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ABSTRACT

In order to study interactions between gravity waves and planetary scale flow in the middle atlgosphere, a
3° latitude by 3.6° longitude version of the 40-level GFDL “SKYHI" general circulation model is analyzed

usmg bihourly sampled output data,

It is shown by a space~time spectral analysxs that gravxty waves in the mean zonal westerlies (easterlies)
mainly consist of westward- (eastward-) moving components, and carry easterly (westerly) momentum upward,
and decelerate the mean zonal westerlies (easterlies) in the mesosphere.

Zonal momentum flux convergence due to gravity waves accounts for nearly all of the Eliassen-Palm (E~P)
flux divergence in the summer mesosphere. This convergence accounts for 30%-50% of that in the winter upper
mesosphere. However, this percentage is probably an underestimate, since the convergence is significantly en-
hanced in a high resolution (1° X 1.2°) model currently being integrated.

Vertical propagation of gravity waves is affected not only by the mean zonal wind but also by ve!ocxty
perturbations assocxated with planetary waves. The drag force due to gravity waves acts to suppress stationary

planetary waves in the winter mesosphere.

1. Introduction

Recently, the importance of drag forces due to in-
ternal gravity waves for the middle-atmosphere general
circulation has been recognized (see a review by Fritts,
1984). Zonally symmetric models of the middie at-
mosphere circulation (e.g., Leovy, 1964; Schoeberl and
Strobel, 1978; Holton and Wehrbein, 1980) all require
a strong Rayleigh friction to obtain realistic mean zonal
wind and zonal mean temperature distributions in the
mesosphere, namely weak mean zonal wind and a re-
verse temperature gradient (i.e., the highest temperature
at the winter pole and the lowest temperature at the
summer pole). It has been hypothesized that the origin
of the required Rayleigh friction may be the vertical
convergence of eddy momentum flux which occurs
when gravity waves break down due to exponential
growth of their amplitudes with height (Houghton,
1978; Holton and Wehrbein, 1980).

Lindzen (1981) proposed a simple parameterization
of breaking gravity waves which could supply drag
forces to decelerate the mean zonal winds in the me-
sosphere. By introducing the wave-breaking parame-
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terization by Lindzen (1981), Holton (1982) simulated
the weak mean zonal winds and the inverse tempera-
ture gradient around the mesopause by a mechanistic
middle-atmosphere circulation model on a beta plane.

On the other hand, Matsuno (1982) also proposed
a parameterization of the vertical convergence of mo-
mentum fluxes associated with gravity waves that decay
with height due to a permanent eddy diffusion in the
mesosphere. A quasi-one-dimensional model of the
middle atmosphere incorporating this parameterization
could also simulate the weak mean zonal winds and
the reverse temperature gradient around the mesopause
(Matsuno, 1982). -

Holton (1983) and Miyahara (1984) incorporated
the effects of gravity waves with a very simplified wave
spectrum into mechanistic models of the middle at-
mosphere circulation based on Lindzen’s (1981) and
Matsuno’s (1982) parameterizations, respectively. The
results of these models included a number of features
that were in qualitatively good agreement with obser-
vations in the mesosphere. Recently, in his numerical
experiment on the general circulation of the middle
atmosphere, Kida (1984) took into account the effects
of randomly prescribed gravity-wave sources at 15 km
hexght In his model, although any gravity wave break-
ing or dissipation parameterizations were not used but

_calculated explicitly, drag forces due to gravity waves






