——=fH wankl B 26
HRERIG 5 B4R 18 0 T e R\ AU P B e B e i R A
Z s

HER B
EUEEARARRE R OB R R B R
(PR 112 47 12 A 12 FIRHS 5 sPHEEREE 113 42 4 F 1| AERD

i

w B

B T By o4 (Rapid Intensification; RI)FI14% 12554 (Slow Intensification; ST)EEE > Y
P PRI A SR R A 2= 2208 - 3{P953Hr SSMIS (Special Sensor Microwave Imager/Sounder)
1o R R SS F Y /KK BE 1% (Ice Water Path; TWP) ~ FR7KE&{%(Rain Water Path; RWP) K/ 4T 4 M
IEHYFEE B (Brightness Temperature) » ifi#£7T WRF (Weather Research and Forecasting) 5 =A%
B » DAETEm RIFT ST e E\E AR AR SE Gt B R i 7 SR B FU SR EhiT

& SSMIS BUANE R h > P38 3RAT 2 (F R KEEAE (RMW) #E Y - RIEgJEHY IWP 8
RWP B {E N RBHAAT 12 /NEHE G A SRRV EEE - HAERIREIMAAT 12 /NG5SR
FRLGTRHY 12 Jz 24 /NEf - TWP N1 RWP E{E1E 2 % RMW #i[E Y - RIEgEAY IWP/RWP E{HFH
E50, SRR RAE - 1 HELAE R EF] 95%(5.0/KEE - ALAMFEN TR ERHE - fER58HAT 12
/NEF 0 BEJEL 3 % RMW ARYIEIE . RT BEEVEZE Y oREY ST BeEVEZE » G E585a1E 2 &
RMW A » 8l s RT BEEALYMFE R E Y STReREY B {ECER] 95%(5.07K%) » THELE
ERVIpASSNEE

£ SSMIS fEr 2 BUHIEL WRF SR T FeFIs TR iR e fEsE 52546 - IWP F1 RWP ££
JE PR AR AR VIR EE - Horp L Downshear Left (DL)S[RAYE(EAZ A - 7F RI B4
1% » Upshear Left (UL)5[RH Y IWP A1 RWP 2Z0iE A - H2 SIAYBaJED 2 A DI E 8 -
[E] R Fe M58 3R - RIBeEVE 2 AE H RTIEZERH4ARA]T - IWP Bl RWP K ¥E A3 R R GIHIETY
£ WRF FEH4HFfE RTFT ST e 22 A7 2 SRR b > PP BT T AR 25 B
Eg > R JgfE\{E 2 DL fi UL fRAVZEENR (Deep Convection; DC) FIF ¥ (Moderate
Convection; MC) FYELAATA ST HEEEZEAIELS « [EAM » g RI 2 ST Ayme R 25 R R
HYiiRFE7K (Stratiform; ST - ${ERSTR(RI B¢ SDBHAGHIRT RIS EIFH ZM TRV HEE -

BRSESE ¢ PURIgGR - SHIENETR - JOKESIR ~ FRZKESES ~ MEE, ~ R

* EIEE : #58A(" > E-mail: mingjen@as.ntu.edu.tw
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A
—_— N %_ﬁ
wH e

— RIS > BeE5REEEE 2 5]
HFfThe < SR EL A B N RS I N R IR
& - SRR R B g AR e
SRR > BlANEeE TR ERE E E R B
TORE RGBSR RREIVKRES
(Kaplan and DeMaria 2003; Emanuel et al.
2004; Kaplan et al. 2010)  [FEERfEE & B
N B0 ) 7 L e L A 0 T el &
RN R®BRER -—EEENEE
(Montgomery and Kallenbach 1997,
Schubert et al. 1999; Hendricks et al. 2010) °

it B B e P BRI R AR KR
s BT e R A DV BV Ji Y = BT
B s R A R IE R -

Kaplan and DeMaria (2003) 455K
SRR\ R PSR L AR e LT 24
/NRFZ 10 SREEEB(AV) 77 ARG E 2 3
BEHR  TE FRREEAT 24 /INEF P B KRR
siieE 8 30 Efi(knot; kt) Ryl VPR ZRIE 552 2 B
1B ° 1& AWFFEHE— 2D R e RIS 58 A Ky
g & o oy Bl By BB B4 58 (Rapid
Intensification, RI ; AV> 30 kt) ~ 45|85
(Slow Intensification, SI ; 10 kt < AV < 30
kt) ~ #EAHE S8 {E(Neutral, NT ; —10 kt <
AV < 10 kt) f2J#59(Weakening, WK ; AV
< —10 kt)Z 4} (Fischer et al. 2018; Shi and
Chen 2021)

