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Abstract The summer monsoon rainfall over East Asia is identified as Meiyu, and it usually lasts for 2 - 3 weeks in
the mid - lower reaches of the Yangtze River during June and July. During the typical Meiyu period, it is found that
heavy rainfall has close relations with activities of some weather systems, for instance, the four synoptic systems of
the western Pacific subtropical anticyclone, the monsoon surges, the northerly cold air and the northeastern plateau
trough. Synoptic studies demonstrate when these four main synoptic systems are in the stage of “phase lock” (which
means their relative position, coverage and intensity are less change), the Meiyu frontal rain zone often maintains
and heavy rainfall occurs. However, what kind of cloud systems are corresponding to the synoptic systems, and
how they interact to affect the Meiyu heavy rainfall are still unclear.

The features of Meiyu cloud systems and their activities are studied in this paper. Base on satellite observation,
the GOES-9 infrared images, Black Body Temperature (TBB) and the NCEP/NCAR 1°X1° reanalysis data are used
to show the heavy rainfall cloud systems” formations, evolutions and interactions in the typical Meiyu period from
29 June to 12 July 2003.

Results show that the main cloud systems of heavy rainfall in the typical Meiyu period are (i) the Meiyu frontal
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cloud system, (i) the westerly short wave trough cloud system, (iii) the eastern Tibetan Plateau eastward-traveling
disturbance and (iv) the monsoon cloud cluster, and their interactions are propitious to Meiyu frontal rainfall. The
interactions among these four cloud systems are important for the Meiyu frontal cloud zone’s construction/recon-
struction to form a specific cloud pattern with corresponding intensity. Each cloud system relies on synoptic systems
and their interactions, i. e., the subtropical high affects the position of the Meiyu cloud system, so the region of
heavy rainfall is determined, and the westerly short wave and monsoon cloud cluster act on the Meiyu frontal cloud
system resulting in different intense rainfall and orientations.

During the period of two weeks, the mid-level short wave trough cloud system induces a cyclone in the Meiyu
front to produce heavy rainfall when it moves eastward, which depicts clearly a meso-a-scale vortical cloud cluster
embedding in the belt-like synoptic Meiyu frontal cloud system.

Although many studies stress that the convective cloud systems seldom move eastward from the Tibetan Plat-
eau, when leaded by the traveling short wave trough, the cloud system in the eastern Tibetan Plateau could move a-
way, hence the low level south-west cyclone (SWC) from the Sichuan Basin follows, and SWC is known as heavy
rainfall producer on the way in summer monsoon period.

The monsoon cloud clusters do not often go across the east foot of the Tibetan Plateau to the lower reaches of
the Yangtze River basin, but they could touch the Meiyu cloud system with heavy rainfall accompanying whenever
the subtropical high retreating eastward.

In fact, the typical Meiyu frontal cloud system lasts a few days with pattern’s change and cloud growth/decay.

The four cloud systems and their interactions are helpful for elongating from west to east narrow Meiyu frontal cloud

system which produces heavy rainfall.
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Fig. 2 The infrared image of the typical Meiyu from the FY-2 satellite at 0030 UTC 2 Jul 2003
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Fig. 4 The interaction of the short-wave trough cloud system and the Meiyu frontal cloud system: (a), (b) 0000 UTC 1 Jul; (¢), (d) 0000
UTC 2 Jul; (e), (D) 1200 UTC 2 Jul 2003. (a), (¢), (e) are GOES-9 infrared images. and geopotential height (solid line every 4 dagpm) ,
isotherm (dashed line every 4°C) and wind at 500 hPa from NCEP reanalysis are superimposed; (b), (d), (f) are geopotential height (solid
line every 4 dagpm) . isotherm (dashed line every 4°C) , and wind at 925 hPa from NCEP reanalysis. The capital G indicates the center of

high, and D for low, while the bold solid lines are short-wave troughs, or wind shear lines from subjective analysis
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W BB B = 3R, B R EE M, i R
. E/MRIE SR, — R REEXHR R G A = %S
FETHI AT 850 hPa P) AR 4 fff i A4 B & g (18] 5e).
PRI AR 3 TS B A MR (B 5D, &Ja. &
Sl RACB ) AR A5 B Bl W HE AT R
7T P B3 A AR R I i - S8 T MR s R
R, AR ESAEUE T, Sl
JCHR 4 VY R BRI R AE VL E M X 383, s 1 i
RPGIMIYIAEL, MRS s RO IR SRR,

