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Global reported natural disasters by type, 1970 to 2019

The annual reported number of natural disasters, categorised by type. This includes both weather and non-weather
related disasters.
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Source: EMDAT (2020): OFDA/CRED International Disaster Database, Université catholique de Louvain — Brussels — Belgium
OurWorldInData.org/natural-disasters « CC BY

Source: Ritchie A. & Roser M. (2014) - "Natural Disasters". Published online at OurWorldinData.org. Retrieved
from: 'https://ourworldindata.org/natural-disasters' [Online Resource] Accessed May 2022. [CC BY]

Global trends in disasters from natural hazards

Comparing trends in disasters
between 1980-99 and 2000-19:

Extreme temperatures x 3.3
Flood x 2.3

Landslides x 1.5
Storms x 1.4

Droughts x 1.3

Source: CRED & UNDRR (2020): Human costs of disasters. An overview of
the last 20 years (2000-2019). Available from:
https://www.undrr.org/publication/human-cost-disasters-overview-last-20-
years-2000-2019
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Br U%wemw Schematic visualisation of SLR impacts by the end of
Sl the twenty-first century (hypothetical coastal area)

|Pane| A. Present Day Panel B. End of the 21st century
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Source: Magnan et al. (2022): Sea level rise risks and societal adaptation benefits in low-lying coastal areas. Scientific Reports 12:10677. https://doi.org/10.1038/s41598-022-14303-w. [CC-BY 4.0]
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Source: Magnan et al. (2022): Sea level rise risks and
societal adaptation benefits in low-lying coastal areas.
Scientific Reports 12:10677.
https://doi.org/10.1038/s41598-022-14303-w. [CC-BY 4.0]
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DELTA RISK & VULNERABILITY

Trajectory of delta social-ecological systems (SES) under rising human pressure over time, emphasising the relationship
between increasing risk and vulnerability and loss of resilience related to degradation of delta ecosystem structure

and function (more recently threatened further by climate change). There is an imperative to avoid tipping into more degraded
or ‘collapsed’ states and the Hub's 5-year research aimed at addressing this threat. Original SES descriptors modified

from Renaud et al. 2013, Current Opinion in Environmental Sustainability 5, 644-654.
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DELTA IN EQUILIERIUM HUMAN INFLUENCES HUMAN DOMINANCE TIPPING POINTS CROSSED
with river basin-wide increasingly shape the delta. accross entire river system Climate change impacts force
environmental drivers. Period of rising population, leads to completely altered delta sediment widespread out-migration.
Dynamic processes dominate. landscape degradation, and hydrological regimes. People can no longer protect delta
Human impacts low. biodiversity loss. Landscape degradation, urbanisation, due to irreversible degradation.
Strong natural-cultural heritage. Natural-cultural heritage and biodiversity loss drive decline
threatened. in natural-cultural heritage.

DELTA SOCIAL-ECOLOGICAL SYSTEM STRUCTURE & FUNCTION
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Example of a chain:
Cause: climate change
- sea-level rise - salinity
intrusion

Tipping pt: agriculture
— brackish aquaculture
Consequences: (+)
economic growth; (-)
environmental
degradation

Source: Cremin et al (2024):
Causes and consequences of
tipping points in river delta
social-ecological systems.
Ambio 53:1015-1036.
https://doi.org/10.1007/s13280
-023-01978-2. [CC-BY]

Causes and consequences of tipping points in river deltas
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Source: Cremin et al (2024):
Causes and consequences of
tipping points in river delta
social-ecological systems.
Ambio 53:1015-1036.
https://doi.org/10.1007/s13280

-023-01978-2. [CC-BY]

Feedback loops and regime shifts in River delta’s Social-
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ils &7 of Glasgow Actions to address tipping points

Avoid negative tipping points Enhance positive tipping points

Monitoring: better monitoring, and modelling of Integrated approaches for river and coastal zone

SES dynamics management

Releasing freshwater and sediment from upstream Restore coastal ecosystems and implement green
infrastructures

