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ABSTRACT

The authors’ earlier theory of the quasi-biennial oscillation is reevaluated in the light of more recent
observational analyses and theoretical developments. The main contention of the eatlier theory, that the
stratospheric oscillation is driven by the vertically propagating, short-period (5-15 days) waves excited in
the upper troposphere, is now well established. However, the assumption that the waves interact with
the mean flow through critical level absorption is now seen to be largely, if not entirely, incorrect. Instead
it appears that the short-period waves are strongly attenuated primarily by infrared cooling. As they are
attenuated, their mean momentum flux is deposited in the mean flow. It is shown that this mechanism
leads to an oscillation in the mean flow as readily as the earlier critical-level mechanism, and with fewer

assumptions.

1. Introduction

In an earlier theory of the quasi-biennial oscillation
(Lindzen and Holton, 1968) we showed how upward-
propagating, internal, equatorial, planetary-scale waves
could drive the quasi-biennial oscillation in zonal
wind observed in the tropical stratosphere. It was
assumed that the vertical flux of momentum due to the
waves was deposited in the mean flow at critical levels
(levels where the waves’ Doppler-shifted frequency
went to zero) where the waves were absorbed by the
mean flow. The theory required a spectrum of waves
whose speeds ranged from the maximum easterly to
the maximum westerly velocities found in the quasi-
biennial oscillation of the mean flow. It is the purpose of
this paper to reexamine this theory in the light of more
recent observational and theoretical developments.

2. Observations

It is now quite certain that the quasi-biennial
oscillation is indeed forced by waves propagating
vertically from below. Wallace and Kousky (1968a)
have shown that the divergence of the Reynolds’
stress due to the waves agrees closely with the accelera-
tion of the mean flow. The precise nature of the waves,
themselves, has not been definitely established. How-
ever, the evidence to date (Kousky and Wallace, 1971;
Maruyama, 1969) suggests that the waves consist
primarily in a single westerly Kelvin wave during the
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descending westerly phase of the quasi-biennial oscilla-
tion and in a single easterly mixed gravity-Rossby
wave during the descending easterly phase. Moreover,
the Kelvin wave, at least, appears to have a phase
speed of about 30 m sec™ which is in excess of the
maximum westerly flow in the quasi-biennial oscillation.
Thus, at least below 30 km, it seems that the Kelvin
wave does not encounter a critical level. The above
facts, in general, suggest very strongly that critical-level
absorption does not dominate the interaction of the
short-period waves with the mean flow.

3. Theoretical developments

In numerical studies Holton (1970) and Lindzen
(1970) showed that equatorial planetary-scale waves
did indeed undergo critical-level absorption. However,
in Lindzen (1970) and more explicitly in a later analy-
tical study of equatorial waves (Lindzen, 1971), it
was shown that even when critical levels are present,
equatorial waves are primarily absorbed by existing
dissipation—mostly due to infrared cooling, i.e., dissipa~
tion increases as the Doppler-shifted frequency becomes
smaller so that the waves are damped out below the
critical level. This absorption leads quite obviously
to a divergence of the total momentum flux [which as
shown by Jones (1967) and Bretherton (1969) consists
in both the usual Reynolds stress pouw and an additional
term due to Coriolis torques] and a consequent accelera-
tion of the mean flow. It was suggested by Lindzen
(1971) that this was probably the most important
source of mean flow-wave interaction in the quasi-






