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Unipol as a primary insurer

Unipol S.p.A. is the leader company in Non-Life (Property & Casualty) business in Italy, with a
network of ~2,000 agencies. Unipol is a domestic player (99% premiums collected in Italy) with a
well diversified investment portfolio.

Primary Insurer: company that actually issues the policy to the end customer.
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Main activities:

Use of probabilistic models to
estimate potential losses from
natural catastrophic events such
as earthquakes, floods, hailstorms,
windstorms, landslides, etc.

Aim:

Translate physical phenomena
into financial metrics that Unipol
uses to stay solvent and price
policies accurately, as well as
define its reinsurance strategy.

Bridge failure due 
to flood, May 2023 
(Molinella di 
Budrio, BO) 
(rainews.it) 

Earthquake, May 2012 (Clock Tower of Finale 
Emilia (MO) (corrieredibologna) Solar panels damaged by hail (aviva.co.uk) 

Unipol S.p.A. is the leader company in Non-Life (Property & Casualty) business in Italy, with a
network of ~2,000 agencies. Unipol is a domestic player (99% premiums collected in Italy) with a
well diversified investment portfolio.

Primary Insurer: company that actually issues the policy to the end customer.
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https://www.rainews.it/video/2023/05/crollato-ponte-motta-bolognese-immagini-drone-5a34a431-71ec-4ed7-b1ca-16637f78dbd3.html
https://corrieredibologna.corriere.it/bologna/cronaca/19_gennaio_15/emilia-romagna-trema-mente-torna-notte-20-maggio-2012-578f8032-18ae-11e9-abc0-7b62c6282106.shtml
https://www.aviva.co.uk/risksolutions/news-and-insights/hail-resilience---key-challenges-and-mitigation-options-for-util/


Catastrophe risk in Unipol

Context: 

Solvency II (Directive 2009/138/EC of the European Parliament): prudential risk-based framework
for insurers to protect policyholders via three pillars:

▪ Pillar I (Quantitative): Solvency Capital Requirement (SCR), i.e., amount of funds that (re)insurance

companies are required to hold to have a 99.5% confidence (return period 200 years) they could

survive the most extreme expected losses over the course of a year (short-term).

▪ Pillar II (Qualitative): Governance, risk management, ORSA (Own Risk and Solvency Assessment).

▪ Pillar III (Reporting): Transparency through supervisory and public disclosure.
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Istituto per la Vigilanza sulle 

Assicurazioni (IVASS)

European Insurance and Occupational 

Pensions Authority (EIOPA)
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Key responsibilites:

Istituto per la Vigilanza sulle 

Assicurazioni (IVASS)

European Insurance and Occupational 

Pensions Authority (EIOPA)

▪ Model calibration & development:

• Calibrating broad-scale vendor models (e.g., Moody’s)

to specific portfolio regions using the company's

historical claims.

• Developing internal NatCat models to address localized

risk gaps.
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Key responsibilites:

Istituto per la Vigilanza sulle 

Assicurazioni (IVASS)

European Insurance and Occupational 

Pensions Authority (EIOPA)

▪ Model calibration & development:

• Calibrating broad-scale vendor models (e.g., Moody’s)

to specific portfolio regions using the company's

historical claims.

• Developing internal NatCat models to address localized

risk gaps.

▪ Pricing & underwriting support:

Computing technical pricing derived from AAL (Average

Annual Losses) to assist the Actuarial Function in its

assessment of underwriting adequacy.
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risk gaps.
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Computing technical pricing derived from AAL (Average

Annual Losses) to assist the Actuarial Function in its

assessment of underwriting adequacy.

▪ Reinsurance strategy:

Determining how much risk Unipol should keep and how

much it should cede to global reinsurers.
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Key responsibilites:

Istituto per la Vigilanza sulle 

Assicurazioni (IVASS)

European Insurance and Occupational 

Pensions Authority (EIOPA)

▪ Model calibration & development:

• Calibrating broad-scale vendor models (e.g., Moody’s)

to specific portfolio regions using the company's

historical claims.

