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Abstract  The low frequency characteristics of persistent severe rain from May to August over southeast China (SC) and its
associated low frequency general circulation are studied using the daily rainfall station data in China, the OLR data and the
NCEP/NCAR reanalysis data. The source and propagation of the low frequency signal are also investigated by the composite a-
nalysis. The results show that the summer rainfall over SC has the characteristics of quasi-biweekly oscillation. The number of
persistent severe rain events gets its peak around June 10 and July 1. The precipitation of five-day low frequency rain events
takes up the largest ratio of all low frequency events. In the lower atmosphere a strong low frequency cyclonic circulation is lo-
cated over SC, while a strong low frequency anticyclone is over the South China Sea (SCS) to the western North Pacific region.
The persistent low frequency water vapor is supplied from the Bay of Bengal, SCS and the Philippine Sea, and converges to the
south of the Yangtze River. At the same time, a low frequency anticyclone controls northeast China in the upper troposphere.
This circulation coordinating with a low frequency anticyclone west of it and a low frequency cyclone located around the coastal
waters, is favorable to a divergence environment over SC. Thus, the upward motion is enhanced. About 7 days before the low
frequency rainfall, there was a low frequency anticyclone over about 150°E in the lower levels and it strengthened and propaga-
ted to the coastal waters of southeast China, while the low frequency cyclone over the SCS propagated northwestward to SC.
At the same time, the western Pacific subtropical high had an apparently westward extension. The lower and upper circulations
coordinating with each other resulted in the low frequency rainfall over SC.
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(The dashed line is for the red noise spectrum)
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Table 1 The statistics of the low frequency rain events in summer for 1979 — 2009
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Fig.5 Lead/lag compositions of the 850 hPa low frequency wind (vector, m/s) and OLR (shaded, W/m?)

anomalies by low frequency rain events. The black vectors are statistically significant at the 95% confidence level
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The abscissa is for lead/lag days, and the negative value denotes the low frequency relative vorticity

leading the low frequency rain events. Zero is for the simultaneity and the positive value indicates lag days

(a. time-longitudinal cross section along 25°N, and b. time-latitudinal cross section along 120°E)



W S P E R 58 J TRk U P /K R BRI S R v XU Uk B 773

K 6b 5B R E ba—c P, P E KRG s
AR e B L i 00 1 AR AT S 0 11 A A% 3 7 AR
A 10 d i ¥ 120°E (1924 10°—25°N 24 4 fI04 1E 35
JEE A o] 33X 0E A v ] AR e T s I X I Y
R i B AV AT I % B B Bsf (1] 1) Jb A% 396 9 B 3%
Jnag  fE T 8 d AT 6 d A AT 3 d & W) AR
A B R s R B R S . A DL AR IR
04 B JU AL B TR R K S 64 d BL, H X401
T 0 D AR 7 36 B o AR PR A N P IR T AL 1) £ BE L AE
AT 2 d B 2 d B E 6 A& 2RI LU BT AR 1Y
25 B I 3k B o AR AR R K K AR S Ak L Ab A% 5
QURUB R

40°N
(a) V\LS
(o

30 A

20 i

110 120 130 140 150 160°E

&7 25 0 2 A BE I R /K F5 440 1% 500 hPa |
588 dagpm £k (1 B [H] 3 A5 . 1T > 8 75 76 A1 05 B3 /K g
PR R AT G P9 A6 ROF VR m E  AE Ak, &] Ta
o5 H 14 S R I A9 B K 4 588 dagpm £k 11 Y A%
AR AT LA B DR FAR O R K SR 10 d )8 I
2 d,588 dagpm £k W] W VG {1, B AR T 10 d [19140°E
AR FREL P9 R 3 4230 130°E., M AT 2 d 2 W .
588 dagpm ZE - li g A AR L X — AR IB i B — L HE
SEF W SRR K FE 2 A& 7h) B F] 140°E £
i JE S AR R K A 8 d i B T iR R
Bl VG R, 32 PG e g R AR G R4S FLIR A K

(b) V\LQ ﬁ#/
0 : -

30~

20 7 :

9
10 y) Lo

110 120 130 140 150 160°E

Pl 7 588 dagpm £k R Al I AR A5 A K 2 11 B 3 AR
Ca. AR A3 B K S5 1 - b, il T AR R 0 s SR (B 8 L B0 AU R/ 95 R E0

