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How to monitor the Ocean"?

Dr Andy Saulter
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People have always needed to understand the sea: whether to know the sea’s moods
for safe transit, the movement of the tides or how to find food

In our modern world these needs stand and we must also ask other questions
* How can we use the ocean sustainably?
* How do we prevent and mitigate pollution?

* What does climate change mean for the ocean’s behaviours and our own wellbeing?

Monitoring and forecasting give us evidence based tools to help answer these
questions




Why model? Extending our ocean
knowledge in space and time

POTM:omb mean (good only) (global) 2025/05/11-03:00 to 2025/05/12-02:57 extrema (-1.651, 2.743) ' ' ’ ' bekint / deptht 0 time_counter 0'dims 1442,1207  ~
N 101076 rms 0.664 mean 0.012 - 653 profiles - area (-180.00,-90.00,180.00,90.00) depth range all -- max val 6.2648 at ( 223, 216) -- min val -4.6767 at ( 222, 215)
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[ Observations ] [ Corrections to gridded model ]

Observations of the ocean are an incredibly valuable resource - but literally ‘only
scratch the surface’ of the ocean knowledge we need

Models allow us to distribute this information in space
Models allow us to estimate future states

Modelling presents an opportunity to create homogenous information with which we
can interact to explore how our behaviours influence the ocean’s response and vice
versa (e.g. through Digital Twins)




Why model? Extending our ocean
knowledge in space and time

bekint / deptht 0 time_counter  0dims 1442,1207 T - i ) ' : votemper /degree_C deptht 0O time_counter 0 dims 1442,1207
-- max val 6.2648 at ( 223, 216) -- min val -4.6767 at ( 222, 215) -- max val 8.8215 at ( 205, 218) -- min val -9.3499 at ( 206, 167)
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Corrections to gridded model Gridded analysis — status now

Observations of the ocean are an incredibly valuable resource - but literally ‘only
scratch the surface’ of the ocean knowledge we need

Models allow us to distribute this information in space
Models allow us to estimate future states

Modelling presents an opportunity to create homogenous information with which we
can interact to explore how our behaviours influence the ocean’s response and vice
versa (e.g. through Digital Twins)




Why model? Extending our ocean
knowledge in space and time

votemper /degree_C deptht 0 time_counter 0 dims 1442,1207 T - ) ' ) votemper /degree_C deptht 0 time_counter 6 dims 1442,1207
-- max val 8.8215 at ( 205, 218) -- min val -9.3499 at ( 206, 167) -- max val 12.7393 at ( 205, 218) -- min val -9.8960 at ( 233, 130)
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Gridded analysis — status now Forecast — status in five days time

Observations of the ocean are an incredibly valuable resource - but literally ‘only
scratch the surface’ of the ocean knowledge we need

Models allow us to distribute this information in space
Models allow us to estimate future states

Modelling presents an opportunity to create homogenous information with which we
can interact to explore how our behaviours influence the ocean’s response and vice
versa (e.g. through Digital Twins)




How do we do this? Process models basic concepts

Divide the ocean into
blocks

Each block behaves
according to a set of
‘process rules’

Each block’s behaviour is
constrained by forcing
inputs, observations

Each block ‘talks’ to
surrounding blocks,
enabling conditions in one
part of the model to
translate and affect other

blocks




How do we do this? Building complexity

WAVES: WaveWatch Il
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Increasing complexity of the basic model is crucial to delivering information that can be
trusted and is anchored to the real world

Constraining our models using observations (analysis) to simulate the present ocean state
Achieving the right resolutions to represent most important ocean processes

Coupling models together to simulate two-way exchanges between components of the
ocean environment and the wider earth system (e.g. atmosphere)

Developing methods to generate useful uncertainty information (error bars) for our analyses
and forecasts

Compute resource is finite — so we must optimise our use of compute resource
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Our challenges, now and in future

Sustaining and improving
€2 the mix of observations and
models

Communicating
&  uncertainties in useful ways

Extending what we can

') skillfully provide and
interoperability of data to fit
new societal demands

£ Working with new
technologies and tools (e.g.
Al) to improve knowledge
and services whilst
retaining trust
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How to monitor the Ocean??

