maturing, building * Personalised support
confidence and more independence. Safe & Inclusive space
Peer support and community integration
Metaphors such as a “bendy tree in a big Exposure to real workplace experiences
storm” illustrated resilience as adaptability. Accredited Qualifications

Impact of COVID-19

Balancing safety with controlled risks ear durin
however TUP helped mitigate this by:
Structured support and Independence * Regular communication through Zoom
sessions
Protecting young people whilst enabling real ¢ Ongoing engagement & connection
world responsibilities Highlighting the necessity of continuity and
support through crises

PUTS & DISSEMINATION

PRIMARY OUTPUTS

e Fullresearchreport.

e Summary report.

o Easy-read accessible version.

« Knowledge exchange event (June 2022). Attracting 50 participants including:
Local councillors, NHS representatives, Third sector organisations and
Community stakeholders.

ACADEMIC OUTPUTS

Whitelaw, S., Bell, A., Mackay, A., & Hall, H. (2023) Fostering resilience in young people
with intellectual disabilities using a 'settings' approach. Journal of Intellectual
Disabilities, 28(2), 549-566.

Article in the Cabinet Office Resilience Digest — Publication Pending

The work has also been incorporated into the University of Glasgow’s MA Health and
Social Sector Leadership programme, with contributions from staff at The Usual Place.

NETWORKS AND CONNECTIONS

The project strengthened and created links with the Disability-Inclusive Climate Action
Research Program (McGill University) and the Scottish Learning Disabilities
Observatory.
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IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

Feedback from stakeholders indicates that the “settings-based” and balanced
support/risk approaches are being expressed in practice within Local authorities, NHS
services and third sector organisations. The knowledge exchange event facilitated
cross-sector dialogue in Dumfries and Galloway, to help embed resilience thinking
within services. While formal policy changes were not directly attributed, the project
influenced professional practice and contributed to evolving approaches.

Figure 4 Young People working with mentors at The Usual Place

LONGER TERM IMPACT AND LEGACY

DEVELOPMENT OF “ECO FOR ME”

Within the project, climate change was identified as a potential source of anxiety and
threat to resilience among young people with ASN.

This insight directly led to the development of: ECO for Me: Developing an Accessible
Education for Sustainable Development Programme for Young People with Additional
Support Needs. This follow-on project explores how environmental issues are
experienced by young people with ASN and how educational approaches can be
adapted to support inclusive participation in climate action.

The Eco for Me project secured funding from the UNESCO Biosphere Building Future
Skills at UNESCO Designated Sites fund. Subsequent funding bids have been submitted
to Scottish Government Climate Engagement Fund, Dumfries & Galloway Community
Led Development Fund, SSE Renewables Sustainable Development Fund and The
Holywood Trust. Although not all bids were successful, this demonstrates sustained
momentum and continued development beyond the original NCR funding.

SUSTAINED PARTNERSHIPS
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A project group was established to progress Eco for Me, bringing together the University
of Glasgow (School of Social and Environmental Sustainability), Galloway and South
Ayrshire UNESCO Biosphere, the Crichton Carbon Centre and The Usual Place. The
group are currently looking to secure funding to further develop this work, particularly
testing-out existing resources and approaches in situ that in turn will lead to the
development of a new educational resource that will support learners with ASN to
positively participate in climate conversations and actions.

ACADEMIC LEGACY

The project produced a peer-reviewed publication and contributed to ongoing
academic discourse around ecological and settings-based resilience. Integration into
postgraduate teaching has extended the impact to future health and social sector
leaders. Students are exposed to a live example of community-engaged research
translating into practice.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

The work has offered new insights into the nature of resilience specifically amongst
young people with ASN. Additionally, the expression of this in a workplace and in
relation to employability was novel. The work highlighted the potential of a 'settings'
approach to the fostering of resilience - that involves creating inclusive environments. It
showed that the fostering of resilience was the product of dynamic balance between
structured support but also opportunities for the young people to take risks and be
independent.

SUPPORTING EVIDENCE

« Project webpage: https://ncr.glasgow.ac.uk/?p=794

« Knowledge exchange event: https://ncr.glasgow.ac.uk/?p=803
e Journal article: https://pubmed.ncbi.nlm.nih.gov/36977495/

« Cabinet Office Resilience Digest Article: Publication Pending

e EcoforMe: https://ncr.glasgow.ac.uk/?p=2244

CONCLUSION

This project has made an important contribution to understanding and fostering
resilience among young people with Additional Support Needs. It has outlined a
transferable model for organisational settings to balance structured support with
managed exposure to risk, enabling independence and confidence. By centring lived
experience, influencing local practice and strengthening cross-sector collaboration,
the work has had impact well beyond its original timeframe.
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IMPACT CASE STUDY: CULTURAL HERITAGE AND URBAN
RESILIENCE IN SCOTLAND: CO-DESIGNING EXTREME
RAINFALL IMPACT ASSESSMENT TOOLS FOR
ADAPTATION

PROJECT LEAD: DR. KATE DONOVAN, UNIVERSITY OF EDINBURGH
PARTNERS: HISTORIC ENVIRONMENT SCOTLAND (HES)

DELIVERY YEAR: 2022

EXECUTIVE SUMMARY

Cities are vulnerable to extreme rainfall and flood events and these potentially can have
an impact on historic buildings. There is currently no systematic way of recording post-
event damage and loss information for such heritage sites. This project addressed this
gap by seeking to better understanding the climate hazard impacts on heritage
properties and improved risk assessment and management. The project provided a
damage narrative for an extreme rainfall event on a heritage building (Edinburgh Castle)
and developed the first template for post-event damage assessment to heritage
buildings in Scotland.

