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REMRBRERD 2 RHRETRERR - MEHETC
BITRK - HLAETER TR At B ©

BTREREHR > BRATFGGE-111b2 ¥
g BES T BRERETC BRAEEAAR
B S E B B A S RERE PO ; AR
BRI EEESREENAERTRE  BEE
MFEBEEESHFELRER-BEXE-B 2 B
1979 F+-LEALKFERBEBRREXHE (T
) EHH R ( 700-1000mb ) 2 0-6° FHRE
Ch ) FA R ( 150-250mb ) 2 0-6° Fi5i8

o Y ] o4

1
=

=]

|00-sfc Vy (ms)
— N Wb N @ W

a6 8
radius (°lat)

Bl HARPHI B R BASHE o

A (LD & R B o 72 bt T AR 8 5
BRARR-BERARZE  LRIIREREREX
L LR REE ME A RDR I » WEER &R
BHFRPETC 2BH (BRERGHBL) - &
B R BRI 0-6° {EJRP SR B SEEEM > A0-
6° BRBHBAFEXEHE (B  oHEE
R WERRMARERFEFRRLU; RMARE
ERBEERRY > MERBLRREX - £

k= BABEAEZINW (BfEms™! day™! )
— v,
Total eddies=(—V,/ ') (—=V, ——)
r
(+ res %)

9V0I
res k=—V,' -

- V, D +BER%
or

( 1-5°)

NG- 0.1 =+ 0.3 -0.1 0.3
GNi1+ 1.6 =+ 0.4 -0.2 + 1.4
GN2+ 1.6 =+ 0.1 +0.1 +1.4
GN3+ 0.7 =+ 0.5 -0.1 +0.3
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£tegEhA

62150 ~250 mb Vr

ms™*

ms™

Kts

M1z 1977 F17EREEMEEEE » &8 F
iR fo B BTG BOFZ MR L o

H RS 51 A BT RS B AT I 2 BRAR © K (8 R
HIEARKRERS » FERKRESRN . (RHFTC
TR » LB HF R E— R AME o

BTH#—-PRABK-AARREBERS > B

13 I 14 5 FEURT RESAE L EEFE A

oA A2 s R B 89 5 e AR B BT 850mb 2 K KRB I
B o £ 13 5 TC18-794 76 BRFT RREY b 5
EA; TC18 AKE » EFHMEFF —BIZAE
FEEEE » SHAMIUA A M RE » RPBRE
o mRE BETTCI8 WER M » RER
BEAER o IR FERMARATNE CRHEHIR
) o s AN A ARG B R A R e BB A K
BYREMFIZ— (Love,1985 ) - [ 4 AIBKE
R EAARE ; CRAKE Vera BRET SR
2R ARE S R A T B8 o 2 BRI AR B o Rt fEIR
B> Vera @9AKIEE)SHAMTIRE XGRA R
BA» R Vera BEEMINAB 28 00Z 25
kts , ¥ERI KA 135kt so

LB ARS BRSNS R#R : X

F 1B

s cRals > HREXBRERSKERE
» MBEFARBZ BWARE > BRESA RN AR RS
SBYER » AR BEHR 5 58 B 2T FUGE o

A RAZREBZSH

B 2R AR M TR RN R TC # > K
SRR BR o BT FEARRBR
TC #» MESHBVEIERRA ( TY, RAEE 64
kts ) FEERERAYME » FIARIE TR & iR

JUNE 7, 1200GMT 850 mb
1 P4 ¢ 7 Ay a

»- \E@J(‘?ﬁ\ : .

R Aw
i _F

(1 NI P =
“—

“

-8

=
g&:ﬂcztgle) R

=

JUNE 10, 1200GMT 850 mb

NSNS
=\ G—]— 1'_-_,_ =
/ :.g [l

wl

{1
Y1 p——— =
S G
= a4

JUNE 13, 1200GMT 650 mb
- HUR1A] = YA Y

NS Ay
Wl \&7

"y

22 N
i(ZC\ %‘7# 2

s N [ 7 =
%}4 P
O'e

W13 LR TCI8-79 AR FZAEEME
AARX o TC18-79 AL E4 X »
A B AR A0 kts o

fvf,\«»‘




248 AEHE BN

oS

X7, 3 P
AL

October 31, 1979 (10 kts)

