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Abstract Using ground based precipitation data, satellite cloud images, radar echoes and NCEP reanalysis data, this study an-
alyzes characteristics of MCSs(Mesoscale Convection Systems) associated with a continuous rainstorm that occurred over the
coastal areas of South China within a monsoon trough. and investigates the possibility of numerical prediction of the MCSs pre-
cipitation. The analysis shows that the rainstorm was caused by a number of successive MCSs. In similar environments, these
MCSs developed into different modes with different horizontal scales. The maximum could be organized into a meso-a scale
MCC, while meso-8 scale linear or banded convective systems were more common. Comparative analysis of two MCSs that re-
spectively presented as quasi-circular MCC (MCS-2) and banded MCS (MCS-4) reveals that convection in both of the two MC-
Ss began to develop at the nighttime, showing a good correlation with fluctuations in the southerly low-level jet in the monsoon
trough. Examination of the observed proximity soundings shows that it is difficult to distinguish the modes and the evolutionary
tendencies of different MCSs using diagnostic variables such as convective available potential energy (CAPE) and vertical wind
shear, which are considered to be good precursors for MCSs precipitation prediction. The representativeness of soundings used
to derive these quantities will affect the application of various forecasting tools such as that based on the "ingredients-based
method". Prediction simulation with the GRAPES_GZ model shows that it is possible to explicitly predict MCSs precipitation
by the numerical model. In comparison, the 3 km resolution run can better predict the occurrence of MCSs-induced rainstorm,
but are sensitive to the option with or without CP (convective parameterization) scheme. Though running without the CP
scheme could better predict earlier stage rainfall in both MCSs, it overpredicted precipitation as the MCSs evolved into their ma-
ture stages. How to describe mechanisms for organized convection in MCSs and how to deal with problems of CP schemes at

"grey-zone resolution" are two issues that need to be considered carefully.
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Fig.1 Observed daily (08:00—08.:00 BT) rainfall from 28 to 30 June 2011 (a—¢)

and 3 d accumulated rainfall (d)
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Table 1 Characteristics of MCSs in the rainstorm over coastal areas in western Guangdong province
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Fig. 2 Infrared satellite images for MCS-2 on 29 June 2011
(a. 00: 00 BT, YJ denotes the location of Yangjiang sounding station,
b. 02: 00 BT, c. 04: 00 BT, d. 06: 00 BT)
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Fig.3 Infrared satellite images for MCS-4 on 30 June 2011
(a. 03:00 BT, b. 05.00 BT, ¢. 07:00 BT, d. 09:00 BT)
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Fig.4 Observed MCSs radar echoes (maximum composite reflectivity)
(a, b, c. MCS-2 at 00:00, 02:00 04: 00 BT 29 June; d. e, f. MCS-4 at 03:00, 05:00, 07.:00 BT 30 June)
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(The contour interval for isobars (thin lines) is 2.5 hPaj; the thick line denotes the position of monsoon trough)
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Fig.6 Weather charts at 500 (a, b) and 850 (¢, d) hPa at 20:00 BT 28 and 29 June 2011
(Shaded areas in a and b indicate the 1000 — 500 hPa thickness =>5800 gpm, and the shaded areas
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Table 2 Diagnostic variables based on sounding data near the MCSs
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29 H 20 B /FHIC 1604. 1 29.7 15.4 7.9
30 H 02 B/ FHYL 1573.9 31.1 16.9 4.7
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Table 3 Model configurations for the five different suites of experiments

Exp-1 Exp-2 Exp-3 Exp-4 Exp-5
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Fig.9 Comparison of 12 h accumulated rainfall for the two MCSs between observations
and simulations with different horizontal resolutions
(a. Observations: MCS-2,b. Observation: MCS-4, c. 9 km Exp-1: MCS-2,
d. 9 km Exp-1:MCS-4, e. 3 kmm Exp-2:MCS-2, f. 3 km Exp-2:MCS4)
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Fig. 10 12 h accumulated rainfall (unit; mm) for the two MCSs simulated by the other three different experiments
(a. Exp3: MCS-2, b. Exp3: MCS4, c. Exp4: MCS-2, d. Exp4: MCS4, e. Expb: MCS-2, f. Exp5: MCS-4)



994

(a) — Exp-2
0.7+ —— Exp-3
1 Exp-4
0.6 .

TS:MCS-2
fe=l
T

0 T T T T T T T T T T T
1.0 1.5 7.0 15.0 40.0 50.0

Threshold value (mm)

FSS:MCS-2

0 T T T T T T T T T T T
1.0 1.5 7.0 15.0 40.0 50.0
Threshold value (mm)

0.30 (€) — Exp2

0.257

ETS:MCS-2
o (=1 (=]
L i
I

—0.05 T T T T T T
1.0 1.5 7.0 15.0 40.0 50.0

Threshold value (mm)

Acta Meteorologica Sinica SR 2019,77(6)

0.8
1 () —— Exp-2
0.74 —— Exp-3
0.6
< 0.5+
7 ]
E,, 0.4i
£ 0.3
0.2
0.1
0 T T T T T T
1.0 1.5 7.0 15.0 40.0 50.0
Threshold value (mm)
3
5
8]
=
%)
75
=
0 T T T T T T
1.0 1.5 7.0 15.0 40.0 50.0
Threshold value (mm)
0.30- (D) — Exp-2
1 — Exp-3
- Exp-4
0.25 —— Exp-5
0.20
<Il‘ J
8 0.151
2 0.10
m ]
0.054
0,
—0.05 T T T T T T
1.0 1.5 7.0 15.0 40.0 50.0

Threshold value (mm)

P11 3 BURAL IS P40 O H Xt GRAPES_GZ 3 km B R A Bt 12 h B iHHE K 13740
(a. TS:MCS-2,b. TS: MCS-4,c. FSS: MCS-2,d. FSS: MCS-4,e. ETS: MCS-2,{. ETS:MCS-4)

Fig. 11 Forecast skill scores for 12 h accumulated rainfall simulated in different experiments by GRAPES_GZ 3 km
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