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ABSTRACT

The wave-CISK problem is investigated in a linearized context with two significant departures from
previous models: 1) the cumulus heating parameterization is made thermodynamically consistent by
requiring that cumulus heating exactly equal the latent heat of moisture converged in the wave; and 2)
cumulus friction is included in the model. The parameterization of vertical transport of horizontal momen-
tumn by cumulus clouds follows the formulation of Schneider and Lindzen (1976); with a constant mean
zonal wind, cumulus friction is proportional to the mean cloud mass flux.

Results from the model of Stevens ef al. (1977) are presented for various scales of motion. For magnitudes
of cloud mass flux typical of the ITCZ, no wave-CISK modes appear on the synoptic scale of several thousand
kilometers. As the horizontal scales of these long-period waves are decreased, the disturbances become
frictionally controlled, neutral wave-CISK modes. When the mean cloud mass flux is reduced by a factor of
2, instabilities do occur at synoptic scales. .

Kelvin waves are simulated on a midlatitude f-plane with a zonal wall. For very long space and time
scales, they are frictionally dominated and neutral modes. At very short time scales, they act as gravity
waves,

Gravity waves with the scales of observed squall lines are largely unaffected by cumulus friction. They
display the instability characteristics of previous inviscid studies. By contrast, very siow gravity waves are
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neutralized by the action of cumulus friction.

1. Introduction

This paper treats the wave-CISK (Conditional
Instability of the Second Kind) problem, i.e., finding
those tropical waves that can be self-maintained by the
latent heat released in cumulus convection, which is
organized on the wave scale by the wave fields. As in
previous studies (Yamasaki, 1969; Hayashi, 1970;
Lindzen, 1974, Kuo, 1975; Chang, 1976; Stark, 1976),
linearization is assumed for a simplified wave analysis.
Also, the mean zonal wind is assumed to be constant
in space and time, so that the intrinsic time scale for
the wave is the Doppler-shifted period.

The model used here differs in two important respects
from earlier treatments:

1) The parameterization of cumulus convection takes
account explicitly of a moisture budget. The CISK
condition on vertical velocity at the top of the moist
layer follows directly from relating energy release in
condensation to the moisture source for the wave.

2) Cumulus friction is included in the model.
Stevens ef al. (1977; hereafter referred to as SLS)
found that cumulus friction plays a crucial role in the
dynamics of synoptic-scale disturbances. In particular,
cumulus friction is necessary to obtain the extremely
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small ratios of temperature amplitude to heating
typical of observed tropical waves. In addition, it
greatly reduces sensitivity to the shape of cumulus
heating. It will be shown here that vertical mixing
of momentum by cumulus convection also significantly
alters the wave-CISK solutions.

The mean cumulus activity appears explicitly in the
perturbation equations only in the cumulus friction
terms. A basic state with mean cumulus activity
implies that negative perturbation heating by cumulus
convection has a well-defined physical meaning:
although negative in the perturbation sense, the total
cumulus activity is still positive so long as the amplitude
of the perturbation is less than the mean amplitude.
The precipitation field in the composited wave of Reed
and Recker (1971), shown in their Fig. 12, supports this
view. Thus the dilemma faced by previous investigators
of wanting to use so-called “conditional heating”
(without a negative component), while the simple
linearized models admit only unconditional heating, is
avoided with a nonzero basic state.

Surface friction and turbulent mixing in the subcloud
layer are characteristic processes in the observed
tropical atmosphere. They are parameterized in the
present model, as described in SLS. Thus the term
wave-CISK is used in a generalized sense: moisture






