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» CISK: Conditional Instability of the Second Kind
> X (T Dt raal
—i D JCZEDEE AT — ) VORI
— XA BIDEFEL
- MR ELORRERRZETE

Ejll:,\

O 18




Charney and Eliassen (1964)D
CISKZzaREDF:E(CHV\SRER

. REZRNBRAIT—ILLD 2]~
HRUVVERTARSUMEICTE |
B(Z1ld0oyama 1969D
FAZES)LBREER)
« JEMMEBVINIBANWEEEZZEX
BIMBENESENTULVRLY,
. KDFEMIER ol
Smith(1997)% &3

1 L 1
10 Q {km} 100 1000



WISHE (Emanuel, 1986)

« WISHE: Wind Induced Surface Heat Exchange
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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 orniginally 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 supphed
exclusively by surface enthalpy fluxes. A key adjective in
this formulation 1s *‘self-induced,’” the 1dea being that the
winds associated with the tropical cyclones dnve the
surface enthalpy fluxes that power 1t—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 large-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- | < ALL5E4E(dCharney and Eliassen (1964)1°

ing work. Then, the spirit of CISK as the co- Ooyama(l969)‘C%27’:%:?ﬂ3:E5‘“) L C(&.
operative intensification theory is valid and alive. 2 — )LDORBEAFER TRV EES =,
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does not seem to be shared by the majority of

users of the acronym. (Ooyama, 1982)




FERDEfFd S5 "CISK” & "WISHE" DR &

e ACEKODTEEFENIEDS

>R EA

s KQIRBIZDALZE(CERTDDOHCISK, KTIRIESGZ
Y7 & AR UBENEIR(CEE I DD HWISHE
> EATTEA

e A[CIAITTWLVD A, WISHEZ BHBIENEERTEFIARE(C
DHERA L. Ooyama(1969)DFEETE CH T =B mE
125 S A TEFeE % Cooperative intensification & 729

> 5 RIAZRED
o X AT — )I/c‘:jt%E*ETdLE)JODZ’ﬁ' JLOMEBERH(CEE
X9 D5 AEGTEDEIRICESICISKTH D, WISHE
(?ICISK(C'é\Z:Tl%
> EAAZEEC

« XRAT —ILERIRIRIHEEN DR T —)LDIBEERN
CISKDREH TH D L Zeosh DD, HIBIC KK ER
LTWDEDZCISK, BHEiEZEHR U IZEDZWISHE




218 FDWISHEIE

B8 : ERIRREICHITDZE

SUBRDIRREZZ{ LN

**U]%EI’J(LJJJI/J 1DL/I’U)I/ FOESSYAIRE
WxlcEDEUTEANRRZIRD D,

nRiE, C AR AL

TRl I B0

L18T .

IFT§ : ERIRRE(CH LT, BEHEASZH

DEEEE

FR7K T - ERDEEXT

ZARTE

DRUE - SRDIBIEZRD D,

= L. IE5RE S TR
IMZEIERZF EHIRIT ET. FAREGE -




B —YBALIOIIT>>>

« TUKRIC)ERETINERESQ)MEAERTREZ FITd—
QYRR CHREI-@RAEMRE CTrREZ LITD. EVWDIEFEZE
I ERADENERTIMNRA L BHDOEMNMESE(CE{EEND

/—

~

&im
@ik

KR C/nal

~
- WREAbRsAR




EEET> MOE—  NN—IILDIB ORIV F—

- RELET> hOE—Tds, =C dT —adp + Ldq,

« BoCED-AXEBET Y FOE—ZZX X0V EWND
BT [WEwEiE|] (B-CTHEZE{MNECDINCN
(adeqvb\deT-adp(c_WbZa Z &)

C

' Tout %QOU’E
f ALY (AN EEIE 5
¢ | Eh CDsmDE
M, 8, = CIUL\TLlETR
2(Bryan, 2008) mg” 8
Th /
2sh 4 — B :_": n&\ - A

- i —— — —— — — — —— — —

rrrs F i fF 7
o n

in
FIG. 13. The tropical cyclone as a Carnot heat engine. See text for explanation.
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F6iER & pFARAD B A (Wang, 2012)
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TABLE 2. Numerical experiments.

Initial vortex

Umax 'm ) Tour Tropopause
Exp (msh) (km} (km) (°C) {mb) Comments
A 12 82.5 412.5 26.3 - 100 Control run
B 2 82.5 412.5 26.3 100 Weak vortex
C 12 160.0 800.0 26.3 100 Large vortex '
D 12 41.0 206.0 26.3 100 Small vortex Ar = 7.5 km, 7ouer = 750 km,
JH = 1500 m
E 12 82.5 412.5 26.3 100 Dry to 30% RH above boundary layer
F 12 82.5 412.5 26.3 300 Increase tropopause
G 12 82.5 412.5 31.3 100 Increase SST
H 12 82.5 412.5 31.3 200 Increase SST and lower tropopause
| 12 82.5 412.5 31.3 300 Increase SST and lower tropopause
J 12 82.5 412.5 26.3 100 Limited Newtonian cooling |R} <2 K d'
K 12 82.5 412.5 ©26.3 100 Zero Newtonian cooling R = 0
TABLE 3. Comparison of theory and numerical experiment.
Numerical experiments* Theory
T Taul (Tout)lu Ty Fmax Fo RH,, Pe Umax D Umax ro
Exp (°O) (K) (K) (K) € (km) (km) (%) (mb) (ms™') (mb) (ms™) (km)
A 26.3 228 203 295. 23 38 400 81.8 973 46 975 48 380
F 26.3 245 244 295. 17 45 400 81.8 991 38 989 42 340
G 31.3 207 197 298, 31 30 900 78.6 903 77 903 72 570
H 31.3 227 227 298.5 24 40 750 78.6 937 66 944 63 490
1 31.3 246 246 298.5 18 50 700 78.6 964 55 972 54 430
J 26.3 216 203 295. 27 38 340 31.8 961 51 961 53 440
K

26.3 212 203 295. 28 38 370 81.8 957 57 956 | |59 450

(Rotunno and Emanuel, 1987)
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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
(6F). Solid lines in PBL show surfaces of constant 4, while M is shown

by dashed lines. (Emanuel, 1986)
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Fig. 3. Gradient and observed surface wind distribu-
tion as a function of relative distance from the
typhoon center for Typhoon 7705, Vera. The
gradient wind is shown by a curved line and surface
winds by small marks. The shaded part of the
gradient wind is the margin for typhoon translation
as explained in the text.
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