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ABSTRACT

The propagation and refraction of stationary inertia-gravity waves in the winter stratosphere is examined
with ray tracing. Due to their smaller vertical group velocity these waves experience more lateral ray
movement and horizontal refraction than the simple gravity waves recently discussed by Dunkerton and
Butchart. Stationary waves are rotated by the transverse horizontal shear and propagate into the polar night
jet. Circumstances are found in which the mean flow shear has enhanced unstable wavebreaking by
compressing the wave packet and decreasing the absolute value of wave action density required for breaking.
In some other places, reflection from the caustic is more likely.

1. Introduction

Recently the author performed three-dimensional
ray tracing calculations to determine the effect of
sudden warmings on gravity wave propagation
through the winter stratosphere (Dunkerton and But-
chart, 1984). We confined attention to the simple
non-inertial and hydrostatic waves of horizontal scale
50-200 km which appear to be dominant in meso-
spheric radar data (e.g., Vincent and Reid, 1983,
Fritts, 1984). It was recognized in our paper that
although lateral ray movement and horizontal refrac-
tion are often secondary effects for simple gravity
waves propagating vertically in the stratosphere, such
would not be the case for inertia-gravity waves with
smaller vertical group velocity. These waves are ob-
served in the mesosphere, less frequently, perhaps,
than simple gravity waves (Smith and Fritts, 1983).
On the other hand there is growing evidence of a
stratospheric fine structure due to inertia-gravity waves
(Sawyer, 1960; Thompson, 1978; Cadet and Teitel-
baum, 1979; Sato and Woodman, 1982; Barat, 1983;
Yamanaka and Tanaka, 1984a).

As a sequel to Dunkerton and Butchart (1984) this
paper briefly examines the propagation and refraction
of stationary inertia-gravity waves in the winter
stratosphere for waves of initial scale up to 800 km.
Linear theory allows vertical propagation when

<& < N?, (1.1)

where f is the Coriolis parameter, ® = w — k-1 is
intrinsic frequency, and N is Brunt~Vasala frequency.
In winter the mean wind in extratropical latitudes is
normally westerly, favoring the vertical propagation
of stationary hydrostatic waves for which Jk-a| > | f]
(Lindzen, 1981).
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Of particular interest in this problem is the effect
of transverse horizontal shear. Understandably the
vertical shear problem has received much attention
(Jones, 1967; Grimshaw, 1975, 1980; Yamanaka and
Tanaka, 1984a,b). Generalizations including horizon-
tal shear have appeared elsewhere (Jones, 1969; Ache-
son, 1973; Ivanov and Morozov, 1974; Mooers,
1975a,b; Olbers, 1981). But as Olbers notes, these
models make simplifying assumptions, e.g., constant
shear, which can be of only qualitative use in geo-
physical flows, if at all.

For this reason it is preferable to solve the ray
tracing equations numerically. These equations, de-
rived in Section 2 for hydrostatic inertia—gravity
waves, are solved in Section 3 using the Dunkerton
and Butchart (1984) code and an analytical model of
unidirectional mean winds. A few illustrative examples
are considered. A notable feature of these ray tracing
results is the refraction of stationary waves into the
polar night jet.

Section 4 examines the unstable breakdown of
inertia~gravity waves using a simple model of wave
action conservation. As long as the ray tracing ap-
proximation remains valid, wavebreaking is enhanced
in those regions where wave packet compression
occurs and the absolute value of wave action density
required for wavebreaking decreases. A favored lo-
cation for breaking would seem to occur above the
tropospheric jet stream as stationary waves are re-
fracted into the polar night jet. Wavebreaking in or
below the polar night jet may be contrasted to the
situation for simple gravity waves, which for the most
part are expected to break above the jet on normal
undisturbed winter days (Lindzen, 1981; Holton,
1982; Dunkerton, 1982a,b), and for planetary Rossby
waves, which in the stratosphere tend to break equa-






