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ABSTRACT

Although the phenomenon of equatorial quasi-biennial oscillation is relatively well understood, the problem
of how the equatorially confined QBO wave forcing can induce a signal in the extratropics of comparable or
larger magnitude remains unsolved. A simple mechanistic model is constructed to provide a quantitative test of
the hypothesis that the phenomenon of extratropical QBO is mainly caused by an anomalous seasonal circulation
induced by an anomalous Eliassen—Palm flux divergence. The anomaly in E~P flux divergence may be caused
in turn by the relative poleward and downward shift of the region of irreversible mixing (breaking) of the
extratropical planetary waves during the easterly phase of the equatorial QBO as compared to its westerly phase.
The hemispheric nature of the anomaly wave forcing in solstice seasons ( viz., no wave breaking in the summer
hemisphere) induces a global circulation anomaly that projects predominantly into the first few zonal Hough
modes of Plumb. Such a global QBO circulation pattern, although difficult to measure directly, is reflected in
the distribution of stratospheric tracers transported by it. Our model produces a global pattern of QBO anomaly
in column ozone that appears to account for much of the unfiltered interannual variability in the column ozone
observed by the TOMS instrument aboard the Nimbus satellite. Furthermore, the model produces the character-
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istic spectrum of the observation with peaks at periods of 20 and 30 months.

1. Introduction

There has been some controversy ' concerning
whether or not the extratropical quasi-biennial oscilla-
tion (QBO) phenomenon involves an anomaly in the
mean meridional transport circulation (see Part I for
references and discussion). Current measurement and
data analysis techniques are not adequate to directly
detect on a global basis such a circulation, if one exists.
One can, nevertheless, infer its existence from the be-
havior of tracers transported by it. For example, ozone,
being a tracer in the lower stratosphere, seems to ex-
hibit a very significant QBO component in its interan-
nual variability in both Tropics and extratropics.

As pointed out in Part I, the observed column ozone
interannual variability in the extratropics contains at
most 20%—-30% [6—8 Dobson units (DU)] that is in
the frequency range of equatorial QBO. A significant
portion of the remaining anomaly is in the 20-month
period, which can be thought of as the modulation of
a seasonal anomaly (with a 12-mo period) by the 30-
month QBO period. We argue that the extratropical
QBO phenomenon in ozone cannot be satisfactorily ex-
plained with respect to either the magnitude or the sea-
sonal synchronization in the observed data without the
presence of a seasonal QBO anomaly in the transport
circulation. In contrast, Gray and Pyle (1989), Chip-
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perfield and Gray (1992), and recently Gray and Ruth
(1993) claimed to have simulated extratropical QBO
in column ozone with seasonal synchronization using
a 2D model with fixed (i.e., no interannual variability )
extratropical advective and diffusive transports.

Observational studies of the dynamical QBO phe-
nomenon in the extratropics seem to favor the presence
of a QBO component in the transporting circulation
forced by a QBO anomaly in the Eliassen—Palm (E—
P) flux divergence (see Part I for references). The
body of observational evidence, when taken together,
suggests an oscillation dynamically consistent among
the various dynamical quantities and the transport of
long-lived tracers.

We propose the following dynamical framework as
an aid to understanding the reported oscillations in var-
ious quantities. It is similar to the one originally pro-
posed by Holton and Tan (1980), with the modification
that allows the mechanism to become less dependent
on the delicate role played by the zero-wind line. More
importantly, it provides a way to generate a QBO
anomaly in the extratropical circulation significantly
poleward of the zero-wind line. Instead of viewing the
atmospheric wave—mean flow system as quasi-linear
or weakly nonlinear, one should perhaps treat it as fully
nonlinear and near saturation near the 10-mb level and
above. Because of the exponential decrease in density
with height, a planetary-scale stationary wave forced
near the earth’s surface propagates to the stratosphere
generally with amplitude increase. At some level its
amplitude would become large enough for it to
‘‘break,’’ resulting in a cascade of energy and entropy