PROJECT CONTEXT & APPROACH

Scotland’s cities are currently vulnerable to extreme rainfall and flood events. However,
we are uncertain how these events will change due to climate change and how our
historic buildings will suffer. Currently resilience is undermined as adaptation is not
keeping pace with rapidly changing risks.

There is no systematic way of recording post-event damage and loss information in
Scotland for heritage sites and for creating critical scenarios for adaptation. This
project has addressed this gap through a partnership with Historic Environment
Scotland (HES). This rapid project aimed to support the understanding the climate
hazard impacts to heritage properties in Scotland for improved risk assessment and
management.

KEY FINDINGS AND PROJECT CONTRIBUTIONS

The project provided a general damage narrative for an extreme rainfall eventon a
heritage building (Edinburgh Castle) and has developed the first template for post-event
damage assessment to heritage buildings in Scotland.

The research team carried out an in-depth survey of damage and loss incurred at
Edinburgh Castle during an extreme rainfall eventin 2021. A meteorological analysis of
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the rainfall event and future frequency and severity of extreme rainfall events, under a
high emissions scenario, was also completed.

Specifically, staff believed that the template can be adopted to record, track and
monitor response and recovery from a significant weather hazard event. Overcoming
institutional memory loss and providing evidence for strategic decision making.

The event analysis indicated the possibility for an early warning system to be co-
developed between heritage agencies and the UK Met Office.

OUTPUTS & DISSEMINATION

PRIMARY OUTPUTS

The project developed a post-event damage survey template, risk pathway scenario
tool and facilitated a training workshop for Historic Environment Scotland and wider
heritage sector partners.

PUBLISHED OUTPUTS

Crowley, K., Cha, Y., Tett, S. and Geffers, G. (2025) Cultural Heritage and Urban
Resilience in Scotland Co- designing extreme rainfall impact assessment tools for
adaptation Research funded by the National Centre for Resilience and Historic
Environment Scotland https://eprints.gla.ac.uk/269199/1/269199.pdf

Tett, S., Cha, Y., Donovan, K., Geffers, G-M. and Hawkins, E. (2025) The Impact of an
Extreme Cloud burst on Edinburgh Castle, Bulletin of the American Meteorological
Society, 104 (10); E1807-E1816.
https://journals.ametsoc.org/view/journals/bams/104/10/BAMS-D-22-0196.1.xml

Project has been cited in:

Fourth UK Climate Change Risk Assessment (CCRA4) Technical Report — Executive
Summary
https://weather.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weather

/climate-change/ccra4-ia-tr-executive-summary.pdf
p.6-Tettetal., 2023.

UK Climate Risk Independent Assessment (CCRA4) Technical Report - Chapter 3:
Built Environment

https://weather.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weather
/climate-change/ccrad-ia-tr---built-environment.pdf

p. 66 - “The magnitude for Scotland is Medium currently and in the 2030s, rising to High
in the 2050s and into the 2080s. 1757 There has been recent research on rainfall risk for
Edinburgh which found a 70% increase in the risk of extreme 1758 cloudbursts over
Edinburgh Castle with 2 °C of warming (Tett et al., 2023); the intensity of precipitation
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https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fweather.metoffice.gov.uk%2Fbinaries%2Fcontent%2Fassets%2Fmetofficegovuk%2Fpdf%2Fweather%2Fclimate-change%2Fccra4-ia-tr-executive-summary.pdf&data=05%7C02%7C%7Cde4b7199175c486681a208de6951d889%7C2e9f06b016694589878910a06934dc61%7C0%7C0%7C639063997761089972%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=35hj2mjSllWVxnbb%2Bg5Ab5raOwwn6zt4VsdOVuuW8NQ%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fweather.metoffice.gov.uk%2Fbinaries%2Fcontent%2Fassets%2Fmetofficegovuk%2Fpdf%2Fweather%2Fclimate-change%2Fccra4-ia-tr---built-environment.pdf&data=05%7C02%7C%7Cde4b7199175c486681a208de6951d889%7C2e9f06b016694589878910a06934dc61%7C0%7C0%7C639063997761116500%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=rOE9UV5OafbquPVkpWbFksSuAKHCeSriliYc5CrIH4s%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fweather.metoffice.gov.uk%2Fbinaries%2Fcontent%2Fassets%2Fmetofficegovuk%2Fpdf%2Fweather%2Fclimate-change%2Fccra4-ia-tr---built-environment.pdf&data=05%7C02%7C%7Cde4b7199175c486681a208de6951d889%7C2e9f06b016694589878910a06934dc61%7C0%7C0%7C639063997761116500%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=rOE9UV5OafbquPVkpWbFksSuAKHCeSriliYc5CrIH4s%3D&reserved=0
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over 1759 Edinburgh is expected to increase by 30% from the baseline to 2060-2080
(Crowley et al., 2022); with extreme 1760 precipitation events causing a 3- to 4-fold
increase in annual expected damage to cultural buildings in the World 1761 Heritage
Site Old and New Towns of Edinburgh by the end of the 21st century (O’Neill, Tett and
Donovan, 2022)”.

