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Digital Twins of the Ocean are a virtual representation of the real ocean and have a two-way connection with
it. Observations from the real ocean change and refine the twin; manipulating the twin can highlight regions of
the real ocean in need of better or different observations.

Digital Twins will enable users to address ‘What if’ questions based on shared data, models and knowledge.
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UN Decade of
Ocean Science for Sustainable
Development (2021-2030)

Vision
The science we need for the ocean we want
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Mission

3 g o _ Transformative ocean science solutions for
2()2] United Nations Decade | . sustainable development, connecting people and

of Ocean Science
O for sustainable Development / our ocean.
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Moving from the ocean we have to
the ocean we want

A

UN Decade of Ocean
Science for Sustainable
Development

DECADE
OBJECTIVES
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‘THE OCEAN 18 23 (33

WE HAVE' Identify
required Gener:ate : Increase
knowledge SOMPrENENSVE " yq 1ise of
for knowl_edge and ocean
sustainable unfder:standmg knowledge
development  ©f theocean
DECADE ACTIONS
* Programmes
¢ Projects
e Activities

¢ Contributions

© UNESCO

DECADE
CHALLENGES

@) Understand and beat
marine pollution

@ Protect and restore
ecosystems and
biodiversity

€© Sustainably feed the
global population

@ Develop a sustainable and
equitable ocean economy

© Unlock ocean-based
solutions to climate
change

@ Increase community
resilience to ocean
hazards

@ Expand the global ocean
gbserving system

@ Create a digital
representation of the
ocean

Skills, knowledge and
technology for all

() Change humanity’s
relationship with the
ocean

DECADE OUTCOMES
‘THE OCEAN WE WANT'

A\ Aclean
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A health
&é ’ and resilient
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CoastPredict

with The Global Ocean Observing System

GHiS
G®8S | Observing Together

by The Global Ocean Observing System
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Develop a comprehensive digital
representation of the ocean.

Digital Twins of the Ocean are a virtual
representation of the real ocean and have a
two-way connection with it. Observations from
the real ocean change and refine the twin;
manipulating the twin can highlight regions of
the real ocean in need of better or different
observations.

Digital Twins will enable users to address
‘What if’ questions based on shared data,
models and knowledge.

Digital Twins empower ocean professionals,
citizen scientists, policymakers, and the
general public alike to visualise and explore
ocean knowledge, data, models and
forecasts.
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Value chain and frames of intervention

OCEAN BOGEOCGRAMSC
' INFORMATION SYSTEM ¥

Ocean
Information
supporting
Services

International
Science

Ocean
Information
assessing
Interventions
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Ocean Observation and Information Value Chain @ DITTO B3 e

Digital Twins of the

Societal needs

ifor ocean Ocean
nformation

Information

Atlant @S

S Services

DATA GATHERING &
OBSERVATION

INFORMATION
PROVISION &
PRODUCTS

PREDICTIONS,
SCENARIOS,
ASSESSMENTS

What is the state of
the ocean today?

= ,,ch“"" And how will it change
tomorrow?

Initial Value Probelm



Ocean Simulation Digital Twin Framework @.:DITTO 6:3 2021y
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SENSOR DATA
Ocean
Information
Al o
T assessing
o Interventions
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What — If Scenarios
How will the ocean
change if humans act?

Digital Twins of the Ocean Boundary Value Probelm
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Digital Twin

Minimal Defense

Many communities have developed
right along the ocean with only minimal
natural defenses from a small strip of
beach between them and the ocean.

Natural

Natural habitats that can provide storm
protection include salt marsh, oyster and
coral reefs, mangroves, seagrasses,
dunes, and barrier islands, A
combination of natural habitats can be
used to provide more protection, as seen
in this figure. Communities could
restore or create a barrier island,
followed by oyster reefs and salt marsh,
Temporary infrastructure (such as a
removable sea wall) can protect natural
infrastructure as it gets established.

Managed Realignment

Natural infrastructure can be used to
protect built infrastructure in order to
help the built infrastructure have a
longer lifetime and to provide more
storm protection benefits. In managed
realignment, communities are moving
sea walls farther away from the ocean
edge, closer to the community and
allowing natural infrastructure to recruit
between the ocean edge and the sea
wall,

Hybrid

In the hybrid approach, specific built
infrastructure, such as removable sea
walls or openable flood gates (as shown
here) are installed simultaneously with
restored or created natural
infrastructure, such as salt marsh and
oyster reefs. Other options include
moving houses away from the water and
raising them on stiits. The natural
infrastructure provides key storm
protection benefits for small to medium
storms and then when a large storm is
expected, the built infrastructure is used
for additional protection.

salt marsh
oyster beds

barrier island

new location of sea wall

salt marsh

oyster beds

previous location of sea wall

home moved avay
from the water

home raised @
-~

on stilts sea wall with

operable flood gate
salt marsh
oyster beds

barrier island
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What is the most cost effective option to mitigate th
coastal impact of sea level rise?
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How can we best implement wind energy capture systems at sea?
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Digital Ocean - Ocean Observing Needs SRS
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o Detailed Hydrography is critical

An observing system is the fundamental
underpmnmg to any digital twin

e A co-design approach to developing
the observing networks needed for
Digital Twins

e DTOs will create a ‘virtuous circle’,
where information from the Digital
Twin can be used to provide key
inform

o DTOs will optimise the observing

network, whilst benefiting from it.




Digital Ocean - Ocean Prediction

OceanPredict . S il
Advancing the science of ocean prediction G’s coaSt PredICt = Marine Service

with The Global Ocean Observing System

The Decade Collaborative Centre for Ocean Prediction
e Ocean predictive multi scale

modelling frameworks.

e Atrtificial intelligence / machine
learning to create, manipulate and

analyse marine information.

e The ability to simulate change to the L
system by human intervention and to
explore their consequences.




