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Between 2001 and 2020, yeported direct
disaster losses more th doubled to more
than SZOO billion anntialiv: L

Direct losses aj faction of the real cost of disasters.




X

ONIHIIANIONT 40 ALTNOVH IHL

Single hazard event reporting

NatCatSERVICE

US events dominated natural disaster losses in 2025

Selected natural catastrophe loss events worldwide Munich RE ==

Severe storm : Rockfall - Frost ¢ Flood
14-17 Mar, USA 28 May, Switzerland i 23-29 Jul, China
Overall losses: US$ 9.4bn i Overall losses: US$ 0.5bn i Overall losses: US$ 5.8bn
Insured losses: US$ 7bn Insured losses: US$ 0.4bn i Insured losses: US$ 0.5bn
Fatalities: 29 Fatalities: 1 Fatalities: 70
. > .
28 Mar, Myanmar,
Thailand, China, Vietham
Overall losses: US$ 12bn
Insured losses: US$ 1.5bn
Fatalities: 4,500
®
Hurricane Melissa ‘ o Cyclone Alfred
gzgz?n gsd. ;:gi;gzh%ueba. - Severe storm, flood Cyclone Garance 28 Feb-10 Mar, Australia
; P-1 3-4 Nov, Argentina 27-28 Feb, Réunion Overall losses: US$ 3.5bn
Pgr;c:;i,l;i:gng;aggog%gg Overall losses: USS 1.4bn Overall losses: US$ 0.9bn Insured '95563' USS$ 1.2bn
: Insured losses: minor Insured losses; US$ 0.4bn Fatalities: 1
Insured losses: USS 3bn Fatalities: 5
Fatalities: 95
Geophysical events Meteorological events E Hydrological events | Climatoloaical events B scsecio sormesaicaliskioptios
Earthquake, tsunami, Tropical storm, extratropical storm, @ | Flood, mass movement Extreme cold temperature,
volcanic activity, rockfall convective storm, local storm wildfire «  Small, medium and large loss events

® 2026 Munchener Ruckversicherungs-Gesellschaft, NatCatSERVICE

Source: https://www.munichre.com/en/company/media-relations/media-information-and-corporate-news/media-
information/2026/natural-disaster-fiqures-2025.html



https://www.munichre.com/en/company/media-relations/media-information-and-corporate-news/media-information/2026/natural-disaster-figures-2025.html
https://www.munichre.com/en/company/media-relations/media-information-and-corporate-news/media-information/2026/natural-disaster-figures-2025.html

Complex, compound and cascading risks

Climate Change

causes
Impacts and Risks

From urgent to
timely action

4

Governance

Finance
Knowledge and capacity
Catalysing conditions
Technologies

Human Society

Limits to adaptation
Losses and damages

Ecosystems
including biodiversity
Limits to adaptation

‘ Losses and damages
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The risk propeller shows that risk emerges from the overlap of:

Future Climate Change
Limiting Global Warming

Climate Resilient

Development
Human health & well-being
equity, justice

Ecosystem health
Planetary health

Human Systems
Transitions

Ecosystems
Transitions

Societal | Energy
Industry | Urban, Rural
& Infrastructure

Land | Freshwater
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Ecosystems and
their biodiversity

~impact_-W
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. Climate hazard(s) ‘ | Source: IPCC Sixth Assessment Report — Climate Change 2022: Impacts, Adaptation and
— Vulnerability — Summary for Policymakers (2022)
4 ...of human systems, ecosystems and their biodiversity https://www.ipcc.ch/report/ar6/wg2/chapter/summary-for-policymakers/



https://www.ipcc.ch/report/ar6/wg2/chapter/summary-for-policymakers/

Complex, compound and cascading risks

Climate Change Future Climate Change
causes Limiting Global Warming
Complex, Compound and Cascading Risks 0@

B.5 Climate change impacts and risks are becoming

increasingly complex and more difficult to manage. Multiple

climate hazards will occur simultaneously, and multiple climatic

and non-climatic risks will interact, resulting in compounding

Limits to adaptation
Losses and damages

overall risk and risks cascading across sectors and regions.
Some responses to climate change result in new impacts and

risks. (high confidence) LINKS TO CHAPTERS

The risk propeller shows that risk emerges from the overlap of:

