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Models: an essential link in the value chain/loop | Oceon
going from observations to information and action System

Models with data assimilation transform sparse in situ and surface satellite observations
into 4D ocean fields and forecasts at high space/time resolution

&

Actions:
laws & policy,
preparation for
emergency events, natural

N°9 June 2021

Sustaining in situ
Ocean Observatio

Knowledge & Wisdom

End Users: ¥
city planners, resource recommendations,
:.. managers. meteorologists, alerts, white papers,

@R inustry, policy makers, policy briefs, indices
community groups, citizens

Information

Intermediaries: Types:

data aggregators, forecasts, maps, designs,

communication specialists, syntheses

boundary spanners

Models & Analyses
Data European

. Data providers: Sources:
& scientists, data repositories, sensor surveys, remote sensing, MARINE BOARD
B ’ managers, citizen scientists, government interviews, metadata

Ocean observations

https://www.marineboard.eu
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Ocean

Observations feeding models ok tenmg
The Copernicus Marine perspective System

The EU Copernicus Marine Service
Global & Regional Ocean Monitoring and Forecasting
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Satellite (Sentinels) and in-situ
observations are integrated with
models (data assimilation) to describe
and forecast the state of the ocean

Surface current forecast for March 2, 2023 from the Mercator Ocean
global Copernicus Marine Monitoring and Forecasting Center
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In Situ data feeding models S

Ocean

Observing
System

~7200 active platforms in real time data

~60, 000 platforms integrated ~320 providers
Copernicus Marine

In-Situ Thematic
Assembly Center
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vessels
Dealing with the
complexity of in situ
observing system

Cooperation with
EMODnet

> Copernicus
= Marine Service
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6- Copermics COPERNICUS MARINE D | Seomn
" Memesenie  USERS AND APPLICATIONS Obsorving

A wide range of applications (environment, society, economy)
Support to EU policies (Green Deal)

POLAR ENVIRONMENT SCIENCE & a2 6!"7
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@ Copernicus COPERNICUS MARINE gEean.
 Marmesenice SER UPTAKE AND USER BEHAVIOR Oberving

+29.8%

growth rate

Among the 11 most downloaded
products over the last quarter of 2022, 7
are model products

50,000 700,000 single visitors
subscribers per year on the web
portal in 2022
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The essential role of the Sentinel missions and in-situ 5 | G
. . . . . serving
observing system in the Copernicus Marine value chain S

The Copernicus Marine Service is highly
dependent on the satellite (Sentinels) and in-situ
observing capabilities

From integration of S1, 2, 3 A&B in Copernicus 1 to S6 A&B and S1, 2, 3 C&D in Copernicus 2.
Preparing for Sentinel Expansion Missions (Arctic Ocean / CIMR, CRISTAL, ROSE-L). Support
the EC for New Generation Sentinel mission design (post 2030).

Working with EEA, EuroGOQOS and EOOQOS to strengthen in situ
coordination and the development of the in situ observing system.
International cooperation (GOOS) and UN Decade of Ocean Science.
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Copernicus Marine requirements for the evolution
of the ocean observing system

Requirements both for in-situ and satellite observations
(Sentinels) defined and regularly revised.

Based on impact assessment (OSEs/OSSEs) and expert
analyses.

User needs => integrated system evolution (modelling) =>
observation requirements

Major gaps for the in-situ observing system (sustainability,
biogeochemistry, Arctic, coastal)
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INTERNATIONAL

European
Ocean
Observing
System

CMEMS requirements for the
evolution of the Copernicus
Satellite Component
evolu: nicus
In Situ Component

ean and CMEMS partners

Mercator Ocean International, ELROGOOS,
and CMEMS partners

Version 2 - March 2021
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SYSTEMATIC REVIEW ARTICLE The full-text will be published soon
Front. Mar. Sci. | doi: 10.3389/fmars.2019.00234

From observation to information and users: the
Copernicus Marine Service perspective

E Pierre Yves Le Traon®, 3 Antonio Reppucci, i Enrique Alvarez Fanjul?, Lotfi Aoufs, Arno Behrens?, Maria Belmonte?®,
Abderrahim Bentamy?®, Laurent Bertino’, Vittorio E. Brandoég, Matilde Kreiner?, Mounir Benkirant, Bruno Buon-
giorno Nardelli® 1°, Thierry Carvals, Stefania Cilibertit, E Hervé CLAUSTREZ, Emanuela Clementilt 5, Giovanni
Coppini*, l_! Gianpiero Cossarini'*, Marta De Alfonso Alonso-Mufioyerro?, Gerald Dibarboure'®, Frode Dinessen'é, Marie Drevillon?,