Digital Ocean - Data Perspective — Y

Digital Ecosystem Needs
I®DE @DIS C= o, Wyt

The Mission: Creating a robust and extensible foundation
of our planet’s digital ocean ecosystem e Weneedto

OECD RECOMMENDATION CONCERNING ACCESS TO RESEARCH DATA ‘democratize’ the data
FROM PUBLIC FUNDING

AREAS OF POLICY GUIDANCE world.

EODnet

B European Marine
i Observation and
Data Network

1/ Data governance for trust

9 2/ Technical standards and practices e We need to establish
‘trust’ in open data.

3/ Incentives and rewards

4/ Responsibility,
ownership and stewardship

5/ Sustainable infrastructures

6/ Human capital

7/ International co-operation for
access to research data

wide and equitable
access.

EXPANDED SCOPE COVERS RESEARCH DATA, METADATA,

ALGORITHMS, WORKFLOWS, MODELS, AND SOFTWARE (INCLUDING CODE)

DITTO




Delivering Digital Twin Information @ DITTO

Decision making theaters — Browser based systems — Jupiter Notebooks — 3D immersive environments
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Digital Twins of the Ocean -

~___.DITTOWWorking groupsi,

DITTO establishes and advances a digital framework to explore
ocean related development scenarios and develop a
comprehensive digital representation of the ocean.

WG1. Supportive ocean observations and data systems

WG2. Data analytics and prediction engines

WG3. Data lakes and interoperability

WG4. Interactive layers and visualizations

WGS5. Framework - architecture, design and implementation (TURTLE)
WGG6. Education, training and capacity development

ditto-oceandecade.org

02 1 Ocean Science )
2030 for Sustainable Development Digital Twins of the Ocean
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Twins of the Ocean Summit §
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DIGITAL TWINS
OF THE OCEAN

4 to 5 May 2022

High-level in-person event in Central London, UK, with live strea}

www.g7fsoi.org/digital-twin-ocean-summit



INTERNATIONALDIGITAL TWINS OF THE OCEAN SUMMIT 2022
SATELLITE EVENT

10 May 2022
A Digital Twin
for Grenada

Linda Peters,
ESRI, USA
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Many Virtual Satellite Events

ditto. geomar.de -
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DIGITAL TWIN INTEROPERABILITY =
ARCHITECTURES FOR
DIGITAL OCEAN TWINS

_ INTERNATIONAL
DIGITAL TWINS OF THE
OCEAN SUMMIT 2022

SATELLITE EVENT

12. MAY, 1230 IS3OCEST

12 May 2022

Digital Twin
Interoperability -
Architectures of
Digital Ocean Twins
(by TURTLE)

Ute Brodonner,
Fraunhofer IGD
Rostock, Germany &
Arne Jgrgen
Berre,SINTF, Norway

INTERNATIONAL DIGITAL TWINS
OF THE OCEAN SUMMIT

Programme :

Aﬂwmwzsmcssr &
Raising awareness of
digital twinningasa .-
complémentary career -
- path'in marine science

UnA ersity. o/ G}asqow & Challenger Sa( ety for Mor ing.
bur:

12 May 2022

Raising awareness
of digital twinning
as a complementary
career path in
marine science

Anna McGregor
(University of
Glasgow &
Challenger Society
for Marine Science)
Ben Fisher (The
University of
Edinburgh), UK

0 e ®

International Digital Twins of the Ocean Summit
with support from the G7 Future of the Seas and Oceans Initiative

International Symposium on_Rigital Twin of
Estuarine and Coastal System

Date: 13%h May Time: 3pm (UTC+8) to 9:30pm (UTC+8)

914

13 May 2022
International
symposium on
digital twin of
estuarine and
coastal system

East China
Normal
University &
State

Key Laboratory
of Estuarine and
Coastal
Research, East
China Normal
IIniversitv.

13 May 2022, 8:00 PM — 10:00 PM CEST-—- E =
Co-designing applied ocean models ()
support communltles in the NE Pacific-

by Decade Collabora enter for the NE Pacific

13 May 2022
Co-designing
applied ocean
models to
support
communities in
NE Pacific

Kathryn Sheps,
Decade
Collaborative
Center for the
NE Pacific & Kim
Juniper, Oceans
Network Canada
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International Digital Twins

Call for Abstracts Deadline for Abstract Announcement of Abstract Early-bird Registration
Submission Acceptances
May 25, 2023 August 15, 2023
July 20, 2023 August 15, 2023
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Become a Partner of the .Digital Twins of the

_.Ocean (DETTO) . Programme

)TN PML | sy L
ea“ForeSterS\_)g Ecopath Partner Application
ol \ e In_te_rn_ational
GEOMAR\ WavEC Initiative The objective of the partnership is to
CONICET '@y ﬁQ support each other through a network of

I nie arine
@esrl L\" gooet gacamarne  DITTO partners.

* Once you have submitted the application
Copemicus
{_’2 Marine Service
WESTERN

the DITTO team will review the
in AUSTRALIA
‘U'FURG ClOOS - (G,,'fmj * send you a memorandum of understanding

information and
(MOU) to be mutually agreed on.
“ Interested to join the DITTO
—— community?
Canire ditto-oceandecade.org

\

7 Fraunhofer
IGD

ICES
CIEM

BLB . =y, gm!epmtgzn!"geceadedltto community
2. @DITTO @ 5050 2SS oo

Digital Twins of the Ocean
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