NETWORKS AND CONNECTIONS

The project was able to form a close working relationship with HES colleagues that
continues through joint PhD supervision. In addition, the lead HES colleague in 2022
has moved to work with Network Rail, and our relationship continues and the Project
Lead is now supporting him in the CRIS forum (critical infrastructure) see
https://adaptation.scot/our-work/climate-ready-infrastructure-scotland-forum/

The learning from the project including the post-event survey have been integrated into
HES’s climate strategy. Although we do not believe the survey toolis in use it has
helped shape thinking about climate risk monitoring.

IMPACT AND LEGACY

The project should be scaled to examine a range of heritage types, develop quantitative
functions for advanced impact modelling and the template integrated within existing
property management systems with some basic training for relevant staff.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

The project provided an opportunity to co-design approaches to capturing post-event
damage for heritage buildings, alongside providing interdisciplinary training for two
early career researchers (Cha and Geffers) and finally delivered training to heritage
practitioners in Scotland on climate risk and risk data collection.
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IMPACT CASE STUDY: THE RIVER CLYDE AS A CASE
STUDY INTO BUILDING COMMUNITY RESILIENCE TO

FLOODING
PROJECT LEADS: DR SARAH GAMBELL, DR JAMES BONNER

ORGANISATIONS/PARTNERS: UNIVERSITY OF GLASGOW & GALLANT

DELIVERY YEAR: 2022 - 2023

EXECUTIVE SUMMARY

This project examined how communities understand and experience flooding along the
river Clyde, with a particular focus on areas in the east end of Glasgow. Rather than
concentrating solely on technical flood modelling, the research adopted a place-based
perspective that considers how flooding interacts with everyday life, local
infrastructure, and community assets.

Using a combination of archival research, spatial mapping, and field-based
observation, the project developed a “deep mapping” approach to represent the social,
cultural and environmental dimensions of flood risk. This approach integrates
qualitative data, including photographs, videos, historical records and fieldnotes, with
spatial mapping tools to build a richer picture of the relationship between communities
and flood-prone environments. The resulting outputs include a digital deep map of the
case study area, multimedia repositories documenting the Clyde’s flooding history and
contemporary landscape, and a publicly accessible project website. Together these
resources demonstrate how combining technical flood risk information with lived
experience can support more effective communication of risk and contribute to longer-
term resilience planning.
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Figure 5 Case study area east of Glasgow Green, Dalmarnock, Cunningar Loop
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m Building Scotland’s resilience to natural hazards

Project Context & Approach

Flooding represents a significant and growing challenge for communities in Scotland,
particularly in river and coastal environments where climate change is expected to
increase the frequency and severity of extreme events. While tools such as flood
models and hazard maps provide essential information about flood risk, they often lack
context about how these risks intersect with everyday life. Communities depend on a
wide range of local asset, such as transport links, green spaces, workplaces and social
infrastructure, which all may be disrupted during flooding events.

This project sought to address this gap by exploring how multidisciplinary research
methods could reveal the wider social and spatial implications of flooding along the
river Clyde. The work focused on a section of the river between Glasgow Green and
Cuningar Loop in the east end of Glasgow. This area was selected due to its exposure to
flood risk and its importance to surrounding communities. Using a multimethodology
approach, the research combined spatial mapping, archival research and field-based
observations to document the Clyde’s historical flooding patterns and contemporary
landscape.

Central to the project was the development of deep mapping, a method that layers
multiple forms of information, including historical records, photographs, environmental
data and personal observations, to build a more holistic understanding of place.

KEY ACTIVITIES

e« Conducting archival research on historic flooding events affecting Glasgow and
the River Clyde.

e Aanalysing datasets including SEPA flood maps and spatial planning data to
identify areas of risk.

¢ Undertaking field-based “walking methodologies” along the river to document
local environments through photography, video recordings and observational
notes.

e Creating multimedia repositories—including photographs, videos and blogs—to
communicate findings to wider audiences.

o Developing a digital deep map combining spatial datasets with community-
relevant information about infrastructure, cultural assets and everyday
activities.

o Establishing an online platform to host and share project outputs with
stakeholders and the public.

KEY FINDINGS AND PROJECT CONTRIBUTIONS

The project highlighted several important insights about community resilience to
flooding.

First, flood risk is often communicated primarily through technical datasets and hazard
maps. While these tools are valuable, they can appear abstract or difficult for
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communities to relate to. Integrating these datasets with narratives about local places
and everyday activities helps make flood risk more understandable and relevant.

Second, the research demonstrated how flooding can disrupt a wide range of
community assets, including transport routes, green spaces, businesses and cultural
sites. Understanding these relationships is essential for designing resilience strategies
that reflect the realities of how communities use and value their local environments.