Yanai et al. (1973) F5HAERR 2 40HY

= Fh+H

EFHESNER - KRS BB R LS
[FERFEE ARy - BUBRVE I E BUKREHS &
RCIEEL - VEENT TR LG R G 58 ~ [EEK
A R A BEMA B 2 B R BB R B =
VBB FEFTEZ2E Lord et al. 1984; Wang et
al. 2020; Homeyer et al. 2021) » ZA[f] » 2&-F
Y2 FEeTEURIEERS 1T DL E BEE DRI e E A
EVEERIAIIETY - SR T AT
G R P D 45 R 0 R B 3 G R 5 P 2 L T
SHIEYEE 17(Cecil and Zipser 1999; Nolan et al.
2019) > Wu et al.(2021)7%E 3% WRF (Weather
Research and Forcasting) = (AYE {E T -
HHEROR A F - PR gz B
B LK S 2 E BA RIUAHEEE - It
GRS AT AT DARE RO KK & B R4
SFHVBEVR AR IE -

IR P B e 2o 4 B o P B SR
Ao H BEAR G 1A BHEEAHRE - ORI AR IR
F5 e R PR R 5 E R DR 7 [ BK
NBLEESR Y DR o = R AR - i RET
BRI R A 2R R
e R\ (g == E R VI B TR ZEA RS B
POSRPR - FDATRET A [E] 3 5 A e Ay A
BRI R SRR R BT B 28 SR
LA 22 [ TP B 7 e R B e T 5 SR Y
# © (Shi and Chen 2021; Richardson et al.
2022)

= H BV G e ReE i 25 wave
number 1 HY45REHFEL (Frank and Ritchie
1999; Corbosiero and Molinari 2002,2003;


https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib17
https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib17
https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib6
https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib7

) it

Wingo and Cecil 2010; Hence and Houze
2011; DeHart et al. 2014; Alvey III et al.
2020; Richardson et al. 2022) » 7RE[{E /&
VIR S g ss - e LR U RR Y $
HIH - A HE S T B R D) Be R 45 DA
KOs E BN E  NIIHEE EGHK
DRSS« 7 E R UJEREE THIRGRE, -
EAth PR 2= e 4 o] P B B (e A e e A b
sE(RDIH AT LR ?

Alvey et al. (2020) N ZETHARLL
T3 RTBeE{E 2 » (A28 A ey 25 222 ]
R RFEE AR 73 RO R (convective) ~ O
% (congestus) ~ fE iRz 7K (stratiform) ~ f
[% 7K (nonprecipitating) DL & fififR 2= (anvil )55
R o A3 E RE Y H S g L B
JEHTFUL R (aligned) (% » 3845 RIAY AR
B R EREVIR ARG R - HHEIR
[ KB IRSEREL BTN 22 BTt 5 284
4 RIAVZEERE AT S -

Liuetal. (2022) HI?%E%# Himawari-8 #
BPISCEITER} - ST [F5R A B [E] 0
SERAR T YR EER RN 2 E SR HLE K2
BT TARET AT - i T3 B 38 2 R AYHEJE
o0 R LA = DL e Sl i
e H [EIRF AT e BER FE R 28 SR
FYSECELEE - fEREEGRTERTS (< 64 kts)
AR - RTBEEHETH S - BEiglEpk A
Ko GELE FEAH S Non-RI BEEA S
Ry 2 AE B N AZ R (<3 RMW) g 4hA
& o INMAEBEE\C 38 R EH i R EE s (>64

WA 28

kts) > RI figE (£ Non-RI g\ ]y 2= B A A
B - ERUNERORGEEEGRT AR
EEUIERAR Z B K 2B > nI AT
G B AR A A G PRI O

=~ WIRITA
(—) HEBRREENE
SSMIS (Special Sensor Microwave

Imager Sounder) /2 — ¥4 kA 5= B 5
R EstE (Denfense Meteorological
Satellite Program; DMSP) 1 & fixiif 25 1#r
BRI 2O - DMSP 354 F16
F17~F18 kz F19 DU 2 » & F R =F&F
2023 FEERAEIER FE T Him ey
1700 km - HEgEH A 24 (EHE - BT
BRI 19 2 183 GHz FEHHREZ H ARG
SHTHEVRCR SR - DAREHE(S KA
AffE/KE ~ KA ~ JKAEHL T ~ BBk
EYHEE -

