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ABSTRACT

Brine rejection during the formation of Antarctic sea ice is known to enhance the salinity of dense shelf
waters in the Weddell and Ross Seas. As these shelf waters flow off the shelves and descend to the bottom, they
entrain ambient deep water to create new bottom water. It is not uncommon for ocean modelers to modify
salinity boundary conditions around Antarctica in an attempt to include a “sea ice effect” in their models.
However, the degree to which Antarctic salinities are enhanced is usually not quantified or defended.

In this paper, studies of shelf hydrography and 42O are reviewed to assess the level of salinity enhancement
appropriate for ocean general circulation models. The relevant quantities are 1) the salinity difference between
the water masses modified on the shelves and the final offshelf flow and 2) the flux of salt (or freshwater) that
gives rise to this salinity difference. Onshelf/offshelf salinity changes in the Weddell and Ross Seas appear to
be fairly small, 0.15-0.20 salinity units. The quantity of brine needed to produce this salinification is equivalent
to the salt drained from <0.50 m of new sea ice every year.

Salt fluxes and salinity distributions from three GCM simulations are then compared. The first model has
its surface salinities simply restored to the Levitus observations. Levitus restoring produces a slight freshening
in the area of the Weddell and Ross Sea shelves. The global-mean bottom-water salinity in this model is 34.57
psu, which is 0.16 units less than observed. The second model includes a very modest salinity enhancement in
the area of the Weddell and Ross Sea shelves. This produces a salt flux equivalent to the formation of ~0.50
m yr~! of new sea ice. Even though this amount of salt input is close to the amount observed, global-average
deep salinities in the second model are only 0.02 units greater than the deep salinities in the first model. The
third model includes a large salinity enrichment, which is applied throughout the Weddell and Ross embayments
without regard to water depth. Its deep salinities are 0.18 units higher than the deep salinities in the first model,
but the amount of salt pumped into the model greatly exceeds the salt flux in nature.

The authors conclude that salt from sea ice is probably not a major influence on the salinity of Antarctic
bottom waters. Predicted salinities in ocean GCMs are too fresh because of circulation deficiencies, not because
of inadequate boundary conditions. Models that employ Jarge salinity modifications near Antarctica run the
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risk of grossly distorting the processes of deep-water formation.

1. Introduction

It is widely believed that brine rejection during the
formation of Antarctic sea ice contributes significantly
to the salinity and density of Antarctic bottom waters.
Oceanographers think this is true for two reasons. First,
cold, saline water is observed atop the continental
shelves in the Weddell and Ross Seas (Brennecke 1921,
Mosby 1934; Deacon 1937). The salinity of the densest
shelf water (~34.8) is higher than the salinity of any
surrounding water mass (Jacobs et al. 1979), so it is
clear that brine rejection has played a role in the for-
mation of dense shelf water. Remnants of the cold,
saline shelf water have been observed descending to
the sea floor along the continental slope (Foster and
Carmack 1976). New bottom water is clearly derived
from the water masses observed on the slope (Foldvik
et al. 1985; Gordon et al. 1993).
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A second piece of evidence comes from the distri-
bution of §'%0 in seawater. The '*Q/!90 ratio in sea-
water is altered by evaporation and precipitation much
like salinity. But it is only weakly altered when sea ice

forms. Craig and Gordon (1965) observed that newly

formed Antarctic bottom water is nearly one salinity
unit saltier than offshelf Antarctic surface waters with
the same §'%0 content. Broecker (1986) interpreted
the 5'%0, salinity offset between surface waters and
newly formed bottom water as a 0.9 unit salinity en-
richment due to brine rejection.

We will attempt to show that the evidence for a
strong Antarctic sea ice effect has been misinterpreted.
Shelf waters become colder and saltier during a slow
(~S5 year) generally westward traverse across the
shelves (Gill 1973; Foldvik et al. 1985; Jacobs et al.
1985), but the actual salinity enrichment appears to
be rather small. The modified shelf water sinking along
the Weddell and Ross Sea continental slopes appears
to be only 0.15-0.20 salinity units saltier than the mix-
ture of water masses from which it originated. This
level of salinification is nowhere near the 0.9 unit in-






