—OrEL- %

WG RAHE LB T LS p PR
22009 &5 7 3 b

BRE\Zn =hian EEG

H

oY 37 S R EE KA IR R

(hERE—OMWE/(H Z+—Hh » FERE—OMNE—HLHER)

wm OB

BONEREET > 5 A2 7 AES e R RS E AR > B A RIS (29°N-34°N, 100°E-120°E)
A BB RIS - DL 2009 42 5 FRH1 - TSN ~ U1 ~ BUSIEE SRRtk Rl — 2 REYFN
HISRCSENE > ELRIS R UIRHRE - fE S BRERABAVIBEE T  ARAUIARAT UL K AT T Rl a0 ol i »
Fo— EHAWIZEERE - RFERFEEEH RITIFISEREE T A S AIEE > AR Weather
Research and Forecasting (WRF)EIgi5 0 2009 4 5 F BRI TRUSCRAE AT HET T =TEA [FISR IR T HY
fREE - TR - (DERARASRPBEGRCE T (FUR1ES) - WRF BRI R A B R B
AEEHREL : QAR EREEROER T (BEEE) - WRF SR M 8RR - 1%
PRREERARBAERT - (PR IR 9T © GEMARACRIEERAVEIL T CRAUESL) - WRF 1B RIS M
e ~ SRS IREE LA E I T AR RS RN R 2 (HIRR R A RS - DITERIRUGHTZ R
BUR > FEBAEHRT S E R RGS E S R R P (s D BLR A R REE AT - /R RS2
BRI RSB IR LN © FEARAEE T - [N Ry B Va AR (L - i DUSORS Pl o (el B R RS e e B
JFURTESE T EU R R SRR /GRS ERE i IR - RACKEEEneyngse (Rgg) GiEpE
HR R RSP T Pl R L R (8259)

BrERE Y

MEFER - =il 0 116 BIETSCUE T MNEEUES 88 5% » Email: wrhuang@ntnu.edu.tw
TEL: 02-77346413

265



266 R

il

_‘ﬁﬁ

R B BN B DR Bk » S 5
HE] T HRIE(R29°N-34°N, 100°E-120°E){{¢
EEE TRt S R R KRR R A
HEFEAVER G2 (Wang et al. 2004, 2011¢, Yu et al. 2007,
Zhou et al. 2008, Chen et al. 2010, Bao et al. 2011,
Johnson 2011, Xu and Zipser 2011) - —f&fi = » &
PR 2 4E1E 75 el = SR R BB (95 °E-100°E) 72 AR e A
AR A RS B (100°E-120°E) » LRk
FER S (4575 i e [ SR B M L 11 15 H B R R Rl 45
W AR PRI 75 s R RV 2 A A
IR - Ul @sE AR = » R PR
RIIE$ 4 1F F4(Yu et al. 2007)  #&F:F%2(Chen et
al. 2010, Bao et al. 2011, Xu and Zipser 201 1)$5H -
ek = [ R B AR A 28 A B H YR P5 BR S
UIARRE - I BA HAERT s ST HY B A
RITFURARL B— 2K - DR PR RS 52
B A B A S P ayithls - HILE
R BUR LLIARAE (5] BL 05 855 L [~ P77 (Ahijevych
et al. 2004, Carbone and Tettle 2008, Keenan and
Carbone 2008, Laing et al. 2008, Liu et al. 2008,
Levizzani et al. 2010, Pereira et al. 2010) °

S5 > WHRIS T YR B - kR
ifF5%( Holton 1967, Wallace 1975, Tripoli and Cotton
1989a,b, Huang et al. 2010)#5 H 225 TR B %
Pl Y E S A% A1 B 1 g P R 5 Y BB B AR 7K SR
(L EEAHEA(Wang etal. 2012) » —f&(fI 5 - P
TR 754k e BB 95°E—-100°E bl » & by ze
AR R BCK P EVE 2 JINEL > A&
FtAEEAE SR - BRI RS IR AR
R R 52 2 (Wang et al. 1993, Wang and Orlanski
1987, Tuttle and Carbone 2004, Trier et al. 2006) °

Frtzd 55

BHIARES » EE AR R A EGE T E 5 R DRI
DU B SR G 2870 5] 5 EHE (Rotunno
et al. 1988, LeMone et al. 1998, Tuttle and Carbone
2004, Trier etal. 2006) = JHAh » B ¥R 4071 i
=EBATIL - B AR 5 2PE rE T AR 7K R
i > A LB BRI R S R RS T IS
f(Chen et al. 2010, Bao et al. 2011, Huang et al.
2010, Wang etal. 2012) - Bz » 5 g 7 H
o CEVER RS PR 7 [ Pl 588 8 i 988 ~ BB B B 3 A1 IR0
B A B A AR PG R R T 2 Y ZK SR A R
EORSE - AT LAIA B (5 e e R R S 1T 1T
YRS AUSE EE  R T RIS EIR 280 BRI
Tt & AT A Z U R (Tao and Chen 1987, Lau et
al. 1988, Chen 1994, 2004, Chen and Chen 1995,
Chen and Hsu 1997, Chen et al. 2004 ) -

1E 2009 £F 5 H & L Ery 2 il
FUREPR B S BLET IR R I3 AR RS B
B o 4 5 A 11 HZE 13 AL GorRagn
05 H 14 H) 13 HERZE 14 HEER (4
FIRALE S H 14 H)~ 16 HE 17 HESEMN (&
JNH#H S 520 H) UK 26 HZ 28 HE#IE (B
HiErsR 5 H 29 H) #HEBIZIR K EBOE S 4 -
2 5 5 19 HAEMU) 132 R4 40 Sy 880K 8

(FEIRFAE 5 B 21 H) - 2 LbpErREE i i
FRARKHIECRHRR: - PRI - BRI SR PR A
FrER LB B WA N RITR
sl 2 [ SR BAAIE R B -

EHEESIRESRBUR - TR RS
REIRR RS > NIt RIIRZEERNHE
VBRI > G R ET Ry - AT
FURBESHIER AR TR R R EE
DURARA B FE BRI LA REAEEE T > B0 Ll
REMHAVR R R E SRR 7 MARZRETER