Joining our journey

Users that can help us
understand priorities for
development

Communicators that help
turn data into policy and
decisions evidence

Software engineers that
keep our systems relevant
under rapid technological
change

Scientists with a passion for
the ocean, people and
problem solving
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How to moniter the Ocean??

“But where, after all, would, be the
poetry of the sea were there no wild
waves?”" — Joshua Slocum, Sailing
Alone Around the World

Thank you for listening
Merci d'avoir écouté
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How to monitor the Ocean?
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Dr Marina Tonani

Mercator Ocean International
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rrosrameorte opernicus Earth observation program

Europe’s eyes on Earth

Copernicus
Marine Service Funded by the EU commission and implemented by oy

INTERNATIONAL

FREE REGULAR SYSTEMATIC
information
on the state of ocean

m BLUE OCEAN

[} Temperature E:‘D Nekton Sea Ice Concentration
peC s Salinity -&- . Sea Ice Extent

% 7 Plankton e Sea Ice Thickness
== Currents A

""" Organic carbon E Sea Ice Type

am Sea Level

QQ Nutrients Sea Ice Velocity
9 Mixed layer depth o

Oxygen Snow thickness
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Waves
Carbonate System M Sea Ice Albedo

$ Optics Sea Ice Age

6 https://marine.copernicus.eu https://www.copernicus.eu/



https://marine.copernicus.eu/
https://www.copernicus.eu/
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Arctic Ocean: a surface warming occurring at twice the se° o2°
global average
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Sea Ice thickness from Ice Reanalysis
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Baltic Sea: semi —enclosed brackish water
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@cezm

by Copernicus Marine Service

7 Baltic Sea average salinity

X\« 35 Ocean average Salinity , i
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Black Sea the largest euxinic basin in the world

Vertically integrated oxygen content - annual mean

30.0 1 1955-2021 trend :
0 —0.18 £0.016 molim2/yr

27.5
p= 25.0 1
N

22.5
£ o
O 20.01
S o
=175 @

O
15.0 1 Datatype: Observations
Credit : E.U. Copernicus Marine Service Information
12.5
1960 1970 1980 1990 2000 2010 2020
Year

“The Black Sea is entirely anoxic, except for a thin (~ 100 m) ventilated surface layer.
Since 1955, the oxygen content of this upper layer has decreased by 44 %. " Capet et al.

2020

Mole concentration of dissolved molecular 2000 2010 2020

oxygen in sea water [mmol/m3] = g AL surface

-100m
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How to monitor the Ocean??

Mediterranean Sea hotspot for climate change

Deep Marine
Heatwaves

A marine heatwave in the

Mediterranean Sea reached up to
1500 m below the surface. While
heatwaves were more frequent at the Surface Maximum Frequency
surface, temperatures rose further |
and for longer beyond 150 m.

150m

Maximum Intensity

Intermediate
Copernicus Marine Ocean State Report Maximum Duration

700m

Heatwave reached 1500m depth!

1500m
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How to monitor the Ocean?

M3 buoy:
recording waves
over 20 m for
several hours

2025 Jan 23, 00:00 UTC

Eowyn strongest storm in 10 years, says
Met Office

BlBJC
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USER FEEDBACK PROCESS

Marine Service

A USER-DRIVEN SERVICE

FEEDBACK \ Group
PROCESS - 7 EUSPA
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requiremonts into : ! »
Sondco Evolution : / Marine User

Feedback Report
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Interaction with other
Copernicus Services
and Entrusted Entities |

-2 CUAG: 3 meetings a year (2
workshops + 1 meeting at General

Assembly)
BT R - National Stakeholder Marine
ser S
oo Support questionnaires Forum
commonRies - Workshops
'\2 Training 2 even’:s | - Annual survey: sent to all users
Marine Policy of the past year
Forum & Conventions
centrauize Champion Producers > Syste_rnatic Survey: after each
User P o event (trainings and workshop)
Contral Catabase Advisory

UsSers

- Dedicated interface with major
accounts (eg. Regional
conventions)

- Collection of feedback through
user support

- Interface with other Copernicus
Entrusted Entities (C3S, EUSPA)
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F How to monitor the Ocean?

