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F7 RJiE(Tropical Cyclone - fiiffi TC)
B NERATEN R EEESE - HFTHERERY 72
JoR\ BB o e B R AR Y AR e 2 A W A
KR EEVERIER © BRPIZER - 2009 1Y
SRR EIER 2 E/REZ ASET » /MK
1838 E B R (Chien and Kuo 2011) e
2017 FEHY 4 SRmEJE\NG 4R EESR R - (3T %
SRR Sk A 1000 220K 3117 HLASRGH
#5100 NAYET ANBDL R # 1200 (B 257T
HYEEEHE S (WolfT et al. 2019) - [fij 2 BREB AL
T ARG R BT R R 58 S ]
REA AT S (Hsu et al. 2021) « (AL > BT
i = e JE\ PR YA - S — AR B R BB
JEFRESITRE PR FERIFR AL SRS - Huh
SR T f e RSB Bl S R AR -

TC A plHRE R AL B iy R RS
BRI » R B GR RV E A E - B
REE M 1 5 B e B o 5 Y B T BR 8
15 o BEE SRR HRE B B A B AE 5 P T
(Potential Intensity * f&f# PI> Emanuel 1986;
Bister and Emanuel 2002) > 3% 60 2085
T 35 F& (Sea Surface Temperature » fi5j 1§
SST)~ 77 J&g - J& f & (Holland 1997; Zeng

et al. 2007; Wang et al. 2014; Mei and Xie
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2016) » DL Kz ¥t 6] Az A (convective
available potential energy - fifF CAPE)HYy &
{b(Garner 2015) » SST #= &77A A7 e,
HyE e - g e n e AR EER R el
E=5EH) CAPE ZRATK » JRarA e
JEHY S5 2 - PRI » & e RS i i =i Y SST >
EE-Eapnk:d =3 el Capn= My = pia R
) > EAYEREE CAPE £ 5 > 1] DUF R &
JEE SRS - AR BKER (LT > SST Jis
A RE{SEe 58 R AF S e AT R R I 58 - B 0
N B A= dp B &L HY B0 T (Hsu et al.
2021) -

RREHNEE - g e E5aE
RNV E IR o &R E R
I WeE A BN - AECRAYIFREIL
B BR By b o (o S8 A R =
(Wang and Chan 2002; Camargo and Sobel
2005; Chen et al. 2006; Wang and Wu
2018) - Wang and Chan (2002)F4cEE 885
77 2% (El Nifio-Southern Oscillation » f&5f#
ENSO) &g B EEh YR (% - S5 AE BB
HAM » PH GRS Y R R A BT B R 3R
F o AR EAL O REA R L
HAs A - (Wang and Chan 2002;
Camargo and Sobel 2005) » 3 & th 784

(Chan and Liu 2004; Camargo and Sobel
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2005) - Wang and Wu (2018) ] A

CMIP5(the  fifth  Coupled  Model
Intercomparison Project)f5 = A AAE 2
PRBACIES T » 2R3 58 B (= 5RAE
{1 A5 5 RaE A B B R o TR -
Besh - BRIt e R G i S Y
IR o B E UK - FIRGEE
JE\ 58 EF (Y %% 2 (Paterson et al. 2005; Zeng et
al. 2007; Wu et al. 2018) = Hsu et al. (2021)
I FH R v AT P R SRR CHE A 1 E 2 BRIR AL
T AR e s R I A TR S
ISR A SRS B A A B BB 2 A - 4%
AEE Y T B VIR - (TG RE S S8
HYSRIEEGE - BAE B e A iy fE 2R el
WP - B R DT B
R -
PHAEACTE R HY R RS BRI S 4 -
=5 X & 4 (Intraseasonal Oscillation > 5
ISO) B PEIE A s Y B RV S Bl 7R A A
K IREEREE(Liebmann et al. 1994; Maloney
and Hartmann 2001; Maloney and
Dickinson 2003; Kim et al. 2008; Hsu et al.
2011; Li and Zhou 2013; Tsou et al. 2014;
Chen et al. 2018) = FiASZERIEH » fEIEF
ey E F > ALK FEFER MO

(Madden-Julian Oscillation) 850-hPa Jg &

2 ———4t A

CREVAALE - BRI EVE BB 2%
J& » HEIA OB EATZ A (Maloney
and Hartmann 2001; Li and Zhou 2013) «
Tsou et al. (2014)bF5EfEHIAEILFERAYRK
= PEALASERE 850-hPa {1 10-90 K ISO
FoPEEAEALE » BV ENEIIF (e 2R A
ML 1SO REr IR EGE SRS
& - AFIE AR - BeE Y AR R H
% o [RZ > & 1SO Ry EAEAL - ZVEHE
BB g SR VAR R - K b
HEE R4S 18O SLRANEER » N AIBaEHY
TR » BeJE AR R Hig ) o

