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Why do the insurance sector care about extreme
weather?

Modelling risk using Catastrophe
models relies on a good

. Examples include:
understanding of the: i

* Ecosystem-based measures -
- Hazard to reduce coastal flooding Vulnerability

- Exposure * Mangroves to alleviate coastal
o t
- Vulnerability =PRSS

Actions to reduce
Vulnerability

Examples include:
+ Social protection

« Livelihood diversification
* Insurance solutions

* Hazard-proof housing
and infrastructure

Actions to reduce
Exposure

Examples include:

* Water reservoirs to buffer
low-flows and water scarcity

Across Western Europe at present
the main hazards faced are:
- Meteorological

- Hydrological Limits to Adaptation

- Climato [og ical « E.g. physical, ecological, technological,
economic, political, institutional,
psychological, and/or socio-cultural

» Coastal retreat and resettiement
* Risk sensitive land use planning

= Early warning systems and
evacuations

2 Source: Figure TS.4 — Special Report on the Ocean and Cryosphere in a Changing Climate



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.ipcc.ch%2Fsrocc%2Fchapter%2Ftechnical-summary%2Fts-0-introduction%2Fipcc-srocc-ts_4%2F&psig=AOvVaw04XalbbOYTD5Fj5rHj9UcX&ust=1686746745953000&source=images&cd=vfe&ved=0CBIQjhxqFwoTCPC45rajwP8CFQAAAAAdAAAAABAI
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Why do the insurance sector care about extreme
weather?
Meteorological Hydrological Climatological
* Wind storm » Coastal Flood » Drought
» Hail  River Flood » Wildfire
* Lightning * Flash flood * Heatwave

* Avalanche * Coldwave

3 Storm Eunice blows off rooftops with highest wind speeds on record in England
Flood defence equipment swept away in Leeds following Storm Franklin
Summer wildfires increased fourfold in England in 2022
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Why do the insurance sector care about extreme

weather?

Figure 1. Annual economic damage caused by weather- and climate-related extreme events in the EU Member States

Billion EUR (2021 euros)
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4 Source: EEA, 2022 https://www.eea.europa.eu/ims/economic-losses-from-climate-related
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Key Perils of interest: Survey

A huge focus on wind-related hazards.

 Tropical/Extra-tropical cyclones

» Flooding

» Severe convective weather (especially now
new very-high-resolution climate model
simulations are becoming available)

« Most insurers surveyed have a global
portfolio of interests.

» Growing interest in summer extreme

weather, and growing interest in adaptation.

Extra Tropical Cyclones
Tropical Cyclones
Wildfire

Flooding

Drought

Heatwave

Coldwave

Sea level rize
Landzlides

Dwst storms

Tomadeos

Severe convective storms

Other

B Royal Meteorological Society
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~40 insurers / those working with the insurance industry were surveyed
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Growing interest in Compound Events

Re/
Exposure [ "3 Geocoder Insurance
conditions

CAT models are run based on single
meteorological hazards.

However, there is evidence that
particular sets of hazards tend to co-
occur and this may impact the financial
losses.

e.g. for wind-flood (it's easier to flood a
house that has just had it's roof blown
off)

In summer: heatwave + drought,
heatwave + wildfire.

Define Stochastic
Events

Event Set

- Regional Stochastic

tracks

- Calibrated with History
- Realistic lifetime

Assess Hazard

Hazard

- Time-stepping Windfield
- 3 sec Peak Gust

- Surface Roughness

- VRG Windfield

Calculate . Qua_ntify
Financial Loss

Damage

Vulnerability Financial Module
- Vulnerability Curve by - Loss =MDR*Exposure Value
Construction/Occupancy - Various loss Perspective
efc. - AAL(Pure Premium)and PML

- MDR + Std Deviation

6 Source: https.//oasislmf.github.io/modelling_methodology/what_is_a_catastrophe_model.html
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Compound wind-flood events example

Growing body of literature
developing on these events but
generally the research is very
‘meteorology focussed'.

It's hard to get to impact!

We need to:

- Develop useful impact-based
measures of hazard.

- Consider co-occurrence on the
most useful timescales for the
sector (e.g. 5-days, 21 days?)

- Engage with practioners to get
feedback on this research!

GB COMPOUND FLOOD-WIND LITERATURE METHODS SUMMARY

E
& 3
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Vignotto e,t al., (2021) Matthews (2014) 5»? §
B 2 F
- ! Martius et al.,, (2016) o7
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Y q §
b . 4
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x . De Luca et al., (2017) A
2 ® ¥
% Halliday et al., (in prep)
2 *
°
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® Hillier et al., (2020) ,g:
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Dixon (2020) o
&

&

0

§ &

Q¢

4

Various Correlation coefficients

Odds Ratios
Return Periods

Extremal dependency
Bespoke statistic within paper

7 Source:Bloomfield et al.., (2023) https://doi.org/10.1016/j.wace.2023.100550
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. Using ERA5 &
Compound wind-flood events example

(b) GB population weighted

0.8 -

Development of a flood-severity-index

Based on exceedances of high percentiles
of river flows (associated with potential for
rivers to overtop.

