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ABSTRACT

A formula is derived to express the PR coherence between the progressive and retrogressive components
in terms of the CS coherence between the cosine and sine space-Fourier coefficients. By the use of the PR
coherence the space-time power spectra are partitioned into standing and traveling wave parts.

If the PR coherence is zero, the progressive and retrogressive components do not interfere with each other
to form standing wave oscillations with nodes. In this case the CS coherence also becomes zero, if and only

if these components have equal amplitudes,

1. Introduction

Hayashi (1971, 1973, 1977) developed a technique of
computing space-time cross spectra through the time
cross spectra of the space-Fourier coefficients. By the
space-time spectral analysis transient waves are re-
solved into progressive and retrogressive waves and
their wave characteristics, structure and energetics
can be studied in terms of space-time power spectra,
cospectra, phase difference and coherence. This method
has been extensively applied to a wave analysis of the
output data of a GFDL general circulation model
(Hayashi, 1974; Hayashi and Golder, 1977) as well as
observational data (Gruber, 1974; Zangvil, 1975 a, b;
Hartmann, 1976, Sato, 1977).

The space-time power spectrum is equivalent to the
wavenumber-frequency power spectrum defined by
Kao (1968), except that the former is defined for a
frequency band, while the latter is defined for a single
discrete frequency. The advantage of the present tech-
nique is that it allows the time spectra to be computed
by any methods such as the lag correlation method,
the direct Fourier transform method and the maximum
entropy methods. This technique is also a generaliza-
tion of the quadrature-spectrum method by Deland
(1964, 1972a) who found that the positive (or negative)
value of the quadrature spectrum between the cosine
and the sine space-Fourier coefficients gives a measure
of the variance of retrogressive (or progressive) waves.
Hayashi (1971) proved that this quadrature spectrum
is equal to the difference between the progressive and
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retrogressive components of the space-time power
spectra.

Hayashi (1973) further interpreted that if this
quadrature spectrum is zero, the progressive and
retrogressive waves have equal amplitudes and form
standing-wave oscillations with nodes and antinodes.
However, Pratt (1976) pointed out that progressive
and retrogressive waves do not necessarily produce
nodes, if the coherence between the cosine and sine
(CS) space-Fourier coefficients is low. ]

If the CS coherence is zero, the quadrature spectrum
is also zero and the space-time power spectral formula
gives equal amplitude for progressive and retrogressive
components. However, this should not be interpreted
to mean that the space-time spectral method cannot
distinguish between progressive and retrogressive com-
ponents when the CS coherence is zero. Instead of using
the CS coherence, the space-time power spectra should
be interpreted in terms of the coherence between pro-
gressive and retrogressive (PR) components. For ex-
ample, the PR coherence is zero for waves traveling
back and forth, since the progressive and retrogressive
components do not exist simultaneously. In the present
paper it will be proven that when the PR coherence is
zero, the CS coherence is also zero, only if these com-
ponents actually have equal amplitudes. By the use of
the PR coherence the space-time power spectra will be
partitioned into standing and traveling wave
components.

2. Review of space-time power spectra

We briefly review the relevant parts of the previous
Papers (Hayashi, 1971, 1973) in this section.






