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Abstract: According to the change rate of the gale-force wind radius (R17) of tropical cyclones
(TC) in the Western North Pacific (WNP), they were divided into size rapid expansion (RE) events
and size rapid contraction (RC) events. This work studied the evolution characteristics of
precipitation cloud systems in the outer core regions of TC in RE events and RC events as well as
the physical mechanism responsible for the R17 change. The satellite data of Tropical Rainfall
Measurement Missions (TRMM) and Global Precipitation Measurement (GPM), the International
Best Track Archive for Climate Stewardship dataset (IBTrACS) and Multiplatform Tropical
Cyclone Surface Winds Analysis (MTCSWA) from 2007 to 2016 were used. The results show that:
(1) the precipitation intensity in the TC outer core region of RE events is significantly higher than
that in the RC events, indicating that the precipitation intensity in the outer core region of TC
plays an important role in the expansion of R17. The distribution of heavy precipitation in RE
events is looser than that in RC events during before period, which can act as a precursory signal
to distinguish two kinds of the events. (2) The common characteristics of precipitation in the outer
core region of TC in the RE and RC events include the stratiform (convective) precipitation with
low (high) precipitation intensity and large (small) precipitation area, and dominant diabatic
heating in the middle and upper (middle and lower) atmosphere. The standardized rainfall rates of
stratiform precipitation and convective precipitation are similar. However, the precipitation area,
precipitation intensity and standardized precipitation rate in the outer core region of RE events are
higher than those in RC events. (3) The outer core region of TC in RE events features high inertial
stability and high diabatic heating, so that the wind field has high kinetic energy, which is
favorable for size expansion of TC. In addition, the enhancement of Kinetic energy is also
conducive to develop low-level inflow, promoting the expansion of R17 and the development of
convective cells.

Keywords TRMM and GPM satellite, Tropical cyclones, Rapid expansion, Rapid contraction
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P e (Tropical Cyclone, f&i#R TC, XFRE KD Xt AN B k5
EMRAARG 2 — RE X E R & XA 5E, Wangetal. (2019) f5H,
2005-2016 4, 4 TC sk % F-F 44 T8 254 AFET, 3670 5 NHIZETE
SO, BIEEZUTHIRIE 696 1470, BT TC WL ERHESH, HEiKT TC
FUZRIWE SO > . TC REERR 7] L& TC RF RSN (RE, 2013),

2520 TC iz 3 (Fiorino and Elsberry, 1989; Fovell et al., 2009), %2

B RKVTMB)E Y E [ s 5 M A s M s AR LR R, DTS2 e KU R
(Emanuel, 2008). Bt4h, TC RS2 KA 1) EE S A DL K0T TC T
T K BRI R EE K, X TC Wi sE b Al a8 B s ik TAE B A B EAEH]
(Price, 1981; Chan et al., 2018). [, X TC RIEZMATH AL AE +oEE MR
X



RE TC RJZ /R HEH) TC Rk S He —, {H2 HAT H I TG — 1€ L.
MV S5 TR AN GE T ot e, HH BT 6 4N E X R4 (REYED . SRR
B (RMW), A EIAESEL R (ROCD. BRREEAE (17 m st RUE Y
s RIT). HREEAR (25.7 ms™ XU R26). MBI XUHE 42 (329 m s
K 4% ; R33; Merrill, 1984; Weatherford and Gray, 1988a, b; Kimball and Mulekar,
2004; Moyer et al, 2007; Knaff et al., 2007; Maclay et al., 2008; Xu and Wang, 2010a,
b). R17 & BRI FLH A 21 TC REEFabR, PtbA ST R17 3RAE TC
INER

