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Increasing& pressingoceanmonitoring needs

A Tounderstandand predict the evolution of our weather
andclimate.

A Forabetter and sustainablemanagementof the oceans
andits resources

A For an increasingnumber of ocean serwcesand the
developmentof the blue economy '

Recognizedat the highest levels (e.g. UN/Agenda
| 2030SDG, IPCCDcean&CryosphereOECD/thefuture
- of oceaneconomy,G//future of the oceansand seas)
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The CopernicusMarine Service- Today
A state of the art, innovative and userdriven Copernicusservice
s >

A Operationalandscientificallyassessed

A Observations (satellite, in-situ) and models
(analyses/forecasts)

A Physicsand Biogeochemistry

A Anetwork of Europearproducers

A A unique catalogue Worldwide and European
wide coverage

A A central information system to search, view,
downloadproductsand monitor the system

A A servicedeskto supportuserswho relieson a
network of technical& marineexperts

A Genericto servea wide range of downstream
applications More than 12 000subscribers
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MULTHYEAR
10 to 45years

/

pres @ .
‘ Irl‘
A
‘ N
L
AN Y,
2\ Pl | ]
v/
S

\\ 1‘—\’7\ 3 i ‘///
- Sl _\;\, ,"'

€ ciobal © =
© Arctic © Med sea
© saluc &) Black Sea

O nws

}

REALTIME
Daily,hourly

FORECAS

2 to 10days

}

ESSENTIAL MARINE VARIABLES
A Physics
A Sea-ice
A Waves
A Biogeochemistry

*

OBSERVATIONS NUMERICAUODELS
In-situ & Satellites data assimilation

European | I s Tl Bl LS
- (Op.e..'f.'?!.@?f.?.% ﬂﬂﬂﬂﬂﬂﬂﬂ -



TIMELINE

To 9 ay

2014 | 2015 | 2016 ] 2017 | 2016 | 2010 | 2000 [ermrmfifiNeTE

1styearof = 2ndyearof = 3rdyearof CMEMS)perations

operations = operations = operations

Phase 1 Phase 2

l¥I

April 2018 :

A a 4thannualcycle for CMEMBnplementation

A Start of the2"d phase of theoperationalphase (April 201-&\pril 2021)
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Useruptake: a constant growth of subscribers

MARITIME SAFETY MARINE RESOURCES
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COASTAL ANOMARINE WEATHER, SEASONAL

euww s FORECASTING'AND CLIMATE

12 000Subscribers

4000Different Entitiesamongwhich
1000BusinesCompanies

Downloads/month: 35 000

Download = Pair User/Dataset per Day

Volume/month: 50 Tb
98%yproducts on time
Satisfaction of Users: 4,7/5
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The essentialrole of R&D

TheCopernicudMarine Serviceexistsnow as an \-—-\(’fg
operationalservicethanksto more than 10years Menrses

of investmentin R&Dprecursorprojectsand

international R&Dcooperationin operational

oceanography 2 A= f o
m)[OCen m)/Ocean
Maintaininga state of the art,leadingand
mnovat_lve CopernicusMarine S_erwce GODAE OceanView
respondingo userneedsandtakingfull

advantageof scientifid technologicaladvances

similarlyrequirescontinuousserviceevolution.
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CMEMS Service EvolutionActivities

Activities carried out by Mercator Oceanwith the support of the CMEMSScience
and TechnologicaAdvisoryCommittee (STACinclude:

Preparationof a CMEMSserviceevolution high level strategyand R&Dpriorities.
Thisstrategyguidesserviceupgradeover the period 20152025 with a focusfor
the next4 years It identifiesshortterm (<1 year—Tierl), mid-term (1 to 2 years
—Tier2) andlongterm (3 to 10 years— Tier3) R&Dpriorities.

Defing/agree on/monitor short term and part of mid-term R&D (Tier1&2)
within CMEMSroductioncenters(TACand MFC3.

