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ABSTRACT

The behavior of an isolated vortex perturbed by topographically forced Rossby waves is studied using the
method of Contour Dynamics. For a single-contour vortex a distinct forcing threshold exists above which the
wave breaks in a dynamically significant way, leading to a disruption of the vortex. This breaking is distinguished
from the process of weak filamentary breaking described by Dritschel and classified here as microbreaking; the
latter occurs in nondivergent flow even at very small forcing amplitudes but does not affect the vortex in a
substantial manner. In cases with finite Rossby deformation radius (comparable with the vortex radius) neither
breaking nor microbreaking occurs below the forcing threshold. In common with previous studies using high-
resolution spectral models, the vortex is not diluted by intrusion of outside air, except during remerger with a
secondary vortex shed previously from the main vortex during a breaking event. The kinematics of the breaking
process and of the vortex interior and the morphology of material ejected from the vortex are described. When
the Rossby radius is finite there is substantial mixing in the deep interior of the vortex, even when the vortex
is only mildly disturbed. Implications for the stratospheric polar vortex are discussed.

1. Introduction

Our perception of the dynamics of the wintertime
stratosphere changed profoundly with the demonstra-
tion by MclIntyre and Palmer (1983) that the large-
amplitude, quasi-stationary Rossby waves, propagating
upward along the edge of the polar vortex, can and do
break, thus ejecting material from inside the vortex
and mixing some or all of it into the midlatitude air.
At about the same time, the onset of ozone depletion
within the springtime Antarctic vortex and, to a lesser
extent, within the Arctic vortex gave new urgency to
the study of the dynamics of, and the transport of trace
species in, these systems. A discussion of some of the
issues thus raised may be found in Juckes and McIntyre
(1987), MciIntyre (1987, 1989), Anderson et al.
(1991), Schoeberl and Hartmann (1991 ), and Schoe-
berl et al. (1991).

Some of the key questions are the following. First,
to what extent is the air inside the vortex isolated from
incursions of midlatitude air? This question is of con-
siderable importance to our understanding of the
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chemistry of the vortex. In some such calculations (e.g.,
Anderson et al. 1989) it is assumed that the polar vor-
tices are “containment vessels” (Juckes and Mcintyre
1987) within which constituent budgets are unaffected
by admixture of midlatitude air; others (e.g., Proffitt
et al. 1989, 1990) have argued that material is ex-
changed inward and outward across the vortex edge.

Second, under what conditions is air ejected from
the vortex (i.e., under what conditions do Rossby waves
break) and what is the morphology of the breaking
(does it form thin filaments or is air ejected in large-
scale, secondary vortices, or both)? In principle, trans-
port of the anomalous polar chemistry into the sunlit
midlatitudes could bring about significant ozone de-
pletion there. If the vortex air is ejected in thin fila-
ments, interaction with midlatitude air could neutralize
the chemical activity very quickly (Prather and Jaffe
1990) but longer-lasting effects could take place if ejec-
tion occurs on larger scales,

Satellite observations do little to resolve these ques-
tions, because of their limited resolution; thin features
would either appear smoothed out in the analysis or
would be missed altogether. Aircraft measurements
taken during the Airborne Antarctic Ozone Expedition
( see especially the sections near the vortex edge shown
in Anderson et al. 1989) do appear to show the presence
of finescale structures.