• Developing internal NatCat models to address localized

risk gaps.

▪ Pricing & underwriting support:

Computing technical pricing derived from AAL (Average

Annual Losses) to assist the Actuarial Function in its

assessment of underwriting adequacy.

▪ Reinsurance strategy:

Determining how much risk Unipol should keep and how

much it should cede to global reinsurers.

▪ Climate change integration:

Forward-looking evaluations that should account for the

changes in frequency and severity of natural extreme

events. Useful for climate change stress tests included in the

ORSA (Pillar II).
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Source: Figure 3.5 in Taleb (2020; arXiv)

If risks are independent and similar (high-
frequency, low-severity risks; e.g., car accidents)

▪ Law of Large Numbers (i.e., how long it takes
for the sample mean to stabilize):

More policies lead to less uncertainty.

▪ Central Limit Theorem:

As the portfolio grows, the distribution tends
toward a bell curve (i.e., Gaussian).
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Pareto distribution).
(Taleb, 2020; arXiv)
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If risks are independent and similar (high-
frequency, low-severity risks; e.g., car accidents)

▪ Law of Large Numbers (i.e., how long it takes
for the sample mean to stabilize):

More policies lead to less uncertainty.

▪ Central Limit Theorem:

As the portfolio grows, the distribution tends
toward a bell curve (i.e., Gaussian).

Source: Figure 3.5 in Taleb (2020; arXiv) Source: Figure 5.5 in Taleb (2020; arXiv)

Catastrophes (e.g., hurricanes, earthquakes, floods, windstorms) are different:

The law of large
numbers works
much more slowly in
“Extremistan” (e.g.,
Pareto distribution).
(Taleb, 2020; arXiv)

▪ Heavy-tailed distributions of losses.

▪ A single event can wipe out decades of profits.

▪ The mean is unstable: the Law of Large
Numbers no longer saves you.

▪ The Turkey Problem: “The turkey fed for 1,000
days, then comes Thanksgiving.” (Taleb, 2020;
arXiv).
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Source: Adaptation of Figure MIGRATE.1 (General interactions between climatic and non-climatic processes, adaptation, potential migration
outcomes and implications for future risk. Adapted from McLeman et al., 2021) in Climate Change 2022 – Impacts, Adaptation and Vulnerability

Definition of Risk

Probabilistic
analysis of the 
frequency and 
intensity of the 
physical 
phenomenon of 
interest

Propensity of 
exposed elements to 
suffer adverse effects
when impacted by 
hazard events

Inventory of 
elements in an area 
in which hazard 
events may occur
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https://www.ipcc.ch/report/ar6/wg2/figures/chapter-7/figure-7-migrate-1
https://www.ipcc.ch/report/ar6/wg2/figures/chapter-7/figure-7-migrate-1
https://www.ipcc.ch/report/ar6/wg2/figures/chapter-7/figure-7-migrate-1
https://www.ipcc.ch/report/ar6/wg2/figures/chapter-7/figure-7-migrate-1
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
https://www.cambridge.org/core/books/climate-change-2022-impacts-adaptation-and-vulnerability/health-wellbeing-and-the-changing-structure-of-communities/5A5E7494BDF8228C0842B079107A85C4
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▪ Portfolio

▪ Characteristics of 

the insured assets

HAZARD VULNERABILITY FINANCIAL

▪ Stochastic Event Set (SES): Catalogue of 

~104 ÷ 105 stochastic (synthetic) events.

▪ Primary uncertainty: Uncertainty linked to 

the natural variability of natural phenomena

▪ Damage ratios by peril, 

asset type and items 

(building/content). 

▪ Secondary uncertainty

Evaluation of the effects of: 

▪ policy conditions; 

▪ territorial diversification (spreading 

risks across different areas)

▪ AAL (Average 

Annual Loss);

▪ Loss Probability 

Distributions (AEP

e OEP curves); 

▪ Ground-up (GU) 

e Gross (GR) loss; 

▪ Period Loss Table

(PLT).