. Climate hazard(s) Source: IPCC Sixth Assessment Report — Climate Change 2022: Impacts, Adaptation and
‘ Vulnerability — Summary for Policymakers (2022)
https://www.ipcc.ch/report/ar6/wg2/chapter/summary-for-policymakers/

5 ...of human systems, ecosystems and their biodiversity



https://www.ipcc.ch/report/ar6/wg2/chapter/summary-for-policymakers/
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Some definitions

Single-hazard
Only one hazard considered

Multilayer single-hazard
More than one hazard
No hazard interactions

Multihazard
More than one hazard
Hazard interactions considered

Single-risk
Risk in a single-hazard framework

Single-risk
Risk in a multilayer single-hazard framework
No interactions on the vulnerability level

Multihazard risk
Risk in a multihazard framework
No interactions on the vulnerability level

Multirisk
Risk in a multihazard framework

Interactions on the vulnerability level considered

Source: Zschau (2017) https://drmkc.jrc.ec.europa.eu/portals/0/Knowledge/ScienceforDRM/ch02/ch02_subch0205.pdf



https://drmkc.jrc.ec.europa.eu/portals/0/Knowledge/ScienceforDRM/ch02/ch02_subch0205.pdf
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Example: UK storm sequences in 2021

Triplet of storms in NW
Europe in 2021 —
consecutive impacts
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Challenges of multi-hazards

Millenia

Centuries
Decades
Years

Months

Weeks
Days

Hours

Temporal scale (seconds)

Minutes

Seconds

10124
Regional
subsidence
1010 and uplift
rLocaI subsistence
and heave
108+ (olcanio eruption Drought
lastic and
- e |
106- Z?ﬁgﬁ Hazard groups
(gzssr::? D Geophysical
10° Shallow earth processes
Q Hydrological
1024 Landslide Tsunami ! Atmospheric
. Biophysical
csd?;;i valait::?'nz g\ J N /
100 4 : Earthquak ' \ | | | N
10-2 100 102 104 106 108 1070
Micro Local Regional Global

Spatial scale (km2)

Source: Gill & Malamud (2014) https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2013RG000445



https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2013RG000445
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Compound / multi-hazard events typology

_|
T
m
T Preconditioned Multivariate
. I Hazard 1
Driver 1 ———— > | Precondition |=—————
l v
< — Hazard Modulator Driver I Hazard 2
o _’ )
5
m Driver 2 —_— \-> Hazard n
Z
©. False sorin « Compound flooding
z. Rain onpsngw flood « Concurrent drought & heat
m ‘ « Concurrent wind & precipitation extremes
- Temporally compounding Spatially compounding

Modulator

o |

Driver

Time

Fixed geographical region

Hazard 1

B ——

=

Hazard 2

Hazard n

—

» Seguence of storms/heavy precipitation events

9

Multiple regions

Modulator

Driver 1 T
Driver 2 —_—
Driver n —_—

Global crop failure

Source: Zscheischler et al. (2020) https://www.nature.com/articles/s43017-020-0060-z

Hazard 1

Hazard 2

Hazard m



https://www.nature.com/articles/s43017-020-0060-z
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Global hotspots

Compound events related to wet conditions
Wind and hail
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Source: Ridder et al. (2020) https://www.nature.com/articles/s41467-020-19639-3?fromPaywallRec=false



https://www.nature.com/articles/s41467-020-19639-3?fromPaywallRec=false
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Annual event ‘chronicles’
w

Jan 2024 and Nov-Dec 2024
Type: temporally compounding

Upper Midwest USA

Jun-Jul 2024

Type: temporally compounding
Climate extreme: drought
followed by heavy rainfall
Impacts: flooding, partial dam
failure

Southeast USA

Sep 2024
Type: preconditioned

Climate extreme: heavy rainfall,
tropical cyclone (Hurricane Helene)

