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Mean temperature trend 
 

Global             Southern Ocean 
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Observational estimate of the 50-year (1960 to 
2010) oxygen change 

Oschlies et al 2018 
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Meridional Overturning Cell 
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Scientific and technological objectives 
 Deployment of 23 Deep-Arvor floats with oxygen 

sensor in the North-Atlantic Ocean 
 

 Implement a pilot experiment for O2 and deep data 
§ Implement the corresponding data stream at 

international level 
§ Prepare the future international Deep-Argo and 

Argo-O2 array 
 

 Technological objective: Demonstrate the capacity of the Deep-Arvor float at 
acquiring deep (below 2000m depth) and oxygen data of high-quality 
 

 Scientific objective : Investigate deep convection and deep water mass circulation and 
mixxing in order to investigate the input and propagation of climatic anomalies within 
the ocean interior 
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Implementation and floats performances 

 The NAOS Deep-Arvor floats were deployed in the North-Atlantic 
Ocean, in complement to other deployments 

 2 floats were deployed in the Southern Ocean 
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Implementation and floats performances 

 Back and forth between at sea experiments and improved 
technology  

 Improvments of both platforms and software over the duration of 
the project 
§ Mean life time of 47 cycles (about 120 expected) for the first batch 

of float deployed before 2018  
§ Floats deployed since 2018 are still active and have already 

exceed the mean life time of the first batch. 
 
 

First batch (deployed in 2017) Second batch (deployed in 2018) 
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6902882 6902814 
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Data management and qualification:  
Investigation of the quality of the 

conductivity/salinity data 
 Comparaison of the first float profile with a calibrated reference CTD 

case 

Salinity difference between Argo and the 
reference profile as function of pressure 

Le Traon et al, 2020 
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Data management and qualification:  
Investigation of the quality of the 

conductivity/salinity data 
 Comparaison of the first float profile with a calibrated reference CTD 

case 

Offset Slope 

Le Traon et al, 2020 
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Data management and qualification:  
Investigation of the quality of the 

conductivity/salinity data 
 Comparaison of the first float profile with a calibrated reference CTD 

case 

Kobayashi, Sato, and King (submitted) 

Le Traon et al, 2020 
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Data management and qualification:  
Investigation of the quality of the 

conductivity/salinity data 
 Comparaison of the first float profile with a calibrated reference CTD 

case 

Le Traon et al, 2020 

§ Attributed to an incorrect value of the 
compressibility conductivity cell 
coefficient (Cpcorr) in Seabird 
equation 

§ NAOS team is included in the 
international working group that 
addresses this issue. The team 
suggests a new Cpcorr of about -
13.5 e-08 (the current value is -
9.57e-08). 
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Data management and qualification 
 One major contribution of the NAOS project is its implementation 

of the procedure for managing oxygen data in the Argo data 
stream  
 

Thierry, et al (2018)  

Thierry et al. , 2020 

Bittig, et al (2018).  

Thierry et al. , 
2018 
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Scientific analyses  
Investigate ISOW pathways, mixing and variability with 

Deep-Arvor floats 
Circulation scheme in the deep layers (σ0=27.8),  

Daniault et al. 2016 

Sarafanov et al, 2007 
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Scientific analyses  
Investigate ISOW pathways, mixing and variability with 

Deep-Arvor floats 
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Investigate ISOW pathways downstream of Charlie-Gibbs 
Fracture Zone 

Racapé et al, 2019 
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Investigate ISOW pathways downstream of Charlie-Gibbs 
Fracture Zone 

Racapé et al, 2019 
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Deep convection in the Irminger and Labrador Sea 

Piron et al, 2017 

Winter 2014-2015 MLD  
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Labrador Sea would be a net sink for atmospheric 
oxygen 

Wolf et al, 2018 
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Conclusions and perspectives:  
Data quality 

SBE41 
Concerto RBR SBE61CP 

 We demonstrated the value of the Deep-Argo data 
 To go further, we designed the three-head Deep-Arvor floats 
§ Sensors intercomparison 
§ Long-term stability 
§ Two three-head Deep-Arvor floats should be deployed in 2020/2021 

(H2020 Euro-Argo RISE project)  
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Conclusions and perspectives:  
Scientific results 

§ Piron et al, DSR, 2016 
§ Le Reste et al, JAOT, 2016 
§ Piron et al.,GRL,2017 
§ Wolf et al, GBC, 2018 
§ Racapé et al., JGR, 2019 
§ Roemmich et al., FMS, 2019 
§ Bittig et al., FMS, 2019 
§ Zunino et al., OS, 2020 
§ Le Traon et al., FMS 2020 
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Investigate ISOW pathways downstream of Bight Fracture 
Zone 