Finally, the project illustrated the potential of deep mapping approaches to connect
environmental data with social and cultural perspectives. By layering different types of
knowledge, including archival materials, observational data and multimedia content,
the project created a richer representation of how flooding interacts with communities
along the Clyde.

OUTPUTS & DISSEMINATION

OUTPUTS

« Research report examining community resilience and flood risk along the river
Clyde:
https://eprints.gla.ac.uk/324867/

« Adigital deep map representing social, cultural and spatial layers of the case
study area: https://floodingcommunityresilience.wordpress.com/portfolio-2/

o Project Website Hosting the outputs and resources:

https://floodingcommunityresilience.wordpress.com/2023/02/13/community-
resilience-to-flooding-along-the-clyde-a-study/

« Multimedia repositories including photographs and video documentation of the
Clyde landscape.

« Blog posts communicating project findings to wider audiences.

e Publicly accessible spatial mapping tools using Google Maps and Google Earth
platforms.

NETWORKS AND CONNECTIONS

The project was connected to wider research on climate resilience through its links with
the GALLANT (Glasgow as a Living Lab Accelerating Novel Transformation) programme,
a large interdisciplinary initiative exploring sustainable urban transformation in
Glasgow.

Within this context, the research contributed to discussions around community
engagement and climate adaptation, particularly through its focus on integrating
technical flood modelling with social and cultural perspectives.

The work also helped strengthen collaboration between researchers at the University of
Glasgow and the University of Strathclyde through ongoing partnerships and related
research initiatives.
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IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

The digital deep mapping approach developed in this project has already influenced
related research activities within the GALLANT Community Collaboration workstream.
Key elements of the mapping methodology developed through this pilot, have informed
mapping and digital engagement tools used within the wider GALLANT project. In
particular, the concept of “deep mapping” has been adopted to visualise and
communicate community-generated data within engagement hubs and collaborative
workshops. Within these activities, the mapping tools have been used to support
participatory exercises such as community photo walks, workshops and event-based
engagement, helping participants explore how flooding and environmental change
interact with local places and everyday activities.

LONGER TERM IMPACT AND LEGACY

Although developed as a short pilot study, the project established a methodological
foundation that continues to shape related research activities. Elements of the deep
mapping framework have been taken forward within the GALLANT programme,
informing approaches to community engagement, spatial storytelling and the
visualisation of environmental data. The project strengthened research collaboration
between the University of Glasgow and the University of Strathclyde. These
relationships have continued beyond the project through related initiatives and
research collaborations focused on community engagement and environmental

storytelling.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

A key contribution of this project is its reframing of flood risk as a place-based and
community-centred issue, rather than solely a technical hazard. By highlighting how
flooding affects everyday activities—such as travel, recreation, work and access to
services—the research broadens understanding of the societal impacts of flood events.
The project demonstrates how combining spatial data with local narratives and
multimedia documentation can help communities and stakeholders better understand
flood risks and identify opportunities for resilience-building. In doing so, it provides a
foundation for future approaches that integrate technical modelling with lived
experience to support climate adaptation and resilience planning in Scotland.

SUPPORTING EVIDENCE

« Research report examining community resilience and flood risk along the river
Clyde:
https://eprints.gla.ac.uk/324867/

« Adigital deep map representing social, cultural and spatial layers of the case
study area: https://floodingcommunityresilience.wordpress.com/portfolio-2/
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« Project Website Hosting the outputs and resources:

https://floodingcommunityresilience.wordpress.com/2023/02/13/community-
resilience-to-flooding-along-the-clyde-a-study/
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IMPACT CASE STUDY: ASSESSING PEATLANDS AS
NATURE-BASED SOLUTIONS FOR MITIGATING
CASCADING HAZARDS IN SCOTLAND

PROJECT LEADS: DR JIREN XU

ORGANISATIONS/PARTNERS: UNIVERSITY OF GLASGOW SCHOOL OF SOCIAL
AND ENVIRONMENTAL SUSTAINABILITY

DELIVERY YEAR: 2023-2024

EXECUTIVE SUMMARY

This project examined the role of peatlands as nature-based solutions (NbS) for
mitigating cascading climate hazards in Scotland. Using the River Nith Catchment as a
pilot case study, the research investigated how peatland condition and restoration
influence both carbon storage and hydrological resilience.

Through a combination of literature meta-analysis, ecosystem modelling and spatial
analysis, the project quantified the relationship between peatland water table
dynamics, greenhouse gas emissions and flood risk indicators. The study
demonstrated how peatland restoration can significantly enhance carbon
sequestration and reduce downstream flood risks, highlighting the importance of
peatlands as multifunctional natural infrastructure.

The project contributed to strengthening the scientific evidence base for peatland
restoration and nature-based climate solutions in Scotland. Its findings were used by
researchers and policymakers and were cited in a UK Parliamentary Office of Science
and Technology (POST) horizon scanning report on climate change and nature loss. The
work also supported research-led teaching and student training in environmental
modelling and climate resilience assessment.
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PROJECT CONTEXT & APPROACH

Peatlands play a critical role in regulating carbon storage, biodiversity and hydrological
systems. Although they cover only around 3% of the Earth’s land surface, they store a
disproportionately large share of global soil carbon and influence water flows across
landscapes.®

In Scotland, peatlands are particularly important ecosystems, covering approximately
20% of the land area and representing one of the largest terrestrial carbon stores.
However, many peatlands have been degraded due to drainage, land use change and
climate pressures.