Fig. 7 Evolution of the isoline of 588 dagpm by low frequency rain events

(a. Lead the low frequency rain events, and b. Lag the low frequency rain events

The numbers marked on the isoline is lead or lag day numbers)

Bl 8 J& 200 hPa fIGAT X 37 LA B AH AT A3 8 3
R T i B . DATRL Se GRERTT 2 ) W 8ECIA) ) A
A LR B P RS-V — i AR AE — A E R i I <
i@ s TG AR Fry v [ A AL R RN s s DU AR
JECER UL » 78 R e TR T — e O 1 2 AR b KL
AR TS 220 ) P17 o AR 7 T 0 B4 ) o [ AR B 38 s
AR AT B e K 8 T 8 1T 10—8 d B (& 8a.b) s
£ F (30°N, 150°E) 25 A IR i < E » L Bt J 21 R 7K
HIA LR T2 P A5 b b 3F s, 28 HF 4 d B2 &
B 30 o [ AR L 125 . 1 A K T30 B 7 T P K
7S AR i L 7E R RT 6 d BT 150°E 22 47 JE AR
BELAARTETE 25, T J5 [RVRE 0 V6 B oo [) 309, 5 3 5k
R AR R MG 2 d P LR TE T,

M8tk a] LUE B, #2810 d i, (307 —

45°N,50°—70°E) I 25 4775 — > 55 B AR A S < lie =X
PR MR 8 d BB HET 4 d I AR A R S e TE RS
A6 77 ] b A B AR B AS K B ] AR S A A, HL R
JEZE T T DA 5 380 W At e 55 O 4k RF i o AR L A6 R
2 d B ARSEAR A IRl B RE R R B AT 2B I
MR A4S 100°E B H DL AR b IX i) b 1l e 2
e e [ o A b A B 4 R 0 5, DA TR
o 2 P T 8 23 R 3% 8 o R P U DXL A AR B
Ju R e Fp it () AR AT 4 d Bl E 2 4, 209 )S 4 d B
CIEA R o AR S SE S AR b B AR A S
AE LA B AR 8 U 1 b A AT P b XA TG
B ARSI 5 B K K AR ] e [ AR R o S A
T AR O AR B 3 B AN AT Dl
EFHE A SRR RS B e



KM 2012,70(4)

Acta Meteorologica Sinica

wmw %ﬂ%wﬁiﬁ%ﬁvv\sa
AT 17 et

180
180
180
180

X R
/WV/V/\Z«AAJ TrTiy
s R <4

T 1 A ALy Sa 7
w% R EALAA ISR V)

- NN
< RN P RAEATTR et

140°E
140°E
140°E
140°E

0
0

100
10
10
100

60
60
60
60

mmf\ 7 RN NN A >SS
T ey, NN N NSEE
RN 2

v IS (3PN

e SR NN A
@R&tﬁﬂﬂ% ST T Ty VAN >

- f G £ 4T
&\\N@% zﬂw&/ﬁ§41?§7
,\\, S W AN

0

180
8
80

180

1
1

A

‘E
‘E
‘B

140°E
140
140
140

0
0
0

10
10
10

0

60
60
6

60

Y ibR (R

i LTt
b2 Yy

180
i}
[E]

K

m/s

4

JE A
[

Kk A r L

140°E

b

b

#B

i)

514 d it

W
I ALy & 2 E AR R R B FE

6g-1

CEREPS

100

i R AL

1.5 10
H

1
pu

L

i

b

?JIL
i

60
=
=

bt 2
i

1

RV

o

0.5

)

RS~

Hif 3—2 d Wf ZARH b Tz 8 58 AL RS B vh AR
i _b s i G A v R e X O A S IR Ds

TEAR
ETriE g

—0.5
=

180

[ K X
MG A
. El

fi§

i

Y

fi
R 1)
)

N
N

i
P H

[

=

140°E
2
H

1

I\

[Fl Pl 5. {H 2 200 hPa AR5 R 3% (R £ LL B AR A il BE 3 (B 65 1K)
=]

Fig. 8 As in Fig. 5 but for 200 hPa low frequency wind (vector. m/s) and divergence fields (shaded, 10 ®s™!)