T. Petit, V. Thierry, H. Mercier 
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Hydrography (OVIDE, RREX) + Deep Argo + OSNAP moorings 
 
post-doc Eva Pietro Bravo, H2020 Euro-Argo RISE 

Interannual and decadal variability of ISOW 
E. Pietro-Bravo, D. Desbruyères, V. Thierry 
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Conclusions and perspectives:  
Towards a sustain Deep-Argo array 

 Results gained from NAOS where shared 
among the international communities  
 

 They contributed at defining the new Argo 
program that is now global in extent, full depth 
and multi-disciplinary (Roemmich et al., 2019) 
and the European strategy  
 

 Deep Argo component : 1250 active Deep Argo 
floats at 5°x5° spacing (Johnson et al., 2015) 
and cycling every 10 days 
 

 Mixture of 4000 m and 6000 m floats to 
monitor, in a cost-effective manner, both the 
deep layer (2000-4000 m) and the abyssal layer 
(> 4000m) 
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Towards a sustain Deep-Argo array 

 The transition from regional pilot array to global array :  
§ maintenance and expansion of the spatial domain of the existing regional pilot 

array; 
§ initiation of new regional arrays, starting with areas where the deep layers are 

believed to undergo substantial decadal changes, seasonal cycles, or other 
variability, and that are close to deep-water and bottom-water formation sites. 
 

 France will follow those principles 
§ Maintain the Deep-Argo array in the North-Atlantic and extends it southward 
- Contribute in other locations (eg. Southern Ocean) 

 

Le Traon et al, 2020 
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Change in Global Energy Inventory



(IPCC, 2013)
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L’océan joue un rôle de modérateur du changement climatique en absorbant une majeure partie de l’excès de chaleur du à l’augmentation de l’effet de serre. Quantifier et comprendre la réponse de l’océan au forçage anthropique est donc devenu une priorité des sciences du climat et c’est pourquoi cette dernière décennie a été marquée par un effort sans précédent pour développer et consolider les systèmes d’observation de l’océan. Effort dans lequel le LOPS/LPO a largement contribué.

Les éparses de données éparses montrent une pénétration des anomalies de contenu thermique en profondeur ce qui plaide en faveur de l’extension des réseaux d’observations au-delà de 2000m de profondeur.







Temperature trends in m°C/decade from the 1990s to the 2000s (Kouketsu et al, 2011; Purkey and Johnson, 2010)





27-28/04/2016

Euro-Argo ERIC - 1st STAG meeting
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Mean temperature trend



Global             Southern Ocean
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Clear warming signal below 4000 m depth

Sign and amplitude of the temperature trend is uncertain in the 2000-4000 m due to large regional differences and uncertainties: 



Need to sample the global ocean
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Observational estimate of the 50-year (1960 to 2010) oxygen change



Oschlies et al 2018





Marine Core Service

Meridional Overturning Cell
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Les projections climatiques du GIEC suggèrent un ralentissement de la MOC  plaide pour des réseaux d’observation qui au delà des propriétés des masses d’eau soient capables de quantifier les variations intégrées de circulation mais également pour des études permettant de comprendre les mécanismes de variabilité de la circulation grande-échelle.









Scientific and technological objectives

Deployment of 23 Deep-Arvor floats with oxygen sensor in the North-Atlantic Ocean



Implement a pilot experiment for O2 and deep data

Implement the corresponding data stream at international level

Prepare the future international Deep-Argo and Argo-O2 array





Technological objective: Demonstrate the capacity of the Deep-Arvor float at acquiring deep (below 2000m depth) and oxygen data of high-quality



Scientific objective : Investigate deep convection and deep water mass circulation and mixxing in order to investigate the input and propagation of climatic anomalies within the ocean interior
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Implementation and floats performances

The NAOS Deep-Arvor floats were deployed in the North-Atlantic Ocean, in complement to other deployments

2 floats were deployed in the Southern Ocean
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Implementation and floats performances

Back and forth between at sea experiments and improved technology 

Improvments of both platforms and software over the duration of the project

Mean life time of 47 cycles (about 120 expected) for the first batch of float deployed before 2018 

Floats deployed since 2018 are still active and have already exceed the mean life time of the first batch.









