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Abstract The HYSPLIT model and NCEP/NCAR reanalysis data were used to analyze the sources and transportation of water
vapor and dry air during periods of persistent heavy rainfall events (PHRESs) over the Yangtze-Huaihe River Valley (YHRV).
Main results are as follows. There are two dry air invasion paths during PHRESs to the south of the YHRV. One is the north-
westerly path from Mediterranean-European plain, and the other one is northeasterly path from Mongolia plateau. But during
PHRES in the north of the YHRV, the dry air invasion path is mainly from the northwesterly path. Dry air is transported to
the YHRV through the activities of trough, ridge and jet on the middle-upper troposphere. There are two moisture transporta-
tion paths in PHRESs to the south of the YHRV. One is the southwesterly path originating from the tropical India Ocean, and
the other one is the southerly path originating from Indonesia and the South China Sea. There are three moisture transportation
paths during PHRESs to the north of the YHRV. Two paths out of the three are similar to those to the south of YHRV during
PHRESs., and are the major water vapor transport paths. The third path is the southeasterly path from the western Pacific O-
cean. During the PHREs of YHRV, the water vapor transport is controlled by the Somali cross-equatorial jet and cross-equato-
rial flow near the Bay of Bengal and Indonesian archipelago, and affected by the western Pacific subtropical high pressure.
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Table 1 The PHRESs over the Yangtze — Huai
River Basin during the period of 1981 — 2010
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Fig.2 Composite weather patterns for PHRESs in the southern Yangtze-Huaihe River Valley (a) 200 hPa. geopotential height
(black solid lines, unit: dagpm; bold black solid lines are isolines of 1252 and 1256 dagpm) and its anomaly (shaded;
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blue arrows: wind vectors, m/s. The blue dotted dash lines are isolines of the mean 12 m/s during 1981 — 2010

i LA B M R W] VLR BRI LI B A B ER R ARAR S SR A B S Bl . VLR B AR R R R P R
FrAE A9 3 2825 S A 45 - VM A ) Ok AR i MO iR F14 F i 2 1 i X 5 B 3 Y 26 1) B8 L i BB B T
2T 13 (A BN = R R B i xS gl g R d b A R R A SR R
PR 6 BR ELAS A2 s YL AL B e AR f MJO — ez T J5UE DUMIZR A b2 D V09 U 4 22 AR 96 i 3 2
AT (LA 08 BN BE JE VY MERE 8 EOCEFE R U AR AL I e T R Y RSP A R R e T 4 ] 0



PN S - T3 DX I Ao 5 M 5 W S R 0 K T U R % R A

(L NG e o7 = Ao a1 A v e 2=
25 B2 43 A SRR 1L B R b E 2R AL 2= 4R A
AR R A DR R SE T AR L v s A A
i BT AR T A A N BV A X

120 150°E 180

18
//&,.4»’,»& comnmdll
~w R A A ,//A_,&’.»V«AA;\J,;;M- [
EQ \\\x\*ﬂﬂf‘\%“? Tty wmrrai, fﬁ;th\\kuwu‘-.—‘ 12
\\\\\k*‘\v\\m‘z\ K’\ e SRR
\‘\v\\‘u,«\‘\\\, \\\

0N o ,

.,
\
20°S == \\ Y e v 1,5%}3\\**««&«,“
LN ‘Y*“'
£ g/ 40

30°W 120 __150°E 180
12

4 YT R AT AL A PHRESs (19 /K 75 U5 b F
a1k A%

4.1 SIEFE! PHREs Ry7K R iR ih £ 5% B 12

M9 BIVL R B PHRES (1) 8 2883 43 4 (& 4a,
& 2) n] WA U A Bl 1 L [RVRRAE - A g AL 5 )
FA PSR EERGR e AR B R R L
FRAT B BE 1Y VY P B R LI % (CT-A-SW) >k B Ep
£ JE VY . A0 o [ R T Y O R R AR Bk R (CT-A-
SS) LA K ke [ b v — U o7 J Y V4 b i AR B
5 (CT-A-NW)O IR A 5y = J5 19 25 b A2 B3l i
(CT-A-NE), M 4 ZZHBLIE 1) %5 8] 5345 0] 0L, J 74 3
A28 (R I TI0 ve JRE RIJORE A o v B 4 LR 1 IR AR S AR Y
e (& 4b) A R 14 7K 35 B it g 1K (I 40) 5 1 oK H
i 7 35 A 1) B30 7K V- 8% sl B B A X A G B AR 1

547

AT 3t X P T e R P KT 3 A R T A 1 T
A7 A PY R IR A LA L B S TR RIE T K
LA IX .

