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Paris agreement has the overarching goal to hold

“the increase in the global average temperature to well below 2°C above pre-industrial levels (1850-1900)”

and pursue efforts

“to limit the temperature increase to 1.5°C above pre-industrial levels.”

However, temperatures averaged over two or One or two years that exceed 1.5°C above the pre-
three decades are needed to confirm that one industrial level does not imply that the Paris Agreement
or other of these thresholds has been passed. has been breached.




However, with the current rate of warming at
more than 0.2°C per decade,

the probability of breaching the 1.5°C target of the
Paris Agreement within the 2030s is highly likely!
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To limit global warming to 1.5°C,
egreenhouse gas emissions must peak
before 2025 at the latest and decline
43% by 2030
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THE CURRENT STATE OF THE CLIMATE
Extreme weather events
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WEATHER HAZARDS FOR COASTAL INFRASTRUCTURES

i

+2-3 °C compared to 1850-1900
+400% intense rainfall compared to 2018

* Airports, ports, railway
networks at risk
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* +30% risk of interruption of
critical services by 2050

2010-2024: 816 extreme weather events (+14.6%) over
coastal zones — flooding from heavy rains, damage

from tornadoes and gusts of wind, storm surges and
damage to infrastructure
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CLIMATE CHANGE IMPACTS ON
CRITICAL INFRASTRUCTURES
WITH A SPECIAL CASES FOR ITALY:
VENICE LAGOON




STORMS, THUNDERSTORMS, STRONG WINDS
(lightning, halil, icing, snow)

Specific Hazards from Storms

Flooding and Drainage Failure

Intense rainfall can lead to runway and taxiway flooding, especially in older
coastal infrastructures with insufficient drainage.

» In 2018, Venice Marco Polo Airport experienced partial flooding, atfecting
operations for several hours during a heavy storm.
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(lightning, hail, icing, show)

Specific Hazards from Storms

Flooding and Drainage Failure

Intense rainfall can lead to runway and taxiway flooding, especially in older
coastal infrastructures with insufficient drainage.

» In 2018, Venice Marco Polo Airport experienced partial flooding, affecting
operations for several hours during a heavy storm.

Increases of
turbulence

up to 50%
within Europe!




SEA LEVEL RISE AND STORM SURGE

Yesudian & Dawson (2021)

100 airports under sea level due to climate
change in 2100

Risk analysis: expected annual route disruption
Maintaining current risks through 2100 could
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STORM SURGE

An abnormal rise in sea level caused by an intense storm, such as a cyclone or a
strong depression, which pushes large masses of water towards the coast.

Main factors

Fetch: length of the stretch of open sea over which the wind can
blow without obstacles.

Longer fetch = higher waves

In the Mediterranean, fetch is limited compared to the oceans, but in
basins such as the Ligurian Sea or the Adriatic it can still have
significant effects.

Local topography (bathymetry, coastal slope): can amplify the effect.

Areas with low coastal plains are particularly vulnerable, such as
Venice.

Coastal resonance and configuration:

Closed or narrow gulfs (e.g. Gulf of Trieste or Venice) can amplify sea
level due to resonance effects.



STORM SURGE

Effects on the coast:

* Extreme flooding even in the absence of heavy rain.

* Damage to infrastructure, coastal erosion, soil salinization.

* In combination with high tide (storm tide) — devastating effects.

Amplifying factors:
. Rising mean sea level (anthropogenic climate change)
. Increased frequency of intense storms (anthropogenic climate change)
. Coastal morphology and long fetch (land-use, urbanization, human-

driven climate change)

Note: Although less intense than in the oceans, storm surges in the
Mediterranean can be highly destructive in densely populated areas



STORM SURGE: 100-yr RETURN TIME PROJECTED OVER EUROPE

SSP1 (+1.4°C by 2100): sustainable growth and equality

Estimated
change in the
frequency of 1-
in-100-year
flooding events
in 2100 under
the low- and
high-emissions
scenarios
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SSP1 (+1.4°C by 2100): sustainable growth and equality

SSP5 (+4.4°C by 2100): rapid and limitless growth

Estimated
change in the
frequency of 1-
in-100-year
flooding events
in 2100 under
the low- and
high-emissions
scenarios
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STORM SURGE: 100-yr RETURN TIME PROJECTED OVER THE ADRIATIC SEA

100-Year Extreme Sea Level (ESL) — North-Western Adriatic Sea

Lionello* (2021)

By 2050:

Under RCP4.5 (moderate emission scenario):
— ESL is very likely to rise by 12-17 cm

Under RCP8.5 (high emission scenario):
— ESL is very likely to rise by 26-35 cm.