Impacts: >200 fatalities, >US$100
billion in economic damages

Jul-Oct 2024

Type: preconditioned; multivariate
Climate extreme: wildfires
Impacts: 15 Mio hectares burnt,
65,000 households affected

Central and southern Chile

Feb 2024

Type: preconditioned; multivariate
Climate extreme: wildfires
Impacts: 130 fatalities, 40,000
people affected, 7000 homes
destroyed

Climate extreme: heavy
rainfall (storm clusters)

disruptions

Impacts: fatalities, blackouts,
severe road and rail transport

Sep 2024

Climate extreme: heavy Climate extreme: tropical
rainfall and floods cyclone (Cyclone Chido),
Impacts: 27 fatalities, 4.2 strong wind and extreme

damage

Brazil (Pantanal)

Jun 2024

Type: preconditioned;
multivariate

Climate extreme: wildfires
Impacts: 440,000
hectares burnt

Type: spatially compounding

billion euros economic

Dec 2024
Type: multivariate

rainfall

2024

Type: spatially compounding
Climate extreme: marine
heatwaves

Impacts: coral bleaching

Impacts: >150 fatalities in
Mozambique, Mayotte and
Malawi, thousands of homes

destroyed

Sep 2024

Type: preconditioned

Climate extreme: extreme
rainfall and flash floods
Impacts: >200 fatalities, >1,200
houses destroyed, critical
infrastructure damaged

Southern Africa

Jan-Apr 2024

Type: spatially compounding
Climate extreme: drought
Impacts: crop failure, loss of
livestock, food shortage,
disease outbreaks

May-Jul 2024

Type: temporally compounding
Climate extreme: drought
followed by heavy rainfall
Impacts: crop failures

Nov-Dec 2024
Type: temporally compounding
Climate extreme: heatwave

followed by heavy rainfall and
extreme wind gusts

Impacts: damaged property

Fig.1| Compound events in 2024. Select examples of spatially compounding, temporally compounding, and preconditioned or multivariate compound events that

occurredin2024.

Source: Zscheischler et al. (2025) https://www.nature.com/articles/s43017-025-00657-y



https://www.nature.com/articles/s43017-025-00657-y

X

ONIH3IIANIONT 40 ALTNOVHd IHL

12

Multivariate events dominate the
literature

B Multivariate (M) ¥ Temporally (T) = Spatially (S) ™ Pre-conditioned (P) Combination

T/P- 11 (3.5%)

M/S- 9
M/p- (2.9%)
M/T-5 3
(1.6%) (1.0%) T/P/M-3

Source: Brett et al. (2025) https://nhess.copernicus.org/articles/25/2591/2025/nhess-25-2591-2025.html

Compound events per
typology - total 314.


https://nhess.copernicus.org/articles/25/2591/2025/nhess-25-2591-2025.html
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Quantifying the interactions

SECONDARY HAZARD (TRIGGERED OR INCREASED PROBABILITY) KEY
. HAZARD GROUP HAZARD CODE
. . EQ (TS |VO|LA|AV | FL |[DR| RS |GC | SS |[GH | ST |TO |HA (SN | LN | ET | ET |[WF | GS | IM Earthquake £Q
H C]
Modelling interconnected - 4 o TS
. - - : ' GEOPHYSICAL | Volcanic Eruption Vo
hazards: creating a network N ZI7 7 Landside m
. . Snow Avalanche AV
of interacting hazards. v A/ A2 Food ;
Al AL Z : YDROLOGICAL
i —— an A Drought DR
/ Regional Subsidence RS
. AV d ’;4 V ; s';::'::lw Ground Collapse GC
Primary natural hazards on 2 i AT [Soilio) Subsdes. S5
the vertical axis and ‘ | ] o =
DR / Storm ST
N
7 Tornado T0
secondary hazards on the i \\ Hailstorm m
. H al GC \TMOSPHERIC |Snowstorm SN
horizontal axis. 5. N Lioing o
Tl Extreme Temperature (Hot) ET (H)
2 —— _ Extreme Temperature (Cold) |[ET(C)
: s e BIOPHYSICAL | Wildfires WF
I n th IS exam p I e y a Sto m & 3 LS - a SPACE Geomagnetic Storm GS
H H TO Impact Events IM
event (ST) triggers flooding %
(F L)! Wh ICh then trlggers 'SN Potential for a small number of hazard
. ) events (individual or a few occurrences)
| an d S I I d eS ( LA) . LN A |:| Potential for a large number of hazard
ET (H) ﬁ events (multiple occurrences)
1 SYMBOL EXPLANATION
f”q A A ‘ﬁ . A ‘ y ~ | Hazard Triggers Secondary Hazard
WF
) Hazard Increases Probability of
GS ) Secondary Hazard
) — | Hazard Both Triggers and Increases the
M Probability of Secondary Hazard