Source: Adaptation of figure from 
Oasis LMF (Loss Modelling Framework)

Structure of a fully-probabilistic catastrophe model
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Relevant outputs

Source: Jun & Li (White Paper)   
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Period

(Year)

Event

ID

Loss 

(€)

Event 

Date

Period

Weight

Max. 

Loss (€)

Aggr.

Loss (€)

1
100 64,128 04 Feb 2 ∙10-5

64,128 85,776
500 21,548 19 Mar 2 ∙10-5

2 300 84,521 29 Oct 2 ∙10-5 84,521 84,521

3 - 0 - - 0 0

4
700 6,489 01 Dec 2 ∙10-5

26,451 32,940
600 26,451 12 Dec 2 ∙10-5

5

400 31,244 15 Jan 2 ∙10-5

64,845 98,404800 64,845 18 Feb 2 ∙10-5

501 2,315 03 Nov 2 ∙10-5

6 - 0 - - 0 0

… … … … … … …

49,999 200 9,954 30 Nov 2 ∙10-5 9,954 9,954

50,000 900 64,887 27 Dec 2 ∙10-5 64,887 64,887

AAL OEP AEP

PLT (Period Loss Table)

≤

AAL (Average Annual Loss)

OEP (Occurrence 

Exceedance Probability) 

AEP (Aggregate 

Exceedance Probability)

Pricing

Reinsurance

Overall capital solvency

(SCR) and Reinsurance

OEP200 years

AEP200 years

https://ormir.giesbusiness.illinois.edu/docs/librariesprovider9/pdf/White-Paper-Jun_Li.pdf
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https://climada.ethz.ch/ 
https://oasislmf.org/

Examples of catastrophe models available on the market

▪ Proprietary models:

• Moody’s (formerly RMS)

• Verisk

• Cotality (formerly CoreLogic)

• RED (Risk Engineering + Development)

▪ Open-source solutions are progressively being
made available:

• Oasis LMF (Loss Modelling Framework): 
open-source platform for NatCat models

• CLIMADA (CLIMate ADAptation): use of
NatCat models even outside the
(re)insurance context (e.g., climate
adaptation studies)

https://www.verisk.com/ https://www.moodys.com/ 

https://www.cotality.com/ https://www.redrisk.com/ 
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Weather-related events

Economic losses in the EU Member States caused by weather- and climate-related extremes (EEA, 2025):

▪ 822 billion € in 1980-2024 (45 years);

▪ 208 billion € (~25%) in the last 4 years (2021-2024, all in the top-5 years of the highest annual economic losses since 1980);

As severe weather- and climate-related extreme events are expected to intensify further, associated economic losses will likely
continue to increase (EEA, 2025).

Hazards associated with 
the greatest contribution 
to economic losses: 

▪ Hydrological 
(floods): ~43%

▪ Meteorological 
(storms, including 
lightning and hail): 
~27%

▪ Climatological: 

▪ ~18% heatwaves;

▪ ~ 8%  droughts, 
wildfires, cold spells 
and frost. 

Source: European Environment Agency (EEA), Economic losses 
from weather- and climate-related extremes in Europe (2025) 

Annual economic losses caused by weather-and climate-related extreme events in the EU Member States

65.2
(2021)57.7

(2022)

45.1
(2023)

38.3
(1999)

40.4
(2024)
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Weather-related events

Economic losses and fatalities

caused by weather- and climate-

related extreme events (1980-2024)

per EU country

▪ Highest economic losses in 1980-2024
recorded in Germany, Italy, France
and Spain.

▪ <20% of total losses in 1980-2024 were
privately insured:

• >35%: meteorological events;

• ~15%: hydrological events (floods);

• ~10%: climatological events 
(heatwaves, wildfires, droughts, 
cold spells and frost).

▪ Italy:

• ~145 billion € of total economic 
losses in 1980-2024;

• Only ~ 4% (~ 6.3 billion €) covered 
by insurance.
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https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
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Types of changes to a 
region’s hazard profile

Climate changes can alter
intensity (or magnitude),
frequency, duration, timing
(by seasonality and speed of
onset) and spatial extent of a
given hazard in a certain
region.