Hi

Az0°n

‘Eq

ANNES N 208
P P N S N
by

E R

.
_’./\:} 20°s
17

g

4o FRNE

T

Noveamber 2, 1979 (25 kts)

B4 FHILKTFESTY Vera 4 MZALBBAYR - TR A 24P upE B

HBEABRRAI0 kts o

ME Vera, RMthE AP TC BH—4EFELH
TY % - REAERRARE » HEEZBAELlP
ORI E » R 2-5° EAMNABRHIR TR
s BEKS HERREABROFEHHVRER
% ; RMMRAREC R BREIEFHEE » KT
ERT - EEMER o

B A AR R EE 1R 30 $160 ks & ] (
TR TS ; RAEEME ) HHEAR » 58
— R B R 20/ R 20 kes BL B ( gk
) > M B—4A R E LA kts LA ( IE N
) o FERER] LIRS SHEEY » BEEY 1 RN
MEEE: 2 B ( RAMB ) 8> BEE 0 AIRREEL
1 ZEI28/0EE 2 B o 247 B KSR 5% BLIE R HEBAN
INEERT o hOHE ( 0-2° ) BEFEEIM LR I
ECQ: ) BARE ; (Ml B Fix) » mIkEmMm
HYAEULB S 0-2° EERKERERS BE
5 e B 7R RE R s R e R I AR s ([ 16 )
BFE2-4° B> MIMEERLER ; LEREBHPO

FE ST ARG 6 P O 4 o N S o S R R K 2 D R R
BHAMEMEE - Middlebrook fiGray ( 1987 )
FHARBBURSS T FERERDZ AL R
O IFREZ EEBAR o

AmMB RS SR 2° il HEIFnHE
MERBLERAN » 2° 2P HRFMAERR
& (AR ; REMR - 1988 ); IR fHE B2
1 bR Sk ZE R AT INGE FT o AE— & ST KRBT
FEEES  MBBROE2 ~3° REEH IFM
HHARERAZ TRAKMMEZKKERE I
LR EEENE R ERBLATEE ; HRK
R B L A B RBCRAYE & e R - Ak
BLHE TN 2 05 B v I R R 2 na A B SR o LA
LR TBNEERTC L2 ERERHEE
B ; BIEES F R Q. A9B A ThE 4 £ R
B TC % » iMmBRIMESRAUBRRQ BEERMKM
SR KR MAaEAEEEMmM K
P4 M0 B R B A0S A o IR LM IRE Y8R R



et+EFEAR % 11 247

INTD NIN
100. = oo

0. ﬁ\\ 0o o b \\ \ 0-2
300. - LT o 1
m 500. )\ StH) } -
/

600. - / su00 F 1
(ab) 700. 1 LT
800. |- o -
° 1

s00. F 1 0 ’
. _4\/ 900 r
IOOO.' — 1= 2 L & L s H " 1000 L\ N - g L

-1o, 0. 0. 20. 0. a0, 50, -io, . 10,

a,(cd™)

WIS A (L) okt (H)RPRL (TS YRR (MBH ) Fo 0 (hoikaf
—RI)ZX0-2° Q EHH M -

i, 1

s
20. . a0, 50,

» BRI R EREPLERA EREES o BRI » MBARETRK 0.5% ; MEARK
%% B B B RS BY ( Schubert et. al., 1980 )» Wk nEBERRAGE L S0 E L%utfﬁya%
FEeEeehs By da M AR R EnB R RERBHEE AL ; Rt 3 HE RN I8 tn Bt Dn sy fndh i (4 5% »
o MERRYABRRHBRERL » BLIZWERK HAMOBRBEREYR - AMEAMARERZH
B o BRI SBER A ERARER RS BRI KS T8 » ERBOERSR » B R
B LREMARRBHEE > EHROSRS T ERERBAS ik > HERETENVSES -
» LUTHERS 1 b P B R AZ A A o Hack F1Schubert BRERMERBERF
Hack F1Schubert ( 1986 )FifiEtliassen HI 7 5% 5 i B A S i M B BB R & SR > (Rt
FERERS » 2T RENEHBEMmMM® 2 RE ; B artaRARE SR KB RMNE - BRMER
fafiE s ENmBREE 2 =C /JHXPTHEM LI PHRE T ECharneyMEtiassen ( 1964 )CISK
BE>MCRESEREA (KEHRTZE LABER B 2 ERE KB, (HARLERBR
TR » 180T N7 B BIAE ) - IR TR RPEERREAMATEZBE) o RLNE AR
6 1855 BEA9 DN 208 TR BH R BT ok ( SRIRERS) ) 1T R YR B & S — P B » AIAYEREN 0342 ( internal
100 100
200 F wy 0-2° 200 P 2-4°
300t 300}
400} 400}
500 | \‘\ 500
% e00 F \‘,. soo} \.
M 700 l," 700 } b
800 ! 800} ,:
{ab) 900} 900} A
‘0000 260 4:)0 \600 86; ‘OOOO 260 \4(‘)0 OCI)O
F(wm?)