Source: Gill & Malamud (2014) https://doi.org/10.1002/2013RG000445



https://doi.org/10.1002/2013RG000445
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Quantifying the impacts

Spatial and temporal

evolution of
H1 and H2

A
Hazards are
spatially
overlapping

YES

NO

Bl B2
YES Hazards are NO YES Hazards are NO
temporally temporally
overlapping overlapping
(i) Spatial- (ii) Temporal
Temporal overlap (but not Spatial)
impact overlap impact
C
The second hazard
starts when the
YES territorial system has not NO
completely recovered
yet from damage caused
(iii) Spatial overlap by the first hazard (iv) Independent
impact single hazards
(with residual and impacts
subsequent damage)

Mapping the mechanisms between interconnected
hazards.

Source: De Angeli et al. (2022) https://www.sciencedirect.com/science/article/pii/S22124209220004867?via%3Dihub

MECHANISM DEFINITION EXAMPLE
PARALLEL HAZARDS
@ A series of hazards are
generated by the same trigger
LANDSLIDE FLOOD
CASCADING HAZARDS
) A hazard acts as a trigger for
one or more sequential events EARTHQUAKE TSUNAMI
DISPOSITION ALTERATION
The occurrence of a first hazard
© is able to influence the
frequency and/or the magnitude AVALANCHE
E of a second hazard
Alteration Removal
of the disposition of protective forest

ADDITIONAL HAZARD POTENTIAL

ADDITIONAL HAZARD
POTENTIAL

The damage caused by the first
hazard is able to influence the
magnitude of the second one

EARTHQUAKE

DISRUPTION OF FLOOD PROTECTION
MEASURES

COINCIDENT TRIGGERING

The simultaneous occurrence of
two hazards is a trigger for a
third one

LIGHTING DROUGHT

WILDFIRE

CYCLIC TRIGGERING

The triggering of the second
hazard exacerbates the first
hazard, therefore triggering
further episodes of the second
hazard, creating a sort of
positive feedback

SLOPE

CHANNEL
AGGRADATION

UNDERCUTTING .



https://www.sciencedirect.com/science/article/pii/S2212420922000486?via%3Dihub
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Quantifying multi-hazard occurrences

Study objectives:
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Present a method to attribute the
complex nature of natural hazard
interactions using observations
|dentify multi-hazard events during
the past 123 years (1900-2023)
using the EM-DAT global disaster
database leveraging the ‘associated
hazard’ category

Reclassify hazards into four
categories: preconditioned/triggering,
multivariate, temporally

@ Data in associated
Database hazard field of EM-
selection DAT

Fllterlng %
es

;

Impacts of single
hazard events

Single hazard events

@

Identification
of multi-hazard
events

Comparative
assessment

Multi-hazard events

Filtering

Classification
of multi-hazard
events

Parameters
* Origin
* Location(s)
* Timeframe
* Hazard
* Associated
hazard

Classification

Com pou nd I ng’ and Spatlal Iy Preconcl;itioned Multi\{ariate Templorally Spa}ialiv
com pOU nd [ ng mu |t|-haZard eve nts and triggering compounding compounding

Explore proportional and directional
relationships between combinations
of primary and associated hazard
pairs

* Hazard Occurrence
* Economic losses

* Fatalities

* Reporting pattern

T

Geographical

distribution

Source: Lee et al. (2023) https://doi.org/10.1016/].scitotenv.2023.169120



https://doi.org/10.1016/j.scitotenv.2023.169120
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Quantifying multi-hazard occurrences

