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ABSTRACT

Through the time integration of a simple numerical model, the transformation of a tropical easterly wave
into a tropical depression was investigated. The initial condition selected for the model is a slowly decaying,
adiabatic linear normal mode resembling an easterly wave. It was found that the addition of a CISK
(conditional instability of the second kind) type heating effect to the model results in the growth of the wave,
Addition of the nonlinearity effect alone, which includes the nonlinear zonal advection and vertical stretching
of relative vorticity, has little impact on the wave evolution. However, if the above nonlinearity effect is
combined with the heating effect, it can cause the contraction of the disturbance and enhance the development.
The initial free wave undergoes significant structural changes during its transformation into a developing
system.

Experiments were also performed for three different waves under various basic flow conditions. The
obtained results agree with a conclusion of the three-dimensional simulation experiments by Tuleya and
Kurihara; the coupling between the upper-level wind and the propagating disturbance at low levels may be
an important mechanism in the formation of a tropical depression in the trough region of an easterly wave.
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1. Intreduction

The purpose of this study is to investigate a mech-
anism of transformation of tropical easterly waves,
which are viewed here as possible causes of tropical
depressions. Over the warm ocean in the tropics, a
depression develops in many cases at or in the
vicinity of the trough of an easterly wave (e.g., Yanai,
1961). Various factors contribute to such a transfor-
mation of easterly waves. One of them is the nonlin-
earity effect working on a vertical plane, which in-
cludes the nonlinear vorticity stretching suggested by
Hoskins (1975) as a mechanism for the formation of
a midlatitude front in a baroclinic wave. On the other
bhand, the numerical simulation study by Kurihara
and Tuleya (1981) suggests that a tropical depression
may not form within an easterly wave without the
effect of diabatic heating. In the present numerical
study, we evaluate the individual as well as combined
roles of the above two effects in the transformation
of tropical easterly waves. It should be noted here
that the formation of tropical depressions may also
be triggered by other mechanisms, which are omitted
or not entirely considered in this study, such as the
barotropic instability of the basic flow and the non-
linear advection of relative vorticity on a horizontal
plane as hypothesized by Shapiro (1977).
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In Section 2, a simple dynamical model of easterly
waves, the initial conditions of the model and the
design of numerical experiments are described. The
results of time integrations are presented and discussed
in Section 3. In Section 4, the results of the supple-
mental experiments performed under various condi-
tions are summarized. Some remarks related to this
study are made in Section 5.

2. A numerical model of easterly waves
a. Governing equations

We assume that the wave we treat is governed by
the primitive equations on a S-plane and is uniform
in the meridional direction, ie., /0y = 0 for all
variables at all times. A wave disturbance is superposed
on the zonal flow which is dependent on pressure:
U(p). Both U(p) and the potential temperature 6(p)
of a basic state can be arbitrarily specified. The
meridional variation of the basic flow is not considered
for the sake of simplicity. The experiments by Tuleya
and Kurihara (1981) suggest that a tropical depression
can be formed without the horizontal shear of the
basic flow, while the cyclonic shear of the low-level
basic flow and, to a less degree, the anticyclonic shear
of the upper-level flow can enhance the development
of disturbances. It seems, however, that the meridional






