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ABSTRACT

Nine years of total ozone measurements from the Total Ozone Mapping Spectrometer (TOMS) on Nimbus
7 are used to study the global structure of the quasi-biennial oscillation (QBO) in total ozone. Interannual
variability of total ozone near the equator (10°S to 10°N) is dominated by the QBO. The equatorial ozone
anomalies are independent of season and are well correlated (r > 0.8) with the equatorial zonal wind. In both
hemispheres, midlatitude anomalies are two to three times larger in winter than in summer. Global patterns of
the ozone QBO are identified by computing lagged correlations between the zonal-mean equatorial ozone and
ozone elsewhere on the globe. Correlations between equatorial and extratropical ozone are weak during the
summer season (r ~ 0) and large and negative during the winter (r < —0.8 in the Southern Hemisphere and
r < —0.6 in the Northern Hemisphere). There are nodes or phase shifts in the correlation patterns at +10°
latitude, at 60°S, and at 50°N. Large negative correlations extend to the poles in both winter hemispheres.
There are indications of a correlation between wave activity, as measured by the eddy variance of the total
ozone field, and the QBO, although the variability of the eddy activity is large and the sample size is small. The
correlations support the accepted view that equatorial ozone anomalies result from vertical transport by the
QBO circulation. The correlation patterns do not support the theory that extratropical ozone anomalies on the
QBO time scale are the result of either advection of equatorial ozone anomalies by the climatological circulation
or quasi-horizontal mixing of the equatorial anomalies by planetary waves, Instead, the ozone anomalies resemble
a seasonally modulated standing oscillation, possibly resulting from quasi-biennial wave forcing of the planetary-
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scale mean meridional circulation and the associated vertical advection of ozone.

~

1. Introduction

The quasi-biennial oscillation (QBO) in the equa-
torial stratosphere was discovered independently by
Reed et al. (1961) and Veryard and Ebdon (1961). Near
the equator the zonal wind oscillates between westerly
and easterly directions with a period varying from 22
to 34 months. The average period is about 27 months.
A time-height cross section, such as that in Naujokat
(1986), shows most of the known features of the wind
oscillation (see also Fig. 2). These include the progres-
sive descent of easterly and westerly winds and the
asymmetry between the easterly and westerly descend-
ing phases. The zonal wind oscillation is confined to a
region approximately 15° on either side of the equator
(Wallace 1973). The equatorial QBO is not strongly
linked to the seasonal cycle, although there appears to
be a tendency for the phase reversal at 50 mb to occur
during Northern Hemisphere summer (Dunkerton and
Delisi 1985).

The generally accepted theory of the QBO was de-
veloped by Lindzen and Holton (1968), and Holton
and Lindzen (1972). Wallace (1973) has described the
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theoretical and observational studies that led to the
Hoilton and Lindzen theory. The alternately descending
westerlies and easterlies are thought to be driven by
absorption in the stratosphere of vertically propagating
equatorial Kelvin and Rossby-gravity waves generated
in the troposphere. The numerical model of Plumb
and Bell (1982) has reproduced many of the the features
of the observed QBO, but they did not obtain an os-
cillation of the same amplitude as the real atmosphere.

The wave driving of the zonal flow also produces a
secondary mean-meridional circulation (MMC) in the
latitude-height plane, with descending motion along
the equator during periods of westerly shear and as-
cending motion during periods of easterly shear (Plumb
and Bell 1982). In the lower stratosphere, where pho-
tochemical lifetimes are longer than advective time
scales, descending motion brings ozone-rich air from
higher in the stratosphere, increasing the total column
amount; ascending motion does the reverse. This ver-
tical motion appears to be responsible for quasi-bien-
nial oscillations in total column ozone near the-equator
(Funk and Garnham 1962; Ramanathan 1963; Angell
and Korshover 1973; Hasebe 1980, 1983, 1984; Olt-
mans and London 1982).

Quasi-biennial variations have also been detected in
middle and high latitudes in both dynamical and tracer
fields, including ozone (Angell and Korshover 1964,
1970, 1973, 1975; Belmont et al. 1974; Wilcox et al.