Responding more quickly to user and policy needs
N Increasing flexibility of the offer

Facilitating the coastal extension of the service

The EU DTO is revolutionizing science by bringing together previously separate research fields.
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How do we use
artificial intelligence
(models) to improve
ocean monitoring and
forecasting?

Thursday 5th June
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How to monitor the Oce'an’l?
s |

Yann Drillet

Mercator Ocean International
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Artificial Intelligence ocean models for
new services T

DTO Data Access
& Data Lake
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DTO Engine
HPC & Models
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Physical and Artificial Intelligence models EE%%
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Vertical grid
Height or pressure

Physical processes in a model

Atmosphere Solar Terrestrial
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exchange
between
columns
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Al FORECAST

PHYSICAL MODEL FORECAST

Evaluation of an Al models , 88,05, 3

Sealwatenvelocity/[m/s] j
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Common framework
Open source
Evaluation protocol
Intercomparison
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Extreme wind events: troplcal cyclones
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Ever improving observations:
The "torn pages"
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Advances in humerical modeling:
The "Perfect Storm" in a Computer
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DTO and Al - Weaving the Narrative Together $43eske s
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Physics-based Virtual replica

models
Monitor, understand, predict
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Predict the future

@ @ @ Knowing the past @ @ @
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Nutrients: The Ocean's Invisible Fuel S

Depth (m)
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| Nutrients injection of Autrients injection of nutrients
by_vertical mixing by vertical mixing
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Mignot et al., 2014
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Al to predict nutrients where no observations
are available o
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From Sparse Observations to a Global Ocean View
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~ ~30,000 new profiles each year

© Over 330,000 profiles of
temperature, salinity & oxygen

= 840 active floats measuring
oxygen across the global ocean

@ Al predicts dnutrients for all these
floats
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How to moniter the Ocean??

Thank you!
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Laurent BERTINO

The Nansen Center, Bergen, Norway
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Project

EDITO Datalab rdussurget personal project ~ Home Trainings and tutorials Datalab Explore data Integrate data About EDITO Documentation Support ( Logout

Reduce

Home

My ecrount Welcome Renaud to the
Project settings Data I a b

More information about the platform is available
in the Trainings and tutorials section.

<Trainings and tutorials)
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Service catalog

©

My Services

Process catalog

My processes

My Secrets
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My Files

Data Explorer Run your application as a service Launch on-demand processes
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SQL Olap Shell

Tune and deploy your application to provide it as a service to your community. Analyze data Execute and configure remote functions to compute scientific processes, such as data
interactively, benefit from a growing catalog of services, create your own tools, What-If transformation, pre/post-processing, reanalysis, forecasts, detections, What-If scenarios,
applications and focus applications. Work with the languages and environments you prefer and quality controls. Configure runtime inputs to generate data that have never been generated
reserve the resources you need. before within the data storage of your choice.
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European Digital Twin Ocean

European Pavilion EDITO-Model Lab:
What-if Scenarios
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e a Training Workshop

Nice | France 5June 2025
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D@ EDITOModellLab

European Digital Twin Ocean

#+2 Yann Drillet
2 Mercator Ocean International




The European platform for discovering, visualizing, and leveraging
products and knowledge to power digital twins of the ocean

EDITO

European Dlgital Twin of the Ocean

EDlTO Infra ggﬁﬁron 6
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European Digital
Twin Ocean

Action ;
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©

2 0 2 1 United Nations Decade
D | I I of Ocean Science
2030 for Sustainable Development