PRI > MFSTRRES 1SO B R 50 &
SERARAERETEY) (Klotzbach 2012; Li
and Zhou 2013; Hong et al. 2018) -
Klotzbach (2012) 5% KPEER TC J&
B #FBE MIO fEIEMN LA R PEENE 5
JERRHIARALI » TC PR TRATE IR 2 -
& MIO Ry AL AR EVT AT
HOIERF - TC PR SR B(F RIS DEF
% - Li and Zhou (201397455 BT »
FEPEIEAST A 30-60 K 1SO YR E= (SR
mEA)BIRAMEMEH > & HW
ACE(Accumulated cyclone energy » Bell et
al. 2000) BIRMETHI2REG A (/)N © Hong et

al. (2018)HIBTZEFE ! » 90 FEARIHPEILK
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TEREEE L PR = 2 AT "] LR
ISO ME{FHELHIAE S » (HRGE YGRS RS
(Hong et al. 2021; Hsu et al. 2021) «

AR FEZREIERR L 1SO ] fE g
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EASE R} BT TC Ky 1979-2008 4F 6-11
AAEPGILRSE A AR TC {EZ£(0-40°N,
100°E -190°E) » Hrf1 TC AR EAVER
PR ERT S = E - 1 HERM
TC AzapiiE - 410 m R EE (lifetime
maximum intensity > f§fg LMI) S 34
knots FY TC {HZE -

AIRFEF AT HIR RS BRI - PR
NCEP/CFSR i1 (Climate Forecast System
Global Reanalysis and Seasonal Reforecast
project > fifE CFSR)Y = M E Ef 737
&kl (Sahaetal., 2010) - B NCEP HYE4y
ERIRAS 1202 MHEL @ IEEREHEEE
R BRI ARSRBUHIER 5 (Wang et al.
2012; Chaudhari et al. 2015) - E Y2842 4
FEIRATIE By 0.5 FEFRLL 0.5 5 IS g e
RN —FE R - BN R BRI
FUETERSR T HIEHA FE o L0(Met Office
Hadley Centre)dy H /B E R (Rayner
et al. 2003) - ERIHJELEAIIEfEATE fy 0.5
JESELL 0.5 & -

() EFERESEH TR

BT RALERT 1SO B TC JEERH
% AT ER = 4 47 B RS B )
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#\(Tsou et al. 2014)%E BFf i FEIFHIIR
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EEEE A f[ IR T:

A=A+ A)+ A (1)
SSE BfiE F[#R41
K¢ = (us® +vg” )

FHorpKg Ry SSE FHAE - us Ky PG T [HIHY
SSE &5 vs Ry L7 1A SSE JEl# - SSE
HiRE 712 EF AV HE R B 12 7T 2% Tsou
etal. (2014) » HA[FRAIF:

aKg _
at

CKg_p + CKs_;s0 + CE + BK +
By + D 3)

e EFSAESIRN N

CKs_y = —Vs’ ’ [(Vs’)3 'V3]V

_ u,zau 0 70U o av
- S ox S Say SYS 9x

ot v
PN PN
S dy S Sap S Sap ( )

CKs_is0 = _Vs’ ’ [(Vs’ + VI’)3 ’ ‘73]V1’

Q
S
<~

_ ,zau;_ I
S ox SSay

7, 0U r o 0ug , 0V
- Su,a’— S Ia_yl_ s I_xl_
r o 0Y] ;g 0uy , ,0v]
svla_yl_ s Ia_pl_ s 1_p[ (5)
_ _Remr T
BK = —V3 - V3K{ (7
By = =5 - (Vs@5) ®)
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FAREE A - CKsso FHAIIE 1SO HYHEEEE
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BIRE AR & TE R B R R A AU
B[l CKs-m 11 CKs-1s0 £ CE 1§ ©

By T3 10 XKLL SSE £ 10-90 K 1SO
(fL & 10-20 K F 30-60 K)AYRGRIEH » A
bt 7E £kl Daubechies (1988) a4 Y IE
AN B E Ry R T L o /N DL
U6 B M R 5 o (RSl S MRS PR R 53
BREUR B » I I AR b s B
RAFHIRENTRE

=~ TC AR RS
PEALAE AR TC SEBhs It > 2
SZREETA 1S0 (IR - fL55(—)/ e

o FAMHEFE Y TC AR - DURCR
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[F5E Y TC /EENRA T TEER - FE25(2)
/N > BAPIERE AT AR TC SRS fEEHY

