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ABSTRACT

It is an observed characteristic of oceans that velocities and horizontal pressure gradients are larger near the
ocean surface than they are in deeper water. This is convermonally labeled ‘pressure compensation’* whereby
baroclinic structure, comprising sloping isopycnal surfaces, is adjustzd so that surface pressure gradients are
reduced in deeper water. In this paper, a two-dimensional flow in a channel is numerically modeled to demon-
strate the baroclinic adjustment process and its relationship to the bottom boundary layer. A simple analytical
model is also devcloped and defines the timescale of the adjustment process.

1. Introduction

It is observed that velocities are generally small in
the deeper ocean. Thus, the geostrophically balanced
velocity at the bottom is
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where uy and vy, are zonal (x direction) and meridional
(y direction) components of bottom velocity; 7 is the
surface elevation; b = g p/p, where p is density and p,
is a reference density; fis the Coriolis parameter; g is
the gravity constant; and H(x, y) is the depth. In Eq.
(1), small bottom velocities require that the surface
pressure gradient be mostly balanced by the integral
baroclinic terms. This balance is called pressure com-
pensation.

In this paper we show that, in the simple case of
channel flow, initially barotropic, the Ekman transport
in the bottom boundary layer aiters the overlying strat-
ified flow such that pressure compensation is developed
and the near-bottom velocities and stresses are reduced.
Undoubtedly, the mechanism is at work in the real
ocean. Whether or not it is a dominant mechanism is a
question for further research.
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The bottom boundary layer has received much less
attention in the literature than the surface layer. There
are nevertheless many papers; we cite a few examples.
There are studies of the structure and turbulent nature
of bottom layers ( Armi and D’ Asaro 1980) on flat and
sloping bottoms (Weatherly and Martin 1978; Trow-
bridge and Lentz 1991); others deal with the lateral
spreading of bottom layers (e.g., Jungclaus and Back-
haus 1994). Some studies concern the impact of slop-
ing bottom layers with emphasis on mixing and sub-
sequent interior intrusion (e.g., Armi 1978; Phillips et
al. 1986; Salmun et al. 1991), and there are papers that
concern the role of bottom layers in coastal dynamics
(e.g., Mellor 1986; Allen et al. 1995). The interaction
of a cold filament on a sloping bottom was studied by
Ezer and Weatherly (1990).

This paper was complete and reviewed when we
tardily discovered the relevant papers by MacCready
and Rhines (1991, 1993) and a review paper by Garrett
etal. (1993). These papers treated local boundary layer
processes on sloping topography; the timescale is on
the order of a day or so. The present paper discusses
the larger basin-scale flow development after the slope
flow is “‘shut down;”’ the timescale is on the order of
a year or more. The patient reader will see that a full
discussion of the resuits of the aforementioned authors
is best postponed to section 4 whence our results will
have been presented.

2. Numerical experiments

To demonstrate the process of pressure compensa-
tion in the simplest context, consider a two-dimensional
flow governed by






