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Abstract

Eye formation is the most distinct structure transformation of tropical cyclone (TC)
associated with rapid intensification (RI). Eyes can evolve from the central dense overcast
(CDO) or the curved band patterns. In this study we define the two types of eye formation
as “Deepening formation (DF)” and “Banding formation (BF)” respectively. Synoptic
environment-related factors of TC eye formation have been identified in recent studies.
However, the roles of TC structure-related factors remain unclear. The objectives of this
work are to identify the TC characteristic associated with the DF and BF processes; to
investigate how initial TC structure leads to the two different eye formation processes;
and to examine the evolution of the inner-core structure during eye formation.

In the first part of this study, the satellite imagery and best-track dataset are used for
the observational analysis of typhoons named in western North Pacific from 2007 to 2019.
Results show that the number of DF cases is three times more than that of BF cases. TCs
with DF have significantly higher intensity, higher intensification rate and smaller eyes
during eye formation, smaller size before eye formation and with more westward tracks,
and are more likely formed to the southeast region. Meanwhile, DF and BF TCs tend to
occur in autumn and summer, respectively.

In the second part of this study, sensitivity experiments of Typhoon Soudelor (2015)

with various idealized outer-core structure are conducted. Storm with stronger outer core
(larger storm, e.g., A04) behaves more BF-like features even though all storms can be
categorized as DF in simulated IR. The smaller storm (e.g., A08) has higher
intensification rate, higher contraction rate of radius of maximum wind (RMW) during
RI, and smaller RMW and eye in mature stage. The convergence and diabatic heating in
A08 are more concentrated inside the RMW, which may lead to stronger secondary
circulation, faster contraction of RMW, and thus leading to a smaller eye. With more
active convective overshooting in the eyewall of A0S, the lower stratosphere beyond the
eyewall significantly warms due to the compensating subsidence near the overshooting
convection. The warm air flows into the storm eye with the divergence flow of the
overshooting convection, and subsides to troposphere. The closer updraft area to the
center in AO8 limits the extent of eye, and further enhances the subsidence and adiabatic
warming in the upper-level center, resulting in a smaller and stronger warm core,
eventually with a higher intensification rate. On the other hand, the evaporation and
sublimation of hydrometer in the denser anvil cloud in AO8 can offset the adiabatic
warming and eddy radial potential temperature advection, hindering building the mid-

level warm core.

Keywords: eye formation; deepening formation; banding formation; rapid intensification;

warm core; potential temperature budget
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S A i i B £ fp(Mundell 1990; Willoughby 1990; Vigh 2010;

Rogers 2010) -

1.2.3 Bk F3j 2 il 4
BT H R PR P o T A R AT 3 S o ST e Mk BLEE
Malkus (1958)3- 5 & # B et o4y ek ¢ w M 5§ § & pthend 498 % 5 0
EoBRY CMEFHAEBEES D NP RS B2 TERCS R HRR @
PR EFHCE 3 0Tt o Kuo (1959)3n 5 M » in i » @ ,;j.»ug T4 & #
PR E A D EE S o F B AR R S A AR

B¢ S IRed T A L o
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i&‘»fg RBLEL D 5 0 3F 5 BLPITo IS A P 0 g s 7] e i R (Convective
Burst, CB) » & fi-#4 32 (Hot Tower, HT) » & R s & 78 12 (7 #7754 B > Convective
Overshooting) » #h 7« ¢ E5g &k p T/ K odd i 127 v - Heymsfield et al. (2001)
47 18 7 A%EER Bonnie (1998)pF gL T e B R > BILEY - B CB &
FATEEL P R AK) T @AY Sms T T Bh RN CB fer T
S 6 A ¥ - B CBATT R A ALY P ERE R AL
CB =l 2 X7 G Hgh ¥ g S AR T NT w0 PRSI F A e £F §F RS
¥ i iff & ¢ o Guimond et al. (2010)1* {45 7 A%5gh Dennis (2005)pF 38 * ¥ 3
derplipl > FRELERBPE RN F L @R EF20ms T 2 RAL 16 2
2RfE > HT L@k * SRR AREARE I0ms! g T F37 ¢
2R A A TTE LG HT B 2 4 LT w50 moe > JiA R
R P-i# 3 58 - Chen and Zhang (2013) ™ 05" #4288k Wilma (2005) -1 1 58 18 42>
FIW ORI meed + & CB MR e @ Aigfck 2 F pHEh 97k b 3(Storm-
Relative Flow, SRF)#38 > 2 CB # e T it H % 5% 88k ¢ & > T 2,3 7 fpFeh
os FIRBETARTFa 35 0E4 55542 5 #FF kK SRF 352 B fge
RS TUHGERE BYEE Y wa d b icd o TP CB BE 4 R
U B YR AR e A 0 Be b b 18 Pid B 5 o

