Flood Risk -
Navigating the
deluge in Europe

Antoine Rainaud, Guillaume Alexis and Anandi Shah
CAE MAY 2025

L) Milliman



FLOOD RISK - NAVIGATING THE DELUGE IN EUROPE — CAE 2025

Agenda

= Recap of 2024 extreme weather events in Europe
= UK

* Impact of Flood Re

= Changes in the insurance market
* France and the Netherlands

* Flood Monitoring tool

* Flood Modelling :

» General framework

» Catastrophe tool

» Scenario Analysis tool
= Conclusion and Q&A



FLOOD RISK - NAVIGATING THE DELUGE IN EUROPE — CAE 2025

Recap of 2024 extreme weather events in Europe

2024 was the warmest year on record
» European temperature 2.92C above the pre-industrial level

Across Europe, flooding stood out as the most prevalent and expensive peril
« Some estimates suggest close to 50 named storms occurred during 2024
« Central European floods in September — EUR 2.2 billion
« Southern German floods in May — EUR 1.6 billion
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Floods in Europe

€20 Billions

2002 Central European floods

€10 Billions
200 lives

2021 Western European floods
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20% population

Estimated at risk for flood in Europe

€7 Billions

Annual average economic cost of
European flood

Flood frequency by 2100 according
to the IPCC

Annual average economic cost for
European flood by 2050




United Kingdom
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UK property premiums and claims

UK Property Insurance

Property premium (£)
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= Average annual home insurance premium - buildings and contents

Source: ABI data

Inflation adjusted average premiums are below the levels observed between 2013-2017, but average claim paid is
> 50% more expensive than 2017
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Impact of Flood Re

= Joint industry and govgrnr_nen_t |n|t_|at|ve that_ provides ok R RIEn Households with a
flood cover for properties in high risk areas in the UK across the UK exposed to previous flood claim

‘frequent flooding’ They have a
greater than 10% chance of being 9%

] In 2022, Build Back Better launched flooded in the next decade Could get quotes from

two or more insurers

32K the cost of repairing a

= In the year ending 31 March 2024, flooded home 0%

(figures based on storms Ciara and Dennis)  Coyld get quotes from five or more insurers

=  £241.6 million paid claims. A third of all claims since Flood
Re’s inception were received in 2023/24, in the wake of

storms Babet, Ciaran and Henk When Flood Re was introduced ~ Households with a
) . ) ) 4 out of 5 households with a revious flood claim
=  Athird of claims for recent storms included Build Back , previous flood claim saw a price P <
Better provisions = reduction of more than 50% 99%
= Number of policies ceded to the scheme increased by 9% to o = 3,22'22922 Felcies s 97%

288,567
- End date of 2039

Source: Flood Re
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UK property insurance market

Current situation

= Flooding, especially in the face of climate change,
remains a big risk

= ABI stresses the importance of adequate annual
investment in flood defences

= The government has committed to investing £2.65 billion
over the next two years towards building and repairing over
1000 flood defences.

=  Many new homes continue to be built on flood plains

= Many insurers are increasing premiums and reducing
the level of cover they provide

= Improvements continue to be made in flood risk
modelling
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What does the future hold?

Government is in the driving seat

Collaborative approach, led by
government?

Home building needs, cost of building and
maintaining flood defences, and latest flood
modelling information

Risk-reflective premiums post 20397

Will some properties become uninsurable and
unsellable?




France and
the Netherlands
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Flood
Monitoring
Tool
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Background
Different types of floods

Fluvial (river floods)

Flow increase

Heavy rainfall

= Dependent on snowmelt, rainfall,
dams & dikes and soil and terrain
composition.

=  When a river overflows, the effects
depend on the floodplain’s
characteristics.
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Pluvial (flash floods)

////’//

Heavy
rainfall
Marked So:l
topography condition
Impermea
-ble soil

= Occurs when a large amount of
water overloads the local drainage
system.

= Such a flood can, in theory,
happen in any area, irrespective of

geography or nearby water bodies.

Coastal floods

Tidal Weather
condition condition

= Occurs when coastal defense
systems are not able to withstand
forces coming from the sea.

= Such a flood usually occurs when
high tides are combined

with high winds and
storm surges.

11



FLOOD RISK - NAVIGATING THE DELUGE IN EUROPE — CAE 2025

Copernicus Sentinel-1
Synthetic Aperture Radar

* 4 2
T M PROGRAMME OF THE Opernlcus co-funded with @ esa

* Organization : %o EUROPEAN UNION
Europe’s eyes on Earth

* 4 x

Satellite

vde Sun Satellite
: - p» (source of (sensor) (source of energy
* Mode of Operatlon . » 1 4 energy) and sensor)

Sy : b- RADAR

imagery ‘ imagery

—" target \ —

Source : Catry et al (2018).

