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4DAt la n t ic-OHC

Global Ocean Heat Content is a good proxy of the Earth Energy Imbalance
(Meyssignac et al. 2019, von Schuckmann et al, 2020)

New method based on Space geodetic datasets to estimate the Global OHC
(Marti et al., 2022)

Extend the method at regional scale to develop a gridded Atlantic OHC
product to provide a realistic monitoring of the Atlantic ocean heat uptake

Estimate rigorously the associated uncertainty

Science investigation:
the role played by the Atlantic ocean in the climate system ?
the role and the impact of spatial pattern of ocean warming on the strength of

climate feedbacks and climate sensitivity

Con te xt & Ob je ct ive s
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● Ma r t i e t  a l. 2022: Monitoring the  ocean
hea t con ten t change  and  the  Earth energy
im ba lance from sp a ce a lt im e t ry and  sp a ce
gra vim e t ry

● The regional OHC (  1°x1°, monthly) 

(IEEH = Integrated Expansion Efficiency of Heat)

● The Sea Level budget equation: 

ΔSLtotal= ΔSLthermosteric+ ΔSLhalosteric + ΔSLmass

IEEH
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4DAt la n t ic-OHC

Global Mean Thermosteric Sea Level (red) 
obtained by removal of Ocean Mass (green) 
and Halosteric (orange) from the Sea Level 
(blue)

Me th od
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4DAt la n t ic-OHC In pu t  Da ta se t s

Sea level dataset from altimetry  ΔSLtotal
● spatial resolution: 0.25° x 0.25°
● temporal resolution: daily
● temporal availability: altimetry era, January 1993 - August 2021
● units: m
● version: C3S

Gravimetry dataset from GRACE & GRACE follow on missions  ΔSLmass
Ensemble of 288 OM solutions from Spherical Harmonic products and its ensemble mean
update from (Blazquez et al., 2018)

● units: m equivalent water height (EWH)
● spatial resolution: 1° x 1°
● temporal resolution: monthly
● temporal availability: April 2002 - September 2021
● version: v1.5.1

https://www.zotero.org/google-docs/?ivj4Rx
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4DAt la n t ic-OHC Ha loste ric com pon e n t

ISAS temperature and salinity gridded fields (Ifremer):  ISAS20_ARGO release 
interpolated on 187 standard depth levels between 0-5500 m depth and 0.5°x0.5° global horizontal 
grid. ISAS20 use the version 8 of ISAS and updated statistics to produce the monthly analysis 
(Monthly Climatology and annual STD computed from WOA18A5B7). ISAS20 gridded fields analyze 
the Argo and Deep-Argo temperature and salinity data alone between 2002-2020
https:/ /www.seanoe .org/da ta /00412/52367/

EN4 temperature and salinity gridded fields (MetOffice):  Version  is 4.2.2.l09 (Levitus m em ber)
EN4 files are available from https://www.metoffice.gov.uk/hadobs/en4/download-en4-2-2.html
m from 1900 to the present day

For the  study: Com bination  of ISAS20 product (0-2000m ) and  EN4 (2000-
6000m ).

ΔSLtotal= ΔSLthermosteric+ ΔSLhalosteric + ΔSLmass

https://www.seanoe.org/data/00412/52367/
https://www.metoffice.gov.uk/hadobs/en4/download-en4-2-2.html
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4DAt la n t ic-OHC Ha loste ric com pon e n t

OHC trends without removal of halosteric 
component OHC trends difference (%)

• Halosteric signal has a significant impact on OHC trends estimates (up to 60%)

ΔSLtotal= ΔSLthermosteric+ ΔSLhalosteric + ΔSLmass
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4DAt la n t ic-OHC

● IEEH is the  d ivision  of loca l e stim ates of 
The rm oste ric Sea Leve l ove r OHC

● In -situ  OHC and  the rm oste ric a re  filte red  a t 3 
years  to  rem ove  the  HF variab ility

● IEEH is dependen t on  tem pera tu re , sa lin ity, 
and  p ressure ; increasing with tem pera tu re
and  p ressure  and  decreasing with sa lin ity

● Com bina tion of EN4 (NOC) and  ISAS (Ifrem er) 
p roduct to  be represen ta tive of the  fu ll wate r 
colum n Spatia l distribution of IEEH mean over 2005-

