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Contexte international

* L'océan est une priorité de I'agenda politique
au niveau européen et international

SUSTAIRARLE

D= VELGPFRNT

Cadre européen:
O EU politiques: Green Deal, Digital Strategy, Mission
Ocean, MSFD, MSP, Coastal, International Ocean

Governance

Cadre International: A
d Décennie des océans, G7 FSOI, UN/SDG, GEO, IPCC, . )
= United Nations Decade

UNFCC, CBD, Sendai 1 ; of Ocean Science

for Sustainable Development

2021 - 2030
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@ COPERNICUS MARINE SERVICE
LIl et PORTFOLIO

Satellite observation data In-Situ observation data

Model data

L3 — daily composite products,
single/multi sensor (Along
Track or gridded product)

L - i - = . L2 — -
ey _ R
AL, % e ]
Eﬂ :

Modele numérique tri-
dimensionnel

Réseaux d’observations

L4 — daily interpolated and
weekly/monthly composites
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YT Il ) WHITE OCEAN

Currents, temperature, Ice coverage, velocity,
waves, sea level, ... concentration, Icebergs ...

Digital services
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L'océan absorbe un quart des émissons de gaz a effet de serre.

Terrestnal
30%
Atmosphere
43%
Oceans
27%

@@P Carbon

Slide L. Bopp



Mécanismes

* Meécanismes physiques: la dissolution

* Mécanismes biologiques



La pompe physique

Dissolution du CO2
atmosphérique dans la couche
de surface océanique

Transport du CO2 dissous des
eaux de surface vers les eaux
profondes par les mouvements
verticaux.

Piégeage du CO2 dissous dans
les eaux profondes

Atmospheric CO,

Sequestration of carbon
in the deep cold waters




Régions de formation des eaux profondes

IPCC, AR5, 2014
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Circulation thermohaline globale.

0° | 90°E

14



La pompe biologique

U.S. JGOFS

15



Role de l'océan dans la régulation du climat

L'ocean absorbe un quart des émissions de CO,

L'océan a absorbe ~93 % de I'exces d’énergie thermique anthropogénique
accumulée dans le systeme Terre

16



L'océan absorbe 93% de la chaleur anthropogénique

< -
,“ &

von Schuckmann at al., 2016
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Déséquilibre radiatif du systeme Terre.

Earth’s Energy Budget

Net positive

Net balanc
e imbalance

Equilibrium Today = Energy imbalance
= 0.5-1 Wm-*
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Observation des océans: un nouveau paradigme

D’un ocean sous-échantillonné... e e
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Observation des océans: un nouveau paradigme

Profiling Floats (Argo)

Core (3848)
Deep (94)

BioGeoChemical (362)

Main in situ Elements of the Global Ocean Observing System October 2019
Data Buoys {DBCP) Timeseries {OceansSITES) Ship based Measurements (SOT) Other Networks
®  Surface Drifters (1373) B Interdisciplinary Moorings {337) %  Automated Weather Stations (264) 7 HF Radars (270}
B Offshore Platforms (92) Repeated Hydrography (GO-SHIP) #  Manned Weather Stations (1294) ¢ Animal Borne Sensors (53)
ce Buoys (30) Research Vessel Lines (63) Radiosondes (14) 5
®  Moored Buoys (363)  Sea Level (GLOSS) eXpendable BathyThermographs (34)
4 Tsunameters (32) M Tide Gauges (290)

Generoted by www jcommops.org, 14/11/2019
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Observation des océans: le programme ARGO

10« Azov Seo
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1HE<1200m

Argo Cycle
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Longitude
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~6 hour ascent: recording
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with depth.
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Observation des océans: un nouveau paradigme

.. A un ocean vu a I’echelle de quelques dizaines de metres

4 . -

sentin

Copernicus: Programme Européen d’observation de |la Terre. 14 satellites (2014-2029)

Océans: Température, Elévation de la surface de la mer, les algues, la glace, la salinité, ..
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La couleur de l'eau

SeaWiFS Global Biosphere
Chlorophylle de surface

—

4

An unprecended spectral and
spatial resolution in space and

spectral
Sentinel 3: 300 m reSOIUtion (21 A 02 05 . 2 5 | ! 5 =10 Maximum Minimum
Spectral bands) Ocean: Chlorophyll @ Concentration (mg/m3) Land: Normalized Difference Land Vegetation Index




Les données hyperspectrales

True color

National Aeronautics and
Space Administration

Credit:
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https://podaac.jpl.nasa.gov




Prédiction des océans: I'océan numérique

« La prédiction est tres difficile, surtout s’il s‘agit
du futur », Nils Bohr, prix Nobel de physique

Principes généraux de prédiction de l'océan:
Les lois de la physique + connaissance de I'état initial
du systeme.

