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The ocean holds the keys to an equitable and
sustainable planet.
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The Science We Need for the Ocean We Want

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

o el

9. Skills, knowledge and technology for all
10. Change humanity’s relationship with the ocean




2021
2030

Decade priority challenges
In ocean observing and
forecasting

Challenge 6

Increase community
resilience to ocean and
coastal risks

Challenge 7

Sustainably expand the
Global Ocean Observing
System

' Challenge 8

Create a digital
representation of the
- ocean

* Ocean observations
* Data sharing

* Ocean modelling

* Ocean forecasting

» User uptake & feedbacks

Décennie des Nations Unies
pour les sciences océaniques
au service du développement durable
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Decade priority

Vision 2030
White Paper

Ocean
Decade
Priorities

ADVANCING THE DECADE'S DIGITAL

ECOSYSTEM (DDE)

Towards a stronger and
sustained digital ocean
knowledge system

European priority
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From observations to end user services: the ocean value chain
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Citizens

OTHER DATA SOURCES

Challenges in the development of digital ocean
ecosystem globally:

= Significant regional variation in digital
ocean observing systems

= |nteroperability issues

= lack of globally endorsed “tools, data
standards and best practices”
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Bmldmg ﬁeOceaQ Decade’s
Digital Ecosystem.

A coordinated global strategy for ocean obseWing,
data sharing, and forecasting

>

Understanding the ocean data challenge N

The health of the ocean is integral to the well-being of the planet, influencing climate regulation,
@( oxygen production, and the livelihoods of billions. Ocean data is the fundamental building block to
drive critically important research and inform sustainable ocean governance and policies, yet:

PO

The ocean is under-observed, especially in developing regions.

Data from observations and forecasts are often fragmented and hard to access.

Many communities lack knowledge and capacity to discover and use ocean data effectively.
A well-connected digital data ecosystem can enable Sustainable Development Goal 14 on ‘Life

Below Water’ by providing real-time, interoperable ocean information that supports evidence-
based policies, sustainable marine resource management, and effective conservation efforts.

The vision: A digital ocean ecosystem for all =

The UN Decade of Ocean Science for Sustainable Development 2021-2030 ("Ocean Decade”) is
advancing the concept of a global Digital Ecosystem that transforms ocean observations into
actionable services for decision-makers. This system is powered by three core pillars:

Ocean observing
Ocean data sharing
Ocean forecasting

Together, these components form a robust ocean data value chain — a foundation for sustainable

ocean management, climate resilience, and economic development.

=

For more information, please contact OCEANDECADE.ORG

Barriers to deliver a digital ocean ecosystem ~

Global gaps in digital infrastructure

Some regions have advanced systems, others have none.

Lack of integration

Systems and disciplines talk insufficiently to each other—forecasting, observing, and data
sharing are siloed. The public and private sectors often operate independent of each other.
Absence of shared tools and standards

Not sufficient common protocols, leading to inefficiency and duplication of efforts.
Knowledge and capacity gaps

Many users face challenges to access or interpret ocean data.

Lack of end-user engagement

End-users often lack awareness of ocean observing benefits and therefore do not provide
feedback for system improvement.

A 7

The opportunity ~

The Ocean Decade’s centres for Ocean Observing, Ocean Data Sharing and Ocean Prediction
@ commit to:

A global architecture

Co-developed system designs for observation, data sharing, and forecasting.
Practices and tools

A suite of guidelines and implementation approaches.

Clear data and metadata standards

To enable seamless interoperability and integration.

Advancing capacity building

Focused on developing regions to support uptake and growth.

Promote Digital Twins of the Ocean (DTOs)

Advanced applications powered by real-time data integration and Al-readiness.
Improve communication and ocean literacy

To raise awareness about the societal benefits of ocean observing and data.

Better and more data - more integration - more demand - more and improved services
e =

What success looks like N

Increased ocean knowledge and risk mapping User-friendly applications for all stakeholders

Wider use of ocean forecasting services Free and open access to ocean data

Improved regional equity in availability of ocean data Greater acknowledgement about benefits of

Stronger public-private collaboration ocean information

Join the movement Help shape a truly global, inclusive, and interoperable digital ocean.

