
On the future of Argo: A 
global, full depth, and 
multi-disciplinary array
OO’19 CWP by the international Argo community 
and Argo Steering Team

Journées LEFE/GMMC 2019, 12-14 juin, Toulon



International 
community

Dean Roemmich, Matthew H Alford, Hervé CLAUSTRE, 
Kenneth S Johnson, Brian King, James Moum, Peter Robin 
Oke, W. Brechner Owens, Sylvie Pouliquen, Sarah Purkey, 
Megan Scanderbeg, Toshio Suga, Susan Elizabeth Wijffels, 
Nathalie Zilberman, Dorothee Bakker, Molly O'Neil Baringer, 
Mathieu Belbeoch, Henry C. Bittig, Emmanuel Boss, Paulo 
Calil, Fiona Carse, Thierry Carval, Fei Chai, Diarmuid O 
Conchubhair, Fabrizio D'Ortenzio, Giorgio Dall'Olmo, 
Damien Desbruyères, Katja Fennel, Ilker Fer, Raffaele 
Ferrari, Gael Forget, Howard Freeland, Tetsuichi Fujiki, 
Marion Gehlen, Blair Greenan, Robert Hallberg, Toshiyuki 
Hibiya, Shigeki Hosoda, Steven Jayne, Markus Jochum, 
Gregory C Johnson, Ki-Ryong Kang, Nicolas Kolodziejczyk, 
Arne Koertzinger, Pierre Yves Le Traon, Yueng-Djern Lenn, 
Guillaume Maze, Kjell Arne Mork, Tamaryn Morris, 
Takeyoshi Nagai, Jonathan Nash, Alberto Naveira 
Garabato, Are Olsen, Rama Rao Pattabhi, Satya Prakash, 
Stephen Riser, Catherine Schmechtig, Emily Shroyer, 
Andreas Sterl, Philip Sutton, Lynne Talley, Toste Tanhua, 
Virginie Thierry, Sandy Thomalla, John Toole, Ariel Troisi, 
Tom Trull, Jonathan David Turton, Pedro Joaquin 
Velez-Belchi, Waldemar Walczowski, Haili Wang, Rik 
Wanninkhof, Amy Waterhouse, Andrew Watson, Cara 
Wilson, Annie P. S. Wong, Jianping Xu and Ichiro Yasuda

78 authors
51 institutes
21 countries

France contribution:

12 authors, 2 leading
Ifremer, CNRS, Univ. de Brest et 
Sorbonne
LOPS, LOV, LSCE





Argo key achievements

The infrastructure

+15 800 floats deployed

+3 000 monthly active 
floats since 2007

Global coverage, 350 
ships mobilised

32 float models, 20 
sensor manufacturers

The data

2.1 millions of 
Temperature/Salinity 
profiles

Open, free & live data 
stream

100% quality controlled

11 coordinated Data 
Centers

The science

3613 research papers

1 paper/day since 2014

Essential to any ocean 
state reports

Essential to ocean model 
evaluation and 
development



A new array to reach new scientific 
frontiers



49%
The fraction of ocean volume NOT observed by Argo



The deep ocean, 
below 2000m, 
remains largely 
unknown away from 
sparse hydrographic 
sections and 
mooring sites

De Lavergne et al, Nat., 2016

Measurements 
coverage in 

CORA



The deep ocean, 
below 2000m, 
remains largely 
unknown away from 
sparse hydrographic 
sections and 
mooring sites

Deep Argo’s scientific objectives are:

● to close the Earth’s budgets of heat 
and freshwater, 

● to assess the steric contribution to 
sea level rise,

● to improve our understanding of 
full-depth ocean circulation and 
water-mass transformation in the 
ocean interior, 

● and to reduce uncertainties in 
coupled atmosphere-ocean models, 
reanalyses, and predictions



26%
The fraction of the anthropogenic carbon released to the atmosphere that is 
currently taken up in the ocean



Regional and 
global scale 
understandings 
of ocean 
biogeochemistry 
are missing

Changes produced by ocean warming, 
acidification, and deoxygenation will 
influence ecosystem functioning, and these 
changes may result in significant economic 
and non-economic costs to society

BGC Argo’s scientific objectives are:

● to constrain processes controlling 
global oxygen, carbon and nitrogen 
distributions,

● to monitor ocean acidification,
● to quantify the strength of the 

biological carbon pump and its 
variability

● to support initialisation and 
validation of biogeochemical 
models, reanalyses, and predictions.



