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ABSTRACT

In order to study how transient planetary waves in the midlatitude troposphere are maintained, a space-
time spectral analysis over a 1-year data set is made of a GFDL spectral general circulation model.

It is found that the kinetic energy (K,) of both westward and eastward moving ultralong waves with periods
less than 20 days is maintained primarily through conversion from wave available-potential energy (4,).

In particular, 4, of the westward moving ultralong waves is comparable to that of K, and is maintained
primarily through the wave-wave transfer of 4,. In contrast, 4, of the eastward moving ultralong waves is
larger than K, and is maintained primarily through the zonal-wave transfer of A, and partly through the
wave-wave transfer of 4,,. These conclusions also hold in the absence of stationary-transient wave interactions

as confirmed by a model with a uniform surface.

1. Introduction

In Part I (Hayashi and Golder, 1983), a space-time
spectral analysis has been made of transient planetary
waves in the midlatitude troposphere simulated by
9-level, 15-wavenumber spectral Geophysical Fluid
Dynamics Laboratory (GFDL) general circulation
models with and without mountains. It was found
that westward moving ultralong waves are somewhat
decreased, while eastward moving ultralong waves are
somewhat increased in the absence of mountains in
the Northern Hemisphere. This result suggests that
transient ultralong waves may not be essentially
maintained by stationary-transient wave interactions.
It is of interest to study how these waves are main-
tained in models with and without these interactions.

According to Saltzman’s (1970) observational
wavenumber spectral analysis (see also Tomatsu,
1979), planetary waves gain kinetic energy and lose
available potential energy by wave-wave interaction.
However, his conclusion should not be interpreted
as describing interactions among transient waves,
since stationary waves dominate the low wavenumber
components. Rather, his result should be interpreted
as essentially describing interactions between station-
ary (low wavenumber) and transient (middle and high
wavenumber) components. This interpretation is
consistent with the observational analysis by Lau
(1979) who found that the heat transport of transient
eddies in the lower troposphere tends to destroy the
zonally asymmetric component of the time mean
temperature field.

According to the Steinberg et al. (1971) analysis
(see also Chen, 1982), transient planetary-scale waves

lose their available potential energy by wave-wave
interactions. However, this conclusion can be erro-
neous, since their calculation of wave-wave energy
transfer of transient waves implicitly includes sta-
tionary-transient wave interactions which probably
dominate their estimate.! According to Hansen and
Chen (1982) and Itoh (1983), low wavenumber com-
ponents can gain available potential energy by wave-
wave interaction when they are being amplified.

According to Gambo’s (1979) analysis, the wave-
wave interaction among planetary waves in the vor-
ticity equation plays an important role in determining
the time derivative of the vorticity of ultralong waves.
This time derivative, however, can be due to the time
change of phase rather than that of amplitude. Thus,
it is not clear from his analysis whether the wave-
wave interaction plays an important role in the ener-
getics.

Chen et al. (1981) compared the linear and non-
linear energy transfer of transient planetary waves
simulated by a GLAS general circulation model with
those observed by Kao and Lee (1977). Although
their results are in agreement, their physical inter-
pretations are in error, since these two studies are
based on Kao’s (1968) wavenumber-frequency spec-
tral energy equations which are not physically cor-
rect,? as pointed out by Hayashi (1982a).

! Steinberg et al. (1971) subtracted energy transfer among sta-
tionary waves from the total wave-wave energy transfer to obtain
this estimate.

2 Kao’s (1968) equation is derived from the imaginary part of
a Fourier transformed energy equation which governs the time
change of phase.






