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ABSTRACT

A theory is presented which indicates that the quasi-biennial oscillation of the zonal wind in the tropical
stratosphere is a result of the interaction of long-period, vertically propagating gravity waves with the zonal
wind. We discuss the theoretical basis and observational evidence for the existence of long-period gravity
waves near the equator, and the mechanism of their interaction with the zonal wind, and present some simple
numerical results which show how the absorption of the momentum of these waves by the mean flow leads
to a downward propagating zonal wind profile. It is shown that the interaction of these gravity waves with
the observed semiannual zonal wind oscillation above 40 km will produce a downward propagating quasi-
biennial oscillation. We present the results of several numerical experiments with a model of the tropical
stratosphere which includes the gravity wave interaction mechanism. The quasi-biennial oscillation is simu-
lated quite successfully. Finally, we discuss possible observational checks for our model, and some of its im-

plications for tropical dynamics.

1. Introduction

The observed properties of the quasi-biennial oscilla-
tion in the zonal wind field of the tropical stratosphere
have been analyzed in detail by Reed (1964) and
Wallace (1967a). The observations indicate a number
of peculiar features which a satisfactory theory of the
oscillation must be able to explain. In particular, zonally
symmetric easterly and westerly wind regimes alternate
regularly with a period varying from about 24-30
months. Successive regimes first appear above 30 km,
but propagate downward at an average rate of 1 km
month™. Rocket data give evidence of the existence of
the oscillation above 30 km (Reed, 1965). Its phase
speed, in this region, appears to be much greater than
1 km month~. The downward propagation occurs with-
out loss of amplitude between 30 and 23 km, but there
is rapid attenuation below 23 km. These fluctuations
are symmetric about the equator with a half-width of
about 12° latitude and an amplitude of about 20 m sec
at the equator.

Previous theoretical models of the quasi-biennial
oscillation have invoked a variety of mechanisms in
attempting to account for the origin, dynamics and
structure of this phenomenon, but nonehavesuccessfully
explained the three most striking features of the oscilla-
tion: 1) the approximately biennial periodicity, 2) the
downward propagation without loss of amplitude, and
3) the occurrence of zonally symmetric westerlies at
the equator.
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Most attempts to explain the periodicity have been
based on an assumed biennial oscillation in either the
diabatic heating rate or the horizontal eddy momentum
flux divergence. The theories of Staley (1963) and
Lindzen (1965, 1966) are in the former class, while the
numerical model of Wallace and Holton (1968) is of
the latter class. The impossibility of a radiative forcing
was demonstrated by Wallace and Holton (1968), who
showed that the observed amplitude of the oscillation
can be simulated through radiative forcing only if the
oscillation in the diabatic heating rate has a magnitude
of nearly 1.5°C day~! at the equator. This is more than
an order of magnitude greater than the response calcu-
lated by Lindzen (1965) for a 109 change in the solar
ultraviolet insolation. A physical explanation for the
extremely large diabatic heating rate required in a
radiatively driven model has been provided by Wallace
(1967b). He pointed out that the ratio of kinetic energy
to available potential energy is very large in the tropical
stratosphere. Thus, the conversion of available potential
energy to kinetic energy in a radiatively driven model
would quickly exhaust the supply of available potential
energy unless strong diabatic heating was continually
replenishing the supply of available potential energy.
Therefore, the forcing is apparently of a dynamical
rather than thermal nature. However, although some
observations (Wallace and Newell, 1966) indicate a
biennial periodicity in the horizontal eddy momentum
fluxes in middle latitudes above 30 mb the evidence for
these fluxes in tropical latitudes is not very convincing,
and the amplitude of such variations is probably too
small to account for the quasi-biennial oscillation.






