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ABSTRACT

Since midocean eddies migrate westward, they eventually reach the western boundaries. It is, therefore, of
interest to find out what happens after the eddies collide with the walls. An isopycnic, two-layer, primitive
equation model on a 8 plane and a simple analytical model on an fplane are constructed to investigate the
meridional migration of an oceanic eddy along a western wall.

On a 8 plane, three factors determine the eddy’s migration along a western meridional wall. First, the image
effect pushes an anticyclonic (cyclonic) eddy northward (southward ). Second, the 8 force (resulting from the
larger Coriolis force on the northern side of the eddy) pulls an anticyclonic (cyclonic) eddy southward (northward).
Third, after an anticyclonic (cyclonic) eddy collides with the wall, parts of the anticyclonic eddy’s interior fluid
leak out southward (northward) along the wall forming a thin jet. In an analogy to a rocket, this jet pushes the
eddy northward (southward). Our aim is to investigate in which direction the eddy ultimately migrates along
the wall (i.e., to determine which of the above three processes dominates).

The combined effect of the three processes is a rather complicated process and the results are counterintuitive.
For instance, imagine a lenslike anticyclonic eddy situated on a sloping bottom (analogous to 8). This highly
nonlinear eddy migrates with shallow water on its right (“westward” ) and encounters a meridional wall. Intuitively,
it is expected that, once the “westward”™ migration is arrested by the wall, gravity will pull the eddy downhill
(southward) so that the eddy will migrate toward deep water (i.e., toward the equator). Surprisingly, however,
the authors’ numerical computations show that the eddy migrates uphill. This bizarre behavior results from the
leakage along the wall that, in terms of the eddy energy, compensates for the uphill drift. Namely, the leakage
plays a crucial role in the eddy-wall interaction process because it allows the uphill migration. Eventually, it
causes a destruction of the lens by completely draining its fluid.

The above highly nonlinear experiments are supplemented by quasigeostrophic analytical solutions and iso-
pycnic numerical experiments of cyclones and anticyclones. It is found that, in contrast to the situation with
the lens, the leakage does not play a crucial role in quasigeostrophic eddies. However, all of these experiments
show that the image effect is the most dominant process. It turns out that, as the eddy responds to the presence
of the wali, it is transformed into a halfcircular shape that is very different from its original preinteraction
circular shape. This results from the fact that, even though the westward S-induced speed (forcing the eddy into
the wall) is small, it is active over an extended period of time so that its final effect is relatively large. The final
half-circular eddy that migrates along the wall is nearly independent of 8 as long as the eddy is not extremely
far from its original latitude. This is demonstrated by both our numerical solution (of the primitive equations)
as well as our quasigeostrophic analytical solution. The authors term this final migrating eddy a wodon as it
represents a combination of a wall and a modon.

Possible applications of these models to various oceanic situations are discussed.

1. Introduction

In an open ocean, mesoscale eddies continuously
migrate westward due to 8. It is therefore of interest to
investigate an eddy’s migration after it encounters a
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western continental slope. Recent observations ob-
tained from satellite or buoy drifters show a complex
migration pattern for eddies adjacent to the continental
slopes. For example, Fig. 1 [adapted from Evans et al.
(1985)] illustrates the location of the center track for
Gulf Stream warm core ring 82B. This anticyclonic
ring first moved westward, and then southwestward
(along the isobaths) at an average speed of 3 km day ™.
Figure 2 [adapted from Kirwan et al. (1988)], on the
other hand, demonstrates that the center motion of an
anticyclonic Loop Current ring in the western Gulf of
Mexico first migrated westward, and then translated
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F1G. 1. The drift of a Gulf Stream warm core ring 82B near the western Atlantic continental
slope (adapted from Evans et al. 1985). It illustrates that the eddy first moves westward and then
southwestward along the continental slope.

northward at a speed of 3.5 km day~!. Ultimately, the From these two very different observations, it is clear
ring slowly turned away from the slope, and changed that an eddy’s migration near western boundaries is a
its migration direction from northward to southward. very complex process. The question that we will address
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FI1G. 2. The center motion of a Loop Current anticyclonic ring near the continental slope of the
western Gulf of Mexico (adapted from Kirwan et al. 1988). It shows that, initially, the eddy
migrated westward. It then turned 90° to the north and northeast along the slope and then turned
again and moved southwestward.