S TC RIEARNHERAIRZ, g TC RUZHIA R R A HE
EH (Riehl and Malkus, 1961; Yanai, 1961; Shapiro and Willoughby, 1982; Mdler
and Shapiro, 2002; Bui et al., 2009; Wang, 2009; Fudeyasu and Wang, 2011; Li et al.,
2014). Nolanetal. (2007) FIBFFTHEH, TC 3 RE BRI E KITEESS BT
R, b — IS A B e, AEREER AT AR T 53— R
HALHENRE, ARITEIRFIME. 5K, Hill and Lackmann (2009) &ILIEKIA
FRTH RS, A1 R e W s T AR TBORT B i S L -P A R B9k, T4
K TCAHNEREE . Br 7igdsh, kAR E e TC RER e fEh — A B
51 712%. Schubert and Hack (1982) F1 Hack and Schubert (1986) [{I#f 7t % 1]
FEME R & S AR T, Bk Rs e B S BN RER AR —30 mribt ki e B X
F2 A 2 MR PO B A BB X3, AR AR NIRRTy, B A S ST B
Rossby ARJE 4200/, AR 4™ A 1 g i 2 /e —NMBUN VST, AT
A RTRE R ISR N AZ R 5K . 2 J5, A2 B 708 R AR U0 Hh B R A5
ARSI (ZERUIASE, 2015; XU EIAE, 20190, PRI AIXIZE (1997)
Fa s, BEARSE N Sty U I R A 48R 2 3 IRV 2 S HON Z 45 €
JE S S b0 R RE B GNP SR R I ez, RN

KE HRLIT 78 O 43R B 3 2= [ vh 32 BEAFAE PR 7K . RHALFE KA |2 5 B
/K (Houze, 1997, TR FE/KM E = B /KA & AR B S IR RFAE, Bl
FEWFFT TC RUZHHA K B b AT 2R EA1TF, X3 EAHE TC R
IR IEANE ] o BB DR IASFRINBIARRIARE, &2 0 e i 8
P A2 PR T 25 FORG 4 ) = 4R 5 A I AR KRR, A ROR AN [R] P R R AL it 1



Al fg. R TR BRI AN R 2R AL B K AE TC AR R TR EF B — & 1
oL, &% (2006) WFFL T &R “fifa” (0302) G KE &R, K
JZ = K P S AR LU B, it B /K BT o T AR B9 B IMELE ST BRIR K ;- Fritz et
al. (2016) ¥PEK= RN NE R W RIS MEXRR, @l TC &
BT 8 RANF = F B8 a2 AR R 9 B2, Fa s AN A = R AT AR FRAE TC Ak
FE A AR BTk Wang et al. (20200 HBFRHFFEH, 7 TC AR B, XT
SRR S, BAREEARH N IEL RN R E ET 23, Hs R EA T
XHREHRE, Fos R B R R IR G, SRR R = KT,
REHTE = BRI R R I RAH, SR T &2 AR a RN,
Xof L RIS R R AR AE XA  E R B4R &, A RE R L. dtel 0, T
BT A& RIPEN = R = 4E5 RN aE /1, 7T UNEEFUE = B K MR 4 /K £E
TC RS FR TP 1 F B S e

DA R 90 2 0 2 2% 52 K R BE RS 3556 TC RS (R 54 Bt A TC #EAT 4
EAAUIE T, ASORAE F 2 2 22 BERH U R K = RAEE TC REER it
P AR AR, B ROGE REE TR 5K (Rapid Expansion, f##% RE)
AR PRI 45 (Rapid Contraction, f&#8 RC) ) TC 7ERTHA. T, J5HASMZ
X B K 22 5, BLROWHR B /KR 2 = B K R RFAE AR T s 3k — i o3 A s e
LR LA M B 1 A 2 1 23 A1 RARFT TC REZ AL R Ao

2 BW/WETIE
2.1 REREHEERNNGF R

ARSCAT I TC ¥k B 26 DY 4R 5 £E#% 12 (International Best Track Archive for
Climate Stewardship, fij #% IBTrACS ) i 4 #£ ( Knapp et al., 2010 ;
https://www.ncdc.noaa.gov/ibtracs/[2020-03-10]) . X377kl k H 32 FIFTER K
AE LR E F I TR HAERE RE (NOAA/NESDIS) #A4EIMZ & TC K
%kl (Multiplatform Tropical Cyclone Surface Wind Analysis, &i# MTCSWA)

