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Abstract Mesoscale convective systems (MCSs) usually develop in the middle and lower reaches of the Yangtze
River during the Meiyu period. MCSs include multi-scale structure from meso-a scale convective system to meso-y
scale convective system. Many researches have been done about the characteristics of meso-a scale convective sys-
tem, while in many cases meso-§ scale convective system is the main cause of rainstorm occurrence. There also exist
meso-7Y scale convective cells in meso-8 scale convective system. In this paper, a case of torrential rain during the
Meiyu period of 22 - 23 July 2002 is simulated using mesocale model MM5 (v3). The observed rainband with a
northeast-southwest orientation exists in the middle and lower reaches of the Yangtze River. The accumulated 24 h
rainfall is over 150 mm. Doppler radar data observed in Changde and Yichang are used together with the simulation

results to analyze the characteristics of MCSs. A new explicit microphysical scheme implemented to MM5 by Lou
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Xiaofeng (2002) is used in the simulation. Three-level nesting structure of domains is designed. The grid intervals
of three domains are 30 km, 10 km and 3. 33 km, respectively, and correspondingly the horizontal areas are 2400
km, 900 km and 300 km. Such a design of domains is able to describe not only the large scale weather background
but also the cloud with a few kilometers size. To compare easily with observation data, the radar reflectivity of sim-
ulation is calculated according to the relationship between radar reflectivity and water substances. The time interval
to output model results is intensive to 5 minutes in order to have a good look at echo’s continuously developing
processes. Simulation results basically coincide with observation data. Structure and dynamic characteristics of me-
so-as [, ¥ scale echo and distribution of cloud and precipitation particles are discussed. Results show: there exists a
low level shear line of northeast-southwest orientation over the middle reaches of the Yangtze River. Echo in the east
airflow on the north side of the shear line is weaker, while in the southwest airflow on the south side the convective
echo develops more strongly, merging and separating continually, which form the meso-a scale convective zone along
the shear line. In this zone there exist meso-f scale wave trains of northeast-southwest orientation which are com-
posed of several meso-y scale echo moving from southwest to northeast. New echo is mainly produced on the back-
side of old echo. Meso-y scale echo has corresponding scale convergence and divergence structure. Cloud and precip-
itation particles cooperate with dynamical structure. The location and intensity of cloud water are decided by those of
the ascending motion. Rain water is produced first at low level through warm rain process during the initial stage of
precipitation, and ice phase particles are very important to rain water during the mature stage. Strong echo produces
outflow near the surface. In the southwest airflow, the echo far from the shear line moves faster than that near the
line, which causes echo merging; strong echo produces downdraft and divergence which cause the echo separating. A

conceptual model of Meiyu cloud system structure is derived from the numerical simulations in this paper.

Key words

1 5|8

R e S S 2 XU 1) I 3 X 3 52 9 i UK 3R
i, WEJE F K BT IR [R5 kit v K
FU L MR R R TR A AR R SR R A
T W KB E RO R G LL KB AT B A AR
B HER i . HAZ R, H R
FEXS ARG (MCSs) R I HAE M AG . PR
JEXAGEN o FRER] vy FIUE, HH5 « PR
JEE M A AR TP B UG I 2R, A Y2 R L R A Y
MCS, 5 b REE X 3t 28 48 ) A1 B 40 0 4 R ik
Z, JAFR R ER A A SEE TR T FF X
FOEEXS L A S8 9 K AU B AP WL . 1998 4R H
ARSI T USRS 0 2R GE A 4 F A A 2 A JRAL B
WFFE” 1R, BN 1999 4E 2 2002 AR AE H [ AR F1 H
ARJUMBEAT  FRIBCT TR 225 8 7 3K 25 L0 ¢
B RAWTIT 7RI B FEnle g PR, v
RS . FE T 2001 ~2002 4EJFJ T 973
T [ E R G R T JL A 0 B e
G s AT N FREA T — AR B A R A2 2 1 B PRt
I BRICT I 2 A R A 2 RO BEORE
R Y 0 A SR o A R e O M0 T 2445 ) 22 L

