FERRUARY 1976

YOSHIKAZU HAYASHI

Non-Singular Resonance of Equatorial Waves Under the Radiation Condition!

YosHIKAZU HAVASHI

Geophysical Fluid Dynamics Program,? Princeton University, Princeton, N. J. 08540
(Manuscript received 7 July 1975, in revised form 13 October 1975)

ABSTRACT

A response of large-scale equatorial waves to a thermal or a lateral forcing confined in the troposphere is
examined analytically by imposing the radiation condition based on an equatorial beta-plane model without
wind shear. .

A resonant response with large finite amplitude occurs under the radiation condition, when the vertical
scale of the wave coincides with that of the forcing. This “non-singular resonance” is associated with a sharp
spectral peak for equatorial waves which are characterized by a small variation of the frequency with the
vertical wavenumber. However, such resonant equatorial waves are not realistic, since their vertical velocity
is not in phase with the imposed convective heating and their pressure is not in geostrophic balance with the
meridional wind of the imposed mid-latitude disturbances.

This study suggests that the forcing cannot be imposed arbitrarily regardless of its feedback. It assures on
the other hand that the equatorial waves simulated by a general circulation model are not spurious resonant
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waves resulting from an artificial reflection at the top of a finite-difference model.

1. Introduction

Tt is well known that some tropical disturbances
are characterized by distinct scale and periodicities.
Among them are westward-moving mixed Rossby-
gravity waves (Yanai and Maruyama, 1966) of wave-
numbers 34 and periods of 4-5 days and eastward-
moving Kelvin waves (Wallace and Kousky, 1968) of
wavenumbers 1-2 and periods 10-20 days.

It was pointed out by Maruyama (1967), Lindzen
and Matsuno (1968) and Holton and Lindzen (1968)
that these waves are consistent with the dispersion
relation and structure of equatorial normal modes
studied by Rosenthal (1965), Matsuno (1966) and
Longuet-Higgins (1968). However, in their studies no
explanation was given as to how these waves are
generated and selected among the many possible
equatorial normal modes.

There have been several theoretical studies to ex-
plain the selection of planetary-scale equatorial waves.
The first approach was a theory of resonance to mid-
latitude forcing (Mak, 1969). Aecording to this study,
the tropical atmosphere has a resonant period of 5 days
and the equatorial waves derive their energy from
mid-latitude disturbances. His result was also con-
sistent with theories of wave propagation (Charney,
1969; Bennett and Young, 1971) that waves with
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phase speeds more westward than the mean flow may
propagate into the tropics. However, Manabe e! al.
(1970) demonstrated by their GFDL general circula-
tion model that latent heat release within the tropics
is more important than the energy flux from mid-
latitudes to maintain tropical disturbances.

The second approach was an instability (CISK)
theory of large-scale waves coupled with cumulus
convection. It was assumed that the cumulus heating
is proportional to the low-level convergence. Yamasaki
(1969) found, based on two-dimensional quasi-geo-
strophic equations, that instability occurs for large-
scale waves which resemble the observed Yanai-
Maruyama waves in their vertical structure. Hayashi
(1970, 1971a,b) re-examined this unstable mode by
using a three-dimensional primitive equation model on
an equatorial beta-plane so that equatorial waves may
be treated. He found that mixed Rossby-gravity waves
with wavenumber 4 and period of 4 days become
unstable. However, the unstable mixed Rossby-gravity
waves do not attain their maximum growth rate at
the observed scale, and high-frequency gravity waves
are the most unstable. One way to overcome this
difficulty is to assume that the cumulus heating be-
comes inefficient for high-frequency waves (Hayashi,
1971c). Recently Kuo (1975) has made a detailed study
of this possibility.

The third explanation was the filtering effect of
the atmosphere on the vertical propagation of waves.
Holton (1972, 1973) showed that among various wave
modes excited by localized thermal forcing, Kelvin