( Knaff et al., 2000; http://www.ssd.noaa.gov/PS/TROP/mtcswa.htmI[2020-03-10] ) &
MTCSWA X7 %t ke 2 /N T TR B 3 KUE Al TH RS ™, BERe BHEa
MR TC AR A 2, RIAS SCAE ] MTCSWA 10 m i 5 B 1 XUz BBk
FATEI R17 (FRn] 5855, 2020). ASCHIBT LR BN 2007-2016 419 6-11 H, Z5[1]
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https://www.ncdc.noaa.gov/ibtracs/%5b2020-03-10
http://www.ssd.noaa.gov/PS/TROP/mtcswa.html%5b2020-03-10%5d）。MTCSWA
http://www.ssd.noaa.gov/PS/TROP/mtcswa.html%5b2020-03-10%5d）。MTCSWA

JBHE A 0°-40°N, 140°-180°E MG AL AP, IBTrACS #idiifE 5 MTCSWA
BAls B E) 70 8R40 A 6 h, BIFE 00:00 CHMATH FLEF, FIE)D. 06:00. 12:00. 18:00
BB —IRUMIE T . MTCSWA s )78 55 Ju A LL TC 042 7.5°0) X 35,

K455 019X 0.1°.

22 PENA

AR SCATFH 1 T R 7K RN 7 A e R B By B KO TH &I (Tropical Rainfall
Measurement Missions, & #X TRMM ) H#5 A1 4 Bk B K W 9 o+ &I Global
Precipitation Measurement, fij#x GPM) %4 . TRMM LA B3 E E R =ik
J5 (National Aeronautics and Space Administration, & #< NASA) 1 H A 5 i &
W IT K ML (Japan Aerospace Exploration Agency, iRk JAXA) S1EIT K%t
AT ) SRR, BT AR TR L A L X B OK
TRMM P& F 1997 4 11 A RHHIFF 2015 4F 4 AR, 1EA TRMM AR5
Bi7dh, GPM LT 2014 5 2 AR4S, ##E 1 L TRMM A BN SUR A XU
FE/KE&IE (DPR) A 13 MBI & E X (GMD.

AL 2007-2013 4E 6-11 A ) TRMM T2 %4 Fl 2014-2016 4 6-11 A 1)
GPM EE¥iE. Hrh, FE/KEIE N TRMM VO7 A 2A25 ¥dfE (Caylor et a
l., 1997; https://disc.gsfc.nasa.gov/datasetssTRMM_2A25 7/summary?keywords=T

RMM%202A25[2021-04-01]), SIHMAAMEL, VO7 AL T k-Z, 5 R

SR, ATHX ARG SEING 2 L& GPM VO6A Rt Al 2ADPR %l (A
rulraj et al., 2017; https://disc.gsfc.nasa.gov/datasets/GPM_2ADPR_06/summary?k
eywords=GPM%20DPR%202ADPR[2021-04-011), S5 IHRAAHLL, V06 A GE
FAFRRAE %K. TRMM V07 2A25 $45 51 GPM VO6A 2ADPR # 4 #
BERS IR ME R ING L . FFET ) BRACRBURIBR KR S5 5 B, B3Rk R
=, KFAHERN S kme B T BEKEAE, ASCGEMHA] TRMM #1 GPM VO6A
A 1) 3GSLH H4H 345 A 5] A FRY e 7K 1) 8 B R A 578 AN [R] Fg 7K 1) 8 P o