Also incorporate exposure data

0.6 -

0.4 -

q(t); ;

N; N;
L)

0.2 4

Spearmans Rank correlation

0 if q(t),. < g% 0
i = q( )3»3' %i.j e PR Wind gust vs. precip
1 otherwise Wind gust vs. river flow
SSl vs. FSI
_0.2 T T T T T T T T
y _{ 0 oversea 20 40 60 80 100 120 140 160 180
1 over land Timescale of interest (days)

8 Source:Bloomfield et al.., (2023) https://doi.org/10.1016/j.wace.2023.100550



Presenter
Presentation Notes
Peter

https://doi.org/10.1016/j.wace.2023.100550

From Newcastle. For the world. Newcastle

University

Compound wind-flood events example

(c) National Rail Data 2006-2018

Correlation between the wind-flood
hazards is also seen in data from
National Rail

0.8 1

Encouraging that we're modelling
something that is real/useful!

Spearmans Rank correlation

0.2
0.0 4
— National Rail Costs
—— National Rail # Indicents
-0.2

20 40 60 80 100 120 140 160 18C
Timescale of interest (days)

9 Source:Bloomfield et al.., (2023) https://doi.org/10.1016/j.wace.2023.100550



Presenter
Presentation Notes
Peter

https://doi.org/10.1016/j.wace.2023.100550

'S
Newcastle

From Newcastle. For the world. University

Understanding the drivers of these events is critical

It's not enough to just say ‘it's Weather Hazard & Impact Implications
storms’ sidigumice  feiesstoens  fommienssine s
u dependency persistent soil saturaton implications as events continue to build wp

It % € (. o i o \
- Are there critical antecedent :27 SO MEQUACSS A || o I
conditions for an extreme event EEE ~Daily (1-3 days) $ 4-15 days (weeks) $ saturation | drivers I
to occur? E G Precipitation, V__ Flow,V__* up to 40-60 days I Seasonal |
Loss, severity I e.g. |
/

- How large are potential — \Lin-:liu:ars-ssnzrthJl).l | solvency
daily/seasonal hazards / N —_-
compared to what we've seen in Wk il \ / \ /

the observed period?
Low

- —dery

. Ire
- Will these events become more ‘l{ W """--*.ifﬂIL
. . ™y High
frequent with climate change? e :
iﬁ;wﬂﬂujﬁerﬁiﬂ:ﬁﬁer Catehment Large-scale drivers
saturation (.. teleconnections)

10 Source:Bloomfield et al.., (2023) https://doi.org/10.1016/j.wace.2023.100550
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Compound wind-flood events
- -
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Investigate the impacts of climate

]
change: -« . -
=allls =
. . | - |

4-fold increase in the number of co- Ot Nov Dec n feb M D T~
Occurr|ng extreme (>P99 |n both - Compound P95 events aae Compound P95 events
. . 160 160
hazards) wind-flood events) in a future BN NAO+
. N NWerly 0 2
climate. SWerly - o
N UK Low m = N
. ‘ . . . N NAO- &0 ()
Slgm[lcant increase in late-winter mm scandH o) o B . l
events. UK H ™ - 0
Azores H 770t Mov Dec jn  Feb M . , N B ke B “.‘
UKCP18 12km data' 1980_2000 VS. Compound P99 events ‘ Compound P39 events
5 5
2060-2080.
Weather patterns from UK Met Office )
DECIDER tool ;

11 Source:Bloomfield et al.., (in prep)
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Compound wind-flood events demonstrator

Wind/Flood Risk Correlation Explorer

Correlation length [ Day v]@
Variable 1 [ Gust "]G)
Variable 2 [ Precipitation V]@
Compare regions CD @
NUTS1 region data (@) @

St. John's

“obas

TUNISIA

Map  About
Surg++
Cypi +
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Nizhny Novgorod Nepme
HuscHWiA
| Hoeropog Ufa B ey
BELARUS Samara Y2 . v
BENAPYCh ¢ Camapa _
N Wk, Astana
\ N it x
G Al - ~ AcTaHa
SREANE Volgograd
__ YKPAIHA : ( KAZAKHSTAN
o~ Bonrorpaa. KA3AKCTAH
M loZBEKISTON.
*Baki \ il
2 TURKMENISTAN.  (TAJIKISTAN

- TOHMKUCTOH,

1 |.1000 km & J.

- xValletta 7 I ]
_~ = | paflet | © Stadia Maps, @ OpenMapTiles'@ OpenSlreerap'contrlbuturé

Trinali L)

025

UKH

80 100
Correlation length (days)

—— Gust vs Precipitation

a

= Info

The above map shows correlation values
. — for the selected correlation length and pair
of correlated variables. These can be
changed using the selection boxes at the
top-left of the map.