By 2100:

Under RCP4.5:
— Rise of 24-56 cm.

Under RCP8.5:
— Rise of 53-171 cm.
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100-Year Extreme Sea Level (ESL) — North-Western Adriatic Sea

Lionello* (2021)

By 2050:

Under RCP4.5 (moderate emission scenario):
— ESL is very likely to rise by 12-17 cm

Under RCP8.5 (high emission scenario):
— ESL is very likely to rise by 26-35 cm.

By 2100:

Under RCP4.5:
— Rise of 24-56 cm.

Under RCP8.5:
— Rise of 53-171 cm.

Frequency of Current 100-Year Events:

By 2050:

Events of today’s 100-year severity may occur:
Every 50 years (RCP4.5).
Every 10 years (RCP8.5).

By 2100:

These events may occur:
At least every 5 years (RCP4.5).
Every year (RCP8.5).
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STORM SURGE: RETURN TIME

Is it significant?
Summary:

- Due to climate change, the frequency and intensity of storm
surge events are expected to increase in the coming decades.

o
N - The Mediterranean is particularly vulnerable due to its
morphology and the density of coastal areas.
Future projections:
— - Under high greenhouse gas emissions scenarios, the

probability of 100-year return events could increase
significantly, with the risk that storm surge events could

occur several times per year by the end of the century.

Implications for coastal protection:

{8

o Coastal infrastructure design need to take into account the

increasing frequency of these events.
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REASSESSING RETURN PERIOD VALIDITY
The Emilia-Romagna case

Recent Flood Events

02 May 2023: severe flooding in Emilia-Romagna, with 23 rivers overflowing, 250 landslides, and over €10 billion in damages.

16 May 2023: another major flood event, with 65,000 landslides and breaches in 23 rivers, flooding 540 km?.

18-19 September 2024: another flood event due to Storm Boris, over 300 mm of rain in just 48 hours, evacuation of over 1,000 residents.

19-20 October 2024: another devastating flood, with Bologna receiving 175 mm of rain in just a few hours, nearly 2.5 times its usual monthly average.
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Recent Flood Events
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IS THIS THE “NEW” NORMAL? ARE WE PREPARED FOR THAT?




1966 Acqua Alta in Venice
Highest recorded sea level: 194 cm

Caused by strong Scirocco winds, a
powerful depression

Power outages, flooded streets, destroyed
boats, and businesses

Sant'Erasmo vanished under 4-meter waves

Murano's glass factories nearly entirely
destroyed.
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VENICE LAGOON

MoSE System: a safeguarding system implemented
In Venice to protect against acqua alta.

MoOSE operations: started its test-phase service on

03-10-2020 aiming to mitigate extreme flooding events
In the city.

Activation frequency: has been activated >100
times to safeguard Venice from high water levels.

I1 Mose: 100 alzate per proteggere
Venezia da danni per oltre 2,6 miliardi
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EFFECTIVENESS OF THE MoSE

To evaluate what would have
happened without MoSE, we
use the measurement of
Piattaforma

We compute damages with an
exponential model

It MoSE is activated for a given
analogues date, we add a 0.025

MEUR cost (operational costs of
the MoSE in 2023)



EVALUATING THE EFFECTIVENESS OF THE MoSE

# MoSE Variables Event [1993-2022] [1993-2022]
With MoSE No MoSE
1966 11 (40%) SL [cm]® 194 111 (59, 156) 123 (107, 156)
Damages [MEUR] 4.5 0.25 (0.07, 28) 0.45 (0.06,28)

MOoSE effectiveness
The analysis shows successful protection against the 1966 extreme event and just activated for 11 events
analogues to the 1966
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# MoSE Variables Event [1993-2022] [1993-2022]
With MoSE No MoSE
1966 11 (40%) SL [cm]® 194 111 (59, 156) 123 (107, 156)
Damages [MEUR] 4.5 0.25 (0.07, 28) 0.45 (0.06,28)

MOoSE effectiveness
The analysis shows successful protection against the 1966 extreme event and just activated for 11 events
analogues to the 1966

Minimum pressure: ~985 hPa

Scirocco wind: 80 km /h

Direct storm surge: 50 cm
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EVALUATING THE EFFECTIVENESS OF THE MoSE IN 2100
“New"” storm surge

Climate change contribution:
Direct storm surge: 50 cm + o 12-17 cm for medium emission
o 26-35 cm for high emission

Direct storm surge: up to 85 cm

Acqua Alta 1966: 194 cm > Acqua Alta 2100: 280 cm

but...