SLH BELRG I8 1 /KA, K aR M BEKIR S S, 5 CSH FEMLL,
AR T B S S AL S I . 3GSLH HlE /K43 HE R N 0.5°X0.5°, TEH



https://disc.gsfc.nasa.gov/datasets/TRMM_2A25_7/summary?keywords=TRMM%202A25%5b2021-04-01%5d），与旧
https://disc.gsfc.nasa.gov/datasets/TRMM_2A25_7/summary?keywords=TRMM%202A25%5b2021-04-01%5d），与旧
https://disc.gsfc.nasa.gov/datasets/GPM_2ADPR_06/summary?keywords=GPM%20DPR%202ADPR%5b2021-04-01%5d），与旧
https://disc.gsfc.nasa.gov/datasets/GPM_2ADPR_06/summary?keywords=GPM%20DPR%202ADPR%5b2021-04-01%5d），与旧

Sy HEFE N 0.25 km, BFEIZp#EZFE N 1.5 h (Takayabu et al., 2010; https://gportal.j
axa.jp/gpr/search?tab=1[2021-08-01]D. T TRMM #HI GPM 4 Bk 11 — Bl 1)
1297 90 73, Oy VAR 2 B B EEIE R A, ¥ IBTrACS it 5 M
TCSWA %(#i 1) TC w0 Fl R17 LRMERRE 2 1 /NFEIBR «
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Fig.1 Schematic of Before RE (RC) events, During RE (RC) events and Ending RE (RC) events

Kieper and Jiang (2012) WIHFFTHaH, TC @ AWriEAR Ry, Hoom B Pk 1 o
(RD FIE RSB A — N, FFEEmS [ A]IA 48-60 ho 2% Tao etal. (2017) Xf
RI SEARE S, AT TC REEPGEY 5K (i) MR BRE1E—AF 4,
SEXHIEWR: 1, X R1T K 24 h ML RN (R17w24-R1710) /R17w0,
Hort R17u0 J9 4 AT Z10) R17, R17was 4TI ZIZ G 24 h 1) R17, $% 3Tt 74
5, KF CRTFD HEE 66 (33) AN H AL A HIREAM RIS A FR N TC REPH
ok i BEARLE: Hak, TC REEPUEY 5K (i) IIREAfEd, fEFR—A
TC H IS RIRE A & TC R DU 7% (i) H IS 55, RE (RC)
AR IR 28— AN B 22 1T 24 h AR AR i TC RUBE DUy 3k IS w3 4,
B Ja— /M %2 5 24 h FIREARH K TC REEPLES 7k () BiEs (B .
ARSCHFFUI B LG HY 135 A RE SFA 114 /> RC F1F.

2.4 WAMEIX BRI 53 FIBLIE i
KT TC WZIXTEHE K E LIRZEH — g —HtrdE. ARIHTFRH 1°
(Zawislak et al., 2016), A 3 fif RMW LA X35 (Wang, 2008), i&4T 1)
W7 bR UELL IR 242 (Dehart et al., 2014; Tsuji and Nakajima, 2019) k&R
XYEHl. H BRI TC Z A REAFAEER I MEZE R, A SCHH R17 X TC
AR (0 BT AL EE (R*=r/R17), ¥ R*<1 X IEFR N NZIX, # 1<R*<2
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https://gportal.jaxa.jp/gpr/search?tab=1%5b2021-08-01%5d）。由于TRMM和GPM扫描地球表面一圈的时间约为90
https://gportal.jaxa.jp/gpr/search?tab=1%5b2021-08-01%5d）。由于TRMM和GPM扫描地球表面一圈的时间约为90
https://gportal.jaxa.jp/gpr/search?tab=1%5b2021-08-01%5d）。由于TRMM和GPM扫描地球表面一圈的时间约为90

R X SRR ML o

(IS E L ANERE TN DN KA A E NG sy = 13112 RS I P R
REINRE RIS, ASSOR R*<2 v Bl 3 AR R AIOPR Oy s sl B, RUE T BIUE Y
PRAEN : R*<2 Yol A D2 495 A s B CRUAE AR B A% 0 KT B R 10%.
ZeidPhik, Hid RE HFM RC SFE B BA RHUE WL 1 s,