*Connaitre |'état initial de maniére aussi précise que
possible

* Déterminer I'évolution de I'état du systeme en utilisant
des equations d’évolution.

Super-calculateurs, Fédération
Wallonie-Bruxelles



L’'océan numérique: les équations différentielles d’évolution

Y o V@)t -(wy)  + ——wy) 0 v a2y,
- AU — (W — (W =
ot ~H T G WY ox; ") BT dx;  Oxy | HUHY
y N production/destruction ,
horizontal and vertical advection  sedimentation horizontal and vertical dif fusion




MOI today capabilities : global (1/12°), regional (1/36°), physics
incl. sea ice and biogeocemstry

Surface currents -7 day forecast - December 17, 2019- Mercator Ocean 1/12° DA System
Assimilated data sets : altimeters, satellite SSTs, in-situ (Argo, moorings, gliders, ships, marine mammals)




La prediction de la biogéochimie

U.S. JGOFS



La prediction de la biogéochimie

U.S. JGOFS



L’océanographie prévisionnelle

Observation

_ ﬁ”‘”“"’k}.&-

-
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eemaeCBEUEWHITE, GREEN PARAMETERS <552

BLUE OCEAN

Physics: currents, temperature,
salinity, sea level

GREEN OCEAN

Biogeochemistry: carbon, oxygen,
nitrogen, primary production,
chlorophvill.

WHITE OCEAN

Sea Ice: ice coverage, icebergs, ..

MERCATOR
PROGRAMME OF : .
- THE EUROPEAN UNION  \ _OPEIrnICUS implemented by @ OCEAN

Europe's eyes on Earth INTERNATIONAL



> Copernicus
o Marine Service

COPERNICUS MARINE- Products

( R
COPERNICUS MARINE REGIONAL MULTI-YEAR | o REAL-TIME |, [ FORECAST
10 to 45 years Daily, hourly 2 to 10 days
(1) Clobal Ocean \ J
@) Arctic Ocean . \
@ Baltic Sea ESSENTIAL MARINE VARIABLES
(@ European North
West Shelf Seas BI.UE 0CEAN WH"E OCEAN GREEN OCEAN
® Iberian Biscay Ireland Seas @
g g/:scdii(t:;:mean o Physics Sea Ice Biogeochemistry |
N\ e
4 B
OBSERVATIONS > NUMERICAL MODELS
In-situ & satellites & data assimilation ]
MERCATOR
- S Gpgrmc;}r}”s implemented by OCEAN 35

THE EUROPEAN UNION

INTERNATIONAL



@ MODEL ¢, SATELLITE & INSITU

Ocean Heat Uptake @ .
Sea Water Temperature @
Climate Variability @

Sea State
L

Ocean Freshwater @

EXAMPLES OF OTHER
VARIABLES INCLUDED IN
OUR PORTFOLIO:

SEA SURFACE
Y TEMPERATURE
—
o~ B MIXED LAYER
THICKNESS 10-day Forecast
.
every day
Ocean Gyres § Upwelling @ BLU E 0 c EAN ‘ SEA SURFACE
Boundary Currents @ . . w..,m DENSITY
e Describes the physical N 4
Ocean Heat Transport @ state of the ocean 30 years
Ocean Volume transport @ i i
cean Volume transpo TIDAL VELOCITY Past Time series
Meridional Overturning @
ol Ore =

w

Daily update

Extreme Sea Level @
Sea Level Rise @



@ MODEL ¢, SATELLITE & INSITU

100m to 25 km

EXAMPLES OF OTHER
VARIABLES INCLUDED IN

/ OUR PORTFOLIO:
Ocean Acidification *
Ocean Carbon Uptake b\ @ s Hou I'ly Dally
\ A ~—4
L2 Monthly
Mean
PHOTOSYNTHETICALLY
ACTIVE RADIATION
10-day Forecast
PHYTOPLANKTON SIZES every da
GREEN OCEAN s class TYpEs ry day
Describes the biological §
=2
: DISSOLVED ORGANIC 30 years
CARBON - .
Past Time series

and biogeochemical
state of the ocean

Daily update



* Also available for the
Antarctic region

@ MODEL  sareLLTe

EXAMPLES OF OTHER
VARIABLES INCLUDED IN
OUR PORTFOLIO:

Hourly Daily
Monthly
Mean

SEA ICE EDGE

49

QN s
10-day Forecast

every day WHITE OCEAN

N 4
(@ searcence
~>>

Describes the lifecycle
of floating ice within
the polar region

30 years
Past Time series

Daily update
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Peut-on parler du “Big Data” en océanographie?