y ek ﬁ}ﬁgﬁ] BLELD 3o F BRSO S pF > 1 Sawer-Eliassen equation
v ED Y IR T stk i(Willoughby 1979; Shapiro and Willoughby 1982;
Schubert etal. 2007) - Smith (1980):%.5 d ** 8 h KT F BREFAR ELF R > B A
B LR PRTHES TS § o ek ¢ »»’j&g Flew by BRYAR 4 B
FAFTHET AT P f’ﬁﬁ}&*fanﬁ TR HEIR AR RS (TR B
AT B B IR R T R TR R OR R

(Willoughby 1979, 1990) -

124 %k pRA)= iR
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Bob B2 i AT A B0 KK fod & BB 1 A 4T 0 6 121 ) & T e
Vigh et al. (2012)4 58344 4 § S 3 el Rk 2 FER T RR RS
Premip B o TRE R PRI H o d VR F S i T WA N ELRI T
I R AL N T S FUE R NP SR S R B Y ST

ik & &3 o Vighetal (2012) St % 5 AR HHB T AR TP AR
37 8 & F (banding){rp% (eye) ™ FE MK & chiE & > 65 % & A& F A 3pRA; N ¥ ¢

WA AR vl (Rogers 2010) ~ & & ik 4 4 (Kieper 2008) ;FE‘
# 3§ 7 & (Willoughby 1990; Rogers 2010) » ¥R+ 3 JLp £.d pgh b il % - Rl
A P BRT BE(E L) R M on e BT o8 B 4
BH - AR (S P s LRSS .

ffur—é K & B @ % > Dvorak (1975)4r Dvorak (1984)# ! ehfg it § 5o A 472 F 3
ke R LR B R ¢ F Mt REFLE 2 BIEELE 2 4)(Cloud
Pattern)4 5 4 ~ #f : *» #7|(Shear) ~ %4 Z ¥ 4|(Curved Band) ~ ® w % & 2 % &
(Central Dense Overcast, CDO) ~ p% 4| (Eye) > 3] 5 i7¥inil 7 BERh ¥ v > ¥
3 R R I L S SRTE s S F 182 2 AR N

B- BTG REY Y SR ET RS L URA R A R 8

REAALZREF I RATIRLBLAL  FHIIF RE? o a LRH 2 FRE
%” 'z £ lﬁ/#f‘fﬂrmfg&%ﬂ ~ = fg%&gﬂja\lﬁi’ﬂ:ug@,&fg

+ 3
A h BEFE ¢ LT RS 0 KB R 2RI DRR

U

~E\

E B 4275 = p 2 2015 & &1 Cyclone Center 3+ 3 (http://www.cyclonecenter.org/) &

;%_; ﬁﬁk‘?\%w*?\f@;ﬁ_.ﬁ %4/&%1]}*&%* ;\\_‘-—1"1‘—1‘&%1&"& @Eﬁ“ﬁ;

\Y—

b B 482 4] Knappetal. (2016) 832 & a5 % - 5 Iy - B ¥R BLEFA 5 P3P
3P ek SR R 9 85%niB L0 BB 2R 9 10%DH
FEREWZHA -

d P F AT A M R AR KL PR BB R R

ﬁg‘ﬂ‘i&”ﬁﬁ’ AR B 2R A ed P RBEZ RS T TS F M
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TE e h BT R FRITAH SR LA EATRE B 4 LT R
e P SEEFEEOFRE S EOPFFRETR A B0 N3 B FE i o SO E
RERTT BEFIBFTRTRP AP R g h BB B ERH FE FTRE
Tl Ak A iz B oo