# 1 RE I RC HAFTH.  rh AN 5 I R TE %

Tablel The effective orbits for RE and RC events during Before, During and Ending periods

Hir H3 J&
RE 104 273 236
RC 169 390 228

3 BRaMh
3.1 FEK I B 22 S AR
fE RE Il RC H{FMHAR T FEp, ST R BRI R LU AR RRIE. B2 N

RE #1 RC JEE TC Hle R*<2 YU [H] P 1T b 22 [ W9 28 B I 2 0 A, P 446K 22 200
% 55 #T AEIE L 95% % 2 1 bootstrap 165 (Efron and Gong, 1983). 7 SCH# [ %
KT8 mm hrt (R KFR IR K. RE FARTHIE G (B 2a-c), SRFE/K XIS
M A SR B A IR . RR: 0T RC S, ARSI (& 2d- 58
BEE 7K DX 3 38 T 1) A UACAF AL 2 7K i B R TR AR B S0/ o RE 42 i 5 o /K Xk
DATERAEL, AT T S 224 LER* AR M AMEZ X s 1M RC SRR H5E
BEK XA A i, AL EEESE TC PO MAENZX, K&K TC RER
S AR AN BRIE L NS 5. i RE A RC SRR (18 29) (IBEK 2 1Y
WAL, 1E R*<1 MNAZIX, RE FELERIL (NED. ARE§ (SE) J7 /K g
FERF RC, Tidhdt (NW). Fird (SW) J5 Al KSR E /T RC; RE B&/K
S PEAEAMZ X R4S XK F RC, Hrf 1<R*<1.2 X322 S H 0 o 76

(FE 2h), R*<0.5 {5 4 RC 1 NW. NE J7 ] & SW J5 Al 5E3i R*=1 PN XI5k
BEKSREERT RE, HARXEL RE FIFF/KEREREAAT RC. EEH (Bl 2D,
RE A% X (%K B8 BE7E NEL SE FITNW J7 [l {1 K6 73 X 38K T RCs RE A% X



AR 7K 5 FEAE SE SW AT NW 7 [ B KB 73 X 30K T RC, (B2 Z2{EAH EE T 1T
AR kNS % . Tsuji and Nakajima (2019) ¥ K RUHE 1240, 12 1A X T
N 15 m s RRARER RS E O TC REE, id4 R15. fRATTIAR SR, XF T
REEY 7K1 TC, BE/KTE R15 WAMUHESE A s Tk T REERE IR tA Y™
5K B TC, FE/KFEGEPRTE TC Hl iz M1 545185 A3 RE M1 RC %
PR K A RHE R A Y &, BRI TC AMZIX IR KR EE N TC REEHKH
AEZENEM.

-t
o

- N W A O O N © ©

K 2 (a-c) RE Hff. (d-f) RC HEA (g-i) RE 5 RC FHAHIZEMEAE (as dv @) FIHH. (b,
e h) L el £ D EBIREHE PR R (A mmhrt), BEE GAR TC b,
K N REIE P 73 ) #om R*=2 Al R*=1 (34 5 B2/ T 0.1 mm hrt, skl oK@ 95%
bootstrap 1 FE 46 1) X 35 H 387K

Fig.2 The near-surface rainfall rates (mm hr?) for (a-c) RE events, (d-f) RC events and (g-i) the

difference between RE events and RC events during (a, d, g) Before, (b, €, h) During and (c, f, i)



Ending periods, the black dots represent the centers of TC, large and small black circles represent
the radii of R*=2 and R*=1, respectively. The areas of rainfall rate with less than 0.1 mm hr?,

missing values and no statistical significance at the 95% level are indicated in white