MNPFE R R A F SR A AEA [FESHE
BANE S BB R R - 2REOH
HEAL T 2 (0N 2@ Ry 2 8- 51150 91 GHz [y
AHIE » HEEZFKE SR E - ME
A LA Kt &+ IR A] AR PAS 2
K& o SAMIIN 37 GHz #i - HEHHE
e/ KE AR SIS - HAlLAEh
Bl AL AR R p 2 Bl B HFE W
VIR -

A W % A GPM
PrecipitationMeasurement) [ [5F1] F

(Global


https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib84
https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib23
https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib23
https://journals.ametsoc.org/view/journals/atsc/77/4/jas-d-18-0355.1.xml#bib9

29 KR

SSMIS {2 8 HI & T B2 2 VKK SR
(Ice Water Path; IWP)E&#} B R 7K % {€ (Rain
Water Path; RWP)&FHGPM Science Team
2016) AT o 1 » BRI =T &y 12
km X12 km > BRI E A REE 3 /N
g

A ZERR T {50 R B0 #5288 Pt S8 2
IWP k& RWP EEH4h » JR{EH NCEP -
NOAA/CPC J GPM B I [ B &
FNETA MR By e B s T 20 AT » ERSAR
bt 52 2 e oL 18] 2 A1 1 P A4 Lk i (Jlg
JEEZE % EIR4E 5 2 30 FEfE SR 110
£ 170 ) » e EE 2 2 BRI 2012 4
£ 2021 F 7 [E » AL 2015 5 7 H i {6
FALSN e Z ERALE MTSAT (Multi-
functional Transport Satellite) A > [fj 2015
7 A% 2 &R H Himawari-8 42
By T T (EECER » JFACE e R 22 i RS Y
Himawari-8 {# 2 & Bl MTSAT &kt
AR ZE feAT EEAR ] > ELZE2 i e S Ry 4
km x4 km - W[ & R 30 o8 —=

KUEFeet ¥ 5 (ERFEBE T &Ry
T oA R e RSG50 AT 24 /N (RI/ST-24
h) - SESEAT 12 F/NEF(RUSI —12 h) ~ 558
FA4E(RI/ST onset) ~ BE5&{%Z 12 /NRF(RI/SI
+12 h) ~ [ 35&1% 24 /NEF(RIST+24 h) 5 £
THEISF IR - o A1 HE 10 (i 2 A iR E]
ARG R\ ZE (BIAE S (iR el s e B R
FRF A IWP ~ RWP ~ RATHMRIEIRE

2 Fh+H

B - BT E R - ESeinf 2 5E K
HARHA R REAIR] - e E 3 el S Y AR ]
AN E » A DA A {1 G LA 20 7
5 [RGB BEJERS: TWP ~ RWP ~ Re&THNEIR
&R - NI E SRR E &S - JIFE
FLREZ T 10 {EHe E A {E 26 HRHkEE 10 {EkEE
JEGETT &R - RTBEEUZEAE 12 {# RI e
PREEAHHRIEE] 10 [EEeE; AITHYEA
B oE A ST i {1 2 o S0 2R e/
R 7R B AR EE Z£ (16 {E)PkH 10
(il e AT T & R PREZRAI(E ZE405R 1 Ffoe
BT SE FiT 2R FH e 18 28 B R PE ALK
S A i 2 e L ZE A PP PR AT RIBL
ST Hiit% 24 /NIFA BlEr(EZE - DUk e
JE\ER it 7 A2 2 BLE I (S S e i o 2
FrMras R - [FRFAE RIEY ST Hif{R 24 /)N
F - FRAFTEOREeE PR 4 A iE AL
& 30 5 DB e B TR 4 1 2R AR AT
g E M > i pk He B Ay OR OB R
(Extratropical Transition; ET)[fj52 225147
GHR o B AHITTIME DR SR e A Ay i
HAASE — 234 RIEGE STAYEZE - DUk
T H AR R e 58 B LR R R
[EEA LR - DA s ZE [E A Y
HARE i — 2 -

