VOL. 45, NO. 4

JOURNAL OF THE ATMOSPHERIC SCIENCES

A Simple Model of the 40-50 Day Oscillation

HARRY H. HENDON

CSIRO, Division of Atmospheric Research, Aspendale, Victoria, Australia
(Manuscript received 30 March 1987, in final form 22 June 1987)

ABSTRACT

The effects of a positive-only cumulus heating parameterization on equatorially trapped waves are investigated
using both nonlinear and linear single vertical mode models. In the linear model the cumulus heating is shown
to slow down the equatorial waves. In particular the eastward moving Kelvin wave is readily slowed from the
free phase speed (45 m s™%) to the intrinsic speed associated with the observed 40-50 day oscillation (<10 m
s71). Slow eastward propagating Kelvin waves only occur for stable cumulus heating (stable meaning that adiabatic
cooling is able to compensate for the cumulus heating). However these linear moist waves decay rapidly and
are thus an unlikely explanation of the observed oscillation. The observed meridional wind perturbation is also
unexplained by this mechanism. For unstable cumulus heating, growing linear CISK waves develop but remain
stationary. Thus no satisfactory explanation of the 40-50 day oscillation is possible with this single vertical
mode linear model. .

For unstable cumulus heating in the nonlinear model, the growing CISK modes rapidly stabilize the atmosphere.
The stability increases greatest to the west of the CISK heating which thus leads to eastward propagation. Upon
equilibration, the CISK mode propagates eastward €10 m s~! for a wide range of parameters. The mode has a
substantial meridional velocity perturbation and appears to be a horizontally coupled Rossby-Kelvin wave.
These propagating modes are quite similar to the observed 40-50 day oscillation. Various experiments are
conducted to elucidate the mode of propagation. Experiments relevant to the observed atmosphere (i.c., moisture
parameters that are a function of space and time) are also discussed.
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1. Introduction

The 40-50 day oscillation was identified by Madden
and Julian (1971) more than 15 years ago'. Briefly, the
40-50 day oscillation refers to a largely wavenumber
1 zonal wind perturbation confined to the tropical tro-
posphere. The disturbance propagates slowly eastward
(intrinsic speed of about 10 m s~} or about 5 m s~
relative to the ground) with the upper tropospheric
winds being out of phase with the lower tropospheric
winds. The disturbance exhibits many of the spatial
characteristics of the gravest baroclinic, equatorially
trapped, Kelvin wave (Madden and Julian, 1972). The
oscillation has its greatest amplitude in the summer
hemisphere of the western Pacific and is intimately re-
lated to enhanced convection and rainfall (Madden,
1986).

Despite this long period of known existence and great
wealth of detailed observational work, a theoretical ex-

! A spectral peak at about 50 days in the tropical lower tropospheric
zonal winds was clearly seen in an earlier study by Wallace and Chang
(1969). No attempt, however, was made to isolate these disturbances.
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planation of the 40-50 day oscillation has remained
a mystery. The two most puzzling aspects of the os-
cillation are its slow eastward propagation and its con-
tinual yet sporadic reappearance. Though the oscilla-
tion exhibits many features of an equatorially trapped
Kelvin wave, its phase speed is much too slow to be
accounted for by a free dry Kelvin wave with a similar
first baroclinic mode structure (Chang, 1977). Fur-
thermore recent observational work (Madden, 1986)
indicates that the oscillation possesses a substantial
meridional wind perturbation, thus indicating that it
is not solely a Kelvin wave. Its continual reappearance
suggests that an instability or forcing mechanism is
operating which generates and maintains the wave in
the presence of dissipation. To date no self-consistent
theory of such a mechanism has been put forth to ac-
count for the observed or simulated 40-50 day oscil-
lation.

Moist dynamics offer some hope of rectifying the
slow phase speeds despite the observed deep vertical
structure. Many studies have found the 40-50 day os-
cillation to be directly related to large-scale modulation
of convection. It is well known that in the presence of
large-scale moist processes (precipitation resulting from
the large-scale low level moisture convergence), a free
equatorially trapped wave will slow down compared
to a dry wave (Gill, 1982). The latent heat released
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