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ABSTRACT

Observational evidence for a global quasi-biennial oscillation (QBO) pattern is reviewed. In particular, the
presence of an extratropical, as well as an equatorial, component of the QBO signal in column ozone is estab-
lished. It is found that the ozone interannual variability is such that as one moves away from the Tropics, the
frequency spectrum of the anomaly changes from one that is dominated by the equatorial QBO frequency of 1/
30 mo to a two-peak spectrum around the two frequencies: 1/30 mo and 1/20 mo. Instead of treating the 1/20
mo frequency as a separate phenomenon to be filtered away in extracting the QBO in the extratropics, as was
previously done, the authors argue that both peaks are integral parts of the extratropical QBO phenomenon. The
1/20 mo frequency happens to be the difference combination of the QBO frequency 1/30 mo and the annual
frequency 1/12 mo. Therefore, it can represent the result of the QBO modulating an annual cycle. The authors
suggest that previous methods of extracting the extratropical QBO signal severely underestimated the contri-
bution of the QBO to the interannual variability of ozone when data are filtered to pass only the component with
the period of equatorial QBO.

Further, it is argued that the transport of equatorial QBO ozone anomaly by a non-QBO circulation can at
most account for 6—8 Dobson units (DU) of the observed interannual variability of column ozone in the extra-
tropics. The remaining variability (up to 20 DU) probably cannot be produced without an anomaly in the

2699

Global QBO in Circulation and Ozone. Part I: Reexamination of Observational Evidence

transporting circulation in the extratropics.

1. Introduction

The phenomenon of equatorial quasi-biennial oscil-
lation (QBO) is well known. It has been the subject of
a number of observational investigations ( Veryand and
Ebdon 1961; Reed et al. 1961; Reed and Rogers 1962;
Reed 1965; Wallace 1973; Coy 1979), as well as theo-
retical and modeling studies (Lindzen and Holton
1968; Holton and Lindzen 1972; Plumb and Bell 1982;
Plumb 1984). It is an irregular oscillation forced by
equatorially confined waves. The period during the last
dozen years averages to about 30 months. The earlier
decades saw somewhat shorter periods (about 27 mo).

What is not as well known, but is increasingly be-
coming apparent observationally, is that a QBO signal
also exists in the extratropical stratosphere in dynami-
cal variables (Tucker and Hopwood 1968; Belmont et
al. 1974; Angell and Korshover 1975; Tucker 1979;
Holton and Tan 1980, 1982; Labitzke and Van Loon
1988; Dunkerton and Baldwin 1991) and tracer fields:
water vapor (Hyson 1983; Mastenbrook and Oltmans
1983) and column ozone (Angell and Korshover 1964,
1973, 1983; Hilsenrath and Schlesinger 1981; Hasebe
1983, 1984; Oltmans and London 1982; Bojkov 1986;

Corresponding author address: Dr. Ka Kit Tung, Department of
Applied Mathematics FS-20, University of Washington, Seattle, WA
98195.

© 1994 American Meteorological Society

Garcia and Solomon 1987; Lait et al. 1989). There is
as yet no generally accepted explanation of how the
equatorial QBO anomaly is transmitted to the high lat-
itudes, where, at least in the case of column ozone, the
signal is actually stronger than in the equatorial region.

Because of the high seasonal and interannual vari-
ability of dynamical quantities at high latitudes, which
often overwhelms the QBO signal, the correlation be-
tween these quantities and equatorial QBO is relatively
low at high latitudes when compared to that at low
latitudes. Therefore, the extracted signal is often un-
derestimated, especially when one presumes that the
“‘signal’’ is of the frequency of the equatorial QBO.
We will reexamine available evidence for the phenom-
enon of extratropical QBO and in the process provide
a broader definition for the phenomenon. We will use
Total Ozone Mapping Spectrometer (TOMS) column
ozone as an example to argue that the bulk of its ob-
served interannual variability in the extratropics is
probably caused by the QBO phenomenon in its
broader definition. In section 2, however, we will show
that even under the traditional definition, there is evi-
dence that a QBO signal exists in the extratropics. We
will then show in section 3 that this is only a relatively
small portion of the signal. There is an additional signal
that is very coherent in all extratropical latitudes but
has a period of 20 months. We argue in section 4 that
this should be expected for a QBO signal in latitudes
where there is a prominent seasonal cycle.