(=) e BRARR R B KRR AR

KA 7% B IBTrACS (International

Best Track Archive for Climate Stewardship)
FrgftaymeE &R - & R IL R &
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7 1. SSMIS 2 &k RI K ST BeEEZYIZR - HAEEGPEF » 517 RmeJE 2 oG 4 fe 7ol
A e FE R > S5 AT R AR AN R H SRR s R 5 =T A R A ar N B

ToRJEE -
AV Vv AV v
RI case(12) lifetime oL max SI case(16) lifetime o, ax
max(kts) lifetime(kts) max(kts) lifetime(kts)
X g TR EA
n 65 155 N 15 55
VONGFONG(2014) EWINIAR(2012)
2 LA —+ ¥
= 4 1 1
HAGUPIT(2014) 65 > KHANUN(2012) > >
g L
NURI(2014) 75 155 TRAMI(2013) 20 75
Fhid ¥4 7 %
T 1 2
SOUDELOR(2015) > > YAGI(2013) 0 >
x 4g ol
GONI(2015) 60 120 KAMMURI(2014) 20 >
e %2z
60 125 15 70
MELOR(2015) CHOIWAN(2015)
14 1
MARIA(2018) 75 > BAVI(2015) > 50
%A & Ht
73 165 20 60
HALONG(2019) CHANTHU(2016)
e % i
1 1 4
LEKIMA(2019) 50 35 MERBOK(2017) : .
% 43 Fr
1 ' 2
GONI(2020) 75 70 SAOLA(2017) > 65
g 3
MINDULLE(2021) 08 144 SHANSHAN(2018) 25 80
3 e
' 1 2
SURIGAE(2021) 60 65 TAPAH(2019) 0 65
v AL
BAILU(2019) 15 60
a1
20 80
FRANCISCO(2019)
s 25 100
BAVI(2020)
PR
ATSANI(2020) 15 50

AlER FH 5= B g B Bt 5 g U e o0 (Joint
Typhoon Warning Center; JTWC)FTF2 (LAY
e (53T (best track) &} - HERE R 3 /)N
RF—=F B ESEEEN - FA TR

R g A 5= | 2E K (Radius of Maximun
Wind; RMW)ZEE - [ fy DMSP G fiki
7E 1 B i e S e R AT 5 E— e P A A
MRV E R R - REb g e
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TEAL ~ B R PHRE R R - IEEE
FHETTI ] _ERSR IS - DI 2w
TEE T R [ Rl Y e o L ffE 5 B R GE (i &
afl -

(=) EotTErREREYETE

Ry T et RReE R IR 2 EEEY) A
W 7% Bk A BROM BB K R OTE oL
( Buropean Centre for Medium-Range
Weather Forecasts; ECMWF ) 22 55 7 (X 47
#7 & ¥ (ECMWF Reanalysis version 5;
ERAS)(Hersbach et al. 2020) » EZokH% ]
fh Ry 1 /NEE—2E > Z2fHE KRN S By
0.25°x0.25° » FffiZ& 1 ERAS Bkl hlET
ALRe R F O B R ELGE UL - HAREE
B0 200 2 B A 800 /A HL KA L[E]
2 200 FH Mk 850 HHH~FHEE » FiF 200
HRES K Z 850 HHES; - DUHLRZEA
] G P e e P P PR B L BT/ N
B[] o
FE A SHE R B A N S B U =) & P
=5 ITRITE R B 2 DR
FF L R A 0 A i A T (T ] 3) S
73 R K STREEFE NG % RMW A) 2
22 ] SR ] RS b R A2 52 - FRFEIRG
tiE TWP Je RWP & -2 e e [E 25 1Y
NEIR R EEE VA& - ek
HJEE V] (easterly wind shear) > BI{EE D[]
EH ¥ (shear-relative framework) T~ #E
{TEEEE AT -

= Fh+H

(& Lo B2 (RIS [ & P 2 5
[F)ELRy N E Y] (downshear)ig > AL &)
Jet JE\ V) 17 & /R 2 B2 [R A /5 Down Shear
Left (DL)SIR » Rz E V] F & ] 2
GPRH% Ry Down Shear Right (DR)Z[R - 1£
Hr[E] O B E Ry BB D] (upshear) i
T AE b B U] 2 JEL V) 1] 8 7 2 5 PR A s
Up Shear Left (UL)ER » Dz E D)5
BHEMIZ SR F Up Shear Right (UR)S2
BE -