K3 [l 2 BTG R RE
Fig. 3 Same as Fig. 2 but for composite
weather patterns of PHRESs in the northern

Yangtze-Huaihe River Valley

7 3 AR X ST AR (I 4d) 5 15 B A 1T 118 4 Joi AR 6 A
E

CT-A-NW w1 {175 S o2 sl K 2 B I T X i 2
JZ 500—600 hPa( & 4b) . 52 P8 KA 0 5 Wi i s
VLI RLE 1) i B 8% 2l 7 — 4— — 3 R B3k WL /R
T 101X A M 10 7 e 7% 2l B sl il R v o B A
TRETERY — 2 K N5 5w A A
M S B R RS 600 hPa LT . il 2 g/kg &
Wi TE e 25 B AV R X Sk 750 hPa b2s i), Fi
ﬁe%ﬁtﬂﬁ 5 g/kg. B TAHE MG IR

L AVE ek 7 57 AT o U8 B R BB AE IR 48 $ S H i
Hafﬂﬂﬁaﬁtﬂl_zjﬁlﬂﬁiﬁﬂ’vk Ao B P2 1R
TR T (B 4o d) . PEAL B4R 07 IR e T S
R ANSEAE L T A T R AT BB 2 S b B (Y R e
SRS LI T R R A AE A T BRSPS S Bl R 4 R L



548

Jik 28 S 4k BT T 1) SR 38 4R T AR AR B AR 4
A TS ARG S R KA I T
Hu TV B R B T LIS S AR B B R e A A
PR FEAR . 12 6 42 B 38 3B K I STk R AL 7. 1%,
I RART AR 3 REsAR (R 2) . 7 i
T VE AL B AR A SRR TR L XA BURT CT-A-NW i
R I B T 43 AT T ) o & B0 v s 50 a5 11 T ot
B Al IA W 2 AL K PGP PG #2300 hPa %, f b
CIREREN - R (g S el N ¥ =Y |
M, FEAIE A 3 A 6K PG S b SE U bRV
VEZR R R P g X b LR B L RVE AR R E
ST H B2 LB CT-A-NW ik 5 H
74, 4% T RRAE 5 CT-A-NW £ J5RE E 5
AR — B AN ZFR I A — 34l el 5 A A
VG PE S AL 35 I i 22 B s Ll #E — 7—0 REB 4

K2 2016,74(4)

Acta Meteorologica Sinica

AT — A0 e i PHREs & A 1 (] Kk
G H e A R A R BRI B s e L s AR A A L
R R R A 10 R A DA b KT 9 R HL T Uit X
— AR A B VLE X B, ok A Lk % CT-A-NE (&
O s WA REZLRE TN & E 80—
700 hPaflkzs  SEm AR B 8. 76 — 7 RATE T 50 &
B2 R )RS 28 0 R AR B B Gk VT X AR
10001500 m fIk %5 , #Lik iz sh b At v o AR fb R B
F. JUETE -5 KAl )E 2k bas g il
KR G . R T R K2 2 g/kg. BB )
ik = B E B AR T T 2000 mo B R R A
IKPRA D AR 2 5L i g M b fE L KR K
2, DR i G T K YR TR A T ik 200 9%, K
CT-A-NW 1y 7. 1 %038 38 7K 5 5Tk 2% , 1] UL i g A o
T X I &V A PHREs B9 # 2 KR EMZ — .

%2 JIF% PHREs (il 2%
Table 2 Trajectory clusters of PHRESs in the southern YHRV

= 10 K W fir B AN

0 K 4% o JE Lk 2%

TEE AR G G 0w k00w don0 AT
CT-A-NW 360 bR PG /4626 5000—7000 56 131 173 7.1
VORI / 58 1 e S/

CT-A-NE 288 WA Aot/ ARG <5000 156 90 42 20.9

""" CT-A-SW-1 140  FgEpREve&/#  <I1s00 21 67 52 150
CT-A-SW-2 130 MENEE <2000 0 35 95 12.2

""" CT-A-Ss1 108 dEfesemely <2000 55 43 10 150
CT-A-SS2 188 HITENES <2000 106 58 24 15.9
CT-A-SS-3 50 R 1B T R <2000 27 15 8 13.9

CT-A-SW & BUG #0300 7% Al 36 9 28 K 9350 il
R AT B RE TR TR TR X 23 S A5 18 2 2E900 hPa
PIF L i AE 1015 g/kg. SR ATE — 5 KHEIE
B 3k rpg 2 5 LR L B MU R B TR R TS A L
T2 T AL o 07 05 328 W T e . U DT i K o R v s
TS Z G T R B, IR R W BRI
HmE KK TR L 27.2% ., BREBERMTS
ARIEMEETF 70°—80°E, {H il 13 £ & A 1Al 1 W
TRV LAE B R ZEHIE 5 IR T 90°E B I i
IV P R A% 2 R RO (R CT-A-SW-1,
5a) #l 45°—60°E [tz i 75 IF /3R T BB 7R 5 20
(F7 CT-A-SW-2, K 5b) , Wi Jik F 7 ¥ & U5 F 7 B
JEE T o 2 M5 A 1) 0/ 35 A B AR 38 S R AR I s
Hmfs . F —4 RujE e SIEA . BEH e
JE R i A R VG P I A% 21 3K VT E X 38, ML 850 hPa
A X7 (B 20) vt ] DL 215X 5 S s 18 <

