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Preliminary Analysis of Structure Characteristics and Causes

for Heavy-Rain-Producing Vortex-Shaped MCS

WU Tao ZHANG Jiaguo NIU Ben
Wuhan Central Meteorological Observatory, Wuhan 430074

Abstract: Radar echo characteristics of the vortex-shaped mesoscale convective system (MCS) that pro-
duced heavy rain in Jianghan Plain of Hubei Province on 18 June 2011 and the possible causes of MCS
structure are analyzed by using Doppler radar data, conventional observations and dense surface observa-
tions and the radar 4D-Var wind retrieval data. The results show that: (1) Heavy-rain-producing vortex-
shaped MCS echoes in mature stage showed multiple spiral convective echo belts with cyclonic curvature,
surrounded by stratiform cloud echoes and evolving into the cold and warm frontal structure as a result of
invasion of cold air. Echo merger and vorticity train effect are the main characteristics of motion in produ-
cing severe precipitation. (2) The vortex-shaped MCS which was in favorable environment was the result
of severe development of boundary layer mesoscale vortex system in the transition zone of western Hubei
mountain and Jianghan Plain. (3) The formation of the mesoscale vortex system was closely related to the
development of the surface reverted warm trough, rainfall in the front of the southwest vortex and special
terrain. Strong convergence of airflows from different directions was the main mechanism of the develop-
ment in its earlier stage. The late development might be related to latent heat release, for the vortex circu-

lation developed upward to 700 hPa.
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Fig. 1 Overlap map of intensive precipitation
distribution from 20:00 BT 17 to 08:00 BT
18 June 2011 and terrain
(color map: altitude field; thick black line: the border
of Hubei Province; blue line: river; red solid line: rainfall;
line with arrow: MCS movement path; dashed box:
intensive precipitation region generated by vortex MCS;

dot: stations with 3 h heavy rain > 100 mm)

AR B MCS # 3w A itk w] B8 5 9 g 1Y
KB RIEAKFR ., WAHEE 35 22300 W 5, % 3)
WA R . A SR R K 4R B fE MCS-D1 #il MCS-
D2, Hirp MCS-D2 £ A/Nif i/ 64 mm, MCS-D1
S 4 h /NIRRT 50 mm, i Ky 96 mm,

3.3 HLHMR

BB A 18 H 0508 i, il 55 (8] 5 X i [ o
— P K, MCSD1 5 MCS-D2 4k 2 4 55 H 5 B 5
55 (] 2) . 2 08 i MCS-D1 58 4238 55 N 2 IR = F%
KNP, AR MCS-D2 J5 # A7 4 I B 44 5 AT 3
T T AL Tz 2l R A 1] iy e 4 H T Ok L 5
o] P X 72 7 B LS. IR e s Bl s . B S Rk
(Kl 2h),

4 WRTER MCS B BT fig 5 B R

4.1 ERHEERIR M EE R T FIIRE
%

ARAE 1B P R AR T O AR VP U 2R
CRECARAE.2008) o 78 i JEURE A< B8 19 K F- 4 i) #4

v He CRRT PR @ ) s P B 58, R 1 7 g A1
164 b T 27 5 R Sy i S )28 o RUBBE 3R S8 T 130 R iR e AR
MCS & FE AR R 4244t A R B EE3 .
4.1.1 BHRAREBEBIEEERF TARE
W R R G R

AT 16—17 H 20 B =5 25 B 0l 0 (& 4a, 4b)
500 hPa @l 120°E H LA T 21°~22°N, 2 i vy
ik S A R T B S B P R T 1) 0 A ek KR
AT E RE & - [ I e B A 8 O 1] b 3R 2R 7% 2t
(eI R (=) ) A (A N e S i
AR 2 U R 2 Pl A PR S Y Il PO
LG EELE 16 H 20 B REAR 20 dagpm, 3 W] P4 e 41K
WO RE(E dc.4d) . TEBEVE pE IR & R, fE VS M
103 5 A1 e 22 D) g Sy B T AR R S A i L R A I s
LU U2 BB S 0 (B de, 4D G i A
T UE 39 B P O IR ) VT » 74 A i T 000 5 e T 12
IR 2 Bl (1 4g.4h) . 17 H % (8] BE 76 7 I i
R AN R IR & g . R, 6Ty /N T g R 5
JE (0 RERR AR L A5 5 02 =X 1 728 A b D 2R A<t
i (P 5 50 (B AD WA R TEME LR, H
PLTR 20 B n] 1, R TR 1) b T (80 RS VG RS AR 5 i A2
Hh RUBE TR IE 3R G0 0 WK Je A 8 VD10 R o b T IO £ A
PR T T b ROEE A e &R GE I8 I TE 168 B BR B 3
FIPREE 37 0 10 PG A A 30 0 B K 2 R RO
i T8 U PR 45 6 R A S5 & 5 BOL DT 5 v
FRUBE W Tié 2R BE T I
4.1.2 ‘s HZ A A T MCS &K E >4

AR B 7K 7 A= 1 ) BRI e /K 38 e T o 2
bTtiE gl kA 2 B K TR B K RIOR (AT /N S 55
2006) s 43 M 45 45 B2 Ak v 2601 W e ALK 30 AR 00 7 i <A
PER MCS & B AR 7 A R 583 .