& 16 Mﬁ&fazkmiﬁﬁxﬂ%m;&m (81 )2 0-2° 40 2- 4° BT E AR
¥ (F=ao'h’ /g YHASWE-




248 AREE

dynamics , GlMmErEH ) BB 2 AT o
Ooyama ( 1982 YREHMILF 2 BaRmBRAKR (
Ooyama, 1969 ) 0¥ » IR 83 RE AR E AR
» Tl 9 55 B R B M i B R BBy ( probabilistic
stage ) YW PERE ( deterministic stage)
; (B3 k& “ by any chance fif 8% i B8 X
""" T MR AT REA YA o Fingerhut
( 1980 )f1Lee ( 1986 ) 7REHifa & LATE & SRR
S AR B T LB A R R B, 2 o R JRE A M I A
WRbE 2 MBURHE -

m&E Hack F1Schubert ( 1986 ) f1Ooyama
(1982 ) ZBGIERERFE » B AN RE RME—
ERE (MBMARREERANE) ® BaR
W B AR RED S - BRI BT S o BONEFLBT
HRAASRE » $THRMATC 1pEIH—HaT %R
ETY s » BLFHIE 7 ClSKELRAYIE REYE (
(ER B RBEEY ) o TEHREL T » SBEAY B2 E (MIRF
FAEER? ER LR TREAN M ME) DR
o MTEFESTHAKBERZINE - EHE %
RO G - B R Ay » SR AN G, BER

sol- // ~41900)
A (Y

75 EMPIRICAL / 910 ®
POTENTIAL / Jio200 =
70} INTENSITY 4 W
/ ) =930 3
v 65} /2 a
= VA qea0r ¥
60} / >

e / ' 419501
; o5 / 1 3 ] E

/ ] 2

E A -1960)
£ 50f //I o2 1 =
E VN s v 70 3
asr //I € s 2 1 =
P2 T T T S T ] §
WPy 2 s 2 2 4 a4 <1980 &
a5 ] T I 2 2 i <

2 1] 2
0 3 0 3 2 3 2 3 2

25 26 27 28 29
CLIMATOLOGICAL SEA TEMPERATURE, °C

B17 SLREFEHBPLEREE  fuind 2|
F-BRRBRZI A @ (HF
Merrill, 1985 )

ETAME=5%

100

200} -3.

300] _

£, MB

PRESSUR
o
[}
o

0.5

800 .
900 )
o0 00 a5

o] 2 4 6 e 10 12 14
RADIUS, DEGREES LAT

B 18 Aotk b B fo Ttk b M, (R =64
kts ) O BmEX A

REBH KBS MRS B R S E
B EEM S R L&A MY RHER B ER o

MR REER S XE T EBBAERK  ANE
RS2 KBS AR H AR - Gray ( 1981 )&
SRERKBEENR2C BASERAEK Rt
WARERTEZERRABRAR ERINT -
Merrill ( 1985 ) FHILKAHERHTC K> BH
RAKERENRBERRERARRBAENHHRR o
VRIEKAER BRI KRE - BIIGESE—k
KME 2 B o ifichrTsn EREHRKEET
» BB SR B AR s AR R fE -