Decision Makers

Scientists Private Sector

Partner with us to drive
innovation, share insights,
and lead the way in
sustainable ocean
technologies.

Share your expertise,
contribute data, and
collaborate on innovative
research to expand our
understanding of the ocean.

Leverage ocean data

to inform resilient,
sustainable policies and
strengthen disaster

L preparedness.

OCEANDECADE.ORG

More infos
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Connecting the world around Ocean Prediction: A vision for the Decade and Beyond




News section + Forum + newsletter

Latest News
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STREAMing on-demand satellite data for

Perceguru: A customized marine
the Malta shelf area

Highlights
forecast for barnacle fishermen

succesful
communit

The web

Previous Updates

OPERATIONAL
READINESS -
LEVEL GUIDE

Release of the Operational
Readiness Level (ORL)

Highlights from the OP'24
symposium: A succesful

event for the Ocean an O
Prediction community Level

Promoting best practices in
ocean forecasting through

UNOC2025 EU Digital Ocean
Pavilion - Call for

ARCHITECTURE [ |
GUIDE

STREAM: On-Demand
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Shelf Area

Connecting the world around Ocean Prediction: A vision for the Decade and Beyond

OceanPrediction DCC:
Focus on the Indian Seas
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OceanPrediction News

Find out about our latest news and updates

Raremby 2025

Call for abstracts to the
EGU25 ends 15 January
2025, 13:00 CET

Highlights from OP"24
symposium
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The UN Decade virtual Hall

<2 Ocean

* Prediction

{R{

unesco

Intergovernmental
Oceanographic
Commission

/‘-'

202 1 United Nations Decade

of Ocean Science
2030 for Sustainable Development

, * Ocean i
*+* Prediction

The web

Ocean Basins & Regions of inferest

Global
West Pacific and Morginal seas of East Asia
IndianSeas

Mditerranean and Biack Seas
North-East Atintic

South and central Amarica
North America

Antarctic

Arctic

Operational Ocean Forecasfing SystemHall ~ UNDecadeHall  Services Hall

CoastPredict Digital twin of the ocean - DITTO
9 Global 9 Gobo

ForeSea - The Ocean Prediction
Capacity of the Future
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Decade Programme

((UNEY

Connecting the world around Ocean Prediction: A vision for the Decade and Beyond
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The ATLAS

« Explore the world of ocean predicton by regions, including
information on its members, systems and services

=5 Filters

Kassandra Black sea

Ocean Basins & Regions of interest i d Sea

®"  Contact information

Organization in charge of the system :CNR-ISMAR

0::;-: Ocean | &

** Prediction
COMMUNITY

DOl :http://kassandra.ve.ismar.cnr.it:8080/kassandra

Link to system webpage or reference paper
h e.ismar.cnr.it:8080/ka.

Link to output data repository (Opendap or similar)
ismar.cnr.it:8080/ka.

Main description

Atmospheric forcing

Models

About ‘ a2 P e O ti
Abos é2 People | | |l Organization SHYFEM - System of HydrodYnamic Finite Element Modules  +/

Sudan

The Atlas
,“-

i "‘ Make sure to join our community and Atlas!
=EES ™ |
(&
unesco

Intergovernmental 2021 United Nations Decade
Oceanographic of Ocean Science ; [P, ‘e
Commieio® 2030 for Sustainable Development Connecting the world around Ocean Prediction: A vision for the Decade and Beyond



OceanPrediction DCC special issue in
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collaboration with OceanPredict/ForeSea

Y cus Public TATECET MERCATOR ...
Copernicus Publications § STATE e Tue +i Ocean |
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“status and stateé of theart

"
Current Capabilities and Emerging Fronfgs in Oceah forecasting
D
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A specialissue (27 papers — 290 pages) describing
the status of ocean forecasting from 68 authors
from all continents

Introduction (1 paper)

From global to Coastal (3 papers)

