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2Before Argo (1999) : A Century of Undersampling

“If I were to choose a single phrase  to characterize the 
first century of modern Oceanography it would be a 
century of undersampling”

MUNK, 2000: Oceanography 
before , and aft e r, t he  advent  
of sat e llit e

“Establish the World Ocean Observing System [WOOS], 
a facility capable of monitoring the global ocean…..”, 
“….Using a fleet of small neutrally-buoyant floats called 
Slocum….”
Each day we get about 3000 CTD profiles from our 
Sentinel fleet”…..

STOMMEL 1989: The  slocum
mission. Oceanography



3From Argo to BGC-Argo : Expanding the Vision

Archive of BGC-Argo web site

Basin-Scale  imple me nt a t ion in t he  Sout he rn 
Oce an : SOCCOM (US) : 2014- 2026 328 float s

Pilo t  pro je ct s  in “ke y” zone s : remOcean (EU), 2010-
2016, 62 float s; NAOS (Fr), 2011-2017 45 float s 
Me d, NASPG, STG, SO, Arct ic

From pilots to sustained system: Array 
design is carefully tested before any 
scaling !



4From Argo to BGC-Argo : Expanding the Vision



52008-2015: BGC-Argo structuring : Working groups & white papers 

Designed by the community (science and users), for the community



62016 : Biogeochemical-Argo Science And Implementation Plan

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

Six core variables
• Chla
• Suspended particles 

(bbp)
• Downwelling irradiance
• O2
• NO3
• pH

Extensive international coordination shaped the system 

Management topics
• Living marine resources
• Carbon budget verification

One fleet objective
• 1000 operational floats

http://biogeochemical-argo.org

http://biogeochemical-argo.org/
http://biogeochemical-argo.org/
http://biogeochemical-argo.org/


Floats are the dominant  source of ocean interior BGC data!

Ships
(NOAA World Ocean Database)

Floats
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• Approve s t he  global imple me nt a t ion of Argo floa t s  me asuring six parame t e rs  – oxygen, pH 
, nit rat e , chlorophyll, backscat t e r and irradiance

• Recognizing t he  value  of Argo for responding t o global challenges on climate  variabilit y and 
change  and it s role  in underpinning ocean and marine  se rvices, encourages all IOC Member 
St at es t o further support  and part icipat e  in t he  implementat ion of t he  Argo programme and to 
facilit a t e  t he  de ployme nt  of Argo floa t s  wit hin t he ir a re a  of jurisdict ion

• Agre e s t ha t  Argo St e e ring Te am can de signat e  Argo approve d pilo t  parame t e rs  based on 
requirement  of t echnological readiness; a compelling design and implementat ion plan; and t he  
pot ent ial t o de liver major benefit s t o research and socie t al se rvices.

⇒ OneArgo participation enables sustained observations across the global ocean, including EEZs
⇒ In the same time this participation requires transparency and best practices



9Following Science and Implementation Plan, 
Two Key Milestones For BGC-Argo

2019 - BGC-Argo mission 
becomes fully int egrat ed into t he  
« One  Argo » vision : Core , Deep, 
BGC, (polar)

2025 - OneArgo as a cornerstone  
global  observat ion program to 
inform socie ty and decision. 
Synergies with end-users
New emerging t opics for BGC-
Argo
• MPAs for t he  high Sea
• MCDR (MRV)
• Deep Sea mining

Considerable community input, increasing roles of endusers



Array status: 5 and 6 sensor floats

Ocean-ops.org

Floats reporting in last 30 days
3/30/26

US floats are the majority of the BGC-
Argo array with O2, NO3

-, pH, bio-optics



Strong international contribution of floats 
with oxygen or oxygen and bio-optics.