RRJERRGES

(—) TCEREFE5

2 1 BURAT 1979-2008 £Ef 6-11 HEA
1 PEILACSEIEMY TC SEENRF: - SH9E
F 6-11 AMIRIEYA 22.2 {8 TC Ap(H—
fi#l) - HEFLEEE T 84%/54 - &E TC
17 4= a s P AT AE ZE 11 B K 74 (Lifetime
Maximum Intensity > f8f% LMI)SZH49 5
84 knots (55 #) - FAILHF TC 43 Ry B
J &% (Tropical Storm - fEfE TS » F ATRE

35~63 knots)FIHEJE - /7y 1 57 59HeELo% G

72 1:1979-2008 4 6-11 H » PEIL AR FHIE E e (tropical cyclone; f&ifl TC) &8~ RE&E -
TS EZEVEEEEE » C1-C2 B C3-C5 Fy{#i [ Saffir-Simpson HEEZF 4574862 TC - LMI(lifetime
maximum intensity) £y TC A=y 52 h 22 20 7 57 A58 -

K4 233 il
TC 4 & B ¥k I 5 LMl
category (% &) (&) TiowE R | TiopHER
(-] & TC) (22 % p¥)
AllTC 22.2 84 135.4 16.8
TS 7.6 46 85.6 18.7
C1-C2 6.8 80 143.7 16.4
C3-C5 7.8 126 167.0 15.7
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HIZZE > FfP#E—DHR4E Saffir-Simpson
Je | JE 7 24l 2% (Simpson and Riehl 1981)
LRGSR SO REE(C1-C2 4% R TafE
64~95 knots)B5RZUREE(C3-CS T4l - Ay
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FiT 8% (Camargo and Sobel 2005; Wu and
Wang 2008; Wu and Zhao 2012) - [E]Ffi -
SR UG R\ 38 g e T S B R 15 FX
R TC ARk a8 REry i BBy s
BEITOMTEREL © E Y A TC ARk
fir BEBUEBEIRRA (G - B 1 HraILREE
6-11 AR5 1392 TC AR A=< Hi 850-hPa
JES5 (& 1a) » LAK: TC EEARARER R
Bl oAt B (& 1b) - HpBRES A
850~300-hPa HY/K-FEEE HIESY « [E la
BURPEILACERHY TC Z8UE plA T 2 Al
&I > DU RBHYRER AR E(E 1a) -
LGS R LR SRR 2R RS A2 S
B B R A P B S e Y B R A
(Holland 1995; Tam and Li 2006; Tsou et
al. 2014) - & TC AEfl{% @ ZFIR R
Bl ES ([ 1b) > {5 TC EZAE
PE J6 DL R A SR AL i ey =7 U7 % 8l (Wu
and Wang 2004; Wu et al. 2005)> TC {F &8
SREVEE L JEERE RS AR
A AR o
2 R ERKW R g9ReE(C1-C2) 58
FUBEE(C3-CS)HY A Ak, ~ i A B 5|
LMI Z fir B o AfilE - A5 2 R Bk
YSRGS mE ~ JE B R EAR L - SREEAE Y
{ir B Gy eI R R (8 2a, 2d) - 2 3RELRK
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FRETTHY SRR L RAE 160°E LIPS EIE
ERECBAINIE(E 2a, 2d) > FEEHELE 50
EREAGIRGAY - HF e L R B
EEggme R fmER (8 2b, 2¢) - HoRmer iz E =
FEALIFERE A M DI AE (i 2 170°E AL
B > PRORmEAY{L B A SRAE(H 2 180°E /Y
(L H - M ER e A AR B e AT E
/D o sREeA S Rey R B At AT E
KRR - BRI KR - LEAEE)
3 1E Ry P DA RAEA G ] - & s U Re R
A% > EEAEPGILTTRIATHE - FE
it ot 27 e\ AL 55 e Y 2 e (1 LR B A A
AR B(E] 2c, 26) - AT DASEFR SRR R A

A AR AL B STEE (R IR > AR E (R
BRI R AL - BB R IR IEaS

ELAF7%(Wang and Chan 2002; Chan and Liu
2004; Camargo and Sobel 2005) « 5} » #
FURG AR FE -PE AL [ Y A A AR AR il B
e 5 571 e R\ ff PR ol (7 BB A pa L
ARSI IE (8 2¢, 2f)
FHRTAICAE AT » 550 FE B 5 57 e
BRI R FIR AR BN 0
IR ERKRZ SR & oA (6-11 H P15
3) - HAE IR A LIS AR 55 e s e i) i Eh
FEMEZER - B3 N RAVER 77 B LE R =R
PGSR T AT R
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N (d) Genesis, track, LMI (SON, C1-C2)
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TERTILAE SR m] DLSERR > R B 55E
JE\ B 5 F e R P A E SRR gl FL LR AR AR
ELEEI > b AT e & Y TS e B IR
b > By THRIEEIRY TC JEENEsErTHR

