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Abstract. Acidification and changes in circulation 
of the ocean due to increasing atmospheric CO

2
 

will have profound but unpredictable impacts on 
the natural ocean biological carbon pump, a pro-
cess that naturally transports ~10 Pg C y-1 to 
waters below 100 m. The stability of the pump is in 
question.   Prediction of future changes in the 
ocean carbon cycle requires cost-effective all-
weather all-season observations of biotic carbon 
flows on appropriate time and space scales.  This 
poster summerizes our work to address the 
space/time gap in ocean carbon observations.
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3. Carbon Flux Explorer can capture hourly biological 
rhythms of POC and PIC sedimentation for seasons.  

2. New PIC sensor uses Polarized light 
Particulate inorganic carbon (PIC) ranges from 10 
nM to 40 μM in the ocean. Our sensor for particu-
late inorganic carbon (PIC) is now ready for com-
mercialization. It can profile full ocean depths and 
detect the effects of ocean acidification on carbonate 
particles and producers.  Power: 50 mW; ideal for all 
ocean platforms from floats to ship-CTDs. 

Dust delivered iron (from GOBI desert storm 2001) 
to HNLC N Pacific has transient (weeks) effect on 
phytoplankton productivity.

Purposeful iron fertilization  has longer lived 
(~months) effect.... Different from dust iron.  Carbon 
Export enhanced (at 55 S) where not expected.  

 Carbon Export to depth depends on population and diet of graz-
ers in the twilight (100-1000 m) zone, and is not always propor-
tional to surface biomass, as generally assumed.

1. Robotic Carbon Explorers Follow POC Variability 24/7 Year Round in Stormy Seas
 

Since 2001, a dozen low-cost long-lived robotic Carbon Explorers (optics and telemetry enhanced ARGO floats) 
have been deployed return real-time information on the daily variation of particulate organic carbon (POC) con-
centration and systematic changes in POC sedimentation to kilometer depths in the ocean. 7 years of data now.
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The first Carbon Flux Explorer 
completed its first 2 day sea 
trial with operations to 800 m in 
June 2007. Realtime data com-
municated by Iridium Satellites.
 

4. Current and Future Effort
 

The immediate focus of our research is 
to provide fundamentally new observa-
tions on how biotic carbon flows re-
spond to surface forcing and how eco-
system processes determine the depth 
profiles of particulate organic and inor-
ganic carbon remineralizatrion. 
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Science Questions

How does the Ocean’s
Carbon Cycle Operate?

What are the physical, chemical,
and biological controls?

How will the controls
change in the future?

Can Ocean Carbon Changes
be Monitored  in real time?

  ?? CO2 ??

Simulations will Predict Future 
Ocean Carbon and Ecosystem State
 

Simulation skill verified
and enhanced by observations.

Carbon Explorers can do this.

Near Term:  Ocean Acidification?
             Weakening C Pump?

(1) Sensor development and integration
with ship and autonomous platforms.
Testing/Validation at sea.

(2) “Ensemble” deployments of sensor-
enhanced Explorers to test/validate
simulations. Possible now.
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Longer Term: Real Time Verification of C
Management is Possible in 5-10 years.

Atm. and Ocean obs. will constrain Land
and Emissions balance.

Develop “Carbon Observers” to quantify
ocean carbon fluxes (all components,   incl.
pCO2 ) in real time. Global Deployment.

NEXT STEPS


