740

Green, J. S. A, 1960: A problem in baroclinic stability. Quar?.
J. Roy. Meteor. Soc., 86, 237-251.

Lindzen, R. S., 1968: Rossby waves with negative equivalent
depths—Comments on a note by G. A. Corby. Quart. J.
Roy. Meteor. Soc., 94, 402-407,

Pedlosky, J., 1964: The stability of currents in the atmosphere
and ocean. Part 1. J. Atmos. Sci., 21, 201-219.

White, A. A., 1977: Quasi-geostrophic equations using geometric

JOURNAL OF THE ATMOSPHERIC SCIENCES

VOLUME 33

height as vertical coordinate. Quart. J. Roy. Meteor. Soc.,
103, 382-396.

Wiin-Nielsen, A., 1971a: A study of the baroclinic instability
problem and the lower boundary condition. J. Geophys.
Res., 76, 6497-650S.

——, 1971b: On the motion of various vertical modes of tran-
sient, very long waves. Part 1. Beta plane approximation.
Tellus, 23, 87-98.

On the Role of Wave Transience and Dissipation in Stratospheric
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ABSTRACT

The quasi-geostrophic 8-plane channel model of Holton and Mass (1976) is used to further elucidate the
nature of mean flow changes in the stratosphere forced by planetary waves generated in the troposphere. It
is shown that wave transience, not dissipation, is the primary mechanism for generating mean flow oscilla-
tions. In addition it is shown that the critical wave-forcing amplitude necessary to produce a vacillating
response is very sensitive to the initial mean flow profile.

1. Introduction

Recently, Holton and Mass (1976)? used a quasi-
geostrophic 8-plane channel model to study the strato-
spheric response to vertically propagating planetary
waves excited by steady tropospheric forcing. They
found that when the forcing exceeded a certain critical
amplitude “vacillation cycles” occurred in which the
zonal mean flow and eddy heat fluxes oscillated quasi-
periodically. The purpose of this note is to further
elucidate the nature of these vacillation cycles in the
context of recent theoretical results on the dynamics
of wave-mean flow interaction (Andrews and McIntyre,
1976 ; Boyd, 1976).

Dickinson (1969) has discussed the dynamics of
planetary wave-mean flow interactions for quasi-
geostrophic motions. The essential requirement for
nonzero mean-flow forcing by the waves is that the
waves transport quasi-geostrophic potential vorticity
meridionally. Here we present the quasi-geostrophic
equivalent of the formula (5.5a2) of Andrews and
Mclntyre (1976) in which this transport of potential
vorticity is explicitly described in terms of wave
transience (proportional to the time rate of change
of wave amplitude) and dissipation (proportional to
thermal damping of the wave). We show here that

! Contribution No. 446, Department of Atmospheric Sciences,
University of Washington.
3 Hereafter referred to as HM.
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wave transience is indeed the dominant form of
mean-flow forcing by the waves for doth the ‘“vacil-
lating” and “non-vacillating” regimes of HM, although
the vacillating case is characterized by a factor of 10
increase in the relative importance of dissipation with
respect to transience. Furthermore, mean flow forcing
by wave transience itself is greatly enhanced in the
vacillating case above that of the non-vacillating case,
occasionally by as much as a factor of 100.

In addition to these findings, the HM model has
been found to be extremely sensitive to the choice
of initial zonal wind profile. A brief discussion of this
dependence is presented in Section 2; Section 3 deals
with the aspects of potential vorticity transport dis-
cussed above. The reader is referred to HM for a
detailed discussion of the numerical model, and de-
finition of all symbols.

2. Dependence of vacillation on zonal wind profile

For consistency, the model initial and boundary
conditions have been chosen as follows:

Uo(t=0)= UR,,

Uo(z=0)=Ur(2=0),
an 6UR
—(z=3p)=—(2=21),
9z 9z






