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ABSTRACT

Theory and observations suggest that the Antarctic polar vortex is relatively isolated from midlatitudes,
although others have interpreted the observations to indicate that there is substantial mixing from the interior
of the vortex into middle latitudes. The equivalent barotropic model of Salby et al. is used to study quasi-
horizontal mixing by the large-scale flow in the lower stratosphere during Southern Hemisphere spring, which
is when the Antarctic ozone hole appears and disappears. The model is forced by relaxation to observed cli-
matological monthly mean zonal-mean winds and by an idealized wave 1 or 2 forcing at the lower boundary.
Mixing and transport are diagnosed primarily through Lagrangian tracer trajectories. For September, October,
and November basic states, there is little or no mixing in the interior of the vortex. Mixing occurs near the
critical lines for the waves: in the tropics and subtropics for a stationary wave 1, and in midlatitudes on the
equatorward flank of the jet for an eastward-moving wave 2. For the December basic state, the wave 2 forcing
rapidly mixes the interior of the vortex. Mixing of Lagrangian tracer particles can be significant even when the
waves do not “break,” as evidenced by the potential vorticity field. In the model there does not appear to be
any significant transport of air out of the interior of the polar vortex prior to the vortex breakdown. The principal
factor that leads to the vortex breakdown and mixing of the vortex interior is the deceleration of the jet to the
point where winds in the interior of the vortex are close to the phase velocity of the wavenumber 2 forcing. The
tracer transport is very similar to many aspects of the behavior of the total ozone field during the spring season.
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1. Introduction

Each spring in the Southern Hemisphere (September
through November), the Antarctic ozone hole forms
as chemical reactions rapidly destroy ozone within the
Antarctic polar vortex in the region poleward of 65°
to 70°S latitude. The boundary varies with the position
of the vortex (Proffitt et al. 1989). Observational and
modeling studies support the theory that the ozone de-
struction is the result of complex heterogeneous chem-
ical reactions requiring the presence of polar strato-
spheric clouds (PSCs) (Solomon et al. 1986; McElroy
et al. 1986; Anderson et al. 1989). The PSCs denitrify
the interior of the polar vortex and provide a reaction
surface that allows catalytic photochemical destruction
reactions involving chlorine and bromine to occur
much more rapidly than in other parts of the strato-
sphere. The existence of the ozone hole depends on
the very cold temperatures of the springtime polar vor-
tex, which allow the PSCs to form. Unlike the Arctic
stratosphere, in the Antarctic the low polar tempera-
tures and strong polar vortex, which are characteristic
of the wintertime circulation, persist after the end of
the polar night. In the Arctic the stratosphere is gen-
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erally too warm for PSCs to form at the end of the
polar night, and the vortex is much weaker.

To a large extent, the interior of the Antarctic polar
vortex, where it is cold enough for PSCs to form, ap-
pears to be isolated from the exterior of the vortex in
the sense that there is little interchange of air between
the two regions (Hartmann et al. 1989; Schoeberl et
al. 1989; Schoeberl et al. 1992). Mclntyre (1989) has
reviewed the dynamical arguments for isolation of the
polar vortex. Tuck (1989) and Proffitt et al. (1989),
however, have argued that there is significant down-
ward vertical motion within the polar vortex. They
suggest that air from within the vortex is mixed con-
tinuously with high ozone air outside the vortex by
synoptic-scale waves. This disagreement has implica-
tions for the ozone destruction rate, since significant
downward transport of ozone into the vortex by the
mean meridional circulation and mixing of ozone-de-
pleted air into midlatitudes would require a higher
ozone destruction rate to produce the observed ozone
depletion within the ozone hole. A better understanding
of the quasi-horizontal mixing processes will help ad-
dress one aspect of this problem.

Planetary waves propagating upward through the
stratosphere induce reversible transport events as the
vortex deforms and then returns to approximate zonal
symmetry (Bowman 1990). The propagation of large-
scale waves in the springtime Antarctic stratosphere