-Qe &gtz

FERRAT R M FTRE eI 483 ?  » s Sea s A
WENRTMNS - MER R 5E LENTEY
T EE WA KERT AT REA TR - i
AR EZEEHREIZLL 2009 5 5 Z SR
TR TR T Ry AT RE S RS EE - Z P A
BEHE 2009 4F 5 HETT AT - FEIERE 2009 £
TE RIS R LY (QE 1) - [ 2009 4= 5~7
APl S HaEZzEs:% (20 EEZESH 10 &
KES H 6 {ERE 6 A 4{EKE 7 A 5 B
) e EEEISE(Wang et al. 2011a, Wang et al.
2012)FI &1 7 /A AR E i B A1 =0 F1]
WIS AR - AWTEAI2% Wang et al.
(2015)91F:%» (£ Weather Research and Forecasting
(WRF)IE S TRUE IS EE - TR PR AR B
BLUR AR A NI - R AT =0 > AT 2L
EHHEN R EH N RS R S E - H
RAEUEE S BTy T = BERMS RIE =
JE - RHESE R 5 o TES IR g RS =R
BT o WA B TELHAE -

ERTE 267

— -HRAEEER

(—) BEasLG

AWFEER A WRF 153K 3.3.1 fi > fRIZEERH
B A =T F R0 aaI5EE 515 73RS 2009
5 FEETIEEE - W EBUAER EERE - = (8
& FalEE (B 2009 4 5 HRGHEIHE
) ~ mAEE (AR ERPEEEIA 2009 4
5 AFMEERHIESEE) BURACESE (BIRERACR
A0 A 2009 4 5 FIFATEHIBHEE) - $#f
TSI B SRR TV 75 Ha R T

AT LR ISR HIEA Y J70% - 25T
i LR EEE - MR EREENTZE (&
BEBRAIFEE ) - ARG IEEE T AEEE » A
Z¢{sf FHZE[E] NCEP (National Centers for Environmental
Prediction) FNL (Final) 2Bk 53 M350 BBt 2 )
IS EEEE R 2 S - T2 Fi AGEF 2009 4 5
H NCEP FNL &R E (FRIAITHREZ V)4
80 Bk T AT 2B EEREN - AR

25

(B2

20

15 +

10 -

m {EE

1 TRMM 3B42 ERiFTHEfG 2 1998~2012 SR - &F4F S B 7 A Z FIFBUIEIHI R TSRS M (E 2 8

H -



268 S F A e

Lz v e

x— EAERSG

B YB35 B

[EhalERS | NCEP FNL (2009 4 5 H%F 6hr BF})

i NCEP FNL (2009 4% 5 H4 6hr &f}) fil_=4¢ NCEPR1 HRFAp{EELHATHE L 50
BEER

TSR i 8 FL R SR )

i NCEP FNL (2009 4 5 H4F 6hr &ft) fii1 -4 CMIP 5 RCP8.5 and historical run
ARG .

Hf BT (il B HE A A Al SR 1 28 L RS- PR

E T BRRNR B E RRACR

AN THIEEE - ARHZERIE A NCEPFNL i
F El H NCEP/NCAR R1 (National Centers for
Environmental Prediction/ National Center for
Atmospheric Research Global Reanalysis 1 Project)
BERATREIRVIEE 50 FR P RIE-FEER
st Wi4a%; - $t¥ T NCEP RI Hhfrl B HIAY#E
2% 50 EREE R EE) ) o EASCPEAIE
1961 %1 2010 4EHAR " #7 25 5= (B 1986 %1 2010
) RiEFIIRAE ) 2 TE 25 £ (H) 1961 F
1985) SRMEFEGIRRE 5 - IEUTAMER EHE > (HE
e [580Z Y 58 FIAE T 25 Y HE A5 HH 8 R R SR b
(Wang etal. 2015) - Hot B ATl A\ 25 R S 5
BREYTTE > B WRF BERELE RSB 5
SRR EI N E SRR — RS EmfE -~ SRR - B
DI M SRR FHENRIE 73 BlETR( 1986
~2010) £FEE (1960~ 1985 ) LN EGHFEI A Y
ACRFEAT AR (BT 1986~2010) HYPE{EIRZEEL
B (B 1960~ 1985) HYFH5(E » F5E L/ {E
BRI - ERERENE - A
Wt g2 2 Bt LR 88 | CMIPS (Coupled Model
Intercomparison Project Phase 5)# = 1&-2HY 48
FAp s FEESEEE N A NCEP FNL - E{EATH

i B THEBHES 7705 R A SO — SR

%5 B E BB ORI B A
CMIPS f5isti2 - Reanalysis BgE52 e 212
A AR S TR -

S JiH o STEIARIERAEEEIES - A
BHFERIZE A CMIPS 32 (=gt s Em =R,
AGHRIIEE N (RCP 8.5 run)FriEfhiHYEIAR K 2081
~2100 FEERIEL CMIPS 32 RS ¥R S 1B 5
"I (historical run)FT{EE Y 1986 ~2005 &K} IF
MHEE ~ AHEYEERESTS - IR R R
AR BsiBE) - il A NCEP FNL (JE#AshfTiEft >~
W5 ) EVEARFE T ARG R BE 4055
PRI AR R DRI 07 A Bl 5 R S L A
D> MEST Y ES 24 - RCPS.5 117 2081~2100
ﬂi Zkl i 5 historical run HHHY 1986 ~2005 4F »

HFRZEERLE 32 (EiEy 8Py - Hrr 32
{EfE AR S R R 2 AR — - 2P
PIR{# F§ CMIP5 RCP8.5 Hhi1y 2081 ~2010 A&}
B NCEP R1 11y 1986~2005 4 &0k} R Ffs:
SR PR RIS TN T E e fH
FIIAB R R 2 R - ZERERAIEER
(CMIP5 vs. NCEP)HJHySEE Z R 7 28 - 594h >
FEEERIANYE o R Al /5T historical run i