Organizeother mid-term (Tier2) R&D activities through tenders for CMEMS
service evolution and the correspondingevaluation selection and monitoring
processes

Interface with ECfor longerterm (Tier3) R&Dactivities (Horizon2020.
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Service Evolution: Roadmap

CMEMS service evolution roadmap
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CMEMS :Continuous improvements

x System versioning A main version everyear. Tierr1 R&D
x  Prepare the next version while continuing operating the previmes

x Aformal review process to manage the development and entry into service.

2015 2016 2017 2018
Nov.
Specification June -
Review Design eb.
| Review Acceptance
' Design V4 ' Review
e ———— implemuntation V4
Nov N ‘ Integ.
Specification Design Feb —
Esvtaw | Review Acceptance
' | Design V3 ' Review
EessrTeee————— Implementation V3
——————— Integratio Operation
Sept e —;
Design . Feb.
Review |Acceptance
eview

R
—' Implementation V2 ‘ )
_' Integration Operation Transition
‘ = [

Continuous service improvement demands a wadisigned and robust architectureRigorous
change/transitionmanagement processo minimisethe impacts of the evolutions for the users. -



Phase 1 R&DAchievementsHighlights

Important R&D advanceshave been achieved during CMEMSPhase 1
(April 2015 ¢ April 2018 and significantly improved serviceis or will be
soonproposedto the users

I waveobservationsand models,

I improvedresolution,

I wave/circulation coupling,

I better useof existingsatellite and in-situ observations,

I uptake of Sentinell data (seaice, wave) and Sentinel3 (altimetry,
seasurfacetemperature, oceancolour) data,

I longer time series of reprocessedin-situ and satellite data and
oceanreanalyses

I improved and more homogenizedoroduct quality assessments,
I oceanmonitoring indicatorsand oceanstate report
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R&D achievementsfrom TACsand MFCs

THE COPERNICUS MARINE
ENVIRONMENTAL MONITORING SERVICE:
MAIN SCIENTIFIC ACHIEVEMENTS AND

Sg‘. FUTURE PROSPECTS

SPECIAL ISSUE

MERCATOR

OCEAN
JOURNAL

Tier-l R&D

https://www.mercator -ocean.fr/en/sciencepublications/mercatorocean
journal/mercator-oceanjournal-56-specialissuecmems/



Evolution ofsealevel analysiserrors - global system

Improvedmodelresolution
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Biogeochemicalmodelling - Med Sea MFC
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Seaice modelling in the Baltic Sea

Ice HBM model performance in the northern Baltor a given day in winter
2010.Themodelled fast icevisiblein the near coastal zone of higher ice
thicknesscorrespondswell to the observed faste.

Bundesamt fur Seeschifffahrt EISUBERSICHTSKARTE  Nr. 22
und Hydrographie Jahrgang 83 Rostock, 25.02.2010
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Use of S1 forimproved seaice services

: Manualanalysis from MET
< Norway ice analysis (CMEMS
<:| operational product).

OSI TAC team

Automatic analysis

Sentinel 1 daily coverage over the Svalbard are
R Copemlcus _4 L




CMEMS Service Evolution R&D project

1st Call

Evaluation of projects by the STAC in January
2016 after external reviews : 12 projects selected.
Projects completed in March 2018.

UPSCALING Wave2ZNEMO

Tier2 (mid-term) R&D = gotential) impact on

. . A. Melet
operationalservice inlessthan 3 years




249 o ops
2,14 ::‘Eump?o.odnly we, ’.'.u \
1.8 1 g A 3
£s s‘a \ e b
/ o o o
; 1.2 1 ‘,v“ aonn‘ o
/ .
(%) B oo
; \.
0.3 1 60 :
O‘Mn'
45 [ 55 6 6.5

" December

Time series of surge: observations (black
circleg, NEMQonly (red) and coupleanodel
(green) at Helgoland station duringtorm
Xaverin December2013(Staneveet al., 2017).