Source: FAQ 12.3 Figure 1 (Types of
changes to a region’s hazard
profile) in IPCC (2021) Climate
Change 2021 – The Physical Science
Basis
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https://www.ipcc.ch/report/ar6/wg1/figures/chapter-12/faq-12-3-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/chapter-12/faq-12-3-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/chapter-12/faq-12-3-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/chapter-12/faq-12-3-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/chapter-12/faq-12-3-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/chapter-12/faq-12-3-figure-1
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
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International Panel on Climate Change (IPCC) – 6th Assessment Report (AR6) Source: Table 12.7 in IPCC (2021) Climate 
Change 2021 – The Physical Science Basis
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https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/


FLOODS

Lugo di Romagna (RA), May 2023

Source: Avalon/Sintesi
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NatCat modelling: the hazard component

Fluvial (riverine)
flooding Pluvial 

flooding

Flash 
flooding
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NatCat modelling: the hazard component

~104 ÷ 105 stochastic realizations of the 
next year in terms of rainfall events

~104 ÷ 105 stochastic realizations of the 
next year in terms of flood events

Fluvial (riverine)
flooding Pluvial 

flooding

Flash 
flooding

Stochastic

Precipitation Events

Rainfall-runoff 

model
River routing

𝑄𝑖+1

𝑄𝑖+1

𝑄𝑖 − 𝑄𝑖+1

Flooding module
Period Event 

Table (PET)
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Main activities:

▪ Methodological review of vendor models

▪ Calibration of vendor models with internal claims

▪ Model extensions to perform forward-looking
analysis across different climate-change scenarios.

▪ Development of model integrations:

• Precipitation

• Digital Elevation Model (DEM)

NatCat modelling: the hazard component

Fluvial (riverine)
flooding Pluvial 

flooding

Flash 
flooding

~104 ÷ 105 stochastic realizations of the 
next year in terms of rainfall events

~104 ÷ 105 stochastic realizations of the 
next year in terms of flood events

Stochastic

Precipitation Events

Rainfall-runoff 

model
River routing

𝑄𝑖+1

𝑄𝑖+1

𝑄𝑖 − 𝑄𝑖+1

Flooding module
Period Event 

Table (PET)
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Precipitation

Issue:

NatCat models are calibrated on a continental
scale, frequently referencing dated datasets.

Activities:

▪ Bridge the gap between commercial release
cycles and the rapid evolution of:

• availability of new/updated datasets

• scientific literature.

▪ Analyze forward-looking climate scenarios (i.e.,
CMIP5 and CMIP6).

2

1
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Precipitation

REANALYSIS (GRIDDED)

▪ GLOBAL;

▪ REGIONAL 
(convection-
permitting).

Issue:

NatCat models are calibrated on a continental
scale, frequently referencing dated datasets.

Activities:

▪ Bridge the gap between commercial release
cycles and the rapid evolution of:

• availability of new/updated datasets

• scientific literature.

1

OBSERVATIONAL DATASETS

▪ POINT;

▪ GRIDDED (from proper 
spatial interpolations).

ANALYSIS OF RAIFALL DATASETS
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Precipitation

Issue:

NatCat models are calibrated on a continental
scale, frequently referencing dated datasets.

Activities:

▪ Bridge the gap between commercial release
cycles and the rapid evolution of:

• availability of new/updated datasets

• scientific literature.

1

Spatial distribution of rainfall gauging stations

Covered period

Up to 1958

Since 1959

Source: Analysis of E-OBS dataset performed by Unipol

ANALYSIS OF RAIFALL DATASETS

E-OBS

▪ Daily precipitation

▪ Gridded, resolution:
• 0.25° (~27 km)
• 0.1° (~11 km)

▪ 1950-2025 (v32.0e)

▪ Publicly available

OBSERVATIONAL DATASETS

▪ POINT;

▪ GRIDDED (from proper 
spatial interpolations).

https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
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Precipitation

ANALYSIS OF RAIFALL DATASETS

Issue:

NatCat models are calibrated on a continental
scale, frequently referencing dated datasets.