B B ARSI R S PR AE RS
S RAIEI -

(D) TCHERRERES L B4

AITHIEYIFZE45 REUR - 585 URE RS
BERHY LR B IR Z 8 TC 58N
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(b) Intensification rate (C3-C5)
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iy A VB 1 58 i (Potential Intensity » f5 & CAPEEil CAPE® 43 Bl By ¥a i Bl U 1y it

PI > Emanuel 1986; Bister and Emanuel Fa] FHALEE © &R EEE RS - 5

2002) - PIHEE B SRR AR (e B TR ) » TR
Vi = S5 (CAPE" — CAPE?) () BB CAPE EFAUK « 198{H TC
0

1y PLE S > bf DSy sa e idlys -
bR T EJIRESLIN  KREES
(B DFIEE RV &2 TC E Y55 =

(Frank and Ritchie 2001; Paterson et al.

Hft Vior 5y TC B KTEAE To 53 5l Ry /3R]

VBT (Sea Surface Temperature » f5f# SST)
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2005) « ft4h > 1SO HEENAE EHVEHIRINE
2 TC MRV E SN Z (Tsou et al. 2014;
Hong et al. 2021; Hsu et al. 2021)> 5§ 1SO
BERE R TC MERHEE - g1t
FUOEFFERET - L TRt AA R TC
FIRHVA R RIS T 04T -

f
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SST ~ 100-hPa ZZF0RE ~ PIE ~ T EJEY]
B ISO B ENENRE I fhlE « B 5% > 3L SSTHY
GESOIIT(E Sa) » (EPHIEACE R RV &
R RS - KMEEE 125°E
PARCR Z0 2 3 SR g -PH G Ry 4347 > BdsR
BEERIRE B ICARNT - FEEDR TR RE

5 RPEILASERE 6-11 A R fE AP S(E Sb) - BUEAYZE RURE

ALY BN A - T H AR & 52 3 R -pe G

(a) SST

o (d) Vertical wind shear
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Effect of scale interaction on the development of typhoon

intensity in summer and autumn
Kuan-Chieh Chen, Chih-Hua Tsou*
Department of Earth Sciences, National Taiwan Normal University, Taipei, Taiwan
(manuscript received 6 May 2022 ; in final form 19 July 2022)
ABSTRACT
This study quantitatively analyzed the influence of scale interaction on typhoon intensity
by using the synoptic-scale eddy (SSE) kinetic energy equation. Our research showed that
speed of movement, development time, and intensification rate of intense typhoons
(categories 3-5 with maximum sustained wind speeds greater than 96 knots) are slower,
longer, and larger, respectively, than those of weak typhoons (categories 1-2 with maximum
sustained wind speeds between 64 and 95 knots). By analyzing the reasons for the slower
speed of movement of intense typhoons, we discovered that weak and intense typhoons are
mainly steered by large-scale subtropical high circulation during the intensification process.
However, the steering flow of intense typhoons are much weaker which may result from the
weakened subtropical high circulation, the enhanced monsoon trough and strengthened
intraseasonal oscillation (ISO) cyclonic circulation. In addition, intense typhoons were steered
northwestward, while weak typhoons moved westward or northward recurving. The
northwestward propagation of intense typhoons experienced the highest sea surface
temperature (SST), lowest tropopause temperature, weakest vertical wind shear, and largest
ISO kinetic energy region over the western North Pacific (WNP). These large-scale
environments were favorable for the growth (a larger intensification rate) of intense typhoons.
Further diagnosis of the SSE kinetic energy budget suggested that the enhancement of
typhoon intensity is contributed by both barotropic (CK) and baroclinic (CE) energy

conversions during the intensification process. The positive contributions of CKs.m and
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CKs.iso in the CK term indicate that both seasonal mean circulation and ISO flow provide
energy to typhoons. However, intense typhoons gain more eddy kinetic energy from the ISO

flow during the late period of typhoon development. This CKs.iso difference is dominated by
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term associated with the strengthened ISO cyclonic circulation (—— > 0) and

the greater momentum transport (ugvs) of intense typhoons. Thus, as ISO and typhoons
intensified, intense typhoons gain more energy from ISO. In addition, both the intense
typhoons and their accompanying ISO cyclonic circulation are still located over the warm
ocean due to their slower speed of movement. The moisture provided by the southwesterly
flows at the southern flank of this ISO cyclonic circulation was also favorable for the latent
heat release of intense typhoons and converted more typhoon available potential energy into
typhoon kinetic energy. This positive feedback causes intense typhoons to receive more
energy and further results in more intensification of intense typhoons. This research indicates

that scale interaction plays an important role in the development of typhoon intensity.
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