Average sea level rise:

Average rate: 5 mm/yr — 60-100 cm (2100)

— 40 cm (2100)
Acqua Alta 2100: >300 cm

MOSE effectiveness X
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“New” flooding scenarios

o SL could rise up to 3.21 m in the high-emission scenario,
corresponding to about 78 km? of flooded land.



EVALUATING THE EFFECTIVENESS OF THE MoSE IN 2100
“New” flooding scenarios

o SL could rise up to 3.21 m in the high—emission scenario, o SL would rise up to 3.25 m, thus flooding about 92% of the area.
Corresponding to about 78 km2 of flooded land. o Runways will be completely submerged, and >800 buildings
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Medicanes (Mediterranean hurricanes) are tropical or subtropical-like cyclones that form in the Mediterranean.

Sea surface temperatures: above 26°C can favor their
formation and intensification

Pressure: minimum depression up to 950-960 hPa
— +25 cm storm surge

Wind: gusts between 60 and 120 km/h, peak 150 km /h
(Qendresa, Nov 2014)
— +15-30 cm fetch

Precipitation: more than 200 mm/day
(>monthly precipitation)

— +?? cm from pluvial and fluvial floodings

Risks for infrastructure: flash floods, especially in
coastal or mountainous areas, storm surge, lightnings, ...



STORM SURGE IN USTICA
Likely exposed to Medicanes

- In the harbor area, current storm surges can
raise water levels up to 5.4 meters, nearly
four times the relative sea-level rise (RSLR,
1.3 meters under ordinary conditions).

- During an extreme storm surge event (return
time of 100 years), up to 50% of the land
(based on the 2019 reference) and 56% (based
on the 2150 reference) may be affected by
seawater.

- Critical infrastructure—including the road to
the harbor, the dock, tourist facilities near the
coastline, the beach, and the breakwater—
would be submerged under such conditions.



STORM SURGE IN MONTEROSSO
Exposed to Genoa Low depressions

- Potential maximum water level (max WL) for
a storm surge with a return time (RT) of 100
years for the SSP5-8.5 climatic scenario for the
year 2150 across Monterosso coast.
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CONCLUSIONS

Implications for Building
Practices

|

- Existing infrastructure and
building codes may not account for
the increased frequency and

b

intensity of storm surge events due
to more frequent cyclones, new
events (Medicanes), stronger winds

Ju

- There is a need for updated
building regulations that consider
shorter return periods and

incorporate climate change
projections.




THANKS FOR THE ATTENTION!



Back-up slides



CLIMATE CHANGE IMPACTS ON AVIATION




This first 2013 study, opened the way
for understanding how turbulence is
affected by climate change

Warmer surface
= Increased energy and thermal gradients

= wind shears
= more turbulence (especially CAT)
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SCANDINAVIAN AIRLINES FLIGHT SAS957

® Turbulence on SAS957 was mostly increased by anthropogenic climate

change

® Natural variability alone cannot explain the increase in turbulence on
SAS957

® This turbulence event was triggered by exceptional meteorological
conditions




NOT ONLY IN VENICE...
Flumicino Airport

o '""Leonardo da Vinci'" International Airport (Fiumicino), located near
the Tyrrhenian coast, at an altitude of less than 1 m above sea level.

o Size: Covers an area of 29 km?; it is the largest airport in Italy and the
third largest in Europe.

o Passenger traffic: 49.2 million passengers in 2024.

o Connections: Served by over 100 airlines, connecting around 200
destinations in more than 70 countries.

o Potentially flooded area by 2150: approximately 62 km?.

o Land at risk: Represents about 51% of the land below 4 m a.s.l.,
totaling around 122 km?.

o Buildings at risk: Around 19,500 buildings with a surface area greater
than 20 m? potentially affected within the expected flood area.



