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Measuring surface ocean CO2 partial pressure
from autonomous platforms



Mauna Loa monthly mean CO2 – the “Keeling Curve“
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Global Carbon Cycle – the most simple depiction...
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*Period 1800-1994 
Sabine et al., Science 305, 2004.



Global Carbon Cycle – the slightly more complicated version...



Takahashi et al., 2008.
DSR II: in press.

WANTED: pCO2 climatology



Takahashi et al., 2008.
DSR II: in press.

Giant task behind a simple figure

Black: Takahashi et al. (2002) Climatology
Red: Added in Takahashi et al. (2008) Climatology



“Voluntary Observing Ships“

European projects: CAVASSOO (2001-2003), CarboOcean (2005-2009)



Global VOS network for pCO2 measurements



CARBOOCEAN, WP4, IFM-GEOMAR contribution

Ø M/V Falstaff: Wallenius Lines, Stockholm/Sweden
Ø Established and operated under CAVASSOO in 2002-2003
Ø Re-activated under CarboOcean in April 2005
Ø Operation discontinued in summer 2006

1st Kiel VOS line: M/V Falstaff

Ø Continuous meas. with telemetry: pCO2
sea, pCO2

atm, T, S, O2, chlorophyll (worldwide)
Ø Discrete meas.: DIC, TA, DOC/DON, POC/PON, nutrients, δ13C-DIC (only Atlantic)



CARBOOCEAN, WP4, IFM-GEOMAR contribution

2nd Kiel VOS line: M/V Atlantic Companion

Ø M/V Atlantic Companion: Atlantic Container Lines, NJ/USA
Ø Agreement with ACL settled in June 2005
Ø Ship-side installations: Oct.-Dec. 2005
Ø GO/Neill pCO2 system installed in Jan. 2006
Ø In operation since Feb 2006 with trans-Atlantic crossings every 2.5 weeks

Ø Continuous meas. with telemetry: pCO2
sea, pCO2

atm, T, S, O2, chlorophyll
Ø Discrete meas.: DIC, TA, DOC/DON, POC/PON, nutrients, δ13C-DIC



CARBOOCEAN, WP4, IFM-GEOMAR contribution

Kiel VOS lines



A seemingly simple measurement: take an equilibrator...



... and a CO2 detector – and you are done!?

But how good are the data?

How can we assess the quality
of the pCO2 measurement?

How do the data compare?



At-sea intercomparison of two pCO2 systems in the North Sea (Sept. 1994)

Mean offset:
0.2 ± 1.5 µatm



International at-sea pCO2 intercomparison during R/V Meteor Cruise 36/1 (June 1996)



International at-sea pCO2 intercomparison during R/V Meteor Cruise 36/1 (June 1996)
Körtzinger et al., Mar. Chem. 72 (2000), 171-192.

xCO2 calibrations are typically
not better than 1 ppmv



International at-sea pCO2 intercomparison during R/V Meteor Cruise 36/1 (June 1996)
Körtzinger et al., Mar. Chem. 72 (2000), 171-192.



International at-sea pCO2 intercomparison during R/V Meteor Cruise 36/1 (June 1996)
Körtzinger et al., Mar. Chem. 72 (2000), 171-192.

Temperature sensor are often not
calibrated with adequate accuracy!



A new commercial system that has learned from all these exercises ...

Ø Developed by Craig Neill at the University of Bergen/Norway
Ø First series of instruments produced at University of Bergen
Ø Production handed over to General Oceanics Inc., Miami/FL, U.S.A.
Ø First GO/Neill Model 8050 series delivered after further modification
Ø Instrument is being used on many VOS lines worldwide

Dry Box Wet Box



... and allows us to do very nice measurements



How to do autonomous sub-surface pCO2 measurements?
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Ø SAMI-pCO2 Sensor (spectrophotometric system with pH dye)
Ø Developed by Mike DeGrandpre, Univ. of  Missoula/MT, U.S.A.
Ø Produced by Sunburst Sensors LLC, Missoula/MT, U.S.A.
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Körtzinger et al., 2008. J. Geophys. Res. 113, C04020, doi:10.1029/2007JC004347.

Another instrument for doing great measurements*

*if it works...

2-year high-resolution pCO2 time-series form subpolar northeast Atlantic Ocean
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Körtzinger et al., 2008. Global Biogeochem. Cycles 22, GB1014, doi:10.1029/2007GB003029.

1-year high-resolution pCO2 time-series form Labrador Sea

Another instrument for doing great measurements*



Can we go even smaller and more robust with sub-surface pCO2 measurements?

Ø NDIR-based pCO2 sensors
Ø Membrane-separated headspace
Ø Commercially available               (e.g.

Pro Oceanus, Halifax/Canada;
Contros GmbH, Kiel/Germany)

Ø First tests on autonomous profiling
floats



How can we fight the old biofouling problem?



What is the long-term goal for CO2 sensors – the oxygen example



High-tech platforms not to be missed by the CO2 community



1000 m

~ 50 km

High-tech platforms not to be missed by the CO2 community
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