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ABSTRACT

The Holton-Lindzen (1972) theory of the quasi-biennial oscillation is reevaluated in the light of some
recent developments in the theory of wave, mean-flow interaction due to Andrews and Mclntyre (1976a,b).
These developments suggest that wave transience should be regarded as the primary cause of the
oscillation, in a chronological sense, with wave absorption providing an essential, but chronologlcally
secondary cause. The spontaneous formation and descent of shear zones anticipated in the analytic
theory of Part I is here applied to the theory of the oscillation, by extending the numerical calculations
of that paper to include equatorial waves of the type observed in the equatorial stratosphere.

Some remarks are also made concerning probable causes of the observed QBO variability.

1. The guasi-biennial oscillation

The quasi-biennial oscillation (QBO) of zonal
mean wind in the tropical stratosphere was first ob-
served by Reed er al. (1961) and Veryard and
Ebdon (1961). A review of this oscillation is given
in Wallace (1973), and the period of observation has
recently been extended by Coy (1979).

The QBO is so named because while the oscilla-
tion period is close to two years, there have been
significant departures from this period so as to cause
the average period to be about 27 months. These
departures have included a few anomalously short
cycles (1959-60 and 1972-73) and several anoma-
Iously long ones (1962-69 and 1975-77). As a result
the average cycle length exceeds 24 months by a
significant amount.

That the oscillation is not purely biennial is im-
portant in that it is strongly suggested that the
QBO is not related in any fundamental way to the
annual cycle. The theory of Holton and Lindzen
(1972) which seeks to explain this oscillation as
due to the upward propagating observed Kelvin and
Rossby-gravity waves (Wallace and Kousky, 1968;
Yanai and Maruyama, 1966) now appears to be well
established. The theory does not depend on any
kind of periodicity in external forcing, but rather
indicates that the QBO is an oscillatory mean flow
response to constant wave stresses at the tropo-
pause. The resultant 27-month period is to be re-
garded as coincidental with the annual cycle at best,
and in no way is derived from it.
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Some support for the Holton-Lindzen theory has
recently been provided by the laboratory experiment
of Plumb and McEwan (1978). The alternating
formation and descent of mean flow shear zones in
the nonrotating annular tank closely paralleled the
gross features of the stratospheric oscillation. Plumb
and McEwan also demonstrated that the laboratory
oscillation could be predicted numerically by a set
of approximate governing equations very similar to
those used by Holton and Lindzen (1972). In Plumb
and McEwan’s analysis the mean flow acceleration
i‘s assumed to be governed by an equation of the
orm

(1

where the summation represents the total vertical
gradient of wave radiation stresses, and additional
terms describe the effect of viscosity. The resuit (1)
is very similar to that of Holton and Lindzen, except
that in the latter paper all quantities are integrated
across the equatorial waveguide so as to eliminate
meridional wave radiation stress gradients.

Now it is well known from the theory of wave,
mean-flow interaction that the iniegrated vertical
gradients of wave radiation stress are, in fact, iden-
tically zero for steady and conservative waves
(Andrews and Mclntyre, 1976a, and references).
In the laboratory experiment it was recognized
that wave absorption provides the mechanism by
which the mean flow is accelerated. Holton and
Lindzen (1972) suggested that a type of wave absorp-
tion (radiative damping) is also relevant to the