JE_CDO Ff 525 = P e b 11 2016 & (g b & 93 (Typhoon Nepartak) 5 &) »
B 1.2a % 3 ACA s 2 IR 0 VR ¢ ST P R R AR R AR (]
1.2b-d) > A1 2 7ERBF M 0 B (S RLS SRk P(B 1.2e~f) - B F &M 2
AR PRy 3 N fE 5 TR = p%(Deepening Formation, DF) | ; j& % 2 & ) = p%
e+ 12 2015 # ek 4 F(Typhoon Dujuan) 5 &1 » B 1.3a ¥ T; d 58 AR 47 i
AP o 2 {iRBrAr e P BT BE(B 1.3b o) Bis R 2TRMEY LA R PR
(B 1.3d-f) 200k R > @ A 4T H 48RS N8 500G 2 0 d SIS
Ao B TP R > T AR R &L S T 2 # 2 (Banding Formation,

BF)JO

13 FiHisap b

Prig Mg A h FREYRIETALEEDR S > d B X AR R 337
A IRE T R AR T A 0 R0 P Y B AR R R PR A i AR Y
ANk SERUIE-RANAR L) WV ER U G h - st BRI ER s $ R
Beogb oo Beh PRI, AR Bl P T A LA B P R DA X TR
PRArZ HAPR D3 AT RS- N m AT RFE S A HTieR AR S AR
¢oRE T b R AR OEE R A R bldeip R S B i F ek H L E
B4 pE AT EE

[IARS T o WA s LI @;;w F 3 Vighetal (2012) %23 41 P2 = pF il
¥R B R R PR d d AR G E F AT R R R

A B R R E A AP R ERA AT U BER A AR
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v

AT €A LA AFA o g AR FE TG A TR )R e
Al 5 S HE o FFMP A § % F(Japan Meteorology Agency, IMA){r % & 5 &
#eh #48 ¢ < (Joint Typhoon Warning Center, JTWC)#% # 2_ . i § 4 7 #L(Best Track,
BST)» %3t s S P2 e ip R ~ W @ 5 ~ b fodeh P2 D b fodeh pA)
RO Z AT A BEERS T LR BRI SRR DB o % o e R
PR ST B ) 0 AT G R A B e 0 & B 2015
& cEe b Fkid ¥+ (Typhoon Soudelor) > 48 > 7 e ik B i# L j&(Radius of Maximum
Wind, RMW) r2 b (3 ¢k %) 27 e b e % 0 oehal A deiff 0 By d SR 127 % & 17
B F A2 R PP, iR PREEh FAEEHES - NS i gk X
Fdr bR IELDN PBEFTRLE 2 A ERE b 4 TR o

AHTEFPNFAT i F oA R Aol ERAATA R RE A
PRATRENF I E L FHEA AR ER T AR BRI E AR ¥ =

FLETHAFEE FANAI SRR APEARL B § 510l

|3
'fﬂ
a
i
#e

B Howpp 2015 £ e B h 2 A 0 TRV EF BRI ¥ T F K
B HRES Kf T AT R R PR N iE AR e ﬁ%ﬁ&iﬁ%iﬁ v e BAR A 4

FHROES - AR LRBAREY  THW - HBEA RSN 220
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FoF FTHESR

21 wERFRASE
AT B - AN EE TR RRRE > ATIFE SR E SRR B
BeZ BT AR A R ik TR BREHEGRATE S ¥V R

B PRt B2y = Um0 et PR i R i B ALY R PR R

211 whEFH
AELRY P A EAFRBEEERY o THE RS SR E R L
(Multi-functional Transport Satellite, MTSAT) 37— 5L (MTSAT-1R) ~ = 5.(MTSAT-2)
Z v p % 5 (Himawari-8) enf & % Jf (Brightness Temperature, Tg) 7 42 & 2 €78 b
Z 4] o & * MTSAT-IR v MTSAT-2 e8p F 4 %] 5 2007 £ 1 * 1 2010 # 6 * 4c
2010 # 77 2 2015 & 6 % ~EH AL G 108 ehIRIAFE > f247 R 5 4 o2
AEt e P EANBSFR G 2015 & 7 % 3 2019 & 12 % > E L 104 ok eh

BHE f3TR G222 o e P FARFLTRIES 10504 L3 3R

RIFA e S AFR TS G- KL 2 B L FAGR Y 355 30 A -
(Frgkz & - ) B R PR FE Flead L dicdy o P BARIT P A LB F R
Bt o