Ocean-ops.org

Floats reporting in last 30 days
3/30/26

Array status: any BGC sensor



Coordinating Data Quality and Technological Innovation to Sustain and 
Advance the Global BGC-Argo System

BGC-ADMT (2018-) BGC-TTT (2023-)



Real-time data system

Argo Data Management Documentation:
http://www.argodatamgt.org/Documentation

Some Data Access Sources:
https://www.go-bgc.org/data/access-and-

visualization

Argo Data Management Goals Align with FAIR

Data Findability, Accessibility, Interoperability, and 
Reusability 

http://www.argodatamgt.org/Documentation
http://www.argodatamgt.org/Documentation
https://www.go-bgc.org/data/access-and-visualization
https://www.go-bgc.org/data/access-and-visualization
https://www.go-bgc.org/data/access-and-visualization
https://www.go-bgc.org/data/access-and-visualization
https://www.go-bgc.org/data/access-and-visualization
https://www.go-bgc.org/data/access-and-visualization
https://www.go-bgc.org/data/access-and-visualization


High quality data
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Science Workshop 

2018

Core Argo
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What can you do 
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The consistent BGC-
Argo dataset enables 

access to a broad 
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18Rethinking Global Phytoplankton Biomass and Phenology

• Half of ocean phytoplankton biomass 
is invisible  t o sat e llit es.

• Surface  chlorophyll is an imperfect  
proxy for biomass.

• We  have  been misreading the  
ocean’s biological clock.

• Phytoplankton blooms are  weaker, 
short e r, and lat e r t han we  thought .

=> Floats enhance and refine sa tellite 
capability
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• No single observing system can 
resolve ocean complexity alone

• Cross-system consistency 
strengthens the overall observing 
system

Designed Complementarity Across Observing Systems



20From Observations to Carbon Flux : a 4D Ocean View

Weekly varying POC

Climatological POC

• 3D biogeochemical fie lds provide  
t he  gradient s t hat  physics t urn into 
carbon fluxes

• Physics inject s carbon, but  only 
when biology provides it .

• Only t ime-resolved obse rvat ions 
capture  t he  t rue  dynamics of export .

• Est imated at  ~0.4 GT C y-1

• Highly sensit ive  on the  
paramet rizat ion of diffusion

=> The BGC-Argo design enables the 4D 
gradients needed to quant ify carbon fluxes 



21From Particle Spikes to Carbon flux attenuation…….

Large  part icles
(100 µm -1 mm)

• High-frequency bbp spikes reveal 
episodic part icle  export  

• Sinking part icles are  progressive ly 
fragmented into smalle r, slower 
part icles 

• Fragmentat ion explains ~50% of flux 
at t enuat ion 

• Carbon export  is highly dynamic, not  
st eady 

⇒ Repeated vert ical profiles resolve 
t ransformat ion processes during sinking

⇒ Higher t emporal resolut ion helps 
capturing these episodic export  events 



22Towards Global Carbon Export Products

GLOBESINK monthly global POC flux at 200 m, 
courtesy of Nathan Briggs

Surface POC*mean diameter (log scale)
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• Global POC flux est imates now 
emerging from BGC-Argo (e .g., 
GLOBESINK) 

• Export  at  200 m linked to surface  
POC and part icle  size  

• Scalable  using sat e llit e  ocean 
color product s 

• ~150,000 profile s enable  global 
coverage  

⇒ Global, st andardized repeated 
observat ions enable consistent  upscaling 

⇒ Large-scale coverage is essent ial to 
const rain regional variability 

⇒ System design enables t ransit ion from 
observat ions to operat ional products 

Can be derived from satellit e =>



23Ocean Productivity: a Blind Spot Hidden by Clouds

• Clouds reduce  available  light  by up to ~70% 

• Sate llit e  models assume no biological 
adaptat ion 

• Phytoplankt on adjust s via photoacclimat ion

•→ Growth remains nearly unchanged despit e  
light  reduct ion 

• Sat e llit e -base d e st imat e s  unde re st imat e  
product ivit y 

Cloudy

Clear sky

Irradiance within Mixed layer

Phyto growth proxy

=> Global float  dist ribut ion ensures observat ions 
under cloudy regions 

=>  Autonomous profiling captures condit ions 
satellit es systemat ically miss 

Begouen et al., 2025



24Ocean Productivity: a Blind Spot Hidden by Clouds

• Same NPP model applied to both 
sat e llit e  and BGC-Argo 

• Sate llit e -based input s re ly on infe rred 
vert ical dist ribut ions 

• BGC-Argo provides direct , depth-
resolved measurement s (Chl-a, bbp, 
PAR) 

• Subst ant ial subsurface  product ion 
missed by sat e llit e -driven est imates 

• Up to 2× higher regional NPP and 
+50% globally

=> Vert ical profiling is essent ial t o 
resolve  subsurface  product ivity

=> Mult i-sensor float s enable  
simult aneous biological and opt ical 
measurement s 

Courtesy of Marin Cornec



A consistent data set enables global scale analysis

*Total O2
inventory in 
the ocean is 
~310 Pmol.