Despite growing recognition of peatland restoration as a nature-based solution, there
remains limited scientific evidence quantifying how peatland condition affects both
carbon emissions and flood regulation.

This project addressed these gaps by:

« Investigating how water-table depth influences greenhouse gas emissions and
hydrological responses in peatlands

« Assessing the potential of peatland restoration to mitigate cascading hazards.

e Modelling carbon storage outcomes under different land-use scenarios

¢ Usingthe River Nith Catchment as a pilot case study with wider applicability for
Scotland

The research combined meta-analysis of existing literature, statistical modelling and
ecosystem service modelling using the InVEST tool to quantify peatland functions and
explore future restoration scenarios.

KEY ACTIVITIES

« Conducted a meta-analysis of peatland research to identify relationships
between water-table depth, greenhouse gas emissions and hydrological
indicators.

o Applied Generalised Additive Mixed Models (GAMM) to analyse peatland
ecosystem responses.

¢ Used GIS and the INVEST ecosystem services model to estimate carbon storage
under different land-use scenarios.

o Developed a pilot case study of the River Nith Catchment to explore the role of
peatlands in mitigating cascading hazards.

e Produced a full research report summarising the scientific findings and
modelling results.

3Xu, J. and Xia, H. (n.d.). Assessing Peatlands as Nature-Based Solutions for Mitigating
Cascading Hazards in Scotland a pilot case study in the River Nith Catchment Research
funded by The National Centre for Resilience.
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KEY FINDINGS AND PROJECT CONTRIBUTIONS

The project generated new evidence on how peatlands function as nature-based solutions for
climate mitigation and hazard management.

Restoration and Ecosystem modelling
improved water-table demonstrated that fully
management can restored peatlands

enhance peatlands’ could store

Water-table depth is a Degraded peatlands
critical driver of with deeper water
greenhouse gas tables are associated

emissions in peatlands, with increased peak

ability to regulate significantly more
water flows and reduce carbon than alternative
flood risk. land-use scenarios
such as grassland or
forestry.

with significant storm discharge,
relationships observed indicating a higher risk
for CO,, CH, and N,0O of downstream
emissions. flooding.

Together, these findings highlight the dual role of peatlands in climate regulation and flood
mitigation, reinforcing their importance as nature-based solutions for building climate
resilience.

OUTPUTS & DISSEMINATION

OUTPUTS

e Fullresearch report: Assessing Peatlands as Nature-Based Solutions for
Mitigating Cascading Hazards in Scotland

e« Ecosystem services modelling outputs and scenario analyses.

e Spatial datasets and graphics illustrating carbon storage and peatland
functions.

ACADEMIC OUTPUTS
e Xu,J.-and Xia, H. (2024) Assessing Peatlands as Nature-Based Solutions for
Mitigating Cascading Hazards in Scotland. Documentation. National Centre for
Resilience (NCR).

NETWORKS AND CONNECTIONS

Outputs from the project were used and referenced by:

o UK Parliamentary Office of Science and Technology (POST)

e University of Glasgow researchers and resilience specialists
¢ Environmental and natural capital researchers

« Peatland restoration and climate adaptation stakeholders

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

The project provided scientific evidence supporting the role of peatlands as nature-
based solutions for climate mitigation and resilience.
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The outputs were used by researchers and policymakers to:

¢ Inform discussions on climate adaptation and ecosystem restoration.

e Support natural capital assessment and peatland restoration planning.

« Demonstrate the potential of peatlands to mitigate flooding and greenhouse gas
emissions.

Importantly, the research was cited in a UK Parliamentary Office of Science and
Technology horizon scanning report, contributing to the UK Parliament’s evidence base
on climate change and nature loss.

LONGER TERM IMPACT AND LEGACY

The project has contributed to strengthening the scientific evidence base supporting
peatland restoration as a key nature-based solution in Scotland. The modelling
framework and findings provide a transferable approach that can be applied to other
catchments and landscapes. The research also continues to inform academic work on
ecosystem services modelling, climate resilience and natural capital.

The project has additionally contributed to teaching and training activities at the
University of Glasgow, where it has informed undergraduate research projects
exploring peatlands as nature-based solutions. These projects have helped students
develop skills in spatial analysis, GIS and environmental modelling, contributing to
capacity building in the next generation of environmental scientists and resilience
practitioners.

The project contributed to ongoing research collaborations focused on ecosystem
services modelling, climate adaptation and nature-based solutions. It also forms part
of wider research activity within the University of Glasgow on resilience and
environmental sustainability and has informed the development of new research
proposals exploring peatland restoration and climate resilience.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

This project made an important contribution to strengthening the scientific evidence
base supporting peatlands as nature-based solutions for climate resilience in Scotland.