212 %Wh RREFZEAGBRETH
ARG A2k B RS 2007 & 3 2019 £ B Ar AL IMA & L2 Heh o R
Wk FAE Y MTSAT-IR 2009 & 1 7 3 8 cnFfl i3 1) pF 1 £ &%k
PEFA N 2EZPF3n 1] Boeh THERREPET 2 0 1235 IMA &
B i F 4 @1 5L b+ F £+ (Typhoon Kujira) 8 5L¥ b 3 £ 5. (Typhoon Morakot) »
10 5.8 b %€ % (Typhoon Vemco)# &3 ¥ s £ i F &R %>+ 950 hPa 1T » 4= 9 j& e

B R L EAe 10 58k § 2B &0 B BHAE RBP4
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FPHEPRB R A FRIEALR* IMA {- JTWC mp o e ZRh? g8
FRITP kA b~ ok My BRIMA =& 2 30kt b L JTWC 24

2 34Kkt b i LT o

213 TR FRE R RSP N NTR

ERAFCARICZESPRES AR R NERET T AT RREE PR3
G975 T A 4772 (Dvorak 1975, 1984)#-fiFh chis b 54 £ 03 18 ch 2 8 (Te) A 5
9 4 : CDG(= -81 °C) ~ CMG(-80 1 -76 °C) ~ W(-75 1 -70 °C) » B(-69 % -64 °C) ~
LG(-63 1 -54°C) ~ MG(-53 % -42°C) » DG(-41 % -31°C)~ OW(-30 % 9°C)~ WMG(>
9°C)  FHeh AiFM s TR PHERBEIMFI P OB R LS TRE BA
om DRRA] ) 2 FR iR AR IR A 1 3 BLEFAT T R R RIP RS R R A TR
(Advanced Dvorak Technique, ADT) » it 14§ iF 5 2 p & i 2478 h 2 3] & F35%

N\
7

e

B (Olander and Valden 2007, 2019) » e H 2| ¥rp% e VR 5 4552 > @

P

T

<

oy

FTRRABORBRAFTEREL FBA T VAT E B BIRA T R SR

RIFEE RSP R RGBT LEAFPAT o FpL p;g;ﬂg}u@& Pt i vk S
EZWY FASKERAERE SR FARE bR 2 Menpie o £ 50

e p Dvorak (1984)% p % 2 Ph ch R fr i R S5 A ORpP - A LA A

B LG(RELZ P ERFEAFAP FE)EMNTRE > RERFIREEZ R -
TEEDEHE OW 200t SHEE o R o ga B mip 40T R EE

E

— pE% 2 BST p e o5t 40 2 2 ) (Velden 1998) 585 #.28 Tg = -30
°C(T OW &1t b 2 R H) > B 2.1 5 % B R iE 2 aom LB > % 7 0% LR 7 85
FIETPR B IE R D RAEIE R A U kB L Y 300 22N 5 P L ER S

% 6 Te = -54°CHA 2> T HEG P ERANAEN 2L 22 b

3

PR e 2P FIN R 22a-c AHFIZARER T HINAR A2 R
v b AR 4 2R PR EEIRF > A R EER > WE 2.2d % EEE

PRELAZHEIRZRB - F R - 2RFEEfrREEERFR O MEFFERL 2
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FOREDE G LT AR RN h 2 R A AP NPT B b & R IR
R 3 PR 6K L 2R WX AR 2 7 A RRABE A A B
EE RS E 3B (Y 6%FEEZBOFER) > TRk S PRA R .
TR P25 A7 %A S AR PSS AR PSS P L v s A
BEMHEEOYPT O kPR E RSB AARERERA0CHERE 2
PHEFHPFP S WL TIRMAR R FEHPBRN E- PR AR LREE
o RRRE DT F I R ASF oo T TIHEAR 0L 217 F
A F LU A FEC AR BRBEREEE O RBER TGRS B3P
FERL IR R ZHARBIPIFRAMREELF S AN BELRBESE A

