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This talk is about building a global array of profiling floats with chemical and 
biological sensors.

How does it relate to UNOLS?



~18 months on UNOLS vessels: Cayuse, 
Velero IV, New Horizon, Sproul, Wecoma, 
Columbus Iselin, Point Sur, Atlantis II (and 
Alvin), Melville, Revelle, plus Navy, European, 
Canadian, MBARI ships

• UNOLS Fleet Improvement Committee 1990-1994

• UNOLS Chair 1994-1998



GO-BGC & SOCCOM rely 
on UNOLS!

Thompson, Revelle, 
Sally Ride, Kilo Moana, 
Atlantis, Armstrong, 
Sikuliaq, Palmer,
Ron Brown

Australia, Canada, 
Germany,
India, Japan,
Korea, New Zealand,
South Africa, Spain,
Russia, United Kingdom



In the future, “vessels will be support, not monitoring platforms”  Mel Briscoe, 2010.

Astronomers no longer go to the “observatory”.  Data comes to them from the observatory - 
think Hubble Space Telescope.

What does a global, BGC-Argo array mean for UNOLS? 

We can use ships more efficiently with a global network of sensors.  

Process-oriented studies can be more focused.

There will be an increasing amount of ancillary ship use to deploy platforms.

There may be a need for a new class of ships that just support deployments with reduced 
capital and operating costs.



https://climatereanalyzer.org/clim/sst_daily/ https://zacklabe.com/antarctic-sea-ice-extentconcentration/

20232023

Sea surface average temperature vs. day of year

There is an imperative to improve ocean observing!
Oceans are undergoing remarkable stresses: 
•   Warming  •   Acidification   •   Ice melt  •   Oxygen loss  •  Circulation changes 
•   Over fishing …



Yet the number of observations is decreasing.
Annual number of ship-based profiles (thousands) per year (NOAA World Ocean Atlas)
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Number of temperature 
profiles to >1000 m per 1° x1° 

bin

Ships last 100 years

Argo floats last 21 years

The Argo array has transformed physical oceanography!



Argo profiling floats 
with chemical & 
biological sensors

• Enough batteries for 
~250 cycles from 
2000 m to surface

• >5 year mean life at 
1 cycle/10 days

• All data available 
within 24 hours 
without restriction

We need a new approach to sustained ocean observations.
Robotic observations with Biogeochemical-Argo!



The 2016 Biogeochemical-Argo Science & Implementation 
Plan

• An international plan.

• 1000 profiling floats with 

– O2, pH, NO3
-, bio-optics

• Array size set by analysis of science 
requirements

• Data freely available in real-time.

• US provides 500 floats

http://biogeochemical-argo.org



Various assessments 
find that ~1000 floats, 
spread globally, greatly 
reduce uncertainty in 
BGC processes.



Southern Ocean Carbon and Climate 
Observations and Modeling (SOCCOM):
  
• Initiated in 2014 with NSF OPP funding.
• Renewed for four years (2021-2024)
• 270 floats deployed, 138 active.
• Oxygen, pH, nitrate, bio-optical sensors
• 176 peer-reviewed papers
• SOCCOM-3 proposal in review

• https://soccom.princeton.edu
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Global Ocean Biogeochemistry (GO-BGC) Array:  
• Oct. 29, 2020, NSF made a 5 year award 

for the GO-BGC Array

• 500 profiling floats GLOBALLY.

• O2, NO3
-, pH, bio-optics.

• Partner institutions:
• Monterey Bay Aquarium Research 

Institute
• University of Washington 
• Scripps Institution of Oceanography
• Woods Hole Oceanographic Institution
• Princeton University
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MSRI is one of NSF’s 10 Big Ideas

GO-BGC and Mid-Scale Research Infrastructure-2



SOCCOM and GO-BGC are the primary US contributions to BGC-Argo.

18 + nations deploying floats with 1 or more BGC sensors



BGC-Argo observations are nearly 
indistinguishable from high 

quality lab measurements, with 
greater temporal resolution.

BGC-Argo Floats

Ships (GLODAPv2)



BGC-Argo  floats enable year-round observing not possible from ships

Surface 500 m



500 mSurface

BGC-Argo floats provide a view into the ocean interior that is not possible with satellites



Floats can operate in the 
harshest environments, 
providing unequalled 
datasets.

Float 11090/WMO 
5905995 in the seasonal 
ice zone of the Weddell 
Sea

Particulate Org. Carb.



Float data enables long-term change to be observed across the open ocean

Zonal mean 
acidification rate 
consistent with 
the overturning 
circulation of the 
Southern Ocean

https://soccom.princeton.edu



Ion Sensitive Field Effect 
Transistor pH sensor

BGC-Argo floats with pH sensors 
can provide an estimate of pCO

2
.

WMO 5904856



Summer Winter

pCO
2
 – products are 

Machine Learning 
(Neural Networks) 
products fitted to 
SOCAT (Shipboard) pCO

2
 

observations 

Almost all SOCAT data is 
summer time.