HY T
i
HiT Y
£ 100"—120°E HU & 1] F- 34 J5

[l 8
PN

=

00

i}
XA
KAz

1

J%'

b

E
E'%E%ﬂﬁ9ﬁﬁﬁﬁ 10—6 d ETJ"‘[{(?IDJ\

1 DX SRR 2 AR T Ui 2l A A TR K BT 6 d i

B
R K 51

60

R ORI
iz

i

Ui
9 S AH A3 e

o

JZ
1=

Ay Bt

=
A

FHENRY

i)



775

F

O P E R A 58 R R B A K R R U S R v XU ik

T o A R IN  A T A A R R A AR T
12 B AL T A [ g v S IR T DLz Sh#R A B

G

EIF

LR PG L R DX RO
2T S 1) v [ R TR R T 9 — 4 (I Se) . T

P&

=

S

EIRSEes

(edu) 1UBPH

T
f=3
=3
o0

900+ - -
1000

EQ

T
f=3
=3
©

T
=3
=}
=

(edu) 1USH

1000

60°N

60°N

60°N

~

!ZL\

(5]

JE ARSI T ULz Bl % # 3 5 AL A%+ feJm 4k $5 A8 ]

(edu) 1YSLH

9004 \_ /

T T T T m T m m , T ,
(== o o <9 o <2 o o <2 o o <
f=4 =3 =3 (=1 (=3 [=1 (=3 o =3 (=3 (=1 =3

—

(edu) 14SH

60°N

40

20

EQ

60°N

EQ

JEE -5 B

N
=
=)

PO i IR e K 1 i IR o 3

(a—h. #7T 10.8.6.5.4.3.2.0 d,100°—120°E V-1 ; 4 fE 3

LTHES . IEE R T ULEED

R
Fig.9 Height-latitudinal cross section of the low frequency w that leads the low frequency

rain events averaged zonally over 100° — 120°E(a— h. are for a lead of 10, 8. 6, 5, 4, 3, 2, 0 d, respectively,

the negative value denotes upward motion and the unit is 10 "2m/s)



-1.8 -1.2 -0.6 —0.3 0.3 0.6

KM 2012,70(4)

Acta Meteorologica Sinica

MM‘;

<ApINAANT

—
4.5 kg/m? 100 kg/(m - s)

1.2 2.1 2.7 3.3 3.9

Bl 10 B2 R AR /K 7 % i R )
A B AR K VR e CHEL 8, IO XU A3 R 7K 428 1 7 i 45 i I
(a.b.c. #HT 6.4.2 d, d. [{#)
Fig. 10 Lead compositions of the low frequency water vapor transport (vector, unit: kg/(m « s))
and low frequency water vapor (shaded. unit: kg/m?)

for the total column by low frequency rain events (a, b, c and d are for a lead of 6, 4, 2 and 0 d, respectively)

FEEE R B K AT Z R ZU M E s 8, 7t 2
(7K 35 TR FE A S 0 AN 1T 2 1 25 1 (Zhou, et al,
2005; YT 7% 21 4%, 2011), XF %8 )2 K3 Hh & %)
300 hPaf (IR AT 7K 77 il 2% 3 o A B AR A /K 95 & i 1F
A 7R T S AR R K S A AT T A L TR gy
SRR R R Y 4 R (| 100 . AT RLE R E 10
5B 5 e 0] 43 A B b AR F AR AL 33 150 AR A8 K 1R
Bk DA BOK R i AR A B AR e R 2 K2 .
TEREHT 6 d B, o [E R R 0l DX A K VR i R
SE ARSI K YR 258 S 1 R B AR L P R AR
A o TIN5 0 ] g T — OB K R A % T AT
S e ORI T 2 EIRA K VR B i TR S T
Jei A B ARAR S DA B E S P AIR AT K 3R B i
] [ AR B AR AL RS W A B 5 . 5 Z ARG R PE bR
S A AR A 52 AT T 2K A K Y B 326 3 e R A e
AR KV & BB 4 d I TR ISR P % . B
K TR VT DA R 2 A XA K IR ol

F8 LE S 1T A FG 2 g 0 B b [ R A O K —
W55 2Z A R o E RV DA R i XA AR AT K P B i
(1 U 2R I 2% W Z AR VK Y 5tk 2 A 4 A b [ P
gl AR TR U8 5 ZU AR . IR LA AR
TSAS BT 114 DA 0437 925 1 08— e g v 2L B DY RS-
s A S B LA e X DT AR A e K A DA 4

i
5 ZEigMitie

A SCHI T 1979—2009 4 5—8 H 3% H [ vl
S KWL % 8 \NCEP/NCAR K P43 # %5 kA
J 1) A D S R4 L 3B A 42 50 1E S8 pR BT LB
B3 AT A G it T vk X v AR e S R M R K Y
RABRRAIE LA B A Wi ) A A5 R B O Y AT T 43 #T
SR FEN]