21

b il g i The chart to the left shows the correlated
variables at all calculated correlation
lengths for the selected country (outlined in

bold}. The chart can be hovered to see the
numeric yvalies nf the corrslation alono with

CGFl

UK Centre for
Greening Finance
& Investment

12 Source: https.//the-iea.github.io/cgfi-wind-flood/
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But what about climate change...?

Generally this sector focusses on historical
data as insurance contracts are only made 1- Temperature change in the UK
year in advance, ' Relative to average of 1971-2000 [°C]

* A’'long-term’ insurance decision is 5-years
in the future - very different to climate | ‘ I “ ' ‘
science! “ll“. THEey

e
« Growing regulatory pressure to think about .

the impacts of climate change,

» Also a growing interest from firms
especially given large trends now present
in parts of the historical record.

13 Source: https.//showyourstripes.info/c/europe/unitedkingdom/all
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Key Findings from recent CBES exercise CGFI

UK Centre for
Greening Finance
& Investment

 Climate Biennial Exploratory Scenario (CBES) was a regulatory ‘stress test’
from the Bank of England in 2021.
Timescale 2021 - 2050

* Modelling Physical ,Transition and Litigation risks by ~ 30
banks/insurers/Lloyds syndicates.

The pathways are:

LEARNING FROM THE 2021/22

= H H H . CLIMATE BIEMNNIAL EXPLORATORY
{0 Early action is taken against climate change; scenanciiracs) EXERcite W TEUK:
L . . : : RECOMMENDATIONS FOR
(2 ] late action is taken, ie we do nothing until 2031; and CENTRAL BANKS,
SUPERVISORS, FINANCIAL
€© | no action is taken at all. g ALKl

RESEARCHERS

14 Source:
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Every two years the Bank of England puts out a Biennial Exploratory Scenario (BES). For each exercise there is a different focus for the scenario considered that is not covered as part of the annual solvency tests. 

Key point – this was very difficult!!
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Key Findings from recent CBES exercise CGFl

UK Centre for
Greening Finance
& Investment

Chart 4.12: The largest increases in projected insurance losses are a result of the
intensification of tropical cyclones in the US, and flooding in the UK

Average annual losses on liabilities in the NAA scenario. Left: US. Right: UK @)

« The ability to model climate-related risks is at
an early stage and there are major data,
knowledge and capability gaps that require

us ™ attention.

E Billions £ Billions

B Other perils arire
B Inland floc B Tropical cyclone

B Other perils

B UK wind.

« Itis very difficult to translate academic
research papers into useful uplift factors for
CAT models.

* Investment in better underpinning
science, research and knowledge
translation is needed.

15 Source https.//www.bankofengland.co.uk/stress-testing/2022/results-of-the-2021-climate-biennial-exploratory-scenario :
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Grand Challenges from the insurance sector RMetS

Decisions confined 1-5 years in the future: Future challenges:

« Exploiting the power of seasonal-decadal « How does the impact of climate change

prediction systems/large ensembles
Can we be sure that present day climate risk is
estimated correctly?

Exploit power on new high-res simulations.

Lessons from academia:

Ensemble modelling, CMIP-Philosophy,

communicating uncertainty, sensitivity analysis.

compare to population shifts/updated

building codes?

Framing gap:
« Most academic studies focus on attributing
hazard changes, and only a handful of studies

look at loss and damage impacts.

16
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Some complementary activities

CGFl :
UK Gentra for Home About ¥ Latest ¥ WhatWeDo v Toolsand Datasets Contact Q, ° WatCh the recordlng baCk Of the

meeting

& Investment

Insurance and Climate Science — Research, Analytics and Grand

Challenges : . :
g « Sign-up for the mailing list
On 19" April, the CGFI and Royal Meteoralogical Society (RMetS)

Insurance Special Interest Group (SIG), welcomed practitioners and
experts from research, insurance and analytics businesses for a CGFI

Session topics

Connect event. 1. RMetS' Engagement with the Insurance Sector i Get In tOUCh for l I IOre |nf0r| I Iat|0n!
Hosted at the CGFI Innovation Hub, Royal Institution, the afternoon of 9 Applying Data and Analytics to Understand Changing

networking, knowledge sharing and debate saw speakers and Hazards

participants  trade challenges, ideas and solutions around the 5 Translating Existing Datasets, Tools and Academic Outputs

implementation of climate and environmental data and research in " into Useful Insights for Insurers

insurance.
4. Insurance Sector Grand Challenges

Read our summary below, including recordings of the event sessions. The Role of Research in Tackling Insurance Grand

" Challenges

Insurance Special Interest Group

Weather and climate science plays a key role for those working in the insurance sector. This is §
I\

particularly clear when considering the impact of extreme weather events on infrastructure and R M etS
people. However, meteorological data on timescales from hours to decades ahead can be Royal Meteorological Seclety

important for understanding both present and future risks.

The aim of the Insurance Special Interest Group is therefore to strengthen and expand current engagement between
meteorologists and the insurance sector.

17
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Questions and discussion

ncl.ac.uk
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