Z,

MERCATOR
OCEAN

INTERNATIONAL

Modeling core engines for
European Digital Twin Ocean, the
EDITO Model Lab project

Yann Dirillet and EDITO Model Lab partners

mercator-ocean.eu



OCEAN X Digital Twin Ocean : Ambitious and shared initiative

INTERNATIONAL

The Digital Twin of the Ocean is a collaborative initiative. It will make ocean
knowledge open-access, available to citizens, scientists and policymakers
around the world. It will be a platform for global cooperation.

The Digital Twin of the Ocean is a unique tool to preserve a
sustainable ocean and marine biodiversity, relying on
powerful multivariable modelling, integrating citizen science
observations, combining ocean physics and biogeochemistry
parameters to assess biodiversity health, primary production
and conditions for species development.

15t DIGITAL OCEAN FORUM — Paris, 21 Aprll 2022
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p® EDITO

EDITO: European Dlgital Twin Ocean:
« EDITO Infra » and « EDITO Model Lab »

Two Horizon Europe projects

oooooooooooooooooooooooo
nnnnnnnnnnnnnnnnnnnnnnnn

EDITO ”EDITO

Infra Model Lab

Project leader: Alain.Arnaud@mercator-ocean.fr Project leader: Yann.Drillet@mercator-ocean.fr



ggﬁﬁﬁmn EDITO Infra — « Public Infrastructure for a European DTO »

INTERNATIONAL

@~ ‘ mARE | [

ey

p@® EDITOInfra

Grant to Identified Beneficiary

MERCATOR

OCEAN - -_4
NIEANATIONAL VL'Z

.“ CoskClowd EureSea

2. Clliad

Al

Destination
Earth

representing Copernicus and EMODnet

The project is built to capitalize on
existing european assets and is co- -
designed with EC Directorates RTD, | {om o
MARE, DEFIS and CNECT _

EDITO-Infra will provide the foundation for the further development of the European DTO initiative,
hosting the deployment of multiple DTO applications from ongoing and future digital twin projects,
supporting the deployment of new generation of ocean models like the underlying models of the
EDITO-Model-Lab project and the Mission Ocean Lighthouses projects. It is set to be fully

compatible with Destination Earth.

25/03/2021 mercator-ocean.eu 4



MERCATOR EDITO-Model Lab : A consortium based on ocean modeling

OCEAN :
INTERNATIONAL expertise

European Digital Twin Ocean
” Model Lab

14 partners from 9 countries with expertise in :

NERSCU

 Ocean modeling from global scale to coastal, for
ocean physics, biogeochemistry and marine
environment

« Supercomputing including experts from computing

<ANVIDIA.

centers and GPU conceptor  Delaras

- Atrtificial Intelligence applied to ocean application Yy

« Software development, model and tools co- T @
development YERSATOR

« Operational oceanography with strong links with & ©= CNECAD
Copernicus Marine, Ocean Predict and UN decade Vs R °

* Intermediate to final User applications

25/03/2021 mercator-ocean.eu 5



MERCATOR
OCEAN

INTERNATIONAL

Data Providers

Copernicun Mars
Service =

Organisation & connection between Model lab and Infra

End Users

e
0 ]_, Communication, training, partnership
| wPsg I(

L '

. 7 ] _""'“! '. L EDITO

-
£y
S > g};% | Interactnvity Vl‘tml‘ﬂﬂfdcl Lab i ” qE[..).ITP..
: [urs —
I D@ 210
X A ) "

] | |
| el )
Daoatoa Loke ﬁ DTO En&}ne .},_’ :L‘J‘ -k’;"i‘
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i

l Core_r_._-;oo(el suite |

/ € HPc - cloud infrastructure " \
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OGEAN ° Contributing to the European Green Deal

INTERNATIONAL

-

. EU Biodiversity Strategy and future nature
FA1 + Wis1 restoration targets

. e
—..’ .
FA3 + WiS2 ’ EU Zero Pollution Action Plan
—— Provide of the different Marine protected areas for '
components of the ocean core model  Biodiversity - _
: suite Ship routes for Zero Carbon |/ " EU Sustainable Blue Economy Strategy
—— Upgrade ocean simulations providing Pollution mapping for Zero

