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ABSTRACT

In this paper an analytical method is proposed for calculating the nonlinear g-induced translation of
isolated baroclinic eddies. The study focuses on frictionless anticyclonic eddies with a uniform anomalous
density and a lens-like cross section which translates steadily in a resting ocean. The depth of these
eddies vanishes along the outer edge so that as they translate westward their entire mass anomaly is
carried along with them.

The proposed method for calculating the translation speed incorporates the nonlinear equations of
motion in an integrated form and a simple perturbation scheme. It reiates the transiation of the eddy
to its intensity, size and volume, but requires only an approximate knowledge of the corresponding
numerical values.

The power and usefulness of the proposed method is demonstrated by its application to a class of
simply-structured eddies whose swirl velocity increases monotonically with the distance from the center.
It is found that the translation of these eddies is considerably smaller than that of a simple Rossby wave.
A small Rossby number eddy whose swirl velocity increases monotonically with the distance from the
center translates westward at approximately ¥48R,* (where R, is the deformation radius), whereas the
most nor:linear eddy (whose negative relative vorticity approaches the vorticity of the earth) translates
at %BRd .

The proposed method is tested by its application to more complicated anticyclonic eddies representing
those shed by the Loop Current in the Gulf of Mexico. For these eddies, the predicted westward trans-
lation speed is 0.328R* which agrees very well with both numerical experiments and field observations.

1. Introduction

It has been recognized for some time that mid-
ocean eddies play an important role in ocean dy-
namics and in affecting the structure of the ocean.
Of particular importance is the question of their
translation because it is directly related to their in-
fluence on the distribution of energy and properties
within the ocean..

In the present study, we shall examine analytically
the nonlinear translation of anticyclonic baroclinic
eddies with a uniform density anomaly. We shall
consider isolated eddies whose depth vanishes along
their outer edge corresponding to a lens-like cross
section (Fig. 1). Various observations show that the
basic structure of a large number of eddies belongs
to this category. Examples are the eddies shed by
the Loop Current in the Gulf of Mexico (Elliott,
1979), Amazonian eddies (see, e.g., Ryther et al.,
1967; Nof, 1981), and the Mediterranean eddies ob-
served off the Bahamas (McDowell and Rossby, 1978).

A considerable number of both analytical and nu-
-merical investigations have previously addressed
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various aspects of the 8-induced movement of plane-
tary eddies. Among the former studies are those of
Rossby (1948), Warren (1967), Firing and Beardsley
(1976), Larichev and Reznik (1976), Flierl (1977),
Flierl et al. (1980), Flierl (1979) and Shen (1981).
The analytical studies are mostly constrained to
linear or quasi-linear dynamics and, while being in-
formative, they do not deal directly with the isolated
lens-like eddies considered in this paper. The
numerical models of McWilliams and Flierl (1979),
Meid and Lindemann (1979) and Hulburt and
Thompson (1980) do not specifically deal with our
problem either, but some of them do shed light on
some aspects of the problem as we shall see later.

Our attention will be focused on frictionless anti-
cyclonic eddies which, due to their lens-like shape,
correspond to an edge with a discontinuity in the
density, potential vorticity and possibly the velocity
(see Fig. 1). The influence of steering currents will
be neglected and it will be assumed that the eddies
are entirely isolated in the sense that they are free
from any interactions with boundaries, mean flow
or other eddies. Steadily translating states corre-
sponding to both the mass and momentum being
carried with the eddy will be sought.

To obtain the solution for the problem, the equa-