* Sources multiples: Observations de terrain, satellites et
modeles

* Réseaux de plateformes autonomes

* Disponibilité des données en temps réel,
longue série de données.

* Tres haute résolution, incertitudes

* Hétérogénéité des formats, nouvelles variables

e Copernicus: 11,7 Pb, plus de 7milliards de demandes,
2000-4000 utilisateurs/jour

Vitesse

Volume

Temps réel
(service
météo)

Tbs, Pbs,..

On parle de Big data avec les défis liés au traitement des pepCte
grands sets de données

* (Capacité d’analyse et de traitements

* Mise a échelle de 'infrastructure

e Sécurité

Format, type,
qualité, ..



L'intelligence artificielle au service des sciences marines

* Probleme de fermeture
 Prévision de |'état

* Assimilation de données
 Rendre les outils plus accessibles



Probleme de fermeture

MESO-ECHELLE

~ 10 km)

SOUS MESO-ECHELLE -1 m)

Dynamique océanique

Résolution spatiale des
modeles est limitée par les
ressources informatiques.

Les processus des petites
échelles ont des
conséquences globales
importantes

" MESOSCALE
EDDIES




Probleme de fermeture: effet sous-maille

0
T @me + W) = Q + VA

TIME EVOLUTION ADVECTION SEDIMENTATION SOURCE MIXING
& SINK

mercator-ocean.eu



Probleme de fermeture: effet sous-maille

% L wwme + Twd) = Q + VEAP)

ot
TIME EVOLUTION ADVECTION SEDIMENTATION SOURCE MIXING
& SINK

HIGH-RESOLUTION
(~300m)

@ Submesoscale

Computational time
(1-year simulation = 128000H CPU time)




Probleme de fermeture: effet sous-maille

0% + WV + V,(wp) = Q + V(@A)

ot
TIME EVOLUTION ADVECTION SEDIMENTATION SOURCE MIXING

& SINK

HIGH-RESOLUTION LOW-RESOLUTION
(~300m) (~3km)

@ Submesoscale Submesoscale

(® Computational time Computational time + 25
(1-year simulation = 128000H CPU time) (1-year simulation = 5120H CPU time)




Probleme de fermeture: effet sous-maille

d¢
Fra -V + V,(wp) = Q + VA + S
MISSING
TIME EVOLUTION ADVECTION SEDIMENTATION SOURCE MIXING
& SINK CONTRIBUTIONS

HIGH-RESOLUTION LOW-RESOLUTION LOW-RESOLUTION using
(~300m) (~3km)

@ Submesoscale @ Submesoscale @ Submesoscale
@ Computational time @ Computational time + 25 @ Computational time + 25

(1-year simulation = 128000H CPU time) (1-year simulation = 5120H CPU time) (1-year simulation ~ 5120H CPU time)




Simplification des systems dynamiques complexes

Simplification des
modeles

Comment représenter
les variables et
processus non-
modélisés?

-
Utilisation de I'lA en
utilisant un modele
complexe comme
référence.

U.S. JGOFS




L’assimilation de données

“Tsentinels

sentinel-2

sentinel-s




L’assimilation de données

Trajectoire

| Observations + CORRIGEE
Gauss, 1809 : ... ‘Y“since our — pa—
observations are nothing more than
approximation to the truth,.... we need )
~ e

a suitable combination of all
observations  and  theory  to

approximate as much as possible the Trajectoire
truth”, NON-CORRIGEE

t T, ot

Intégration des
équations du modele

Correction a
f (4 \ X
‘ X de I'état du sys‘reme-

mercator-ocean.eu



L’assimilation de données

Hyper/multi spectral Atm.

Le satellite mesure la radiation réfléchie par
I'océan, la réflectance.

Surface
 MAIS le modele ne simule pas la réflectance.
. Incident Backscattered

* Comment corriger le modele?

‘ Optically

- . , . , , active
e Utilisation de I'lA pour lier la réflectance mesurée component
par le satellite a des variables du modeéle. . o ll Sy
ransmitte
50
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Prédire la désoxygénation des océans depuis lI'espace

Peut-on prédire l'oxygene océanique

avecdel'lA?

Q) MITHO

MULTIPLE THREATS

v .
ON OCEAN HEALTH 1} (e H; i h il i) e H} fuf 521 i) “} mm n(“i inh m i H} m“} mﬂ) i HM €31 5x d] ef f Victor Mangeleer
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MULTIPLE THREATS
ON OCEAN HEALTH

\ﬂ MITHO
‘v

Prenons l'exemple concret de la

mer Noire !

