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ABSTRACT

The behavior of an isolated pair of vortices consisting of two eddies sitnated on top of each other in a
three-layer ocean is examined analytimlly. The amplitud&s of both eddies are high and, consequently, the
two eddies behave as one unit and migrate together in the ocean. For this reason, it is proposed to call the
system joint vortices. The eddies are of equal or opposite sign; each vortex is situated in a different layer so
that there are two active layers and one passive layer.

Attention is focused on the behavior of joint vortices on a slopmg bottom in the deep ocean and on a 8
plane in the upper ocean. That is, we consider deep joint eddies situated on an inclined floor in the lowest
two layers of a three-layer ocean and upper joint eddies in the upper two layers. Special attention is given
to the cases where one of the vortices is a lens-like eddy. Approximate solutions for slope (or 8) induced
drifts in the east-west direction are obtained.

It is found that because of the high amplitudes and the resulting nonlinear coupling, the joint eddies have

. a mutual drift which is very different from the drift that each individual vortex would have. For example,

while each individual vortex translates to the west in the absence of a conjugate vortex, the combined vortices
may drift steadily to the east. This bizarre behavior stems from the presence of a “planetary lift” which is
the oceanic equivalent of the side pressure force associated with the so~called Magnus effect. 1t is directed at
90° to the /eft of the drifting eddies.

Other results of interest are: (i) Under some conditions, the westward drift of joint eddies consisting of two
cyclonic vortices is much faster than the long-wave speed. Such fast drifts contradict previously held
contentions that the speed of cyclonic eddies cannot exceed the long wave speed. (ii) As it translates westward,
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an anticyclonic lens-like eddy can carry a Taylor column on top of it.
Possible application of this theory to various eddies in the ocean is discussed.

1. Introduction
a. Background

The dynamics of planetary vortices received much
attention in recent years mainly because of the rec-
ognition that they play a major role in the transfer
of energy, heat and nutrients (e.g., The Ring Group,
1981; Hogg and Stommel, 1985). This transfer is, at
least partly, a result of the eddies’ self-propulsion
mechanisms, i.e., their ability to migrate without any
external assxstance An important self-propulsxon
mechanism i$ believed to be a result of the variation
of the Coriolis parameter with latitude. Consequently,
there have been a large number of both numerical
and analytical attempts to determine the influence of
g on the eddy’s behavior (e.g., Warren, 1967; Flierl,
1977; McWilliams and Flierl, 1979; Mied and Lin-
demann, 1979, 1982; Davey and Killworth, 1984;
Killworth, 1983; Nof, 1981, 1983b; Shen, 1981;
McWilliams ez al.; 1981).

The attempts focused on various kinds of eddies,
among them the so-called “Modons”. These were
introduced in the 1970s (Stern, 1975) as a means of
simplifying the actual problem to a pair of adjacent
vortices of equal strength and opposite sign. The
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direct applicability of the Modon to the ocean is
somewhat limited mainly because of the lack of
observations which clearly display the existence of
adjacent eddies with opposite sign and equal strength.
There is little doubt, however, that much has been
learned from the introduction of the Modon mainly
because of the various processes that can easily be
examined with its aid.

In this paper we shall introduce a somewhat similar
concept to the Modon. We shall look at the behavior
of a system consisting of two vortices (with high
amplitudes) situated on top of each other in a three-
layer ocean. We term these eddies joint vortices
because of the high amplitudes which “lock” the
vortices to each other forcing them to translate to-
gether as one unit. In contrast to the Modon which
includes two vortices of equal strength and opposite
signs, the two eddies forming the new system are not
necessarily of equal strength nor are they necessarily
of opposite sign.

We shall consider three different systems of joint
eddies. The first (system I) corresponds to deep ocean
eddies situated on an inclined ocean floor; the second
and third (systems II and III) correspond to upper
ocean eddies subject to the influence of 8. System II