Activities:

▪ Bridge the gap between commercial release
cycles and the rapid evolution of:

• availability of new/updated datasets

• scientific literature.

1

Spatial distribution of rainfall gauging stations

Covered period

Up to 1958

Since 1959

Source: Analysis of E-OBS dataset performed by Unipol

E-OBS

▪ Daily precipitation

▪ Gridded, resolution:
• 0.25° (~27 km)
• 0.1° (~11 km)

▪ 1950-2025 (v32.0e)

▪ Publicly available

OBSERVATIONAL DATASETS

▪ POINT;

▪ GRIDDED (from proper 
spatial interpolations).

https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
https://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php#datafiles
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Precipitation d = 1 h

q = 0.5

d = 1 h

q = 0.95

d = 1 h

q = 0.99

d = 24 h

q = 0.5

d = 24 h

q = 0.95

d = 24 h

q = 0.99

Issue:

NatCat models are calibrated on a continental
scale, frequently referencing dated datasets.

Activities:

▪ Bridge the gap between commercial release
cycles and the rapid evolution of:

• availability of new/updated datasets

• scientific literature.

1

I2-RED (Improved Italian -
Rainfall Extreme Dataset)
(Mazzoglio et al., 2020; 
Water MDPI)

▪ AMS, d = 1, 3, 6, 12, 24 h

▪ 1916-2022

▪ Restricted access

ANALYSIS OF RAIFALL DATASETS

OBSERVATIONAL DATASETS

▪ POINT;

▪ GRIDDED (from proper 
spatial interpolations).

Source: Mazzoglio et al. (2025; J. Hydrol. Reg. Stud.)

Slopes of the quantile regressions 

https://www.mdpi.com/2073-4441/12/12/3308
https://www.mdpi.com/2073-4441/12/12/3308
https://www.mdpi.com/2073-4441/12/12/3308
https://www.sciencedirect.com/science/article/pii/S2214581825001119?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214581825001119?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214581825001119?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214581825001119?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214581825001119?via%3Dihub
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Precipitation

Source: Cavalleri et al. (2024; Atmos. Res.)Source: Extract of Table 1 from Cavalleri et al. (2024; Atmos. Res.)

GLOBAL
(e.g., ERA5)

REGIONAL

Details of the reanalysis products considered in Cavalleri et al. (2024)

CLIMATE REANALYSIS

Datasets combining past
observations with models to
generate consistent time
series of multiple climate
variables.

https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-single-levels?tab=overview
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-single-levels?tab=overview
https://www.sciencedirect.com/science/article/pii/S0169809524005167
https://www.sciencedirect.com/science/article/pii/S0169809524005167
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Precipitation

FORWARD-LOOKING CLIMATE SCENARIOS (CMIP5, CMIP6)

Source: Dallan et al. (2024; Earth's Future)

By providing a more realistic description of convective
precipitation and complex topography, Convection-
Permitting Models (CPMs) offer a superior framework for
capturing sub-daily rainfall extremes.

Dallan et al. (2024; Earth's Future)

RCP8.5, 2090–2099 - Ensemble-median changes for RP = 100 years

Dataset: 9 CPMs produced within the FPS Convection 
(CORDEX Flagship Pilot Study on Convective Phenomena over 
Europe and the Mediterranean; Coppola et al., 2020; Clim. Dyn; 
Fosser et al., 2024; npj Clim. Atmos. Sci.).

Highlights: General intensification of extremes across all

durations (1-24 hours), stronger at shorter durations and

rarer probabilities (higher RP).

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2024EF005185
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://link.springer.com/article/10.1007/s00382-018-4521-8
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
https://www.nature.com/articles/s41612-024-00600-w
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Digital Elevation Model (DEM)

Source: Guth et al. (2021; Remote Sensing MDPI)

PGRA

Baugh et al., 2026

TINITALY INGV

Meadows et al. (2024; Int. J. Digit. Earth

Issue:

NatCat models are calibrated on a continental
scale, frequently referencing dated DEMs.

