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ABSTRACT

The role of the Kelvin wave, discovered by Hirota (1978), in producing the westerly accelerations of
the semiannual zonal wind oscillation in the tropical upper stratosphere is examined quantitatively.
It is shown that, for reasonable values of the wave parameters, this Kelvin wave could indeed give rise
to the observed accelerations. For the thermal damping rates of Dickinson (1973), the most likely range
of phase speeds for a wavenumber 1 disturbance is from 45 to 60 m s~ For ‘‘photochemically accel-
erated” damping rates (Blake and Lindzen, 1973), a phase speed in excess of 70 m s~ would be required.

The possibility of a significant modulation of the semiannual westerlies by the quasi-biennial oscil-

lation is also suggested.

i. Introduction

In recent years it has been shown (Lindzen and
Holton, 1968 ; Holton and Lindzen, 1972) that upward
propagating equatorial waves of the type discovered
by Vanai and Mauryama (1966) and Wallace and
Kousky (1968) can successfully account for the ob-
served zonal-mean wind tendencies which make up
the so-called quasi-biennial oscillation (QBO) which
was originally discussed by Veryand and Ebdon (1961)
and Reed et al. (1961) and also reviewed by Reed
(1965) and Wallace (1973). In particular, Holton and
Lindzen (1972, hereafter referred to as HL) found
that the “generalized integrated momentum flux” (or
effective stress) due to these waves,

(F)=polu'e’ — (f/ N2WG), (1.1)

would produce, in the presence of thermal damping
and a small amount of viscosity, a long-period oscil-
lation in the latitudinally averaged zonal mean wind,

()= f ady,

whose temporal and spatial structure gave reasonable
agreement with the observed oscillation. To simplify
their calculation, HL used a two-scaling formalism
(Lindzen, 1971; Andrews and Mclntyre, 1976) to
determine the vertical propagation of these waves,
the basic assumption of which is that both zonal-
mean wind and basic-state density vary slowly over
a wavelength. HL also included in their model an
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(1.2)

imposed semiannual zonal wind oscillation, so that
the net mean flow acceleration is governed by
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where G is a specified forcing function which is tuned

to produce a realistic semiannual oscillation.

The dynamical mechanisms which give rise to the
QBO have been clarified recently by Plumb (1977).2
Three major conclusions from Plumb’s work are as
follows:

1) The downward propagation of easterly and
westerly shear zones must be viewed strictly as a con-
sequence of the flow evolution at Jower levels. The
reason for this lies in the form of the momentum
flux in the WKB approximation :

F(2)=F(0) exp[-—j: D(z’)dz’]. (1.4)

Since D, the dissipation rate (m™), is a function of #
and not of its derivatives, F is not influenced by
what is happening above the level in question. An
important consequence of this, as Plumb pointed out,
is that the imposed semiannual oscillation of HL is
irrelevant to the mechanism of the QBO altogether.

2) The role of viscosity has been clarified. A small
amount of viscosity is essential to the mechanism of
the QBO; it acts to destroy the lowest jet via dif-

2 The reader is referred to the recent report of Plumb and
McEwan (1978) which describes a laboratory simulation of
the QBO.