Digital Twins of the Ocean
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EDITO-Model Lab Consortium

European ocean numerical modelling expertise

'
S
\
! 7 Y&
N
_'[.\ rﬂ% J’ “' " ‘h«‘;
C .'\" ' e .\."‘-' M 7‘ '.L"
2 sy J -
F oila _"7 L \
countries Itk O T
- .\;{ 4 : /
A [ ¥
104 S ®*e '
k. €% ® Danmar k
i AN - ® Metec k
’ Instit

— Numerical modelling A~ el 3 i
— Supercomputing P SR Y |
D . . Deltares
— Artificial intelligence A¥ e 4

IMT Atlantique
Bretagne-Pays de la Loire

A - of B
- ¥ 2e |
y Y a - "\
- N~ y
| \ ¢
O - )
¢ W, P v
Qo p.
A M { .
' A .
V\/I //r »
{ s e} -
<fs |8 1=
b E
.

: | MERCATOR |~
— Operational oceanography 3 | OCEAN

INTERNATIONAL

— Software development

g \\:l.'
. S ) CINECA -~ &%

— Design with and for users v @z

_ +ATLANTIC

e ’
» b o -
@ ‘
v

— Sclence communication - ﬁi;fﬁ&f % B STCCE | %



EDITO-Model Lab

Components on demonstration during the UNOC 2025
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Data Models Crg:;rfjt:;igsg Services processing
What-if Scenarios Focus Applications
5June 2025 13 June 2025

End Users Workshop Intermediate Users Hackathon
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What-if Scenarios Demonstrations

Contribution to the UN Sustainable Development Goals
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What-if Scenarios Demonstrations

How can they help?

\_

Tackling
societal
challenges

v

\_

Science-based
Easy access

Users co-design

v

\_

Stakeholders
explore
risks and solutions

AN

Smarter

Informed
More sustainable
Decisions

v




What-1f Scenarios Dem

~

Nature-based solution for
coastal erosion

Marine plastics for zero
pollution

Aquaculture for zero
carbon




What-if Scenario Demonstrations

Applications in the EDITO Platform
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European Digital Twin Ocean
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Nature-Based Solutions for

ty & Coastal Hazards

IVers|

Biod

A big problem




Nature-Based Solutions for
Biodiversity & Coastal Hazards

Coastal vegetation, a great solution

Impact of vegetation

Traditional grey solutlons

-” "’l“‘ M.o'




Nature-Based Solutions for
Biodiversity & Coastal Hazards

Enhanced Need for Effective Coastal Protection

Benefits
D@ Reduces waves and currents
i P® Stabilises beaches naturally

® \\eakens coastal erosion and flooding

|

P® Protects the environment




Nature-Based Solutions for
Biodiversity & Coastal Hazards

Regional Applications
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“Seagrass expansion could'be a useful additionterengineesedscoastal protection measures."
l! ¢ 2 ‘ R ¢

-_—

of seagrass (Posidonia oceanica)
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European Digital Twin Ocean

Marine Plastic for Zero Pollution

Jens MurawskKi
Danish Meteorological Institute
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=2 ~AE =g Marine Plastic for
= Zero Pollution

European Digital Twin Ocean

- il R S D@ EDITOModelLab
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Humans, plastic and the sea...

+9ktons....c..o.

tyres

+30toNs. ..o

cosmetics

Up to 45 tons

of plastic fiber from laundry washing enter the Baltic
Sea every year




to microplastic
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Marine Plastic for Zero Pollution

P@® EDITOModellab

European Digital Twin Ocean
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2% user-mu-s3t

River Contributions

Select rivers and their weights:

50labdive.ecitoeu

Use weight sliders to scale the contribution of each river source.

