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ABSTRACT

A simplified two-layer analytical model describing the interaction between a longshore current and a thin
lenslike eddy is considered. The eddy is situated near a vertical wall and is embedded in a frictional boundary
current which is flowing from one latitude to another. Attention is focused on the conditions under which the
boundary current compensates for the tendency of the eddy to drift due to B so that the eddy is stationary.
The model incorporates movements resulting from the circulation within the eddy, the longshore flow and 8.
Both the upper and lower layer are taken to be active; diffusion is neglected but bottom friction is included.
Although our model is simplified, the movements within the eddy are not constrained to be quasi-geostrophic,
in the sense that the Rossby number can be relatively large and the interface surfaces at a finite distance from
the center. The desired solutions are constructed analytically.

It is found that a thin lenslike eddy adjacent to a western boundary can remain in a fixed position if the
current in which it is embedded is flowing from low to high latitudes at a (“critical”’) speed which depends on
B, the inclination of the coastline, the frictional coefficient along the bottom of the ocean and the eddy’s size,
intensity and volume. Presumably, a northward flowing current whose speed is less than “critical” will allow
the eddy to drift upstream (southward), whereas a current whose speed is stronger than the critical will sweep
the current downstream (northward).

In contrast to western boundaries, thin eddies embedded in eastern longshore flows can never be stationary
regardless of the current’s characteristics. This difference between western and eastern boundaries exists because
as the current flows, it exerts two forces on the eddy. One is parallel to the coastline (and can compensate for
the eddy’s B-induced force) and the other is perpendicular to the wall. In the western boundary case, the cross-
stream force pushes the eddy toward the boundary causing it to lean against the wall. In the eastern boundary
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case, on the other hand, the force pushes the eddy away from the wall causing it to accelerate toward the

open ocean.

1. Introduction

Encounters between light anticyclonic eddies and
continental boundaries take place in many parts of
the oceans. Examples are the Gulf Stream rings and
the Loop Current eddies in the Gulf of Mexico. These
encounters are inevitable because of the eddy’s west-
ward (B-induced) movement in the open ocean (e.g.,
Warren, 1967; Flierl, 1977, Lai and Richardson, 1977;
the Ring Group, 1981; Nof, 1981b) which forces the
eddies to reach the western boundaries. The question
of the resulting drifts and the direction at which the
eddies are migrating is of particular importance due
to its relevance to the distribution of energy and prop-
erties within the ocean. In view of this, it is of interest
to examine the mechanisms which might be active
when an eddy drifts into the vicinity of a continent.

To illustrate some of the processes which might be
active when an anticyclonic lenslike eddy comes in
contact with a western wall in a resting ocean, it is
recalled that the westward (8-induced) drift in the open
ocean (Fig. 1) results from a balance between the
southward @ force and the northward Coriolis force
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associated with the drift (e.g., Nof, 1981b, 1983b). As
the eddy encounters the wall, westward motion is, of
course, no longer possible so that the northward Co-
riolis force, which is associated with the drift, dimin-
ishes. Consequently, the southward 8 force must be
balanced by a new force and a new type of drift will
evolve. It is expected that the eddy will start accelerating
southward along the wall because the $-induced force
is pointing to the south. This type of drift is quite
complicated and some simplifications are, obviously,
necessary in order to gain some insight into the pro-
cesses in question. In view of this, we shall make two
major simplifications.

First, instead of asking how an eddy adjacent to a
boundary is drifting in a resting ocean, we shall focus
on the conditions under which a long-shore current
can balance the 8-induced force and maintain the eddy
in a fixed position. This eliminates the time dependency
and enables one to treat a steady state problem. The
above situation is probably not very common in the
actual ocean because it requires a very special balance
of forces. However, knowing the current which is nec-
essary in order to keep the eddy stationary will give