By quantifying the links between peatland condition, greenhouse gas emissions and
flood regulation, the research demonstrates how restoring peatland ecosystems can
deliver multiple environmental benefits. The findings highlight the potential for peatland
restoration to support climate mitigation, reduce flood risks and enhance ecosystem
resilience.

The project therefore contributes to broader policy and research efforts aimed at
integrating ecosystem-based approaches into climate adaptation and natural capital
strategies across Scotland.
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SUPPORTING EVIDENCE

e Research Report: https://eprints.gla.ac.uk/329522/

¢ UK Parliamentary Office of Science and Technology Horizon Scanning Report:
https://post.parliament.uk/addressing-the-links-between-climate-change-and-
nature-loss

¢ NCR Project Article: https://ncr.glasgow.ac.uk/?p=1334
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IMPACT CASE STUDY: MITIGATING LANDSLIDE IMPACT

IN SCOTLAND (MLIS PROJECT)
PROJECT LEAD: ALESSANDRO NOVELLINO (BRITISH GEOLOGICAL SURVEY)

ORGANISATIONS/PARTNERS: BRITISH GEOLOGICAL SURVEY

DELIVERY YEAR: 2024

EXECUTIVE SUMMARY

This project worked on updating the Scottish landslide inventory, including more
accurate landslide susceptibility maps. The project produced a new landslide
susceptibility model which when combined with knowledge of elements at risk provides
crucial insights for local councils, emergency responders, the railway network,
Insurance companies and the Met Office.

PROJECT CONTEXT & APPROACH

Landslides represent a significant problem in Scotland. Their occurrence can lead to
road closures, disrupted energy supply, and costly economic impacts across essential
services. Historically, the available products on landslide susceptibility have been
based on empirical approaches, relying on expert judgement to assign scores to
predisposing factors such as slope, geology, and land cover. While useful, these
methods offer limited transparency and do not quantify the relative importance of each
factor or the uncertainty present in the underlying data.

A key information to reduce landslide risk consists of an accurate landslide inventory.
However, Scottish inventory maps are incomplete because most landslides are
mapped along roads or whenever a citizen reports them and in sparsely populated
regions slope failures can go therefore underreported (Figure 1). With more than 34% of
Great Britain landmass, Scotland only records ~13% of the total landslides mapped out
of ~18,000 in the BGS National Landslide Database (BGS-NLD, accessible at
https://www.bgs.ac.uk/geology-projects/landslides/national-landslide-database/).

In September 2022 the National Centre for Resilience awarded the British Geological
Survey (BGS) funds for the Mitigating Landslides Impact in Scotland (MLIS) project.
MLIS was a collaboration with University of Glasgow and the University of Twente
(Netherlands) and aimed to combine a novel landslide susceptibility model with
elements-at-risk to support emergency services and landslide hazard mitigation
strategies in Scotland. It consisted of the following activities: 1) Updating the current
landslide inventory map of Scotland. 2) Producing a new landslide susceptibility model.
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3) Defining guidelines for generating a landslide exposure model for critical
transportation infrastructure. 4) Delivering an end of project workshop.

KEY FINDINGS AND PROJECT CONTRIBUTIONS

Through MLIS, the project introduced quantitative statistical approaches that provide
stakeholders with a more robust, data-driven understanding of landslide processes.
These methods allow users to:

e Quantify the contribution of individual predisposing factors to landslide
susceptibility, improving confidence in risk assessments.

e Evaluate and communicate uncertainty, supporting evidence-based
decision-making and regulatory reporting.

e Assess future changes in susceptibility under climate scenarios, enabling
long-term planning for infrastructure resilience.

e Prioritise monitoring, maintenance and investment, particularly in areas where
assets intersect with high or increasing levels of landslide risk.

Project stakeholders emphasised that the shift from qualitative scoring to quantitative,
uncertainty-aware analysis was critical for informing climate-change adaptation
strategies. Road managers can use MLIS outputs to identify vulnerable sections of the
network and plan targeted interventions, while energy providers can apply the findings
to optimise asset routing, site selection and slope-stability management around
transmission corridors and substations.

OUTPUTS & DISSEMINATION

ACADEMIC OUTPUTS

Summary project report
https://ncr.glasgow.ac.uk/?p=813
Full project report
https://eprints.gla.ac.uk/324866/
A peer-reviewed publication

https://link.springer.com/article/10.1007/s10346-024-02368-9

NETWORKS AND CONNECTIONS

The project allowed the building of key relationships with international institutions.
First, with the University of Twente in the Netherlands, with whom a successful €0.75M
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proposal for the European Space Agency called AMHEI
(https://eodsociety.esa.int/projects/amhei/) was achieved. AMHEI is looking at the
long-term impact of landslide hazards following large earthquakes.

