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The recent community-driven synthesis of global data sets for both the surface and interior ocean, i.e., SOCAT 
(Bakker et al., 2016) and GLODAPv2 (Olsen et al., 2016), gives us the opportunity to develop an observation- based 
perspective on the recent variability and trends of the global ocean carbon sink. Here, we synthesize and compare 
two estimates, one based on surface pCO2 data (Landschützer et al., 2016) providing monthly resolved global air-
sea CO2 fluxes for the period from 1982 through 2014, and one based on ocean interior data providing an estimate 
of the oceanic accumulation of anthropogenic CO2 between the 1990s and the mid-2000s (Gruber et al., in prep.). 
The surface data suggest a substantial amount of decadal variability around a trend that is largely consistent with 
expectations based on the increase in atmospheric CO2. Specifically, we find a period of reduced global uptake of 
CO2from the atmosphere during the late 1980 and 1990s, resulting in a minimum uptake of only −0.8 ± 0.5 Pg C 
yr−1 in 2000, followed by a considerable strengthening to rates of more than −2.0 ± 0.5 Pg C yr−1 around 2010. 
These decadal variations originate mostly from the extratropical oceans and especially the Southern Ocean. The 
ocean interior data cannot resolve the detailed temporal evolution, but provide a time-integrated perspective. 
These data suggest a global increase in the inventory of anthropogenic CO2 of 32±6 Pg C between 1994 and 2007. 
This contrasts with a cumulative net air-sea CO2 flux of only 17±3 Pg C over the same period. Assuming a 
cumulative outgassing flux of ~6 Pg of “natural” carbon stemming from the carbon input by rivers, the surface 
ocean perspective suggests an anthropogenic CO2 uptake of about 23±4 Pg C over the 13 years, i.e., considerably 
smaller than the ocean interior estimate of storage, although with overlapping uncertainty. Thus, the two 
perspectives suggest an ocean sink rate for anthropogenic CO2 between 1.8±0.3 Pg C yr-1 (surface ocean) and 
2.5±0.5 Pg C yr-1 (interior ocean) over the 1994 to 2007 period, which is consistent with the uptake expected from 
the increase in atmospheric CO2, although at the lower end. The decadal variability seen in the surface ocean data 
leaves also a detectable imprint in the ocean's interior, particularly in the Southern Ocean, where the accumulation 
of anthropogenic CO2between 1994 and 2007 appears to be substantially smaller than expected based on the total 
amount of anthropogenic CO2 stored there between the preindustrial period and 1994. These results, plus recent 
work along individual cruise sections in the Atlantic and Pacific portray an ocean carbon cycle that is more variable 
than expected from models, indicating that the ocean may respond sensitively to changes in future climate. 