T » H 2R I LR R T AN SR R A % R Y
BB KT 90°E 75 — . kg CT-A-SW-2
TR BITE — 3— — 4 RIF2 hpg 2 5 03 i
JEFTF & 850700 hPa, f1 T ¥ 45 B /K 5 2K 15k
A i CT-A-SW-1 o () ST g 2 B 4R el i
PR BARAL 20k L E VO K s A ELE T
WA 2 55 30 38 VL X 01 8 B2 141l 850700 hPa,
H W 4ERi7E 10 g/kg Bt ik,

CT-A-SS ¥ T 950 hPa [} 3 (%) B 5 J& 74 7 i 1
(J 4a) ,— At | 2135 Y1k X 38, % 105°E B it
PRI 23 MR T S (A 200 5 HG TR 255 <05 A i 40 B
i BE L CT-A-SW rf i BEAIG, AKVR & 1 0 & 7R i ik
WP FE A SPAE L 7E - 2 K F kAR Z AT ER A T
FRATT A T B T Y AR TR T A K PR LI
X Ik . 3 T 7 0 IR Mo mg g 2200, Hodh CT-A-
SS-1Z i T I 5 f ik (K6a) ,CT-A-SS-2



PN A A L T DX SR 0 1 R e R 9 K PR A A 36 A

549
90°N
(a)
80 = F==RCT-A-SS o
=0 CRr AN = =
" A
60
50
40
30
20
10
EQ
10
20°S :
0 180
300
b (¢ -~ CT-A-
®) o CTANE =@ = S EIARE
400 ~ CT-A-SW 218 < s CT-A-SW
o CT-A-NW N 2316 o= CT-A-NW
= 500 215 !
& i < CT-A-SS B
£ 600 B 12 == CT-A-NE g312
: PO EEARY, s
3 o o CT-A- 3
% 700 =R /\—\Ww—\.\_\\ —308
T 9 g
800 Ng 6 g
=304 4 -
900 bz 3&_,____——' 2MAAAN TATATAS
1000 0 300
0 —48 -96 —144 192 240 0 —48 -96 —144  —192 240 0 —48 -96 —144 —192 240
Hours prior to event onset Hours prior to event onset Hours prior to event onset
K 4 JLE§% PHREs iR EH
Ca. JKP43 A b T H S, oo LIRS 1 (AL g/ k) o d. LR 43 A (AL KD)
Fig. 4 Trajectory clusters of PHREs in the southern YHRYV (a. horizontal distribution,
b. vertical distribution, c. specific humidity (unit: g/kg) . d. potential temperature (unit: K))
40°N 40°N
®) ”%ﬁj
30 30 "‘/ 5
7
20 20 g&
10 10 / ’%
E E { s
Q Q 10 \y 3 o=
; )
N S S ormearst  *
10 & above 300 hPa - above 850 hbas 2 10 & ------- above 850 hPa’ L
/) ....... above 500 hPa - below 850 hPa /{\;’\Z\ K} ....... above 500 hPa - below 850 hPaf/\;J\Z\
------- bove 700 hP:
20°S above a 20°S above 700 hPa
30 60 90 120°E 30 60 90 120°E

Bl 5 CT-A-SW iy A~ % v i1 ik
(a. CT-A-SW-1,b. CT-A-SW-2)
Fig. 5 Trajectories of two sub-clusters in CT-A-SW (a. CT-A-SW-1, b. CT-A-SW-2)



550

Above 300 hPa
Above 500 hPa
Above 700 hPa
Above 850 hPa
Below 850 hPa

180
40°N S /7
©) 9 p 3) Y Above 300 hPa
,J\ﬂ& - 7»,”/%\1/“” Above 500 hPa
30 . Above 700 hPa
S Above 850 hPa
850 hPa
20 Ve
10 4
)
EQ
10
20°8 - -
90 120 150°E 180

ZRE T I T4 X (& 6b) . JE 4 2 CT-A-
SS-1 Wi P4 g » — 5 119 25 S0 AR DL 28 ) i ik R
M CT-A-SS-3 DA n) ik F (Kl 60) , B MZ
SRR T AR A VG KT 52 AR PG KO 7 R A
A IR R A0 T S I S ) Y B8 B 0F T — 4 R EIA
e T Bas WS 32 PG K7 7 R AT e He PG 0 O
TR WA B A ek . BbAh, @ i CT-A-SS A
CT-A-SW 1 & 45 71 B 35 VL ik X3 B AH X 3 A4~
FAF A A — L B )X B (& 7) L BT AR A R R
A R DAV R I AR I K TR O 3 E R
A v 3 DA P B AR K PR A T

HRAE LA L 1 50 B 76 VLS B PHREs & A2 15 19
RS T H 0T aE BR R WL R 8 6 RV v R AR
i R0 30 )23 R v 2 1 A AT AE P R o B R R R e
2 gl W A8 U BT X TR B P A R I
XX 9 J2 o R )2 1 BH ZE T 35 B AR b I b DX IR
4 PHREs 4 % A4 $& it /N i 1 25 SR8 43 K 3R IF
28— E U XA B AR A T SR s VLI
DX, HRT b X G IR AR B RE & R e
KB X4 PHREs $& 41t 7 55 3 (1 7K 95, 7K V3 i
X 3 J2 A2 A A R T U 2 IRUAR RV RS 3
FRAT e He PG 0 19 AR B A T R A DT b o) VM X SR
B o RGO Y E E K STkl 28. 024, 7 g R