Ocean deoxygenation



The diel O2 signal of primary 
productivity can be quantified with 

enough floats.
Northern Hemisphere Gross Oxygen Production from BGC Argo floats

Johnson and Bif (Nat. Geosci. 2021)

Daily cycle Seasonal cycle Depth dependence“Enough” is about 1000 floats (Izett et al., 2024)

A consistent data set enables high frequency signals to be extracted by signal processing.



DIC computed 
accurately from 

pH and AT

Emerging science opportunity  

Observing ocean Dissolved Inorganic Carbon 
uptake directly



Create a gridded, monthly DIC product

G. Liniger, MBARI

Emerging science opportunity  



Using ship data only Adding floats

We have ship DIC data, what do floats add?
5 Neural Networks trained on available data.

G. Liniger, MBARI

Emerging science opportunity  



Southern Ocean DIC increase in time
The synergism of multiple observing systems 

and sustained observations.

0.93 PgC y-1

Hauck et al. (2023)

G. Liniger, MBARI

Emerging science opportunity  

WMO Global Greenhouse 
Gas Watch (G3W) has a goal 
of building a real-time CO2
observing system. 

It will need real-time ocean 
CO2 uptake.



Real-time data
Allows emerging signals to be detected (if you look)

Float 5907058

700 to 900 m



Floats with O2, NO3
-, pH, bio-optics sensors

50% of US floats survive 5 years:
• Increased from 4 years in 

SOCCOM-1.

• Shorter international float 
lifetimes is a reflection of the 
science funding goals.

Ocean-ops survival rate 3

Float lifetimes



Floats with O2, NO3
-, pH, bio-optics sensors

The standard Argo mission is designed to 
sustain the observing system: 
• 10 day cycles
• 1000 m park depth
• 2000 m profile 

SOCCOM and GO-BGC goals are operated as 
a sustained system, primarily 10 day cycles.

International groups are mostly funded for 
process oriented science projects that require 
faster cycle times. 

That drives a ‘non-Argo’ mission which 
reduces float lifetime. It’s expensive!

Data from Ocean-ops

5 & 6 sensor 
floats

Float cycle times



Is a 1000 float array a good 
target?

“assimilation of BGC-Argo profiles of Chl a, NO3, O2, and pH brought clear 
improvements to all assimilated variables …. The impact was increased with a 
larger BGC-Argo array, suggesting that benefits may be seen up to and 
beyond the target array size of 1000 floats.

Challenges
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NN learns to predict DIC from 
T/ S/ O2/ position/ time

Predict DIC with gridded 
T/ S/ O2 using NN

Results change with increasing 
number of floats. 

Is 244 floats enough?

Southern Ocean (S of 30°S) 
target in a 1000 float array is 
~320.

G. Liniger, MBARI

n=1,985,405
244 floats

n=1,670,667
197 floats

n=692,718
99 floats

n=719,356
99 floats

n=392,744
50 floats

n=1,985,405
244 floats

Is a 1000 float array a good 
target?

Challenges



Uncertainty in GOBAI-O2 
assessed by sampling CMIP 
models with artificial floats and 
comparing Machine Learning 
O2 with model ‘truth’.

Error decreases as number of 
model floats approaches 1000 
float target.

Jon Sharp et al.

Is a 1000 float array a good 
target?

Challenges



Program Float Lifetime 
Cost

Inflation 
Correction to 2026

Float Mean Life
(Yrs) & Profiles

Per Profile 
Cost (2026)

% Decrease Per 
Profile Cost

BGC-Argo Implementation 
Plan 2016

$107,600 $147,400 4/150 $982

GO-BGC Renewal 2025 $151,000 $151,000 5/180 $833* 15%

*A 15-fold savings vs. a ship cost of ~$13,000/profile for ship time alone (~$40,000/ship day / 3 profiles/day). 
Analytical and data processing costs may double that and create a 30-fold savings.

