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The process by which water flows from the surface
ocean to the deep ocean is crucial in determining the
structure and composition of the world ocean (Killworth,
1983). An important element in this process is the
mechanism by which surface water on the Antarctic
continental shelves becomes dense enough to sink to the
abyssal ocean. These shelves are active sites of surface water

modification because of the intense cooling and salt
rejection due to sea-ice formation which occurs there
during the winter.

Prior models of water mass modification on the
Antarctic continental shelves have focused on either the
wind-forced circulation  (Killworth, 1973), or the

density-forced circulation (Solomon, unpublished; Killworth,
1974). Solomon (unpublished) showed that the density-forced
circulation alone is too weak to produce a flux of saline
water to the deep sea which was consistent with
observations. Killworth (1973) showed that the wind-forced
circulation alone in the Weddell Sea was incapable of
producing a large enough flux. In a complementary model
of only the density-forced circulation, Killworth (1974)
showed that the change in salinity of water parcels caused
by regional density forcing was reasonable; but as in
Solomon’s (unpublished) model, the flux of modified water
was too small. The result of these model studies was that
either circulation alone, wind-forced or density-forced, is
insufficient to produce the observed flux of saline shelf
water. The conjecture based on the results of these studies
was that, when combined, the density forcing determined
the change of salinity in the shelf water and the
wind-forced circulation determined the flux of the modified
water,

To determine whether the combination of wind stress
and density forcing is sufficient to produce a flux and
salinity change consistent with observations, a simple model
which responds to both forcings was developed. The model
is essentially that used by Killworth (1974) with the
addition of the flow forced by wind stress. A different
density forcing is used because observations of the sea-ice
cover (Zwally and others, 1983) suggest that the regions of
coastal open water, and hence freezing, are much more
localized than used in prior density-forced models. The
localization of the density forcing was parameterized as
being a Gaussian function of distance from and along the
coast. The model (Grumbine, unpublished) predicts the
velocity and salinity in two layers of equal depth in a
square region with a flat bottom, subject to wind and
density forcing. The east, south, and west boundaries
represent coasts of an embayment analogous to the Weddell
Sea continental shelf, with the continental shelf break in the
middle, north-south, of the region, and an open northern
boundary. The salinity is initially constant in each Ilayer.
The velocity is initialized to the equilibrium value of the
wind-forced circulation. Then the salinity forcing is started
and the evolution of the salinity fields is computed using
the wind-forced velocity field and a diagnostically computed
density-forced velocity field.

The model was run for three cases: wind stress forcing
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only, density forcing only, and wind stress and density
forcing combined. The wind-forced circulation alone was
incapable of producing a sufficient degree of water mass
modification. With only density forcing, the change in
salinity was consistent with observations, but the flux was
too small. When the two forcings are combined, both the
change in salinity and the flux of modified water are
consistent with observations. The model is verified against
the flux and composition values from observations by Foster
and Carmack (1976) in the deep Weddell Sea. The observed
flux value of 1 to 2.5 x 105m®s™! corresponds to water
with a mean salinity of 34.7%. This is the salinity of the
water which was able to reach the abyssal ocean off the
Weddell Sea coast. Figure 1 gives the modelled seasonal
cycle and annual mean of the equatorward flux of water
which corresponds to a mean salinity of 34.7%. The figure
shows the flux for the last three years of a five- year run
computed across the position of the continental slope. The
mean annual flux of this modified water is 2.0 x 10°m®s1,
compared to the observation of 1 to 2.5 x 10°m®s™!. These
results confirm the conjecture that the combination of wind
and density forcing is sufficient to produce a degree of
modification and flux of modified water consistent with
observations.
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