Description per Regional team (2 papers)

Observations for improved forecasts (3 papers)

Predicting blue, green, and white ocean (5 papers)

Building trust in forecasting (3 papers)

Air-sea-land interactions (2 papers)

Advanced modelling for ocean forecasting (5 papers)

Bridging ocean science and society (2 papers)

https://sp.copernicus.org/articles/sp-5-opsr.pdf

Intergovernmental 2 0 2 United Nations Decade
Oceanographic of Ocean Science
Commission 2030 for Sustainable Development

Connecting the world around Ocean Prediction: A vision for the Decade and Beyond

M. Cirano et al.: A description of existing operational ocean forecasting services around the globe 7

M. Cirano et al.: A description of existing operational ocean torecasting services around the globe

i

M. Cirano et sl A description of existing operaional ocean forecasting services around the gicbe
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Figure 7. The Copernicus Marine region
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The development of
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hitps2/dol.org/10.514



EU40ceanObs - DIP
EurOcean -DIP

Decade programmes
{§ primary attaChed » to Towards a stronger and

sustained digital ocean

the 3 DCCs and DCOs knowiadge sialem

Guiding FAIR ocean data
management practices

Supporting development

of observation and forecasting
services

.
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Center for Ocean Leadership - DIP
Ocean Networks Canada - DIP
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Summary of the OP’24 outcomes

1. Over 300 contributions (orals and posters),

2. Addressing Critical Ocean Prediction Challenges

3. Al and Digital Twins: game-changers for Ocean prediction data

4. Societal Benefits and Policy Implications
5. Enhanced International Collaboration

Ocean
Predict

SYMPOSIUM OP’24

ADVANCING OCEAN PREDICTION SCIENCE
FOR SOCIETAL BENEFITS

/

4
18 - 22 Nov. 2024 g
Yo

. ot ,

i 4 % . L » .“
@ Paris, France i 'J o~

Bulletin of the American
Meteorological Society

Submitted

AMS &

American Meteorological Society




Outcomes Theme 1
Ocean predlctlon. past, present
and future

« Structuring of international collaborations to best align science, services,
governance, and i

on to best deliver "the ocean we want”
* Al changing opportunities and challenges

» Creating and operating ocean digit

* Fast

volving field: need to be nimble and adapt (governance, frequent
communication, adaptation / adjustment to opportunities)

In private/public collaborations, focus on areas of overlapping interest,
and look forward

Commi

tion & co-design are critical for ensuring effective operational
ocean prediction systems

« Inclusivity going forward s vital

[Tt | gt | i

Outcomes Theme 7
User applications and societal
benefits

« Diplomacy for science: "Facilitating International science cooperation” -
G7 FSOI (Future of the Seas and Ocean Initiativ

+ Science for diplomacy: "Using science cooperation to improve
international relations between countries” - UN Ocean Decade for
Sustainable Development

« Science in diplomacy: “informing policy objectives with scientific advice”
- Geo Blue Planet

Exomple: Inspired by the collective vision of marine debris scientific community,

the integrated marine debris observation System (IMDOS) aims to provide
coordination and guidance to leal

& mari

debris community in
establishing a sustainable global observing system and facilitating open access

to data
es— —

Outcomes Theme 5
New developments in ocean
prediction

L}tcomes Theme 4
Global and basin scale ocean
prediction

+.....Most heavily used and impacted ocean areas Wlth diverse human pressures:=
. @mpc,D|verS|ty of challenges and approaches: s