-Qe &L - EJE',E}'%FE 269
T 2 {HEARMIERTRR AN EE BT CMIPS H{H 2% - PRt BE R7% -
520 RS et x
Commonwealth Scientific and Industrial Research R
SER S
ACCESS1.0, ACCESS].3 Organisation, Australia and Bureau of Meteorology B
BCC-CSMI1.1, BCC-CSMI.1(m) Beijj ing Cl1mate Center, China Meteorological e
Administration
CanESM2 Canadian Centre for Climate Modelling and Analysis nEX
CCSM4 National Center for Atmospheric Research =
National Science Foundation, Department of Energy, o
CESMI(BGC), CESMI(CAMS) National Center for Atmospheric Research =
CMCC-CM, CMCC-CMS Centro Euro-Mediterraneo sui Cambiamenti Climatici =yl
Centre National de Recherches Meteorologiques/ Centre
CNRM-CM5 Europeen de Recherche et Formation Avancees en Calcul TEE
Scientifique
LASG, Institute of Atmospheric Physics, Chinese Academy s
FGOALS-g2 of Sciences; and CESS, Tsinghua University i
FIO-ESM The First Institute of Oceanography, SOA t
GFDL-CM3 Geophysical Fluid Dynamics Laboratory ]
GISS-E2-H,GISS-E2-H-CC, B
NASA Goddard Institute for Space Studies *E=
GISS-E2-R, GISS-E2-R-CC
National Institute of Meteorological Research/Korea -
HadGEM2-AO Meteorological Administration "
HadGEM2-CC Met Office Hadley Centre B[R]
INM-CM4 Institute for Numerical Mathematics fikagT
IPSL-CM5A-LR, IPSL-CM5A- .
Institut Pierre-Simon Laplace TEE
MR, IPSL-CM35B-LR
Atmosphere and Ocean Research Institute, National
MIROCS Institute for Environmental Studies, and Japan Agency for H 4
Marine-Earth Science and Technology
MIROC-ESM-CHEM, MIROC- | Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute, and National HA
ESM Institute for Environmental Studies
MPI-ESM-LR, MPI-ESM-MR | Max Planck Institute for Meteorology TR
MRI-CGCM3 Meteorological Research Institute HA
NorESM1-M, NorESM 1-ME Norwegian Climate Centre b3




270 R

M 2006~2010 FAYEREE » ZIRIPERIR] -
TEARARNF S5 T AP Bk FH B KB A5
HE T AT FAYAR [EI A (R 1986~2010 2 4T 25 47
) ETIEHELE « DA RARIEE - b
Ze{&E¢ A CMIPS historical run H3T 20 FHYSE
B RCP8.5 1A 2K 20 FEHYRE T fbbEs -

AWFZEHI =15 WRF e B e g
SiiRgErE - EEEER 26 & K TFHEREEL
305 x 161 » AGFEMEIEE s 25 km » HULMIZFY 115°E
30°N (& 2) - fEfEFR E 2009 45 F 1 H 0000
UTC £ 2009 5 A 31 H 1800 UTC - FErHIES
& Fy 150 #b - K ERPE 2 BUAE A
Single-moment 3-class (WSM3) /5% » fEES#0E
{#F Betts-Miller-Janjic 777£(BMJ scheme, Janjic
1994, 2000) » FIREEH 2 UEH A Dudhia 15
(Dudhia 1989) » £} 5 &F 2 #04 (# F Rapid
Radiative Transfer Model (RRTM, Mlawer et al.

Sl Fue i

1997) - BFgYP A A Yonsei University
(YSU) & 5L Jg £ %1 {t. 77 Z£ (Hong and Pan 1996;
Hong et al. 2000) -

(=) HAEH

P /KA RHE A TRMM 3B42 ZL9MREZK
SRIEE} KRR E By 0.25° % 0.25° > R f]
BEATIE g 3 /NRF—2E o JRlG Z BUIERHE
NCEP/NCARRI &if} - /KPZE AT LY fy 2.5°

x 2.5° EEZEMIMATIE R 12 8 - WAL Ry
6 /INRf— o

(2 KFEBEHE
S B 7 0B K P K AR R Q LAFBIS
et -

75°N

60°N

45°N

30°N

15°N

00

15°S

60°E 90°E

120°E 150°E 180°

2 WREF fHEEEEI[E (77°E-153°E, 10°N-50°N ; BOELR) -



- Qe &gt-2

g REITNNEE - q BIHEAB G - v

PR S B TP > dp APt A
HIRTE -

(M0) SRABBEKEZERIEE

A BT AT $E 2 T S8 1 2 45 (29°N-
34°N, 100°E-120°E) - $R RIS (AR (£=)
AT AT E T (€ 95°E-100°E . [HIBHG
A2k o FERRIGRAEAHA 0.1 mmvhr - 3 H AR 4
[ R {EE E RS 110°E - 5 Ry - [ e
2 Wang et al. Q012)BHREFIHFHVERMM - 2
AR ERtE T BE] 110°E LIGR | AR (EZ -
FE RN Byl L R Y i & - 2R
FEERUGH R B R BUB S A SRR R
S LE R T8 ) AR -

= BRAR

Fo 1A R HEHETE 5 A SRR HRT -
EICEARTEES ()T HIR AR E
St B A BB RILIUSIERIYEE T - 25
(ES I E BT HAY > B T HECRAHZEAT
PR EyE R Et i G O 7E R KR
F o MAEEHE G B AFRMER - BT
F(E)E VRS ER S > RIS B R BB
NS M R IR AR (RS TER S - BEE Y
ETamirE BT RS R R A A R B
AU - fi% By T IRRSRIZ BB R A 25
(=) B3 3 o By 5% B A SRS Pl 77 [ Ml e 1 22
b > BT (=) B0 e A S FE Y SR R
BUKRIES 2L WSS - KRkt
o S LB R BESRRS PI Trr 2k R P828 B AR i
AL -

