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Figure 1. Worldwide tropical cyclone tracks through 2006 from the National Hurricane Center and

the Joint Typhoon Warning Center, spanning nearly 150 years. Each track is colored by storm intensity
using the Saffir-Simpson storm categories (Tropical Depression, Tropical Storm, and Tropical Cyclone
categories 1 [wind 33-42 m s7'] to 5 [wind > 70 m s7']). The tracks show that the regions of most
frequent and intense storms are in the western North Pacific. Image courtesy of NASA Earth Observatory
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CISK

(Charney & Eliassen, 1964; Ooyama 1964)
« CISK: Conditional Instability of the Second Kind
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WISHE (Emanuel, 1986)

« WISHE: Wind Induced Surface Heat Exchange
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(MPI: Maximum Potential Intensity)




WISHE

Yano and Emanuel (1991) coined the term WISHE (wind-induced surface heat
exchange) to denote the source of fluctuations in subcloud-layer entropy arising from
fluctuations in surface wind speed. This can be an important source of energy for tropical
disturbances (Emanuel 1987; Neelin ef al. 1987; and Numaguti and Hayashi 1991. The
latter two used the term ‘evaporation—-wind feedback’ to characterize the same process).

(Emanuel et al., 1994)

The Wind-Induced Surface Heat Exchange ( WISHE)
Model was originally proposed by Emanuel (1987;
hereinafter E87) and independently by Neelin et al.
(1987) as an alternative to the wave-CISK mechanism
for explaining the 30-60-day oscillation. The acronym
WISHE is intended to replace and unify the terms “air—
sea interaction” used by E87 and “evaporation-wind
feedback™ used by Neelin et al. (1987).

(Yano and Emanuel, 1991)




Emanuel (1986), echoing the earlier work by
Riehl and Kleinschmidt, proposed instead that *““the
intensification and maintenance of tropical cyclones
depend exclusively' on self-induced heat transfer
from the ocean,” arguing that ambient conditional
instability plays essentially norole, with energy supplied
exclusively by surface enthalpy fluxes. A key adjective in
this formulation is *‘self-induced,”’ the idea being that the
winds associated with the tropical cyclones dnive the
surface enthalpy fluxes that power it—a process that
has since been called “‘wind-induced surface heat
exchange” (WISHE).

(Zhang and Emanuel, 2016)



CISK

It is proposed that the cyclone develops by a kind of secondary instability in
which existing cumulus convection is augmented in regions of low-level
horizontal convergence and quenched in regions of low-level divergence.
The cumulus and cyclone-scale motions are thus to be regarded as
cooperating rather than as competing—the clouds supplying latent heat
energy to the cyclone, and the cyclone supplying the fuel, in the form of
moisture, to the clouds.

(Charney and Eliassen, 1964)

The model assumes that the Jarge-scale hydrodynamical aspects of a tropical cyclone may be represented
by an axisymmetric, quasi-balanced vortex in a stably stratified incompressible fluid, while the effects of
moist convection may be formulated through the first law of thermodynamics applied to an implicit model
of penetrative convective clouds. The air-sea exchange of angular momentum as well as latent and sensible
heat is explicitly calculated in the model with the use of conventional approximations.

The present author views (Ooyama, 1969)

CISK in terms of the conceptual content that ]
has grown and matured with advances in model- | < ALLZEZE (dCharney and Eliassen (1964)1°

ing work. Then, the spirit of CISK as the co- Ooyama(l969)"€%i7’:ﬁﬂ2:E5-“) LT,
operative intensification theory is valid and alive. 29— )LDOBBEEFRR TN EE RIS,
It is unfortunate, however, such a view of CISK CISKO¥S M (ZEUBSTE DR (CAESX TS

does not seem to be shared by the majority of

users of the acronym. (Ooyama, 1982)
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FIG. 1. Structure of the steady-state model. Curved lines above the
planetary boundary layer (PBL) represent surfaces of constant angular
momentum (M) and saturated equivalent potential temperature
(6¥). Solid lines in PBL show surfaces of constant 4, while M is shown

by dashed lines. (Emanuel, 1986)
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