KL 2016,74(4)

Acta Meteorologica Sinica

Above 300 hPa
Above 500 hPa
Above 700 hPa
Above 850 hPa
Below 850 hPa

90 120 150°E 180

B 6 CT-A-SS i 3 AT i Bk
(a. CT-A-SS-1,b. CT-A-SS-2,c. CT-A-SS-3)
Fig. 6 Trajectories of three sub-clusters in CT-A-SS
(a. CT-A-SS-1. b. CT-A-SS-2, c¢. CT-A-SS-3

i B 3 3 Y K 1 BT R R 4 B O 27, 2% R
44. 8%, RIVARHT g 3 4k Bl & 70 1 5 PHRESs 1) ¢
KK EAIR

1.0 T T T T
| | | | D
I I I I
|
I

0.8

0.6

0.4

0.2

Normalized arriving time

CT-A-SW-1 CT-A-SW-2 CT-A-S5-1 CT-A-$S-2 CT-A-SS-3
Bl 7 LR PHREs B RSB 53 B v fi o 4%+ 76 31 15
VL DX A U — P B ] 43 A5 7 AiE

Fig. 7 The normalized arriving time of sub-clusters

0

from southern areas in cluster analysis

for PHRESs in the southern YHRV

4.2 T4t Z PHREs f97K K iR i #0465 B 12

M9 FIT AL B PHRES fY 58 25858 3 A1 (& 8a,
F& 3 AL, Ho2s A S B i 3R [ R AR 5 VL R
PHREs 1) W 45 T 25 R % 12 8 % A [F, 7L Jb 7
PHREs HA -k Bt T2 K g4E, Bk A i
Hh i — I S i 1) PG b AR B R (CT-B-NW) , 1fif



PV A8 S - T DX 3 4R 25 1 5 T 7 ) K 3T R i 35 A A

FA 7 7K VRS AR R 1 U8 B BT B 5 3 1Y) 7Y R B AR L
R CCT-B-SW) M 3 B FE J& 74— b [ e 1 1Y
i A2 B 35 (CT-B-SS) 4h, LT E§ B PHRES i
Z W — 40k B VKT VE AR M B AR B0 R (CT-B-
SE), B 4R VT B op s i Bk [ P OK S TR
CT-A-SS-3(F 3) HIZFHEAL 5 VL g B BT A Bk 4L

551

Hi 3.96% ., ifii CT-B-SE #& Y.k B fir 45 ¥ 6 h 5
Heik 10. 5% . MVLAL AL 4 2% Bl 1) 25 8] 43 A (]
8a—d) H] UL, PU b P& A2 B B30 e B o B AR AR K
TR B B AR TR B M B 3 A% Bl R R T
925—800 hPa P ¥ Il |25, K VA& &t 4 2 R 7
10—15 g/kg, H tp CT-B-SEH 28 it i AH X H R

23 JLJL% PHRESs fi4 %6 88 2%
Table 3 Trajectory clusters of PHRESs in the northern YHRV

) ) — 10 KU A R R 0 K4 3030 4 K I
R e S WG B00m  1500m | 3000 m TR CD
b /B /
CT-B-NW 146 LR 2000—8000 14 43 89 8.6
""" CT-B-SW-1 350  Rmppyepgese <1500 21 140 189 14.2
CT-B-SW-2 294 T B PR R <2000 97 127 70 17.3
""" CT-B-SS1 214  EiERWMERS 0 <2000 150 48 16 1.6
CT-B-SS-2 77 o [ ¥ <2000 46 21 10 17.7
""" CT-BSE1 139 sR#spwATH 15005000 57 36 46 131
CT-B-SE-2 100 A SR b <5000 55 26 19 11.5

)

316

w
—
58]

(
a
SR
=

w
o
o

Potential temperature (K)

w
o
=

[9%)
(=3
(=}

v SO | g
N 5
400 oo CIB-SE gt
= 500 CT-BNW 2is
s 2
<€ 600 g
g £
o0
2700 Zo9
T S
800 5
(o))
900 —\__— @
1000 0
0 48 96 144 192 240 0 48 9%

Hours prior to event onset

Hours prior to event onset

—144  —192 240 0 —48 -96 —144  —192 240
Hours prior to event onset

% 8 JLAt# PHREs (R EHIE (o KFEIMi, b TEIG . oo IR, d 51D
Fig. 8 Trajectory clusters of PHRESs in the northern YHRV: (a) horizontal distribution,

(b) vertical distribution, (¢) specific humidity, (d) potential temperature



552

VR A8 R A v R GG R s KPR SR AR T 5 VL g B 2 )
2, U R B% A2 (CT-B-SW) L 1 8% 4% (CT-B-SS)
o BT B I L KR RS IR, CT-B-SS Al CT-
B-SE #1305 2 v 23 S0 a5 00 A7 I8 A8 Ak AH X AN 1B
X 2% I A 1) S AT AR B X R E