Outcomes Teme 2
Coastal and Regional Ocean
Prediction

Outcomes Theme 3
Polar ocean and sea ice
prediction

eme is broad and includes many topics on new

Most heavily « redictions, such as:

useful for risk assessmentand planning

~~~~~~~~~~~~~~~~ iu:vions are being explored by industry = Operational
engage in evaluating the proposed solutions

vances in operational systems (adoption of
+ Interaction of many relevant ¢

wsmens s COMPlex geometries, high resolutlon nonllnear flows,.

+ Complex model and data errol

h as MOMG ocean, I3 sea ice models, increasing

Jdiscussion on Marine heatwaves. need for ing, etc; observations such as SWOT altimeter; new

- Interaction of many relevant processes: circulation, waves, ATM, BGC, ice, sedlment transport, etc.

e neneeCOMpPlex model and data error budgets (essential for DA)serwrssr e o

* Mukiscale: unstructured me it e o

scales N ove | a p p roac h es: blue and green oceans in addition to e whics ocears particularly given

2 increasing ice-free periods and extent and the poleward migration of
+ Need for coupled physical

Novel approaches:

(physical, biogsoschemieal), modelers and obseriationalsts tomestand
exchange information/advances/ideas. Further di

« Evolution of global basin scale system: toward more coupling, towards
ensemble method and hybrid (var + ensemble + Al)

window) in data on, ideas and

\-Coupllng of ocean and hydrological models (compound floods) i
EEmEz=Multiscale: unstructured meshes to represent flows on 1-10 m to 100 km scalessa s,
*Need for coupled physical BGC data assimilation: multispectral data
*Al: Probabilistic forecasting, Bias correction, High-resolution mapping

possibly datasets, est
participation and inve

. encourage
* Al: Probabilistic fore:

on

Oztcmes
The international cooperation
we need

utcomes
} The common infrastructure we
Outcomes need
The (numerical) Ocean we
want: Challenge 8 of the UN

Ocean Decade

* More in situ nheanrasione
GOOS s key

More in situ
=zzobservations are
“"’“"“Empower coastal “===needed and the

—.forecasting centres ..., ~=asadvancement of

~to provide info ...... “coastal GOOS is key,
as well as more

-coastal communlty
automated data

w.needs on issues ...
management
systems (ODIS).

-ant of coastal
ntsystems

1 service

« Open with

* Need a global mobilizat
The UN Ocean Con

Ocean Preth ey fa @ necds o be susained beyond 2030

Provides re methods to advance towards the
objective (ETOOFS guide, ORL, architecture, etc.)

Recordings

Outcomes Theme 6
Ocean prediction systems and
services

« Consider value cycle and user link importance (reliable, tangible, trusted
info)

= INCOIS and SAEON systems, example of emerging operational systems
to watch
Effective hazard communication both modern (WhatsApp ... and
traditional

« Efforts in training and building strong trust relationship with users

« Locally optimiz
engagement, p

ems co-designed with local stakeholders, ensures

ership and/or finan pport

« Services require solid infrastruct

rmation management systems,

open data repositories, user friendly access

« Service is about communication/empathy/Ubuntu

[ e | nary ecrivgs | s

https://www.oceanpredict?24.
org/content/op-24-summay




DECLARATION

« Call for action to advance ocean prediction capabilities for the benefits of society”

SN e,
Town Hall . w" N I CE 2025 High-Level event
4&June 2025 ‘ ‘ \ FRAN CE 11 June 2025

4 gchll EENOC CEE AN European Pavilion
CONGRESS Ocean

egovenmensl ()] Unied Natons Decade
Oceanographic 202 1 of Ocean Science




Ocean PN
Predict N0

W Conserve and sustainably
14 BELOW WATER

use the oceans, seas and
marine resources for
sustainable development

Building on the outcomes of OceanPredict 2024, the Call for action highlights the
urgent need to enhance ocean observing, modeling, data integration, and the
development of innovative, reliable, and Ocean prediction decision-making tools,
including reanalysis and forecasting systems:
* based onreliable observation networks,
 based onimproved models and data assimilation for fit-for-purpose
services,
* that fully leverage of artificial intelligence and the acceleration in digital
twin development,

International
mobilization to
advance ocean

prediction capabilities
for the benefit of
society

One Ocean Science Congress
Nice, France, June 4 2025
—_—

MERCATOR
OCEAN

INTERNATIONAL

Global Ocean Observing System

Ocean PN . O cean | & ‘ --’G‘S MERCATOR