213 RHEF3 PP > MRS Rk oo

214 Bptegdz b REd R OEREH

0GR B R LR RS PR B 5B R (B (Vi)
2§ BPv)] frdct 24 ) PR sEE 5 [ [(AVIM]Z F B[(AP)M]] & &) = p%
41 PR 6 f P A DR R AR BRI T o S RRRA S D S
Bk LS (R30 2 R34)% mpea) % 12 ] pF o Bk p% 2L j<(Radius of Eye, RE) %_%
PR EEY T2 B R T R IE P A 2 PR N S iR o
RFEFE GRAAPE o F b NPy EF F R IMA 6 TR SRR 2 S $F
WEEGer FAFT > R F 8440 e e h - T h BB S LR AP B
AR EELF L APREAT s TR L ERIAEH TN B MY
(Wangetal.2004) > 6 # £ 9% } L3 g XS FF 035k 2 AHEAF/3E
B AR FESY T TL G 120 s R EMNT S Rh KERA S RS
P PIFERELT TN 250 T RLFFT AT S BEENERL DA 2
B¢ 5 %R (Go)E 5B (GV] Reh e, % =% [¢ 5 48 (Ee)2 54 (EV] %
PR EF > 20 NEEEE7 22 5900 Bdh 2 G 7 52,8/
PR B - = b i S8 SBEE R §F - B o
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A '74 Rk PReenB kNP R 44t 4 o ﬁjﬁ}\—'\aﬁfg\_’ig\;fi’_ﬁ—fr

2 RFE2Z AT e

>1

22 PER3

-l

L
v

e

i

- P R fon AR Y 0 APILE b A28 RMW 1k ehig g
Wb RSP R E E8 0 &AFT §F 2 3A B4 4 2015 2l g
(Typhoon Soudelor)fat £ » A 2 48 » 32 18 2 v 5} £ i *(Rankine-like Vortex, Stern
and Nolan 2011) » # iz ,['5 Y RMW 12 b enfh i R hlic o0 #5831 H P25 & a0

A T R = S S AP SRR L

221 #\A %

A G d 2 RRE RS F A% ¢« (National Center for Atmospheric
Research, NCAR) # % =7 Advanced Resecarch core of the Weather Research and
Forecasting Model (WRF-ARW) 4.03 57 Z F B % F sk ##Ht o WRF ;8 & * =

RS 2 4 TR T hk 2 (Buler) B AR 1T R Rde D AR 0 B = B
Runge-Kutta scheme :& {7 p% & ff & > 7 B 3472 Bl @& * = fF & = f# Runge-Kutta
scheme o £-% 48 % 2 Fif SEAHEM A HE) o (KT g4 * Arakawa C-grid 2. %
&Rt TREERY B2 £ KR e (vortex-following moving nest) i3iE
oo WRF #5354 & 3 5 B2 Mb I~ 452 ~ B R 12 fRdhflici 2 h it v §

Py B W BT R E

222 HARE
B e Nfh A d 2015 & 8 7 1 p 0000Z 3 2015 & 8 ¢ 4 p 0600Z » 78 -]
PR RS E RO PR & L0 6 PFIETFERRL 6] F Y = K
SR gt kT iRfT R A N A B[S 95301 22 JRELEA B S 616 x430(5535

x 3861 = 2 )~ 517 x 517 (1548 x 1548 = 2 )~ 778 x 778 (777 x 777 =~ L) » # ~ pF
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W 5 A5 155 F 0 EREF I IT e B YA R S AR IIATR
P o o L Alich 504 BN TEE R L S0hPac & F HAvdaniE & B R iE
%2 4745758 32 * ECMWF (European Centre for Medium-Range Weather Forecasts)
R AATER S Rl FKTR ~ES VERE CHEERR AT F R B A
BRE O HFHRDTEMRITA S 025°%025° £ ko § 38K rd hLdk > 2

PR ER RGBT AE L L AEREET H o

\\\?{r

Bt R EFe > = R et Rk Sk 2 k5@ + MYJ (Mellor-Yamada-
Janjic TKE) scheme (Janji¢ 1990, 1994) » 2 fizi» 32 % #c it = % @& * Thompson Scheme
(Thompson et al. 2008) » £ & % Z&d {5 5+ S % i* * %35 * RRTM (Rapid Radiative

Transfer Model) Sheme (Mlawer et al. 1997) - 4§ 3

WH
\“?@x-

#cit * % * Kain-Fritsch
Scheme (Kain and Fritsh 1990) » @ & & #F & g4t @ * o Sffcit 00 2b > 1 N4 o0 w0 i@
* $c > g 4k i# (Digital Filter Initialization, DFI)4= 4 i* (Lynch and Huang 1992) » 1/ 3§
Ao 2 T He

