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ABSTRACT

The stability of a two-layer model is analyzed using a numerical method taking into account the effect
of bottom topography. A jet in geostropic equilibrium exists in the upper layer and baroclinic instability
may occur. It is found if the bottom topography has a large amplitude relative to the total depth, that it
has a destabilizing rather than a stabilizing influence. Applying the model to the Gulf Stream, it is found
that the most unstable disturbances, corresponding to the basic flow upstream from Cape Hatteras, are
markedly different in wavelength and period from those corresponding to the basic flow downstream from
Hatteras. The baroclinic disturbances in the model are consistent with the limited observational evidence

on momentum transfer by Gulf Stream eddies.

1. Introduction

The purpose of this paper is to investigate the sta-
bility of a jet in a baroclinic, two-layer system and to
determine the influence of bottom topography on the
dynamics. Although analysis has been made of two-
layer models in order to describe the dynamics of baro-
clinic waves in the atmosphere, there is not much known
about the influence of bottom topography on such mo-
tions. There are several areas of geophysical fluid dy-
namics in which the above effect is relevant, e.g., the
instabilities which occur in the atmosphere over the
continental coast of Antartica, and the irregularities in
the Kuroshio and Gulf Streams in the ocean. The ex-
tensive measurements in the Gulf Stream suggest the
consideration of the latter example as a prototype in
this paper. The meandering behavior of the Gulf Stream
may well be explained by a stability analysis of a jet
flowing over bottom topography which has a strong
variation across the stream.

Early papers (Haurwitz and Panofsky, 1950; Stom-
mel, 1953; Stern, 1961; Lipps, 1963) examined this
problem by a simple stability analysis. They arrived at
the conclusion that only barotropic instabilities are
possible. In a later section, we will show that they
arrived at this conclusion by neglecting the dynamics
of one of the layers (the deep layer) and the effect of
the bottom topography. We can predict this result from
the necessary condition of instability for a two-layer
system (Pedlosky, 1964) in which the dynamics of one
of the two layers is neglected. The only possible insta-
bility in this simplified case occurs when the gradient of
the mean potential vorticity of the active layer changes
sign, i.e., when the horizontal shear of the jet allows

barotropic instability. We will show that the assumption
of neglecting the dynamics of the lower layer and the
botfom topography were not justified and that it is
necessary to include both layers in the stability analysis
for an adequate description of Gulf Stream behavior.

Following a formulation of the steady-state equations
and the linearized perturbation equations in Sections
2 and 3, two cases are investigated in Section 4, one,
Case A, being devoted to determining the eigenvalues
corresponding to a cross stream variation of the bottom
topography. A similarity is found between the effects
of the latitudinal gradient of the Coriolis parameter and
a sloping bottom topography. Under some circum-
stances both have a stabilizing effect on the waves, but
this feature is very sensitive to the particular configura-
tion of bottom topography considered.

In Case B the analysis will show first how the unstable
mode varies when changes in the mean velocity, the
wavenumber and the bottom topography are made
separately. Then attention is focused on the meanders
of the Gulf Stream. The large differences in bottom
topography along the stream suggest the consideration
of two regions (I and II). Regions I and IT have repre-
sentative bottom configurations similar to those in the
areas upstream and downstream from Cape Hatteras,
respectively. The most rapidly growing baroclinic wave
has a quite different wavelength in Regions I and II.

A derivation of the energy equations and an analysis
of the energetics is given in the two final sections. It is
found that the mean potential energy is the source of
energy for the waves, but the release of potential energy
takes place in such a way that in the simple two-layer
system the source of potential energy is in the deeper
layer.