3.2 SME XX R 2 PR 7K Y ARPALE

BT TC AMZIX 1B KT R17 AR B EERE R, HZ = KRR K
£ TC REEHAS A R HA A F 3 TR I RFAE, BRI A SOt — PR A
[F R /K = RAE RE F1 RC HAFHh TC 4MZIX AR RFE. TRMM Al GPM 2
B AR B /KRB0y N2 K SHR KR e R Bk =28, e 8 AL R K
PAmfili N, BRIV 0, JEEAT S HBIR/AN, R IR. A0 R
I = A fabn & EHUATF 7T RE 1 RC S0 TC AMZIX 2 2 B /K R I R 7K 1D A%
FHE, 26— ANMEbR A S — B KRS U0 B B CBURAEREKAS 5O A 4
bt (1] 3a, Nstricon/Ntota ), PARGFRAEFE— SR B KB 55 AR K/ 28 —AMRAR N
PR ZFAFPERE R Z (18 3, Rstrcon/Nstricon)» T3 7775 R 5 — AR B /K I B K
R AR K (R A% 5 8, PSR B AL SRR B BB s 45 =N i Hh
FAESAH R 2 (B 3¢, Retrcon/Niotal)» TR 7 15 9 — 5T [ K 1) i B K 6 65
PLEKE M CEFE RS D, IREDEE — MBS 3 AN abr i gA], TSk
FAEZH K G bR S PR 2

H5E, A RE l RC HFH TC AMZIX J2 2 B KRG it e /K 8 i AR LG
BIEAT 547 B 3a AN, M=ANBTBURSFYRE, RE Bk 2=k
IR BEAD 5T 22.1%, KT RC H1 7.1%, #iH] RE HEffH TC
AN IX i B K TET AR K T RC. RE I RC Hi4E =M BERIAMEZ X2 25 B K T AR 2
KT XkEK, X5 May (1996) IR H AT KB TC AbMH ARG % ==
BRK XA 4518 — 8. I H RE HfErh TC AMZ X 2 2= MR B /K 78 26 T A
25 58 RC BN, BARRILN RE FE = BRE 2Rk T 157 3 %R L
SRR i 9.6%, THIX AR 5 3% 2 248 RC 1 5.4%. % T RE (RC) K
P, TR JE BRI 20 K, T AR 5 S0 0 E I 0 22 5 U et U o

Hxk, AEXT RE 1 RC SH4Hh TC AMEZIX 2 2 B KR E B /K 7 B /K i
FEIEAT T34, Bl 3b W T B /KGR BE IR SR A PP 3 B T e o KT B KR 2



ZBE/KAE RE Il RC S =N BRSPS R G, RHATRE /K R R 4 1 1 B T
N 5.0 mm hrt, TR ZFEKE 2.0 mm hrlo EXFRFEKF, RE F44H TC
HMZIX ZAN I B T3 R S AR RV Z L RC K 1.1 mm hrte B 1 230 18
RE Ml RC FHAthH TC AMZ X X R K AZ 2 B K BB K AR (B 3a) FIBF/K o8
J& (B 3b) HIRHIEAL, AT B0 T i JE S5 A0 10 B P R ARFAEEAT T 118 (& 30,
T b 2% JE % A5 1R PR R AR 2 P K AR B 55 % ( Nswreon/Nwota ) 5 & 7K 58 J&
(Rstricon/Nstrcon ) HIZEARN, "BZ5E S 1 K HA A PE KSR HIREM . B8 RE
H{F TC AMZIX 2 = B K B s AR LEXHR PR K2 (B 3a), HEZE B
AN G EDS B 5 N e DI P N =g 9 =1L =5 0 R Y T o g
B B 1P S5 B Lt B /K s K — e, Z2{EA 0.08 mm hrt (& 3¢). XFF RC T 5
TCHMZIX JZ = Bk B s AR (PEKHRAE) LEXRIEAKR (N, & 2= BRI
TR K IR AR 2% 1 B Y e 5B A 2 (1] 3e)s

