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1. Coastal Environments and
Hazard
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Coastal Environments

The global coastal ocean, a mosaic of different environments |
Rocky Shores Sandy Beaches Wetlands

\ 4

S ool % Credit for seagrass photo: I Stro ng Iy |nte 'con neCted All photos are of public domain:

Dimitris Poursanidis / Ocean Image Bank https:// www.goodfreephotos.corh



Coastal Environments

And highly urbanized

ﬂAreas ofhigh biodiversity biological productivitﬂ
population growthandeconomic acitivity

A40 %of the world population lies withil00kmfrom|
the coast Mostly In tropical developing country

AThe largestnegacitiesin the world are ircoastal
areas

AGrowth of populationand economic activityin
coming decades Is projected to occurrcimastal

areas
Source: Day et al., 2021, 202)%/
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s We have to deal with coastal hazard!!!!
=
O oL All photos are of public domain:

https:// www.goodfreephotos.corh



Coastal Hazard

Erosionand CoastaRetreat

StormSurge andCoastaFlooding

Sedevelrise

Saltwaterintrusion

CoastaPollution

Marine Heatwaves

Andmanyother related problemd

Images sourcelaticon.cornr



Effects of Climate Change

Climatechangewill deeplyaffectthe globalcoastalarea
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Storm Surges

/ACoastal flooding is a combination of high tides, storm surge
and severe wave conditions. During extreme events, currer
tides combine with waves to severly erode beaches.

Credit: NOAA

ADuring the period 1972019 storm surge related to tropical
cyclones have caused death of up to 962000 people and ct
of nearly USD 1600 bilion (Kunz and Stroble, 2024).

A1.5 million people are affected annually by storm surge
events, with more than 40% of major events that occurred |
South and Soutlicast Asia (Bower and Jonkman, 2018).
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https:// www,cumminscederberg. co.h:oastaterosmnhurrlca

e i
donanand-e mestorms/ <.

AThe reduction of coastal hazard should be a primary object
In the planning of future strategy of coastal management,
with the development of early warning systems and

z Innovative solutionsd.g.Nature based Solutionsyith the
& \aim of building asustainableandresilient coast. Y
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2. Nature Based Solutions
(NBSSs)
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What are Nature Based Solutions?

n] f®&r ~] « ®~ 8§22 ~®]FT®T « «®]r|]l]ez- {]1|1pj7T 1]h 2] «®~t
societal challenges effectively and adaptively, simultaneously providing human wellbeing and
er ~hr ja«r®- ej|jor®«n [6P*?27 &éEell

Five Key Points of NbS (Louarn et al., 2025)

1. Address specific societal challengesHHOW this definition
2. Benefits for biodiversity applies to storm

3. Benefits for human societies

4. Multifunctional sSurge and coastal
KS.Stakeholders Involvement : ﬂOOdiﬂg hazard???
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NBS to reduce Coastal Hazard

48

Breakwater




Seagrass role as NBS

Seagrass global dlstrlbutlon

Seagrass species

e Amphibolis

® Cymodocea
Enhalus
Halodule

e Halophila

® Heterozostera
Not Reported

Phyllospadix
Posidonia
? ¢ Potamogeton
o.".%:-"‘ e Syringodium
Thalassia

® Thalassodendron
e Zostera

Ecosystem Services of seagrass

U

u Seagrassre a group of marine Angiosperm that
adapted to life within the coastal zone.

>\

U They providecritical ecosystem servicethat support

both the environment and the human well being.

U Globally, seagrass meadows are experiencing a
declinedue to climate change antumaninduced
stressors

ion/wave attentuation .