CT-B-NW b iy 28 5 i K 228 8T % it 2 v
JZ 600—500 hPa, KK & &AL, =X i)z o )2 70 X
ST TS LU AL 2 ) s R L e - 4—
=3 RENA 5 & OF e ) R gl . B g il #E
R B R R R R 2 — 2 RN & F 5k T L
. Y S EE R M & 600 hPa DL R B, H IR TIT IR
BT i 2 B B GA VL E X ) 800—700 hPa |- =3
W R —20 BT 2 6 g/kg, I TABIA IR B
Fh 3ok e 07 A7 5k 32 T A A1 0 B AT R A 7l 4 A
HaL R [F A R b iy B T IE S AR E B K PR B
J2 1 BT VR TR . I B AR T K YR T R R
R 8. 6%, BHB AL F 7 3 &ikfE. 5 m M
PHREs P4t 842 125 KMk A0 b TLAL B T2 S
P14 58 1 W 3T 22 IR A

kBT CT-B-SW ([ 8) 1 i1y 25 5 i Sk
Z IR T AR B ENEETE 900 hPa fIk%s . il ik 11—
14 g/kg. SRTMBTAAE — 4 KATE Bk b2k &b
B o 25 ST R 2 MUY 36 T 77 AR BE A L IR BRI W A
AR AL T = o FF BE W R R AIC G KR TR R
3L.5% (£ 3, BAREIEKM CT-B-SW #ikh 5 kil
FHAEF 70°—80°E, {H 3@ &8 43 Mt & B AT 1) P I -
(9, ZIIZFNIE 53 A% B T 45°—60°E Bz (9 4=
dE/ R D B R E S (F#E CT-B-SW-1) f1 90°E
A 3T 5 T S R A I S R R JE R (R CT-B-
SW-2) . ESRWI IR T 4 K IR T R JE g BN EE VL 1

40°N

30

RS !
Above 850 hia &
Below 850 hPa

Above 300 hPa
Above 500 hPa
Above 700 hPa

30 60 90 120°E

K2 2016,74(4)

Acta Meteorologica Sinica

T -4 RATEfE M B4 IG5 4 9805 J5 g i 1n)
A6 AV UE X . fH CT-B-SW-1 1£ — 4 KFikT R
bR BRI CT-B-SW-2 H & -2 K5k
O L 2 5 R AT B4R T, ML 850 hPa
A A (B 3e) BB AT DLF 215X WG 32 88 18 0
Horp R I BB R T8 200 5 M (] 200 A0 L g A 0
117 90°E B I/ 1% 8 i 3B AU LL RS RS . X 3
AR IE S A R B 5 VLR A PHRESs #91% B0 AH 12
CIAST RS Gk W N =R [ EEE S

B #E CT-B-SS ¥ T 950 hPa [ff i ) ED ) J2
PORE & (B 10D, — B b b 2136 V0 X3, %) B
105°E B 3 i A% 25 8 s 18 i (BT o) IZ Bl R 1Y
B30 B B A, 76 950850 hPa, /K 75 & & 5 Fe dili
TE 13—15 g/kg. fi ik & W AR B BN . Z L
WEAE — 2 RBNIRAE R ZHTAR AL T #4771 5 b (5 R
T A ) TR S I 1 KR T VL X k. T
7 ) TR g A 25 ) Hod CT-B-SS-1 21 I T o5 1
BA$ 30T A4 B BE 2V WA 5 (8] 10a) , CT-B-SS-2 Zif2 I
T [ T R (10, PR3 2 CT-B-SS-1 I
it 2 3R 28 FE 1 3 3 /K IR TR R Ol 35. 3%, T K
TR T AR BT ERCR AR Y (K D,

e BB % CT-B-SE (] 10) H iy 28 4 B Sk
Z 5T VE ROF 7 850 hPa fik 23 (& 10¢.d) , Hij ik o 72
AR AR X SF IR T R A e R AR 1011 g/kg,
ZEETEE T ATERFE RN T, b7
# CT-B-SE-1 (4% 4E (" 10c) 5 CT-B-SE %4 —
B, 3745 AR R DX 7 R OF- P w3 = R (& 3b,
) M AP 6 I VG DK PV @I ARG R s e 0 ) Y aE
B A VUM % o & is B, OF T - 2 KT E
K] R AR — T T 2 B M O BR A AH 48 T

40°N

(b)
30
20
10 —
\\
EQ
\

10 L Above 300 t}a\ Above 850 hPa 7 |

§ ) ,:"“ Above 500 hPa\ Below 850 hPa .~/

A Above 700 hPa s B
20°S ~

30 60 90 120°E

K9 CT-B-SW R 7R A HLE (a. CT-B-SW-1, b. CT-B-SW-2)
Fig.9 Trajectories of two sub-clusters in CT-B-SW (a. CT-B-SW-1, b. CT-B-SW-2)