Values greater than 1.0 increase the river's impact, values less than

1.0 decrease it

Enable All

2 Neva (Russia)

Vistula (Poland)

Nemunas (Lithuania)

Daugava [Latvia)

Kemijoki (Finland)

Narva {Estonia/Russia)

Indalsdlven (Sweden)

(Sweden)

Torne (Finland/Sweden)

Gavlean (Sweden)

Oder (Poland/Germany)

Disable All

» WIS 2 (1.0): Transport Analysis

Baltic Sea Microplastics

Select an application W analyze different aspects of microplastic distribution in the Ballic Sca.

FA 3 (1.1): Seasonal Spatial
Distribution

Transporl pallerns across different rivers and Uacers.

Launch Transport Analysis

Spatial distribution across different months and

depths,

nal Analysis

Relaunch to update

W @ veilyit s you

FA 3 (1.2): Time Series Analysis

Temporal pa 15 through depth proliles.

Launch Time Series




Marine Plastic for Zero Pollution
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European Digital Twin Ocean

Aquaculture for Zero Carbon

L orinc Mészaros

Delta res




P® Many offshore wind parks are
built

P® The space within these parks
could be multi-use

P® Which can be used for shellfish
aguaculture

P® This provides for food

P® Can it also store carbon? Does it
make any difference?



EDITO Datalab

Reduce

Home

My account

Project settings

Service catalog

My Services

Process catalog

My processes

My Secrets

My Files

Data Explorer

Home Trainings and tutorials Datalab Explore data Integrate data About EDITO Documentation Support

Welcome Felix to the Datalab

More information about the platform is available in the
Trainings and tutorials section.

( Trainings and tutoriafs)

Run your application as a service Launch on-demand processes
Tune and deploy your application to provide it as a service to your community. Analyze data Execute and configure remote functions to compute scientific processes, such as data
interactively, benefit from a growing catalog of services, create your own tools, What-If applications transformation, pre/post-processing, reanalysis, forecasts, detections, What-If scenarios, quality
and focus applications. Work with the languages and environments you prefer and reserve the controls. Configure runtime inputs to generate data that have never been generated before within the
resources you need. data storage of your choice.
(gg Browse the service catalog) (ﬁ Browse the process catalog)

n

Disclaimer: The scenario simulations are currently in progress. The dashboard presently displays mock-up data.




~ "Avery useful tool for discussions, including within the North Sea Agreement
“ working group on multi-use and area passports.”

Stichting De Noordzee — Dutch NGO

Impact of increased shellfish cultivation on the carbon cycle in the North Sea
a what-if scenario for the European Digital Twin Ocean

Carbon fluxes

uuuuuuuuuuuuuuu

Deltares

“There will soon™ ound table in the' Du Parfiafnent on wind

farms. A dashbc Ike this would definitely be an asset for us.”
Stichting De Noordzee — Dutch NGO
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T, How to moniter the Ocean? N |
European Digital Twin' Ocean

Questions i

slido.com
& #3608 718

ANswers

PAVILION IMPLEMENTED BY

¢ EU - MERCATOR
(opemicus @ MISSIONS (= e OCEAN

RESTORE OUR OCEAN & WATERS

INTERNATIONAL
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Use Physical Ocean
Reanalyses to Monitor

Ocean Changes
5th June, 2025
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How to monitor the Ocean?

Chunxue Yang

Institute of Marine Sciences;
National Research!'Council of Italy
(CNR-ISMAR), Roma, Italy
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Extreme Ocean Warming e
(\.
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LIS
- In 2023, the marine heat wave last Over a month in Alboran Sea - 5

- +5.5 °Cincrease of sea surface temperature along the coastlines
of Italy, Greece, and North Africa

=®

https://marine.copernicus.eu/news/2023-northern-hemisphere-summer-record-breaking-oceanic-events



Extreme Ocean Warming

Global ocean heat content (OHC) change (IAP/CAS)

A
3001 3 — 1500100
200 § o
& -1001
= -
g 100 - 12345%0'71”1391011121
f’, Averaged temperatures across
T 01 ,
© the world’s oceans above
S _100- 2000m reached an all-time high
in 2024
-200 -
Baseline: 1981-2010
-300 >

