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Background

e Winter windstorms rank among Europe’s deadliest and
most damaging natural disasters and buildings bear the
largest share of losses

e These storms primarily travel along the Atlantic storm
track, which channels intense cyclonic systems towards the
continent

e  The primary corridor of winterstorm activity - the British
Isles, France, the Benelux countries, Germany, and
Scandinavia.

e These regions host major economic centres with high
financial stakes for the insurance and reinsurance sector
with approximately EUR 64.8 trillion (2022) worth of total
insured value exposed to windstorms (PERILS AG, 2025).

e  Theseregions have recently witnessed multiple billion-euro
catastrophe events, including the February 2022 European
windstorm series (Dudley, Eunice, Franklin) which
generated estimated insured losses of EUR 3.8 billion
(PERILS AG, 2023). Regional changes in winter storm damage in Europe,

comparing an SSP585 future (2070-2100) with a historical
period (1980-2010) (Severino et al. 2024)




Motivation

As multifaceted impacts of climate change compound on top of these projection
uncertainties, robust risk quantification in the form of reliable estimation and
projection of windstorm damage becomes imperative to accurately inform insurance
pricing, and climate adaptation planning

e The science of impact risk modelling for windstorm damage is under
researched ‘

e Only a few damage models exist to estimate or assess the damage,
and insurance companies have their own -

e One of which is the Schwierz et al. 2010 damage model - expresses 3.
damage as a function of 10-metre wind gust velocity and fraction of  *
the asset value lost

e The need for its robust calibration, validation, and uncertainty ;.

quantification is paramount, particularly because of outdated LY
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Method

In this study, we study the damage model -
Schwierz et al 2010

CLIMADA is a free and open-source software
framework for climate risk assessment where
risk from a natural hazard can be modelled as
the convolution between three components -
hazard, exposure, and vulnerability

Hazard - > Wind Gust
Exposure -> Asset value
Vulnerability -> Damage model

Within CLIMADA framework, we recalibrate
the damage model using proprietary
insurance damage data
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Schematic workflow of the windstorm damage model calibration framework




About PERILS

An independent industry data aggregator for natural catastrophe insurance losses

M Organization
Independent joint-stock company (AG) incorporated January

2009 in Zurich, Switzerland.

fill 10 Equal-Equity Shareholders

(Allianz SE )( AxA )( Generali ) (Groupama )
(Guy Carpenter )( IAG X Munich Re ) (PartnerRe )
(Swiss Re ) (Zurich )

Il Industry Exposure & Loss Database (IED)

High-quality insurance market data collected directly from
insurers, quality-controlled, anonymised, aggregated, and
extrapolated to 100% market level.

Sums insured by CRESTA zone, line of business & coverage

. Event loss footprints at CRESTA zone resolution
Gust speed & damage degree data per event

. Annual subscription access via PERILS Portal



Coverage & Data Structure

21

Countries

Covered Perils

E

Extratropical Windstorm

AUS, AUT, BEL, CAN, DNK, FRA, DEU, IRL,

LUX, NLD, NZL, NOR, SWE, CHE, GBR

Earthquake
AUS, CAN, IDN, ITA, NZL, PHL, THA, TUR

¢

Bushfire & Hailstorm
Bushfire: AUS, CAN - Hailstorm: AUS,
CAN - Volcanic: CAN

67

Market Portfolios

F

Flood

AUS, AUT, BEL, CAN, FRA, DEU, IRL, ITA,

JPN, NLD, NZL, NOR, SWE, CHE, TUR,
GBR +more

©

Tropical Cyclone
AUS, JPN, PHL

NEW 2025: Severe Convective
Europe, Japan, New Zealand — incl.

motor hull

200+

Historical Windstorms

$150T

IED 2026 Value

? Data Structure: CRESTA Zone

Each datarecord is tied to a CRESTA zone — the insurance
industry standard for risk accumulation, based on

administrative/postal boundaries.
. Low-resolution: country / region level

. High-resolution: sub-national level

137 countries - 4,901 low-res zones - 242,172 high-res zones

Lines of Business per Zone

(Residential )CCommercial )CIndustrial )(Agricultural )
CPersonaIMotor )CCommercialMotor )

Coverage Types

CBuiIding ) (Contents ) CBusiness Interruption

) CDeductibIes )




Event Loss Data

Event Loss Reporting: Structure & Timeline

@ Reporting Schedule (post-event)

+6 weeks
Initial estimate — total industry loss per country

+3 months
Updated loss estimate — per country

® +6months

Gust speed & damage degree data included

® +12months
Updated CRESTA footprint + line of business split

8 Event Record Fields

Event Name & ID e.g. Ciaran, Kyrill, Xynthia

Start / End Date Event period

Total Industry Loss EUR/AUD / CAD / JPY

Loss per CRESTA zone Spatial loss footprint

Loss by Line of Business Res/Comm /Ind / Agri
Damage Degree Loss + Sums Insured (%)

Gust Speed Obs. + modelled (from report 3)

Qualifying Thresholds
Europe WS / FL: EUR 500M (pan-EU) or EUR 300M (per country)
Australia: AUD 500M - Canada: CAD 300M - Japan: JPY 100B



Results

The model is calibrated against loss data from

1999-2024

Two different cost-functions are minimized in

different calibration attempts.
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Results

Country-wise calibration for countries with PERILS damage data
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Results

Country-specific loss exceedance
frequency curves for windstorm losses o it
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e Shows how the calibrated models compare to
each other and to the recorded loss data

e The default model (gray dotted line) consistently
underestimates damage at all occurrence

frequencies with some exceptions like Ireland

e The RMSLE calibrated model (blue dash-dot line)
provides a good fit to the recorded losses across
the full frequency range for events in France,

Switzerland, Great Britain and lies almost parallel
to the recorded loss dataset (green solid line)
e However, the lines diverge away from each other
at the rare, high-magnitude end of the spectrum
e An opposite behaviour is noticeable in the

RMSE-calibrated model (orange dashed line) :
where there is clear gap between recorded and
modelled losses for more frequent events but a All losses are normalized by the maximum PERILS-reported loss within

convergence for high-loss, rarer events each country. Occurrence frequency is computed from the catalog period
(1999-2024, 26 years)
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Conclusions

e The default state of the model is underpredicting the loss for majority of the events.
But still does a decent job in some countries

e PERILS provides a larger number of data points, also specifically for wind related
losses. EM-DAT on the other hand has cumulative losses of an event (e.g. losses due
to wind+flood)

e Not only the choice of calibration data matters, but also the calibration methodology

e RMSE and RMSLE produce materially different parameter estimates when
calibrating the damage model, with RMSLE providing superior stability when losses
span multiple orders of magnitude

e Country level damage models calibrated on strong recent windstorms that help
better inform risk assessment bodies and preparedness for future European
windstorms
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