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Remote sensing and autonomous 
observations of ocean carbon and particles



the Ocean’s biological sequestration of 
atmospheric CO2
Lowers atmospheric CO2 levels by 
~200 ppm(1) 

Pump metrics are under-constrained(3-5) 

Poor mechanistic understanding(5)

Uncertainty range in carbon flux is as large as emissions

(5) Boyd et al. (2019)

(3) Siegel et al. (2016) (4) Berelson et al. (2007)(1))Volk and Hoffert (1985) (2) Friedlingstein et al. (2022)

Anthropogenic emissions=10.2 Pg C/y
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Flux is strongly reduced with depth (by 72 − 97%) 

Flux reduction:  drivers?



Measuring Carbon flux by intercepting sinking particles with traps at discrete depths 
> require intensive ship-support, give (seasonally biased) snapshot of Carbon flux
> critical undersampling of the BCP
> extrapolating sparse observations leads to large uncertainties in basic BCP metrics

*Torres-Valdez et al. 2014 (Earth Syst Sci Data)

Traditional observations of the biological carbon pump

Number of flux observations since 1982 (log 
scale). Total: Corg~ 5000, for CaCO3 ~ 3000 *



1. Phytoplankton biomass(1), 
size(1), and productivity(2)

2. Sinking particles(3)

*Johnson and Claustre, 2016: BGC-Argo Science and implementation plan

Core BGC-Argo variables* all 6 variables

bgc-argo network of autonomous profilers

09/2022: 462 active profilers; target size = 1000 by 2025 

Recent (>2010) extension of Argo profilers with biogeochemical sensors
Greatly increase the sampling frequency and resolution of key variables of the BCP:

(1) Rembauville et al. (2017, JGR); (2) Yang et al. (2021, JGR); (3) Briggs et al. (2021, Science); (4) Estapa et al. (2019, GBC);  (5) Picheral et al. (2021, L&OM)
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bgc-argo network of autonomous profilers



Bgc-argo Science highlights

(Science, 2020)

(Nature Comm., 2020)

(2017)

Chla in large particles

Chla in small particles

> Sampling in difficult to access ocean areas 

> Continous sampling > alleviating seasonal bias of traditional methods



1. Phytoplankton biomass(1), 
size(1), and productivity(2)

2. Sinking particles(3)

3. Carbon flux(4)

4. Zooplankton biomass and 
composition(5)

5. Which Carbon? Corg , CaCO3

*Johnson and Claustre, 2016: BGC-Argo Science and implementation plan

Core BGC-Argo variables* all 6 variables
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CaCO3Corg

Neukermans et al. (in press, Earth Sci. Rev.)
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Robotic ocean profiler
(BGC-Argo type)

Autonomous observations of CaCO3 and Corg stocks 
and flux 
+ core BGC-Argo variables: T, S, depth, O2, pH, 
irradiance, Chl-a, backscatter

Deploy a pilot array of 6 profilers in 3 ocean 
provinces during 3-5 years
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Selected ocean provinces

Develop novel optical sensor for CaCO3 (PIC)
Depolarization of near-forward scattered light(1) 

0.02        0.10                        1.00

(1) Neukermans and Fournier (2022). International Patent WO/2022/002939.

Building a BioGeoChemical-Argo pilot array with 
new observational capabilities

(Current project phase)



Take home messages

BioGeoChemical-Argo profilers are driving a transformative shift in our understanding of the BCP 
(close observational gaps, improve BCP quantitative and mechanistic understanding).

Observational capabilities of the Argo Program are expected to further expand as new autonomous 
sensors are being developed (e.g. Corg and CaCO3  sensors) and platforms become more performant.

BioGeoChemical-Argo profilers are emerging as a cost-effective tool to monitor changes in the BCP, 
ocean metabolism, deoxygenation, and ocean acidification. 

The BCP is a critical -but poorly quantified and understood- component of the ocean carbon cycle.

Roemmich et al., 2019

Argo Steering Team Vision document for implementation 
of the OneArgo Program. 

Objective: assessment of the state and variability of the 
climate system with respect to physical, biogeochemical, 
and ecosystems parameters of the ocean. 