LR 271

(—) WRF &R RIS RZMERVEE

Ryl WRF 2 G AR 5 HRITR
SOt EFEFRAVEE S - TR & Sebb BRI B s
FEHE 2009 4 5 HFEPRAYZERT > (& 3) - H
TRMM 3B42 BUAERHS RIS 5 H Py
R KoRE (8 3a) > ATLLE A E R Ry e E =R
JE\ Z 452 1T JF2 B 1 P26 BRI T8 33 (Ding 1992 and Chan
2005) > EERE PRI B LM ERITRE - HAPE
JTEAE TR, > DU R I 2 IR
TR IR PR S I, - R RAE G NSRS
FEABUNERHELLE (B 3b) > RISHEEEE
TR H PR EHSR AT - B
Ry 7 EAE AT £0.2 mm/hr 7 o 45 SR
FHEAERITRIE A K 2 A BRI
BERETT - MARET4E R » BEZREHIE - EF| WRF
PR 2 PR A 75 ek e [ SRR AR G o~ EEE Rt
EHIRTS (AEEER)  (HIEAV RO
RO ELRE D R e @I » HIRERRER AR
FERAEAEAE (95%(Z 080 -

4 Bt TRMM BUAMER P T2 2009
5 ARITAUIEIERT (29°N-34°N 445 15 5
(Hovmoller diagram)Ei 5 H 18 H{EZEHY/K %R
ol B LUE R IR S R LRSI AE - 1F
ItERRS H 15 HES A 25 H - 152009 4F 5
AR RS S8 R m A - i1 TRMM
3B42 BUHIEDRL SR 2009 4 5 HA 10 ZCREHR
SEE > (AP R4 7 R (B 4a)» Hp S
H 18 AR RS - #E—PHE S A
18 HEZEA/KRER o (B 4b) > HEE AT LLE
Iz pig B 2 B T () sRAS BB 52 5 RERAE 12
UTC 7£ 100°E ~ 30°N /245 4E K - 18 UTC BgAH:
AR 20 H 06 UTC ¥ 10 i 22 5 117°E-
ELEERIE R (i 4) BFIGIEGEEEE (B S) 1Y



272 F PR el e

R= 2009 £ 5 AR EEEE -

BREA (BB EGE )

B 10(1,4,5,15,16, 17, 18,22, 23, 24)

FhaEEE | 91,4, 15, 16,17, 18, 22, 23, 24)

BEEE | 2(15,16)

KNGS 8(1, 15,17, 18, 21, 22, 23, 24)

90E 100E 110E 120E 130E 140E

32009 4 5 HPHRER R (mm/h) 5 (a) TRMM 3B42 BUHISGEER © (b)AG TSRS LR EBIGE R - 4L
HE Ry R LRUSM R (29°N-34°N, 100°E-120°E) - [B] 3b A ERE 2R (95%(5 080 FIE D IR -



- Qe gtLt_-1

[ 5

100E

4 TRMM 3B42 [EFRRME : (a) 2009 ££ 5 H 15 2 25 HH
MESEIE ¢ (b) 2009 ££ 5 H 18 H 12 UTC £ 5 [ 19 H 06 UTC S {8 2 2 A Por il -

100E

110E

110E
[FfE 4 > (EHRFEAEESE N WRE BEEREER - B mm/hr -

120E

120E

2]

aon
20N
1 m 160E 110 ms o
N
00 UTC ?fﬁ)
g ar
o8] - M
AL i
WN"G8% 10E 110E 120E 130E
N
06 UTC &
" Q)
Y
S @"/

R "\

m 100E ll(ll uo: 13E

(b)
12UTC . %’ﬁ)ﬁgj
~ i ‘jO ,

18 UTC ’ﬁ)ﬁ’,ﬁ

SGE 100E 110E 120E 130E

06 UTC

B

90E 100E 110E 120E 1XE

273

» RO TUISHE(29°N-34°N) [FFI 585 (mm/hr)



274 R

GRS > HFAETESE T BT RIS (H 2 AE 2009
5 FAHESRAE I R(R=) MBIERAREEDN
15 H 2 25 HthFEBSE 7 (EfEZ - 5550 - 18 B
RO OALE (B Sb) BEHER ([# 4b)
AT > SRR 75 el e I S D A PR 5
5 SRS IR EENTRIE LR A - e r & Rz
B L L BE 3 GERAHITRE -

e 3 FlE 5 HIEER AT USR] > ABTFERTER
P WRF G BRI DU SRS i A
EAFHIIESBERE ] > ARSI 1 (e.g. Wang et
al. 1993, Wang and Orlanski 1987, Tuttle and
Carbone 2004, Trier et al. 2006) &I R AT
B SRR Z IR B o IR AR UK
REURUSGIIEEERE ) > FATHE— D LB BRI
walEs T o U S HEEHIER (E6) -
GEEREEDT > £ 500 hPa /5555 ([E] 6a Al 6b) > #]
AR A R R T PR RIS B2 A
PEEVEDR » 7576 R _E 22 B REY 130°E
EITAEREARE 5 ££ 850 hPa /&85 (18 6¢ Al 6d)
PR B AR - 73 A o
R g A AR R R (R MEAT » YU R AR
ARV~ REIE B A B FE AR SR
JFAR B EES R T E B R > BURB AR
SSHIE R A B -

GreRER - B 3 FIE 6 58 T AR ATER A
fy WRF HEREE AT DL B B SR R Y B
G H AT RERY R B (RIERRUSEE ) BEEIR
(PRE AR P 2 o e SR (o B P S B R P 7y ] BE
R B R RN -