BRTHRABEN  REHBMASHEREC
FERS BUH i@ R o ANE 8 0 ;5 b RSB B B B0 B
EEREER » ARIRBKNE R » W RKEEF
BESRGE o BRIE Vg iR B TR T ( AKATEE) 0 A
PRI e & R B B9 T3 o BT RIF
RURAE A BA, ( SEE D 64 kts ) AR Rl M HE 1R
wPE B RO (PLERA ) BIBRERS (
W 18 B ) o HERES 2 REANE R R
AR o UL 01 R S Jif o LB TR 0 3 S



ttEEAAR # #

HEBR > TERERAREE—ERE® > RE
BR R TR AUR e 1 B L 2 81T B
BICISK 2 A S BEFHE ) o

HiESadler ( 1976,1978 ) FChenfGray
(1985 ) 25 MR » AAE B AR (TUTT
) B ICHTHI e 2 AN FOM A » SN MR 3 18
JEWEBAWME ; Chen MGray LRBMARS
L5 2 5} R O 81 R BE 6 D 60 B4R o Merril ]
€ 1985 ) HEMIATHE TUTT R6EHS 8 BCE R LD AR
BERE-E AN 2 BB TC b, 2008 > HLE B BR
e IS PSREE B » VB S G0 B FE OB B 5 AT
IR T LB 28 o

BB B E T 3 A BT B B B 5 e
» LA BRI EOAL 5 1 A I TR TR
BUFTFL » RS AR PR AR BRI MG ; AR A
JE L\ E s Brb B R A BB L K MR R 9
B akE  (ABERMBNBRNBRRARESEE
MR BT - & H BRI B 2 % E R ARIB
AE o

B SE o FERR IV BUEE By » Hi R RAERY FH R BE
B AR — IR RS > f R/ > B Y
REAK o LAB #i & B GN2.Z &5 53 » 15 B it X
VRRER6m/s » RIR$PR5.5° £4; it
LEKRE S FHIHER 2V, /T ~2 x107°
;N B3 X0 sec™ ! » BHIAE X
FIES 5 X107° sec™! » L BBLELHB 6200
DB M ; RILHRER BT K T
#R M ( Ooyama, 1982 ) » BWEINBMAIKEAE »
182 %) 3 30 B ( ANy 18 B S B B D BN R
HERBEEAEE o MR ERKE A EmEA
TR ERRE A > £ SRR (RREH
BIER ) rh AT ; (AR NKF TRyt H
o AIMBAERBRE S c ZAE S > AtES
BRI ERAE - AMEEBROFAS NH2R

249

Lee ( 1986 ) ~ LeeHIGray ( 1984 ) o4}
Love ( 1985 ) > Molinari HISkubis ( 1985 )
REFLUNBEESH

fHE— A A SR RO W A 5E A AT LA
R 6.2 BEREInE » A AEEMEBR R o
it de Z IE1E 57 i) fE 7E 600 ~ 700mb i) > 1],
N AEBEKX.Z 6e fE > AT HITE A 300 ~400mb
» B R R S R B R IR RS R B
YA HE R AR AWK BRI LZBE Ed
BEREFT 5 R MR iR KX P 46 8 In A 48 T R AUtk
BT BOGE (T I » WAL BREFHIET R
FYIE H % o

Holland FMerrill ( 1984 ) B¥5 HiRH
Wb R REE (WE 19 TR R ) MiE
EREE 25 I Hea R R R » &l
K L[ S ) 5 S B L (IR R B e
Ko M AR E AR B/ ) AT i 2 KR

IOO

200
300}
5 oo}

— 500}

.blu

600}

Pressure (m
L

ol \ , 2f
sool 3
s00}-
1000 5 \ A
(5 H 4 3 ) i iz T

Radius {deq Ial }
100,
201

O

300}

5 4900

= \
o 801
3 600}
®
& 7100}
80
90
1000

Rudius {deg. Im.)

0

© O

14

M9 TCAKER (LM)A TS (TH-
RARR QB kts ) ZHBTE (D P
Fio (REERT) » L@bP oA A
I°N » TH#& 14°N o



250 P Eal

3

x BRSBTS BR

m (TUTT=S e B )