(D [E 58 H 78 KT AR #i X A7 78 18 3 A v
XAV AT 86 7K o R L AU A0 ik 7K 1) 28 30 T 58 BRI 4L



W S P E R 58 J TRk U P /K R BRI S R v XU Uk B T

Iy REE I B — RS T B A KT DL R A
Hb DX HREAS D — B0 b 1288 A 6F I 1 AR A o 7K
FAE6 H 10 HA 7 H 1 HETE R MR Z .
R R K 5 v 2 R 22 3—5 d i, HRrsk
5 d IR AT & K S (R 7R R K B B BT R K

(2) X2 AR 2 1Y o BUR AR (5 5 5 2ok T
PG 7 DL S AR 5200 Bas . IR A s K 2
e B PG Z R AR B A 164 7 6 W I B 140 B
FH L TR ATIRIA R K 10—8 d B, P b RSP 7 3 31
XF A B4 I HLAEAE — A5 59 W AR R Ui =X
FAUAL o T J 2 T 00 3R o) 9 S A ) gk e ] e AR
Vg —17 5 17 55 ] ) o AR R T B JE R R ks
55 B AR S E = B 3 0 2 1 AL A% Bl FE RS Bl AR
H [ 2 T R L B A B A RV D L XL 5 R R A
iEa EFE . BT K 10—2 d, Bl #4a
o TR AT — AN B PG A R AT 10 d Y 140°E
PAARFRELVE R 84230 130°E,

(3) 7E X It 2 8 2 B AT AT B 7K 10—8 d Bz
F(30°—45°N,50°—70°E) X I8, | 25 % fI% 4 /e “< i
ORI AE AR B 7K & A i 2R B8 v s 51 AL 5 %
ZXEAWHRA S P EAR T AR X . 7R MK SR &
AEHT A B AR B A AR — O R e R S
FLVa O 125 AR 88 g R AR A S A B 7 P
A AR AN AH B TC A A A5 o ] AR R R R b X
A T HEEC R B op L XA AN LA 2 1 A A S R L O
Hik T4z g o 15 2 e .

CA) I 5T ek 7K B 7K VR R R 32 B2 2 o i b T
v [ RV DA B VG ROP R Al o AHIRATUK P %
i DL SRR B 0 AT G B T T LU B 7E AR
R K R 22 R T DL R b XA A K 9 R
U B S B0 FL KPR i 3 O A e X T i T 5K
T AE T ] RV S T 0 — R I A R KR
D HO AR . 78R R T 2 DX 1 V4 R ) AR 05
KPR B 325 T R 4 AR AR TR VR R T ) i B TR
VL AR b DX el AR R 7K A5 DA ZE 5

AR S0 T o XU AR A 7K 25 56 1F 32 oK 50043 i 1Y
55 1 ALAS G 30 4ROk 58 H RSk iR K
AR AESEAT T 20 8 2B .58 A& 7 antly
W ATV DA e & XS5 R K 2 R 46 B U A 5 1 7
B RIEAT IR ABESE . 53 A0 s T SR 1 43 i (A
DAk v DL B 535 10 220 Nk ¥ (1SO) . TRt
S5(2005) 46 L 2= AR G AL B 0 KRR

e DX B K AT R . 6 AR 4 (2008) X AR I
XX ZET N IR L TS R B & % 4% &
By B L IXZE Y IR 10 1) U A% R L A ) A A 0
JE 43 0 B R T B RE 2 XU DX 2 Y IR AR AR R IR
TG A 21 NAR G P A% . TR R P T
40—50 d kG E MR UFE SR AN B ENFTN
P, FEXE AP I R B AR R R OK AR E R e
(Jeong, et al,2008;Zhang, et al,2009; & [F ik £¢,
2011) . PRI, o [ AR R 7 R 2R R S 1 SR R K A 2R
PR 7 5 ALE A BT ORSF- 3 40—50 d ik 3 4 R LR
A 0 S 2R R 5 P B R K R i L 2 TR EE R A I E AR

