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Lagrangian decomposition of the Deacon Cell
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[1] The meridional overturning cells in the Southern Ocean are decomposed by
Lagrangian tracing using velocity and density fields simulated with an ocean general
circulation model. Particular emphasis is given to the Deacon Cell. The flow is divided
into four major components: (1) water circling around Antarctica in the Antarctic
Circumpolar Current (ACC), (2) water leaving the ACC toward the north into the three
world oceans, (3) water coming from the north and joining the ACC, mainly consisting of
North Atlantic Deep Water (NADW), and (4) interocean exchange between the three
world oceans without circling around Antarctica. The Deacon Cell has an amplitude of
20 Sv, of which 6 Sv can be explained by the the east-west tilt of the ACC, 5 Sv by the
east-west tilt of the subtropical gyre, and the remaining 9 Sv by the differences of the slope
and depth of the southward transport of NADW and its return flow as less dense water.

The diabatic or cross-isopycnal Deacon Cell is only 2 Sv.
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1. Introduction

[2] The global ocean circulation cannot be visualized in
one single figure, because it is three dimensional in space
and changing with time. The meridional overturning stream
function is one of the most common diagnostics of the
meridional-vertical circulation, and captures a large part of
both the thermohaline circulation and the wind driven
circulation. It displays the meridional transport below a
specified depth over an entire basin, or as in the atmosphere,
all around the world.

[3] Meridional-vertical overturning cells in the ocean
were simulated with the very first numerical ocean general
circulation models [e.g., Bryan and Cox, 1967], and in
greater detail with the first coupled ocean-atmosphere
models [Wetherald and Manabe, 1972]. One of these cells
was the Deacon Cell in the Southern Ocean. It is shown in
Figure 1 as calculated from the global ocean model
OCCAM. It apparently downwells 20 Sv to a depth of up
to three thousand meters at around 40°S, with the
corresponding upwelling further south, closer to Antarctica.
The existence of downwelling north of the Antarctic
Circumpolar Current (ACC) and upwelling south of the
current, with a subsurface southward return flow in com-
pensation to the northward Ekman flow, was originally
suggested by Deacon [1937] on the basis of the results of
the Challenger Expedition. The deep overturning cell was
therefore named the Deacon Cell by K. Bryan (personal
communication, 2003), and first mentioned by Bryan

"Department of Meteorology, Stockholm University, Stockholm,
Sweden.

2Ocean Modelling and Forecasting Group, National Oceanography
Centre, Southampton, UK.

Copyright 2008 by the American Geophysical Union.
0148-0227/08/2007JC004351$09.00

[1991] and England [1992]. Deacon [1937], however, only
suggested that there is a subsurface return flow, not a deep
cell extending well below the thermocline, as the stream-
lines suggest in Figure 1.

[4] At first, modelers assumed that the Deacon Cell
involved deep downwelling and upwelling of actual water
particles in the models. However, this was difficult to
reconcile with the prevailing strong stratification, since it
would imply very strong diapycnal flow, at least in the
downwelling branch, as seen around 40°S in Figure 1. One
suggestion was that this diapycnal flow was an artifact of
coarse model resolution [England, 1992], and another one
that the deep downwelling was concentrated in certain
locations [Bryan et al., 1988].

[5s] It was then realized by Ddés [1994] and Doés and
Webb [1994] that a deep overturning cell can exist without
deep downwelling of actual water particles, and hence
without a strong diapycnal flow. By performing the zonal
integration along the isopycnals, instead of along surfaces of
constant depth, they could calculate the diapycnal flow
directly. They found that it was only a few Sverdrups,
although the amplitude of the Deacon Cell was 15 Sv in
their model. They suggested that the Deacon Cell is mainly
a horizontal projection of gyre circulation along isopycnals
that slope in the east-west direction. Later, Nycander et al.
[2002] have also suggested that some of the Deacon Cell
may be due to a core region in the ACC, where trajectories
are trapped during several circuits around Antarctica.

[6] A popular way of understanding the difference
between the zonally averaged mean flow (containing the
Deacon Cell) and the pathways of actual water particles is to
regard it as a result of eddy correlations [Marshall, 1997;
Marshall and Radko, 2003; Hallberg and Gnanadesikan,
2006; Treguier et al., 2007]. Obviously, the fact that the
diapycnal flow almost vanishes when density coordinates
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