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Regional Digital Twins of the Ocean: the opportunity for effective
integration & real transformative changes through fit for purpose
multi-platform ocean observing & forecasting, interoperability &
open science
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Scientific Excellence with Impact on Society
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Take Home Message:

Digital Twins of the Ocean, DTOs -and Regional DTOs
in particular- provide ideal symbiotic ecosystems to
trigger and contribute to the UN Decade call for
transformation in ocean sciences

Ocean Decade: Science, Solutions, People, Transformation



UN Ocean Decade and Digital Twins Opportunity

e UN Ocean Decade Mission: 'to catalyse transformative ocean
science solutions for sustainable development, connecting people
and our ocean'.

e DTOs are ideal structures and provide a unique opportunity to lead
this transformation, based on state-of-the-art science and
responding to society needs.

Scientific Excellence with Impact on Society



Digital Twins ( )

Definition: A digital twin is a set of virtual information constructs that mimics the
structure, context, and behaviour of a natural, engineered, or social system (or
system-of-systems), is dynamically updated with data from its physical twin, has
a predictive capability, and informs decisions that realize value. The bidirectional
interaction between the virtual and the physical is central to the digital twin.

- Refers to “a natural, ... system (or system-of-systems)” to describe digital twins of physical systems in
the broadest sense possible, including ... natural phenomena.

- Introduces “predictive capability” to emphasize that a digital twin must be able to issue predictions
beyond the available data to drive decisions that realize value.

- Highlights the bidirectional interaction, which comprises feedback flows of information from the physical
system to the virtual representation and from the virtual back to the physical system to enable decision
making, either automatic or with humans in the loop.

“Real” Digital Twins are very complex systems


National%20Academies%20of%20Sciences,%20Engineering,%20and%20Medicine.%202024.%20Foundational%20Research%20Gaps%20and%20Future%20Directions%20for%20Digital%20Twins.%20Washington,%20DC:%20The%20National%20Academies%20Press.%20https:/doi.org/10.17226/26894.

Key Elements of a Digital Twin

A Digital Twin is More Than Just Simulation and Modeling

Verification, Validation, Uncertainty Quantification
From Physical to Virtual
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From Virtual to Physical
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Four Key Elements: Observation of the Physical System, Modelling of the Virtual
Representation, Bidirectional Interaction, VI/UQ.



Digital Twins: great opportunities with important needs...

RECOMMENDATION 1

An Integrated Research Agenda

* Need an integrated research agenda that
includes foundational needs as well as
domain-specific needs

» Recommend that federal agencies launch
crosscutting programs to advance
the foundations

* An interagency working group may be helpful
to ensure coordination
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Digital Twins of the Ocean: Opportunity for building
Trust, but Organizational Changes are needed



Digital Twins: great expectations,... a word of caution!

-

ACADEMIES wim”
Elinor Ostrom (1933-2012)

2009 Nobel Prize in Economic Sciences ;

ICZM: Norway: 2007 Beyond panaceas (2007)... \
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Foundational
Research Gaps and
Future Directions
for Digital Twins

“... moving beyond panaceas...
requires serious study of complex,
multivariable, nonlinear, cross-scale
& changing systems”

Despite the existence of
examples of digital twins
providing practical impact
and value, the sentiment
expressed across multiple
committee information-
gathering sessions is that
the publicity around
digital twins & digital twin
solutions currently
outweighs the evidence
base of success (NAS,
2024)

Science, Real End-Users Focus, Realistic Expectations



Changes and OPPOrtu nities that allow now Digital Twins of the ocean,...

e Changes: in science & technologies, observing, modelling, data,
data availability, computing capabilities, Al, international frameworks,
society engagement, science-society policy interface, engaging end
users from the beginning.

e Evolution in concepts: scientific excellence, open science

Blurred distinction

I'he idea of research excellence is ubiquitous, X :
but what it means depends on the context. F YD ”
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From Observing & Predicting to Impact: The Digital Ocean Opportunity



The Right Time for Transformation: the need for a Common
Goal and a Strategy

A common goal: e.g., the sparkly fountain.
“Digital Twins are the visible part of a
complex digital data ecosystem”

A Strategy is an integrative set of choices that
position us to advance towards the goal, and thus
succeed. It requires saying no (Roger Martin, 2024 ).

- It implies trying to create a future that is better than
the present, and this is much more difficult than
planning. Imagination!

- The output of a Strategy is a Plan, with clear choices
(the hard part!). Both are needed.

Terry McConnell — DITTO- 2022

DTOs because of their Mission-oriented nature have a Common Goal and a Strategy and
have therefore the capacities to drive the Transformation called by the Ocean Decade.



DTOs and Ocean Integration: as in music...

Ocean Integration is an essential key element of Digital Twins of the Ocean!

'fa “The diversity in the orchestra is to be combined with the need of integration
! ﬁ to reach an overall common goal above each one of the elements”
Riccardo Mut “The harmony on top of the different component”

“From egosystems to ecosyste Ms”  Gerd Leonhard & Xavier Ferras

“Optimism , which actually means courage, hope, trust,
solidarity... the belief that we can work together...,
Cristiana Figueres injecting optimism into the system”

Digital Twins of the Ocean: The Power of Holistic Integration




The Key Elements of Regional DTOs: SOCIB RI
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Observing 2 Predictive 3 Ocean Data
System capabilities Lake

SOCIB needs:

+ extra integration effort

+ user needs

+ interoperability (decentralized)
Frontend Co-design, society + scalability & resilience

b interactive engagement & + federated system approach
simulation layer training

Digital Twins and Research Infrastructures : Catalysts for Transformation


https://apps.socib.es/subregmed-marine-heatwaves/mhw_indices.htm

SOCIB DTOs architecture: major components
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SOCIB DTOs architecture:

key elements
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SOCIB DTOs architecture: integration & interoperability
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SOCIB Organizational Changes: PRFAQ & AGILE

The Working Backwards process
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Reduce silos, value to the end-users,
Assuring end users-based applications iterative people-centred approach

Transformative Internal Organizational Changes



SOCIB DTO Prototypes in the Balearic Sea

Climate Change Adaptation
Planning

"What-ifs’ scenarios of
coastal flooding and erosion

SOCIB DTO Prototypes & Calypso Science DTO: well-aligned with EU Digital
Twin Ocean EDITO & DITTO, and contributing to CoastPredict



SOCIB DTO Prototype for Meteotsunamis Early Warning
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SOCIB 2030: DTO Prototypes implementation Phases

2023 ® 2024
Launching of the Finalization of the Co-design,
SOCIB 2030 Implementation, and
initiative Management Plan of different

DTs prototypes in the Balearic

Sea
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l 2023-2026

@ 2026

Launching of the first two
prototypes in the Balearic Sea:
climate change adaptation and
marine protected areas

w

® 2030 @ 2033
Development of SOCIB 2030: Integration of Digital Twin
Completion of the first two DTs, prototypes with the European
validation, test and training and DTO

. T TR SR Tm—

launching of the third prototype

INITIATING PLANNING EXECUTING CLOSING



In Summary: DTOs, Opportunities for Transformation

1) Key elements needed for the transformative ocean science solutions.

2) Lead to symbiotic ecosystems that foster scientific excellence with tangible
societal impacts.

3) Contribute to build Trust, effective synchronization & alignment of all
components.

BUILDING TRUST
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For Real and Effective Transformation, ... we need...
Reach People Emotionally

"After almost 100 years on the planet, | now
understand the most important place on Earth is not

i i on land, but at sea,”

David Attenborough — May 2025

lllllllllllllll

.............

R R TRUST and EMOTIONS
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