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2020: THE OCEAN FORECAST 2030: THE OCEAN FORECAST
WE HAVE OceanPrediction DCC VESSEL WE WANT

Captain: UN Ocean Decade

Chief engineer: Decade actions and DTO
Crew: OceanPrediction DCC community
Navigator: OceanPrediction DCC

-::2 Ocean |
. Useful but partially **® Prediction « Connected community and
disconnected services services
« Poor presence in developing  Many robust systems
countries worldwide
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During development: new systems require a
development from scratch. “Core” services

AL disconnected

PROBLEM TECHNICALLY
DISCONNECTED During exploitation: No possibility fo use
common tools for OOFS validation, dissemination
and exploitation

The decade as game changer: a new scenario for ocean
OPPORTUNITY forecasting will be possible by harnessing UN Decade and

Digital Twin opportunities

An “Ocean Forecasting Co-design Team”: will design a new
TOWARDS A architecture(standards, tools, best practices, etc.) in
cooperation with related Decade programmes

THE OCEAN FORECASTING
CO-DESGIN TEAM

SOLUTION
Results to inspire: Decade programmes development targets
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* Objectives:
« Design an ocean forecasting architecture to overcome the existing gaps,
allowing to deliver as one and taking benefit of the digital twining concept.

«  This architecture will include well-defined building blocks, that in our case will take the
form of Standards, Tools, Best Practices and Operational Readiness Levels.

 Decade actions or others could later build these “bricks” and contribute to implement this
architecture

 Benefits:

 This new scenario will benefit all the services but will have an especial impact on the
capabilities at less technologically advanced institutions

 We will increase worldwide our family, with new visions

« This work will have a value by itself and, hopefully, will also benefit the programmes
in their future search for funding due to the existence of a set of well-defined
development targets
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Ocean Forecasting Co-design Team: Composition

Team built to cover all aspects of value chain

UPSTREAM DATA CUSTOMIZED END

EXAMPLES USER INFORMATION ~ END USERS
]
- ~M—¢&
|
Satellite
@ @ Policy
Makers

MULTIPLE
DOWNSTREAM

MARINE
» | CORE

S
N

ERVICE Ml
Buoy SERVIC | SERVICES
— Intermediate Business /
users Practitioners
@)
Research —— L —
Vessels OTHER DATA SOURCES |
' ~ Citizens

Ocean Forecasting Co-Design Team experts

Name Area of Expertise Institute Email
Alain Arnaud Digital Twins - Inferoperability Mercator Ccean Intemational aarnaud@mercator-ccean fr
Marina Tenani Digital Twins - Interoperability |} Ocean Intemational mtenani@mercator-ccean. fr
John Siddorn Digital Twins - Interoperability MOC john.siddorni@noc.ac.uk
Pierre-Yves Le Traon Ocean Observing Expert Mercator Ocean Intemational pletraon@mercator-ocean fr
Antonic Movellino Ocean Observing Expert EMCDNET antonio.novellino@grupposcai.it
“ann Drillet Ocean Forecasting: Physics Mercator Ocean Intemational ydrilleti@mercator-ocean fr
Mike Bell Ocean Forecasiing: Physics UK Met Office mike belifmetofiice gov.uk
Andreas Schiller Ocean Forecasting: Physics anschill2020@gmail. com
John Wilkin Ocean Forecasting: Physics Rutgers Jwwilki .edu
Katja Fennel Qcean Fo ting: Biogeochemistry Dalhousie University kafja.fennel@dal.ca
Simene Libralato Ocean F fing: Ecolegical modeling OGS slibralatof@ogs it
Laurent Bertine Ccean Forecasting: Ice NERSC laurent.bertino@nersc.no
Fabrice Ardhuin Ocean Forecasting: Waves LOPS fabrice_ardhuin@ifremer.fr
Joanna Staneva Coastal Modelling HEREON joanna.staneva@hereon.de
Jennifer Veitch Coastal Modelling SAEOMN ja.veilchi@saeon.nriac.za
Maure Ciramo Coastal Modelling UFRJ maure.ciranci@igeo. ufij.br
Matt Marfin Data Assimilation UK Met Office mafthew.martin@metoffice.gov.uk
Pascal Matte ‘Coastal interaction (rivers...) ECCC pascal matie@ec.ge.ca
Fabrice Hernandez Model Int IRD fabrice @ird.fr
IMarcos Garcia Scotillo OOF5 \ fion Technigues Mologin NOW marcos.sotille@nologin.es
Andrew Porier GPU computing STFC Hartree Centre andrew porter@stfc.ac.uk
Marco Mancini Cloud computing CMCC, Cpen Nebula marco.mancini@cmee. it
Patrick Heimbach Artificial i e Texas University heimbach@mit edu
Laia Romero Visualization Lobelia laiai@lobelia earth
Yasumasa Miyazawa Cross-Cutting JAMSTEC miyazawa@jamstec.go.jp
Eric C Cross-Cutting COAPS Efsu.edu
Wan Liying Cross-Cutting HNMEFC liying wani@nmefc.cn
lbrahim Hoteit Cross-Cutting KAUST ibrahim_hoteit@kaust edu sa
lique Melet Coastal + Climate Mercator Ocean Intemational amelet@mercator-ocean.fr
Erik van Doom Policy, Insurances and Legal Aspecis Kiel University edoorni@wsi.uni-kiel.de
Andy Moore Data Assimilation UCSC ammoore@ucsc.edu
Romane Zufic Capacity development + Ocean literacy Mercator Ocean Intemational rzufici@mercator-ocean fr