(D) RIREBHRENENTLE + REWRE
SR L
7 FyH =REARIRYIES T R eisEE - Fr

Frtzd 55

1SRRG SAIE] - SR E 2 A > 4R
RIEEE BBV RS (A 28 (B 7b) BREES
T~ (lE 7a) BIEERECD > A S F 18 HEABHATER
Bt A I - IR E R T IFRIER
B8/ o U EBEEER > RIEBEGUERY
(EREE (R=) - 55—l {ERBEENG
PRI T > BT OB R S A R R S e
Sarp > 2P REEERERLY Sy 100°E E] 115°E
~120°E ([H 8a) ; FEMERIFHFEEE RS - 2
PETERRERERCD - K&Ky 100°E F] 110°E (&
8b)° FH LA EBRE IR SR S i G D A g -
IMERKEEHE G SR T > H 5 HRBHEEEE
(FR=) WiLrEHE ([ 8c) BLFIATEEE TS
GEARAHEDEE > MEARSEIREE R (AT RERYIRIAR
FAT& T A BB HY 55 (=) B 53 5 S 52 B0 e fi42
B RBERARIE S Arig sy 5 H 18 HEZ-
L PR 5% 7 B R L PR AR T AL IR SR SR A3
% (B 7) EERERFEE I REEH B HE
RN R A R R

AT TR Y ZE T B T T - FeMIE
—TEAFEIES M Z R G ERE (B 9)
HETam o SEREUR o BRI MRERIIUR
TRV B 53 ff B SR A T B U AR SR SR AT - 1E
110°E LLSRAY 32°N [ff 4T/ Vi % (18] 9a) - JL&E
SREfE 8b MHIFHE - F BN KB AEE MER
{EZ-F R CR&YAEIZE 110°E) > BrLUE
110°E DUSRAYFERE D o LEAE A RN A
Jiangetal. (2008)fHFF & » MIAEARAIEEL MEHET
RIS K P Bl o B SR AR TR S AR B SR A EE
WeE T FAFIERAEARAKIBE [ #EASE 100°E-
105°E  Z fEjiy/DER (s sk pR SR R/ D - (EUZAE
110°E DUSRAIHALZEE AN (18 9b) -

SrRerlE 7 FE 9 HUGERACE - 3 - (DR



40N

30N

20N

40N

#L - £y TR

aoN ¥ -

20N

100E 110E 120E  13OE

275

@ 6 2009 45 F 500hPa [E55R 5T () BUHIGE R > (b)FAEHEE T 2 WRF BHHEER - (o, d)7rilA(, bFALL

{H Ry 850hPa RS R -4 - BAALE m/s -

(b) 3= 75153 (c) AH I
M | e

17

18

19

20

<1

22

23

05

24
02

G

25

0.01

100E 110E 120E

120E

100E 110E 120E 100E 110E

&7 EdE Sa fHEL - HR()FaHEE - (OBREE ~ OARAREE T Z e HE -



276 F PR el e

(a) FAGTHGE (b) B EAEEL (c) AANEH
21w o 002 : 002 1 o

062
122 122
]
182 ! of 182
002 002
1

062 062
122 122

0.2

|
182 182 0.1
| | | ‘Al 4
110E 120E  100E 110E 120E  100E 110E 120E

8 R AT (AR R AU (29°N-34°N) i 56 /& (mmv/hr) P X5 B[ -

40N

20N 4

9  R_PPTEEN B R LLEE] ¢ () AIEE T 2 EEE SRR AR AEE T 2 EEEER - (b)Rak
IHE T 2 RS R L JFATE R T 2RSSR - 4L EOHE B RITDRIEHE(29°N-34°N, 100°E-120°E) > 4% By
110°E R  BE{ir Fy(mm/hr) »



—Qe L=

PR Z SR N PR S G B R LM [ Yy
PRI SR RIS + (2) 38 2SR B AR (5 e Pl 5 FEE ik
b RARE SRR R (R R SR EE R AN - 1T ELER
£ 110°E DU IBRNEE o RIS
SRFEMI T BRI I AR > SR AR
FEXRS ~ KRk & > DU RS
e PE Y b BT s B RS PR (B B R S
LR - WA BT CRERSEL - &
s A P P R P AR Y SR - RR LSRR > H
R=1 (BRI  BERRA) B TR
PEIRRRHI AR R U R RURANE 62 Fr 2
WAV P > BRKT ) - Ry T RERUE BT
REEBIVRE > FMME THEB )N R

L RTES 277

R EIESE T EIERARTS « KRS =R
[EHELT oA ~ LR o 1B LB RIE - R m]
DUE B MIRFAS R AT U -

(=) FERFINVERS: RIRBRSEKRE
atmAVE L

edm A EHREFIAES T FTEEEZ 500 hPa
KPP ESGH A= RE T ([ 10a) - 7] DAEFH RLTE
100°E-125°E » 29°N-34°N [ 551 i 5 | 52
e [LBEREBRER MR 22 500 hPa (Y
iSRSV G E R S W= D it Yz &) S il
RIS B #E (BIE AR ) g
8 (RIECEEED ) (Wangetal. 2012) » BEAEHE L

>
Q
=z
[
5 ex o

()

Q

=z
;..tk\:}kﬁ ti, I

e '

¥ \
v
-

100E

110E 120E 130E

10 2009 £ 5 [ 500hPa JEUS55R 5 PHILLRCE © ()55 T 2B SRR FIATEI T 2 BB © (bR
TEHE N 2B R A A TESE ~ 2 AREHER - B B(ms) -



278 R

TEEE T BT SRS RS 2R B B D R AR 1 1
NS EE (B 7)) ELEREESEE (E 8) - ififE
FANEH DR AEIE R T AT 500 hPa E5E
FfE o (& 10b ) AIZAKEILE 100°E-125°E Z i »
SYRIE 35°N &% FARHMIVEILESEE - DIk
25°N 4% FAPHIEEEE R - PRASREER » KRR
RIEEBRES-RITREL 30°N DAY 7E
JERFS RO DA e A b P R 5 - T A R TR O
(29°N-34°N)HE RS 5P 7 [ R 8 A L IR B >
R AN TS AL PR 2 3 A (E 8L
BRI EE T AT &S AT 5 I smAlE 8

