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ABSTRACT

In order to explain why the Aleutian high stands out in the winter stratosphere, a complex Fourier
analysis is made of simulated and observed stationary waves. It is found that in the troposphere the
envelope of the time mean geopotential height consisting of wavenumbers 1 ~ 3 attains its major and minor
maxima in the Pacific and Atlantic, respectively. The major maximum is dominated by wavenumbers
1 ~ 2 and shifts eastward with height in the stratosphere in the approximate direction of the group velocity
and strengthens the Aleutian high. The minor maximum is dominated by wavenumber 3 and is confined

in the troposphere.

1. Imtroduction

The pressure pattern in the winter stratosphere
is characterized by the so-called ‘‘Aleutian high”’
as observed by Boville (1960), Teweles et al., 1960,
Hare (1960), Wilson and Godson (1963) and Sawyer
(1964). As illustrated in Fig. 1, this anticyclone is
well simulated by a linear model (Matsuno, 1970)
with a realistic zonal mean state and observed pres-
sure pattern specified at a tropospheric (500 mb)

level. The intense Aleutian high in the linear model
results from a constructive interference between
wavenumber 1 and 2 components which are forced
from below. It will be of interest to interpret this
phenomenon in terms of the vertical-zonal propaga-
tion of a wave group. .

The vertical propagation of planetary waves was
first discussed by Charney and Drazin (1961). Ac-
cording to their linear theory, the energy of stationary
planetary waves is trapped in easterlies or strong
westerlies and only large-scale waves can propagate
upward into weak westerlies. Subsequently, Dickin-
son (1969) showed that vertically propagating plane-
tary waves also attenuate with height by the effect
of Newtonian cooling.

The zonal group velocity of planetary waves was
first discussed by Rossby (1945, 1949), who demon-
strated that the amplitude of nondivergent plane-
tary waves propagates eastward. Subsequently,
Yeh (1949) showed that the group velocity of diver-
gent Rossby waves with large wavelength is west-
ward relative to the basic flow. Charney (1949)
showed by use of an influence function that a
numerical prediction at some point is influenced
by initial values over some limited regions due to
the maximum and minimum values of horizontal
and vertical group velocities.

The zonal-meridional ray paths of barotropic and
baroclinic Rossby waves were discussed by Longuet-
Higgins (1964a, 1965) and Schopf er al. (1981), re-
spectively. Hoskins et al. (1977) numerically demon-
strated the zonal-meridional propagation of a baro-
tropic Rossby wave group.

The vertical-zonal propagation of equatorial mixed
Rossby-gravity wave packets forced by a localized
tropospheric heat source has been demonstrated by
Holton (1972). Unlike mixed Rossby-gravity waves
with wavenumbers 3 ~ 5, the amplitude modulation
of midlatitude planetary waves consisting of wave-
numbers 1 ~ 3 cannot be easily distinguished from
their phase variation and the conventional ray
tracing method (see Bretherton, 1971) based on the
WKB approximation is not well applicable. Never-
theless, it will be shown that their envelope can be
visually traced by use of a complex Fourier analysis.

In Section 2 we analyze the envelope of a simu-
lated and an observed stationary planetary wave
packet, and in Section 3 we give a theoretical
interpretation. Conclusions and remarks are given
in Section 4. The Appendix gives a simple example
of a two-dimensional wave group with a single fre-
quency to show that a stationary wave group attains
its largest amplitude modulation in the approximate
direction of the group velocity.

2. Complex Fourier analysis of stationary planetary
waves

The space series w(x) can be represented by a
Fourier series as

w(x) = Re ¥ W, exp(ikx). N
k

Selecting some wavenumber range Ak, the com-