ST TE IR MCS ZR 0 iy o 048 25 B8k CRRLG
EA=P RS NI S A I N A IR E DS
Y (& D BRI A J L NASFRE &0 F . Br 17 H
08 By CAPE 3% 15 ] 1 T8I 8 SF 6 1 5% e T T~ R o0 L K
TRER CAPE YW 3 m, 2= 17 H 20 if CAPE ik
1120 J « kg ', H CIN /N, FHA B Z AT h
SRR I ANAR E BB A AT AR A Oy E R N AR AR b T
g, WKIRAMEE 850 hPa & mi i E 5 5 fn i
Pl BT R M AR R R R A (& 5) .17 H
20 Bf R AT K IS ZE 64 mm, R B KR A S .
IR R )2 R AR F KR Z128 & . 0C
JZE AL T 5 km A A7 I R R BELS & LT



544 4, % W43 %

925 hPa (0.72 km SO ITF ., KHBE = ERE,

. o 52 RRERE RS RER 5 KR MCS
SR 09 CAPE LA Bl 1 40 16 7% R it 506 % R RER R G RE RS RIEHR

KV HE I 22 2 1 5 2 T Ak K IR ek
NN 2006) DY I K JRCTE B AN A L IR 5 U2 R AR HER MCS JE A5 56 7 1L — Y00 J5
CAPE Tt A5 (S A TR K . bl — At RE 8 72 5 0 A A )

() 1
J

dBz

10 15 20 25 30 35 40 45 50 55 60 65

B2 201146 A 17 H 20 Af(a),22 Hf(b),23 B (c),18 H 01 Hf(d),02 Bf (e)
05 [ (£),06 B (g) A1 08 i (h) 4 FEAR MCS 2145 S 3 X 1 3 A2 [

(A B.C FEIRYI AT 0 I R AL A8 LU R MCS, D R iR ek MCS,D1.D2 43 5
LR B ER MCS Hr iy A4~ MCS, X R iR Jietk MCS J5 #55 [ X, jE L3RR MCS
5 ST R R T =45 dBz (% i 4 R K [ 17 A B 1R 2a rP SR AR OR )

Fig. 2 Evolution charts of vortex MCS composite reflectivity at 20:00 (a),
22:00 (b), 23:00 (¢) BT 17 June; 01:00 (d), 02:00 (e), 05:00 (),
06:00 (g), 08:00 (h) BT 18 June 2011
(A, B, C represent MCS initialized in Wufeng, north of Hunan, Jianghan Plane; D means
vortex MCS; and D1, D2 stand for the MCS from vortex MCS; X is the weak echo
zone at the back of vortex MCS; dashed line means the convective echo band

with reflectivity = 45 dBz; black dot in Fig. 2a is for Wufeng)
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Fig. 3 Evolution of the vortex MCS vertical structure from 20:00 BT 17
to 02:00 BT 18 June 2011
(a) MCS-A at 20:00 BT 17, (b) MCS-A at 22:00 BT 17, (¢) MCS-B at 22:00 BT 17, (d) lambdoid echo
at 23:00 BT 17, (e) northern of MCS-D at 02:00 BT 18, (f) southern of MCS-D at 02.:00 BT 18

(Figs. 3a— 3f represent the vertical structure crossed by black line segment in aa’ in Fig. 2a,

aa' in Fig. 2b, bb’ in Fig. 2b, cc’ in Fig. 2c, ee’ in Fig. 2e, dd’ in Fig. 2¢)
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Fig. 4 Synoptic charts of upper-air at 500 hPa (a, b), 700 hPa (c. d)., 850 hPa (e, {) and surface (g, h)
at 20:00 BT 16 (a, ¢, e, g) and 20:00 BT 17 (b, d, f, h) June 2011
(Thin solid line is contour and thin dashed line is isotherm Figs. 4a—4f; solid line in Figs. 4g—4h is sea level pressure;
thick dashed line is trough in Figs. 4a—4b; D reprents southwest vortex in Figs. 4c—4d; thick dashed line in Fig. 4f

means warm shear line; thick dashed line in Fig. 4h is low trough line; black dot reprents vortex MCS)
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Table 1 Time variation of physical parameters at Wuhan Sounding Station
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Fig.5 T-lnp diagram of Wuhan Sounding
Station at 20:00 BT 17 June 2011
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Fig. 6 Evolution of surface mesoscale system
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(Wind bar represents weather station wind; color
map means terrain, red dashed line is isothermal
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dashed line is convergent line;

D represents mesoscale vortex)
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(Wind bars mean 4D-Var wind retrieval of Jinzhou radar; color map represents reflectivity; D refers

to mesoscale vortex; line with arrow stands for weak inflow at the back of the vortex MCS)
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(Wind bar means wind from surface weather station; color map represents reflectivity;

blue thick dashed line is convergent line; D stands for mesoscale vortex)
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