1960 1970 1980 1990 2000 2010 2020
Year

Cheng et al., 2025
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1 SITU oneranonal olatforn monitored by OceanOf
Mobsile systems Polar buoys - DECP ®  Dcean reference stations - OceanSITES Radiosondes - SOT/ASAP

®  Core floats - Argo Ansmal barne sensors Sea level gauges - GLOSS Reference lines and areas
Deep floats - Argo Fixed systems '

High Frequency radars Repeat hydrography - GO-5HIP

diogeochemistry floats - Argo * Tsumameters - DBCP Ship based measurements exXpendable BathyThermographs - SOT/SO0OP

®  Underwater gliders - OceanGliders ¥ Offshore platfarms - DBCP Manned weather stations - SOT/VOS I Sampled sites - OceanGliders
= Drifting buoys - DECP B poored nays - DECP Automated weather statsons - SOT/VOS
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Number of casts® per year (hundreds of thousands)

4 L 4 i
o9 o0 )

Observations 1ok R

o O
8 - o
G;)
o
WATCHED WATERS 5
Remote sensors and other instruments are revealing tremendous New observing g
variability in physical conditions in the world’s oceans. technologies and Y
6 . __programmes drove 5
" thisjump. 'é‘:'_s
TYPE OF INSTRUMENT: g
M Bottle B Moored buoy o
Mechanical BT' probe B Instrument attached to marine mammal =
B Expendable BT probe M Glider ' =
R CTD: B Float from the Argo Sensing NOTIWOTIC  iviiscirsrsabicnisoarebisdiabeimmivssmbdorrsionss Fewer dep]oy,nents after .- g
the fall of the Soviet i
Union, a major player in ?
ocean research. l! B
3
9
[+
using simple probes and ll Il I II D
bottles to sample water. 'lllllllll lIII I |I l | z
,/ I 1 ": l | l I é
T— pu = , . 3
1925 1935 1945 1955 1965 1975 1985 1995 2005 2015 @

*A cast is a set of measurements for o single variable such as temperature or salinity at different depths; {BT, bathythermograph; 4CTD, high-resolution sensor of conductivity, temperature and depth,

Bates et al., 2018
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Quality of ocean reanalyses

* Uncertainty

* Accuracy

* Reliability

* Fitness for the purpose of usage of ocean reanalyses
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Use reanalyses to monitor ocean changes

26°N

Florida '* &+ §
Straits

2000m —

% o | | 4000m —
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Array W] e Y 6000
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https://rapid.ac.uk/methodology
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Observation record goes back to 2004
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How to moniter the Ocean??

Thank You!
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How to monitor the Oce‘an’m?

0 1 ) | 1 | | | ¢ |
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Laurent BERTINO

The Nansen Center, Bergen, Norway

ANSEN ENVIRONMENTAL

AND REMOTE SENSING CENTER
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Sea ice thickness [m] ’ Sea ice thickness [m)
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data.marine.copernicus.eu/-/38xndl2c6k
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https://data.marine.copernicus.eu/-/38xndl2c6k
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Deepening Mixed Layer APL, Uni. Washington, USA




How do we know? Satellites

1978 1987 1992 2002 2010
Sea ice area concentrations
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Northern Hemisphere Sea Ice Extent Southern Hemisphere Sea Ice Extent
16 _ .
Credit. U, Copernicus Marine Service information. - s 1993-2014 : MEAN
] w2019 : MEAN
12+
10 -

8| mmmmm 1993-2014 : MEAN
6| === 2023 : MEAN
| w2012 : MEAN

Sea Ice Extent (millions km?)