Yann Drillet’, Yannice Faugere”, Vicente Fernandez's, Andrew Fleming®, M. Isabel Garcia-Hermosa!, Marcos Sotillo? 20,
Gilles Garricl, ﬂ Florent Gasparin?, l Marion Gehlen?, Marilaure Grégoire??, Stephanie Guinehut!’, Mathieu Hamon?,

Chris Harris?, Fabrice Hernandez?, Jergen Buus-Hinklers, Jacob L. Heyer?, Juha Karvonen?s, Susan Kay?¢,
Robert King®, Thomas Lavergne's, Benedicte Lemieux-Dudon'- 13, Leonardo Limal® 3, Chongyuan Mao?,
Matthew J. Martin?, Simona Masinal- 13, Angelique Melet!, Glenn Nolan!s, [] Ananda Pascual?’, Jenny Pistoiall 35,

Atanas V. Palazov®, Jean-Francois Piolle?, Marie Isabelle Pujol?”, Anne-Christine Pequignet®, Elisaveta Peneva®, m Begoria
Pérez-Gomezz, Loic Petit de la Villeon®, Nadia Pinardi®, Andrea Pisano®, Sylvie Pouliquen?, Rebecca A. Reid?, Elisa-
beth REMY?, Rosalia Santoleri®, § John Siddorn®, Jun She®, Joanna Staneva“, - Ad Stoffelen®, Marina Tonani®,

Luc Vandenbulcke??, Karina von Schuckmann?, Gianluca Volpe®, Cecilie Wettre!¢ and Anna Zacharioudaki®?
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Observations feeding models : assessing the impact Oceor
. Observin
of observations — Argo System

All Copernicus Marine models rely on Argo observations. Strong complementarity with satellite altimetry.
Impact fully demonstrated through Observing System Evaluations.
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RMS of 0-300 m temperature differences
between Run-Ref and Run-NoArgo MERCATOR
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Temperature and Salinity 7-day forecast errors are reduced by 20% to 60% when Argo data are
assimilated (Turpin et al., 2016)

iy = 00 MARNEBOND EOOS Strategy 2023-2027 launch




. . European
Observations feeding models Ocean

Observin
What and where do we need observe ? System

Observing System Simulation Experiments

Impact of the SWOT mission on the 1/12° Mercator Ocean global ocean
analysis and forecasting system

A OSSEO Variance (cm?) B OSSE1 Variance (cm?) E
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15°N ll Mounir Benkiran*, Giovanni Ruggiero!, Eric Greiner".m Pierre-Yves Le Traon'’,
5 =40 Elisabeth Rémy’, Jean Michel Lellouche’, Romain Bourdallé-Badie’, Yann

15?5 0.0 Drillet* and Babette Tchonang*

30°S =25 _g04

45°S s i A o o ORIGINAL RESEARCH article n

60;§0°W -5.0 Zoiial average vanRncE TR () Front. Mar. Sci., 26 August 2021 | | }/10.3389/fmars.2021 687414 B

. 5 Assessing the Impact of the Assimilation
Sea level error (in cm?) for mesoscale structures at wavelengths < 200 km. of SWOT Observations in a Global High-

Adding SWOT (OSSE3) in addition to 3 nadir altimeters (OSSE1) reduces Resolution Analysis and Forecasting

9 i i wieoaror | OYstem — Part 2: Results
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Ocean

Observations feeding models Qcean
The EU Digital Twin of the Ocean perspective System

Digital space providing access to vast amounts of data, models,

artificial intelligence and other tools, to allow the replication of e ]
the properties and behaviours of marine systems and their Satelte dota
interaction

Marine data

Advanced models

Artificial intelligence

Citizen science

Use of real-time and historical observation data
to represent the past and present, initialize
prediction models and improve models to

simulate future / what-if scenarios
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Observations feeding models Ocean
Use of observations to calibrate and improve models

Observing

Copernicus Marine global BioGeoChemical model (PISCES) I, ||-,-.Sp:|
B Ul
parameter optimization using BGC-Argo floats using an ensemble approach
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Nitrate time evolution for an Argo float in the North
Mignot et al., 2022 o Atlantic: observed and modeled estimations
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Observations feeding models Observing

Models = an essential link of the value chain going from observations to users

Critical importance of observations to constrain models that are used
operationnally for a wide range of services (Copernicus Marine)

Observations are also fundamental to validate and improve models needed to
develop what if scenarios (Digital Twin Ocean)

Sustainability and evolution of the observing system is thus key. The in-situ
observing system is fragile and has major gaps

Need an improved governance, improved coordination between Member
States and the EC and new funding models

EOOS very much needed !
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