-Effective to discriminate water on the ground

* Benefits : -Day and night -All weather conditions
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Global Flood Monitoring Data

Observed flood extent and likelihood

2025-01-3017:56:59Z

Observed Flood Extent
No Floodwater

. Floodwater

Observed flood extent

Source : GloFAS
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Flood likelihood

elihood Wvalues
MNo Data
Low likelihood of flood classifi
25%
50%

75%

High likelihood of flood classification
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Estimating Water Depth

Framework

* Input historical flood data from GIoFAS :
Detected water and Likelihood

» Choice of the region of interest

Flood in Redon, France, 30 January 2025

» Reprojection of the geospatial layers

Flood Water
Il Detected Flood

" Flood likelihood (%)

: I100
0 25 ‘ = AT
A e ' \LMJ?:&{; 10

Milliman Map : April 2025 — Sources : GIoFAS, IGN
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Estimating Water Depth

Framework

Input historical flood data from GIoFAS :

Detected water and Likelihood

Choice of the region of interest
Reprojection of the geospatial layers

Use of the likelihood to extend the flood
in urban areas, poorly covered by the
radar

) Milliman

Flood in Redon, France, 30 January 2025

Milliman Map : April 2025 — Sources : GIoFAS, IGN

Flood Water
Il Extended Flood
[ | Detected Flood
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Estimating Water Depth

Framework
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Input historical flood data from GIoFAS :

Detected water and Likelihood

Choice of the region of interest
Reprojection of the geospatial layers

Use of the likelihood to extend the flood
in urban areas, poorly covered by the
radar

Water depth estimated according to
flood extent and area topography

Exclusion of outliers

Flood in Redon, France, 30 January 2025

0

Milliman Map : April 2025 — Sources : GIoFAS, IGN

Flood Depth (cm) -

I 700

0
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Flood Modelling :
General framework
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General framework
In more detall

How it works

Risk
characteristics

_ : Model
Portfolio variables framework

Loss Functions

Flood depths

Current state of the climate

Freely available risk maps that show flood depths in
the case of a flood event, provided by local
government agencies.

Future climate change scenarios
Global flood depth maps under several climate-change

scenarios

_

Other data and parameters

Rebuild value — calculated based on building
characteristics available in open data

‘Depth damage curve’

Impressions of the data
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Flood depth data

Data-agnostic framework applied on open data

Current state of the climate

= Risk maps provided by government agencies which are
freely available under the EU’s flood directive

= Provide flood depths for events with a 1-in-X year
return period
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Climate change scenarios

Flood depth maps with yearly maximum
flood depth for the period until 2100.

One simulation done with each climate and
hydrological model, for 3 emission
scenario’s (RCP 2.6, 5.0 and 8.5)
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Catastrophe
tool
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Catastrophe tool
Workflow

/

~

Flood
characteristics

Footprint and water
elevation by return
period

\_

Data be—----- :

Including sources for France

Flood Prone Territories

Géorisques
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Notional
portfolio

Localisation,
characteristics,
sum insured

CSTB

square metre

Average value (€) by

: _J
g BDNB h
Insured assets
geolocalisation and
\_ characteristics... )

/

Damage
function

Damage rate from
water elevation

\
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-

Estimated
losses

Geographically
detailed losses by
return period

J

JRC

Destruction rate by

water level
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Floods characteristics

Coastal flood footprint Fluvial flood footprint

Return period

Bl 20 years
B 200 years
I 1000 years

1

Source : Géorisques
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Notional portfolio

Buildings :

- Location
- Area
- Height

- Construction
date

- Wall type

s ;' J " -'»- 2

P D N \:}534,'
RO 0
Source : ESRI, IGN
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Damage function

Destruction rate for residential building by flood height

Destruction rate

1,00

0,80

0,60

0,40

0,20

0,00

0 0,5 1 1, 2 3 4 5

s Damage function EUROPE Damage function North AMERICA Flood height (m)

= Damage function Centr&South = Damage function ASIA
AMERICA
Damage function AFRICA m Damage function OCEANIA
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RESIIES
The Netherlands

Per EUR
Return 1,000
) Insured loss |
period insured
amount
1-in-10 EUR 36 min 2.4
1-in-100 EUR 826 min 55.1
1-in-1,000 |EUR 2,352 mIn 156.8
1-in-10,000 |EUR 3,607 miIn 240.5
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Results

France

Per EUR
Return 1,000
) Insured loss |
period insured
amount
1-in-10 EUR 165 min 3.2
1-in-100 EUR 1,067 min PAORS
1-in-1,000 |EUR 2,445 min 47.9
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Scenario
Analysis tool
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Flood depth data

Quantifying the effects of climate change

= To quantify the effects of climate change, some
assumptions need to be made:

=  What will the future emissions be? Three concentration
pathways (RCP 2.6, RCP 6.0 and RCP 8.5 are
considered).

=  What's the quality of our defensive systems? There are
two levels under consideration: “1-in-100 year”
protection and “FLOPROS” protection.
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IPCC Representative Concentration Pathways
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https://en.wikipedia.org/wiki/Representative_Concentration_Pathway#/media/File:All_forcing_agents_CO2_equivalent_concentration.svg
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Focus on France

Downscaling
iy

v
. P
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Maps Milliman — Sources : ISIMIP, IGN
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Results
France

These maps show a summed annualized loss in each In RCP 6.0 and 8.5, new areas are exposed to flood
hexagon, in the period from 2024 — 2060, assuming and little affected territories tend to be more damaged.

protection against all 1-in-100 year events. We can highlight the Rhone Valley, which is particularly
hit in every scenario.
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Catastrophe and scenario analysis tool
Both tools serve their own purpose and complement the other

Characteristic Catastrophe tool Scenario analysis tool

Simulated from climate/impact model

Flood depths 1-in-X-year events combinations

Flood types Fluvial, coastal Fluvial

Climate change scenarios No Yes

Protection levels Actual Varying : [No, one-in-100, FLOPROS]
Horizon As-is 2024-2060

Yearly losses corresponding to the
maximum yearly flood event observed,
within the scenario considered

Losses from an event of certain

Output and interpretation likelihood (1-in-X-year flood events)
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Conclusion and Q&A
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Thank you

Antoine Rainaud

Antoine.Rainaud@milliman.com
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Guillaume Alexis

Guillaume.Alexis@ milliman.com

Anandi Shah

Anandi.Shah@milliman.com
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