Datatype : Multi-product
4 Credit : E.U. Copernicus Marine Service Information
$ ?\ * $ \, 6 ? ,( Q C} T T T T T T T T T T T
W & W R N O N 22 < O & 25 SR N O NS RO & O &

~ 135 Datatype: Multi-product (ensemble mean of reanalyses)
> JYPE: “Pro ; ; ; 1993-2019 trend (annual mean):
5 13.01 Credit: E.U. Copernicus Marine Service Information 1993-2023 trend (annual mean): -0.09 1+ O 24( 106 kmzfdec)ade
g 1251 -0.57 = 0.10 .10° km?/decade o -0.8 + 2.0 %/decade
o : -4.8 = 0.9 %/decade
= 12.0-
E
o
- 11.0 1
11}
8 1051 o MEAN m=mmm MEAN
g 10.07 mmmm Trend == Trend
" 95
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implemented by \_" Marine Service T waen ey _— p gLt OCEAN

»a» Copemicus . MERCATOR s e e T INTERNATIONAL
(“-‘\ Marine Service iﬂ k‘)pemp.’s OCEAN
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a) Mean seasonal cycle for 1993-2014, 2012 and 2023

b) Interannual annual anomalies of Northern Hemisphere sea ice extent expressed in millions of km?2.

Time series are based on the multi-model ensemble mean of global reanalysis, e.g. the GREP data ] . . o . T
product GLOBAL MULTIYEAR_PHY ENS 001 031. Ensemble mean together with its spread (light shaded) are https://marine.copernicus.eu/access-data/ocean-monitoring-indicators
given. Details on the GREP product are given in the corresponding PUM for this OMI. The change of sea ice extent
over the period 1993-2023 is expressed as trend in millions of square meters per decade,

and in % per decade and linear trend is superimposed (dot-dashed line).



https://marine.copernicus.eu/access-data/ocean-monitoring-indicators

Satellites

1987 1992 2002
Sea ice concentrations

2010

Sea ice drift
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Total Sea Ice Volume (1000 km3)
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Léo Edel
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How much do we really know? ee° 28° &
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How to monitor the Ocean??
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Use of Al in sea i saseseses

Enhance resolution

Go back in time

Make forecasts cheaper

Distribution ICESat-2 for TOPAZ pixel Distribution ML for TOPAZ pixel
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Thank you for your attention!
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Marine Environment Reanalyses:
Biogeochemistry

* Observing the green ocean

* Modelling the green ocean
* Reanalysis products and connexion with the biology
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How to monitor the Ocean??

 Higher resolution in space, time, spectral
 Hyperspectral data offer a better connection to biology

MNational Aeronautics and
Space Administration

Credit: Nasa
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INspire NUMERICAL OCEAN

— How to monitor the Ocean?

 Mass balance equations

* No -equivalent to Navier-Stokes equations for
biogeochemistry

e Empirical representation of biogeochemical
processes based on laboratory experiments.

i YH-(WHi(Wy) +i(W§y)= 2 +&i(z %)Mﬂi,y

a A, A,

%/—J%f_/

horizontal and vertical advection sedimentation horizontal and vertical diffusion

production / destruction
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How to monitor the Ocean??

BIOGEOCHEMICAL MODELLING

U.S. JGOFS
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How to monitor the Ocean??

C, N, P, 02, 5],
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How to monitor the Ocean??
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How to monitor the Ocean??

* [|nitial State

* Evolution equations
* Boundary conditions
* Data Assimilation

MODEL INTEGRATION
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How to monitor the Ocean?

Atmosphere
 |Nutrients deposition
e |pCO2

e |Radiative information
e |1D boundary layer

Atmosphere
e * Atmosphere

Model

s Layers

Rivers River- i ‘ﬁ é
Nutrients fluxes Estuary B/ P

. 4 |
Suspended materials A
- Waves

C o (O ©




cﬂ Inspire

FORECASTING —REANALYSIS R
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How to monitor the Ocean??
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BLACK SEA ENVIRONMENT and BIOLOGY

How to monitor the Ocean??

Oxygen (min)
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How to monitor the Ocean??

BIORAN System: Chl_dat_prepobs_20070501 Chl_dat_prepobs_20070704
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