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ABSTRACT

The study of a simple, continuously stratified model of the abyssal ocean driven by upwelling out of the abyss
into the main thermocline and by source fluid entering the basin through northern, western, and southern bound-
aries is reported.

Our approach divides the deep ocean into an inviscid interior and frictional boundary-layer regions. The
interior circulation is fully determined by the horizontal distribution of upwelling and by the net, vertical dis-
tribution of sources entering the basin. Forcing by the local upwelling drives a barotropic velocity field, and
remote forcing by both the upwelling and sources generates an underlying baroclinic flow, which can be con-
siderably stronger and of opposite sign at some depths. The boundary current functions to redistribute around
the perimeter fluid entering the boundary regions either through the basin walls or from the interior. In contrast
to the interior flow, it depends also on the geographical location of sources. The boundary current is divided
into three sublayers, one barotropic layer that is required to satisfy an overall mass balance and two baroclinic
layers that close the baroclinic circulation. The outer baroclinic layer has a width that depends on the vertical
scale of the flow and can extend far into the interior. Stratification induces the subdivision of both the interior
and boundary layers into an upper region, dominantly driven by the upwelling, and a lower one, predominantly
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influenced by the sources.

1. Introduction

The study of the abyssal circulation, which began
with the seminal contributions of Stommel and Arons
(1960a,b), has recently received considerable atten-
tion. The original work modeled the deep ocean as a
homogeneous fluid layer driven by a distributed net-
work of sources and sinks. Although the authors con-
sidered a variety of conditions, current literature gen-
erally refers to the classical theory as describing the
flow driven by an evenly distributed, basinwide up-
welling and a highly localized source, corresponding
to a region of strong convective overturning. The lateral
boundaries to the basin are vertical and coincident with
meridians, and the bottom is flat. Under these condi-
tions, the flow of the abyssal ocean interior is slow,
poleward and eastward with a deep western boundary
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current postulated to close the circulation. Despite its
shortcomings, this theory provided a conveniently sim-
ple and consistent description of the deep circulation
that, considering the infancy of our observational un-
derstanding, has powerfully influenced oceanographers
since its inception.

However, inherent in the model are certain obvious
limitations, and recent work has explored areas in an
effort to obtain a more robust picture of the abyssal
circulation under more realistic conditions. Particular
interest has concentrated in two major areas, the effects
of topography and stratification. Straub and Rhines
(1990), Kawase (1993), and Straub et al. (1993 ) have
examined the role of smoothly varying topography as
it affects the barotropic model. Their analyses show
that large-scale topographic features such as bowl-
shaped basins and seamounts can significantly distort
the ambient potential vorticity gradient and lead to cir-
culation patterns quite different from the original, flat
bottom theory. Pedlosky (1992) considered the influ-
ence of basinwide but nonuniform upwelling in driving
the circulation of a continuously stratified ocean and
discovered a rich baroclinic interior velocity field, with
poleward and equatorward flow overlaying one another
at depth, and velocities far in excess of those predicted