(P9) WRF BE3E

{8 A WRF 5 = (Weather
Research and Forecasting Model) 4} R4} %
RI B ST {[&ZE 55— He 5 2€ - Hrpi
TEFY RI{EZE £y 2021 kTR, - BE7E
F ST EZEAIFs 2018 ARG, - HiftiE
W {18l e 6 2 1 E RT B ST Rijtg—RKIA
RS AR KX Bk
Jitg JE\ A7) %6 A /N B e BELE R o Afr o Ry 1%
AT 5 PRIEEAN & mTRE e i 22 UM o B AR ]
FezE ] BRI  JRAERs WRE (A5
B R 2 LEi 2% - [FRF F MR $t 4 R
2K 2021 gk EeE R A2 ST FEEZHE
{TEEE AT -

HeffT8t¥f 2021 5 RI&f ) A6 E WRF
SEAT
1) {#F] Advanced Research WRF version

3.9

2) fEEEFRETE 2021 424 A 12 H 00 UTC
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Z= 2021 4F 4 H 17 H 00 UTC » 3£ 120
ENER

3)VUJE S R4 - AKEARS R Ry 27~ 9~
301 AR EEENE 1R -

HTEEERERy Eta R - 3L 55 g - 5
A JEES By 20 E1E -

SIS LT Kain-Fritsch F&5E
£:8177(Kain 2004) ~ WDM6 45 &2
YIF 80 £(Hong et al. 2010) » 5587 K &
KRS 2 8Ly BI{E A Dudia J7 %
(Dudia 1989) %, RRTM J5Z(Mlawer et
al. 1997) » EFESEIEERA YSU 7%
(Hong and Pan 1996) - H-h fESE 2804 H
R 27 A B 4ak ERE S EUER
VU SRS ERE T o AEHIEINA IR
] WSM6 EfWHE S BUEMEITER ]
BRI ZE A EEE - (H HCAE R e 2
A7 SRR - #FH WDM6 E iy
YIESEOE -

6) W) a R B R EE FHBIOMN B R R
TR 0 (ECMWE) S8 A E &k
(ERAS) 7 0.25 [EE &R - 5 6 /)N
fsF B — 2K

BT 2018 4 ST e .~

WRF fHAEELT

1) f] Advanced Research WRF version
3.9

2)RELHEFHE 7% 2018 4E 8 H 1 H 00 UTC

Z 2018 4£ 8 H 6 H 00 UTC » £ 120

/J\Eq °

3)VU g SLIRAERE 7K V- A A& T RE 70 Al Ry 27~
9~3~1 AH - EEE 1(b)FR -

HIEEEMER Eta AR HF 55 g 0 5
AJEE Ry 20 FH1E -

Sy #{E 7 Kain-Fritsch 5%
S84 (Kain 2004) ~ WSM6 BBAE E2EMY
PEE 2854 (Hong and Lim 2006) » 55357
KR g S BUL o BIEA Dudia J7
2Z(Dudia 1989) 57 RRTM J5Z(Mlawer et

EFESEUERA YSU J5E
(Hong and Pan 1996) - H 1 fEE S84 H
A 27 S B gk EMYE S EUERIE
P VU e SR 4ERE © AT A M
SEH WDM6 EiH & E MY SEA

A THIERE EE ZE SR - SRS SR 3
B R Y] A EAHEERE T - WDMG6 Firfs
FREAY S {1 B Bl NI B A= B0
K PRI 28R 43 B gy A B e Ry — B0y
WSM6 R4S IR -

6) W) aa kB SR EE FHBION F EIR R
TR 0 (ECMWE) 5 A E &R
(ERAS5)(Hersbach et al. 2020) =2 0.25 [&

&R - & 6 /N EHT—X
(1) FERBFE RS ERA R
AWTFERE WRE FSE B KT T
e thm N E bR E 2D - Bk 2 &
HEERVE R ANEEER 42 dBZ Z

TR Ry B MR K AR B - R EE 22 B0 /)N
11> 42 dBZ HFRSHRERIE Ry JeiiR K A Bt

al. 1997) -
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(a)

2 Fh+H

40°N —

30°N —

20°N — il do2

10°N —

do3

do4

10°8

[ I I
90°E 105°E 120°E

135°E 150°E 165°E 180°

(b)