SR BE, RE M RC FHAFH TC MZ X )Z 2 B A It B 7K R AP AE 32
BRIN: FBr G BRI KRE N OO, BKERK N, Bk
HUGTIL A 7K bR A P2 Y 2R B A 2 s T Rk 22 E RN : AEXTARL R KR /=
mPEkdr, TC AMZIXAE RE HAFRT. B JEIH KT Bk B bR il
W R Z AR m T RC.
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(a) Nstrfcon’rNtotal (b) Rstrfcon’rNslrmcn
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Fig.3 (a) The ratio of the specific precipitation pixels to the total pixels (Nsucon/Niotal), (b) the
conditional mean near-surface rainfall rates (Rst/con/Nstricon), and (c) the unconditional mean
near-surface rainfall rates (Rstcon/Nwta) in outer region of TC. The brown (blue) bars with
light-to-dark colors represent Before RE (RC) events, During RE (RC) events and Ending RE (RC)

events

3.3 BABERL

Zagrodnik and Jiang (2014) #&ih, @it iEEA (SLH) HIES R HE R
TRMM %7K 75 15 (TRMM/PROAS 1] (1 B [ 2 3 DIAR 5, 19 5 O AH 9% 2 80T ik 0.89.
N T 0 R RE Al RC FifhHh TC AMZ X JZ 2 B /KRG It B 7K 1) 2 L 45 R ¢
fiE, Bl 4 JE/R T TC AMZXIEHINAE K EH L. Like RE i&42 RC, HT
[ 75 P 7KORE 1 P R 4 00 R 3 B 28 R A VR T AME X2 25 B K B B K B i
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LA 8 km A, Z4E 5.5 km miELL N AR AIX . fE 5.5 km =ELLE,
ZFEK T RBINPERA MBS A (B 3a), BT & = R Um e
T AL B 4 B8 RE AT RC FFH TC M XA B K 17 Hin #4 2 BX
W53 A5 , AR AB 2059 Y BLEE R HE 4.5 km A1 2 km 5 BE AL, 3 5 B 5 06 SRR X
TE X 1o B2 I KO B R i R A A KA, 77 A R R VBRI K (Wang,
2014). 7E TC JUEPGEY 7% (K 4a) Ml i, JMZIXE = BRI K 1)
TP R I AT R ISR I B, T S AR . TR
TC R i f2d (& 4b), AMEIXZE 2 BRI FEK B9 oin #4
DU 3 2 S B ), e 2 = B K IR R S 5 S o PR AR AR I
BRUtZ 4k, RE HfEH TC AMEIX =0 B 21 2 = KB #um e
298 RC (1 3.0 i, XHRBEKERINPEL N RC 1 3.1 5. LA EIZREY], TC
AN DX B 5 B AN AE R T RL7 F75K, AR A o R 2 4] R17 K
J& o 1X B R AR 4 HOmBaaE B 1) I R A R T R ACE AR R, 45
[ PR R 485t f Zh B3N, A R TC REMY 5K, B AiA 2 1B 7L S FF
IX—W s, Fudeyasu and Wang (2011) #R¥E Sawyer-Eliassen 5 F2 F14] [ JXUH ]
TIFERI AT AR, AMZ X AR a4 IR AR R T TC A X XU#
B In, AEASAMZIX T RIE K, BI TC RUEY 5K Tsujietal. (2016) i HfE
PLRIGR B, S B TC HFOMELAL T R15 P ARG 1 A e X I AT It
I AR R IR AT B T4 46060 M 3 & s 28 R15 MU ANTTTAT F) T R15 475K
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and (b) are different

