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ABSTRACT 

This paper describes the horizontal structure of ozone and 50 mb height waves for the 1986-1989 
springs of the Southern Hemisphere using global NMC height analyses and Nimbus 7 TOMS 
Grid-T Version 6 data. Empirical Orthogonal Functions (EOFs) are obtained for the ozone and 
height data independently to identify the meridional structure of observed long waves as well as 
their propagation characteristics. It is found that the leading EOFs for both the ozone and 50 mb 
height waves exhibit wavenumber 1 and 2 patterns. The wave 1 pattern is usually centered at 
6~65°S and it either propagates eastward with a period of 30 days or longer (1986, 1987, 1989) 
or it is quasi-stationary (1988). This wave is weak during 1987, a year with low ozone values 
which persisted into summer. The wave 2 pattern travels eastward with a period of 1~12 days. 
It is best defined while the polar vortex is strong and its amplitude in the ozone field is observed 
to decay sharply after onset of the summer regime. The correlation coefficients between ozone 
and 50 mb height principal components are high. These indicate high/low ozone values 
associated with high/low values of 50 mb heights. This distribution is consistent with the advec­
tion of ozone by planetary waves south of the ozone maximum, as shown by a simple linear wave 
model. This model consists of an equivalent barotropic wave between 5 and 150 mb. The 
observed total ozone amplitudes for waves 1 and 2 for most years are consistent with the total 
ozone predictions by the wave model. In contrast, during 1989, a year with a well defined 
vertically propagating wave 1, the linear model overpredicts the observed ozone wave amplitude 
by a factor of 2. 

1. Introduction 

Recent observations of total column ozone 
during the 1991 Southern Hemisphere spring 
have continued to register depleted ozone levels 
over Antarctica. Preliminary analysis of Total 
Ozone Mapping Spectrometer (TOMS) on NASA 
Nimbus-7 satellite (e.g., Beasley, 1991) indicate 
that values as low as 110 Dobson units (DU) were 
observed last October. This constitutes the lowest 
value ever observed on an individual day. The 
chemically produced ozone hole is distorted by 
atmospheric waves which bring ozone depleted air 
of polar latitudes into mid-latitudes during winter. 
During spring, dramatic changes take place in 
ozone concentration and it is not obvious how 

much the planetary waves determine the day-to­
day variations of ozone concentration. It is the 
purpose of this paper to quantify the relation­
ship between these waves and the total column 
ozone content (as measured by the TOMS) for the 
years 1986 through 1989. This period includes 
the anomalous circulations of the 1987 and 1988 
austral springs, when the circumpolar vortex 
exhibited very late and early demises, respectively. 

Ozone concentration, defined as the ratio 
between the number of ozone to air molecules, 
increases rapidly with height maximizing at 
about 5 mb. The TOMS measures the vertically 
integrated ozone (number of ozone molecules 
per unit area). Since this total column value has 
large contributions from the ozone density in a 
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