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ABSTRACT

Realistic representation of the low-salinity tongue of Antarctic Intermediate Water (AAIW) has been achieved
in a coarse-resolution ocean general circulation model. The authors find that this water mass is not generated
by direct subduction of surface water near the polar front. Instead, the renewal process is concentrated in the
southeast Pacific Ocean off southern Chile. The outflow of the East Australian Current progressively cools ( by
heat loss to the atmosphere) and freshens ( by assimilation of polar water, carried north by the surface Ekman
drift) during its slow movement across the South Pacific toward the AAIW formation zone. Further, deep,
warm advection near Chile enables more convective overturn, resulting in very deep mixed layers from which
AAIW is fed into the South Pacific and also into the Malvinas Current. Along with this isolated region of AAIW
renewal, the model relies on alongisopycnal mixing of fresh surface water from the polar front to capture a
realistic circumpolar tongue of low salinity water at 1000-m depth.

1. Introduction

The study of the formation of the World Ocean water
masses is intimately linked to the study of the earth’s
climate through the global-scale transports of heat and
fresh water in the oceans. Furthermore, the time scale
for anthropogenic changes in the world’s environment
is controlled by the ocean because of its enormous ca-
pacity to store heat. The World Ocean circulation at
its largest scale is often thought of in terms of the grad-
ual renewal or ventilation of the deep ocean by water
that was once at the sea surface (e.g., Gordon 1986;
Broecker 1991). Our knowledge of the exact renewal
processes operating in the deep and intermediate waters
of the World Ocean is still somewhat limited, partic-
ularly in the Southern Ocean. This is because the mea-
surement of processes that determine the ocean’s ven-
tilation (e.g., deep convective overturn, vertical motion,
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abyssal currents, and mesoscale diffusion ) is not feasible
on a basin-to-global scale. General circulation models
of the ocean provide a unique opportunity to under-
stand the ventilation and renewal processes operating
in the World Ocean. This study focuses on the renewal
mechanism operating in the intermediate waters of the
Southern Ocean in a global-scale ocean general cir-
culation model.

A major feature of Southern Ocean hydrography is
a pronounced salinity minimum at intermediate depths
(Deacon 1937; and Fig. 1a). The associated water mass,
known as Antarctic Intermediate Water (AAIW), is
characterized by a relatively low salinity tongue (about
34.4 psu at 1000-m depth) that appears to originate
near the surface at about 60°S, spreading equatorward
at about 1000-m depth. It was first suggested (Sverdrup
et al. 1942) that AAIW formation occurs circumpo-
larily by cross—polar frontal mixing of low salinity
Antarctic Surface Water and Subantarctic Upper Wa-
ter. The form of the tongue in Fig. 1a might suggest
that alongisopycnal subduction is taking place, since
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FiG. 1. (a) Observed and (b) simulated zonally averaged latitude—depth section of salinity in
the World Ocean. Contour interval is 0.25 psu. Vectors at the top of the diagram indicate the
zonally integrated strength of surface Ekman transport in Sverdrups (1 Sv=1 X 10°m®s™!).

salinity represents a good tracer of ocean circulation
at midlatitudes. However, this seems somewhat un-
likely, in view of the strong divergence of the zonally
integrated Ekman transport at this latitude (Fig. 1);
this clearly suggests near-surface upwelling near 60°S.
Mixing would have to be remarkably vigorous to create
the salinity tongue of Fig. 1 in the face of this upwelling.
McCartney (1977, 1982) suggested instead that AAIW

principally originates in a localized region near Cape
Horn, as the deepest, densest, and most prolific of a
sequence of water masses he called “Subantarctic Mode
Waters.”

The representation of AAIW is generally poor in
prognostic models of the World Ocean (e.g., Toggweiler
et al. 1989) and in coupled models of the ocean-at-
mosphere system (England et al. 1992). England