/

5

> -1 -1 A AT o *iﬂ&)
§1“__"__« -------
I REEHIME PRNENEERY
£ (CISK) kR E M T
i BERNF A TR

17 - = -Jf—= —m — = o, - e -
C| KGR I
A KBS RE R
& Mg, EFDR

B W >

B 20 #RREBE RS 2L T
m o

BRI S E BP0 (NEEREEHRNE)
s MEEREEARRERK ) o RMYR—BEHR
EHEAR BEBEARKHER(E 19 > M)
s NIER < T BLAF T i X B i R SR BT E L B
s KRS ~6° MELF » RS POMT
; MRS P OB 2 MR EE AR - INILE 3R
Bz AEESARFTUERRBERHKZBR B
FAIREN  BESEBHRTEHRRAEHEEX
% (0 Sadler, 1976, 1978; Lee, 1986 ) ©
EXREHBREEBKTC % HEHREE (
) WX BHESPLEE/); BB 19 TR
KRt o MERB kts » FTEMRERUN > Ho5E+
EBBER(LIP=R%kR)HBN° BEL
Hi o FEP GRS AIE 8 5 PRULHES B I A R
B R ZE@EER ERR B O o LIEE®
ABUE » SLERK B E R BN R 2 B0 WS
R RERBERZE » (L Emanuel, 1987 2 &
R AMIMAFIER » TERPEBOAY)
BB B ey f7 7 - AT AR R FRGIR SRR A
Ho M 20 BRRMEREERLL R B RN
By s pRAR L BMNER MhAREHT
Ooyama ( 1982 ) Brig 2 RS MERPSE o
Rl EAY T ARR f— T U R AR B

20 SR

1

5t

REAER  ANERESEEIFER  AIWARE
HOMEIa s e yERR  RENFBXF
MR MARKASMFMREELEREE - B E
PREERRHMMERERLAZ F RS » 80 m#
RIEBERRMPIREL -

e

B ENEATEBENE S HRERALOEHK
8% o FEULAF BIAR I AL A T MR KB RERL B ML
A ®BDr . W.M.Gray. 2§ 8EREHIREL o &
HERSPRFREHMN - ZEX/ AL BEEZF
10 I 2 2k 1 B B LA B PE AL RN IR IR 0 FROLEH

o KBMEII AR NERHGHRIMNSCT6—
0202-M002-19 3 Ff FEK

BEAR

EEBREBWE > 1988 : Fult AT Huf BAE
PSR SR o KRR, 16,1 ° B
- 116 ©

Arnold, C.P., 1977: Tropical cyclone cloud and intensity
relationship. Dept. of Atmos Sci. Paper No. 277,
Colo. State Univ., Ft. Collins, Co. 145pp.

Challa, M. and R.L. Pfeffer, 1984: The effect of cumulus
momentum mixing on the development of a sym-
metric model hurricane. J. Atmos. Sci., 41, 1313-
1319.

Charney, J.G., and A. Eliassen, 1964: On the growth of the
hurricane depression. J. Atmos. Sci., 21, 68-75.

Chen, L. and W.M. Gray, 1985: Global view of the upper
level outflow ‘pattems associated with tropical
cyclone intensity changes during FGGE. Dept. of
Atmos. Sci. Paper No. 392, Colo. State Univ., Ft.
C<‘>llins, Co. 126pp.

Emanuel, K.A., 1987; An air-sea interaction theory for
tropical cyclone. part II: Evolutionary study using
a Nonhydrostatic axisymmetric numerical model.

J. Atmos. Sci., 44, 542-561.



t+EFEAA F Wi

Frank, WM., 1977: The structure and energetics of the
tropical cyclone I: Storm structure. Mon. Wea.
Rev., 105, 1119-1135.

Grany.M., 1981:  Recent advances in tropical cyclone
research from rawinsonde composite analysis. Paper
prepared for the WMO Committee of Atmospheric
Science, Geneva, Switzerland, 407pp.

Hack, J., and W. Schubert, 1986: On the non-linear response
of atmospheric vortices to heating by organized
cumulus convection. J. Atmos. Sei., 43, 1559-1573.

Holland, G.J., and R.T. Merrill, 1984: On the dynamics of
tropical cyclone structural changes, Quart. J Roy.
Meteor. Soc., 110, 732-745.

Kurihara, Y., and R.E, Tuleya, 1981: A numerical simula-
tion study on the genesis of a tropical storm. Mon.
Wea. Rev., 109, 1629-1653.

Lee, C.S. 1984: The bulk effects of cumulus momentum
transports in tropical cyclones. J. Atmos. Sci., 41,
590-603.

Lee, C.S., 1986: An observational study of tropical cloud
cluster evolution and cyclongenesis in the western
North Pacific. Dept. of Atmos. Sci, Paper No. 403,
Colo. State Univ., Ft. Collins. Co. 250pp.