Sl Fue i

(A5 HAEDTRE - SOMAMS—HRIR - RAHEET
PRS2 7 (] 10b) - 1EAERIPIL AT
BB LR RS » i L PR
YIRES - SERIHTPE BB - LR L AR
AR5 BB R R T - K2
FIB 53 R B DR A SRS - Bl s
& B8 9b TP TR AR TSR BT
BRI N IR - 0 R BRI BT T
=L

T RN BB K S R 2
L P (B 1) RIS

=

25N {2

20N

11 R=PRTEERC (2P H/KRE B L EE] ()R T 2 IS R AT T ISR ¢ (bR
P52 ARG RO A R A TE 5 T IR BEGS SR » BAL Ry(10-7 s-1) o ALEUE Ry RIS (29°N-34°N,

100°E-120°E) > {475 110°E f2ZR o



- Qe &gt-2

A FI R A KCREES (8 1la) > it
Rl TRt S AR B K R 5 T PSP R SR ek
SIHIENR o MAERAHVREEB R T > HNR
TLRUER TR KSRIE S BRI - EIRR/K SRR
ai ([ 11b)  RPE R E A [ 5
FE AT IR B o ~ PHER RIS - FREE
EHVEE b BARANESE N HIEZE S RUE A
FEREEE T HIEZE S RklE - (URITEMEFE T B
SE(ERVKREES ~ BRSO E ) bR -
HIF RS (EZERY S R B EEEL - BT RERFIL
KSR ~ R H TR o3 10 Ry BB 2 2 A TR A

[z > Tl ] LR 8 o A 23RV KREE S ~ BRAY
fERe By > AEERAVKRES# LT - FEE
ARG RT3 VRS (EZEAE 115°E BAF
F R PR SR EEERAE IR B 199 © 1fl 115°E LAY
PR SR R LEIRAE BT ARG 254 - B
KRBHEEHERIEREE 8 Frins A EZE
P Pl B 5B (mmvhr) | S3{flE] © 25 Ryfa 115°E BL
SRR SRR LEIRAE R 5 TR (E 58 - R
PERIE 116 A A RERE 2K H R HY/KRAE 115°E DU
FERLERS MK R A RS PR (B 2K

IR F

AWTFEFIA WRE U EETR - $tRIER
BURACRIZZBES 2009 4 5 A RIS
7 0] REAE AR B E R ATRET - SR BUR WRF 15
I RIS & H e g P RS9 B AT
ot > bR TR SRR RS PT HYRF > BN
SIS EE AR EA AL B ARG HVEE - it
WRF R R BT R R B S A P 7 52
BHTHE -

S5 > AR R AR S R e
Rt - JFISEHREBE ARG T > SEE

LR 279

JEE KGR SR > BEEE LA TN E SRR YA
TEHEE - [NEEFI SRS H P RE R AT - 5%
A IR ) - [ R TSI - TR AR R H SR
fRfET > RIS Rk b - T R8>
AVRE S EPE D 5 15 I RE A R T PR
M REREAERT > SRR A RIS TIRATE - A[E
PRI R ISR REGT R - TR S R AR 155
BT RAEE R T > TSR RIS = e
7Y RS SN B > FTDURAIESE T sy
SRS PR R e (S R P 5 T AR eSS SR A
L - [EFRZEEHATE - AE 10b FR - RIHTH
SHRVRIEEEAIER AR - RN AT
B TR i i AE 1 e P e 2 A B B Y
Sk > FTPAEEY(E 8a Bl 8c o 2IMMBIGER - pha
BEREEE - BIGEN e LY
RIDABHVREIEE(EAEN AR AN ER
Mo AR PR E LRI IR AR
Tl e 2IRIARERE o TERENG R T > L
110°E By SR TIAUIs o3 By RPE - - RIZ
AR R EE TARE TRV | B
BUKREMER KT NFESHEI > B a
DHIBRGAERERE - BRI T T R EE R A
BOKREE 0 TREARREREEATRE

HFS SRR B R RV IR S > A&
$H# 2009 £ 5 5 CREEEESVRIAE - H)
FEITHRADITERET © KA R ASS

HAL A0y ~ FETEE - FEIEAEAD - F
7 N RIEEEBERBREIEEEEA BN

B - BRILZ AN kA TR = WRF fEUHIAEH
ﬁﬂ‘ﬁf » BT RS PR (E R RV R M TR R A

LA
ENE



280 R V- I N
R during the TAMEX period. J. Meteor. Soc.

Bl I LASERL » B fi B 442 A
HHVE R - AFTFAERHCHET #E(MOST 104-2111-
M-003-001; MOST 103-2111-M-003-001; MOST
101-2119-M-003-006-MY2; MOST 104-2621-M-
865-001- Al MOST 103-2119-M-003-001-MY2)&
B NATSERC > R UL

ZENR

Ahijevych, D. A., C. A. Davis, R. E. Carbone, and J.
D. Tuttle, 2004: Initiation of precipitation
episodes relative to elevated terrain. J. Atmos.

Sci., 61, 2763-2769.

Bao, X., F. Zhang, and J. Sun, 2011: Diurnal
variations of warmseason precipitation east of
the Tibetan Plateau over China. Mon. Wea. Rev.,
139, 2790-2810.

Carbone, R. E., and J. D. Tuttle, 2008: Rainfall
occurrence in the U.S. warm season: The

diurnal cycle. J. Climate, 21, 4132-4146.

Chen, G. T.-J.,, 1994: Large-scale circulations

associated with the East Asian summer
monsoon and the mei-yu over south China and

Taiwan. J. Meteor. Soc. Japan, 72, 959-983.

——, 2004: Research on the phenomena of meiyu
during the past quarter century: An overview.
The East Asian Monsoon, C.-P. Chang, Ed.,
World Scientific, 357-403.