40°N —

20°N —

10°8

doz2

do3
do4

| | |
90°E 105°E 120°E

135°E 150°E 165°E 180°

1o SLRGEIEEET - () RTBEEEZE#RTIEL ~ (b) ST e e\ ([ 2= -

(Churchill and Houze 1984; Steiner et al.
1995; Yuter and Houze 1997; Didlake and

Houze 2013a) = A IRF &AM [ /KAE B R
#BEHE 20 dBZ FE[EDZTHEN Z @ k=
B 1 & 20 dBZ [ JEED 2 S KR 10 28
EHIF AR B 45317 (Deep Convection 5 DC)
JAL 5 20 dBZ [EUTHER 2 =it 4 &
10 2% BB RTAR B o 55 3 U (Moderate
Convection ; MC)2EAY » T& 20 dBZ [B])f7

THE Z @ AR 4 & B AR By
(Shallow Convection ; SC)AEAY - T fEik[E
KZ BRI AR E E T EEENESR
AARFL 20 dBZ ZA&EHETHEOHE - 5H
FIIH Ry iR K (Stratiform § STYREAY > 35
dre A5 B 59518 (Weak Echo - WE) 457
(Tao and Jiang 2015; Fritz et al. 2016; Rogers
et al.2020; Wu et al. 2022) -

FEEH LRI AT R A 5

L



——ZHEIA it

Ftz - A g e AR R T R -
IFk9=% Didlake and Houze (2009) fX
RIS R 2 B R BN (Zyg) EFRERF
& WAR(DFTR; HARIEAFEE
{ETR M REZ 2 BHE(R) > HE7AE

(R e R ot 7 SR (B S BRI RS BT
JEH(DC > MC > SC > ST > WE) » #{TH
ST - BRBIRER - e — BB B R E

Ky 50dBZ 2 DC » DAFASEE Ry - HAf
&4 NHEANFAARWERR S DC ZA&EHY
R E T E R f DC -
0.5, Zp, < 20
{0 5+ 3.5(2L ), 20 < Z,,y < 35
4,74 > 35

(1)
IR fic $## Miyamoto and Takemi
(2013) 7 5EFS » 73 Bl 2B 52 WRF
FRHRAE ST R STEZEHY IWP F2 RWP
Z iR L R R ST - R
FAOAHQYEAAG) AR - HFoRHEE
S O TR BT 2 (-
O HI Rt B BEE - YRR EETE
2 o TKKESTE(IWP) K g K S TR (RWP)FE(E
FH WRF #E4ERAVET R T AR @) K
DNEGFTR > Kb pgr BRZERZETE > qice
FIKZREEE > qsnow HEACZRETE
qgmupez@&fa‘z/m EEE Gram BRZK RS
EE -

o(r, yAzt) = dMrzt) + ¢ (A7, 1)
(2)

L= 34
v(r,z,t)
_ ¢ (r,2,t)
¢A(r,z,t)? + fozn ¢’ (1,7, z,£)2dA /2w
3)
IWP =fZO:0 Pair (Qice t Gsnow t+
qgraupel)dz
“4)
RWP :fZO:O PairQrain dz
(5)

Miyamoto and Takemi (2013){y = {&
DRG0 By o0 EL 100 23 LA 2 S
EEARHAFERE B E L SRMW N2
SR Ryl R B R DU EEEER
(5] RN 2 e L S 2 88 b S HL A2 B o

(%) BeRVEZER R 4E

AHFFESTHIEHE RIUEZE 2021 Fd
EAeE K ST 2 2018 AFHfHHRG E T T
WREF f5ft » H e 4B R R M 40
T o hitE i 2021 4E 4 H 12 HIER
A Ak AL REE(2021) > FLAERE IREEE
RO/ » AR JE AP B 4 O R R
=EE 55 m/s (PR R ESTERD

AT SRR B 22 910 T iE > T
B Ay b Bk = EURA S, - F NI
(B R RTEAC S o I AEIE R A2 Bl
FEZFIRIEE SRR ES | > FE 4 dy

AIFAREEATE L SRR E S E) - HEEMIE
BRI > BIIENT = BREA T 12 BRI
T Ry R IE - R TR R 2R AR b
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JKGS BB Ry R RUE - R4E IBTrACS 40
B HY&ME - RZAH5H 60 kts
(2021/04/16 1200Z ~2021/04/17 1200Z) » i
= RIHYIEEAE(30 kts/day) - kI AR g
o2V fEEantg A - 2 F5aE 5 R V) K iE
NEZRERALR R 2 - IZMTRGY - 10HE
SHAL PR - R BB R RE -