Love, G., 1985: Gross equatorial interactions during tropical
cyclone genesis. Mon. Wea. Rev., 113, 1499-1509,

McBride, J.L., and R. Zehr, 1981: Observational analysis
of tropical cyclone formation. Part II: Comparison
of non-developing versus developing system. J.
Atmos. Sci., 38, 1132-1151,

Merrill, Robert T., 1985: Environmental influences on
hurricane intensification.  Dept. of Atmos. Sci.
Paper No. 394, Colo. State Univ., Ft. Collins. Co.
156pp.

251

Middlebrooke M., and W.M. Gray, 1987: Comparison of
low-level aircraft observations between early stage
developing and non-developing tropical disturbances
in the northwest Pacific. Proceeding of 17th AMS
Conference on Hurricanes and tropical Meteorology,
Miami, April, 4pp.

Molinari, J. and S. Skubis, 1985: Evolution of the surface
wind field in an intensifying tropical cyclone. Mon.
Wea. Rev., 42, 2856-2864.

Ooyama, K.V. 1969: Numerical simulation of life cycle of
tropical cyclones. J. Atmos. Sci., 26, 3-40.

Ooyama, K.V., 1982: Conceptual evolution of the theory
and modeling of the tropical cyclone. J. Meteor. Soc.
of Japan., 60, 369-380.

Sadler, J.C., 1976: A role of the tropical upper tropospheric
trough in early season typhoon development. Mon.
Wea. Rev,, 104, 1266-1278.

Sadler, J.C., 1978: Mid season typhoon development and
intensity changes and the tropical upper tropospheric
trough. Mon. Wea. Rev.,, 106, 1137-1152.

Schubert, W.H., J.J. Hack, P.L. Silva Dias and S.R. Fulton,
1980: Geostrophic adjustment in an axisymmetric
vortex. J. Atmos. Sci. 37, 1464-1484.

Tollerud, E.I. and S.K. Esbénsen, 1985: A composite life
cycle of non-squall mesoscale convective systems
over the tropical ocean. Part I: Kinematic fields.
J. Atmos. Sci., 42, 823-837.

Yanai, M., S. Esbensen and J. Chu, 1973: Determination
of Bulk properties of tropical cloud clusters from
large scale heat and moisture budgets. J. Atmos. Sci.,
30, 611-627.

Yanai, M., 1961: A detailed analysis of typhoon formation.
J. Meteor. Soc. Japan,, 39, 187-214.



252 Atmospheric Sciences Volume 16, No. 3

ON THE TYPHOON FORMATION AND DEVELOPMENT

Cheng-Shang Lee

Department of Atmospheric Sciences
National Taiwan University

(manuscript received April 10, 1988, in final form May 10, 1988)

ABSTRACT

The physical processes which lead to the formation and development of tropical cyclones are still not well-
understood. The current analyses attempt to advance our knowledge toward fully understanding these complicated,
but interesting problems by using the rawinsonde composite and individual case analyses. Results have indicated that
during the formation stage, the cumulus heating efficiency is very low due to the weak vorticity field associated with
the system at this stage. The large scale momentum surges forcing, which provides inward eddy vorticity flux,
is conducive to the development of a cloud cluster into a tropical cyclone. The most common large scale forcing includes
the cross-equatorial surges due to strong cold out-break in the counter-hemisphere and the trade wind surges.

After the formation of a tropical cyclone, the heating efficiency increases due to increased vorticity associated
with the system. A tropical cyclone can develop much faster if the spiral rain bands are active, because the spiral band
can provide the needed inward moisture and angular momentum flux for cyclone to develop. However, the cyclone
can also increase its developing trend trough the CISK mechanism. At this stage, it might be more realistic to pay atten-
tion to the processes which can hinder the cyclone developing trend, such as the strong middle to upper level wind shear.
When cyclone develop to a certain degree (an intensity limit is posed by underneath sea surface temperature), the middle-
upper level warm core will inhibit the intensity of cumulus activities, thus is unfavorable for further development. Any
physical processes which can transport heat from the cyclone’s inner region to the outer region are conducive to the
cyclone development. The existence of TUTT might be one of the important configurations to provide such needed

mechanism.

Key words: typhoon, typhoon formation, typhoon development.