Victor Mangeleer
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m MITHO

MULTIPLE THREATS
ON OCEAN HEALTH

Et essayons de prédire I'oxygene

dans son fond !

Victor Mangeleer
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m MITHO

MULTIPLE THREATS
ON OCEAN HEALTH

™ Récoltons des

satellites de sa surface.

Victor Mangeleer
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m MITHO

MULTIPLE THREATS
ON OCEAN HEALTH

®@ Les sont mangées par

un

Victor Mangeleer
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m MITHO

MULTIPLE THREATS
ON OCEAN HEALTH

® Le prédit

I'oxygene dans le fond !

Victor Mangeleer
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& MITHO

MULTIPLE THREATS
ON OCEAN HEALTH

C’est une vraie prédiction d’un vrai

, pas mal non?

OXYGEN PREDICTION

Victor Mangeleer
57
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L'ocean digital

Contribute

Add data & services
to the Digital Twin
Ocean platform

Create &— )

?i—

Build your external
third-party services




> Copernicus

o Marine Service

® Cop?rnicus ]
o Marine Service

“ GD%DJ&?H%

Copernicus Marine Service

Providing free and open marine data and servicesto enable marine policy

implementation, support Blue growth and scientific innovation
3 -

Access Data >

OCEAN STATE REPORT

Extensive annual analysis on the state of
the ocean over nearly 20 years and
severe/notable annual events.

OCEAN PRODUCTS

Arobust ocean data catalogue, to
download or visualise data including
hindcasts, nowcasts and forecasts.

Quick Links

Resources

News Events Contact

Services

TRENDS

OCEAN CLIMATE TRENDS

Monitoring the health of the ocean.

Ocean Monitoring Indicators
Ocean Climate Portal

—]REGISTER

Opportunities

Key aspects— Copernicus Marine Service

English

I

Access Data UseCases User Corner About

marine.copernicus.eu

Open and free access

OCEAN VISUALISATION

Dive into our 4D digital oceans through
our 3 visualisation tools for beginner,
intermediate and advanced users

(scientifically validated)

R User corner i3]

All the info you need as a new or
experienced user. Get trained, get
support and more.

Policy tools

Learn about EU and international
maritime policies and how the
Copernicus Marine Service
supports them.

Services

See Copernicus Marine Use Cases,
the blue markets we support, and
the wide range of free and open
support and services we provide.

¢

User learning services

User Driven

Find all the information you need
to harness our service through
workshops, trainings and online
resources.

PROGRAMME OF
THE EUROPEAN UNION

Gpgr.,..ietzﬁ

MERCATOR
OCEAN 60

INTERNATIONAL

implemented by



> Copernicus

T Marine Service

Finding the data

Copernicus Marine Data Store

Home »

Filters

TIME R4

ii/mm/aaza ifmm/aaaz &
Covering full interval

WITH DEPTH

Blue Ocean
White Ocean
GreenOcean 7

MAIN VARIAELES =
Carbonate system 7
Mixed layer thickness -7
Nekton 2

Nutrients 1=

Optics 4_
Organiccarbon 2
Oxygen 25
Piankton
Safinity. 22

Seaice 27
Seasurface height 50
Surface density 2
Temperature 5C
Velocity 54

Wave 00

Wind =

Products 277

MOST POPULAR

Global Ocean Biogeochemistry Global Ocean Physics Reanalysis Global Oy
Analysis and Forecast and Foreq

Global Ocean Physics Analysis
and Forecast

RECENTLY VIEWED

Nutrient and carbon profiles Global v
vertical distribution concentr

Global Ocean- In-Situ Near-Real-
Time Observations

Global ocean low and mid trophic
levels biomass content hindcast

PROGRAMME OF

THE EUROPEAN UNION ngr_lj_iCUS

s on Earth

Filters

TIME RANGE =

1i/mm/azaa [i#mmmazas
Covering full interval

NIV -

Blue Ocean 171
White Ocean <0
GresnQOcsan =

MAIN VARLA
Carbonate system -
tived izyer thickness =7
Mekton =

Mutrients 12

Optics <41
QOrganiccarbon 2
Cygen 2o

Plankton 73

Salinity
Sezice 37
Sezsurface height =0
Surface density =
Temperature 0
Welocity 5=

Wave 25

Wind =

. .
Global Ocean 122

Antarctic Ocean <

Arctic Ocean 30

Atlantic: Iberia-Biscay-Ireland -2
Atlantic: MW European Shelf =<
Atlantic- Morth 40

