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The integrated value chain

Real time
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Assessment
(science-based

I~ Coastal Resilience?

The UN International Strategy for Disaster
Redution definition:

Resilience Is the
capacity of a
system, community
or socilety to resist
or to change so
that it may obtain
an acceptable level
In functioning and
structure.
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Prevention
and protection
(Nature based
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Why coastal resilience is important?

O Coastal resilience is a system attribute and it has
not been used to strengthen science-based ;‘
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O The relationship between adaptive capacity (born UN Dacade of Océan
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GuiS [ CoastPredict
with The Global Ocean Observing System

CoastPredict
Programme

Ocean
Observing
Co-design

GOOS CoastPredict
Integration

Observing
Together

Objective

Provide decisionmakers and coastal
communities with integrated
observing and predicting systemsto
identify solutions for managing risk in
the short-term and planning for
mitigation and adaptation in the
longer-term context of future climate
and ocean change



GuiS [ CoastPredict
with The Global Ocean Observing System

One of only 48 global endorsed
Ocean Decade Programmes

»

One of 3 transformational GOOS

7] United Nations Decade Ocean Decade Programmes
3 of Ocean Science

for Sustainable Development

20
20
326 engaged institutions

A truly GLOBAL programme, one of
a kind in this critical space




G¥8S | CoastPredict

with The Global Ocean Observing System

326 engaged institutions (Steering Committee & Pilot Sites) including
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Fragmentation of
knowledge & efforts

sk X-
¢

Establish international
network for Global
Coastal Ocean
innovation and
solutions

Large data gaps:
coastal zone &
Global South

AR\

Equitable access,
resources & knowledge
sharing, shared services

development

Technology gaps

€

Coastal & urban models
for the future
Accessible observing
technologies
Delivery of services &
big data

Ugt xkegu"fqg

& trust in solutions
IS low

Involve coastal
managers &
communities

Demonstrate services

Public & private



G 'S | CoastPredict

with The Global Ocean Observing System
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G¥8S | CoastPredict

with The Global Ocean Observing System

Co-developed public and private services

for risk assessment and management

GlobalCoast
Framework

6 harness opportunities I l
6 overcome barriers .y I
6 connect the work globally ioi
6 enable public-private
collaboration
6 replicable solutions
6 engage cloud technology //////// \\\\\\\\
to support services GlobalCoast Network CoastPredict UN endorsed Projects
research institutions & coastal ~. II I innovative methods
stakeholders at Pilot Sites @( }\ % ::: (= | & technologies




G¥8S | CoastPredict

with The Global Ocean Observing System

Ocean Circulation
matters

Regions of Global Coastal
Ocean based on 4 panregions:

Blue T western boundary
current systems

Orange T eastern boundary
current systems

GreenT polar regions
Grey T islands and semi-
enclosed seas

——— Boundary of coastal ocean

Ad apted fro m g”  Boundary of region
Robinson & Brink (2010)

=




GW8S | CoastPredict

with The Global Ocean Observing System

GlobalCoast
Network

130 Pilot Sites
66 countries

Google My Maps



G¥8S | CoastPredict

with The Glebal Ocean Observing Syslem

PCC !"CC(

User focus

. Resiliency planners
Renewable energy industry

Other

Emergency response

ie dexsﬁagencies
Research community
Commercial fishing industry
MPA management agencies

Most common |
yuvecmgj qnft
categories

Aquaculture/mariculture

industry ‘

0

R e O
& practioncn

y . 3 Z Coastguard
Local/regional authorities o National agencies managing

National Wéafher & ocean marine/water directives

forecast centres & frameworks Insurance industry

Tourism industry
Urban/marine spatial
planners Port authorities / managers




G¥8S | CoastPredict

with The Global Ocean Observing System

1 Disaster risk reduction - real-time forecasting of extreme events

Focus on
yvKorcev”
CtgcuX

2 Impacts of climate change on coasts

Pollution impacts
Climate & shorter-term impacts on morphodynamics

Urban oceanography science & planning

What impact areas
are most important
for Pilot Sites?