——, and Y.-S. Hsu, 1997: Composite structure of a

low-level jet over southern China observed

Japan, 75, 1003-1018.

Chen, H., R. Yu, J. Li, W. Yuan, and T. Zhou, 2010:
Why nocturnal long-duration rainfall presents
an eastward-delayed diurnal phase of rainfall
down the Yangtze River valley? J. Climate, 23,
905-917.

Chen, T.-C., S.-Y. Wang, W.-R. Huang, and M.-C.
Yen, 2004: Variation of the East Asian summer

monsoon rainfall. J. Climate, 17, 744-762.

Chen, X. A., and Y. L. Chen, 1995: Development of
low-level jets during TAMEX. Mon. Wea. Rev.,
123, 1695-1719.

Ding, Y., 1992: Summer monsoon rainfalls in China.

J. Meteor. Soc. Japan, 70, 373-396.

, and J. C.-L. Chan, 2005: The East Asian
summer monsoon: An overview. Meteor. Atmos.

Phys., 89, 117-142.

Dudhia, J., 1989: Numerical simulation of convection

observed during the Winter Monsoon
Experiment using a mesoscale two-dimensional

model. J. Atmos. Sci., 46, 3077-3107.

Holton, J. R., 1967: The diurnal boundary layer wind
oscillation above sloping terrain. Tellus, 19,

199-205.

Hong, S.-Y.,, and H.-L. Pan, 1996: Nonlocal
boundary layer vertical diffusion in a medium-
range forecast model. Mon. Wea. Rev., 124,

2322-2339.

——, Y. Noh, and J. Dudhia, 2006:Anew vertical

diffusion package with an explicit treatment of



- Qe &gt-2

entrainment processes. Mon. Wea. Rev., 134,

2318-2341.

Huang, H.-L., C.-C. Wang, G. T.-J. Chen, and R. E.
Carbone, 2010: The role of diurnal solenoidal
circulation on propagating rainfall episodes near
the eastern Tibetan Plateau. Mon. Wea. Rev.,

138, 2975-2989.

Janjic, Z. 1., 1994: The step-mountain eta coordinate
model: further developments of the convection,
closure

viscous turbulence

schemes, Mon. Wea. Rev., 122, 927-945.

sublayer and

, 2000: Comments on “Development and
Evaluation of a Convection Scheme for Use in

Climate Models”, J. Atmos. Sci., 57, p.3686.

Jiang, T., Kundzewicz, Z. W. and Su, B., 2008:
Changes in monthly precipitation and flood
hazard in the Yangtze River Basin, China. Int. J.
Climatol., 28: 1471-1481. doi: 10.1002/joc.
1635.

Johnson, R. H., 2011: Diurnal cycle of monsoon
convection. The Global Monsoon System:
Research and Forecast, C.-P. Chang et al., Eds.,
World Scientific, 257-276.

Keenan, T. D., and R. E. Carbone, 2008: Propagation
and diurnal evolution of warm season cloudiness
in the Australian and maritime continent region.

Mon. Wea. Rev., 136, 973-994.

Laing, A. G., R. E. Carbone, V. Levizzani, and J. D.
Tuttle, 2008: The propagation and diurnal
cycles of deep convection in northern tropical

Africa. Quart. J. Roy. Meteor. Soc., 134, 93-109.

wh A 281

Lau, K.-M., G. J. Yang, and S. H. Shen, 1988:
Seasonal and intraseasonal climatology of
summer monsoon rainfall over East Asia. Mon.

Wea. Rev., 116, 18-37.

LeMone, M. A., E. J. Zipser, and S. B. Trier, 1998:

The role of environmental shear and
thermodynamic conditions in determining the
structure and evolution of mesoscale convective
systems duringTOGACOARE. J. Atmos. Sci.,

55, 3493-3518.

Levizzani, V., F. Pinelli, M. Pasqui, S. Melani, A. G.
Laing, and R. E. Carbone, 2010: A 10-year
climatology of warm season cloud patterns over
Europe and the Mediterranean from Meteosat

IR observations. Atmos. Res., 97, 555-576.

Liu, C., M. W. Moncrieff, and J. D. Tuttle, 2008: A
note on propagating rainfall episodes over the
Bay of Bengal. Quart. J. Roy. Meteor. Soc., 134,
787-792.

Mlawer, E. J., S. J. Taubman, P. D. Brown, M. J.
lacono, and S. A. Clough, 1997: Radiative
transfer for
RRTM, a validated correlated-k model for the
longwave. J. Geophys. Res., 102 (D14), 16 663-
16 682.

inhomogeneous atmospheres:

National Centers for Environmental Prediction, N. W.
S., NOAA, U. S. Department of Commerce,
2000: NCEP FNL Operational Model Global
Tropospheric Analyses, continuing from July
1999. Research Data Archive at the National

Center for Atmospheric Research, Computational



282 R V- I N

and Information Systems Laboratory. Boulder,

Co.

Pereira, A.J.,R. E. Carbone, J. E. Janowiak, P. Arkin,
R. Joyce, R. Hallak, and C. G. M. Ramos, 2010:
Satellite rainfall estimates over South

America—Possible applicability to the water

management of largewatersheds. J. Amer. Water

Resour.Assoc., 46, 344-360.

Rotunno, R., J. B. Klemp, and M. L. Weisman, 1988:
A theory for strong, long-lived squall lines. J.
Atmos. Sci., 45, 463-485.

Simmons, A., S. Uppala, D. Dee, and S. Kobayashi,
2007: ERA-Interim: New ECMWF reanalysis
products from 1989 ECMWF
Newsletter, No. 110, ECMWF, Reading, United
Kingdom, 25-35.

onwards.

Tao, S., and L. Chen, 1987: A review of recent
research on the East Asian summer monsoon in
China. Monsoon Meteorology, C.-P. Chang and
T. N. Krishnamurti, Eds., Oxford University
Press, 60-92.

