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ABSTRACT

A series of coarse-resolution models were integrated with a view to determining the most appropriate rep-
resentation of the largest-scale water masses formed in the Southern Ocean. In particular, it was hoped that the
models could realistically simulate Antarctic Bottom and Intermediate Water. The ocean model employed has
a global domain with a realistic approximation of the continental outlines and bottom bathymetry. The subgrid-
scale variation of bottom bathymetry is removed by spatial averaging over each grid box. The annual mean
forcing at the sea surface is derived from climatological fields of temperature, salinity, and wind stress. It is
found that the salinity of shelf water in the Weddell and Ross seas is critical if the model is to appropriately
simulate the world’s intermediate and bottom water masses. If the surface layer is too fresh in the Weddell and
Ross seas, any bottom water formed adjacent to Antarctica is significantly less dense than in the real ocean.
Furthermore, surface water at about 60°S (normally the region of intermediate water formation) strongly
contributes to the model ocean’s bottom water. This leaves the simulated bottom water too fresh and warm.
On the other hand, with sufficiently salty bottom-water formed in the extreme Southern Ocean, a low-salinity
tongue of intermediate water develops at 60°S. It is suggested that the sea-ice component of climate models is
critical if the simulation is to capture the high-salinity shelf water and bottom-water formation adjacent to
Antarctica and, in turn, allow for a realistic tongue of low-salinity Antarctic Intermediate Water (AAIW). The
bathymetry of the Drake Passage is shown to determine the shape and strength of an intense meridional overturning
cell in the Southern Ocean. By properly representing the northward extent of the Drake Passage, the formation
and equatorward spreading of AAIW is simulated realistically. The scheme of AAIW formation obtained is
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quite different from the classical notion of circumpolar subduction of surface water at the polar front.

1. Introduction

This note describes a series of coarse-resolution
World Ocean models that were integrated with a view
to determining the most appropriate representation of
the global-scale water masses formed in the Southern
Ocean. Because the global balance of heat and fresh-
water is closely related to the formation of the world’s
water masses, this study has particular relevance to nu-
merical investigations of global climate. For this reason,
the ocean model employed was chosen to be one that
has often been coupled to numerical models of the
atmosphere in order to study global climate (e.g.,
Stouffer et al. 1989; Manabe et al. 1991). The ocean
model is a version of the multilevel numerical model
described by Bryan (1969) and adapted to modern
vectorizing computers by Cox (1984 ) and Pacanowski
et al. (1991) at the Geophysical Fluid Dynamics Lab-
oratory (GFDL). A similar investigation was reported
by Cox (1989) with an idealized geometry and surface
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boundary conditions, In the present study, we use re-
alistic geometry and extend the analysis to include the
role of salinity forcing off Antarctica and the impor-
tance of the bathymetry of the Drake Passage. In more
recent experiments, we investigate the sensitivity of the
model to variations in the rate of geopotential mixing
of tracers, as well as quantify the role of the Indonesian
throughflow on the simulated circulation and check
the ability of the model to represent more than one
source of deep water (England 1992).

Hydrographic observations of temperature and sa-
linity in the Southern Ocean indicate that the region
is charactierized by the formation of two global-scale
water masses: one so dense that it sinks to the bottom
of the World Ocean, the other only dense enough to
sink to intermediate depths (for example, see Levitus
1982). The denser water mass, known as Antarctic
Bottom Water (AABW), is formed in the extreme
Southern Ocean during austral winter when the ocean
releases heat into the atmosphere and when sea-ice for-
mation rejects salt into the water column. Both these
effects leave the seawater extremely dense, for it is both
colder and saltier than usual. AABW is characterized
by a temperature-salinity signature of roughly 0°C and
34,70 psu (Carmack 1986). The other major Southern
Ocean water mass is known as Antarctic Intermediate






