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ABSTRACT

The GFDL ‘‘SKYHI’’ general circulation model has been used to simulate the effect of the Antarctic ‘‘ozone
hole’” phenomenon on the radiative and dynamical environment of the lower stratosphere. Both the polar ozone
destruction and photochemical restoration chemistries are calculated by parameterized simplifications of the still
somewhat uncertain chemical processes.

The modeled total column ozone depletions are near 25% in spring over Antarctica, with 1% depletion
reaching equatorial latitudes by the end of the 4'/-year model experiment. In the lower stratosphere, ozone
reductions of 5% reach to the equator. Large coolings of about 8 K are simulated in the lower stratosphere over
Antarctica in late spring, while a general cooling of about 1—1.5 K is present throughout the Southern Hemisphere
lower stratosphere. The model atmosphere experiences a long-term positive temperature—chemical feedback
because significant ozone reductions carry over into the next winter.

The overall temperature response to the reduced ozone is essentially radiative in character. However, sub-
stantial dynamical changes are induced by the ozone hole effect. The Antarctic middie stratosphere in late spring
warms by about 6 K over Antarctica and the lower midlatitude stratosphere warms by approximately 1 K. These
warming spots are produced mainly by an increased residual circulation intensity. Also, the Antarctic vortex
becomes tighter and more confined as a result of the reduced ozone. These two dynamical effects combine to
steepen the meridional slope of quasi-conservative trace constituent isolines. Thus, the entire transport, radiative,
and dynamical climatology of the springtime stratosphere is affected to an important degree by the ozone hole

phenomenon. Over the entire year, however, these dynamical effects are considerably smaller.

1. Introduction

A great deal of concern has been generated by the
recent discovery of rapid depletion of total ozone over
Antarctica during local spring (Farman et al. 1985).
The total ozone mapping spectrometer (TOMS) on
board Nimbus-7 has provided areal coverage of its sea-
sonal inception, development, and decay since launch-
ing in 1978. The satellite found depletions of total
ozone over Antarctica as much as 50% compared to
ground-based data taken during the 1960s. The satellite
data also indicate that depletion of ozone may also be
occurring at other latitudes in the Southern Hemisphere
and at other times of the year. Both ground-based mea-
surements and high-altitude aircraft flights have dem-
onstrated that large concentrations of chlorine radicals
derived from the photolysis of chlorofluorocarbons are
likely responsible (Barrett et al. 1988; Anderson et al.
1989). Although much useful data have been collected
for the morphology of the ozone hole and for elucidat-
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ing possible mechanisms responsible for its formation,
major questions still remain about the impact of the
Antarctic ozone hole on the dynamics and thermal
structure of the rest of the stratosphere.

The development of a stable wintertime polar vortex
is a critical component for the initiation of ozone de-
struction in the Antarctic lower stratosphere during
spring. When the dynamical forcing of the Southern
Hemisphere stratosphere is weak, the polar vortex be-
comes very cold and isolated. Concomitantly, in such
circumstances, the transport of chemical tracers into
polar regions is strongly suppressed (Mahlman and
Fels 1986). Moreover, such a strong polar vortex be-
comes quite resistant to erosion even when the dynam-
ical forcing is increased (Juckes and Mclntyre 1987).
Therefore, variations in wintertime planetary-scale dis-
turbance activity in the Southern Hemisphere tropo-
sphere (Mahlman and Fels 1986) need to be considered
in determining the strength and stability of the south
polar vortex. The importance of wave forcing to the
zonal mean structure of the stratosphere of the Southern
Hemisphere has been comprehensively discussed by
Hartmann (1976a,b).

The lesser net dynamical heating of the Antarctic
polar vortex relative to that of the Arctic causes the