A lesson: we don’t usually think about the ship time costs in science proposals. They are a facility and that cost 
is generally covered. BGC-Argo needs to operate in the same model.

Cost

Challenges



BGC-Argo faces 3 main challenges

1. Increase the international array of 
5+ sensor floats
• Fewer than 100 now operating.

2. Sustain the US array of 500, 5+ 
sensor floats.
• GO-BGC funding ends Oct. 31, 

2026.

3. Develop a stronger operational user 
base.
• Real-time products must be 

available to create ‘customer 
demand’.

Operating 5 and 6 BGC-Sensor Floats



39Why This Array Design? 

Global distribution
• Even global coverage minimizes sampling bias
• Ensures observations across all regimes (including cloudy and 

remote regions)

Multi-sensor floats
• Capture coupled physical and biogeochemical processes
• Enable better mechanistic understanding, not just correlations

Standardization
• Ensures data comparability and long-term consistency
• Critical for climate applications and trend detection

Autonomous profiling
• Provides vertical and temporal resolution (4D ocean view)
• Resolves subsurface and transient processes

1000-float target
• Required to resolve seasonal to basin-scale variability
• Balances coverage, resolution, and sustainability

BGC-Argo is not just a set of observations 
: it is a system designed to resolve key 
ocean processes and to allow discoveries
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Property distributions at 300 m: 
BGC-Argo in May, 2025
GLODAPv2:2023, 1973-2024



BGC-sensor reliability, US floats

Last year
per year



With enough floats, GOP can be determined 
regionally & annually. 

Enough is about 1000 floats (Izett et al., 2024)

Johnson and Bif (Nat. Geosci. 2021)

Hawaii Ocean Time-series Bermuda Atlantic Time-Series



Cost
Why are BGC sensors expensive?

It’s not the cost of the sensor, it’s the cost of running a business!

Imagine a business selling 700 sensors/ year with $1,000 in parts for each sensor.

Staff Cost Business Cost
$200,000President $1,020,000Salary total
$200,000Engineer $510,000Benefits

$300,000
3 assemblers and 
support $765,000   Overhead (rent, utilities, insurance, taxes, travel, ….)

$100,000Calibration/metrologist $200,000Research
$70,000Admin $700,000materials (700 units/yr at $1000/unit)

$150,000Sales $165,0005% warranty & return hedge

$1,020,000total $3,360,000total
$168,0005% profit

$5,040per unit cost of 700 sensors (about the cost of O2)



Profile depth
Why go to 2000 m?

As for Argo salinity, BGC sensors may require 
correction for sensor drift and calibration offsets. 

This is done by comparing sensor data to the 
climatology of ship-based measurements.

Deeper comparisons (below 1000 m) have much less 
variability and produce more robust comparisons 
and better quality control of data.



Region Want Actual Diff. % N/yr#

No Pacific 79 110 31 139 16
No Atl. 53 53 0 100 11
Eq. Pacific 62 57 -5 92 12
So. Pacific 51 26 -25 51 10
So. Atl. 30 34 4 113 6
Indian Oc. 55 56 1 102 11
So. Ocean 161 239* 78 148 32
Arctic 7 0 -7 0 1
Total 498 575** 77 115 100
*Includes 143 SOCCOM floats 
**143 SOCCOM & 49 “others” (NOAA, TPOS,
NASA…)
# Replacement rate/yr assuming 5 year mean life

Actual numbers based on deployment location, 
not most recent position

Number of floats needed for half of an evenly 
distributed, 1000 float array

August 3, 2025

Combined GO-BGC, SOCCOM, Other4/7/2026



Primary BGC-Argo float types

• Oxygen, nitrate, pH, 
fluorescence, 
backscatter, 
(downwelling 
irradiance) + T/S/p

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

• ~6 year life at 1 
cycle/10 days

Apex
()

Navis
(

Provor
(

BGC-SOLO II
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