BalticSea 57

Black Sea -

Europe =

implemented | tediterranean 3ea <=

INTERNATIONAL

INDICATORS & TRENDS w

TEMPORAL RESO
Instantaneous 22
Sub-hourly &
Hourly &

Daily 117
Weekly 7
Maonthly 25
Yearky 27
Multi-yearly =0
Irregular 5

SOURCE =
Mumerical models 52
In-situchservations 5c
Satellite observations 142

BELUE MARKETS

ORIGINATIM

61



COPERNICUS DATA STORE




)0 Copernicus

Marine Service

COPERNICUS MARINE PRODUCT CATALOG

Global Ocean Physics Analysis and Forecast <€ ¢ (11

General information to describe the products (the Home ) Marine DataStore >
geographical and temporal coverage, the
variables, processing level, temporal resolution...) = pescription Overview Seawalis polasitial tampstabare ~
N* Notifications The Operational Mercator global ocean analysis and forecast
system at 1/12 degree is providing 10 days of 3D global ocean o B B
Download services with different possibilities and * m forecasts updated daily. The time series is aggregated intime in
protocols available B Coritact order to reach a two full year’s time series sliding window. e
This product includes daily and monthly mean files of
temperature, salinity, currents, sea level, mixed layer depth and
. ; B User Manual ice parameters from the top to the bottom over the global ocean.
Associated documentation: a It also includes hourly mean surface fields for sea level height,
. . * =l Quality Information temperature and currents, The global ocean output files are
Product User Manual + Qua"ty Information Document displayed with a 1/12 degree horizontal resolution with regular
Document + Synthesis Quality Overview B Synthesis Quality longitude/latitude equirectangular projection.

Overview

50 vertical levels are ranging from O to 5500 meters.

[ Licence
This product also delivers a special dataset for surface current

[) How tocite which also includes wave and tidal drift called SMOC (Surface
merged Ocean Current).

o 1048670/moi-00016 DO (product:

Visualisation Tool:

Access to the Product via the visualisation = | Explore in MyOcean Pro |
tool

=h MERCATOR
PROGRAMME OF : _
- THE EUROPEAN UNION Gbpernlws implemented by OCEAN

INTERNATIONAL




» oencs  Ngcumentation: PUM, QUID, and SQO
}

Global Ocean Physics Analysis and Forecast ¢ 7 00 & '”folr_inatiO” oL [proclue ael ei
quality:

Hioune 1 M 1l Dt St 3 e Quality Information Document
(QUID)
; Overview
1 Descriptipn Sea water potential temperature N Q g 9
[ ]

.“;' Notificatns The Operational Mercator global ocean analysis and forecast Synt hes I S Qu a I Ity Ove rVI eW (SQO)
system at 1/12 degree is providing 10 days of 3D global ocean o 0 20°C

ok Dataaccflss forecasts updated daily. The time series is aggregated in time in
order to reach a two full year's time series sliding window.

B3 Contact

—_—e - = This product includes daily and monthly mean files of
MENTATION temperature, salinity, currents, sea level, mixed layer depth and
ice parameters from the top to the bottom over the global ocean.
It also includes hourly mean surface fields for sea level height,
temperature and currents. The global ocean output files are

[ Quality Information [
User Manual |  displayed with a 1/12 degree horizontal resolution with regular

| Document

Technical information about the
product and its datasets:
* Product User Manual (PUM)

]

[

| @ Synthesis Quality longitude/latitude equirectangular projection.

| BlvErview 50 vertical levels are ranging from O to 5500 meters.

) Licence

| i This product also delivers a special dataset for surface current
[ Howtocite which also includes wave and tidal drift called SMOC (Surface
I— —_——— e = d merged Ocean Current).
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Users, application and user uptake

39 000 subscribers (+ 30% per year)

450 000 single visitors/year on the web portal.
A wide range of applications (environment, society, economy)
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Support to EU policies (Green Deal)
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10154TB
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Plan de I'exposé

« Contexte international

* Importance de I'océan pour 'lHomme

* Observation des océans: un nouveau paradigme
« Prédiction des océans:

 Les grands sets de données en oceanographie

« ROdle de l'lntelligence artificielle en océanographie
« L'océan digital: une priorité pour I'Europe
 Opportunités et menaces



Opportunités et menaces

| opportunités | Menaces

Ressources informatiques
Observations

Intelligence Artificielle

Développement des outils

Connection aux utilisateurs

Quantité
Qualité, quantité, diversité

Modele de substitution,
paramétrisation, assimilation

Ressources de calculs,
données

Océan digital

Quantité
Financement

Attitude critique

Manque de temps

Focus sur ce qui sera utilisé
directement.