First batch (deployed in 2017)

Second batch (deployed in 2018)
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6902882







6902814
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Back and forth between at sea experiments and improved technology is what we expect from a pilot experiment and a project like this

And explains why 4 floats remain to be deployed





Faire le QC O2 !
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Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case



Salinity difference between Argo and the reference profile as function of pressure

Le Traon et al, 2020





Marine Core Service

Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case





Offset

Slope

Le Traon et al, 2020
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Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case







Kobayashi, Sato, and King (submitted)

Le Traon et al, 2020
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Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case



Le Traon et al, 2020

Attributed to an incorrect value of the compressibility conductivity cell coefficient (Cpcorr) in Seabird equation

NAOS team is included in the international working group that addresses this issue. The team suggests a new Cpcorr of about -13.5 e-08 (the current value is -9.57e-08).
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Data management and qualification

One major contribution of the NAOS project is its implementation of the procedure for managing oxygen data in the Argo data stream 







Thierry, et al (2018) 



Thierry et al. , 2020



Bittig, et al (2018). 

Thierry et al. , 2018
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Activity integrated in BGC-Argo and conducted in close collaboration with international partners
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Scientific analyses 

Investigate ISOW pathways, mixing and variability with Deep-Arvor floats







Circulation scheme in the deep layers (σ0=27.8), 

Daniault et al. 2016

Sarafanov et al, 2007
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Scientific analyses 

Investigate ISOW pathways, mixing and variability with Deep-Arvor floats
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Red points represent the three locations where the Deep-Argo floats were deployed.: 5 in the Charlie Gibbs Fracture Zone, 3 in the Bight Fracture Zone, 4 in the Imringer Sea. The floats are programmed to drift at the level of the ISOW core: 2100 dbar in the Irminger Sea and BFZ, and 2750dbar in the CGFZ.



Deep circulation remains largely unknown

We deployed 14 Deep-Arvor floats in the North-Atlantic Ocean to investigate ISOW pathways through fracture zones in the Mid-Atlantic Ridge and in the Irminger Basin

ISOW, a main component of the lower limb of the MOC in the North-Atlantic
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Investigate ISOW pathways downstream of Charlie-Gibbs Fracture Zone

Racapé et al, 2019
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Investigate ISOW pathways downstream of Charlie-Gibbs Fracture Zone

Racapé et al, 2019
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Deep convection in the Irminger and Labrador Sea





Piron et al, 2017

Winter 2014-2015 MLD 
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Labrador Sea would be a net sink for atmospheric oxygen

Wolf et al, 2018
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Conclusions and perspectives: 

Data quality



SBE41



Concerto RBR

SBE61CP





We demonstrated the value of the Deep-Argo data

To go further, we designed the three-head Deep-Arvor floats

Sensors intercomparison

Long-term stability

Two three-head Deep-Arvor floats should be deployed in 2020/2021 (H2020 Euro-Argo RISE project) 
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Conclusions and perspectives: 

Scientific results

Piron et al, DSR, 2016

Le Reste et al, JAOT, 2016

Piron et al.,GRL,2017

Wolf et al, GBC, 2018

Racapé et al., JGR, 2019

Roemmich et al., FMS, 2019

Bittig et al., FMS, 2019

Zunino et al., OS, 2020

Le Traon et al., FMS 2020











Marine Core Service

Investigate ISOW pathways downstream of Bight Fracture Zone

T. Petit, V. Thierry, H. Mercier
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Hydrography (OVIDE, RREX) + Deep Argo + OSNAP moorings

post-doc Eva Pietro Bravo, H2020 Euro-Argo RISE





Interannual and decadal variability of ISOW

E. Pietro-Bravo, D. Desbruyères, V. Thierry
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9/16/20
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Conclusions and perspectives: 

Towards a sustain Deep-Argo array



Results gained from NAOS where shared among the international communities 



They contributed at defining the new Argo program that is now global in extent, full depth and multi-disciplinary (Roemmich et al., 2019) and the European strategy 



Deep Argo component : 1250 active Deep Argo floats at 5°x5° spacing (Johnson et al., 2015) and cycling every 10 days



Mixture of 4000 m and 6000 m floats to monitor, in a cost-effective manner, both the deep layer (2000-4000 m) and the abyssal layer (> 4000m)
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Towards a sustain Deep-Argo array

The transition from regional pilot array to global array : 

maintenance and expansion of the spatial domain of the existing regional pilot array;

initiation of new regional arrays, starting with areas where the deep layers are believed to undergo substantial decadal changes, seasonal cycles, or other variability, and that are close to deep-water and bottom-water formation sites.



France will follow those principles

Maintain the Deep-Argo array in the North-Atlantic and extends it southward

Contribute in other locations (eg. Southern Ocean)





Le Traon et al, 2020
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These pilot experim

in order to also contribute to the core Argo program. 

ents demonstrated the feasibility of a Deep Argo array and contributed to defining the new Argo program 
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