Nature Based Solutions, restoration, blue carbon monitoring / uptake

Sustainable food production

Impact Area

Operations at sea - maritime safety, Search and Rescue

Integrated Coastal Zone Management/Marine Spatial Planning

9 J 20 40 60 80



What is the Digital Ocean
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What are Digital Ocean Twins

Adaptation solution to be sought:
How do | decrease wave energy at the coasts
and where do | restore seagrass habitat?

DIGITAL VEGETATION POSITIONS

SIC 3
SIC 2
SIC1

"(’l

Percentage
wave height

202 1*Unil;d Nations Decade
of Ocean Science
2030 for Sustainable Development




Why we need the Digital Ocean and
Its Digital Twins

Frequency of the 100 year storm surge event in 2100

1000
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How we develop the Digital Ocean and
Twins?

1. Enhance and expandrisk science
research to bolster coastal resilience
and adaptive capacity

2. Enhance observation collection with a
focus on coastal areas, leveraging Digital
Twins and Al-based solutions

3. Expand cloud-based computing and
Infrastructure to enhance accessibility




Framing the Problem

Human Activity & Climate Change

Coast}? Hazards

(extreme events, linear changes, non linear interactions)

need for a observing, modeling and multi-risk approach:

Adaption & Mitigation Forecast & Early Warning

tools and scenario simulation accessible systems

Y Reducing risks, improving I

Y Reliable adaptive planning & saf ec




Rimini case study

Problems: Subsidence; sea level 2017 2023
rise, coastal erosion, water quality § ;
Socio-economic assets: Tourism,

Users questions for the DT:
Can we remove the barrier without affecting coastal erosion or how best to adapt the height/distance?
Which is the optimal design for restoration of <coastWithisl and and m
the impact of the Marecchia river mouth? How much is the cost of the different possible intervention? Which is theosaoia
value of improved water guality and better view? Long term policy in a climate change scenario?



Coastal ocean integrated modelling .
for circulation-wave-sediment- The Spaﬂa/ scale appraaCh >
flooding processes and nearshore \
and urban applications U Downscaled limited-area coastal inland scale
&/ 0 Cross-scale regional-to-coastal scale
== U Seamless global-to-coastal scale
Modelling of terrestrial and marine waters Innovations with unstructured grids
(atmosphere-hydrology-ocean) for
representation of land-sea interface
processes (e.g. estuary dynamics)

Time horizon of our simulations

Nature-based solution assessment for | i Short-term forecasting
ilg’

conservation and restoration coastal circulation (including DA) and waves
0 Climate projection

— - climate downscaling of coastal water cycle

Distributed advanced observing systems, J Y

including low-cost sensors and
citizen-science based systems

Ship-routing modelling for optimal routes and Tools and Innovatve solutions

CO2 reduction emissions for decarbonization

(
C Physics, Al-based and hybrid modelling
C Digital Twins of the Ocean
C Relocability for models and observations
Oil spill and marine litter modelling and monitoring ] G Operational chains and visualization platforms

for emergency and hazard mapping \ G Cloud-based services




OVERVIEW

U Advanced Coastal Ocean Modelling and Applications
U Coastal Earth System Modelling and Climate

U Advanced Observing Systems

U Maritime Solutions

U Operational Forecasting and Decision Support Systems



OVERVIEW

U Advanced Observing Systems




CMCC observing system in | A , i e
Tyrrhenian Sea A N

Water Quality ® Stazioni Nutrienti

(Lazio coastal area) _ Montoring Swton h NS

A Development of an integrated observing and
forecasting system

A 390 Multiparameter vertical Profiles (< 2 years)

A Study of the effects of river plume on
Phytoplankton Primary Production

A Fixed Stations for currents and waves for

numerical model validation : :
ather Stations

A Innovative platforms and instrumentations "'Eogfcrost ot R ) | \“’"’"‘:\¥A\\
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Oceanographic Surveys Primary Production Estimation and Phototosynthetic Efficiency Analyses




i High Resolution Maps for
.sma Restoration Siting through
Innovative Technologies