Trier, S. B., C. A. Davis, D. A. Ahijevych, and M. L.
Weisman, 2006: Mechanisms supporting long-
lived episodes of propagating nocturnal

convection within a 7-day WRF model

simulation. J. Atmos. Sci., 63, 2437-2461.

Tripoli, G. J., and W. R. Cotton, 1989a: Numerical
study of an observed orogenic mesoscale
convective system. Part I: Simulated genesis
and comparison with observations. Mon. Wea.

Rev., 117, 273-304.

——, and ——, 1989b: Numerical study of an

observed orogenic mesoscale convective
system. Part II: Analysis of governing dynamics.

Mon. Wea. Rev., 117, 305-328.

Tuttle, J. D., and R. E. Carbone, 2004: Coherent
regeneration and the role of water vapor and
shear in a long-lived convective episode. Mon.

Wea. Rev., 132, 192-208.

Wallace, J. M., 1975: Diurnal variations in
precipitation and thunderstorm frequency over
the conterminous United States. Mon. Wea.

Rev., 103, 406-419.

Wang, B., and 1. Orlanski, 1987: Study of a heavy
rain vortex formed over the eastern flank of the
Tibetan Plateau. Mon. Wea. Rev., 115, 1370—
1393.

Wang, C.-C., G. T.-J. Chen, and R. E. Carbone, 2004:
A climatology of warm-season cloud patterns
over East Asia based on GMS infrared
brightness temperature observations. Mon. Wea.

Rev., 132, 1606—-1629.

X , and R. E. Carbone, 2011a: The
relationship between statistics of warm-season
cloud episodes and synoptic weather regimes
over the East Asian continent. Meteor. Atmos.

Phys., 112, 117-124.

—— ——, H.-L. Huang, R. E. Carbone, and S.-W.
Chang, 2012: Synoptic Conditions Associated
with Propagating and Nonpropagating Cloud/
Rainfall Episodes during the Warm Season over
the East Asian Continent. Mon. Wea. Rev., 140,
721-747.



- Qe &gt-2

——, H.-L. Huang, J.-L. Li, T.-M. Leou, and G. T.-J.
Chen, 2011c: An evaluation on the performance
of the CWB NFS model in the prediction of
warm-season rainfall distribution and propagation
over the East Asian continent. Terr. Atmos.
Oceanic Sci., 22, 49-69, doi: 10.3319/ TAO.
2010.07.13.01(A).

——, Bo-Xun Lin, Cheng-Ta Chen, and Shih-How
Lo, 2015: Quantifying the effects of long-term
climate change on tropical cyclone rainfall
using a cloud-resolving model: examples of two
landfall typhoons in Taiwan. J. Climate, 28, 66-
85. doi: http://dx.doi.org/10.1175/JCLI-D-14-
00044.1

Wang, W., Y.-H. Kuo, and T. T. Warner, 1993: A
diabatically driven mesoscale vortex in the lee
of the Tibetan Plateau. Mon. Wea. Rev., 121,
2542-2561.

Xu, W., and E. J. Zipser, 2011: Diurnal variations of
precipitation, deep convection, and lightning
over and east of the eastern Tibetan Plateau. J.

Climate, 24, 448-465.

Yu, R., T. Zhou, A. Xiong, Y. Zhu, and J. Li, 2007:
Diurnal variations of summer precipitation over

contiguous China. Geophys. Res. Lett., 34,
L01704, doi:10.1029/2006GL028129.

LR 283

Zhou, T., R. Yu, H. Chen, A. Dai, and Y. Pan, 2008:
Summer precipitation frequency, intensity, and
diurnal cycle over China: A comparison of
satellite data with rain gauge observations. J.

Climate, 21, 3997-4010.

R AT 100 (2009) ¢ LR M =+ 73 H
AR ZA - 2015 4 7 A 16 H - BH
http://news.sina.com.cn/c/p/2009-05-14/
093217812974 .shtml °

B KSR AR SR A EN(2009) BB AL R PR Cp f
{5 FLIRS ISR AP 82 - 2015 £ 7 H 16
H » HlLH http://www.weather.com.cn/static/
html/article/20090514/32237.shtml

HTEGE- ST (2009) © SPIEFERR A SN R
JE¥E-2015 42 7 A 16 H - HUH http://www.gz.
xinhuanet.com/zfpd/2009-05/20/content
16582327.htm °

H FHF R 1 (2009) - S IL R M BT 4 5T
6 2L Ht-2009 7 H 16 H » H{ A http://news.ltn.
com.tw/news/world/breakingnews/221600/print °

B R SREE R SR EN(2009) = B8 i 2R RUKE
BREEZ N1 5.6 #2015 4R 7 F 16 H » HY
H http://www.weather.com.cn/static/html/article/
20090521/32928.shtml



284 R S (R

The Effects of Long-Term Climate Change on Eastward
Propagating Rainfall Events over the Yangtze River Valley:
Example of May 2009

Feng-Ru Chang Wan-Ru Huang® Chung-Chieh Wang

Department of Earth Sciences, National Taiwan Normal University, Taipei, Taiwan

(manuscript received 21 August 2015 ; in final form 9 November 2015)

ABSTRACT

In this study, we use WRF model driven by three different climate conditions (the original, the past and
the future) to study the effects of long-term climate change on the eastward propagating rainfall events over the
Yangtze River Valley. Using May 2009 as an example, the results show that (1) under the original climate
condition (i.e. Control Run), the characteristics of eastward propagating rainfall events simulated by the model
are similar to the observations; (2) with the effects of past climate change (i.e. Past Run), the simulated number
of propagating event is fewer; the propagating distance is shorter; and the rainfall intensity is weaker than the
Control Run; (3) with the effects of future climate change (i.e. Future Run), only the rainfall intensity is
noticeably stronger than the Control Run. Diagnoses on the circulation change suggest that (1) the change in
upper-level westerly is responsible for the change in occurrence frequency and propagating distance of rainfall
events, and (2) the change in moisture flux convergence is responsible for the change in rainfall intensity over

the Yangtze River Valley.
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