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Abstract: The synoptic characteristics of LMCS (linear mesoscale convective system) were analyzed based
on 27 selected LMCSs affecting Shandong from the 2012—2016 radar data. The filter conditions are as be-
low: the contiguous or quasi-contiguous echo band larger than 40 dBz is over 100 km and lasts for at least
1 h, the 35 dBz echo embedded with the 40 dBz echo is strictly contiguous, the linear or quasi-linear con-
vection area shares a common leading edge, and the maximum echo intensity is over 50 dBz. The character-
istics of the study are concluded as follows. The LMCS affected Shandong has a high frequency in August,
and the formation time is concentrated in the dusk to the first half of the night, lifespan is generally 1—
2 h, and most of them have characteristics of backward propagation. Most of the initial convective cells are
generated in Hebei and generally move eastward by southward. Most of the LMCSs are in a northeast—

southwest trend, and the scale is between 100 and 200 km. Three types of synoptic models of LMCS formation
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are constructed, including forward-tilting trough, backward-tilting trough and cold vortex. The warm
temperature ridge or warm center at 850 hPa is the important feature of LMCS formation. The mid-level
jet stream at 500 hPa in cold vortex and forward-tilting trough category, and the low-level jet stream below
700 hPa in backward-tilting trough category all play very important roles in the LMCS formation. LMCS
constantly occurs when 850 hPa specific humidity is greater than 8 g « kg™ ' and the Lift Index (LI) and
Showalter Index (SI) are both negative. The probability of LMCS occurrence is up to 80% when Tgs—s00 >
25°C and CAPE >1000J » kg™" with small CIN. When LMCS appears, it is usually accompanied by short-
duration heavy precipitation, 70. 4% LMCS contributes to disasters of thunderstorm gale, hail and severe
precipitation. The hail and gale require higher stratification instability than short-duration severe precipita-
tion. When only the short-duration heavy precipitation occurs, the heights of 0°C and —20C layers are
significantly higher than those when hail and gale occur.

Key words: linear mesoscale convective system (LMCS), synoptic models, physical quantity indicator,

disaster
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Table 1 LMCS cases from 2012 to 2016 (unit:times)
ARy 5H 6H 7H 8 J 9 H At

2012 0 2 4 1 0 7
2013 0 0 4 6 0 10
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Fig. 1 Time distribution features of Shandong LMCS frequency

(a) interannual variation, (b) inter-monthly variation, (c¢) daily variation of the initial cell

start time, (d) daily variation of the LMCS formation time, (e) time between the initial

cell and the formation of the corresponding LMCS, (f) LMCS life
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Fig. 2 Shandong LMCS tracks during 2012—2016

(hollow circle: generation position of the initial convective cell, solid circle: the centroid of

the LMCS formation position, dashed line: tracks before LMCS formation,

solid line: tracks after LMCS formation)
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Fig.4 The LMCS synoptic model of backward-tilting trough
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Fig. 5 Same as Fig. 4, but for the model of forward-tilting trough
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13 H &[] I )5 AR A 56 15, LMICS iR R R G2 7%
BHE A AR IF 5, M T A SUIERC 5 . 2015 4F 8 H
22 H 3 Hi{5R 5% 0, 500, 850,925 hPa 25 fi 55
850 hPa Wi EH JL-F E 4 X i A S BE (CAPE)
ik 2989 ] « kgt R AR BRARTE LI AR BE )
A G WAL 2L L R B LMCS, J& i 78 ) 3 % i K
o ATULHEB) D) S RSB I A5 1R L BB A R
ARE RAJZES L B AR SR 2= — o5 il ke Xof

40°N

30

6 [A&] 4. {H % iR

Fig. 6 Same as Fig. 4, but for the model of cold vortex
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i JE AT gE 7 A LMCS,

SR TS E(SD & B, 27 fil A7 18 i) SI<<
0C, f/ME S 2013 4 8 H 13 H 20 B Ik 2
(—6.12C), B THEE LD LB, 27 filh A 26
B LI<<0'C ,f/IME R 2013 4E 8 H 13 H 20 Bfdb 3
(—8.04C)H, HA 14 LT ZiEAH, N 2013 4 8 J
28 H, T KA ARG MELE K I, I 4] 32 ¥ 8 5%
Wi, 500 hPa Hhr2s i A 3 K iy #. 2013 48 8 H
28 H 08 B I5FF i) CAPE 5 1255 ] « kg™ ', 1fii %f
A eE E (CIN) 25 0 ] « kg ', 850 hPa iR N
11.8 g « kg ' a5 A A T 77 A 5 i iy R <UE
B MR LR BE N A 46 X 12 41 2
IE B LMCS, B8 gl Bt 5 BE A5 . Al DL, S48
PRAS U LT AR {H 25 2 45 1 52 0 8 1 o 1)
W] g 4 LMCS,

