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ABSTRACT

Wave-CISK with conditional heating is investigated in the equatorial zonal-height plane by analytic and
numerical techniques. For two- and three-level models, previous results are extended to give additional evidence
that the most unstable mode has a single wet region of infinitesimal width. A three-level model has qualitatively
similar behavior as the two-level model except that propagating solutions are possible due to coalescence of
internal vertical modes. Phase speeds with conditional heating are found to be slightly greater than those for
unconditional heating. The structure has one circulation cell in the vertical and is asymmetric in longitude with
stronger motion on the leading edge. Growth rate is inversely proportional to the width of the single wet region.
That width can be limited by second-order diffusion. A general integral relationship between growth rate,
viscosity, phase speed, and heating is derived.

The main conclusion is that the linear wave—CISK catastrophe is modified by conditional heating but not
eliminated. The preferred mode of instability has one wet region, but it occurs on the smallest possible scale.
It is likely that numerical models that use conditional heating are sensitive to resolution, especially for the
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commonly used spectral truncations, unless there is sufficiently strong damping at the smallest scales.

1. Introduction

Intraseasonal oscillations constitute an important
part of atmospheric variability in the tropics. Their ob-
servational characteristics have been extensively doc-
umented (Madden and Julian 1971, 1972; Weickmann
1983; Krishnamurti et al. 1985; Lau and Chan 1985;
Knutson and Weickmann 1987; Nakazawa 1988). For
our purpose we emphasize the following features: an
eastward-propagating circulation in the equatorial
plane with broad zonal scale but narrow region of up-
ward motion and precipitation.

Wave-CISK models with linear dynamics but con-
ditional (positive-only) heating have successfully re-
produced these features (Hayashi and Sumi 1986; Lau
and Peng 1987). When heating is allowed only in re-
gions of large-scale upward motion, the usual linear
wave-CISK catastrophe, wherein the most unstable
mode has infinitely large wavenumber, is avoided. By
this simple modification, wave-CISK purportedly be-
came a viable mechanism for exciting realistic circu-
lations. But the fundamental physics of the mechanism
is still unclear. Why does the region of upward motion
contract while the overall scale remains broad? How
far will it contract? How fast will it propagate?

Dunkerton and Crum (1991 ) addressed these ques-
tions for two- and three-level Kelvin wave models. They
found analytic solutions that showed a modified form
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of the CISK catastrophe: the most unstable mode has
only one region of upward motion (the “wet region’),
but it occurs at the smallest possible scale. Numerical
results therefore depend on resolution, which deter-
mines the smallest scale. Contraction of the wet region
can be limited by scale-dependent damping. Propa-
gation was briefly investigated incorporating evapo-
ration-wind feedback (Emanuel 1987; Neelin et al.
1987; Lau and Shen 1988) and multiple-mode CISK
(Lau and Peng 1987; Chang and Lim 1988; Lim et al.
1990). We note that Gill (1982 ) also obtained analytic
solutions with positive-only heating, but for situations
stable to CISK heating.

Two-level models are fundamentally different from
models with three or more levels. A linear two-level
model has only one internal mode and cannot support
propagating, unstable solutions that arise from coales-
cence of two internal modes (Chang and Lim 1988).
Dunkerton and Crum (1991) showed an example of
analytic solution for a three-level model with positive-
only heating. Lim et al. (1990) addressed the issue nu-
merically for a time-dependent, five-level, Kelvin wave
model. They argued that positive-only heating is a se-
vere nonlinearity that takes effect for infinitesimal per-
turbations and results in a nonlinear “mode” similar
to solutions obtained by Lau and Peng (1987). Some
of their calculations produced an intriguing “multiple
cell” behavior consisting of several axes of upward mo-
tion concentrated in a narrow region and surrounded
by a wide area of downward motion such that the entire
mode was of broad zonal scale. Individual axes moved
relative to the mode in a manner suggestive of the






