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Oceans are undergoing 
remarkable stresses: warming, 
acidification, nutrient supply, 
melting ice, circulation 
changes…. 
Who’s looking systematically? 





Argo transformed global-scale oceanography into 
global oceanography. 

~140 years of ship obs.: 530,000  T/S 
profiles > 1000 m 

Argo: 1,450,000 T/S profiles 1999 to 2015. 
5 years of August Argo T/S profiles (2008-2012). 

All August T/S profiles  (> 1000 m, 1951 - 2000). 

The World Ocean Circulation Experiment was 
a global survey of 8,000 T/S profiles in 7 years 
(1991-1997). 
 
Argo is a global survey of 12,000 T/S profiles 
every month. 

Argo Floats Do Not Mind Bad Weather 

Courtesy H. Freeland 





Biogeochemical-Argo is the extension of the Argo array to 
include floats with biogeochemical sensors for:  
• pH,  
• oxygen,  
• nitrate,  
• chlorophyll,  
• suspended particles,  
• and downwelling irradiance. 

 
There is real-time, public data access.   
BGC-Argo floats generally follow the Argo mission:  1000 m 
park depth, 5 to 10 day cycle time, profile from ~2000 m. 



Biogeochemical sensors now available. 
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15 nations deploying BGC floats 



Project finished, see J. Mar. 
Res. 2016 papers 



SOCCOM Floats (surface data) 

• 76 floats in the water, 11 more this season 
• ~100 more over next 3 years 
 



             SOSE       SOCCOM Floats 



World 
Ocean 
Database 
2013 
 
OSD = 
Ship-
based 
profiles 



Johnson et al., 2015, J. Atm. Oceanic Technol. 

Data from US National 
Ocean. Data Center 



Table 1.  Profiles to depth > 900 m. 

Parameter Ship Profiles  

per year 

(2001-2010) 

BGC-Argo Profiles  

per year 

(2016) 

BGC-Argo 
/Ship 

 

Oxygen 1730 11332 6.5 

Nitrate 1231 3835 3.1 

pH direct 460 1862 
 

4.0 

pH 
(TA/DIC) 

540   3.4 

Source US NODC Argo GDAC 

BGC-Argo has become the dominant source of deep ocean 
biogeochemical data! 

  



Within the Argo program, the BGC-Argo task team acts as a scientific 
committee of BGC-Argo national representatives, which provide 
recommendations and guidance for the progressive development 
and implementation of a BGC-Argo program. More specifically, its 
terms of reference are to: 
 
• Develop and update the BGC-Argo science plan with respect to 

regional pilot projects and to a global network. 
• Coordinate the implementation plan, in particular to optimize the 

various national efforts. 
• Interact with other task teams (e.g. “marginal Seas”, “polar areas”). 

Outcome of Argo Steering Team Mtg. 15: The BGC-
Argo Task Team Term of references 



US Ocean Carbon & Biogeochemistry  
Scoping Workshop 

28-30 April 2009, Moss Landing, USA   
 



IOCCG sponsored working group 
 



Various community white papers 

WG 142 Quality Control Procedures for 
Oxygen and Other Biogeochemical Sensors 
on Floats and Gliders  



Planning for a global network 
Meeting in Villefranche-sur-Mer, 11-13 January 2016.   

Science plan and 
implementation 
discussion 

8 Nations 
represented   



Biogeochemical-Argo topics 

Research topics 
• Carbon uptake 
• OMZs and nitrate cycling 
• Acidification 
• Biological carbon pump 
• Phytoplankton communities 

 
Management topics 
• Living marine resources 
• Carbon budget verification 

http://biogeochemical-argo.org 

http://biogeochemical-argo.org/


Biogeochemical-Argo core variables 

• O2 

• NO3 

• pH 
• Chla 
• Suspended particles 
• Downwelling irradiance 

 
Sensors well tested and 
understood. 

http://biogeochemical-argo.org 

http://biogeochemical-argo.org/


Ocean color, SST, Altimetry, LIDAR 

Biogeochemical-Argo is at the cross-roads of ocean observing.  It 
will enable a transformation in ocean understanding. 

 
Global Ocean Ship-based Hydrographic 

Investigations Program 
 



BGC-Argo must work in synergy with other 
components of the global observing system 

26 

 Benefits of a coupled approach: 
 OC satellites “see” only the 1/5 of 

the euphotic layer => Profiling floats 
bring vertical dimension 

 Profiling floats bring observations 
under cloud cover or no light 
conditions 

 Remote sensing provides 
extrapolation to the global ocean 
 

 

 Floats and ocean color share key 
biogeochemical variables (matchups & 
validation): 
 Chla 
 bbp (POC) 
 Kd 
 CDOM 

(y) 

BGC-Argo profiling float: Vertical dimension 

(z) 

(x) 

Satellite: Global scale 

 3D/4D OCEAN BIOGEOCHEMISTRY 



Float 9095 

Float 9254 
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Float 9092 

BGC-Argo dependent on GO-SHIP for high 
quality data used to assess calibration 





Undersampling of pCO2 
Months of year with surface pCO2 measurements based on 
all measurements between 1970 to 2011  binned in 1° 
squares. 
White = no data 

Bakker et al. (2014) 



Defining array size 



Assessment Global Array Size 
Southern Ocean OSSE 
extrapolated to global scale 

700 

Global OSSE of air-sea CO2 flux 1000 

Satellite chlorophyll 
reconstruction 

1000 

Diss. Inorganic Carbon/nutrient 
decorrelation length scales 

1800 

    
Mean of all assessments  1000 

Sustaining a 1000 float array will require 
~250 floats/year 



Table 2.  Biogeochemical-Argo system costs* 

Item Capital cost Total cost (capital + data transmission + 
data processing and QC). 

Core Argo T/S 
float 

$22,000 
  

$33,000 

Add O2 to Argo $7,000 $10,200 
Add nitrate $24,000 $31,000 
Add biooptics 
(Chl, BB, Ed) 

$17,000 $20,200 

Add pH $10,000 $13,200 
Cost per float $80,000 $107,600 
      
  Floats/year Program Cost/year 
 US share (1/2) 125 $13,450,000 
 Complete array 250 $26,900,000 

* Capital costs of components are estimates of current market price.  
Total cost for a core Argo float was estimated as US Argo budget of 
$10,000,000/year/300 floats/year.  Operating costs for additional 
sensors were estimated from Gruber et al. (2007) for O2, and a 
similar cost was applied to biooptics and pH.  Nitrate is more 
complex and its operating cost was doubled, relative to oxygen. 



Major US facility costs*: 

•  US Deep-Sea Drilling Program order of $58 
million/year. 

•  Academic research fleet $83 million/year just at 
NSF. 

•  One Global Class ship order of $40,000/d x 250 
days/y = $10 million/year. 

•  Ocean Observatory Initiative (OOI) $386 million 
capital and ~$45 million/year to operate. 

*Compiled from NRC Sea Change report 
and NSF response. 



http://biogeochemical-argo.org 
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