PV A8 S - T DX 3 4R 25 1 5 T 7 ) K 3T R i 35 A A

40°N

Above 300 hPa
Above 500 hPa
Above 700 hPa
Above 850 hPa
Below 850 hPa

30

20

20°S

180

40°N

30

Above 300 hPa
Above 500 hPa
Above 700 hPa
Above 850 hPa
Below 850 hPa

90 120 150°E 180

553

Above 300 hPa
Above 500 hPa
Above 700 hPa
Above 850 hPa
Below 850 hPa

180

30
Above 300 hPa

20 Above 500 hPa
Above 700 hPa
Above 850 hPa

10 Below 850 hPa

EQ

10

20°S AN ¢ P &

90 120 150°E 180

E 10 CT-B-SS(a.b) Fll CT-B-SE(c.d) 4 F4E 9 (1 #1588
(a. CT-B-SS-1, b. CT-B-SS-2,c. CT-B-SE-1, d. CT-B-SE-2)

Fig. 10

Trajectories of sub-clusters in CT-B-SS (a,b) and CT-B-SE (c¢.d)

(a. CT-B-SS-1, b. CT-B-SS-2, c¢. CT-B-SE-1, d. CT-B-SE-2)

A7 {SCAH (4 52 WA R P KT B S O N RS
PR, KR & R el 5 — O T B P R OP R R A =
JE B 58 ok (& 3b.o) , i i CT-B-SE-1 A %L %k
H# W2 FIip Ry CT-A-SS-3, 1 7# CT-B-
SE-2 w03l 2% L . H 3 A 76 VL X O AIK
A BN 32 R e 2h 51 138 s A — 2 1 Lk 7 5
2 390 38 303K V9 X3P 1) 5t 1 Ul B AR A )
M Eh RS AL B PHREs By & 2B fih & 1E
WA ST AR A SR b B STHR AR A AN R

R LA L 43 M, 7T A6 PHREs HUF — 40k
B b7 T 28 S AR BIOR A i — RO T SR
VG b 6 A28 03 7 o RN ST R L R 1 A X1 T s
A3 A X 2 o 2 A AT Bl R T 2 BT
T DX g 5 1K IR B AR B T IR B ARG B RE T Y P
T AR AR ED R R PG — b [ R A O R AR
Sh, VTR A PHREs if 2t — 42k A 79 K710
AR AR HET 2 S5 Bk AR oh EEOKTROR R . BN
VPO J5 2 Bty 7 R 1 v RS HL O 3 1 MJO
XoF L Bl AR R TS KR S RGO, TRl A KR
3 3% 3L )2 AR 14 8 R I S 2R XU R P RO

TR B AT o s GO0 R e 0 £ AL A DB e e T3
DX S % o HL PP 2 g S BRCE ST SObR R 55 1 5
I 2% B BB G 0 S 51 5 09 5 1 AT A9
IR 1) i 228 WS A D588 o T PG AT 9 ) A e T 1Y
i 5 o8 A AT T P A R Il AR Y S A T J8 Y
LSRR TS LIRS SR SRR S S

1 T T T T T T
| | | | | |
I I I I I I
E 0.8 I I I - e #
|
o0
g
= 0.6
=
© J—
ko) —
S04
)
E I
S [—
Z 0.2 | T L1
I I I I I
| | | | | B
| | | | | |
0

CT-BSW-1 CT-B-SW-2CT-B-SS-1 CT-BSS-2 CT-B-SE-1 CT-B-SE-2

E 11 Jrd6# PHRESs (193 288058 2 87 - IR r
5 1 B 35 L DX 1 VA — Ak I ] 23 A 4 E
Fig. 11 The normalized arriving time of sub-clusters
from southern areas in cluster analysis
for PHRESs in the northern YHRV



554

5 ZEEHITie

FEVEAL I 5 (2014) %t op 6 B )7 PHRESs 43 25 F
EOL IR T o D A N A R W I L R s | i
PHREs i 2 9 7K 75 U5 Hb B 2% 3% 48 DA K T 25 3%
2, R HYSPLIT A2 #E 47 7 2400 F i o 43 47
WFIE I R B RN .

(1)~ 28 U5 b F i 3% 36 4% - VL A PHREs
AR EBM N 2 KRR I ATLIE ML X, MK
PP B PR L B AR AR B 50l m IR AR LB AR R
AU BE AR 1 U 28 ) 1 — T DX AR B AR TS SR
JEHik BVLME X, VLAt A PHREs TR E8A
125645 VG b B A% 8 A VT T 31X, DRI - A 2
IRWE A X0 T 25 08 3 % i )2 P 2 A A 1S Bl
2T 3 VLM XK,

(AR PE A EE AL VTR A PHREs /KR £ 2
Hi 2 2% A B % 2 V0 8, AR MO 15 3 B AR i
555 o ELEJRE ¥ 2 v g 2 5 B 30 B X A A R 3 BR HL
o IR B P BE 2 B DA R #AT B BEVE I VU AR LR
H QR JE PG AN R U e R . R AR TN
WS A A2 R T MR R BB U 0z T R
FVER B2 JE VY A & B O 8 R 38 U0 DA R0 KT T
R AR R K S RGE R . SRR AE IR T
R T A R K PR ) B 3 s {HL T Ak B S
BT B U VPR KB AR S VLR 7 PHRESs 19 55 K
TRV A = A 04 v I 30 VI X KR
TUHREE K . TLALR K IR B8 A2 A 3 4% I H s B
JEE T B VY R B AR IR D R JE P S — b ) e Y 1) i
FA AR TR B PU KT VE 0 AR R R AR T 2 SRR R
FERPORIE L5 7T BARRL . P4 & A ) R
Ih LR 7% 38 20 S 5 S 0 A D A K VR 1) B
T A U5 o T PG TV AT e O 5 AR
R P Hi I L2 BB JE PG A 5 B VS RO
TR E 1Y MO TR 3l BRI 300 WV P R B 2
Y RV T 2 A KA AR R

