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Abstract

The goal of this study Is to better understand how the

Southern Ocean CO3 sink will evolve in the future. Pre-
vious research indicates that the Southern Ocean circulation and
biogeochemical cycling dramatically responds to changes in atmo-
spheric forcing, ultimately impacting the exchange of CO2 between
the Southern Ocean and the atmosphere'. Two predicted atmo-
spheric changes are likely to affect this CO2 sink in the future:

Increased wind stress

Increased precipitation
We demonstrate here that these changes have opposing
consequences for the Southern Ocean CO2 sink.
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Figure 1. Future predicted changes in (a) wind stress and (b) precipitation rate
shown as century-scale differences [(2090-2099) - (2000-2009)] from the
NCAR Community Climate System Model SRESA1B scenario run.
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Figure 2. Configuration of the MIT Figure 3. (a) wind stress, and (b) salinity
ocean general circulation and biogeo- restoring profiles used in our control and
chemistry model. A periodic boundary perturbation experiments. The profiles were
condition is applied to the open chan- linearly trended from the black lines to the
nel in the Southern Hemisphere to colored lines over a period of 300 years, fol-
simulate the flow of the Antarctic Cir- lowing a 3000-year spin-up under control

cumpolar Current. conditions.

years of model spin-up. Note the 3 5pq0/

perturbation experiments

Alr-sea CO»> flux

In our simulations, the atmospheric boundary condition for pCO2 Is
set to a constant, preindustrial value of 278ppm. This means that
any changes in air-sea CO2 flux are determined by the pCO2 of the
surface ocean. Oceanic pCOz2 itself is strongly controlled by the
dissolved inorganic carbon (DIC) concentration distribution in the
surface waters. In Figure 4, we show a zonal section of the DIC
concentration from our sector model.
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Figure 4. Decadal-mean, zonal-
mean salinity-normalized DIC
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Wind perturbation

Increasing the wind stress over the Southern Ocean causes an In-
crease In the rate of meridional overturning and surface Ekman
transport (Figure 5a). This leads to an increase in the equatorward
transport of DIC-rich waters, an increase of DIC at the surface
(Figure 5b), and subsequently, anomalous outgassing of CO».
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Freshwater perturbation

Increasing the precipitation over the Southern Ocean causes the
surface density to decrease, relative to the deep ocean, leading to
Increased stratification (Figure 6). This changes the spatial distri-
bution of DIC, so that the deep DIC-rich waters are cut off from the
surface, resulting in lower surface DIC (Figure 7) and, subsequent-
ly, anomalous CO2 uptake.
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Figure 6. Zonal-mean potential density (p) from the (a) control and (b) freshwater ex-
periments. Contours represent identical isopycnal surfaces among the two figures.
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Conclusions

We find that increasing wind stress leads to anomalous outgas-
sing of CO2 from the Southern Ocean, which Is equivalent to a
weakening of the Southern Ocean carbon sink. However, Increas-
Ing freshwater input to the Southern Ocean causes an anoma-
lous uptake of CO2 from the atmosphere, strengthening the
Southern Ocean carbon sink (Figure 8).
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Figure 8. Time evolution of the spatially-integrated
(<30°S) flux of CO2 between the atmosphere and the
Southern Ocean, shown as differences between the per-
turbation and control experiments.

An Increase In the wind stress leads to enhanced surface
Ekman transport, bringing high DIC waters into subtropical lati-
tudes, resulting in anomalous CO2 outgassing (Figure 9a). An In-
crease In freshwater forcing leads to increased stratification,
which cuts off the supply of DIC to the surface and results in
anomalous CO2 uptake (Figure 9b). Thus, increased wind stress
and increased precipitation will have opposing consequences
for the Southern Ocean CO2 sink in the future.
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Figure 9. Schematic illustration of the Southern Ocean biogeochemical re-

sponse to (a) increased wind stress, and (b) increased precipitation, and
the resulting changes in air-sea CO2 flux.
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