Activities:

▪ Validation of vendor models’ flood hazard maps
with reference flood hazard maps:

• PGRA maps by ISPRA (Italian Institute for
Environmental Protection and Research)

• JRC (Joint Research Center)
(Baugh et al., 2026)

▪ Complementing vendor models with flood
susceptibility estimated based on available
DEMs (useful also for pricing purposes):

• High-Resolution regional LiDAR (Light
Detection and Ranging; 0.5÷5 m)

• TINITALY (provided by INGV) (10 m)

• Quasi-global DEMs (1 arc-sec, ~30m)
(e.g., Meadows et al. (2024; Int. J. Digit. Earth) 

2

1

Source: Meadows et al. (2024; Int. J. Digit. Earth) 

https://www.mdpi.com/2072-4292/13/18/3581
https://www.mdpi.com/2072-4292/13/18/3581
https://www.isprambiente.gov.it/files2021/pubblicazioni/rapporti/rapporto_alluvioni_ispra_353_16_11_2021_rev2.pdf
https://data.jrc.ec.europa.eu/dataset/jrc-floods-floodmapgl_rp50y-tif
https://tinitaly.pi.ingv.it/
https://www.ingv.it/
https://www.tandfonline.com/doi/full/10.1080/17538947.2024.2308734
https://www.tandfonline.com/doi/full/10.1080/17538947.2024.2308734
https://www.tandfonline.com/doi/full/10.1080/17538947.2024.2308734
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Quasi-global DEMs

Source: Meadows et al. (2024; 
Int. J. Digit. Earth)   

Best-performing DEM by

land cover and slope

class, considering (a) all

DEMs, and (b) excluding

FABDEM (licensing fee for

commercial applications).

Savage et al., 2016; Hydrol. Process.

Winsemius et al., 2019; Front. Earth Sci.

Spatial resolutions necessary for regional-scale
flood modelling: variously estimated at ~5÷50
m (Savage et al., 2016; Hydrol. Process.;
Winsemius et al., 2019; Front. Earth Sci.).

IDENTIFICATION OF APPROPRIATE DEMs

DEM-BASED APPROACHES FOR FLOOD-
PRONE AREAS DELINEATION

GEOMORPHIC CLASSIFIERS

Manfreda et al. (2014; J. Hydrol.)

Samela et al. (2017; 
Adv. Water Resour.)

Manfreda & Samela (2019;
J. Flood Risk Manag.)

Magnini et al. (2022; NHESS)

Magnini et al. (2023; HSJ)

https://www.tandfonline.com/doi/full/10.1080/17538947.2024.2308734
https://www.tandfonline.com/doi/full/10.1080/17538947.2024.2308734
https://www.tandfonline.com/doi/full/10.1080/17538947.2024.2308734
https://onlinelibrary.wiley.com/doi/full/10.1002/hyp.10749
https://www.frontiersin.org/journals/earth-science/articles/10.3389/feart.2019.00033/full
https://www.sciencedirect.com/science/article/pii/S0022169414004697?via%3Dihub
https://doi.org/10.1016/j.advwatres.2017.01.007
https://doi.org/10.1016/j.advwatres.2017.01.007
https://onlinelibrary.wiley.com/doi/epdf/10.1111/jfr3.12541
https://onlinelibrary.wiley.com/doi/epdf/10.1111/jfr3.12541
https://nhess.copernicus.org/articles/22/1469/2022/
https://nhess.copernicus.org/articles/22/1469/2022/
https://www.tandfonline.com/doi/full/10.1080/02626667.2023.2269909
https://www.tandfonline.com/doi/full/10.1080/02626667.2023.2269909


SEVERE 

CONVECTIVE 

STORMS

Thunderstorm bringing thunder and lightning, along 

with hail, heavy rain and strong winds.

Source: FloodFlash
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Convective storms (or thunderstorms): “severe local storms associated with
lightning, heavy rain, hail, strong winds and sudden temperature changes.
They can occur all year round but are most common during summer”.
(Royal Meteorological Society)

Modelling of severe thunderstorm perils within NatCat models:

Source: Taszarek et al. (2019; J. Clim.)