2015 (10e-21m/J)

In te gra te d  Expa n sion  Efficie n cy of 
He a t
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4DAt la n t ic-OHC

Deep ocean contribution : Use of Argo EN4.2.2.l09 dataset from 2000m to 6000m

OHC trends (0-2000m) OHC trends (full depth)

In te gra te d  Expa n sion  Efficie n cy of 
He a t

• Weak difference but represents a 5% decrease integrated over the Atlantic Ocean 
• Really important to calculation the IEEH as accurately and rigorously possible 
• The temporal variations of IEEH are quite negligible but we have taken them into account by using 

a time dependent IEEH (monthly)
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4DAt la n t ic-OHC

Uncerta inty ca lcula tion
and propaga tion cha in

Un ce rta in t ie s

OHC trends uncerta inties (W/m²) 
over Jul 2002 - Jul 2020 prelimina ry results
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4DAt la n t ic-OHC Oce a n Ma ss com pon e n t
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4DAt la n t ic-OHC

● Prod u ct  im p rove m e n t : sp a t ia l cove ra ge n e a r
coa s t s

- using the ECCOv4 reanalysis to complete In-situ observations

Ne xt ste ps

● First  ve rsion  of At la n t ic OHC produ ct s will
be de live re d in  Se p te m bre  2022

temporal availability: April 2002 - September 2021
spatial resolution: 1° x 1°
temporal resolution: monthly

● Ava ila b le on  t h e  AVISO w e b s it e
https:/ /www.aviso .a ltim e try.fr/en /da ta /p roducts/ocean-ind ica tors-p roducts/ocean-hea t-

con ten t-and-earth -energy-im balance .h tm l
re fe renced with a  DOI

https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/ocean-heat-content-and-earth-energy-imbalance.html
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4DAt la n t ic-OHC

● Prod u ct s va lid a t ion
- RAPID-MOCHA section (NOC)
- OVIDE-AR7W section (LOPS)

● Scie n ce  ca se
Estimating the Meridional Heat Transport 
(MHT) in the North Atlantic with a 
regional heat budget (LEGOS)

Ne xt ste ps

● Ea r ly a d op t e r s  a sse ssm e n t
Use  Case  1: Im provem ent of the  ope ra tiona l decada l p red ictions 

Test EO based OHC products for initia lisa tion of decada l system

Use  Case  2:  Contribu tion  to  the  Copern icus Marine  Se rvice  ocean  
Ana lyse consistency of EO based OHC products with existing CMEMS
products used for the Ocean Sta te Report 

Use  Case  3: Eva lua tion  for use  as part of clim ate  ind ica tors dashboard



gilles.larnicol@magellium.fr
robin.fraudeau@magellium.fr

Th a n k you  for  you r  
a t t e n t ion .

4datlan tic-ohc.org/

mailto:gillesLarnicol@magellium.fr
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4DAt la n t ic-OHC
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Re fe re n ce s

https://doi.org/10.5194/essd-11-1189-2019
https://doi.org/10.1093/gji/ggy293
https://doi.org/10.5194/essd-14-229-2022
https://doi.org/10.3389/fmars.2019.00432
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4DAt la n t ic-OHC

Ma in  scie n t ific ob je ct ive :
● to  be tte r unde rstand  the  ro le  p layed  by the  Atlan tic Ocean  in  the  clim ate  system  especia lly 

the  Atlan tic Merid ional Overtu rn ing Circu la tion  (AMOC)

Obje ct ive -1: Deve lop  an  EO-based  OHC product ove r Atlan tic Ocean
● Method  based  on  space  geode tic m easurem ents (Altim e try & Gravim e try)
● To prope rly p rovide  the  p roduct unce rta in ty 

Ob je ct ive -2: Valida tion  and  scien tific activitie s
● Provide  Science  Case  Study focused  on  the  Merid ional Hea t Transport (MHT) in  the  North  

Atlan tic with  a  regiona l hea t budge t 
● To pe rform  independen t com parison  with  in  situ  da ta  for the  qua lity assessm ent

Ob je ct ive -3: Transfe r our re su lts to  im plem ent so lu tions for socie ty th rough  Use  Cases
● Clim ate  m onitoring and  p red icting com m unity 
● Opera tiona l com m unity (Copern icus)

Ob je ct ive s
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