Major research and management topics and sensors 
applicable to topics

http://biogeochemical-argo.org

To reach these objectives, BGC-Argo will 
implement the monitoring of 6 variables

http://biogeochemical-argo.org


Developing
Deep-Argo & BGC-Argo



2010.06

Equipex NAOS
To consolidate and improve the French 
contribution to the international Argo 
observing system and to prepare the next 
scientific challenges for in-situ monitoring of 
the world ocean

2011.06

ERC REMOCEAN
To address the causes of variability in the 
so-called biological oceanic pump in key oceanic 
areas. Development of profiling floats to measure 
oceanic variables essential for the 
characterization of phytoplankton dynamics and 
related carbon fluxes

2012.12 2014.05

1st operational 
Deep-Arvor float

2019.03

AST endorses new 
design including Deep 
and BGC extensions1st operational 

Provor-BGC float

France leading efforts



Worldwide efforts with key leadership

Along with France, the Deep-Argo technology was furthermore developed in the USA (SIO and Univ. 
Washington) and Japan (JAMSTEC) while the BGC technology was also developed in the USA (SIO, 

MBARI, Princeton…)

Successful pilot experiments initiated in the Pacific, Atlantic and Southern Ocean

Several workshops, community white papers and 
implementation plans published over the last 10 years.

Extension developments were fully explained, 
motivated and reported on an annual basis to the Argo 

Steering Team and Argo Data Management Team. 

This muted into an iterative process ultimately leading 
to the extensions readiness to fully integrate with the 

Argo historical mission.

Projects

AST & ADMT

Operational



Deep-Argo first results

Racape et al, 2019

Deep-Arvor deployed in the North Atlantic subpolar gyre 
Charlie-Gibbs Fracture Zone



Deep-Argo array as of today: 80 active floats, 49 planned Target: 1200 floats



BGC-Argo first results

Ardyna et al, Nat., 2016

Improved 
understanding of 

blooms in iron 
limited regions

Hydrothermal vents 
trigger massive 
phytoplankton 
blooms in the 

Southern Ocean

More bibliography at:
http://www.argo.ucsd.edu/Bibliography_BGCArgo.html



BGC-Argo array as of today: 361 active floats, 47 planned Target: 1000 floats



Challenges deep-dive

Sustainability

Make the core Argo 
mission a long term 
success
Secure operations funding

Improve float performances

Sustain quality sensor 
procurements

Maintain reliable and responsive 
Data Centers

Going deep

Accurately observe the 
full water-column
Ensure large production of robust 
and cost-effective deep floats

Procure the array with accurate 
and stable sensors, to the WOCE 
quality standards

Develop specific quality control 
procedures

Going green

Entail a new 
oceanographic 
revolution
Ensure large production of 
reliable and cost-effective BGC 
floats and sensors

Create quality control procedures 
from scratch 

Strong national commitments for implementation



A framework for new developments 
and further extensions



The Argo 
community is 
preparing for 
even more

Argo is constantly working on new end user services to 
better fulfill their needs
Eg: the new CMEMS In Situ TAC web service, see poster #55

The Argo Data Management Team is implementing a 
framework to make Argo data: 

Data management and distribution



The Argo 
community is 
preparing for 
even more

As new sensors develop, new 
opportunities arise

In the CWP a new enhancement is 
suggested for possible future inclusion in 

Argo, consisting of: 
direct shear and scalar microstructure 

(turbulence) measurements

Shroyer et al, Oc. 2016



The Argo 
community is 
preparing for 
even more
Improved resolution in critical regions

● Seasonal Ice zones. Float reliability in the sea-ice 
zone has been shown. But a remaining challenge 
is the accurate estimate of location.

● Marginal Seas. Operating a float array in 
enclosed seas has been shown to be feasible, 
and will require a modest amount of floats. 
However, implementation requires active and 
strong logistical and political support from 
coastal

● Tropical enhancements. Heavily rely on moorings 
difficult to sustain. Securing observations of 
these regions require a double Argo density.

● Western Boundary Currents enhancements. With 
high levels of mesoscale variability, a double Argo 
density in WBC is a first step to better constrain 
the variability of these circulation choke points.



Impact

Improved ocean knowledge

Enlarge user community

Strengthen link with society

From 3000 to 4700 active floats
2500 core, 1200 Deep, 1000 BGC

From 2 to 8 parameters

Double observed volume



How to 
support the 
new Argo 
design ?

● Engage with the Argo community
● Talk about it
● Ask GMMC to deploy new type of floats
● Help us to lobby for recurrent funds
● Use the data 
● Cite Argo DOI (10.17882/42182)





Argo-France: activities
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Experts ad hoc

Argo-France: governance



BGC-Argo first results

Barbieux et al, Biog., 2019

Improved regional understanding through 
basin scales studies

Deep chlorophyll maximum 
formation mechanisms

Provor-BGC floats deployed within 
Equipex NAOS project


