
mercator-ocean.eu 1

In
 p

ar
tn

er
sh

ip
 w

it
h

SPLINTER SESSION
10:45 AM

OCEAN PREDICTION: PAST, PRESENT & FUTURE

ROOM II

SCAN FOR DETAILS

18 Nov. 2024
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How can ocean reanalyses 
improve global ocean 
prediction? 
Towards a new ocean reanalysis 
intercomparison exercise 

Marie Drevillon, Romain Bourdallé-Badie (Mercator Ocean International), Chunxue Yang (CNR)

and partners of the MER-EP project

Mercator Ocean International (France, EU), CNR (Italy); HCMR (Greece); MIT (USA); NERSC 

(Norway); BOM (Australia); CMCC (Italy); Metoffice (UK); University of Reading (UK); University of 

Liège (Belgium); Magellium (France); ACRI-ST (France); JAMSTEC (Japan, TBC); UCSD (US); 

CSIRO (Australia); ECCC (Canada); OGS (Italy)
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Outline (and timeline)

The first Ocean Reanalyses Intercomparison Projects: ORA-IP, EOS COST, multi-ORA 

    The Ocean Monitoring Indicators (OMIs) : an ORA-IP heritage

The Ocean Reanalyses Workshop of the Copernicus Marine Service

                 Towards a new intercomparison exercise: MER-EP

2010…

2020…

2023

2025-2029
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The Ocean Reanalyses 
Intercomparison Projects: ORA-

IP, EOS COST, multi ORA) 
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ORA-IP: a first inter-comparison project 

• ORA-IP started in 2011

• International collaboration CLIVAR/GSOP & 
GODAE (now OceanPredict) IV-TT

• Reanalyses inter-comparison presented by 
Essential Oceanic Variables (EOVs)

• Follow up with EOS COST action 2014-2018

• Outcomes : reference review articles
Ref: Balmaseda, M. A., Hernandez, F., Storto, A., Palmer, M. D., Alves, O., Shi, L., … Gaillard, F. 
(2015). The Ocean Reanalyses Intercomparison Project (ORA-IP). Journal of Operational 
Oceanography, 8(sup1), s80–s97. https://doi.org/10.1080/1755876X.2015.1022329

ORA-IP ProductsORA-IP EOVs
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The legacy of ORA-IPs (examples)

Variable outcome examples reference

AMOC (1) • the reanalysis products tend to 
overestimate AMOC mean strength 
and variance

• the reanalysis products are less 
consistent in their year-to-year AMOC 
changes.

Karspeck et al., 
2017

AMOC (2) • At 26.5°N the reanalyses mostly agree 
with the independent observational 
estimates of mean AMOC strength

Jackson et al. 
2019
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Summary of ocean reanalyses intercomparisons 

Ocean reanalyses are the only information we have for many areas of the ocean

It is important to keep intercomparing them on a regular basis: intercomparison exercizes for in 
depth assessment + multi-model ocean state monitoring tools

• good results during the ARGO era -> 20 years in 2025

• Some challenges for the coming years: historical reanalyses, deep ocean and coastal zones …  

• Good results in terms of interannual signals of Chl

• Seasonal signals are phased thanks to data assimilation

• some challenges for the coming years: assimilation of pCO2, bio argo …

• Good results in terms of sea Ice concentration and average sea ice extent

• improvements needed in sea ice thickness and leads 

• Some challenges for the coming years: Marginal Ice Zones …
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The Ocean Monitoring 
Indicators (OMI) 

an ORA-IP heritage
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OMI, some examples

Arctic Sea ice volume anomaly

Antarctic Sea ice volume anomaly

Ocean Heat content trend

AMOC variability

Sea Level trend
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The Ocean Reanalyses Workshop of 
the Copernicus Marine Service

(October 2023)
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Ocean Reanalysis Workshop of the Copernicus Marine Service

Toulouse & online 10-11-12 October

Objectives of the workshop:
• The establishment of connections with ocean reanalyses specialists worldwide.
• The establishment of requirements for historical reanalyses and other future 
improvements of ocean reanalyses.
• The refinement of user needs concerning ocean model reanalyses (blue, white, green)

In person participation limited to ~60 persons & online participation open to all

Local organizing committee: Romain Bourdallé-Badie, Marie Drévillon, Vincent Legros (MOi)
+ scientific committee: Chunxue Yang (CNR), James Carton (Univ Maryland), Gael Forget (MIT), Emanuela Clementi (CMCC), 
Annette Samuelsen (NERSC), Laura Tuomi (FMI), Valentina Giunta, Angélique Melet, Karina von Schuckmann, Gilles Garric, 
Pierre-Yves Le Traon, Antonio Reppucci, Marina Tonani (MOi)



mercator-ocean.eu 12In
 p

ar
tn

er
sh

ip
w

it
h

Applications for current and future ocean reanalyses, 

some highlights

Regional process studies

Extremes detection, evolution,… Simulation of Sea turtle trajectoriesSignificant wave height evolution

AI forecasting models
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Outcomes of the workshop

Need for higher resolution reanalyses:
• Including regional high resolution reanalyses for coastal users, including consistent waves and biogeochemistry
• including uncertainty information (ensembles)

Need for longer time series:
• Ensembles of reanalyses global and regional covering 1950-now needed for ocean reporting activities
• Will also benefit to seasonal to decadal prediction and historical period for IPCC
• training datasets for AI applications

