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Figure 1. (a) Schematic cross section of the Antarctic Slope Front (ASF), which separates the continental shelf waters
from the warm Circumpolar Deep Water (CDW) at middepth offshore. In regions of Antarctic Bottom Water (AABW)
outflow, such as the western Weddell and Ross Seas, isopycnal surfaces connecting the shelf waters to CDW may
facilitate onshore heat transport and AABW export via the action of mesoscale eddies. (b) Schematic profiles of ocean
depth and along-shore surface wind stress used in our process model, highlighting several of the parameters varied
in our sensitivity study. (c, d) Snapshots of the potential temperature and salinity in our reference ASF process model,
described in the text. Eddy boluses of warm CDW are visible crossing the shelf break in Figure 1c.

northwest Weddell Sea [Thompson et al., 2014]. In this article we test the hypothesis that these stretches
of the ASF support a dynamically important shoreward eddy transport of CDW, and thus heat. We further
investigate how the ASF’s structure and cross-slope exchange are shaped by local conditions along various
stretches of the Antarctic continental slope. We approach this problem by constructing a high-resolution,
eddy-resolving process model of the ASF, described in section 2. In section 3, we explore the sensitivity of
the ASF’s cross-slope transport and structure to various aspects of the surface forcing, continental slope
geometry, and numerical discretization. In section 4, we discuss the implications of our results and the
outlook for further research.

2. An Eddy-Resolving Model of the ASF

The configuration of our model study is strongly constrained by the requirement that mesoscale eddy
motions be adequately resolved. In section 3 we show that a horizontal grid spacing of 1 km or finer is
needed to capture the shoreward transport of CDW. It is also important that each simulation reaches a
statistically steady state, as otherwise the results could be strongly dependent on arbitrary choices made in
setting the initial conditions [cf. St-Laurent et al., 2013]. To adequately explore the physical controls on the
cross-slope transport, it is also necessary to explore a wide range of simulation parameters, which multiplies
the computational burden. These constraints motivate the use of an idealized model configuration in a
small domain. Yet a realistic representation of the water masses is desirable for the purpose of comparison
with the real ocean, and because it allows characterization of water mass transformation between neutral
density classes [Jackett and McDougall, 1997]. The latter is important because across the ASF there is often
no potential density that is stably stratified, due to nonlinearities in the equation of state.

Our compromise between these constraints is illustrated in Figures 1c and 1d, which shows an isometric
view of the instantaneous potential temperature and salinity in our reference simulation. The potential
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Figure 2. Sensitivity of cross-slope transports of Antarctic Surface Water (FAASW), Circumpolar Deep Water (FCDW),
and Antarctic Bottom Water (FAABW), which are sketched in Figure 1 and defined in section 3, to surface forcing and
bathymetry. The panels show the sensitivity to (a) the wind stress maximum amplitude !max, (b) the brine rejection
rate on the continental shelf Σpolynya, (c) the depth of the continental shelf Hshelf, (d) the width of the continental
slope Wslope, (e) the offset of the wind stress maximum from the center of the continental slope (Lwind), and (f ) the
model’s horizontal grid spacing Δx . Figure 2a also shows the theoretical wind-driven southward surface Ekman transport
(FEkman = !max∕"0|f0|, dashed curve), which agrees closely with the shoreward transport of AASW.

The horizontal grid spacing is Δx =1 km, and there are 53 vertical grid boxes with heights ranging from
13 m at the surface to 100 m at the ocean bed. The numerical time step is Δt =179 s. Advection of
temperature and salinity is performed using a second-order moment advection scheme [Prather, 1986]
in order to minimize spurious numerical mixing [Hill et al., 2012]. For numerical stability, we apply a
horizontal Laplacian viscosity of 12 m2 s−1 and a vertical Laplacian viscosity of 3×10−4 m2 s−1. We also
employ a horizontal biharmonic viscosity with Courant-Friedrichs-Lewy number 0.1, and biharmonic Leith
and modified-Leith viscosities [Fox-Kemper and Menemenlis, 2008] with coefficients both equal to 1. The
only explicit mixing of potential temperature and salinity is via a vertical diffusivity of 5 × 10−6 m2 s−1. This
mixing is supplemented by the K Profile Parametrization (KPP) [Large et al., 1994], which enforces a surface
mixed layer of at least 50 m depth. The ocean’s equation of state is computed using the numerically efficient
algorithm of McDougall et al. [2003].