Karina Won Schuckmann

Oeean and Climate

Mercator Ocean Intemational

h @ tor-ocean fr

Gianpiero Cossarini QOcean Forecasting: Biogeochemistry OGS gcossarinif@ogs.it
Regional experts
. Region 1: West Pacific and Marginal . . .
Yasumasa Miyazawa Seas of South and East Asia JAMSTEC miyazawa@jamstec.go.jp
Sudheer Joseph Region 2: Indian Seas INCOIS sjo@incois.gov.in
Jennifer Vieitch Region 3 African Seas SAEOMN ja.veilchi@saeon.nriac.za
Emanuela Clementi Region 4: Meddeér::;:n and Black Sea CMCC emanuela.clementi@omce. it
Ghada El Serafy Region 5: Morth-East Atlantic DELTARES ghada.elserafy@deltares.nl
Mauro Ciramo Region & South an,j Central nica UFRJ maure.cirano@igeo.ufi.br
Regicn
Fraser Davidson and Pafrick Region 7- North America Region Ecce Flasel.pawdson@ec_gc.ca and
Hogan patrick_hogan@noaa.gov
Heather Regan Region 8: Arclic Region NERSC heatherregan@nersc.ne
Stuart Comey Reqion 9: Antarciic Region IMAS Stuart Comey@uias.edu.au
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Work Plan for the OFCT
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J Consolidating results meetin
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Diagnosis & N
Applications
®
March April May June Jul Aug Sep Oct Nov Dec
Step 1: Step 2: Mapping Step 3: Step 4: \ Step &: Final
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E Existance
. . . Q [ Quality
Rate our ability to provide a solution: AC | Accessibility
T Timeliness
Currents Sea Level Ice @ Waves @ Biochemistry @ Biology
Global H 5.0 7.1 6.8 6.5 55 6.7 7.1 7.1 7.3 4.7 ' 56 5.8
Regional{ 6.6 53 67 70 66 6.7 68 70 65 53 68 6.8 ‘ 72 72 7.0 49 42 55 55
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@ E Q Ac T E Q Ac T E Q Ac T

Coasta 6.2 69 56 6.0

T
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The view of the experts:

Answers from Experts: Global scale Answers from Experts: Regional scale Answers from Experts: Coastal scale

Ports Ports Ports

Coastal Engineering Coastal Engineering Coastal Engineering

Disaster Risk Reduction Disaster Risk Reduction Disaster Risk Reduction

Navigation Navigation Navigation

Search and Rescue

oil spill fight

Search and Rescue

oil spill fight

Search and Rescue
Oil spill fight

Water quality Water quality Water quality

Tourism

Tourism Tourism

Fisheries Fisheries Fisheries

Aquiculture

Eco/Bio, HAB and Jellyfish

Aquiculture

Eco/Bio, HAB and Jellyfish

Aquiculture
Eco/Bio, HAB and Jellyfish
Offshore and tidal energy

Offshore and tidal energy Offshore and tidal energy

AN
~\“"\Gy RN 4 éd\o(s\ $
A\ & .0 &
Q: >
o & ° =
&°
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Rate our ability to provide a solution:

