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ABSTRACT

In order to clarify the effects of wave-wave and wave-mean flow interactions on the growth and maintenance
of extratropical tropospheric transient waves in the presence of a mean thermal restoring force, numerical
experiments are conducted with the use of a dry general circulation model having a zonally uniform ocean
surface. After the model has reached its steady state in the absence or presence of eddies, waves are allowed to
grow from small disturbances by including all or some of the zonal wavenumber components.

In the presence of all the wavenumbers (1-21), ultralong waves (wavenumber 1-3) and cyclone-scale waves
(wavenumber 4-9) initially grow as fast as short-scale waves (wavenumber 10-21), whereas ultralong waves do
not initially grow as fast in the absence of wave-wave interactions. However, in the mature stage, ultralong
waves attain a smaller amplitude in the presence of higher wavenumber components than they do in the absence
of these components. This smaller amplitude is due to the fact that the mean baroclinicity is reduced by ultralong
waves together with the higher wavenumber components to maintain equilibrium.

It is found that wave-wave interactions energetically play a more important role in the growth of ultralong
waves than in their maintenance, being consistent with their nonlinear growth. This implies that the wave—
wave energy transfer is sensitive to phase relations and is more efficient in the growing stage. It is also found
that the ratio between the kinetic and available potential energies of ultralong waves is increased in the presence
of wave-wave interactions. This implies that ultralong waves become more barotropic due to the nonlinear
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growth of external Rossby waves.

1. Introduction

In previous papers (Hayashi and Golder, 1977;
1983a,b; 1985) a spectral analysis was made of extra-
tropical disturbances simulated by GFDL general cir-
culation models. It was shown (Hayashi and Golder,
1983a) that westward moving ultralong waves were
somewhat enhanced, while eastward ultralong waves
were somewhat reduced by the effect of mountains. It
was also found (Hayashi and Golder, 1983b) that west-
ward moving ultralong waves were primarily main-
tained through the wave-wave transfer of available po-
tential energy, while eastward moving ultralong waves
were primarily maintained through the wave-mean
transfer of available potential energy. The westward
moving ultralong waves were associated with little ver-
tical tilt, corresponding to external (equivalent baro-
tropic) Rossby waves, while the eastward moving ul-
tralong waves were associated with some vertical tilt,
corresponding to baroclinic ultralong waves.

The growth of baroclinic ultralong waves may, to
some extent, be due to the baroclinic instability of re-
alistic zonal mean states. According to Hartmann
(1979), eastward moving planetary waves having a
narrow meridional width are associated with greater
baroclinic instability than those having a wide merid-

ional width such as those studied by Green (1960).
Baroclinic ultralong waves may also be excited by
wave-wave interactions. Nonlinear interactions be-
tween unstable and neutral baroclinic waves have been
studied by Loesch (1974), Loesch and Domaracki
(1977), Loesch and Peng (1978), Mansbridge and Smith
(1983) and Nathan and Loesch (1984), (see also Haid-
vogel and Held, 1980; Salmon, 1980; Vallis, 1983).

Gall et al. (1979), MacVean (1985), Young and Vill-
ere (1985), and Young (1986) demonstrated with the
use of simplified general circulation models that ultra-
long waves grew much more rapidly in the presence
of cyclone-scale waves than expected from their linear
growth rates. However, these simplified models are not
appropriate for demonstrating how transient waves
growing from small disturbances are maintained in
their mature stage, since the zonal baroclinicity. is
eventually destroyed by the waves in the absence of a
mean thermal forcing to restore the mean temperature
gradient.

The present paper is intended to clarify the effects
of wave-wave and wave-mean flow interactions on
the growth and maintenance of transient planetary
waves in the presence of a mean thermal restoring force:

1) ‘To reexamine whether transient ultralong waves
initially grow more rapidly in the presence of wave—






