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ABSTRACT

Space-time spectral formulas are generalized to partition the time power spectrum of transient dis-
turbances consisting of multiple wavenumbers into standing and traveling parts by assuming that these

parts are incoherent with each other.

This technique is useful in interpreting the spatial variation of wave amplitude in terms of standing and
traveling waves. An example of its application to the analysis of transient planetary waves is given.

i. Introduction

In previous papers (Hayashi, 1971, 1973, 1977a,b,
1979) spectral formulas have been developed to com-
pute space-time (wavenumber-frequency) spectra de-
fined by Kao (1968) by use of time spectral techniques
such as the lag correlation method, direct Fourier trans-
form method and maximum entropy method. These
formulas are generalizations of the formula given by
Deland (1964) who found that the time quadrature
spectrum between the zonal cosine and sine coefficients!
gives the power spectrum of traveling waves. These
formulas are also analogous to those of the rotary spec-
tra of vector time series (see Hayashi, 1979).

The above space-time spectral formulas have been
extensively applied to wave analysis of a GFDL
general circulation model (Hayashi, 1974; Hayashi and
Golder, 1977, 1978) and observational analysis (Gruber,
1974; Zangvil, 1975a,b; Hartmann, 1976; Sato, 1977;
Fraedrich and Bottger, 1978; Depradine, 1978;
Krishnamurti, 1978). However, these space-time spec-
tral analyses do not properly isolate traveling waves
from standing wave oscillations which consist of both
progressive and retrogressive components interfering
with each other to form nodes and antinodes. If stand-
ing and traveling waves are generated by different
mechanisms, it is important to separate these waves.
For this purpose, Hayashi (1977a) derived spectral
formulas to partition a space-time power spectrum into
“standing” and ‘“‘traveling’” parts which depend on the

1 These coefficients are 90° out of phase in time, if disturbances
are either progressive or retrogressive waves. However, the re-
verse is not always true. In the presence of both traveling and
standing waves, the phase difference can be 90° out of phase de-
pending on the choice of the origin of the zonal coordinate. The
quadrature spectrum, however, is invariant with a zonal transla-
tion (see Hayashi, 1979).

coherence (a measure of interference) between pro-
gressive and retrogressive components,? by assuming
that these parts are incoherent with each other. These
formulas give the zonal mean power spectra of a single
wavenumber component.

In practice, Hayashi (1974) and Hayashi and Golder
(1977) analyzed the spatial variation of the time ampli-
tude of simulated transient disturbances by computing
the time-power spectrum of a space-time series which is
filtered in space by a zonal Fourier decomposition. Sub-
sequently, a similar analysis of observed transient dis-
turbances was made by Blackmon (1976), who com-
puted a time variation of space-time series which are
filtered both in space and time by spherical harmonics
and time filtering. In both these analyses the zonal
variation of the time-power spectrum is to some extent
due to the nodes and antinodes of standing waves as
well as the wave-wave interference of traveling waves
consisting of multiple wavenumbers. In order to sepa-
rate these two effects, we shall generalize the space-time
spectral formulas of Hayashi (1977a) to partition the
local (rather than zonal mean) power spectrum of
transient waves consisting of multiple wavenumbers
into “standing” and ‘“‘traveling” parts.

In Section 2 standing and traveling waves are defined.
In Section 3 formulas are derived to partition time
power spectra into progressive and retrogressive parts
or alternatively standing and traveling parts. In Section
4 formulas are given to compute time cross spectra

2 Pratt (1976) found that the coherence between the zonal cosine
and sine components gives a measure of the interference between
the progressive and retrogressive component. However, this co-
herence is not a proper measure, since it generally depends on the
origin of the zonal coordinate unlike the coherence between the
progressive and retrogressive components formulated by Hayashi
(1977a).






