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from 2012-2017, in this study, the authors classified the mesoscale convective systems (MCSs) that result in surface
convective gales in Hubei (maximum wind speed > 17 m/s) into three types (linear MCSs, nonlinear MCSs, and isolated
convective storms). The temporal and spatial distributions of convective gales, the movement and propagation of
corresponding convective systems, and their convective environments were investigated. The mechanism of the
convective inflow gale and the roles of convection system organization and development are discussed, with particular
reference to one case. The results indicate that: (1) A large number of nonlinear MCSs may be formed by isolated
convective storms occurring in mountains or hills, which then move toward the plains. The peak time of the surface gales
caused by isolated convective storms during the study period was around 1700 BJT (Beijing time), and the highest
surface-gale frequency corresponding with nonlinear MCSs appeared around 1900 BJT. Gales caused by linear MCSs
mainly occurred in plain areas. (2) Nonlinear MCSs and isolated convective storms were the primary systems triggering
gales in Hubei, with 41.9% of the gales at the stations caused by nonlinear MCSs and 39.3% by isolated convective
storms. (3) Although inflow gales on the surface account for only a small proportion, their corresponding convective
systems were much larger and their durations much longer than the average of the same type. A case study of a long-life
linear MCS (squall line) shows that the ground inflow gales were caused by the strong development of convection, and
the moist warm inflow in front of the convective system enhanced the convective activity developing as feedback.
Meanwhile, the inflow gales strengthened the vertical wind shear in the forward direction. This is why the strong
ground inflow was more conducive to the organizational development of the convective system. (4) Although
southwesterly winds constituted the mean steering flow in all three system types, linear MCSs mainly moved from west
to east, nonlinear MCSs moved mostly from southwest to northeast, and isolated convective storms moved in more
diverse directions with more backward-propagation phenomena. Relative to organized convective systems, isolated

convective storms often occurred in more unstable or drier environments with weak vertical wind shear and lower wind

43 %
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speeds.
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Fig. 1 Distribution of radar sites, sounding stations, automatic weather stations (AWS), and terrain of Hubei (shadings, units: m). Blue points: radar
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P MCS 53 10 518 17 9.8 22.6 29 43
Lkt MCS 125 26 1155 46 9.2 22.3 2.8 5
PSR 355 29 1083 35 3.1 8.9 1.7 2.6

TE: RPN (AR SR RHAUR A, S ONR e — DOV 80 i R PR IR e ) B8, SRt R RO S A R A A — /NI, e

SN /N
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Fig. 5 Surface wind (=10 m/s) and the surface temperatures (green contours) at (a) 2200 BJT and 2300 BJT 5 June, (b) 2300 BJT 5 June and 0000
BIT 6 June, (c) 0000 BJT and 0100 BJT 6 June, (d) 0100 BJT and 0200 BJT 6 June in 2016. The first time is the current time, the second time is the

next time. The ground temperature and the red wind bars correspond to the current times, and the black wind bars correspond to the next times. The

ground inflows are in the red line coils, and the extreme winds exceeding 20 m/s are in the black dotted coils
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(£, 2B AB NEIHEI B

Fig. 6 (a) Ground gale at 0000 BJT 6 June 2016 (wind bars, inflow winds are in the red line coil, the extreme outflow winds are in the black line

coil) and the Suizhou radar reflectivity (color shadings) at 1.5° elevation at 2325 BJT 5 June 2016; (b) Suizhou radar combined reflectivity (left) and

radar combined reflectivity vertical section (right) along the direction of the inflow winds (from A to B) at 2319 BJT 5 June 2016, black line AB is the

section position
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We? HE G 2 — ] e HIEE5] 3R R S KX
[ ) 2 FEPEAT OG0 38 st T K KGR A 9IRS X6 3

