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ABSTRACT

Total Ozone Mapping Spectrometer images of the springtime Southern Hemisphere commonly show concentric
layers in the total ozone field outside the Antarctic polar vortex. The layering appears to result from horizontal
folding and stretching of regions on the equatorward flank of the polar vortex near the midlatitude ozone
maximum. This folding and stretching interleaves low and high ozone air from the subtropics and midlatitudes,
respectively. Occasional large amplitude wave events can extract very low ozone air from the interior of the
polar vortex (the Antarctic ozone hole), but the folding and stretching occurs in midlatitudes even when wave
amplitudes are not exceptionally large. The folding and stretching results in relatively rapid horizontal mixing
of the atmosphere on the equatorward flank of the jet. This type of Lagrangian behavior may be common in
the atmosphere, but is only visible when local tracer gradients are large and observations with high spatial
resolution are available. Also, experimentation has shown that gray-scale images of TOMS data show the details
of the spatial distribution of ozone much more clearly than contour maps or false-color images.

1. Introduction

Observational and modeling studies have revealed
the existence of horizontal folds in tracer fields that are
associated with breaking planetary-scale waves (Hsu
1980; McIntyre and Palmer 1983; Lyjak and Smith
1983; Leovy et al. 1985; Juckes and McIntyre 1987;
Juckes 1989; Polvani and Plumb 1992). The wrapping
up of tracer fields can also be seen in analytical models
(Stewartson 1978; Warn and Warn 1978; Ottino
1989), other barotropic-type models (Salby et al.
1990a,b), and three-dimensional models (O’Neill and
Pope 1988; Robinson 1988). At the spatial scale re-
solved by most stratospheric satellite instruments, the
breaking wave patterns appear as large comma-shaped
deformations of the tracer field. Numerical simulations
like those of Juckes (1989), Salby et al. (1990a,b), or
Polvani and Plumb (1992) show much finer structure
in two-dimensional tracer fields.

The Total Ozone Mapping Spectrometer (TOMS)
on the Nimbus-7 satellite is one of the few instruments
capable of measuring stratospheric tracers with suffi-
cient horizontal spatial resolution to detect these fold-
ing and stretching events, provided that they are deep
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enough to affect the total column ozone. This paper
shows that the TOMS is capable of resolving fine struc-
ture in the total ozone field of the Antarctic polar vortex
resulting from wave events. The associated mixing
processes are an important part of the dynamics of the
ozone hole. TOMS images also show the more chaotic
mixing that occurs when the polar vortex breaks down.
Numerical model experiments to determine the large-
scale factors that control the mixing process are pre-
sented in a companion paper (Bowman 1993). Also,
experimentation has shown that gray-scale images of
TOMS data show the details of the spatial distribution
of ozone much more clearly than contour maps or false
color images.

2. Data and methods

Twelve years (1979-1990) of nearly global total
ozone observations are now available from the Total
Ozone Mapping Spectrometer on the Nimbus-7 sat-
ellite. This study uses selected daily gridded fields for
1978-1989 (Version 6.0 of the TOMS processing al-
gorithm), which are available on compact disk (CD-
ROM) from the National Space Science Data Center
at Goddard Space Flight Center.

The TOMS instrument uses backscattered solar ul-
traviolet radiation to make daily measurements of total
column ozone over the entire sunlit portion of the