&% ik

145, 2007. 3T 50 4F & FRE L B R A9 ST o M B H O R B
F.OKRSBEE, 31(5) . 779-792

PRIRSE . SRSEHE, BREERD. 1994, 1 VT S W A~ e 0 52 95 4R KK
3060 RARH I 22 I E 4307, L AR 2R, 5(4) . 483-
488

PRIGELT . 5RIF. 2005. 2004 4% 8048 A U = 2 W 5 1) K A<UAIR
WRG R NHAGRE. 16(6): 754-762

T, 1993, 1991 4EVLHE AR MERE K B AR oY, ot A%
AL, 255pp

B RACAR. 1996, K VLU T 57 45 R 43 A R A 1 25 5
B A BB, 19(3): 276-282

B R, AE R, 1997 5K VL R B A BE R 09 4 BR AR
Wiy, W5 %M, 13(2): 146-157

VLAZLD, Brisk, XMEFEE. 2011, 2007 4F 3k 0 37 40 5 P /K 5t A2 1
KRR FFAE 4T, KRR, 35(2): 361-372

ht A, BRI, 2005, AR 0B XX (A0 59 B 5 Xt T R T iR
VIR, PO R S, 21(2) : 163-171

P, AN, BB, 2008, RWFENXKIETHIRG &MY
i B RERHAE A BT, KRR, 32(3) : 523-529

2SR TR, 1995, Al KA i E U (10—20 KO R, K
SR, 19(4) . 435-444

XA, A IERE. 2010, BAATARAT IR 327 52 b [ 23 9 4 7 [ K B AL
KGR, 30(5); 684-693

Fifi 7R s T —1C. 1996. 1991 4F VLU 4% K B W 5 2R WK AR IR % .
KGR 54(6) : 730-736

HERSE, PMER, RS 2008, i [E R ER A $H B 2 KUK K
WERUR IR % B IL T RE 4 L. w4, 278 D)« 98-108

WA, MRS K. REEESE. 2011, #AF KT N IR XA R IR
WK B, KR, 35(3): 560-570

KRz MR . SRR, 2003, B 7 K UT O kB 1 Bt 3 K E g K
KA. RAFF, 27(6): 1018-1030

JE e, C4kZF. 2007, 1998 4 B Z= . H AR T R K 5 RS0 K&
HARIRAE. NG %4, 18(2): 129-136

RECAL, TRIESR. 2000, 1998 4F B 7 v [3] w5 1451 K K R AIE 55 e 1



778

AR RIE G G R, 21(3): 239-248

He J H, Lin H, Wu Z W. 2011. Another look at influences of the
Madden-Julian Oscillation on the wintertime East Asian weath-
er. J Geophys Res, 116 D03109, doi: 10.1029/2010JD014787

Jeong ] H, Kim B M, Ho C H, et al. 2008. Systematic variation in
wintertime precipitation in East Asia by MJO-Induced extrat-
ropical vertical motion. J Climate, 21(4) . 788-801

Jia X L, Chen L J, Ren F M, et al. 2011. Impacts of the MJO on
winter rainfall and circulation in China. Adv Atmos Sci, 28(3) :
521-533

Lau K M, Yang G J, Shen S H. 1988. Seasonal and intraseasonal
climatology of summer monsoon rainfall over East Asia. Mon
Wea Rev, 116(1). 18-37

Lau K M, Yang S. 1996. Seasonal variation, abrupt transition, and
intraseasonal variability associated with the Asian summer mon-
soon in the GLA GCM. ] Climate, 9(5): 965-985

Liu H B, Zhang D L, Wang B. 2008. Daily to submonthly weather

K2 2012,70(4)

Acta Meteorologica Sinica

and climate characteristics of the summer 1998 extreme rainfall
over the Yangtze River Basin. ] Geophys Res, 113. D22101,
doi: 10.1029/2008JD010072

Yang H, Li C Y. 2003. The relation between atmospheric intrasea-
sonal oscillation and summer severe flood and drought in the
Changjiang-Huaihe River Basin. Adv Atmos Sci, 20(4). 540-
553

Yang J, Wang B, Wang B, et al. 2010. Biweekly and 21-30-day
variations of the subtropical summer monsoon rainfall over the
Lower Reach of the Yangtze River Basin. ] Climate, 23(5):
1146-1159

Zhang . N, Wang B Z, Zeng Q C. 2009. Impact of the Madden-Jul-
ian oscillation on summer rainfall in southeast China. J Climate,
22(2). 201-216

Zhou T J, Yu R C. 2005. Atmospheric water vapor transport asso-
ciated with typical anomalous summer rainfall patterns in Chi-

na. ] Geophys Res, 110: D08104, doi: 10.1029/2004JD005413