CMCC observing system in
Tyrrhenian Sea
(Lazio coastal area)

s Coralligenous

2 Rocky bottom

A Environmental Compensation Actions . ¥
(Habitat 1120* e 1170, protected species) == SSsessment VE- &
and Ecosystem Services Restoration toward - — S — -

ecosystem services recovery II\E/I((:E(;SSySrt:rr:eiteSNices
u

A Early Warning System toward Harbour
Impacts Prevention

A Development of an integrated observing D=L
and forecasting system for port impacts
management, restoration and NBS Cseestton

planning and emergency response

A Long-Term Experiment toward Digital
Twin of the Ocean

A Best practices on restoration, supported by
numerical models and observations

RENOVATE project




Development of new technologies for obhservations

Development of a low -
cost and user -friendly
technology for Buoy of
Opportunity

The fixed station will allow a
continuous monitoring of the main
physical and biogeochemical
parameters of marine water and
will be able to be installed in
different kind of buoys or existing
fixed infrastructures in order to
extend the marine observing
capacities
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Development of alow  -cost data

transmission system for
marine application

The system will allow to create a very
low-cost network of widely
distributed and dynamic
devices based

on LoRa communication

2 =Ly M AL 5. 7 .
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Development of a new turtle tag

The new tag will allow to acquire data along the
water column and it will be experimented the
integration of a new low-cost multi-spectral
sensor.

The tag will allow to track the animals and
study the ecosystem characteristics




CMCC Low-Cost Sea Level Sensor : InterBox

Customizable Installation

NRT - height_above_mean_sea level - m
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Data in Emodnet




OVERVIEW

U Advanced Coastal Ocean Modelling and Applications
.
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Unstructured -grid coastal modelling for circulation and waves

N Turkish Strait System N
éa Forecasting  Laranto Gulf and Taranto Seas : Subregional
Qupport for oil spill EEEE- &L dynamic shelf-coastal straits
and water quality > - : il stal Mediterranean dynamics
Sy orld ocean
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South Atlantic Bight (Savannah, Georgia, US)

;‘\/\. Y WAAVVV ﬁ\! Wet-and-dry
3 g - .~ | Role of marshes

SOUTH
CAROLINE

FC: 2019-07-08 00:00:00
=

Hyper-resolution for

representation of
complex geometries

Open-ocean

shelf-coastal

Riverine
Urban

\ -
scale e 00 oo G

Storm surge induced by Matthew and
Dorian Hurricanes (Park et al.,, 2022, CEng)

Coastal urban scale

Operational Forecasting
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OVERVIEW

Coastal Earth System Modelling and Climate




Modeling estuaries, plumes and land-sea interface: where do we stand

ADVANCE NUMERICAL MODELING
of complex transitional areas ..

SHYFEM MPI ZSTAR code (Micaletto et al 2022, Verri et al 2023) ADVANCE UNDERSTANDING of multi-physics,
multi-scale and cross-scale process ..

Generalised vertical coordinates ,
River temperature
. |Z-17 layers | _Salinity |Zz*-20 layers » .
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Coastal Earth System Modeling and Climate Research Unit



Modeling estuaries, plumes and land-sea interface: where do we stand

ML-based physics-aware
estuary Box Model
climate projections

and online coupling with
operational forecasting

of regional to global ocean

SHYFEM MPI ZSTAR code (Micaletto et al 2022, Verri et al 2

Learning data
to train an
STUARY EMULATOR

Verri et al 2020,2021,2024;
Maglietta 20204; Saccotelli 2024
Gianolla et al in prep

Goro Salt Wedge Intrusion 2080-2100

Estuary Box Model

Salt uptake
capability
Verri et al 2024

Coastal Earth System Modeling and Climate Research Unit