RS ERL 2018 A 8 H 3 HIES
i 4 HHHRE L (2018) - FAE R H A
A P SRR H AR e A P B AT L
JEZR 3 40 m/s (FTORRFEREIITE
Hh) » AT O e SRR B 2 5] 955 HIfE -
A e el A Bl E A2 LR TG 2 e ALAE

EESEIRG =Sy ST e
LS E) > EE BT H AN Z i R R
BEEHA > REEA LR RIE - RIE

IBTrACS HY4C% » H G & F— R Z N BE 58
25 kts (2018/08/02 1200Z ~ 2018/08/03
1200Z) » [Fh 38 510 5 Ja i 4% 121 5 (SD 5
A1 - SR E(2018)Fr 48 1L F1% - PRIE MR

SR - ZERER & oaTE &5 R
SLEMAZRGS - Bd& ZEE b R AT R
E °

=~ OhER

(—) HEBHERITZ LR

s bt - FeforRlE 12 R 16 (kg
JEFRHEEE 10 @ RI Kz ST HefEl(EZE#E TE
o+ BRIEEAE I Ry A Tl iy 22 DR
I EE(RI/ST 7 24 /NEF ~ RISI Fij 12 /)N

s EH+ M

B ~ RIS ZE450% ~ RIS 1% 12 /N ~ ]
RI/SI % 24 /|\I%) # IWP ~ RWP ~ JZ4T
HMESEIRERE 2% 1 BUR RI (12 {E)&L SI
(16 {EHEefE &4 ~ F07 ~ eI R R
B SRR AR K A i HA PN e e JELZRAE -
2a~2e By RIF&E(HEZ IWP 1 RI Fi
24 /NE% ~ RI A 12 /NBE ~ RI B4 - RI 1%
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Abstract

The differences and evolution of rainfall regimes and microphysics characteristics between
rapid-intensification (RI) and slow-intensification (SI) tropical cyclones (TCs) are examined in
this study. We have analyzed the ice water path (IWP) and rain water path (RWP) retrieved
from the Special Sensor Microwave Imager/Sounder (SSMIS), brightness temperaute from
infrared channel, and conducted the Weather Research and Forecasting model (WRF)
simulations to investigate the differences and evolution of rainfall regimes and microphysics
characteristics between RI and SI TCs.

From the SSMIS observations, we found that the IWP and RWP in Rl TCs were greater
than those in SI TCs within twice the radius of maximum wind speed (RMW) 12 hours before
the RI onset. The differences in IWP and RWP between RI and SI TCs within the RMW were
significant at the 95% confidence level at the RI/SI onset and within twice the RMW at 12 hours
before, 12 hours after, and 24 hours after the onset. The brightness temperature from infrared
channel indicated that, at 12 hours before onset, the brightness temperature of the RI cases was
lower than that of the SI cases within 3 times of RMW. After the onset, the RI cases exhibited
significantly lower infrared brightness temperatures compared to the SI cases at the 95%
confidence level within most areas within twice RMW. This difference was particularly evident
in the upshear quadrant.

Both the SSMIS observations and WRF simulations showed that the IWP and RWP were
generally larger in the downshear flank before the onset, especially in the downshear left (DL)
quadrant. The IWP and RWP in upshear left (UL) quadrant gradually became larger after the
RI onset, yet similar evolution did not occur in SI TCs. The IWP and RWP were quickly
weakened just before the RI onset in RI TCs.
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We also compared the precipitation regime differences between the RI and SI TCs. We
found that the ratios of deep convection (DC) and moderate convection (MC) at the DL and UL
quadrants in RI TCs were greater than those in SI TCs for most periods we analyzed. The ratios
of stratiform precipitation (ST) at the UL and upshear right (UR) quadrants gradually increased
after the RI/SI onset.

Keywords: Rapid Intensification (RI), Slow Intensification (SI), Ice Water Path (IWP),
Rain Water Path (RWP), Tropical Cylone (TC), Precipitation Regimes. doi:
10.53106/025400022024045201002
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