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Characteristics of Mesoscale Convective System and Its Effects on
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Abstract; Using FY2D-TBB data, radar echo data, routine meteorological data, precipitation data of auto-
matic weather stations, NCEP 1°X1° reanalysis data etc. are analyzed characteristics of mesoscale convec-
tive system (MCS) and its effects on short-time extremely heavy precipitation in Sichuan Basin during 21—
22 July 2012. The results show that: (1) This precipitation process has two significant 6 h short-time se-
vere rainfall stages. The first stage is from 00:00 to 06:00 BT 21 July 2012, and the second is from 21:00
BT 21 to 03:00 BT 22 July 2012. In the first stage, the short-time severe rainfall in western Sichuan Basin
is caused by MCS, which is affected by 500 hPa plateau vortex and 700 hPa low vortex shear line. In the
second stage, the extremely heavy rain is caused by the 500 hPa plateau vortex and 700 hPa southwest low
vortex. (2) Short-time severe rainfalls are usually caused by deep convections in MCS. In its developing
process, MCS is in meso-B-scale or meso-y-scale, having the features of low TBB values, big radar reflectivity

factors and high VIL values. (3) The analysis of sounding data shows that unstable energy of atmosphere is high,
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CAPE value is large and vertical wind shear is dramatic during the early stage of MCS. The interaction areas

of low-level cold and warm temperature advections are beneficial to induce MCS, and the temperature gra-

dient is high in these areas. Also during different developing periods, the structure of MCS shows positive

vorticity and negative divergence in low level, while negative vorticity and positive divergence exist in high

level. Such physical structure is an important factor for MCS to develop and maintain, and it is also one

physical mechanism for short-time severe precipitation.

Key words: short-time severe rainfall, southwest low vortex, mesoscale convective system (MCS), radar

reflectivity factor
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Fig. 1

Hourly evolution of convective cloud clusters from 0000 to 06:00 BT 21 July 2012 (a) and

from 17:00 BT 21 to 03:00 BT 22 July (b), accumulated precipitation from 23:00 BT 20 to
06:00 BT 21 July (¢) and from 19:00 BT 21 to 03:00 BT 22 July (d) (unit; mm)
[Colored area in (a) and (b) means cloud top TBB<Z—50C ]
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Fig. 2 1 h accumulated precipitation of the first stage from 01 to 06 BT 21 July 2012 (a—{f ) and the second

stage from 21 BT 21 to 02 BT 22 July 2012 (g—D in the heavy rainfall process (unit: mm)
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Fig.3 TBB evolution of MCS, (a, b) and MCS; (¢, d) and the corresponding station
numbers of rainfall intensity R=20 mm « h™' (e, {) (Tgg unit: C)

[MCS; means average cross-section along (29°—32°N,103.5°—105°E) ;

MCS; means average cross-section along (27.5°—31°N,104°—106°E) ]
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Fig. 4 Echo reflectivity of Chengdu Radar at 03:48 BT 21 July (a—c) and echo reflectivity
of Yibin radar at 21:08 BT 21 July (d—10) (unit: dBz)
(a, d) 0.5, (b, e) 1.5%, (c, ) 2.4°
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Fig. 6 Dynamical characteristics of MCS, and MCS; in different developing period (divergence and

relative vorticity, unit: 10 ° s

'; vertical speed unit: 107! Pa « s~ !); mean regions:
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[MCS; (29°—32°N,103.5°—105"E) , MCS,(27.5°—31°N,104°—106°E) ]
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Fig. 7 Vertical distribution of .. and 3-D wind field

[horizontal wind, unit; m« s~ !

; solid line means .., unit; K; shaded area means vertical speed,
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Fig. 8 Distribution of geopotential height and wind at 500 hPa (a,c,e) and 700 hPa (b,d,f)
(a, b) 20:00 BT 20; (c, d) 08:00 BT 21; (e, {) 20.00 BT 21 July

[wind unit; m « s !, geopotential height unit: dagpm, L means plateau vortex, H means West Pacific
subtropical high (WPSH) . C means southwest low vortex, C1 means low vortex of number 1 aroused

by C, C2 means low vortex of number 2 aroused by C]
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il GE B I AETE AR AN R 8 R T KA X Ik T
. BWIGIE20 B 20 BFAT 21 @ 20 B, MCS,
1 MCS, E25 i3 A e G (CAPE) ¢ 12 h
ZRT I, X A ] BE E (CIND 35 5 2 080) , 3 Ff
AL F T AR E RE B BRI, TR X I 3h & A T
MCS, E=%5 ) CAPE R K H CIN {EH i K. ik
F 120 J « kg ' Rh B AT F T0R SRR B A

) BOTREBR, BWIRER . A K
R 32~41 K Z [, R R EC L TR AR
JE S ML T AR A U AE 18~21 g » kg ' Z [H], 350
T AR AR 700 hPa % Hi I #5 46 5 i 1 RH ik %]
8820 ~98 0 » #A 1 N BE S A 19 J K AE 8 T 1 20K
o JE M X H A 7E 20 H 20 B b R R 59 %0,
SIS0 S 82 U o AW I BE /N o HL b TH K IR TR & T

F1 MCSHIERZ=MEENH
Table 1 Physical value analysis for MCS by using sounding stations