Extreme Earthquake Drought

temperature

Flood

Occurrence

Losses

Fatalities

4

94%

71%

100%

D

79%

54%

>

87%

64%

D

78%

57%

99%

Mass
movement

Volcanic

Wildfire

activity

Occurrence Losses Fatalities
4 - Y4
92% 7% 93%

93%

4

92%

86%

Single hazard events [l Multi-hazard events

~

-
=

~

GVR

Global Assessment Report
on Disaster Risk Reduction

Resilience Pays:
Financing and Investing for our Future

2025

N

_Approximately 19% of
the 16,535 disasters in
EM-DAT can be
classified as multi-
hazard events, but
these events are
disproportionately
responsible for nearly
59% of the estimated
global economic
losses.

Source: Lee et al. (2024) https://doi.org/10.1016/|.scitotenv.2023.169120; UNDRR GAR (2025) https://www.undrr.org/gar/gar2025



https://doi.org/10.1016/j.scitotenv.2023.169120
https://www.undrr.org/gar/gar2025
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Global multi-

hazard pairings

Multi-hazard Circos plot illustrating
proportional and directional
relationships between different
combinations of eight primary
hazard and seventeen associated
hazard pairs using EM-DAT (1900-
2023).

Each coloured arc segment
corresponds to a specific hazard
type. The connections between
coloured segments denote hazard
interactions, with line thickness
indicating the relative frequency of
multi-hazard occurrences.

Source: Lee et al. (2024) https://doi.org/10.1016/j.scitotenv.2023.169120



https://doi.org/10.1016/j.scitotenv.2023.169120

X

ONIHIIANIONT 40 ALTNOVH IHL

18

Global multi-
hazard pairings

Drought Earthquake Extreme temperature

Flood

25% 21%
8%

16% e

Mass movement Storm Volcanic activity

Wildfire

Preconditioned or l L Temporally Spatially
triggering Multivariate

Source: Lee et al. (2023) https://doi.org/10.1016/|.scitotenv.2023.169120

compounding compounding

No category

Distribution of multi-hazard
events using EM-DAT (1900-
2023) across the four
categories:
preconditioned/triggering,
multivariate, temporally
compounding, and spatially
compounding.


https://doi.org/10.1016/j.scitotenv.2023.169120
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Compound cold-dry/wet

International Journal of Climatology

RESEARCH ARTICLE £ Open Access (@ @

Characterising Cold-Dry and Cold-Wet Compound Events in the
United Kingdom

Kanzis L. Mattu g Christopher |. White, Hannah Bloomfield, Joanne Robbins

First published: 05 April 2025 | https://doi.org/10.1002/joc.8859
F
[ Distinct spatial patterns of cold-dry (CD) vs. cold-wet (CW) '
events
CD events (cold-dry) occur up to ~14 days per winter in the western
UK region, but only about 4-8 days in the east; by contrast CW
events (cold-wet) show the opposite pattern (0-1 days in the west
vs 2-3 days in the east).

[ Different atmospheric drivers for CD vs. CW events
CD events are largely associated with anticyclonic weather patterns
and a negative phase of the North Atlantic Oscillation (NAO), while
CW events tend to be driven by cyclonic weather patterns.

[ Implications for impact-based forecasting and regional
planning x| sy e e e
Using a location-specific percentile approach paired with analysis of
weather-pattern drivers offers a useful tool for medium-range
forecasting of compound cold events (both CD and CW), which is e e
i ercentage of compound cold days by weather regime
valuable for sectors like health, transport and energy.

Percentage of CD and CW day occurrence under eight weather regimes. (A) NAO-, (B) NAO+, (C) Northwesterly, (D)
Southwesterly, (E) Scandinavian High, (F) High Pressure Centred Over the UK, (G) Low Close to UK, (H) Azores High.
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Compound cold-
dry/wet impacts

Compound cold events, impacts and
weather patterns: a case study of the
Scottish rail network. (in review)

Kanzis L. Mattu, Christopher J. White, Hannah Bloomfield and Joanne Robbins

= Snow, wind, and precipitation hazards dominate
winter rail disruption across Scotland (2006—
2023).

