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Numerical Simulation of Mesoscale Convective System in

the Warm Sector of Beijing “7. 21” Severe Rainstorm

WANG Shuli KANG Hongwen GU Xianggian NI Yungqi

State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract; A few operational models predicted the Beijing “7.21” (21 July 2012) severe rainstorm with the
wrong reason that the severe convective rainstorm resulted mainly from cold front. In fact, a large amount
of rainfall occurred over the warm area of the southwest of Beijing before the cold front. In this paper, af-
ter assimilating the surface and sounding conventional data three times by ensemble Kalman filter (EnKF)
method, a non-hydrostatic mesoscale numerical model (WRF) that has a collection of 30 members was em-
ployed to simulate the process. The comparison of a better member and a worse member reveals that the
better member can successfully simulate the mesoscale convective system (MCS) in the warm sector in the
central and western part of Hebei Province and the southwest of Beijing and the relatively stable system
configuration, thus making the MCS fully develop over Beijing. So, it does a better simulation of the
warm-sector precipitation during the process of the severe rainstorm. In contrast, the worse member fails
to simulate the precipitation in warm sector, and turns out to be frontal precipitation with the rain band
southerly and the occurrence time lagged. The difference in these simulated results is greatly related to the

corresponding simulated location of the low vortex in each ensemble member. The improvement in initial
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field of ensemble member by EnKF, which makes the simulated movement and development of main influ-

ence systems more accurate, is therefore the key to simulate the trigger and maintenance of the convective

system in warm sector successfully.

Key words: rainstorm, mesoscale convective system (MCS), ensemble Kalman filter (EnKF), ensemble

forecast
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Fig. 1 The observation (a, d), member 23 (b, e), member 14 (c, ) 200 hPa jet axis (dark purple), troughs

at 500, 700, 850 hPa (brown), 588 dagpm isoline (blue), 850 hPa vortex, warm humid low-level

jet (red) and 700 hPa water vapor transportion belt (light purple) at
08:00 BT (a, b, ¢), 20:00 BT (d, e, ) 21 July 2012

3 MCS RS FFEK I E

TEERXF 21 H 14 B A4 T b6 25 b st il Xl R
SRR MCS 2 G2 1 il & B 18 28 2ok B 306 47 1 40
I3 . FESEZHLE A (B 2) .14 B 45 dBz DL B Y
5E8 ] 38 X AEAE T I0T Ik e P 3 L b A S A L X
([ 2a) AL AF7E 2 450 I B A L 3 2 1 A I X B
Kt FE A E B RS 17 B BT L s P
P o LU [ 38 DX i I Y 5 LB AT B AR A PE R
J7 1 #% 2 (1l 2b) 520 B A6 5 75 1 FB8AE 7 — 4> 45 dBz
DL 5 R B [ (R 20) 5 W 4 %

TE mem23 AL 45 L o, 14 B AT b A Py 3 AL
R R B LU BT M X AT 40 dBz DL b A9 [ X
(JEl 3a) - 156 B 122 B B3 76 B DX 8 /K I B PN 401 1 22 4
MU R G Bl 7R Rl IS B 17—20 W% 825 W 0L TR

A5 B LB T 19 1 b DXt AR 0L R 9 L G 1) A £k
P MCS R 48 /9 3% 1] 9% X (& 3b #l 3¢) . £ AE 21
H A B X R 7K R0 T 4 7K R B PN 5 92 B B3 RS0 HE 5
SEBLAE R — SR XS B . T 7E mem14 [ L4
RP 7R 14 By A6 v g AR -5 b b XA i 8] AT
7 (& 3d) ,40 dBz D 1 g 56 81 3 B0 17 B A 31
A B A S 0 A o) PG A 3R WD B S B0 A A
H I DX R 7K ok R v B 0 3 T 2l s T L B T R K e
BerA AL B 6 I I B0 07 B Fl S A0 O 1] 7Y R
(& 3e 130,

XoF L S 0L 285 L A A B mem23 5 8K 25 A IR
mem14 A A 76 Bz X Ff 7K B BE, mem23 BLfHE T 5
S35 S ARARL P 8 XS A 3 2l T mem 14 H A 2L
A% 3L 1 Bl & 2B 5 A B T R K B B, mem 23 FE 1L i
(9 b T B 8 300 4 DX 22 A4S % B R A O 2B
2k MCS (IS . T mem14 B RBEHL X5 2



548 A %

114 116 118°E 114 116 1IE 114 116 118°E

20 25 30 35 40 45 50

B2 20124F7 7 21 HSOUH KR R (AL . dB2)
(a) 14 W, (b) 17 B}, () 20 H}
Fig. 2 The observed radar reflectivity (shaded, unit; dBz)
at (a) 14:00 BT, (b) 17:00 BT, (¢) 20:00 BT 21 July 2012
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Fig. 3 The composite radar reflectivity (shaded, unit: dBz) of model inversion from
member 23 (a, b, ¢) and member 14 (d, e, )
(a, d) 14:00 BT, (b, e 17:00 BT, (c, ) 20:00 BT 21 July 2012
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Fig. 4 The divergence (shaded area, unit:; 107° s~ ') at 200 hPa, wind field (vector, unit; m + s '), low-level

jet with wind speed >>14 m « s~ ! (blue line) and shear lines at 850 hPa (brown line), terrain height of 1000 m

associated with Mountain Taihang (short dashed line) and northsouth vertical cross sections along the corresponding

strongest radar reflectivity (115°E, 116°E, 116. 5°E) of vertical vorticity (grey line, unit; 10 ° s ')

and divergence (shaded area, unit: 107" s~ ') of member 23
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Fig.5 The horizontal wind field (vector, unit; m » s~ ') and moisture flux (shaded area,
unit; 10 * geem '« hPa ' » s') at 700 hPa at (a, d) 14:00, (b, e) 17:00 BT,
(c, ) 20:00 BT 21 July of member 23 (a, b, ¢) and member 14 (d, e, )
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Fig. 6 The observed (a) warm-sector precipitation, (b) frontal
precipitation on 21 July 2012 (unit: mm)
(a) 10:00—16:00 BT, (b) 17:00—20:00 BT
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Fig. 8 Trough lines at 700 hPa of 30 members at 02:00 BT (a, b) and 08.:00 BT (¢, d) 21 July 2012

(observations, member 14 and member 23 are donated by red, yellow, and green lines, respectively)

(a, c¢) before assimilation, (b, d) after assimilation
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Fig. 9 The horizontal wind field (vector, unit; m « s~'), and moisture flux (shaded area,

unit; 107% g+ cm ' « hPa™!

+ s7') at 700 hPa at the model initial time of member 23 (a)

and member 14 (b), and the observed 700 hPa shear line at the same time (brown line)
at 08:00 BT 21 July 2012
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