CEEE RO IO EA S LR i e i R R R g i £

MM TER2 PR ST e o FHwindr it 225 8 o AL F A

\\

PR AR EAAL L RREE TR T S LR R LH
R IR S AR F RE AL Sk F R ER A 4 i BRI
B0 P FAORF R R R EMA G RL Bk FEBMP o L ARF ak F 0

Ao BRR AP BN o BT Fm s g8 % DFLE T4~ 4 0 o

150 & m & A w5 1 1.000 ~ 0.994 ~ 0.986 ~ 0.976 ~ 0.964 ~ 0.948 ~ 0.929 ~ 0.906 ~ 0.879 ~ 0.847 -
0.811+0.771~0.728 ~0.682 ~ 0.635 ~ 0.586 ~ 0.541 ~ 0.499 ~ 0.460 ~ 0.424 ~ 0.390 ~ 0.358 ~ 0.329 ~ 0.302 ~
0.277~0.254~0.232~0.212~0.193~0.176 ~ 0.160 ~ 0.145 ~ 0.131 ~ 0.118 ~ 0.106 ~ 0.094 ~ 0.084 ~ 0.074 ~
0.065 ~ 0.057 ~ 0.049 ~ 0.042 ~ 0.035 ~ 0.029 ~ 0.023 ~ 0.017 ~ 0.013 ~ 0.008 ~ 0.004 ~ 0.000 -

238 K2 KA Gt £ m K~ 1000~ 975950~ 925~ 900 ~ 875 ~ 850 ~ 825 ~ 800 ~ 775 ~ 750 ~
700 ~ 650 ~ 600 ~ 550 ~ 500 ~ 450 ~ 400 ~ 350 ~ 300 ~ 250 ~ 225 ~ 200 ~ 175 ~ 150 ~ 125 ~ 100 ~ 70 ~ 50 ~
30~20~10~7~5~3~2~1hPa-
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223 ¥R =%
AT SRR AR R ) S R ek 2 T Ay S
B R R L ek 2 BB R OB R RS ARHE S o 5s PR 2015 #
Wb R ¥ 50 AT HRASE DN PR S FE U RS EA R
RSP R ARG - TRAMF R 0 ke JF A0 spin-up B
egh LEHaE Y £ FPEE2015E 87 1 p 00002 B 4kt o o pF
IMA 3= 2 5 8% WBR(TD) » 579 wh b 5 15ms! i@ d 18
JOBE e A IR SRR T~ R R PR 2 A AR BRI R T

R G B R BRI Sl o

224 TR %

B F - WA DF LR ER AL > APRE A AER RMW 12 ek el s
RERFNRARS AL L RERIRANFELARPSHIFR 5 &
BRI S OERT o T G R R DB 2 R RMW bR
RELER M AT LR AA PR  2 F R b E 26 T £k e 3
EiFrez 7w b (V)& 4258 40(2-1) 5 977

—V (r < RMW)
RMW max

Ve =19 RMwW (2-1)

max (1> RMW)

F oo 8 #Bﬁ/fgg‘.@)m" #2 7 \,T# § 4e(2-2)8 i

2 Vmax

¢ = ) RMW
RMW¢
W(l — a)Vmax (T' > RMW)

(r < RMW)
(2-2)

HY 5 Vix p X b or 2899 w2z R >a &% h & RMW 112 %
B 5 MR R BRI TV FNE e RMW i e b o it

BRIG AT R RTS 0420608 FHRAFA B 5 A0S~ A06 ~ A0S >
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o A% &7 RMW ?b*7m b % S afh » o P iA%< > 9700 AQ4 H A7 4o R B

P

PP oo FEIE O FFF G L2800 22 > RMW 3 108 22 > Vi 5 15ms™

i

BARCEPA SRR AR B e b 2 AREE R G T A WAeF] 2.3
224457 o F iR (% 11 Kk n kT > % 5 800hPa T R & )1 HpA 4 A 47
FiE ~ P AL e B (Vo) RMW %% f = 4o f A 473 5 10K > Vinax B B~