— T

Wissel

Currents




e et . Qesanaye:Mmosphere
; — % Interactions in Regional Seas
(OWAIRS)

Pl: H. Lewis, Met Office

Examplechange in simulated sea
surface temperature (in degrees K) due to wawel
atmosphere feedbackrocessest km- scaleresolution
over a few days in summer
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Resultsfrom CMEMS SE R&Dprojects

A new GREENUP: Green matrix uploaded
@COSYStem  CREENUP propuses anew CMEMS product covering akey ecosystem component at

the mid-trophic level (MTL), Le., the micronekton, 1o better address the Manns

variablefor ... ...
marine

bijed il
resources
sector i B G
> M ida fee % on CMEMS products
> Te¢ teedback from micronekion prodoct usels Cwermcus

i‘
MERCATOR

Pl. P.LehodeyCLS

Primary production

Temperature; currents
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Impact of thefirst SER&D projects on CMEMS

Addition of new products in CMEMS catalogue
A Observations from European HF radars ﬁ'ﬂ
A Data on phytoplankton functional types
A Micronektonproducts -i}
-u-ﬂ

Upgradesof CMEMS operationahodellingsystems through:
A Enhanced representation of coupling effects (oceamveseaice-atmosphere)
A Upgraded data assimilation capabilities of SST observations, of satellite derived
phytoplankton functional types, of mulplatforms biogeochemical variables.
A Enhanced capabilities in regional ocean uncertainty quantification and model ensemble
consistency verification to move toward ensemble assimilation capabilities.

In addition, CMEMS products have beanalysedin several projects to lead to:
A Improved estimates of ocean surface currents through combined used of satellite
altimetry and SSTobservations

A Estimateof new derivedvariables(e.g. verticalvelocitieg Tier-2 R&D
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2"d SE R&D Call- high level priorities
Five overarching theme& priority topics

.
Monitoring

Lotl 1 Ocean circulation modelling, mesoscale and other interactions, occan-wave and ocean-ice coupling (R&D areas 1, 2, 3 and 4).

1.1 Predictability studies to assess the feasibility of developing open & coastal forecasts with lead-time of a few days to weeks, with assessment of prediction skill;
1.2 Improved methods for analysing and predicting upper ocean currents;
1.3 New methods to assimilate satellite sea ice observations (e.g. type, thickness, SAR imagery), together with impact assessments.

2. Biogeochemistry and ecosystems in the marine environment (R&D area 5).

2.1 Improved modelling and assimilation capabilities for the representation of biogeochemistry and marine food web from primary production to higher trophic
levels (plankton to fish), including estimations of uncertainty;

2.2 Relationships between optical properties and biomass for direct assimilation of optical properties into biogeochemical models;

2.3 Improving CMEMS monitoring and modelling products to better support aquaculture management applications.

3. Interactions with the coastal ocean (R&D area 6).

3.1 Improved and standardised inputs of freshwater flows and river inputs of particulate and dissolved matter and homogenised river forcing approaches in models;

3.2 Improve the interfaces/interactions between coastal monitoring and modelling systems and CMEMS.

4, Ocean-atmosphere coupling, reanalysis and indicators, and climate change (R&D areas 7 and 8).

4.1 Advanced assimilation methods to provide improved estimations of upper ocean properties consistent with sea-surface observations and air-sea fluxes;

4.2 Development of methods for inferring the future state (seasons to decades) of the marine environment (physics and biogeochemistry) at regional and coastal scales,
as well as changes in ecosystems, based on climate model predictions and projections (and associated tests for quality and reliability);

4.3 Development of Ocean Monitoring Indicators based on CMEMS and other products; specific needs include indicators (i) for the physical ocean state

(ii) for the health of the ocean, (iii) for fishery and aquaculture management and (iv) for other applications (e.g. maritime transport, marine renewable energy).

5. Cross-cutting developments on observation, assimilation and product quality improvements (R&ID areas 9, 10, 11 and 12).