j ), AR ) [ecisae ‘ ; OCEAN
Predict “e¢® Prediction e D o,



Nations

Conserve and sustainably
use the oceans, seas and
marine resources for
sustainable development

3y United

14 ::IEUWWAI[R

These challenges include:

improving interfaces between ocean, atmosphere, surface waves, sea ice, biogeochemical and
ecosystem models,

advancing the prediction of coastal and polar areas,
improving ocean biogeochemistry and ecosystems prediction,

filling gaps in the global ocean observing network, including implementing and sustaining the
OneArgo array and preparing the required future satellite oceanography missions,

developing and using tools to design and assess the impact of observing systems,
developing higher resolution sub-mesoscale models and data assimilation,

extending the forecast horizon up to 1 month, and extending seasonal, decadal prediction and
climate projection to the marine environment,

enhancing the intelligence of ocean prediction products by providing uncertainties and
probabilistic forecasts,

developing artificial intelligence modelling and data assimilation methods,

harnessing digital twins to enhance the interaction between ocean prediction centres and users’

communities, including the co-design of “what-if” scenario tools to support planning for climate
resilience, restoration, and ocean-based economies
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International
mobilization to
advance ocean

prediction capabilities
for the benefit of
society

One Ocean Science Congress
Nice, France, June 4 2025
—_—
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Road map OP-DCC / DCO-00 / DCO-0ODS

Towards a stronger and
sustained digital ocean
knowledge system

e Py Eecdmaien
** Ocean |5 A’é‘g" Ocean &
1. Observing "l Data Sharing

' Terry McConnell Wes .Oceclr! |5 ' A
n ! Prediction dam
o Leadbetter

. UNESCO Ocean
Enrique Alvarez

[
o Fanjul
Mercator Ocean
International
2024 2025 2026 2027 2028 2029 2030 2050
TIMELINE
Ocean Discovery & Data Access Service
Future
Ocean Forecasting Structure multifaceted,
multidimensional
Digital Atlas of the Ocean (in time and space)
digital
Marine Knowledge Exchange Mechanism representation(s)
of the Ocean

Capacity Development & Training

Serve as a basis for capacity development activities.

Support development of new observing, data sharing and forecasting
services in developing regions

Promote interoperability between systems in developed regions.
Minimize duplicated efforts during development and operation phases.
Promote further exploitation of ocean observations and forecasts via
common tools and digital twins.
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Revolutionising Global Coastal Ocean Observing and Forecasting
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Project title
European Knowledge Hub on Sea Level Rise
Future Coastal Ocean Climates (FLAME)

Coastal Ocean Resource Environment
Integrating Coastal Hazard Warning Systems for TAC

Forecasting the Argentine Sea

Mangroves as Nature-based Solutions to Coastal Hazards in Eastern

Ghana (MANCOGA)

Al ensemble engine for coastal hazard predictions

PH ocean observing and coastal resource management
Integrated coastal ocean observing and predicting
Climate Data for Community Action

Coastal Pollution Toolbox

Global Coastal Ocean Restoration and Resilience

Fishing Vessel ocean Observing Network

Environmental Vulnerability Mapping, West Africa

Digital Observing System of the Yucatan Shelf

Solutions for Cost-effective Ocean Observation (SCOOPp)
Forecasting Ocean to Coasts, Connecting Users (FOCCUS)
South-East Australian Coastal Ocean Forecast System
Reef-shaped coastlines: effects of climate change
Popular observatory of the sea — Amazon coast

Coastal Observation Lab in a Box

Advancing predictions of marine heatwaves

with The Global Ocean Observing System

Lead institution

Joint Programming Initiative Healthy and Productive Seas and Oceans (JPI Oceans) - Belgium
National Oceanography Centre - UK

The Balearic Islands Coastal Ocean Observing and Forecasting System (SOCIB) - Spain

IOCARIBE + ICG Columbia

Centro de Investigaciones del Mary la Atmdsfera - Center for Oceanic and Atmospheric
Research (CIMA/CONICET-UBA) - Argentina

Helmholtz-Zentrum Hereon, GmbH - Germany / Department of Marine and Fisheries
Sciences, University of Ghana / Institute of Environment and Sanitation Studies, University of
Ghana - Ghana

Fugro - Netherlands