3. Sensitivity to Surface Forcing and Continental Slope Geometry

To investigate the dynamical controls on the cross-slope transports of AASW, CDW, and AABW, we conduct
a series of sensitivity experiments varying the wind stress maximum !max, the polynya salt forcing Σpolynya,
the shelf depth Hshelf, the continental slope width Wslope, the wind stress offset Lwind, and the grid spacing Δx

(Figure 2). These parameter variations are summarized in Table 1. In each parameter configuration, we first
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Eddy transport at the Antarctic margins



Southern Ocean glider deployments

Jan. - March, 2012; Weddell Sea
Dec. - April, 2015; Drake Passage
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Evidence of eddy transport across the continental shelf break within Circumpolar Deep Water layers;
good agreement with high resolution models.
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Antarctic Slope Current: frontal structure

The shelf break is dominated by a series of multiple 
narrow fronts comprising the Antarctic Slope Current.
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Bellingshausen Sea example

There is a major change in the structure of the ASF at the transition between the W. Antarctic Peninsula 
and the Bellingshausen / Amundsen Seas.
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Figure 4. Map of all casts that do (color) and do not (grey) fall within the Gade envelope; see text for details. Shallow
casts are removed from Gade envelope analysis. The color indicates the mean meltwater mixture layer depth (m), and
the sizes of the circles show the meltwater mixture layer thickness. The inserts show the Eltanin Bay region (red box) in
2009 and winter 2013–2014.

eastern side of the Belgica Trough (Figures 3a–3d). At the western side of the Belgica Trough, the middepth
temperature maximum is eroded. The east-west difference in water mass characteristics suggests a cyclonic
boundary current system within the trough with mCDW entering at the shelf break. This mCDW is modified
slightly by mixing along the trough, but most of the modification occurs close to the coast. This can be seen in
Figures 3e and 3f, which show a complete erosion of the middepth !max (Figure 3f ). We also see a modification
in salinity along the eastern boundary of the trough; however, given the instrumental uncertainty of 0.02 psu,
the signal is marginal.

The contribution of ice shelf meltwater on mCDW is analyzed using the Gade line, defined as [Gade, 1979;
Jenkins, 1999; Wåhlin et al., 2010]

!(S) = !ocean + Lf (1 − Socean∕S)∕Cp, (1)

where Lf = 334 kJ kg−1 is the latent heat of fusion, Cp = 3.97 kJ kg−1 K−1 is specific heat of sea water, and
!ocean =1.2 ± 0.1∘C and Socean = 34.7 psu are used as the characteristic ! and S for mCDW on shelf. By defini-
tion, !-S values that lie along the Gade line obtain their characteristics from a mixture of ice shelf water and
mCDW, which we refer to as the meltwater mixture. Shallow casts are removed from this analysis. To allow
some variations of the water properties, we define a Gade envelope to determine whether a profile contains
meltwater mixture.

Two criteria are defined to determine whether an individual profile “falls within the Gade envelope”: (1) In the
layer with ! between 0.9∘C and !max, the slope in !-S space must be equal to 3.5±0.1∘C (psu)−1. This ! range is
chosen so that the analysis focuses on water properties at the base of the thermocline, which are comparable
to the draft of nearby ice shelves. The Gade line is approximately linear in this temperature range. Additionally,
the slope is independent of the MCDW properties, or the choice of !ocean and Socean in equation (1). (2) At the
depth where S = 34.65 psu, we require 1.05 < ! < 1.15∘C. This allows for some !-S variation of the mCDW.
Both conditions (1) and (2) need to be satisfied. Broadening the Gade envelope allows more dives to meet
the meltwater criteria; however, our sensitivity analysis to the size of the envelope did not show a qualitative
difference in the geographic distribution of the meltwater mixture.

Figure 4 shows the locations of all dives that contain a portion of the water column falling within the Gade
envelope. These dives are found predominantly west of the Wilkins Ice Shelf, in the Latady Trough, along the
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Bellingshausen Sea example

There is a major change in the structure of the ASF at the transition between the W. Antarctic Peninsula 
and the Bellingshausen / Amundsen Seas.
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