AL, FERAEERN SIS T, HE R AR B
R I, 5 T e O ELRS O 1| A
Hiu s DT FE AR B Ao i v s S 24 2 T R/
3.4 EXzEMNEREZRZNZMN

T BRI 28 K TR 2 B i h v e e — 7t
A KRR M 38 0 78 R JRCRR 8 1 A0 Y A 1T 1)
KA Vi DX % 7K 52 PG i XU A7 A A R
Ben RE MR EEA NGRS, WE 2 PES
B, TEMNE s A RE R R R RS
T AT BRI B3 . MR = R PG A K o T %
Y. B 6 R T 7 H 5~6 H—IKZEX = Al
MEMEE = R A EAER S RE. 5 H 1200 UTC £
SAEIR T . MERN B R B AR LT R 1)
=AM 5 XA WG A E (B 6a), 6 /N
& EERAMSHNE S REMSIAEK o
RIEAZA., HREHTFREHEEME, MITesffia
WEB. BT 6 H 1200 UTC, BIEAIE, Xz
AT LA 25 5t s R e A AR R DA, JF B 254
AN =~ RIEFE—E (B 6b), (H)E, FEMmZS

iRl L R Gl e o 36 B AR 531 TR 2 A
AR BB r» AC TR 2 2 B oy 2 R AR 25 1) 2R
ALT7 16 K B2 s s T R 10 2 Rz 9 U s 7
e i P R

4 ING

oA 2003 4F 6 H 29 H~7 A 9 HAFH &R
G = U SO A R A3 LR 48

(D) MR BN RSN = R R EEA A, B
IR MBS R PR B = & . 5 80
ABMAN = FZMBEREM . XL R G H A L
Wi HE R 5 2 AR RO TER IR L o M B o R o
s R P A . R RIS = R A
P XU R B 2 R BOA A R 2200 Z i LU
BB A, PN A AR B B AR A
R 5 E AR

(2) Mz A RN I R AR G HARH]
7=, BT TR E I B = R L8, Pt
WRAE T B R A AR B DI, 2 5 1 e 2 A ] LA
VLRI URE, AR IR . = R AE IS
AU Z g A A 5 | 2 T LIRS e el R i
A PRI T RS DU Fath o e s R AR o 2 ) £
P& R TR 2 T 2 A2 1 £ s AR R A 15 B0
N A R REdL A N R

() A[FR = Z8 B 53 A R B = AR AR AR T
LERIE IR TR 0 2z R oA AT 35 56T e 5
KPR IEAT (8 1R I B 3 PR Y, RV fig 7
PURI TIN5 Y . ] WASBIETE A RAAIE S IR 1452



586

PN

Chinese Journal of Atmospheric Sciences

»y,
=

30 %
Vol. 30

e IGO0 BV Rt R M 2= AR AR 4 = AR
FHEAR R TEb 12, 35505 AR sh = R Ay
= AR TR B, 102 X 2 I A
Bz R B E AR I AR A L

(1]

(2]

(3]

[4]

L5]

[6]

[7]

[s]

[9]

S %3k (References)

Tao SY, Chen L X. A review of recent research on the East
Asia summer monsoon in China. Monsoon Meteorology. Ox-
ford: Oxford University Press, 1987. 60~92

Shibagaki Y, Yamanaka M D, Shimizu S, et al. Meso-beta to
-gamma-scale wind circulations associated with precipitating
clouds near Baiu front observed by the MU and meteorologi-
cal radars. J. Meteor. Soc. Japan, 2000, 78, 69~91
i, I ARSI A R B 10 R RUBE BRI S FE vk R URE SR 3.
LR, 1989, 47 (3): 312~323

Si Gongwang. On the large-scale circulation of Mei-Yu sys-
tem over East Asia. Acta Meteorologica Sinica (in Chinese) ,
1989, 47 (3): 312~323

R, RS, ARKE. MR L R = B 54T
BEFS G40, 1993, 4 (3): 278~285

Li Yulan, Tao Shiyan, Du Changxuan. An analysis of the
meso-convective cloud clusters in Mei-yu front. Journal of
Applied Meteorological Science (in Chinese), 1993, 4 (3):
278~285