Mean scores per variable 10

Biogeochemical variables 6.78

Biological variables 7.4

Histogram of Scores
R (NSRRI WU WU (RS S S Currents 1 7.4 7.6 7.91 7.74 7.62

§--

accuracy
reliability | | | |
timeliness | . . . . san 8
accessibility | | 3 f | | ? kce{ 7.0 7.0 75

5
il
$21035

usability , | | | |
30 | p—————— b L .
| | | | | 7

Sea level{ 7.16 7.32 7.32 7.38 7.43

Number of entries
N
o

104{ Temperature 6.85 7.0 6

8 9 10
Waves 7.69 7.85 7.85 7S TP

A o130 © — 5
C\ \\C\ Q"" %d \\C\
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Upstream data
from multiple

. . . Downstream
sources Single independent environment

Services

OBS
ATM — Intermediate
Users Users
o model | @) o ®
, d\axh %
[~~—"\ [ )
FORC.

Bathy >

joje

mercator-ocean.eu
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Upstream data ...each one with an Downstream
from multiple _ independent storage, Services
sources Independent Environments at each centre... but...
f N
@ - =
OBS //
:> """""""""""""""""" ! Intermediate
ATM Coupling Users Users
E> o)
RIV ) ‘_.
Analysis
Aol ... with Interoperable | tools l
N capability
Bathy \ )

b

el

\

Forecasting engines and interoperable capabilities using common tools and standards
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Upstream data

...each one with an Downstream
from multiple ] independent storage, Services
sources Independent Environments at each centre... but

[=

oBS | |
Intermediate
ATM | ‘ Users Users
. ' a\Y
' S
RIV ; | Forecasts ‘—. ()
— | Analysi 4
FORC. ] o
ORC ... with Interoperable tools
N — capability
Bathy

Forecasting engines and interoperable capabilities using common tools and standards

mercator-ocean.eu 13



MERCATOR

OCEAN Future architectures: Type B (Independent-Complex-Digital Twin)

INTERNATIONAL

...using a common data lake
on one of the available Digital
Twins
Independent Environments at each centre... s 1

Upstream data
from multiple

sources Downstream

Services

KK \\ DIgIta
OBS :> @ —

)
ATM

Analysis

/ Ve — Tools

Users

T N A Intermediate
— ' Al/ML E Ensemble

(

' Coupling Users
e N ! ' ‘

RIV
Data Lake A\e<l
P Model _—
FORC.

| R \_ Validation \

/ * Forecasting engines using common tools and standards.
* Extensive use of digital twin for validation (forecast providers) and analysis (intermediate users).
* Data could be transferred to the data lake, or accessible from the data lake.
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Future architectures: Type C (Fully Integrated-Complex-Digital Twin )

Upstream data
from multiple
sources

|

OBS

I

ATM

I

RIV

\ B

Centres operate their systems inside one of the available Digital Twins Downstream
// Digital Twins Analysis
Tools

| Services

- ——————— - —— o

Intermediate
Users

Ensemble

Users

Data Lake

A,

Validation

Similar forecasting engines for all systems, integrated into the DTO
Extensive use of digital twin for validation (forecast providers) and analysis (intermediate users).

Data lake act as a complete data hub (Data could be transferred to the data lake, or accessible
to the data lake)
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Four independent digits to describe a system:

» First number for degree of operationality
« Second, to technical solution

» Third for degree of validation

* Fourth to output dissemination

Benefits of ORL.:

* Promote the adoption of tools, standards and Best
Practices

« A mechanism to endorse services to join common
frameworks

* A way to guide and stimulate services development

mercator-ocean.eu
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Example of one typical iteration:

@ @-@-@

1) OceanPrediction 2) The Decade actions 3) ETOOFS endorse the 4) OceanPrediction
DCC, in collaboration (e.g., Coastpredict, new development DCC and others (e.g.,
with decade actions, Foresea) develop the new BestPractices) make sure

identifies the need of a component, aligned with the new developments
new standard or tool and OceanPrediction DCC are distributed to the
coordinates the co-design community

of specifications




OceanPrediction DCC: a key element for the ocean prediction
we need

Substantial benefits expected from a shared architecture

Significant challenge!

e o
UN DECADE
COLLABORATIVE

@ :;:Aoceqq St
* Prediction

Connecting the world
around
Ocean Prediction

Using Ocean Forecasting
as a focal point to foster
intercultural dialog fowards
the ocean we want
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