= High-impact days are rare (top 1%) but account
for a disproportionate share of disruption—up to
31.5% of all PfPI (delay) minutes.

= Compound cold events (CD/CW) are strongly
associated with the most disruptive days,
especially when they occur in sequence.

= NAO- patterns drive snow-related incidents;
NAO+ patterns drive wind and flood-related
incidents.

= Seguencing matters: CW — CD transitions can
lock in frozen precipitation and amplify impacts.

Proportion of Incident Types

Number of Incidents

3500

30001

= = N N
o w o v
o o =] (=}
o o o o

5001

Incident Reason

Frequency of reported rail incidents per incident reason, Oct-Mar, 2006-2023 in
Scotland

ALL NAO- NAQ+ SH HP LC A

10532| 1022 836 750 299 87 a2 67 IQET Bl6 637 632 182 87 445 432 273 29 ETZG 394 123 120 ; 232 197 104 89 il?ﬁ 75 5454 IDTE B2

12

1.0

0.8

e
EY

=
B

0.2

LL 27 19 28 25 9 6 11 14 24 13

20 26 30 23

4

Weather Pattern Number

0.0

Proportion of rail incident type per MO30 weather pattern for the period Oct-Mar, 2006-
2023 in Scotland

Incident Types
. FLOODING
W FOGISNOW
W HEAT SPEED
. HIGH WIND
ICING
N INF WEATHR
KRS/ BLKT
LIGHTNING
= MISC 0BS
I PNTS SNOW
EE SEV FLOOD
m— SEV SNOW
SPLWRKING
WEATHER
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UNDRR

More than j“St hazards UN Office for Disaster Risk Reduction

@) UNDRR

UN Office for Disaster Risk Reduction

How hazards
interact

Sy o+ 3

Cascading Compound

o g Two or more hazards
(Trlgge"ng) “ occur together or in close

One hazard sets off )) =\ succession, creating
another. : ,7 ” PRty greater combined impacts.

‘
Amplification
One hazard increases the likelihood
or severity of another.

Communities rarely face hazards one by one.
Hazards can trigger, intensify, overlap, or
occur before recovery is complete.

A multi-hazard approach
helps us understand these
connections and take action early.

Sources: UNDRR & PreventionWeb https://www.preventionweb.net/understanding-disaster-

@ UNDRR

UN Office for Disaster Risk Reduction

UN Office for Disaster Risk Reduction

e are living in an age of increasingly
lexElitllinterconnected global risks#
1\|we are not sufficiently prepared

rricane. Power failure. Then heatwave.
scading hazards put health at risk.

Mis- and Disinformation

Cybersecurity Shortages Large-Scale Heat-related illness encounters in Harris County from April 29 to July 26, 2024
Breakdown of Natural Natural Hazard
Resources _ Risks 175
— ®
New Rapid Decline Hurricane
Pandemic in Biodiversity

Biorisks Mass
Movement
of People

Beryl \

0/ Large-Scale
Pollution

/Hurricane Beryl made landfall on 8 July 2024. Power failed across I

) VI A~ AT homes in Houston, Texas. With no air conditioning in near-40°C
/4 /|heat, hospital admissions surged - and kept rising for eight days.

Source: Harris County Public Health / Yale Climate Connections, 2026

risk/key-concepts/systemic-risk



https://www.preventionweb.net/understanding-disaster-risk/key-concepts/systemic-risk
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/systemic-risk
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Example: rain & canal failure closes mainline

NEWS

Home | InDepth | Israel-Gaza war | War in Ukraine | Climate | UK | World | Business

Politics | Culture

Scotland | Scotland Politics | Scotland Business | Edinburgh, Fife & East | Glasgow & West |

Highlands & Islands | NE, Orkney & Shetland | South | Tayside & Central | Alba

"Two months' to repair flood-
damaged Glasgow-Edinburgh rail
link

(@ 18 August 2020

NETWORK RAIL =3
h

| Network Rail said thousands of gallons of water ha

A flood-damaged section of the rail link between Glasgow and Edinburgh
could take two months to repair, Network Rail has said.