Regulating and controlling groundwater extraction Develop climate-smart infrastructures

Regulating land use to avoid land loss and Develop climate-smart agriculture

enhancing the protection and conservation of
ecosystems through policies

Learning and knowledge exchange between Improve the land-use planning

stakeholders

Adaptation through participatory co-management Invest in livelihood development

approaches

Scale: understanding the interactions between small- Negotiate multilaterally with the transboundary nations

scale and large-scale tipping points

Source: Cremin et al (2024): Causes and consequences of tipping points in river delta social-ecological systems. Ambio 53:1015-1036. https://doi.org/10.1007/s13280-023-01978-2. [CC-BY]
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& of Glasgow Adaptation to avoid tipping points

| ' " * Single and cascading hazards will

New State State “Now” Alternate State

st iton ot affect components of social-
l} ecological systems (SES)
— GO * The less vulnerable these
; —CO s components are the less likely
N —C Qe - they are to pass a tipping point
{QD * Healthy ecosystems can:
M 3 \S_Q_'__E.) — withstand better hazard impact
) GO — help the social system not to
Potental change or impac collapse (e.g. provisioning services)

Source: Renaud et al. (2010): Understanding multiple thresholds of coupled social—ecological systems exposed to natural hazards as external shocks. Natural Hazards 55:749-763.



Adaptation actions

Adaptation options:

* Avoid: do not carry out activities in a
potential exposed area

* Protect: build infrastructure to Photo Credit Neoya FuruafIUC.
protect lives/assets B e o

* Accommodate: accept the hazard
but adapt to it

 Managed retreat/realignment:
abandon (part of) an area Source:

https://commons.wikimedia.org/wiki/
File:Inle-Yawnghwe.jpg [CC BY SA 3.0]

Source: Sendai City
Earthquake Disaster
Reconstruction Plan (2011)
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7y University Incremental Adaptation
(salinity intrusion)

% of Glasgow

“Adaptation that
maintains the essence and
integrity of a system or

process at a given scale
(Park et al., 2012)”

Using different rice cultivars (e.g.
Source: IPCC (2022): Annex II: Glossary [Méller, V., et al. (eds.)]. In: Climate increase Salinity t0|eranCE)

Change 2022: Impacts, Adaptation and Vulnerability. Contribution of
Working Group Il to theSixth Assessment Report of the Intergovernmental
Panel on Climate Change [P6rtnerH.-0., et al. (eds.)]. Cambridge University
Press, Cambridge, UK and New York, NY, USA, pp. 2897-2930,
doi:10.1017/9781009325844.029

Source: Fabrice Renaud (UNU-EHS)



Ty University Transformational Adaptation
%, o Glasgow (salinity intrusion)

“Adaptation that changes the fundamental attributes of a

Social ecological system in anticipation of climate change and its
impacts”

Shift from rice (left) to mangrove/shrimp cultivation (right)

Source: Fabrice Renaud (UoG)

Source: IPCC (2022): Annex II: Glossary [Moller, V., et al. (eds.)]. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to theSixth
Assessment Report of the Intergovernmental Panel on Climate Change [PortnerH.-0., et al. (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp.
2897-2930, doi:10.1017/9781009325844.029
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e Definition: “Post-pandemic green recovery describes
strategies and measures that combat the social, economic
and environmental impacts of the global COVID-19
pandemic. It facilitates long-term transformative change
towards sustainability, biodiversity protection, resilience and
climate neutrality” (adapted from GIZ n.d., 2020; UNEP 2021;

OECD 2020)

ALISH3AIdOIg

* Follows the dimensions of the definition: sustainability (3
dimensions); biodiversity protection; climate neutrality;

resilience

Source: Hartmann et al (2025) A conceptual framework for a post-COVID-19 green recovery of the Blue Economy. Marine Policy, 171: 106446.
https://doi.org/10.1016/j.marpol.2024.106446. [CC-BY]



https://doi.org/10.1016/j.marpol.2024.106446

University Link between the framework and resilience
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vvvvvvvvvvvv

