Stationary Rossby waves dominate subduction
of anthropogenic carbon in the Southern Ocean
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The Southern Ocean has taken up more than 40% of the total anthropogenic carbon (Cant) stored in the oceans since the
preindustrial era, mainly in subantarctic mode and intermediate waters (SAMW-AAIW). However, the physical mechanisms
responsible for the transfer of Cant into the ocean interior remain poorly understood. Here, we use high resolution (1/10°)
ocean simulations to investigate these mechanisms at the SAMW-AAIW subduction hotspots. At these locations, the timemean circulation controls 87% of the total subduction. Stationary Rossby Waves (SRWs) are responsible for most of the Cant
transfer from the well-ventilated surface mixed-layer to the ocean interior.

Transient versus time-mean contribution to
Cant subduction
We calculate Cant transfer through the bottom of the winter mixed layer (Fig. 1b).
Transient eddies only contribute to approximately 13% of Cant subducted in SAMWAAIW (26.8 – 27.3 kg m-3) (equation (3)). The time-mean contribution dominates
(Fig.1a) and can be separated into large and small scale contributions (Fig.1) of vertical
and horizontal components (see equation (2) ).

Transfer mechanism
It is the misalignment between the meandering ACC jets and the base of the mixedlayer that is central to the SRWs-induced transfer (Fig. 3). Specifically, horizontal
transfers in and out of the mixed layer occur because of a shallowing and deepening of
the mixed layer along the jet (Fig. 3b). We hypothesise that the change of mixed layer
depth along the jet is due to cross-frontal transfer induced by the rotation of the
horizontal flow with depth along the meander (the so-called “leaky” jets) as previously
described in Phillips and Bindoff (2014).

Time-mean Cant
subduction

Figure 1: Simulated Cant subduction into (+) and out (-) of the ocean interior at the base of the winter
mixed-layer for a) total subduction, c) and d) lateral induction, e) and f) vertical subduction (Ekman pumping
and vertical eddy subduction). The simulated maximum climatological winter mixed-layer depth is shown in b).
The lateral induction and vertical subduction are separated into large- and small-scale contributions, using a
Gaussian smoothing window with a decorrelation radius of 200km. Black lines in a), b), e) and f) show the mean
position of the Subantarctic and Polar Fronts. Black contours in c) and d) delineate the position of the 300m
maximum winter mixed-layer depth.

Figure 3:Schematic of the Stationary Rossby Wave-induced anthropogenic carbon transfer: 3 different
views of the transfer: horizontal plan a), vertical section along the meandering jet b) and 3D view c). The
meander and the base of the mixed-layer are not aligned (a), with a shallowing and deepening of the mixed
layer along the jet (b). The change in mixed layer along the jet is due to warm (cold) water intrusion near the
surface during the northward (southward) deviation of the meander. These intrusions result in a misalignment
between the jet and surface isotherms (a). The interaction of the meander with the base of the winter mixed
layer transfers fluid in and out of the ocean interior (blue arrows). Cant–rich waters are injected below the mixed
layer during the downwelling/northward deviation of the meander, and Cant-low water are pushed out of it during
the upwelling/southward deviation (pink arrows in b), which result in a net flux of Cant into the interior (red arrows
in b and c).

Methods
(1)

Dominant contribution of Mesoscale
Stationary Rossby Waves
Mesoscale Stationary Rossby Waves (SRWs), generated where the Antarctic
Circumpolar Current interacts with topography, make the dominant contribution to the
time-mean Cant transfer in SAMW-AAIW, through small scale lateral induction (Fig. 1d).
Small scale lateral induction contributes to 66%, 95% and 44% of the time-mean
subduction in the Indian, Pacific and Drake Passage sectors respectively (Fig. 2).

(2)
(3)

Implications
The eddy-resolving simulation reproduces the observed Cant sequestration in SAMWAAIW, while lower spatial resolution models, that do not reproduce SRWs,
underestimate the inventory of Cant in these layers by 40% and overestimate the
storage in denser layers. A key implication is that climate model simulations, that lack
sufficient resolution to represent sequestration by SRWs, are therefore likely to
overestimate the residence time of Cant in the ocean, with implications for simulated
rates of climate change.
Figure 2: Localized Cant subduction induced by Stationary Rossby Waves: a) separation of the subduction
along the circumpolar belt in the density range of SAMW-AAIW 26.8-27.3 into different contributions, Major
topographic obstacles are identified.

FOR FURTHER INFORMATION

REFERENCES

ACKNOWLEDGEMENTS

Clothilde Langlais
e clothilde.langlais@csiro.au
w www.csiro.au/ Oceans and Atmosphere

Phillips, H. E. & Bindoff, N. L. On the nonequivalent barotropic
structure of the Antarctic Circumpolar Current: An observational
perspective. J. Geophys. Res. Ocean. 119, 5221–5243 (2014).

The authors acknowledge the funding support of the Australian Government’s Cooperative Research Centre (CRC) program through
the Antarctic Climate and Ecosystems CRC, and the Earth Systems and Climate Change Hub funded by the Australian Government’s
National Environmental Science Programme (NESP). CL was supported by the CSIRO OCE (Office of the chief executive) science team
postdoctoral program. This work used simulations performed within the frame of the “Ocean downscaling strategic project” funded
by the CSIRO Oceans and Atmosphere Business Unit. We thank Xuebin Zhang, Matt Chamberlain and Russ Fiedler for their
involvement in the project.