Particle trapping b N

1. Coastal protectionsediment stabilizatioremoval of wave and flow e\ 00
energy. O 0 0 Carbon deposltlt)n e
2. Carbon Sequestratiorcaptures and store carbon dioxide (blue carbon), N\ :
3. Biodiversity and habitat supportprovides nursery ground for fish and \ \\\
Invertebrates. SN
== . . AN
4. Water quality improvement:enhance water clarity and filters pollutants| =~ &
and excess nutrients. | \\ f : B N1t Opporturity for
LN p ‘ W " 1 " expansion/conservation
- How can we assess coastal hazard 1 LIRSy m
N . . Reef : ’-:‘ > 2 =
. reduction provided by seagrass? formation Sediment
K SCHOOL j ot Duarte et al., 2013 stabilization
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3. Digital Twins of the Ocean
(DTO)
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What Is a Digital Twin of the Ocean?

The basic concept

A digital twin is a virtual replica of a real -world object, system, or process that allow simulation,
lllz-«r« J|h &2 hrf®r~| ~0 ®q] «:-«® {n« ejq] r~ fF
artificial intelligence and advance modelling.

The concept can be applied to the studying of the ocean
)

- : .

U Computational oceanography has come of adaigeet al.,
2021) andbcean models can reproduce realistic structunes | B
the ocean so that they can be used for Digital Twin experime

U DTOgan be used to propose the best design of solutions to
problems such a€oastal hazard reductio(Pillai et al. 2022).

The assessment of seagrass as NBS for coastal
hazard reduction can be carried out with a suite
of modelling tools that realize the DTO.

Ocean model Wave model

s SHYEENPI WaveWatch Il
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http://www.edito-modellab.eu/

Ocean Circulation Model

v SHYFEMMPI(System oHYdrodynamiéinite Element Modules MPT; R TENE D

Micaletto er al., 2021) is a thredimensional finite element model, that 0 = A N1
solves the primitive equations for the ocean under hydrostatic and
Boussines@pproximation.

s Unstructured gridapproach on Arakawa-gpe grid triangular mesh

i«  semrmplicit time scheme.

s Vertical mixing: kepsilonturbulence model (from GOTM model,
Burchard et al. 1999).

s Horizontal viscositySmagorinskyiormulation.

o Alr-sea interaction: MFS bulk formulag® parametrize the

\___meteorological forcing. y /Malcutetal 2021
f Operational achUesAanSsystem :
(https://adri.cmcc.it/).

WY ————— e || Nature Based SolutionsSeagrass module integrated in
J T BTN the model.

74 »  Sediment transport:Coupling with sediment transport
1 = D 5 model SEDTRANS.

Vb """ |« Waves:Coupling with wind wave model WAVEWATCF

/ . (ongoing). ’




( Wave Model

u WAVEWATCHIIWW3) I1s community third-generation wave
model (Tolmanet al., 2019 and solvesthe random phase & +V-2N = § & — source terme.
spectral action density balance equation for wavenumber Ot O o aoaene
direction spectra, including options for shallowwater (surf

zone)applications
U Unstructuredgrid component(Mentaschiet al., 2019 Pillaiet N = N( kO x Z) - nodes- 10
al., 2022. SR

- )

»  Operational activities/AdriFSystem
(https://adri.cmcc.it/).

» Nature Based SolutionsSeagrass module
Integrated in the model.

«  Coupling with currentsApplication to study
Medicaneeffects at coastausicet al.
2025).

» Global applicationGlobal unstructured grid

to study the effects of hurricanes/globw). |

[directions

ADRIFS
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o
S Bathymetry




Seagrass Parameterization

Ocean model
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Seagrass Parameterization
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4. Applications of DTO to NBS
Assessment
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Study areas

Seagrass:
Zostema marina

Posidonia o.

Zostea m.

~
A

COASTAL RESILIENCE
SCHOOL

Zostea marina

Civitavecchia EmiIiaRomag'ri;

¢) Rosidonia Mganica,

| @)Zostera mavina
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Simulations Setip

Ocean model Wave model

SHYEENPI WaveWatch!lI ®

Name of simulation

(3) REF NO
et SGRS YES
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Venice Lagoon

baldi station

EmiliaRomagna

Salinity [psul]

Temperature [C]

DTO Validation

Acqua alta platform

Model validation
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Sea | evel

/" Venice Lagoon \/ EmiliaRomagna
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