Meiyu, mesoscale convective system, radar reflectivity, numerical simulation

GEORE, DA S RS AR 2 A I8, X A T e 4
FHR ROBE X R Gt A7 T A5 . Moteki
SR B R PORPRBUE A 6 1999 47 A I He 45
FFN R R FE AT T AMEE ST . F5 0 A R 5 R TR AT
FE— 2K TRAE , WK BT AT A MK P2 A, MEIT B L
TR = BEK T K Y™ (8 (A TR 4 17 7 7%
FEKEERIE, FR T RRE. RAREUK
o R, B R BEMG M 2 45 F9 . Yamada 250 X
2001 4F 6 J] 18 H g B ) & A= 7R VL T Ui
— KA RIS T 74007, TR BER R 1T
o PRIEXTR RG B BUA 24 B REXT R,
X B RUEE R G A TR A R &, HIE
B =4 4 AN AR TR . DL 5 450 ) S i)
BEXF 1998 4E 7 H 20~22 H KL 58 & i 2 1
A RRHAT AT AR B TR R G002 2% W 1Y A B %
JEH . PhEEARSEDXE 2002 4F 6 ) 1 — YRR LR g
MR YA L M REEXTIR R G171 0 b7, 45
HB A ROBEXS I R e P B i S AR TR REE R A
LMIELS  BHRIEM y h RE RS S AR RE
X RGPS B 7 AN —35, A ST A R IA 45
T HRUEE MCSs 4 s RN (H R ol T A I A
TS BUARE 2 22 R % A R T AR W e ik



14 PIVAR - AT A BRRAD B /N RUBE S5 R 7 A F 5

No. 1

SUN Jing et al. A Numerical Simulation on Torrential Rain During the Meiyu Period and Analysis of. .. 3

— 5, RIS H AT o R B R R X i
RGN Z . Ty o RE XA i 4 21 4540
B REVICEANTR o R, B R XL R 5
Z R A A FE G B2 BRAIESE

2002 47 H 22~23 H., fEFRERKILH T
BT — UK A R A R W O A, X UG R S
973 W H “F [ E KRG UK E T B AT e
W98 BN CRTFR 973 SR37i5e) s
WA Z— SO I 3 BRI T i s
Oy BRI L2 RO BERE . R RS S ] R 2
By IR BRI [n] 38R 3 3 B 7 i+ R I Uk AR
NP B 3K [ 30 5 B R S KAt T T RIS . AR SO
FEMFF R R MM5 = F# [ A% (30 km/
10 km/3. 33 km) BIPLX KSR, 456 2 uh 0
DU 1 2238 8y T TR POk, J AT A M M R A 2 T P R
JEXHR ARG o FREE, B R, v R LS 4R
R LR K S TR A 2 B KR 143

2 EWMRKRIEMFEEALR

IR A FTRY 2002 48 7 F 22 H 08 I (db
it TRED R (RN KE, EXHRE S
2 R S X DL IR T8 R D e b XA
FE—ABHZE R, BHL 5 A9 7R 1T 2 2R KA, KL
R XA T AR R ARG R IR . AT P KSR
FEFR EH VLR E AR ] 2 AR P 2 ) oA . KL
HR L IX FE 200 hPa b A T 20 lds Ja I iy v 25
FRHX., 500 hPa i T4 PG ] B Az 3) X, 850 hPa
AT BRI R S A — MR PO AR
V8 B YA b DX ) 7K R A o B 3% B VT R i b X
3% LI K PR A DXORITZR 04 46 1) o0 A i VD AR 2%
Bl T 2 B AR S KA R I AR B R RUE Y
PURE RS, R o Fe P fifr, 28 1) B0 B S e
500 hPa () Tz 8 X 1 850 hPa 4] 75 £k [a] it i)
2 R BUZRAC PR 3 Al . ZDAM DR =
AU BV IX 2545 B 2 1) A2 4k (I . X2
—UCEAT I 28 ) A A I A e AR SRR EK UL
H T Db DX R KR IR A

M7 H 22 H 08 WF] 23 H 08 B[4 6 /NS
MR (B D wJLEH, 22 H 08~14 BffE
KL 3 DA ZR Y 20 mm 22 45 R B K X
bliE RRGEIM G K, J3 R R XA 328 ] AR
ARAC-PUPa R AR K 6 /NEFRE KA A 20 mm

A7 23 H 02~08 BRIk S8R0, B K 6 /)Nt
FsKik 60 mm DL b, K TR VT e 2 R e b X
T — 25 AR AU VE I J7 1] 43 A R R . 7R 24 h Rt
Rk B E (BB o B4 BERE L 2000 km, £E7E 3
A~ 100 mm Ph_ BB AP XU R B T AL
15 2 T T 0 DX R R R ML Sy R R
R, 24 /N BRI A E] 148, 7 mm,