Hail
Tornado

Straight-line wind

A thunderstorm is classified as “severe” if it produces:

▪ hail ≥ 2 cm, or

▪ convective wind gusts ≥ 25 m/s.

There is no real physical difference around these thresholds, but they are
useful markers as the likelihood of damage increases sharply beyond them
(Doswell, 2001; Meteorol. Monogr.)

https://www.rmets.org/metmatters/what-are-convective-storms
https://www.rmets.org/metmatters/what-are-convective-storms
https://www.rmets.org/metmatters/what-are-convective-storms
https://journals.ametsoc.org/view/journals/clim/32/6/jcli-d-18-0372.1.xml
https://journals.ametsoc.org/view/journals/clim/32/6/jcli-d-18-0372.1.xml
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https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml
https://journals.ametsoc.org/view/journals/amsm/28/50/0065-9401-28_50_1.xml


3 5

Severe Convective Storms

Hailstorms: July 2023 Events
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Estimated Hail Footprints, 18-25 July 2023

Source: Gallagher Re (2023, Q3) based on data by 
ESWD (European Severe Weather Database) 

Hail size record, 24 July 2023

Azzano Decimo (PN)

Fonte: Tornado in Italia - Marilena Tonin 

Exceptional storm phenomena in Northern Italy in terms
of intensity and frequency:

▪ 4 consecutive days of hail >10 cm in Lombardy,
Emilia-Romagna, Veneto, and Friuli-Venezia Giulia.

▪ New European record for hailstone size (~19 cm).

https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://eswd.eu/
https://eswd.eu/
https://eswd.eu/
https://eswd.eu/
https://eswd.eu/
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Potential Hail Days (SSP > 104 m3/s3) in summer (JJA)

1975-2024, Po Valley (Italy)

Source: Analysis performed by Unipol based on ERA5  

Estimated Hail Footprints, 18-25 July 2023

Source: Gallagher Re (2023, Q3) based on data by 
ESWD (European Severe Weather Database) 

Hail size record, 24 July 2023

Azzano Decimo (PN)

Fonte: Tornado in Italia - Marilena Tonin 

Exceptional storm phenomena in Northern Italy in terms
of intensity and frequency:

▪ 4 consecutive days of hail >10 cm in Lombardy,
Emilia-Romagna, Veneto, and Friuli-Venezia Giulia.

▪ New European record for hailstone size (~19 cm).

SSP (Significant Severe Parameter) 
(Craven & Brooks, 2004; Storm 
Prediction Center (SPC) - NOAA) 

https://cds.climate.copernicus.eu/datasets/reanalysis-era5-single-levels?tab=overview
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-single-levels?tab=overview
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/natural-catastrophe-report-q3-2023.pdf
https://eswd.eu/
https://eswd.eu/
https://eswd.eu/
https://eswd.eu/
https://eswd.eu/
https://www.nssl.noaa.gov/users/brooks/public_html/papers/cravenbrooksnwa.pdf
https://www.spc.noaa.gov/exper/mesoanalysis/help/help_cbsig.html
https://www.spc.noaa.gov/exper/mesoanalysis/help/help_cbsig.html
https://www.spc.noaa.gov/exper/mesoanalysis/help/help_cbsig.html
https://www.spc.noaa.gov/exper/mesoanalysis/help/help_cbsig.html
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Severe Convective Storms

AR6 (IPCC, 2021): increase in hail reports in

Europe, but low confidence in attributing this

to climate change, as it may reflect increased

reporting (e.g., ESWD by ESSL).

Thermodynamic: atmospheric warming

increases specific humidity, providing more

potential energy for intense storms; however,

regional dynamics are complex.