B IMA B RS o 4o B kP B e b oo

l

FoAle 2 AR R SR A 355 30 A4l - X rEA S INA A 3T L T
BEUER&EAAFRLFREFEFOSHERIR > TR P IRE R OPFR 2 ER

FRo S RETh BB AT GBI AP L PR BT LR B

—_

W6 R - SRR R ABRREE RA S TEH > URALH B 6
AR B S s w R R EONE R B3 Y S (S H s LA ST LS B

ﬁg’*ﬁ')’ii 3/;5‘2%.’,‘—3—_054,%3—;\‘%1 mF,}lu _r‘ ﬁiﬁlg,, §E}1§E}j

pu-1h

(University Corporation for Atmospheric Research, UCAR) R 2 2. wrf-python i % 34

SRS e E b S0k N RIERIE S ST ASE B AR -

2.2.5 W R Hin AR
- HE L PR FREERRRE 0 A HY L AT b D
ek SIRECRL FERF R RSBED FOET R B E B AP RE
Fr- BERRERFDRA GED A 2% 11K 0 K(Z)T 2% 28 K n K

(5)0 Auli 12 0% 123 27 % 2 B 0] 5 SR (B 2.5 #3 F % Ik

DERBUGEP G EF S SRR H R 2 e R TR DB 40T 110,250,
500, 750, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3250, 3500, 3750, 4000, 4250, 4500,
4750, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10000, 10500, 11000, 11500, 12000,
12500, 13000, 13500, 14000, 14500, 15000, 15500, 16000, 16500, 17000, 17500, 18000, 18500, 19000,
19500, 20000 °
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o R Y M B AR R TRE L feo SR TR R A e 3R & at B(My)
TR AR O REAR 16K N E(F)NTE R 28k n k(7)) A HE 092
0% 172 27 K2 B R 5 AL (B 2.5): Vb2 R p et e s kg £ 87

&

é‘ﬁ‘l
M-

i iR R B BB L HR A E(Mu)r L AR
AL 560 22 S Lo b 3R Sl (X 800 2 2)RJiER 5 O] 2.6)0
Q)N TSR LB P A e 3T b (U)o Ao d A2 o8P Rde
ek (U)~ Q-3 P K@ o b S F U A 2(U) A 4a8? e b

FReenU s E(U)r 2 & Ghlieff® > 5o b 5 o

U=M;M,(UU; +U,) + (1 = Mp)U;) + (1 — My)U; (2-3)
Ml BAE M AR W BB F 2 PRI R A > SR Y R B

BRI~ KFHFPAFARELTOE T PR TRET 54 2228 -

SHI LT G SRS ER L8 1P 02002)0 ¢ 5 R~ E A
PAFBRACERRFRETPHGETE - # A b H(BE PR S 8 ¢ 1 p 0000Z)
FRIFHRL L8002 -

FRA{FEH - 2R ZHBI S0 JFd F G U Fo e TR 5

BRSOk F Fa E b TERs > R F A3 X 6 Bl N A o I F
A 2 BECS MR S AL e b 35 4o B 2.7 S0 0 T oF S e T RS

QAR A () H R R E O) (R) AR ] (R )i
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$2% FLEF I—FETHAH

3.1 Bl BRERH

2007 # % 2019 & Fé“(%é 2009 # 1 7 3 8 " )d s T FERTG 301 BEAF F
A IMA & L0 X AR kG 195 B(65%) Fit *RDF)mhRE x5 79 @
(26 %) » ZHEFPEBF) B X F 27 B %) o d > ig ¥ JMA fo JTWC & G BIZF
s e % ipd 2 AR &P 73 A 4TE AFHEP BB IMA %%
IR o

RIS > BE R &3P ~ DF A]4r BF 4] B % T 59 & B M F B (Py)
AW 5 983.4~925.62937.2hPa> mR LR S AP ARSI HE A BT id 5] 950
hPa 2™ enip & (8] 3.1) » # & Weatherford and Gray (1988b)enid % » & L p* A& h
FREPFEL LI o f*v”ﬁ Ay peenip ka5 0 DF 35 & P & BF 3% (H & P-
value = 0.0015) » Vm 5 %~ B7 <22 100kt (S1.4m s> gipg 39 & § % kb 25
k)2 BE A kp DF A(B 3.2) -

B B 553 F 24 > DF A B % G(AP)m fr(AV)m T 35 5 -40 hPa day! §= 31 kt
day! (15.9ms'day!) > m BF 4] i % B 4 %] 5-30.2 hPaday! 2 24.1 ktday" (12.4m
s'day™) > DF 4] te e b F% 25 = PP 55 38 & P B2 BF 3] 4-(B] 3.3 fr§] 3.4) > # & i&
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