Future improvements expected:
• (flow dependant) model corrections for past periods could be learned using AI
• Improvement of atmospheric forcing, for example ERA6 (improvement in the precipitations,…)
• Assimilation of green observations, river nutrients and atmos. Deposition

Need to setup a new evaluation and intercomparison framework :
• Based on “use cases” (=> users oriented)
• Including all marine variables (Blue/White/Green/Wave)
• At global and regional scale
• Using state of the art of all reanalyses available

Summary available at 
https://doi.org/10.117
5/BAMS-D-24-0034.1
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A new intercomparison exercise: 
MER-EP

Marine Environment Reanalyses – 
Evaluation Project
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MER-EP as a UN decade project

• A project for ForeSea and DITTO, submitted end of August 2024
      in the call for UN decade actions 

• an international collaboration framework with no direct funding, in kind contributions from international 
partners

• PIs: Drévillon Marie & Bourdallé-Badie Romain (MOi); Yang Chunxue (CNR)

• Partners who already joined MER-EP: Moi (France); CNR (Italy); HCMR (Greece); MIT (USA); NERSC (Norway); BOM 

(Australia); CMCC (Italy); Metoffice (UK); University of Reading (UK); University of Liège (Belgium); Magellium (France); ACRI-ST 
(France); JAMSTEC (Japan, TBC); UCSD (US); CSIRO (Australia); ECCC (Canada); OGS (Italy)

• Programs which support MER-EP initiative: 
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Summary

MER-EP : a UN decade project to evaluate marine environment reanalyses
to better use their potential for ocean monitoring and prediction

By sharing “best practices” derived from the studies and use cases: 
• Guidelines on how to use reanalyses 

• for monitoring the state of the ocean

• for training AI forecasting models

• as environmental forcing for ecosystem models 

• …

• methods and tools to handle the data

People/institutes interested to join this international effort are welcome:
• Data sharing
• Specific validation studies
• Working on downstream applications using reanalysis

• Exchange on how to better address user requirements
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Next steps

❖ November: MER-EP structure construction

• Participants can modify/add “use cases”

• Teams position themselves on the case studies they want to participate in 

• Participants list in the necessary variables and the tools they plan to use 

• Participants contact us or contact each other to define a common strategy and share the work

❖ December: MER-EP Finalization

• General organization: ask people to finalize to position themselves in sections. Discussion to choose a 
point of contact for each section, a list of reanalyses/observations for each use case.

• Finalization of MER_EP structure

• Creation of dedicated mailing lists
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Supplementary material
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MER-EP structure proposition

❖ Use case1 (chapter1)
• Section1.1

o Subsection1.1.1
o Subsection1.1.2
o …
o Subsection1.1.N

• Section1.2
o Subsection1.2.1
o Subsection1.2.2
o …
o Subsection1.2.N

❖ Use case2 (chapter2)
• Section2.1

o Subsection2.1.1
o Subsection2.1.2
o ….

Example of table



mercator-ocean.eu 21

In
 p

ar
tn

er
sh

ip
w

it
h

The legacy of ORA-IPs (examples)

Variable outcome examples reference

Steric Sea Level • A significant high correlation at both 
global and regional scale with satellite 
observations , and the ensemble of 
ocean reanalyses outperforms that of 
objective analyses, in particular in the 
Southern Ocean. 

• The ensemble of reanalyses and 
objective analyses are in good 
agreement

• large uncertainties remain for the 
inter-annual trends.

Storto et al., 
2017 
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The legacy of ORA-IPs (examples)

Variable outcome examples reference

Sea Ice (1) • The comparison reveals an overall 
agreement in the reconstructed 
concentration fields, mainly because of 
the constraints in surface temperature 
imposed by direct assimilation of 
ocean observations, prescribed or 
assimilated atmospheric forcing and 
assimilation of sea ice concentration.

• The seasonal cycle is consistent as 
well.

Chevallier et al., 
2017 

Sea Ice (2) • For the multi-ORA mean state, we found 
that deviations from observations were 
typically smaller than individual ORA 
anomalies, often attributed to offsetting 
biases of individual ORAs.

Uotila et al., 
2019 

The 2000–
2012 mean 
difference 
of the ORAs 
to the ITRP 
sea-ice 
thickness 
(m) in 
February–
March
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Agenda of the workshop

Session 1: Applications for current and future 
ocean reanalyses (1/2 day)
• current Copernicus marine multi-year 

products offer 
• users of reanalysis products (from survey + 

presentations)

Session 2: Evaluation of ocean reanalyses (1 day)
• Strengths and weaknesses of ocean reanalyses, 

for physics, sea ice, biogeochemistry, waves
• Link with climate community

Session 3: Future improvements of ocean reanalyses (1/2 day)
• Presentations from atmospheric reanalyses (including ERA5/ERA6)
• Presentations focusing on different components to improve future 

blue/white/green ocean reanalyses. 
➢ Which observations available for assimilation in ocean reanalyses? 
➢ Which improvements for models, data assimilation, machine 

learning?
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Session 2: Evaluation of ocean reanalyses, example

Status of physical reanalysis (white/blue)

Status of wave reanalysis

Status of BGC reanalysis

Status of high trophic levels reanalysis

Status of reanalysis for 
decadal predictions

Status of reanalysis for 
seasonal forecasts
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Session 3: Future improvements of ocean reanalyses, 

example

Freshwater from rivers

Atmospheric reanalysis Numerical model

Data assimilation methods

Temperature/salinity insitu observations

BGC insitu observations

Description of available ocean observations
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