T AR R E FKE (500 hPa LL ) [°F
BIR B NGEAE 2 m/s, HLZEPEMCS FHEZEPE MCS
XF R )38 R B RGN 22 0 X — Gt R R IFA R
Ut T BRI R 0 A A B 5 () A 858 XU 55
T, HRHE KRR BT ISR AFR T R ER
58 A5 1) B B 2H 34K MCS % 2 1 B 358 XU 5 [+
WHZHMERE. WRITTLUES], HE55 S50
SR PSS (FE 1 NE. EFISE)  HIPNSL X i K 2
I8 FCHBTH K KPS IR, 5B 5] RSN R AR S
W RMINW. W HISW) X B [ Hb T R XA s
R 523:402, W2 ud, AL KR B
(1951 5 7 1) 56 A A R PR 858 2% 4 o 4 K 2 40
1M1 2% M MCS FEEZEPE MCS (3R 858 51 5 S 7 17 U
FAEF, HEEG MBI NEFE W (BRI 7R
SR FESI) HIZR M MCS 534k PE MCS, i
JS& P b T K XU VR B2 15 % D R G AT KAt TR
(11 74.2% (354/477) F172.3% (879/1215).

oL R 2B A R I R AR S R R AR Bl
FE S —ANEERF. GitgRERYH R, &
B3 TT 96 IR K AR AR R G, 2 MCS.

R2 MWRARZ(LMEMCSIELMEMCS I XFRKR ) BIF5 6 IR 5| S 1a B Xt Rz 3t 18 oK XUt 2 450

Table 2 The direction of the convective system (linear MCS, nonlinear MCS, isolated convective storms) and the environ-

ment guiding airflow, and corresponding numbers of ground gale stations

b TR AU Hb T K RS R K
R G 1A PEMCS LMEMCS  FOZXRNE ABES SRR &MEMCS 35723 (SN WY U/ BT
#ik 9 74 106 1k / / /
N 8 48 135 N 1 37 85
NE 83 442 200 NE 203 537 260
E 97 188 35 E 151 342 157
SE 144 160 88 SE 19 116 106
S 34 111 13 S 49 81 54
SW 9 24 280 SW 21 37 80
W 53 104 88 W 29 44 199
NW 40 64 119 NW 4 21 123

R3 MWRAS(LMEMCSIELMEMCS IR KR ) B 30 77 AN IME S| S SRiE e 5 L fE E EE RS T

Table 3 The statistics of the backward propagation rate and the relative orientation of the moving direction between the

convective system (linear MCS, nonlinear MCS, isolated convective storms) and the environment guiding airflow

NERIHE KA
[Fi 73] S Im] MEH J IR 4 2 [ 171 S 1) EH J Il 4 2
2% MCS 377 18 48 15.9% 41 3 9 22.6%
Lkt MCS 886 177 143 26.5% 101 11 13 19.2%
DRILX 3t R 2 688 187 141 32.3% 212 89 54 40.3%

e RS ORAHEED / (FF+REERD, R SRR E SRR AR ST AR S 5] 3R am, L2475,
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Table 4 Vertical wind shears at 500 hPa and 700 hPa, and mean wind speeds and directions at 300 hPa, 500 hPa, 700 hPa,
850 hPa, 925 hPa in linear MCS, nonlinear MCS, isolated convective storms

500hPa 700 hPa 300 hPa 500 hPa 700 hPa 850 hPa 925 hPa
WY A JRGE/ K/ K/ K/ A/
ms! ms™! ms! Ral/e)y - ms™ o KUA/°) msT o KUA/(C) msT o KE/C) S msT o KE/A°)
28 MCS 12.71 10.23 10.74 265.56 8.47 246.22 5.21 240.46 3.26 208.78 1.69 165.21
ek EMCS 9.53 7.95 6.57 266.82 6.34 242.21 5.14 239.53 4.28 228.44 2.85 202.89
DAL XS L B 7.51 6.36 2.55 300.36 1.55 206.41 1.36 179.16 1.60 209.94 1.63 181.05
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Table 5 Physical quantities in linear MCS, nonlinear MCS, and isolated convective storms
XA R RE/ NULxHA KASEHY XM BEHETPE WSREEE TR T2/ TR
Tkg! LRE kg ms™! [EFE S /°C JE R R 22/°C °C hPa
28 MCS 1199 980 11.13 7.7 4.58 13.8 600
L4kt MCS 1253 1072 11.46 10.75 5.37 18.8 566
PRILX It R 2 1422 1182 13.28 12.85 5.56 20.8 540
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