Marine Science Institute, University of the Philippines Diliman - Philippines
Euro-Mediterranean Centre on Climate Change Foundation - Italy

Hohonu - USA

Helmholtz-Zentrum Hereon - Germany

Institute for Corporate Citizenship (ICC), South Africa

Ocean Data Network — United States of America (USA)

University of Calabar — Nigeria

CINVESTAV — Mexico

SMHI, the Swedish Meteorological and Hydrological Institute — Sweden
HELMHOLTZ-ZENTRUM HEREON GMBH (HEREON) — Germany

University of New South Wales (UNSW, Sydney) — Australia

University of Sado Paulo/Oceanographic Institute — Brazil

Instituto de Pesquisas Cientificas e Tecnoldgicas do Estado do Amapa (IEPA) — Brazil
University of Edinburgh — United Kingdom of Great Britain and Northern Ireland (UK)
Western Australian Marine Science Institution (WAMSI) — Australia



Summary of the OP’24 outcomes

Over 300 contributions (orals and
posters), fostering high-quality exchanges
between leading ocean and atmospheric
scientists, service providers, industry
representatives, and users of Ocean data.

2. Addressing Critical Ocean Prediction

Challenges

Experts focused on essential areas including
coastal and regional ocean prediction, polar
ocean and sea ice dynamics, and bridging
global with regional scale predictions. Coastal
regions face unique challenges due to complex
interactions among currents, waves, and
sediment transport. This complexity requires
sustained observation networks and innovative
approaches like multiscale modelling to
improve accuracy. Ensemble forecasting has
become crucial forimproving prediction
accuracy and providing actionable uncertainty
information. New satellite data, such as SWOT
observations of ocean circulation and improved
use of sea ice thickness measurements, are
contributing to more precise forecasts. However,
in situ observations remain fundamental to
ocean prediction, with ongoing challenges in
expanding measurements to deeper ocean
and biogeochemistry.

3.

Al and Digital Twins: game-changers for Ocean
prediction data

Artificial Intelligence (Al) techniques are rapidly advancing
ocean prediction capabilities across multiple domains.
These innovations range from more accurate modelling
with reduced computational costs to better estimates of
previously unobserved ocean areas and parameters.

* Machine learning models are set to improve
probabilistic forecasting capacities and enable
fast, multi-resolution mapping of ocean
conditions.

* Additionally, digital ocean twins are emerging as
transformative technologies that promote
collaboration and broaden access to ocean
prediction tools.

Societal Benefits and Policy Implications
The symposium highlighted the role of ocean
prediction in informing policy decisions with
actionable scientific insights that support
sustainable management. For example, there is a
pressing need for new standards in marine heatwave
forecasting and monitoring of their impacts on ocean
ecosystems. Emerging initiatives on marine carbon
dioxide removal also highlight the necessity for robust
ocean monitoring systems to effectively confirm
greenhouse gas emissions mitigation.

5. Enhanced International
Collaboration
The event underscored the importance of
structured international collaborations to
align science, services, governance, and
innovation. The Ocean Decade presents a
unique opportunity to establish a
framework that advances a sustainable
global observing system for the blue, white
and green oceans, while enhancing access
to ocean prediction data.

AMS

American Meteorological Society
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use the oceans, seas and
marine resources for
sustainable development

in direct supportto the UN SDG 14 on the sustainable use of the Ocean’s
resources, the protection of marine biodiversity, and the development of
effective climate change mitigation and adaptation strategies.

International
mobilization to

“Ocean prediction systems offer evidence-based solutions for Ocean
protection and sustainable development. A strong international
mobilization of all ocean observation and prediction stakeholders and
users will put state-of-the-art science and technology at the service of

society to address the critical challenges facing our Ocean”

advance ocean

prediction capabilities
for the benefit of
society

One Ocean Science Congress
Nice, France, June 4 2025
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