GO-BGC Data quality
 

DMQC methods follow Maurer et al (2021)

Ship-board data is essential to validate float 
observations. Opportunistic contributions from 
GO-SHIP are key.



Underway observations from ships are essential to validate the pCO2 from floats.

SOCAT version 2023: An alarming decline 
in the ocean CO2 observing capacity
Dorothee Bakker

Number of monthly grid cells with fCO2



UNOLS vessels have dozens of 
cruises with pCO

2
 in the R2R, but 

almost none gets into the SOCAT 
database used for science analysis.



Data that does migrate to SOCAT 
seems to only come from GO-SHIP 
cruises where there is a science PI 
responsible.



Surface CO
2
 Measurements from Research Vessels (UNOLS)

Opportunities (rik.wanninkhof@noaa.gov)

� Automated surface water CO
2
 measurements (Underway pCO

2
) are the cornerstone of global air-sea 

CO
2
 flux estimates

� As part of SOCONET, measurements will be increased with uniform high-quality data to improve 
products and product delivery to meet the WMO-Greenhouse-Gas watch (G3W) deliverables

� Research vessels are uniquely positioned to contribute:
 -Onboard expertise: Marine technicians
- Required infrastructure (scientific seawater line, thermosalinographs, MET sensors, internet   

             controlled, laboratory environments)
- Sampling of data in sparse regions of the ocean 

� Value added: Observations can be used for checks/validation of other data (e.g. BGC Argo) and 
contribute to many contemporaneous biogeochemical studies (O

2
/Ar, NCP, plankton)

� Several (≈4) of the new RVs are being outfitted with state-of-the art systems (General Oceanics)

 

Current measurements
Red NOAA

Example of product:  Fluxes for July 2020
G3W objectives



� Automated underway pCO
2
 instruments are complex

� Require training in operation
� Systems need routine maintenance and checks (≈ 20 minutes/day)
� Systems require extra attention for startup and shutdown (≈ 4 hours each cruise)
� Requires shoreside support for assistance in more complex issues 
� Data reduction, quality control, and submission requires special expertise
� Oversight is beneficial 

Systems have successfully operated on UNOLS vessels (e.g Thompson, Walton Smith, 
Sikuliac, Revelle) on GO-SHIP and coastal cruises by the NOAA SOOP-CO

2
 program 

Surface CO
2
 Measurements from Research Vessels (UNOLS)

Challenges

Setup of GO system on the Walton SmithUW pCO
2
 data from UNOLS ships in SOCAT



Surface CO
2
 Measurements from Research Vessels (UNOLS)

Approach, Requirements and Resources (rik.wanninkhof@noaa.gov)

UW pCO
2
  data from over 200 

cruises from the BROWN have 
been submitted to SOCAT 

Approach:
� Follow example of NOAA Ship Ronald H Brown: operations since 1998
� Close interaction of marine techs on ship with shoreside experts
� Marine techs take responsibility of operations at sea
� Shoreside experts responsible for remote assistance, data reduction, QC and delivery
� Uniform instrumentation and infrastructure 
Requirements:
� Dedication and commitment from all parties
� Support from home institutions and command of ships
� Interaction between marine techs on ships and shoreside experts (communal 

knowledge)
Resources:
� Instrument and infrastructure (≈ $150 K) (already available on several UNOLS RVs)
� Annual maintenance (≈ $10-20 K)
� Personnel time total ≈ 1 mo/yr marine tech ; 1-3 mo/yr shoreside expert for support 

and data reduction
NOAA’s SOOP-CO

2
 group interested in collaborating in a UNOLS UW pCO

2
 program



Rik Wanninkhof, NOAA AOML (rik.wanninkhof@noaa.gov)

Todd Martz, SIO (trmartz@ucsd.edu) has expressed interest

mailto:rik.wanninkhof@noaa.gov
mailto:trmartz@ucsd.edu




GO-BGC & SOCCOM data are freely available in real time 



GO-BGC Outreach Efforts
• MATE Floats! In the ROV Challenge

- Marine Advanced Technology and 
Education (MATE) II 

• Adopt-a-Float Program
- each float is paired with a classroom

• Educator Workshops 
www.mbari.org/EARTH

• Researcher Workshop - June 28/30

• MakerSpace (UCSD-SIO)

http://www.mbari.org/EARTH


ADOPT A 
FLOAT

Schools in 45 states, many countries have  
adopted floats.



In the future, “vessels will be support, not monitoring platforms”  Mel Briscoe, 2010.

A new class of ships can be small to control costs.  

E.g., 28 meter R/V Kaharoa has deployed more than 2000 Argo floats.

 36 m Kaharoa II replacement is in construction that will enable deployments further south.



First science mission of MBARI’s new R/V David Packard will be 
deployment of GO-BGC profiling floats on its delivery voyage (Feb. 2024)



Ocean color, SST, Altimetry, LIDAR

GO-BGC, SOCCOM, BGC-Argo are at the cross-roads of ocean observing.  They make 
observing with ships and satellites better.  They don’t  replace them.






