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ABSTRACT

Longitudinally asymmetric features of gravity wave propagation in a sudden warming are examined theo-
retically, using observed geostrophic wind fields in the stratosphere for three days of winter 1979. It is shown
that the wind patterns accompanying a sudden warming act to reduce, but not eliminate, quasi-stationary
gravity wave propagation to the mesosphere. The onset of large-amplitude planetary waves leads to the formation
of propagating zones and forbidden zones for gravity waves of intermediate horizontal scale (50-200 km).
Lateral ray movement and horizontal refraction are secondary but observable effects for these waves.

To the extent that these waves are excited isotropically in the troposphere, it is possible to evaluate the
direction and magnitude of the average wavevector reaching the mesosphere as follows. Stationary waves with
wavevector orthogonal to the local mean flow are selectively absorbed in the stratosphere, implying that for
these waves the average wavevector transmitted to the mesosphere is antiparallel to the average of the mean

flow orientation extrema in the underlying stratosphere.

1. Introduction

Vertically propagating internal gravity waves are
thought to transport momentum from the lower to
upper atmosphere, accelerating the upper level mean
flow regions of wavebreaking (Lindzen, 1981; Holton,
1982), dissipation (Matsuno, 1982) and critical layer
absorption (Dunkerton, 1982a,b). Such accelerations
appear to be required in the winter mesosphere to
balance Coriolis torques due to the mean meridional
circulation (Leovy, 1964; Schoeber! and Strobel, 1978;
Holton and Wehrbein, 1980; Lindzen, 1981; Holton,
1982). Radar observations now suggest that gravity
waves are able to retard the mean flow in this manner
(Vincent and Reid, 1983).

As Lindzen (1981) and Matsuno (1982) have elu-
cidated, the concept of selective transmission is crucial
to the behavior of vertically propagating internal gravity
waves. For quasi-stationary waves with phase speed
much less than the mean flow speed, wavevectors that
become aligned orthogonal to the local or phase-av-
eraged mean flow are selectively absorbed and cannot
propagate vertically through the critical level (Breth-
erton, 1966). This suggests, for example, that quasi-
stationary waves of zonal orientation are trapped by
critical levels in the transition region from tropospheric
westerlies to summer stratospheric easterlies, and can-
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not reach the mesosphere in this season. In winter, on
the other hand, such waves are free to propagate ver-
tically in westerly winds; this appears to explain why
gravity wave activity is more pronounced in the winter
mesosphere (Lindzen, 1981).

Vertical propagation of quasi-stationary gravity
waves is believed to diminish, however, during a sudden
stratospheric warming. In the Northern Hemisphere,
the zonal mean flow is westerly in winter during quies-
cent periods, but reverts to easterly at high latitudes
in a major warming. Recognizing this, Lindzen (1981)
and Holton (1983) have suggested that the appearance
of easterlies will inhibit propagation of quasi-stationary
gravity waves to the mesosphere. Their conclusion is
correct insofar as a sudden warming will reduce the
horizontal extent of the propagating regions. However,
the situation is complicated by the presence of planetary
waves. In winter, there may temporarily exist regions
of local easterlies, here and there, where vertical prop-
agation of zonal quasi-stationary waves is inhibited.
During a sudden warming, on the other hand, there
will certainly exist regions of local westerlies in which
such propagation is allowed. In both cases, the selective
transmission of gravity waves will become a function
of longitude whenever and wherever planetary wave
winds are comparable in amplitude to the zonal mean
flow (Dunkerton, 1982b; Schoeberl and Strobel, 1983).

The presence of planetary waves implies, moreover,
a significant meridional component of the local mean
flow. This component will affect the transmission of