3 HWMTRERNE

ARSI A& PSU NCAR (1) A RUBE A ) 52
H MM5 (v3), SRR B ) = B s A%, A5
PUXK I L& 2, 25— WAS O B (30°N,
111°E) s = H PR K A5 54 51 8 30 km, 10 km,
3.33 km, % B HIN 73X 73, 91X 91, 91X 91,
FKOEREITE FE 2 A F] T 2400 km, 900 km, 300 km,
FARBR AR B B R S W R, ] LA
WAFREIVAB 4k, BEEZEECON 23 )2,
RN ML 2002 4 7 H 22 H 08 A5 23 H 08 A
3L 24 /NEF, R T106 BEA}, H RLHE 1] AR 2 TR
TGS o BEHDLRT X 5 — 2 RN AR — 8 ] A% R R X
MSEA T RS AL G, W =&
Mg R 2. BEER A KE XRS50k 7
ZHMMRF 17 B R Z %, B0 RA%N
R 2002 4E HEE A A MM5 [ 2 Kok B 25 &,
ZHEWME AR, sk WL K. FE
FIRA R Q. Q.. Q.. Q. Q.. Q) FIFI. ¥k
i SRR E (N, Ni. N.. N DR =
WS Foo 30F 11 A B, B8 T 31 Mz
PFL AR, 5 MMS JEAE W Z AL, 3 TR
Bk B i, S8 T 2 B R, @ E R
FEoK . A 2 AR BIEA TR, JF S MM JR A
BT S A TR LA AT e WY o OB 7 228 B n AL e
iR

4 FEKRERPER

M 2002 4E 7 H 22 H 08 BFE] 23 H 08 4]
W) 6 /INET R K AR L (Bl 3) KA. 22 H 08 B}
20 BFFEAKEL 5, AR T AP X 40 A 3 LA &
AR LA 20 mm A2 47 YRR K oty 0 B AR EE 5
SERLEAR—F, 22 H 20 I & 23 H 02 IFFEH ST
Gesn, Rk ELA /NG R SR BT AR AR -TE vy
T 1) 43 A5 PR TRHT » BB 28 0] I 308 9 ik » RS AN



P 31 &

Chinese Journal of Atmospheric Sciences Vol. 31

38°N
36°N
34°N
32°N
30°N
28°N
26°N
24°N

22°N

104°E  108°E

112°E

116°E

120°E

©
38°N

36°N
34°N
32°N
30°N
28°N
26°N
24°N

22°N

Z

104°E  108°E

112°E

116°E

120°E

(b) 2]

38°N
36°N
34°N
32°N
30°N 1
28°N
26°N
24°N 1

22°N

104°E  108°E 112°E  116°E  120°E

&
38°N+

36°N

34°N
32°N
30°N+
28°N
26°N
24°N

22°N1

104°E  108°E  112°E  116°E  120°E

B 1 2002 4F 7 HS2MERT AT (A7 mm ). (a) 22 H 08~14 5 (b) 22 H 14~20 If; (o) 22 H 20 Bf~23 H 02 i; (d) 23 H 02~08 i
Fig. 1 Observed rainfall (mm) in Jul 2002; (a) 0800 = 1400 LLST 22 Jul; (b) 1400 - 2000 LLST 22 Jul; (¢) 2000 LST 22 Jul to 0200 LST 23
Jul; (d) 0200-0800 LST 23 Jul

D02

&

N

(23

i

104°E

108°E

112°E

116°E

B2 =K HEREIXIE D01, Doz, Do3

Fig. 2 Three-level nesting of simulated domains D01, D02, D03

120°E

KBEARSEIE R, T HIZHir e 2R AL - P R 1) 0 A A
24 h ZitEeoK B () b BT EEAE] 1700 km,
P2 600 km, K A H RN A7 AEZ 4> 100 mm
DAL L. BORFEK B 160 mm., AEAELHY
PR RN, B IX A A8 E 5 50
FARW) G HCBUS AL T A Rl [ A 2R 2
[ FE AL X —F A

5 HREMNBERZWEHSTH

5.1 o HRELFHFFE

22 H 08 i, EE RO T, EH LR AR
P A (I o 2 KRG, e [ 2
Wik AR . 22 B 18 IF. Wb X 19 2 ks
JER AR F Sl W R R E 3 XA AR P PR
WA bk . I 1 AR AL 5 10 8 8l 23 | 00 B, 74