, . CAPE/ CIN/ KI/ LI/ PLEC/ PLCL/ Qsurf/ RH/
i il D D K K hPa hPa g kg ! %
20 H 08:00 IR 308.7 7.5 38 —1.18 873 943 18.8 94~100
H i 45.8 55. 4 —0.29 519 645 11.4 82
EAy) 43.3 7.3 —0.95 604. 9 656 11.5 94
kM 714. 2 59.3 41 —1.22 781. 2 937 19.5 89~94
B 319. 1 19.4 37 —1.76 851. 1 937 18.3 80~94
20 H 20:00 IR 433.5 0 38 —2.45 939.9 899.7 18.8 85~98
H 385.3 195.7 0.51 544. 8 595 11.5 59
N 1088. 3 121.3 —2.31 544. 8 634 13.2 82
S| 3926. 5 0 43 —5.16 959.9 906 22.9 70~88
HE 991. 4 64.2 41 —2.25 701.7 905. 7 19.6 80~88
21 H 08:00 IR 170.7 90. 3 39 —1.31 664. 3 924. 3 19.3 76~94
H#& 0 0 0.45 — 663 11. 42 94
Eay) 100. 2 6.9 —1.18 610 656 12. 4 94
S| 1543.9 0 41 —1.25 959 905. 7 19.6 70~94
HE 361.3 18.9 32 —0.12 839 945 19.6 63~94
21 H 20:00 YL 0 0 35 2.72 — 912 16.63 88~94
H 19.9 91.9 —0.77 522.9 606. 9 10. 67 63
AW 167. 4 0 —0. 68 628.5 638 11.52 70~85
kM 2239. 8 98 45 —4.49 775.5 931 22.1 74~94
B 1479.7 0.7 39 —2.4 918. 1 918 20. 82 88~94

XA B BB (CAPE) X i 40 i B8 4 (CIND (KT 48 50K 45 80 1 46 FHE 8L D |« B 3 3 B (PLEC) (4R THBE 45 & 12 (PLCL) b K RIR &

L (Qsur f) (700 hPa 3 Hu i A X 38 B (RED
VARG S HSOMZL RS Y RE S 0 .

Note: Convective available potential energy (CAPE), convective inhibition (CIN), K index (KI), surface lifting index (LI), free convection level

(PLFC) . lifting condensation level (PLCL) . surface vapor mixing ratio (Qsurf) and relative humidity (RH) from 700 hPa to land surface;

“—” means default. RH of Ganzi and Hongyuan means surface relative humidity.
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I 3/ BsF o 22 4t P AL T LA 6 B v L e X
KA FAH R HaTH AT b RIEEA TBB HBAR 0 % i
7 0 BN AT AS BB R e B 5 R T

H AT UL SR N 2 T b D DX R 15 %
SRR MCS, M & BB R R R A MCS, |
MCS, , %25 % kL itE — 25 2 Fr 2 8 - [ % 4~ MCS
XA FE E BE A 7E (CPAE>0) . fH MCS, %
WK TR 22 M R TR R B OR OB S R B OK T
MCS, 1 MCS, HJE KR & Hm k7 A FiY
EEDAR A Ay [T o =7 ) IS N S R 7o 31
i 38R 5 R

3 Ah T-logp B s (B 9) s H #cl (& 9a) Fi4r
Jir 3l T ) ) Il B T 2 55 10 R 4 M K i SR AR
JESNEE, R R G I T2 A T . R T
([ 9b) 1 B 8 K, B NG B D) AR R AE . R4

B9 201247 H 20 B 20 B () H & (DIEILA 21 H 20 B () EHIE (D IEHH T-logp B/ HF
Fig. 9 Analysis of T-logp for Ganzi (a), Wenjiang (b) at 20:00 BT 20 July
and Yibin (c¢), Dazhou (d) at 20.00 BT 21 July 2012
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CIE 90 FIK M 3k (& 9 BIIRFE SR IR . R4 2
JELINT SR AT . Lol PR s SR W AR E B R TR O
1 L2 A B DDA AT ] 7 A I iR B A 2R 3
B 250 PR ORI — N E B A
X MR S AR A 9 15 6L - S B B KT 1) ) E
oA T P R T O — A E R R
Kl 10a Fi1 10b HpEH, 20 H 20 B} 700 hPa I % Hh
VY FB— 7 A7 A5 ¥ W 3T DX I BE A B R A R T

RAMNFRE AR = F LI H S B2 50 1 55
A 3 T X R gL & 3h, ) 21 | 20
BT ek 8 SF- ¥4 192 S W e A 2k b i 0 DX T
M BILA SR A R TR B e D s R R R
. MWIRZETLEE B —Br B (& 10c #1 10d) . 4%
MG AL 500 F1 700 hPa 45 — 4~ 1F I8 BE o0 fr
EIARTE S AT I LR A, [FRR LRSS — B
([l 10e F1 100) , 73 1 g 5 1) 1E i B IR AR VR TR, g4
P I ZR B8 K R T IR B AR R R R AR R

98 102 106 110°E

Bl 10 700 hPa g3 -3 (as b) 500 hPalc, e) Fl 700 hPa(d, )i & 43 #i
(a, ¢, ) 20 H 20 B, (b, d, D 21 H 20 B
LBRBERAAL: 1077 s 1 MR PR 107°C « 571 (@A) HpeC iR
SRV -3, WA 3R R T O
Fig. 10 700 hPa total temperature advection (a, b), 500 hPa vorticity (c, e)
and 700 hPa vorticity (d, f)
(a. ¢y e) 20:00 BT 20. (b, d. £ 20.00 BT 21

(vorticity unit; 107° s~ !; temperature advection unit; 107°C « s

—1; “C” means

cold temperature advection, “W” means warm temperature advection)
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