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oastal Hazards ¢

Coastal re%ions face numerous hazards and risks due to their dynamic
environments and exposure to natural and anthropogenic pressures.

Socie Bio—_
economic Ecological

Damage to infrastructure Loss of biodiversity and
ecosystem services

Physical

Extreme waves
Storm surges and coasta

flooding Economic losses _
Extreme weather events Population displacement Céli?;alhl?ggﬁggn
Erosion Loss of human lives p

_ Habitat degradation
Sea level rise
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What Is the sea level?
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5a level

Height of the ocean surface relative to a reference level, Generally referred to ordinary gravity waves.

often the geoid or an ellipsoid. It includes contributions Waves are shorperiod oscillations of the sea

from tides, ocean circulation. surface caused by wind, gravity. They are

Variations occur oveong spatial and temporal scales described by parameters lilggnificant wave

(from kilometersto thousands okilometers and from height (SWH)wave period andwave direction

few hours to years). Generated mainly bwind stressover the ocean
surface.

Act onsmall spatial and temporal scalg$ens of
meters and seconds).
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at Is a storm surge?

17 1t
storm tide

G 15 ft SUrge

2 ft normal
high tide
Mean sea level

NOAA/The COMET Program

- Storm surge Is tsunami -like phenomenon, an abnormal rise of water generated by a
- storm over and above the predicted astronomical tide. Storm surge Is caused primarily by
~“w» the strong winds over the ocean (i.e. due to hurricane or tropical storm), but NOT only.
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reddy (February 2023)

Saffir-Simpson scale

Category 1 (74-95 mph, 119-153 km/h)

Category 5 (2157 mph, =252 km/h)

Tropical depression (<38 mph, <62 km/h) Category 3 (111-129 mph, 178-208 km/h)
Tropical storm (39-73 mph, 63—118 km/h) Category 4 (130-156 mph, 209-251 km/h)

Category 2 (96-110 mph, 154—177 km/h)

Unkni

own

The Cyclone Freddy track and intensity, according to the Saffir
reported by WikiProject  Tropical cyclones/Tracks based on NRL and NOAA data.
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T Simpson, as

A Cyclone Freddy first developed as a disturbance on 5 February 2023 .

A While in the Australian region cyclone basin, the storm quickly intensified and
became a Category 4 severe tropical cyclone, before it moved into the South -West
Indian Ocean basin, where it intensified further .

A The JTWC estimated 1-minute sustained winds of 270 km/h (165 mph) at Freddy's
peak strength, equivalent to Category 5 strength on the Saffir i Simpson scale.

A On 21 February, Freddy made its first landfall near Mananjary , in Madagascar .
Then the storm rapidly weakened overland but re-strengthened in the Mozambique
Channel .
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The highest surge of the coastal scale of Mananjary
occurred on 21 February at 18:00 with a peak of 1.6m,
where we also include the total water level. The timing

of the surge peak occurred with the ascending phase
between ebb and high tides .




auses the storm surge"

In general, storm surge occurs where winds are
blowing onshore.
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of the hurricane occur.

Storm Intensity

Stronger winds will produce a higher surge.

Width and Slope of the Ocean Bottom

Higher storm surge occurs with wide, gently sloping bottom
with narrow, steeply sloping shelves (bottom).
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Approaching angle

The angle at which a storm approaches a coastline can affect how much
surge is generated.

Shape of coastline

Storm surge will be higher when a hurricane makes landfall on a concave
coastline

AMW (RADIUS OF MAXIMUM WINDS)
A
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omplex Is the Sy
How much complexare

implicit none \
integer, parameter :: dp =
selected_real_kind (15, 307)
n= 1000
real(dp), allocatable :: x(), f(:) |
dx = 1.0,dp / real(n—-1, dp) |
doi=1,n Y
x(i) = (i =1)*dx
f(i) = sin(x(i)**2)
end do
doi=1,n-1

x(i) = sin(x2

end do
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omplex Is the Sy
How much complexare

implicit none
integer, parameter :: dp =
selected_real_kind (15, 307)
n= 1000
real (dp), allocatable :: x(), f(:) | ‘o N
dx = 1.0,dp / real(n -1, dp) |
doi=1,n \
x(i) = (l 1) * dx
f(i) = sin(x(i)**2)
end do
doi=1,n-1

x(i) = sin(x2

How much complere hazards

and their relations?
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Complex processes to
understand /describe/simulate
Knowledge innumericsand

programming language

Required datafrom

observation and models to
feed my equations
Computer facilites

Proper representation of the

results and their interpretation
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Integrated multi-physics approach
tallored to coastal and nearshore
scalegeal-time short-term forecasts
and hindcasts

Coastal modelsStorm surge

Combiningmodelingand
observational dataand elements of
Al

Designed foend-user usability

¢ 2 K-f"iscenarios

P |Inundation

Capacity forelocability A
007}7
i &
Improved use o€omputational
resources

Coastal erosion



Turb [Rel Un] @ Depth [m]=10.00
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Monitoring Station — e 05 ' Ragglo radar

