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ABSTRACT

The migration of nonlinear frontal jets is examined using an inviscid “reduced gravity” model. Two cases
are considered in detail. The first involves the drift of deep jets situated above a sloping bottom, and the second
addresses the zonal 8-induced migration of meridional jets in the upper ocean. Both kinds of jets are shallower
on their left-hand side looking downstream (in the Northern Hemisphere). For the first case, exact nonlinear
analytical solutions are derived, and for the second, two different methods are used to calculate the approximate
migration speed.

It is found that deep oceanic jets migrate along isobaths (with the shallow ocean on their right-hand side) at
a speed of g'S/ f, (where g’ is the reduced gravity, .S the slope of the bottom, and f, the Coriolis parameter).
This speed is universal in the sense that all jets migrate at the same rate regardless of their details. By contrast,
upper-ocean meridional jets on a 8 plane drift westward at a speed that depends on their structure. Specifically,
it is shown that this drift is the average of the two long planetary wave speeds on either side of the front: namely,
C = —B(R% + R%)/2, where Ry, (R,.) is the deformation radius based on the undisturbed depth east (west)
of the jet; for frontal jets the above formula gives half the long Rossby wave speed.

Both kinds of drift occur even if the jets in question are slanted; that is, it is not necessary that the deep jets
be directly oriented uphill (or downhill) or that the upper-ocean jets be oriented in the north-south direction.
For the drifts to exist, it is sufficient that the deep jets have an uphill (or downhill} component and that the 8-
plane jets have a north-south component. Possible application of this theory to the jet observed during the
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Local Dynamic Experiment, which has been observed to drift westward, is discussed.

1. Introduction

The question of what happens to meridional mid-
ocean jets on a 3 plane or deep jets situated over a
sloping bottom is important because of its direct rel-
evance to jets in the open ocean. One example of such
flows is the midocean jet discovered during the Local
Dynamic Experiment (Shen et al. 1986). This jet was
observed to have a relatively short cross-front length
scale (50-100 km) and an alongfront length scale of
at least 400 km. It was a surface intensified feature,
with flows at 200 m in excess of 30 cm s~! and cross-
front isopycnal depth changes of ~200 m. Last, the
jet appeared to be associated with a considerable mass
transport. These aspects of the Local Dynamics Ex-
periment (LDE) jet suggest that it is an important fea-
ture of the North Atlantic circulation.

Past theoretical models of the LDE jet, and of mid-
ocean jets in general, have examined possible reasons
for their existence, but have confined their analysis to
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time-independent fixed processes (Dewar 1991; Dewar
and Marshall 1993). An observed feature of the LDE
Jjet, however, was its tendency to move west at a rate
of a few centimeters per second and the reasons for
such migration have received only limited study. The
objective of this paper, therefore, is to examine prop-
agating front models that can, hopefully, be applied to
the LDE observations.

Background

It has been recognized for many years that upper-
ocean features with closed circulation cells (i.e., Rossby
waves or eddies) propagate to the west on a 3 plane
and that similar deep patterns migrate along isobaths.
However, it is not a priori obvious what would be the
case with one-dimensional meridional flows because
the common qualitative explanations for the westward
drift of Rossby waves (e.g., Gill 1982) and eddies (e.g.,
Nof 1983a) do not apply. This is so because both of
these explanations rely on the presence of zonal flows
that are not necessarily present in meridional jets.

A partial answer to the question of the behavior of
meridional S-plane fronts was obtained in a study of
planetary shock waves in Dewar (1987). There it was
argued (using a two-layer model) that steepening,
driven by the nonlinearity in the continuity equation
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