LR, . ERE. 1991 MM = R 0 RE .
BRG] 1993, 4 (3): 286~292

Xiang Xukang, Ma Lan, Wang Dachang. The mesoscale a-
nalysis of the Mei-Yu front cloud system in 1991. Journal of
Applied Meteorological Science (in Chinese), 1993, 4 (3):
286~292

LR, R, v X RS 0 10 1R A e 4 5 O
TEIMBFFE. KSR, 1993, 17 (2): 172~184

Ma Qunfei. Zhao Sixiong. A study of Meiyu (Baiu) front and
convective cloud clusters during TAMEX. Chinese Journal
of Atmospheric Sciences (Scientia Atmospherica Sinica) (in
Chinese) . 1993, 17 (2): 172~184

Ninomiya K. Large- and meso-a-scale characteristics of
Meiyu/Baiu front associated with intense rainfalls in 1 - 10
July 1991. J. Meteor. Soc. Japan, 2000, 78: 141~157
sRANES, BITEE, SKRINOR]. MEREE B =SSR, RARE,
2004, 28 (2): 187~205

Zhang Xiaoling, Tao Shiyan, Zhang Shunli. Three types of
heavy rainstorms associated with the Meiyu front. Chinese
Journal of Atmospheric Sciences (in Chinese), 2004, 28
(2): 187~205

VETS ., FREAS. 99 - 67 HE A% R AR i U0 AR LR Y B A L

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

AHT. KRB, 2004, 28 (3): 312~356
Long Xiao, Cheng Linsheng. Numerical simulation and anal-
ysis for“99 « 6” Meiyu front rainstorm and the low vortex
with shear line. Chinese Journal of Atmospheric Sciences (in
Chinese) . 2004, 28 (3): 342~356
Zhou Yushu, Gao Shouting, Shen Samnel S P. A diagnostic
study of formation and structures of the Meiyu front system over
East Asia. J. Meteor. Soc. Japan, 2004, 82 (6): 1565~1576
TSR, B, ERE. 1991 FEMME = R0 RHA%
=4, 1994, 5 (3): 326~332
Xiang Xukang, Ma Lan, Wang Dachang. The analysis of
Meiyu front cloud system in 1991. Journal of Applied Mete-
orological Science (in Chinese), 1994, 5 (3): 326~332
Ninomiya K., Shibagaki Y. Cloud system families in the
Meiyu-Baiu front observed during 1 - 10 July 1991. J. Mete-
or. Soc. Japan, 2003, 81: 193~209
A, RS, KR, & KT RSt R w2 R
B, Blepimf, 2002, 47 (6): 467~473
Zhang Shunli, Tao Shiyan, Zhang Qingyun, et al. Large and
meso-a scale characteristics of intense rainfall in the mid- and
lower reaches of the Yangtze River. Chinese Science Bulle-
tin, 2002, 47 (9). 779~786
FERL AT A A T 0L 5 b DX il 2 2003 4 7
H. K%, 2003, 29 (10): 58~61
Dong Lin. July 2003—Frequent heavy rain and flood in the
Huaihe valley. Meteorological Monthly (in Chinese), 29
(10): 58~61
VLTS5, TSR, JUMgER. 7 m I 52 2 vh RO SR X i R 48
W2 A0, R 24A] . 1996, 7 (4): 473~478
Jiang Jixi, Xiang Xukang, Fan Meizhu. The spatial and tem-
poral distributions of severe convective system on Tibetan
Plateau in summer. Journal of Applied Meteorological Sci-
ence (in Chinese), 1996, 7 (4). 473~478
CAEMI, Al G S, M4 R, 4. TR 5 HIBEIRTE
KA MR, P55 B, XUASERE. Juat: B2
HRRAE, 1998, 382pp
Bader M J, Forbes G S, Grant J R, et al. Imagesin Weather
Forecasting: A Practical Guide for Interpreting Satellite
and Radar Imagery (in Chinese). Lu Naimeng, Ran maonong,
Liu Jian, et al. Translated. Beijing: Science Press, 1998.
382pp
{5 IRPETE. ARIRE R B RSE LRI Hk5 1998 4
KA. A HIIEHIFT . 2001, 6 (2): 139~145
Yi Qingju, Xu Xiangde. The propagation and development of
cloud cluster systems and severe precipitation event in 1998,
Climatic and Environmental Research (in Chinese), 2001, 6
(2): 139~145



