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ABSTRACT  
Wind-speed dependent bulk formulations of gas transfer velocity have traditionally been scaled to the oceanic 
inventory of bomb 14C [1992, Wanninkhof and McGillis 1999) and average global wind speeds [Esbensen and 
Kushnir 1981] . The recent advances in our ability to estimate both the first two moments of global wind-speeds and 
the inventories of bomb 14C inventories call for a reanalysis of this anchor point as well as an exploration of its 
implications on oceanic carbon uptake. We present a reanalysis of the globally averaged air-sea transfer velocity of 
CO2 using an inverse calculation of bomb 14CO2 air-sea fluxes from point measurements of 14C in the ocean interior 
and several oceanic transport GCMs. This inverse calculation permits us to estimate both the total inventory of 
bomb 14CO2 that has entered the ocean from 1953 to 1998 (Figure 1) and the temporal and spatial evolution of 
surface p14CO2 from 1954 to 1998. Using a best fit, in a least squares sense, between 8,000 measurement-based 
estimates of bomb 14C in the upper 1500 m of the water column and three different configurations of a GCM we see 
a discrepancy between the resulting gas transfer velocity and the Broecker et al. [1985 and 1995] gas transfer 
velocity which was used by Wanninkhof [1992] and Wanninkhof and McGillis [1999]. Our results suggest that the 
average global piston velocity may be over estimated by as much as 50%. Combining this result with more recent 
estimates of world ocean wind speeds from the National Center for Environmental Prediction [NCEP, Kalnay, et al. 
1996] we calculate that the anchor point tying down the relationship between wind speed and air-sea gas transfer 
velocity is roughly 44% lower than previously thought (Fig. 2). Using the Takahashi et al. [2002] surface ocean air-
sea gradient in CO2 for 1995, we estimate a air-sea flux of 0.9 and 1.3 GT of carbon into the world oceans. Our 
analysis supports other work [i.e. Hesshaimer, et al. 1994, Peacock 2004, Key, et al. 2004] which suggest that 
Broecker et al [1985 and 1995] may have underestimated the ocean bomb 14C inventory by as much as 25%. Our 
results also suggest that previous estimates, which depend on crude box models, may not have taken account of a 
significant back flux of bomb-derived 14CO2 into the atmosphere as well as variability in CO2 solubility and surface 
ocean 14CO2 that has been suggested by our inverse estimates. 

 

 
Fig. 1. Time history of bomb 14CO2 
inventory in the world oceans. Blue 
(dashed), red (dot-dashed) and green lines 
show cumulative inventory of 14CO2 over 
the last 50 years using a suite of the GFDL 
MOM3 models to represent possible 
spread in time history of inventory due to 
model parameterizations of isopycnal 
velocity and diapycnal diffusion. The open 
blue box shows the Broecker [1995] 
estimate while the black circle shows the 
Hesshaimer et al. [1994] inventory 
estimate for 1975 and the green triangle is 
from GLODAP [Key et al. 2004]. This 
figure indicates that our results agree very 
well with that of Hesshaimer et al. [1994] 
and Key et al. [2004]. 
 



 
Fig. 2. Gas Transfer Velocity (k) normalized to a 
schmit number of 660 verses wind speed at 10 
meters. Black triangle and back dot-dash represent 
global average bomb 14C derived from the transfer 
velocity and associated quadratic fit of 
Winninkhof [1992]. Red circle, solid line, dot-
dash line represent global average bomb 14C 
derived transfer velocity and associated quadratic 
and cubic fit from this study. Blue dashed line 
shows Liss and Merlivat [1986]. 
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