Explicitly addressed through e.g.
biodiversity and inclusion

Explicitly addressed as a standalone,

key element
g
Adaptive Implicitly addressed through e.g., §
Learning governance and research 2

Implicitly addressed through
consideration of interconnectedness of

all dimensions

Implicitly addressed through the
combination of diversity and connectivity

Sources:
Dimensions of resilience: Rockstrom, J.; Norstamp, A.; Matthews, N.; Biggs, R.; Folke, C.; Harikishun, A. et al. (2023): Shaping a resilient future in response to COVID-19. In Nature

Sustainability (6), pp. 897-907.
Framework and links to resilience: Hartmann et al (2025) A conceptual framework for a post-COVID-19 green recovery of the Blue Economy. Marine Policy, 171: 106446.

https://doi.org/10.1016/j.marpol.2024.106446. [CC-BY]
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Scotland: Has your organisation started implementing any of the following recovery and growth
strategies? (n=12)*

Decarbonization of social and economic activities (e.g.,
investments in energy efficiency programs)

Consideration or prioritization of environmental concerns in
policy-making and administration (e.g., sustainability goals)

™
2
S5

Increasing investments toward adoption of clean/renewable
energy

Creating "green” jobs (e.g., in restoration of natural areas,
renewable energy projects)

Prioritizing green infrastructure in infrastructural projects
(e.g., nature-based solutions for coastal protection, green
roofs, urban forests to mitigate heat waves)

17%

Inclusion of vulnerable and marginalized groups in decision
o droup 50% 30% 20%

making on recovery strategies

Research and development, innovation for sustainable
’ 44% 33% 22%

change

Working with nature (e.qg., through measures such as 2 o
reforestation, restoration of floodplains and wetlands, etc.) Szt S 2%
Green finance (e.g., reviewing funding for projects, etc.,

0/ 0y
based on their environmental impact) WD S o

o
ES

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of Responses

Responses . Yes . No but we are interested in this No

* Number of municipalities that did not answer this question: 18

Source: Vicarelli M. Et al. (2024): A green and inclusive post-pandemic recovery of the Blue Economy and coastal communities. Available at: https://www.gla.ac.uk/research/az/environmentalscience/research/rrrcoast/.
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Neoll Barriers to uptake of Green Recovery - Scotland
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Lack of financial resources to support

. . 100%
effective green recovery strategies 00

Lack of staffing capacity to dedicate to

. : 73%
climate related issues

Lack of regulatory authority and resources to

- . 45%
support enforcement of resilience strategies °

No centralized way to identify funding
sources

36%

Lack of competence/expertise to address
complex climate change issues

27%

Lack of grant-writing capacity 27%

0% 10% 20% 30% 40% 50% 60% 70% 80% 50% 100% 110%

Percent of Responses

*Number of municipalities that did not answer this question: 19

Source: Vicarelli M. Et al. (2024): A green and inclusive post-pandemic recovery of the Blue Economy and coastal communities. Available at: https://www.gla.ac.uk/research/az/environmentalscience/research/rrrcoast/.
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Actions that can support
green recovery and/or
adoption of nature-based
solutions



Wopranesoll  Analysis of Policies for Green Recovery

of Glasgow

* ‘Green Recovery’ not commonly an explicit goal
of policy — a variety of terms used — and policies
operate across multiple time frames.

» Policies addressing each of the elements of
green recovery exist in each of the case study
regions.

« ‘Essential’ elements — biodiversity, good
governance and inclusion — are also present.

» Pillars of green recovery are not always
addressed holistically — e.g. biodiversity policies
tend not to be integrated with economic and
social goals.