Sources: BBC and Network Rail
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Communicating multi-hazards

Meteorological Applications

Open Access EMweité
Science and Technology for Weather and Climate

RESEARCH ARTICLE (3 Open Access (&) (@)

Science-policy-practice insights for compound and multi-
hazard risks

Lou Brett 2 Hannah C. Bloomfield, Anna Bradley, Thibault Calvet, Adrian Champion, Silvia De Angeli,
Marleen C. de Ruiter, Selma B. Guerreiro, John Hillier, David Jaroszweski, Bahareh Kamranzad,

Minna M. Keindnen-Toivola, Kai Kornhuber, Katharina Kupfer, Colin Manning, Kanzis Mattu, Ellie Murtagh,
Virginia Murray, Aine Ni Bhreasail, Fiachra O'Loughlin, Chris Parker, Maria Pregnolato,

Alexandre M. Ramos, Julius Schlumberger, Dimitra Theochari, Philip Ward, Anke Wessels,

Christopher J. White ... See fewer authors ~

First published: 08 April 2025 | https://doi.org/10.1002/met.70043 | Citations: 2

» Glasgow workshop (Jan 2023): Brought together 42
researchers, practitioners, and policymakers from 12 countries to
build a shared understanding of compound and multi-hazard
events and improve risk management across sectors.

» Key themes: Participants emphasized the need for a common
language, effective case studies, knowledge co-production with
practitioners, and better frameworks for managing compound and
multi-hazard risks.

» Practical outcomes: Strategies included reclassifying past
events, using storylines to project future impacts, adopting
adaptive policy pathways, promoting open-access tools, and
strengthening cross-disciplinary collaboration.

1) Raise awareness
and improve
communication

-

Develop a common
language within projects.
Utilise case studies as a
tool to communicate
compound event and
multi-hazard impacts and
risks.

Promote research
methods such as the
storylines approach.

Improving compound
and multi-hazard
management in policy
and practice
3) Increase
engagement and
knowledge co-
2) Support production
implementation in
practice = Invest in science

communication and
knowledge exchange.

* Publish open-access
papers.

* Utilise industry focused
conferences and events.

* Promote co-produced
knowledge and evidence-
informed research.

* Promote relevant
decision-making tools
and framewaorks.
Centralise information
for active compound and
multi-hazard projects.
* Encourage industry
placements and
secondments.

Schematic summarizing the identified high-level priorities for
how to improve compound event and multi-hazard risk
management in policy and practice.
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Forecasting multi-hazards

Source: UNDRR

UN Office for Disaster Risk Reduction

7= Early:
@UNDRR  waihas

What makes an effective
early warning system?

Early warning systems
are built to monitor
different hazards that
can happen alone,
together, or trigger one
another

Monitoring Forecasting
& detection & assessment

| |
‘QTD‘OTJ

_ Warning Response
dissemination & action

A truly effective
system covers
the full chain

Effective early
People warning systems

Centered are inclusive,
ensuring no one

is left behind

Early warnings only work when they are received,
understood, and acted upon by everyone.

Early <

Warnings

SAll

UN Office for Disaster Risk Reduction
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predictions and early warnings
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Prof Christopher J. White

Director of the Centre for Water, Environment,
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Department of Civil and Environmental Engineering,

University of Strathclyde, Glasgow, UK
chris.white@strath.ac.uk

University of

Strathclyde

: Glasgow

UK UNIVERSITY OF THE YEAR
2026
Daily Mail University Guide

SCOTTISH UNIVERSITY OF THE YEAR
2026

The Times and Sunday Times Good University Guide
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For Higher and Further Education

UK UNIVERSITY OF THE YEAR
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Times Higher Education

Compound events in 2024

Zscheischler, J., Raymond, C., White,

C.J. et al. (2025). Compound weather and
climate events in 2024. Nat. Rev. Earth
Environ., 6, 240-242
https://doi.org/10.1038/s43017-025-00657-y

ANTICIPATE COST Action:

The ANTICIPATE COST Action for
extended-range multi-hazard predictions
and early warnings
https://cost-anticipate.eu/
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