These findings were built on with further scientific work where the integration of Al tools
and satellite observation was achieved:
(https://www.sciencedirect.com/science/article/pii/S1569843225002559)

The work attracted attention from engineers professionals:
(https://www.geplus.co.uk/news/ai-and-satellite-tech-identify-3000-actively-moving-

slopes-across-uk-30-09-2025/) and the UK government programme on Green Cities,
Infrastructure and Energy (GCIEP):
https://ukgreencitiesandinfrastructure.org/resource/gciep-launches-first-artificial-
intelligence-accelerator-to-drive-innovative-infrastructure-solutions/

The outputs from this grant paved the way to additional funds worth >£35k across BGS
and funded by Knowledge Assets Grant Fund from the Government Office for Science
and the Unlocking Space for Government by the UK Space Agency. A€4M proposal for a
Horizon call with University of Twente has also been submitted

A collaboration with The University of Glasgow has also created a new PhD-led project:
https://www.gla.ac.uk/media/Media_1054808_smxx.pdf

This led to securing a PhD studentship under the IAPETUS Doctoral Training Programme
(Developing a Landslide Dynamic Hazard Model; IAP-25-144).

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

Thanks to MLIS, the first quantitative landslides susceptibility map for Scotland was
developed. This was a key output for understanding the evolution of slope processes
with climate change.

A 2-day workshop was organised at the University of Glasgow with the participation of
the MLIS staff and stakeholders such as Mark Naylor (University of Edinburgh) and Tanja
Waaser (Transport Scotland).

LONGER TERM IMPACT AND LEGACY

The MLIS project has attracted the interest of a wide range of stakeholders, including
road asset owners, transport authorities, and energy providers responsible for
designing, maintaining, and protecting critical infrastructure under a changing climate.
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IMPACT CASE STUDY: ‘ARE YOU PREPARED?’
CREATIVITY FOR RESILIENCE EDUCATION

PROJECT LEAD: FREYA SKINNER

ORGANISATION/PARTNERS: UNIVERSITY OF GLASGOW SCHOOL OF SOCIAL
AND ENVIRONMENTAL SCIENCE

DELIVERY YEAR: 2025

EXECUTIVE SUMMARY

This project developed Are You Prepared? a creative educational resource designed to
introduce primary school children to the concept of resilience and emergency
preparedness. The project responded to a growing recognition that communities need
accessible and engaging ways to understand risks associated with severe weather and
climate-related hazards.

Through the development of an interactive board game and supporting teaching
resources, the project translated complex resilience concepts into an age-appropriate
learning tool that encourages discussion, problem-solving and confidence around
emergency preparedness.

The game has been distributed to every state primary school in Scotland and has
attracted interest from resilience practitioners, educators and emergency planning
teams across the UK and internationally. By embedding preparedness education within
the classroom, the project demonstrates how creative engagement can support a
culture of resilience from an early age.

PROJECT CONTEXT & APPROACH

Extreme weather events are becoming more frequent and intense as the climate
changes. In Scotland, events such as Storm Babet have highlighted the importance of
ensuring communities understand warnings and know how to respond when hazards
occur. However, resilience and emergency preparedness are often communicated in
ways that are difficult for younger audiences to engage with. This project sought to
address that gap by developing an educational resource specifically designed for
primary-aged children.

Working at the intersection of education, resilience research and creative design, the
project developed an interactive board game that allows children to explore real-life
preparedness scenarios in a supportive learning environment. The resource was
designed not only to communicate risk, but also to build confidence and encourage
conversations about preparedness within schools, families and communities.
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This project was designed to support resilience education at a community level by
helping young people understand risks without creating fear, and by encouraging
confidence, discussion, and ownership of personal preparedness.

KEY FINDINGS AND PROJECT CONTRIBUTIONS

The most important contribution of this project has been demonstrating that resilience
education for children can be creative and scalable across Scotland and beyond.

By translating emergency preparedness into an age-appropriate game, the project has
helped shift resilience from a reactive, adult-led concept to something young people
can actively understand and participate in. The resource has supported knowledge
development in young people and demonstrated a successful engagement approach
for practitioners. The uptake by schools and local authorities, shows that creative
methods can meaningfully strengthen preparedness culture at a community level. In
doing so, the project has strengthened the case for embedding creative, participatory
approaches to preparedness within formal education and community resilience
frameworks.

OUTPUTS & DISSEMINATION

PRIMARY OUTPUTS

¢ Game Design and Production

o Easyread Glossary

e Classroom Support Activities and Discussion Prompts

¢ Howto Play Videos

e Series of presentations and webinars to share resource and results.

e The game pack and resources were distributed to every state primary school
across Scotland during winter 24/25.
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m ; ~ Our teacher
w e support pack will
- be sent with

every game

NETWORKS AND CONNECTIONS

This project has led to the development of many new partnerships. For example, the
project team were invited to present the work at launch event for the UK Resilience
Academy. The NCR project team have also been invited to join the Scottish Government
Climate Hubs Stakeholder group.

The project strengthened partnership between the Education team at the University of
Glasgow and the NCR, with invitations to present to classes, share the resources and
present a webinar on the project to the ‘Education and Learning for Sustainability
Group’.

Knowledge of the game created a new partnership with the Glasgow Games Lab that
has led to us being included in projects including joining as a supporter of the Co-Great
project and discussing potential joint bids for future. The Glasgow Games Lab have
been a real champion of the project and helped us to share far and wide. We have also
now been pleased to host two of their project workshops on the Dumfries campus
because of this partnership.