VLR 215 (2013) (Y WF 5848 HY L A5 28T YL e A
WA K PR 2R [ BB L LT — o [ R K
S R R A oty 45 DX 3R L 6T Y T AR R ) 7K 7 2%
Tk R 35 % .19% .22 % F1 19% ., A WF 5 K
RIEH AL E DL | 4 A X8, (YT dE % PHREs 44
Hh i b 26 A2 S I K IR ST R/ 7E VLR A PHRES
HO AR A B R A i 20 %0 (9 KR ST ER R, AR BF

Acta Meteorologica Sinica Sk 2016,74(4)

S HVT R AT AL # PHRESs 55 {4 oK [ 1% 4% 11 7K 75
BTk BN | L VL g % PHRESs of 8 oK 5 £ %ok
F R BE Y o RV R e ] R S P RO VR Y DT kAL
/AN IVEAL A PHRES S5 4 v, 74 K7 3 b X 7K 7%
TUHR L VL R B PHREs F4F K. ABF 58 H 5 X5 7L ik
DX AE & RUR GE 5% W 1 1 28 A1) (&% 9 A7) B
AKH AR D, R B B AE 3 S R S M A T
TR IR 5 AR S AN AR 3R — M 5 T o R ) 7K VA 0% R
fiE » B AN i S W S R AE . A R 9 28 B V19 37 38
PHREs i3 F2 /) /K i 1% i 18 5 A B g1t 45 1
FEAMP B BAEHREES XMES FEEHT
AN ) 2 0 ) R 8 M 5 R 1) S O S 8 AR AU AN [ 3 G
L R A 5% F 3 1) S LA SO ML B

%k

Mok, ARAETE, AEmeIE. 2011, BRI H T2 W 2007 £ 7 A E
AR T8 22 50 A i A K B K VR A AR RO T REZE R IR X R
iz, 69(5): 810-818. Chen B, Xu X D, Shi X H. 2011. Esti-
mating the water vapor transport pathways and associated
sources of water vapor for the extreme rainfall event over east of
China in July 2007 using the Lagrangian method. Acta Meteor
Sinica, 69(5): 810-818 (in Chinese)

T 1L, 1993. 1991 4F VLI i IR L PE R R B FBTSE. dbat: %
MR, 254-255. Ding Y H. 1993. Study on the Lasting
Heavy Rainfalls over the Yangtze-Huaihe River Basin in 1991.
Beijing: China Meteorological Press, 254-255 (in Chinese)

T i, HIEAL 2003, 1998 4F v [ K ik /K i B (% 7K 35 0 SR 5.
KE¥ . 61(2): 129-145. Ding Y H, Hu G Q. 2003. A
study on water vapor budget over China during the 1998 severe
flood periods. Acta Meteor Sinica, 61 (2): 129-145 (in Chi-
nese)

VLARZL, PrisR . XL T4, 2011, 2007 4F ¥ 07 3 30 4 7K i 7% 10
KR A A BT, KRR, 35(2) . 361-372. Jiang Z H,
Liang Z R, Liu Z Y, et al. 2011. A diagnostic study of water
vapor transport and budget during heavy precipitation over the
Huaihe River basin in 2007. Chin J Atmos Sci, 35(2): 361-372
(in Chinese)

VLARLL, (B4R, XUAEF25F. 2013, JEFHhits W1 B J7 3 i V0 UE 4 T 7K
PR IS RRIE 7. A 44R, 71(2): 295-304. Jiang Z H, Ren
W, Liu Z Y, et al. 2013. Analysis of water vapor transport
characteristics during Meiyu over the Yangtze-Huaihe River val-
ley using the Lagrangian method. Acta Meteor Sinica, 71(2) .
295-304 (in Chinese)

BB, T—I0, A, 2015, /K% 5 10w M 0 2 W 2=
KWK AL I L A& 253, 73(1) : 72-83. Miao C M. Ding
Y H, Guo P W, et al. 2015. Linkage of the water vapor trans-

port distribution with the rainy season and its precipitation in



PV A8 S - T DX 3 4R 25 1 5 T 7 ) K 3T R i 35 A A

the southern regions south of the Yangtze River during the early
summer. Acta Meteor Sinica, 73(1): 72-83 (in Chinese)

IhEEAE, 20, VOB B AF. 2015, 2013 4R 7 T DU I F Hh — URRE K R
H 0 o ROBE AR GE 0 R RRAE. 4. 41(5) : 533-543. Sun J H.,
LiJ, Shen X Y, et al. 2015. Mesoscale system study of ex-
treme rainfall over Sichuan Basin in July 2013. Meteor Mon, 41
(5): 533-543 (in Chinese)