Mission
Starfish 2030 | v+ ¥

EDITO - Infra

mercator-ocean.eu 7




MERCATOR

OCEAN

INTERNATIONAL

Virtual Ocean Model Lab

A co-development environment to share model development and configure simulations

Evropean Digital Twin OQcean

Users/beta testers

@10

Grqphi_c& Workflow information
validation ————

| V]S E

I

ﬁ)_
RUTOSUBMIT

Workflow graph (dependencies)

mercator-ocean.eu

European Digital Twin Ocean

EDITO

Infr

3 f N f

Data Lake




MERCATOR
OCEAN Models and tools

INTERNATIONAL

Sea turtles habitat suitability index
| May 16, year 1 |
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MERCATOR

OCEAN Models and observations

INTERNATIONAL

Quantify impact of observation
(benkiran et al, 2021) DDE for forecasting
Subgrid scale parameterisation (DeepMind, Ravuri et al. 2021)
(Frezat et al. 2022)

< & T
LY i
A posteriori (end-to-end) learning [Frezat ot al. 2022] \ ¢
min S 17 T » ’ R ;‘ O jl» .
._.‘ > » "

¥

Neural Network for ocean fields

reconstruction
/’/ (Fablet et al. 2021)

b d e L ResNet architecture
! F 4 A ' |
RU L3 ) LU RU &
Neosidual Unit nu) B oo ted vaten o
v el L LETM or RN oot &%) itk 2 24 L
NN model for Astormanc |
1 @ecentiston | |

Us (2, 9.9 '
|

mercator-ocean.eu 10



MERCATOR

OCEAN Demonstration

INTERNATIONAL

[ WP6 - Focus Applications

Emulation of turbidity &
e ""Tn ECORS Chose the area
and the \

biodiversity targets

Emulation of ocean

surTm:'e condition Chose the area

and the type of
ship

Lagrangian emulator
Chose the area
_and the sources of -
pollution

Optimize design and
siting of Marine
= Protected Areas in
European regional Seas

Zero carbon strategies
for maritime transport
“ by low CO, ship routing

mapping

Pollution mapping for
hazardous substances
- and plastic at different
space and time scales

mercator-ocean.eu

11



European Digita Twi

EDITO

Model Lab

FA1: MPAs 7

FA-1 on MPAs for
Biodiversity

* reaching the resolution of a
few hundred metres

* running particle tracking
models to extract residence
time and environmental
conditions

e giving the basic data sets for
ML algorithms to optimise the
size and the location of MPAs
for different biodiversity targets




MERCATOR

OCEAN Demonstration

INTERNATIONAL

[ WP7 - What-if scenarios j

Define the

scenario (area, What-if scenarios 1

= time, impact, Nature Base Solutions
hazard) and Coastal Hazard
Define the

What-if scenarios 3
Marine plastic for zero
pollution

__ scenario (area,
time, emission)

Define the
-£ scenario (CO2 What-if scenarios 3
mission/sequest Aquaculture for zero
ation) carbon

mercator-ocean.eu 13



European Digital Twin Ocean

@ "°!1C

WI3: Aquaculture

What-If in
Aquaculture for Zero
carbon

FORCOAST

@he

FORCOAST

(ol IS

S

* sustainable intensification of low-emissions
mariculture to maintain a low greenhouse gas
footprint

* For example CO2 sequestration by shellfish,

mainly in the shell material and partly in the
seabed can be obtained

Wiy

- IMPAQT



MERCATOR

OCEAN The CORE DTO maf Medels 2"Gaps and priorities
INTERNATIONAL design,
tuning,
parameteris
Validation ation
strategy,
uncertainty,
ensemble,
complexity,
processes

Products &
softwares
co

development

Validated product quality, environment
trusted information

( Core Digital

Twin Ocean

o modelling
Interoperability

e : Data
model capacity, %@ | 0T

Digital Twin new technology S M A satellite,

optimisation, Al & machine learning .
hybrid model, \ (i Sitd
Artificial rrxl
Inteligence

What If Observation
Scenario network

NBS, Fisheries, design, impact
pollution, climate study




