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Outline

• Introduction: Why studying North Pacific carbon cycle changes?

• Decadal changes in surface pCO2:  observations and mechanisms

• Decadal changes in ocean interior properties

• Anthropogenic climate change: Detection and Attribution



Surface ocean pCO2 observations

Takahashi et al.











Mechanisms for pCO2 change:
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Process: pCO2 Trend (1988-2002)
[ppm/yr]

쾆 emperature -0.3
² Salinity 0.4

D쾠 IC 2.1
쾠Alk 0.4

Observed trend 2.5? .1

mostly driven by Cant

also by ∆Salinity

Data from Keeling et al. (2004)



Keeling et al. (2004)



Mechanisms for salinity changes:
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SUMMARY OF
NORTH PACIFIC AOU CHANGES

Kumamoto

Alaskan Gyre (σθ=27.0)
0.3±0.1 µmol/kg/yr, 1952-2000
Andreev and Watanabe (2002)



from trends to variability spectrum
distinct spatial heterogeneity
variations occur on all time-scales
linear trend models inadequate!
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Part of the oxygen changes are likely due 
to global warming

BUT

Magnitude not yet large enough relative to 
natural variability to detect signal



Implications for anthropogenic DIC

We need to separate the DIC changes in the 
natural carbon pool into into an intrinsic 
component, ∆DICintrinsic, and a climate 
change component, ∆DICclimate change, in order 
to determine the anthropogenic CO2 balance 
of the ocean!

∆DIC = ∆DICant +∆DICnat
climate change +∆DICnat

intrinsic

∆O2 = +∆O2nat
climate change +∆O2nat

intrinsic

Oxygen can be of very helpful for this!



Conclusions

• First initial steps: Many challenges, few answers yet 

(much more to come, >15 publications planned)

• Good progress toward the integration of observations

and models.

• Data synthesis and modeling activities need to be 

continued… (annual workshops, etc)



The End.



Role of SST variations on pCO2 variability

McKinley (pers. comm.)

Tropics: pCO2 anomalies are DIC controlled
Sub-tropics: pCO2 anomalies are SST controlled
Sub-polar gyres:  pCO2 anomalies are DIC controlled



Decrease in sub-
arctic Pacific

Small decrease in 
subtropical Pacific

Increase in marginal 
Seas and Tropical 
Pacific



Productivity changes?

Winter Summer
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LAND-OCEAN PARTITIONING OF 
ANOMALOUS CO2 FLUXES  
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