Impacts of climate change

A  L O O K  A T  T H E  R I S K  I N D U S T R Y
R E S E A R C H  C E N T E R  O N  C L I M A T E  C H A N G E  I M P A C T S

R O V I G O ,  2 0  M A R C H 2 0 2 6  

Source: 
NASEM (2016)

https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://eswd.eu/en
https://www.essl.org/cms/
https://www.nationalacademies.org/projects/DELS-BASCPR-15-03
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AR6 (IPCC, 2021): increase in hail reports in

Europe, but low confidence in attributing this

to climate change, as it may reflect increased

reporting (e.g., ESWD by ESSL).

Thermodynamic: atmospheric warming

increases specific humidity, providing more

potential energy for intense storms; however,

regional dynamics are complex.

Supercell tracks in future climate: (A) annual average difference in supercell track

frequency [future – present]; (B) Annual average supercell track frequency at +3°C.

Mean Decadal trend

Source: Battaglioli et al.
(2023; JAMC)

Mean annual number of

hail hours (hail ≥ 5 cm)

and decadal trend in the

period 1950-2021 across

Europe.

Impacts of climate change
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Source: 
NASEM (2016)
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Change in the number of hail hours per decadeMean annual number of hail hours 

https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://eswd.eu/en
https://www.essl.org/cms/
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://journals.ametsoc.org/view/journals/apme/62/11/JAMC-D-22-0195.1.xml
https://www.nationalacademies.org/projects/DELS-BASCPR-15-03
https://www.science.org/doi/10.1126/sciadv.adx0513
https://www.science.org/doi/10.1126/sciadv.adx0513
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Damage caused by an uprooted tree on 

Oxford Street in Burnham-on-Sea (UK).

Source: BBC
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A Windstorm NatCat model for Italy
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Windstorm: an extratropical cyclone (low-pressure
system) that brings high-speed winds and
significant damage to European infrastructure,
most commonly in winter.

▪ Modeling windstorms in Italy is challenging
because they are frequently associated with
convective activity.

▪ Italy: one of the most affected countries in
Europe (estimated annual losses > 0.5 billion €;
Spinoni et al., 2020; JRC).

Source: guidedolomiti.comCatastrophic forest blowdown caused by

the Vaia Storm (October 2018) in the Italian

Dolomites (Northern Italy)

https://en.wikipedia.org/wiki/Extratropical_cyclone
https://en.wikipedia.org/wiki/Extratropical_cyclone
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://www.guidedolomiti.com/en/miscellaneous/storm-vaia/
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Windstorm: an extratropical cyclone (low-pressure
system) that brings high-speed winds and
significant damage to European infrastructure,
most commonly in winter.

▪ Modeling windstorms in Italy is challenging
because they are frequently associated with
convective activity.

▪ Italy: one of the most affected countries in
Europe (estimated annual losses > 0.5 billion €;
Spinoni et al., 2020; JRC).

Source: guidedolomiti.comCatastrophic forest blowdown caused by

the Vaia Storm (October 2018) in the Italian

Dolomites (Northern Italy)

Development of a comprehensive NatCat model
to assess windstorm-related financial losses in Italy.

Hazard component: calibration of a stochastic
windstorm event set based on historical event
footprints extracted from the open-access
reanalysis dataset CERRA.

https://en.wikipedia.org/wiki/Extratropical_cyclone
https://en.wikipedia.org/wiki/Extratropical_cyclone
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://publications.jrc.ec.europa.eu/repository/handle/JRC118595
https://www.guidedolomiti.com/en/miscellaneous/storm-vaia/
https://cds.climate.copernicus.eu/datasets/reanalysis-cerra-single-levels?tab=overview
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A Windstorm NatCat model for Italy

Source: Aiazzi et al. (2024; EGU24)
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https://meetingorganizer.copernicus.org/EGU24/EGU24-6370.html
https://meetingorganizer.copernicus.org/EGU24/EGU24-6370.html
https://cds.climate.copernicus.eu/datasets/reanalysis-cerra-single-levels?tab=overview
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SEVERE CONVECTIVE STORM

WINDSTORM

FLOOD



Thanks!
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Simone Persiano

simone.persiano@unipol.it 

LinkedIn profile
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https://www.linkedin.com/in/simone-persiano-00a23355/
https://www.linkedin.com/in/simone-persiano-00a23355/
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