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ABSTRACT

CISK (Conditional Instability of the Second Kind) is examined for internal waves where low-level con-
vergence is due to the inviscid wave fields rather than to Ekman pumping.

It is found that CISK-induced waves must give rise to mean cumulus activity (since there are no
negative clouds), and it is suggested that this mean activity plays an important role in the finite-amplitude
equilibration of the system. The most unstable CISK waves will be associated with very short vertical
wavelengths [O(3 km)] in order to maximize (in some crude sense) subcloud convergence. Thus, the
vertical scale is largely determined by the height of cloud base. The vertical scale, in turn, determines
the dispersive relations between horizontal and temporal scales. It is found that there exists a wave-
CISK mode which is independent of longitude, and hence independent of the mean zonal flow. Because
of this independence, the period of this oscillation should form a prominent line in tropical spectra.
This period turns out to be about 4.8 days which is indeed a prominent feature of tropical spectra. It is
shown, due to longitudinal inhomogeneities in the tropics (such as land-sea), that the above oscillation
must be accompanied by traveling disturbances whose period with respect to the ground will also be
4.8 days and whose longitudinal scales will typically be from 1000~-3000 km depending on the mean zonal
flow. It is further shown that the existence of the above oscillatory system has two additional implications:
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(1) The above system Is, itself, unstable with respect to gravity waves with horizontal scales on the
order of 100-200 km. Such waves may be associated with cloud clusters.

(if) The above system leads to maximum low-level convergence (and hence, a tendency toward mean
cumulus activity) in regions centered about £6°-7° latitude, thus providing a possible explanation

for the position of the ITCZ.

1. Introduction

Since the late 1950’s (Riehl and Malkus, 1938) it has
been recognized that much of tropical meteorology
involves the collective interaction of large-scale
meteorological circulations and cumulus convection.
The likely mechanism for this interaction was first
described by Charney and Eliassen (1964) and given
the name “conditional instability of the second kind”
(i.e., CISK). Briefly, if the atmosphere is conditionally
unstable but unsaturated, and if the surface air is
sufficiently warm and moist, then there will exist some
height 2, such that if surface air is lifted to that height,
it will become convectively unstable, giving rise,
presumably, to cumulonimbus hot towers which will
rise to some great height (near the tropopause) at
which height the surface air is no longer convectively
unstable. [See Holton (1972a), Ooyama (1971) and
Charney (1971b) for more precise discussions]. In
CISK, a low-level convergence field associated with a
large-scale meteorological system lifts surface air to z,,
where cumulonimbus convection sets in. The latent heat
released in the cumulus convection, in turn, forces the
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large-scale motion whose low-level convergence gave
rise to the convection. Quite obviously, to investigate
such an interaction one must somehow be able to
parameterize the relation between cumulus “heating”
and low-level convergence. While this is the subject of
much current research (Qoyama, 1971; Arakawa and
Schubert, 1974; Yanai ef al., 1973), rather crude,
simple procedures are available (Charney, 1971;
Yamasaki, 1968; Kuo, 1965). It is not the purpose of
this paper to probe deeply into the problem of parame-
terization; however, of necessity, I will discuss the
matter, and in Section 2b present a particular parame-
terization. Underlying all CISK models is the assump-
tion that deep cumulus convection will not, by itself,
maintain the low-level convergence necessary for the
maintenance of the clouds. Thus, large-scale, low-level
convergence is necessary.

Probably the most widely known applications of
CISK involve large-scale systems which, in the absence
of viscosity, do not involve low-level convergence:
hurricanes (Charney and Eliassen, 1964), the inter-
tropical convergence zone (ITCZ) (Charney, 1971a)
and barotropic waves (Yamasaki, 1971a). The low-level
convergence in these calculations is produced by surface