« But even when enacted individually, policies can
equate to a comprehensive package that support

“8s o green recovery or development

L\MATE

QULIENT  DECARg
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Source: Hartmann et al (2025) A conceptual framework for a post- Source: Clelland et al (accepted manuscript) Do post-pandemic policies support a
COVID-19 green recovery of the Blue Economy. Marine Policy, 171: holistic green recovery and sustainable development? Evidence from three coastal

106446. https://doi.org/10.1016/j.marpol.2024.106446. [CC-BY] regions. Sustainability: Science, Practice and Policy (in press)
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Source: Clelland et al (accepted manuscript) Do post-pandemic policies support a holistic green recovery and sustainable development? Evidence from three coastal

How do Policies in Scotland Map across the

Economic Recovery Implementation Plan

Update to the Climate Change Plan

National:
1;2;4;6;8;9;10; 11

Regional:
12;13;14;15; 16;17;
18; 19

Covid Recovery Strategy

Just Transition - A Fairer, Greener Scotland
National Strategy for Economic Transformation
Blue Economy Vision

Biodiversity Strategy to 2045

Scottish Fisheries Management Strategy
National Planning Framework 4

Scottish National Adaptation Plan
Infrastructure Investment Plan

Green Freeports

South of Scotland Regional Economic Strategy
Islands Growth Deal

Moray Growth Deal

Tay Cities Region Deal

Ayrshire Growth Deal

Borderlands Inclusive Growth Deal

North East Regional Economic Strategy

National:
2;6;7;8;9; 11

Regional:
13;18

regions. Sustainability: Science, Practice and Policy (in press)

ag
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Framework?

§

National:
1;2;4;5;6;8;9; 11

Regional:
12;13;14;16;17;18;

& National:
FQ
5§ 1,248
i
&
9 Regional:
13; 14;15;16;17; 18
National:
125

N
ey GRE¥!
= Yogs \'-\“‘“d'
National:
1,2;3;4;5;6;8;9; 11
Regional National:
12;13;14;15;16;17; 18; 19 1:5

19
National:
1;3;4;5;6;8;9;10

Regional:
13;14;15;16;17;
18; 19

Regional:
14;15;16;17;18
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&Ta) University Understanding public perception: Factors that influence

USRSl preferences towards green, hybrid, or grey measures
\/

OPERANDUM
DL A
g
ol — -..-- Effectiveness
D - Time — : .
93 5 re e R e - e *u N
- Aesthetics . : e
S Cost .. | - Habitat |Ewdenqe base
S T Effort Risk perception ‘
= Awareness, knowledge, and skills
- | |
= green hybrid grey
: |
o
n >

Preferred measure type based on consideration of factor

---------- Close interrelation between factors

Source: Anderson et al. (2022). Green, hybrid, or grey disaster risk reduction measures: What shapes public preferences for nature-based solutions? Journal of Environmental
Management 310:114727
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A
N Public Acceptance

- —
Attitude A Behavior

Nature-based

of Glasgow oPERANDUN : Solution
e E e
-
© Costs and
5 funding
v esponsibili
g Trust ’ Z . o
° ° ] is
Understanding Public £

Acceptance of Nature-
based Solutions
framework (PA-NbS)

Society

interests .
Past experience

Individual

Promote
participation
and collaboration

Communicate -
effectively .

-

LN N

How to increase acceptance

Early and sustained
Broad and inclusive
Meaningful and active
Educational and
capacity-building

Clear and consistent
Two-way and multi-path
Value-framed
Place-based

Attributable

Increase 7oA
« Salient
awareness of _
b fi + Evidence-based
enefits « Culturally significant
I_ + Multi-functional
Provide + Equitable
benefits + Tangible
+ Non-competitive

Source: Anderson and Renaud (2020). A review of public acceptance of Nature-based

Solutions: the ‘why’, ‘when’, and ‘how’ of success for disaster risk reduction

measures. Ambio 50:1552-1573.

A
J Interdependence < - Spectrum Ecosystem service flow
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of Glasgow Conclusion

* Risks from climate-related hazards are increasing globally

* These, combined with other anthropogenic process can lead
to systems tipping points

» Adaptation, including system transformation can change rural
system trajectories positively and make them more resilient

* Nature-based solutions and green recovery/development
concepts and frameworks can support transformative
adaptation in rural settings

* These actions need to be co-developed with all concerned
stakeholders to ensure their success
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