National and international organisations have engaged with the resource, including:

National & Government Bodies

¢ UKResilience Academy (Cabinet Office): Invited project team to present at
launch; shared within resilience networks.

« Cabinet Office: Presentation delivered to UK Minister Pat McFadden.

 PreventionWeb (UNDRR): Featured the resource on its global website.
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« German Committee for Disaster Risk Reduction: Shared resource across
international networks via social media.

o UK Health Security Agency (UKHSA): Interest from Behavioural Scientists in
community preparedness approaches and potential evaluation in schools.

« Met Office Learning — Reviewed and shared across social media channels.

Local Authorities & Resilience Forums

e Surrey Local Resilience Forum: Game artwork shared and plan create a locally
relevant version.

¢ Falkirk Council Resilience Team: Used resource in school-based engagement
sessions.

¢« Dorset Council Emergency Planning: Used in school sessions and resilience
events; exploring development of their own game.

o Argyll & Bute Council Resilience: Used to engage schools and young people.

e Various UK Local Authorities & LRFs (including Sussex, Dumfries & Galloway,
Somerset, Gateshead, Aberdeen, Midlothian, Hartlepool,
Armagh/Banbridge/Craigavon, Kent, Walsall): Used for schools’ sessions,
community engagement, or as inspiration for resilience education activity.

Schools, Education & Youth Engagement

¢ Primary Schools (various): Used directly in classroom learning.

¢ University of Glasgow: Used within the Masters in Primary Education
programme and the Master’s in

¢ Environmental Risk Management Programme.

¢ Education Scotland: Shared as an educational resource.

e« Academics and lecturers at UoG: Used in teaching and research on
participatory disaster risk reduction and resilience education.

Climate Hubs & Third Sector Organisations

¢ Climate Hubs (Argyll, North East Scotland, Moray, East Lothian, Scottish
Borders, Lanarkshire, Climate Hebrides CIC): Used for youth and school
engagement.

¢ The Conservation Volunteers: Used in school engagement sessions.

+ Keep Scotland Beautiful: Listed as a recommended resource for schools.

e Scottish Communities Climate Action Network: Shared within community
networks.

« Royal Scottish Geographical Society: Requested packs for use as a resource
at their learning centre.

Creative, Research & Professional Networks
¢ Glasgow Games Lab: Used at gaming events, conferences, and with students.

o UK Civil Resilience Gaming Group: Shared and discussed as an innovative
engagement tool.
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m Building Scotland’s resilience to natural hazards

« Fire Service College & Emergency Services: Requested materials and explored
use in training and curriculum development.

IMMEDIATE UPTAKE AND PRACTICE INFLUENCE

The immediate uptake of the Are You Prepared? game demonstrates strong demand for
accessible resilience education resources. Local resilience forums and local
authorities have used the game in school engagement sessions and community
resilience activities. Several organisations have adapted the concept to develop locally
tailored versions of the game, demonstrating its potential for wider adoption. The
project has also helped strengthen dialogue between resilience practitioners and
educators, highlighting the role schools can play in building preparedness culture.

LONGER TERM IMPACT AND LEGACY

Due to the wide interest in this project and following discussion with the SG Civil
Contingencies team, the NCR hosted a policy roundtable at Scottish Government in the
Winter of 2025. This was as a direct result of this project and looked at ‘How can we
support educators to embed resilience to emergencies in learning and the curriculum’.
From this there will be a resulting report.

The project has inspired the use of a more creative approach and focus within the work
of the NCR going forward, with projects following on from this with a focus on
harnessing creativity to engage with different audience including community members
and practitioners.

The project has potentially informed professional practice in terms of other
organisations and resilience forum’s taking on designing their own games for use
inspired by this project or using assets from the project. Two specific examples are: the
University of Glasgow’s GALLANT project team inspired to use a game format for
project engagement; and an English Local Resilience Forum have taken the design files
from the project (provided to them through the open government license) to edit and
create their own version of the game for schools across their region.

CONTRIBUTION TO RESILIENCE IN SCOTLAND

The Are You Prepared? project contributes to Scotland’s resilience by supporting early
understanding of natural hazards and emergency preparedness among young people.
The work has offered insights into the basis of a creative, innovative and scalable
approach to resilience education, specifically amongst children and young people.
First, it highlights the need to move approaches to resilience education from being
adult-led and reactive to one where young people can proactively participate. Second,
it makes a case for using creative, participatory approaches to preparedness within
resilience educational frameworks.
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SUPPORTING EVIDENCE

Herald Scotland: https://archive.ph/IcORS

National Preparedness Commission:
https://nationalpreparednesscommission.uk/news/are-you-prepared-game/

German Committee for Disaster Reduction (DKKV):
https://www.linkedin.com/feed/update/urn:li:activity:7299766461512773632

Angus World: https://www.anguscountyworld.co.uk/news/people/new-card-game-
helps-children-to-prepare-for-emergencies-4929744

Prevention Web: https://www.preventionweb.net/publication/are-you-prepared-game

Edinburgh News: https://www.edinburghnews.scotsman.com/news/people/new-card-
game-helps-children-to-prepare-for-emergencies-4926483

Interview: Voice of Islam Radio
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