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Fig. 2. Contours of the potential vorticity anomaly of an anticyclonic eddy colliding with a wall.
The annulus fluid is advected anticyclonically to form a weak cyclonic eddy migrating to the right.
The original eddy becomes half-circular and moves at a constant speed to the left.

eddy that is suddenly cut off by a vertical wall. From t =0 day to t =20 days,
the interior anticyclonic fluid advects the annulus anticyclonic fluid to the right,
and this process is compatible with that of Fig. 1. At t =10 days, due to
instability of the eddy, the shape of the interior is deformed. On day 20, the
cyclonic annulus fluid is pushed farther to the right by both the interior and the
image effect. At t =30 days, this anticyclonic-wall collision produces a new
cyclone to the right along the wall. Similar to the result of the contour dynamics
study shown in Fig. 1, the newly formed cyclonic eddy is weak compared to its
anticyclonic counterpart. This new, weak, cyclonic eddy moves slowly to the
right. The area of the new eddy in Fig. 2 is approximately 100% of that of the
initial annulus, which is identical to the final area of the new eddy in Fig. 1.

Interactions of the interior with the annulus force the interior to move farther
into the wall. Then, the initial constant potential vorticity eddy is transformed
into a half-circular wodon-like eddy (e.g., Shi and Nof 1993). In a fashion
similar to the result shown Fig. I, the present numerical calculation shows that
the remaining parent eddy migrates to the left at a constant speed of
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4.2 km day ~'. By using the wodon solution of Shi and Nof (1993), we obtain an
analytical speed of 4.0 km day ~', which agrees well with the numerical calcula-
tion. The isopycnic model also shows that eddy-wall collisions generate a Kelvin
wave propagating along the wall. Such a wave was, of course, not present in the
contour dynamics model because the contour dynamics technique filters these
waves out.

Comparison with oceanic observations

One of the most comprehensive surveys of eddy-wall collisions is that of Vidal
et al. (1992) who examined Loop Current rings. They identified the collision
from temperature, salinity and dynamic topography distributions. As suggested
by our models, they found that, when the anticyclonic eddy collided with the
continental slope, the eddy translated to the left. During the collision process,
the anticyclonic ring shed approximately one third of its volume to the right.
They also found that a cyclonic ring was formed to the right of the parent ring
as suggested by our model. Because of the relatively large amount of mass that
was lost from the parent eddy, we speculate that the actual collision was similar
to our collision processes, all of which have been termed “violent” collision.

While the above observations compare favorably with our model, the follow-
ing data do not necessarily support our model predictions. Vukovich and Wad-
dell (1991) used data from xBT/hydrographic cruises in the Gulf of Mexico and
from satellite images to study collisions of a warm-core ring with the western
slope. They indicated that the collisions of the anticyclonic ring with the con-
tinental slope induced a large-scale flow to the left in the upper layer near the
slope. There was a cyclonic ring to the /eft of the Loop current warm-core ring
along the slope. The line-up is the cyclone to the left and the anticyclone to the
right, which is different from both our model results and the observations of
Vidal et al. (1992). We speculate that the cyclonic ring of Vukovich and Waddell
(1991) could have been generated by shelf water being pushed to deep regions
by the anticyclonic ring. This process is, of course, absent from our analysis as
our boundaries were taken to be vertical.
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