: ' ' ® Stazioni Nutrienti
Extremely important: - | B A ADCP
A Data assimilation - AT | (R Y

A Validation

Ocean Data View / DIVA

Sparse In time and space

Multiparan\)etrl'éf "
Probes N\ _~

Satellite for EO

eather Stations




Numerical modE€
extremesSand operational foreca

Thelimited areamodelling approach is based @OWNSCALINGS
unstructured grids which have the advantages to setiaulti-resolutionin
the same domain in 8eamlesdgashion

3D FEM circulation model: SHYFEM -MPI

Two -way coupling @
Spectral Wave model: WW3

_ N : : :

VCG . {;\/ ; Computational grid: the equation are
<] | =

Zive discretised in each cell considering the

contribution of the surrounding cells

Initial conditions
Surfaceboundary conditions
Lateral open boundary conditions
Climatologies and rivers
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unstructured grids

Traditional downscaling process multiple-
nested domains, required boundary
conditionsprovidedby a coarsemodel

45.465

45.46

Unstructuredgrid: singlegrid with SEAMLESS

45.45

Increaseof resolutionin target areas(coasts) |..
No or minimalnestingprocedures

45.435 "

45.43

12.29 12.3 12.31 12.32

More accuracyin coastlinegeometry

Intrinsic two-way nesting information is
transferred from the coarser to the finer
domainandviceversa
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iati Operational Forecasting y jaterreg : Taranto Gulf and Taranto Seas
Adriatic Sea Storm surge modelling (} ol ronte N Forecastng  — —
, Support for oil spill ]'L:@- " LN =
‘Storm stitge i Marche (17/09/2022) and water quality S
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scales

Downscaled coastal models

30+implementation over the world
Easy deploy and relocability

Crossscale Operational forecasting or hindcast for event
based approach

Port and oispill applications

Strait dynamics

Urban ocean

Storm surge

Turkish Strait System iicaket al, 2021, MSE

Mediterranean
Sea

Hyperresolution for
representation of
complex geometries
Coastal urban scale

' esJ ',‘ . .
7 .:,;1 Operational Forecasting

h Atlanti

Connector for CMEMS
regional models (MED

Open-ocean

shelf-coastal

Riverine
Urban

Storm surge induced by Matthew and -2
Dorian Hurricanes (Park et al., 2022,

Remote vs local

FC: 2019-07-08 00:00:00 0

Role of marshes




The solution: SURF, an on-demand ocean forecast platform

Automatic data download

> Copernicus
- Marine Service

S ECMWF m

Precompiled models Q{}
NEM® 4508 &
SHYFEM-MPI
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Preconfigured simulation
(2 95% params set to default)

Graphical domain selection

Ploote drow 0 rectangie on 1he Mop 1o seloct the orea. Use the map tools on the top rignt comes. (B
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e Oof Al contribution:

Peep Learninggeneratedenergy spectra, streamlining downscal¥dave models

DL spectra 1
True spectra 1

Traditional lution

Consolidated approach in approximating
the spectra by using standard mean
parameters as SWH, WPP, MWR
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(;-Bap rzHa) 3

Innovativeand integrated
solution

Real spectra

Wave model need wave energy spectra
at the open lateral boundary.
Highstorage cost, very low availability

H
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Exploitation of DL in approximation of
spectra could improve the
representation of multipartition spectra

0.5

0.0
o] 5 10 15 20

Good approximations for zeroth and firsts moments, not able in reproducing
multipartition spectra




September 14 2020 00:00

39°N

36°N

33°N

16°E 19°E 222F
Medicane /anos , 2020

One of the strongest storms
recorded, in terms of duration and

intensity. Caused winds gusts up

to 110 Km/h, heavy rainfall, storm
surge and flooding ,damages and
fatalities
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Storm surge. We
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Katakolo tide gauge Tide gauge

Coupled run

Uncoupled run

Storm surge modelling based drongu€
forecasting Mediterranean trop

Kourouta beach Tide gauge

Coupled run

Uncoupled run

Storm surge validation

Total water level for coupled and freerun are
compared with Katakolo tide gauge -TG (gray).

Coupling improved the the model accuracy in
describing the event.

In the bottom panel, the model configurations are
compared at the Kourouta beach.

C AC \/

Wave setup and setdown

TWL difference  between free and
coupled runs. Vectors show the
mean wave direction. The

variability of TWL, considering the
wave contribution, could reach
30%.

Causio, S., Shirinov, S., Federico, I., De Cillis, G., Clementi, E.,
Mentaschi, L., and Coppini, G.: Coupling ocean currents and
waves for seamless cross -scale modeling during Medicane
lanos, EGUsphere

https://doi.org/10.5194/egusphere -2024-3517, 2024.