MREE . (R ALEL, B ML, 2001, 1998 4F B 7% v [E B 1T % T ML
M BARDIE. Jbat: KR WAk, 183-184. Tao S Y, Ni Y
Q. Zhao S X, et al. 2001. The Study on Formation Mechanism
and Forecasting of Heavy Rainfall in the Summer 1998. Beijing:
China Meteorological Press, 183-184 (in Chinese)

M RE S TR/ANES SRIBUR]. 2004, < V130 3ol A 1 2 2 W9 ¢ 5%, b
A RE M MHE, 1-192. Tao S Y. Zhang X L. Zhang S L.
2004. A Study on the Disaster of Heavy Rainfalls over the Yan-
gtze River Basin in the Meiyu Period. Beijing: China Meteoro-
logical Press, 1-192 (in Chinese)

LS. Phalde, DHESE. 2014, 5 30 4F 3% E R 7 DX BRF 2 M 2
MM SRPI. SRSHEEIFIT. 19(6): 713-725. Wang H
J, Sun J] H, Wei J, et al. 2014. Classification of persistent
heavy rainfall events over southern China during recent 30
years. Climatic Environ Res, 19(6): 713-725 (in Chinese)

I, RS, 1959, E AR X R FE K R kA . R
R, 30(2): 173-185. Xie Y B, Dai W J. 1959. Certain
computational results of water vapour transport over Eastern
China for a selected synoptic case. Acta Meteor Sinica, 30(2):
173-185 (in Chinese)

BEWE, T 475, fl4:iE. 2003, Th T 5E bk i R R UK L w5 R 1 4R
o A2 A K H X 7R 0 BT 2 KR K S IR A2 Sl A . 48(3) : 287-
291. Xue F, Wang H J, He J H. 2003. Interannual variability
of Mascarene high and Australian high and their influences on
summer rainfall over East Asia. Chin Sci Bull, 48(5) . 492-497

Wi, TLARLT, XVAEF5E. 2014, F&FRIAE B H 3k (9 /K VU 2% <%
P AE 43 BT —— VLI A T R L R R 0 . KR, 38(5) .
965-973. Yang H, Jiang Z H, Liu Z Y, et al. 2014. Analysis
of climatic characteristics of water vapor transport based on the
Lagrangian method: A comparison between Meiyu in the Yan-
gtze-Huaihe River region and the Huaibei rainy season. Chin J
Atmos Sci, 38(5): 965-973 (in Chinese)

WKz, E%F, ARPINES. 2004, [ A0S H B E o b
. R4 A, 166-170. Zhang Q Y, Wang HJ, Lin Z H, et
al. 2004. The Mechanism of Abnormal Weather and Climate in
China. Beijing: China Meteorological Press, 166-170 (in Chi-

555

nese)

XM, PR, PhAETARSE. 2004, KV SR AR RN AR R T ML BEAY 43
Wrokse. dbant. KR AL, 281-282. Zhao SX, Tao Z Y. Sun
J H., et al. Study on Mechanism of Formation and Development
of Heavy Rainfalls on Meiyu Front in Yangtze River. Beijing:
China Meteorological Press, 281-282 (in Chinese)

RS, SKS7 AR, PVEESE. 2007, 2007 4F I AT 48 Bt R W K Hoh
ROERGAER 0. SRS HIEDTFE ., 12(6) : 713-727. Zhao
S X, Zhang L' S, Sun J H. 2007. Study of heavy rainfall and re-
lated mesoscale systems causing severe flood in Huaihe river ba-
sin during the summer of 2007. Climatic Environ Res, 12(6)
713-727 (in Chinese)

Draxler R R, Hess G D. 1998. An overview of the HYSPLIT_4
modelling system for trajectories. Aust Meteor Mag, 47 (4):
295-308

Duan W L, He B, Takara K, et al. 2015. Changes of precipitation
amounts and extremes over Japan between 1901 and 2012 and
their connection to climate indices. Climate Dyn., 45 (7-8):
2273-2292

Kunkel K E, Karl T R, Brooks H, et al. 2013. Monitoring and un-
derstanding trends in extreme storms: State of knowledge. Bull
Amer Meteor Soc, 94(4): 499-514

Murakami T. 1959. The general circulation and water vapor balance
over the far East during the rainy season. Geophys Mag, 29
(2):137-171

Ninomiya K, Kobayashi C. 1999. Precipitation and moisture balance
of the Asian summer monsoon in 1991. Part [[ . Moisture
transport and moisture balance. ] Meteor Soc Japan, 1999, 77
(1. 77-99

Shapiro M A, Thorpe A J. 2004. THORPEX.: A global atmospheric
research programme for the beginning of the 21st century.
WMO Bull, 53(3): 222-226

Simmonds I, Bi D, Hope P. 1999. Atmospheric water vapor flux
and its association with rainfall over China in summer. ] Cli-
mate, 12(5) . 1353-1367

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

Xue F, Wang H J, He J H. 2004. Interannual variability of Mas-
carene high and Australian high and their influences on East A-

sian Summer Monsoon. J Meteor Soc Japan, 82(4). 1173-1186