3.4 RMAREER T

E RE Hl RC FA (AR I FE ey, e B R 7= AR AV SR S B TR B 4
X LR NG I AT R R AL TC ZhRE . ARatiuinFin 2 BB i 45 2
SR ER R R E B (1S) BRIEEL, RIS MUK, dRga I E AL I
ik (Schubert and Hack, 1982; Hack and Schubert, 1986). A7 #E4E RE A
RC i TC AMZIX IS B Al oL, #E—BIRIT TC R R A . 15
PR e 1S it AR (Rozoffetal., 2012) 1R :

D)
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TR E R B EE =, BB 5 (a-c) A&, fERTH. . 5, RE
HA TC AMZIX Y 1S IR K T RC, 1X Ui TC AMZ X AE4adm 4w ) e 1) %
Fxrm T RC. MHMATC (B 4) A, RE FHF TC AMZ X W4 #hin #hiz
KT RC. mJARAHINF, Iz m i HELfnia ahae ) 42, i1 RE %
i TC AMZ X IIBhEE S T RC, AT R17 §77K: JxZ, RC FHffth TC 4MZIX
IR B, WIARITF RL7 MR RE. th4h, ZhEEMIIEsRA R FICZ N R 5,
H1& 5 (d-f 77501, RE FHAF TCAMZX BRE NIRRT H. FIRT RC,
—J71H, GERINIRIEHEAS BRI L, IWmART R17 ¥k 07
T, NREH A R Tk m TC RO s, stz MM TAER, it
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4 w5
ARCFIA 2007-2016 4 6-11 H ) TRMM F1 GPM TR Bkl J e K% 4%
(IBTrACS) ##lafAZ 1 5 TC Mz Bikl (MTCSWA), EEWIJT RE Al RC
R TC AMZIX IR K AR RRAE K 520 R17 2846 I3 HL . A SCHIRF AR I,
RE b TC AMZIXHT. H. IR FEKIREZ R & T RC, UiE] TC ZMZIX 1)
FEKBREERT R17 WK B EEAEH . RE ST MK 0 A AL 1 RC
FAF AT R K I R s, HEERSE TC RO MENKIX, XX
TC REEPE G SRR g 1K — DM ATE T 2P TC FMZ X EK AL
R B BEKARHR K, DLRFUA RSB B K AE TC RBEARALF RHIE . 455
KH, RE fl RC HfFrh TC AMZ X HEMK I ILRRHERIN: Fx GHAD
PR BB SR /N CRD, KRR (VN J2 2 B KOG B K (R A A B
REEAE Y MK ZE R FERIN: AEREKAZ =K, REFHFH TC
SMZIXHTS ey JE I REKTIOAR . BE/K SR FEAAREAL P R 2880 T RCo B #
EEBLI AR, Ea KBNS R RS, TR K 32 Z I # oS
JERS . @i RE F1 RC FH TC AMEIX = AN BB 2135 Hm #4 (1)
K/ANTATEL, RE WJE = KIS AL RC 1 3.0 £, KRR K Humhz 2
A RC [ 3.1 i, UL TC AMZ X 5 i 1 RN FIF R17 YUy ok, ik
OB A 2 4] R17 BIRRE . IX 3 B2 RN AR R Faion H i IR A
AR FHRRZ R R, R ) A s i 4axd f sh s in, MmiaRF TC R
FEY 5K . shaemA S Iz AR B IR O, VAR E B R4 T # ) 3)) e
[RGB L, DRI AR SCE—25 LA T RE R RC 44 TC AMZ X A5 1 Fae
. iREW], RE Fh TC AMZIX AU AR E FER, B AEZeoini m ) sE
R m, T HARGIRIMPCR, SEESRERMA N T RIg9 %, &z, RC H#
e TC AMZ X BN BERAR, NIRRT R17 (R 8. BRIt 4h, ShEerm iy
FIFARZ NG 5E, —J7 T, S9RANIRARRAL f 2l & i Py i, AT R
T RI7H 9 5 —J7 M0, NRAHE AR TRk TC H0#a), Hampit
Z A HIAHEAER, 3t — 2 R R0 VA B A ) R e P B it FX T AR T o
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