14 PIVAR - AT A BRRAD B /N RUBE S5 R 7 A F 5

No. 1

SUN Jing et al. A Numerical Simulation on Torrential Rain During the Meiyu Period and Analysis of. .. 5

38°N
36°N
34°N
32°N
30°N
28°N
26°N
24°N

22°N

104°E  108°E 112°E  116°E  120°E

10

© i £%2]

38°N
36°N
34°N
32°N
30°N
28°N
26°N
24°N

22°N

f

104°E  108°E  112°E  116°E  120°E

38°N
36°N
34°N
32°N

30°N+

28°N
26°N

24°N

To= ;10

22°N o

iy
104°E  108°E  112°E  116°E  120°E
38 .
36°N /V/

32°N

o OW 5 L {03
34°N N @W 0

30°N+

28°N
26°N ] 1{’5
Q
24°N ]
22°N ©<2°‘Q\:
104°E  108°E  112°E  116°E  120°E

B 3 2002 4F 7 F RIS G mm ) (a) 22 H 08~14 Bf; (b) 22 H 14~20 B}; (o) 22 H 20 Bf~23 H 02 i (d) 23 H 02~08 K
Fig. 3 Simulated rainfall (mm) in Jul 2002: (a) 0800 - 1400 LST 22 Jul; (b) 1400 - 2000 LST 22 Jul; (¢) 2000 LLST 22 Jul to 0200 LLST

23 Jul; (d) 0200 - 0800 LST 23 Jul

FRRE = Al e 63l T 23 H 04 BRI L rhEIE
B — R ARIPU R T MR =il . AN 973 A7l
W 2 Rk (8. (29°10'N, 111°42'E) ]
19 0. 5" PPT [ml s B 1 (& 4) b a] IR A&
WA H . M 22 H 21.00 3| 23 H 02.47 75 % 1 J& [
600 km 5 il P4 [l i 43 A e A= W s A8 Ak, 2100 B
(& 4a) , W 1R JE A A LS E RN 2R 1 . fl
J5 R AR 813 1) AR A6 A% 20 - HL 9 B2 Vs . 1 7Y
TR [ 3 45 I 5 B B S i, 7E 23 H 00233 1)
(E 4b) s TER— 45 AR A PE R J5 a1 1) o H RUBE X 3t [l
Wty s I 29 400 km, FE25150 km, [A13 e ik
F| 55 dBZ, [l B ET I AR S g, AR E (&
do), YEFFWFRIZE 5 AN/NEFLL F L S dL g b
X,

AR i3 B s ] A R 7K [0 38 2 A R s 22 () 4540

S A —F B 5 5 U WA LY
1.5 km 5 B8 35 MU AR, & PR T HE X8 5
P L B R N R AR X N o YR
PEAT IR RS K D) AE, 22 H 21 B, P1AR4Zk
BRARI-PUVG RS Ty M) 4345 s AEVIAR L b DL AL
H AR R A LB s Bl . Bl . YAkl
MR R — B e R — 5 B X, V1A rg
) B PG R A0 2 R A T AR B A [l ) D) AR 2 A
3l L Z A A IR B RG %, 7E 23 H 00 BB
SR APU RS [0 3 A1 1 o R ROBE X T . K
24 500 km, &y 200 km, [Al K 50 dBZ, 5
P 2 ) R AR ERIN A [ LR A L ARG o H R
X3t [T R B RUBE L B i I R R 4 0
NS0 AR AL 18 R T A 1 R U, 7l 8 [l A
A1) 235 44 320 T 2 2P O e P [ 8ty o ) st



P 31 &

6 Chinese Journal of Atmospheric Sciences

Vol. 31

I N BN IS .
5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 dBZ

4 2002 4F 7 WSS B EIBHMAY 0. 5° AMFA PP [l B AZ A . (a) 22 H 21005 (b) 23 H 00:33; () 23 H 02:47
Fig. 4 PPI reflectivity at the elevation of 0. 5° observed by Changde radar: (a) 2100 LST 22 Jul 2002; (b) 0033 LST 23 Jul 2002; (¢) 0247
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Fig. 7 CAPPI reflectivity at 4 km height observed by Yichang radar at different time on 22 Jul 2002 (thick solid lines represent wave trains)
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