5.1 Metrics for ocean analysis/reanalysis and forecasting produced using ensemble techniques;
3.2 Development and application of advanced assimilation methods, including to identify/understand model bias and forcing errors, with a focus on ocean reanalyses;

3.3 New high resolution ocean colour products from Sentinel 2 and synergy with Sentinel 3 OLCI products.




CMEMS Service Evolution R&D projects

(Tier 2) 2nd Call
2, Evaluation of projects by the STAC in January 2018 after

S Gansce Biinon '\_?;3
§ " 4

10 countries

country of Pl

A. Melet
|. GarciaHermosa

§ external reviews : 18 projects selected. Start in April 2018.
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From CMEMS Phase | to CMEMS Phase |II

Main objectives ensurecontinuity of service jncreaseuseruptake,
continuousimprovements full uptake of Sentinelcapabilities upgrade of
productsand servicedasedon phase butcomesand user feedbacks.

2014 2015 2016 2017 2018 2019 2020

Ramp-up Phase | Phase Il

user feedback,

_— vpgrade
FP7 H2020 evaluation Pg

= CMEMS Phase | and Phas&om TechnicalAnnexof the EUMercator OceanDelegation
Agreement for theimplementation of the CopernicudMarine Service (2014)
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CMEMS Phase Il (2018& 2020)

Main foreseen evolutions /products (1)

Maritime transport and marine safety

A Improved models(resolutiontides),ocean/wavecoupling
A improvedassimilationschemes

A new observedsurfacecurrent products

A new ice products(thicknessandassimilation

Biogeochemistryoceanhealth monitoring and marine resourcemanagement
A ImprovedCMEMSiogeochemica{BGCproducts(satellite,in-situ, models)
A Assimilationof oceancolourin all BGGnodels Assimilationof BGCArga

A Carbon CQ fluxesand pH from in-situ observationsand models

A Newmicronektonproducts(off line).

Coastal better meetrequirementsfrom coastalzoneusers
A Improvingsatellite products(e.g. OC) hew in-situ observationdHFRadars)

A Improved models (e.g. resolution, tides) to facilitate the coupling with
downstreamcoastalmodels

A Strengtheningnterfaceswith downstreamcoastalmodels .

European | p I s Tl Bl LS
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CMEMS Phase Il (2018& 2020)

Main foreseen evolutions /products (2)

Oceanand Climate

A Longertime series (> 30 years)for reprocessedobservationsand ocean
reanalyses- closerto real time : Circulation,Sealce, Waves,Carbon(CQ)
andbiogeochemistry Global/Regional

ANNMARY
O I A T
w.rrom mﬂ’h‘l umnamorx

Improvedassessmentqexpertise)

A NewOceanMonitoring Indicatorsand OceanStateReports from climateto ﬁ

ocean health assessmentand applications(e.g. fishery and aquaculture STATE
managementmarinerenewableenergy) REPORT
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Longerterm perspectives

Some of the identified issues for the post 2020 time period

A Veryhighresolution (e.g. 1/36° global,1/ 108° regional)modelling (ocean& ice), new
data assimilation methods (e.g. ensemble methods, probabilistic forecasting),
extendedrange(e.g. one month).

A Ocean/Wave/Atmospherecoupling (for improvedoceananalyses/forecasts)

A Coastal operationalinterfaceswith downstreamcoastalsystems coproductionwith
memberstates,joint offer from the MarineandLandServices

A Carbon/ Biogeochemistry Highertrophic levels(upto fish) Improvedmodellingand
assimilation capabilitiesfor the representation of ocean biogeochemistryand the
marinefood web from primaryproductionto highertrophic levels(planktonto fish)

A Climate (Ocean) long term ocean reanalyses longterm (seasonal/decadal)
projections& scenariifor coastaloceanandecosystemgin interactionwith C3S)

A Service integrated platform (DIAShew paradigm- follow ") @oemi_qv,s =l
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A CopernicusMarine Service a successfuinitial phase
operational user uptake innovation and R&D
achievements
A serviceevolution strategy basedon user needsand
sciencetechnologyadvances
Maintaining state of the art systems improving the
offer anddevelopinguserbaseremainkeyissues
Essentialrole of R&D activities (Tierl, 2 and 3) and
establishingsolidlinkswith researchcommunity
CMEMSPhasell (20182020 = servicecontinuity and
evolutions basedon R&D advancesand evolution of
observingsystemgSentinels.
A Strategy for the post 2020 evolution is being
elaborated
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