24 i) LMCS ) CAPE>>1000 ] « kg ', B4 3 4
A 2 1>>900 ] « kg L UL S BRI CAPE A
AEIE M LMCS,  H i 30 R KUY %2 4 v, 600 hPa 2 iR
TULXH R AR e DCAPE, >1300 ] « kg ' AUH
B R K 1 2 5 DCAPEg,<<1000 ] « kg ', #i. 8]
DCAPE;,>>1000 J « kg ' A] BB J2 T 412 77 2 KA1
Fb 5 FH A ) B R AR

6.2 YIEEEIR

Ohy A b B R AT A A oFF LMCS 2 9 i 28
WEATH A I3 2E Guit R3¢ LMCS KR i iy 1) B i 5

br. 27 4] LMCS A A 19 (70, 4200 7 A4 T 5
H L GCFENE R AR A T KR UK i K
Ml AT 7 A GH 8 8y 7 A T R I R R K
I B A SR K I 1 1 15 53 Ah e Rk H Y 8 il
B I i K S L LA 9 1 18 {51 B A g K
EARBEATHIEGE 3.

RRAE Ge 45 R B30 2 T b 80 06 A ] 1) 4y 3
it ZBURFEAE R 2R B B AR AR AR 3 AL, X
TURE RIS [ K A7 B9S2 504> i) 6 98 KX
K A46CLL E;0CEEE H, N 4.1 ~4.6 km,
—20C EEE H ,0f£ 7.1~7.7 km; 850 hPa 5
500 hPa S i 2% Tesos00 > 27°Cs X IR B Tg >
30°C 358 K S 48 BL(SWEAT) Z 50461 A 160
PLE BRIk 7005 48 T BESS B (LCL) — AR T
900 hPa;0~6 km 3 B XY 28 Z 5 shearo—s i A 10
~20mes ',

X KL AR XU R] I A A i) K48 B — i
N 24~32°CLRBREB R Ho fE 4 km 7y s H oo
N T~8 kmj; Tsso—s500 >30C ;3 Tg>35C; SWEAT >
1605 LCL<7900 hPa; X %% 58 B 5 #0 (SSD 2y 250 72
A ssheary—giwm N 10~16 m» s ',

Xof 7 R KU 5 e K ) R ¢ A= 08 A 4] S g R
L8N 45 ~50C; K 88 K, 7 30~38C; H,,
H_, 4350 4. 7~5.6,8~9 km; Tgs0—500 >25C;3Tg
>35C;SWEAT>160; LCL ¥ F 900 hPa; SSI
>250;shearo—swm A 10~15m =« s !,

&3 LMCS ARG IE S 41T
Table 3 Physical quantity characteristics before LMCS generation

REERA VKL IR BR IR K (7 D KT R B ID RIRC3 ] ) RRL SRR K (5 ) 58 B 7K (9 D)

MIER TT/C =46 =46 47~57 45~50 41~50

K #$% KI/°C 25~40 24~32 20~43 30~38 30~48

YIRS H SI/C <0.7 <1 <—1 <1 <—1

0CI2E ¥ Hy/km 4.1~4.6 4 4.8~5.5 4.7~5.6 5.1~5.6

—20CJ2@ B H s /km 7.1~7.7 7~8 8~9 8~9 8.6~8.9
850 hPa & 500 hPa T 2 Tss0-500/ C >27 =30 >27 >25 >23
XF R EE Tg/ C =30 >35 >35 >35 >33
MRS R S B SWEAT =160 =160 =230 =160 =230

T EELS = B LCL/hPa =900 =900 850~960 =900 =900
XA AL fE CAPE/] « kg™! >1200 1500~3000 >1400 >1800 =800
62%;2(%%;%?“@?7& =800 800~1700 >1200 =600 =600

X\ 8 B 8 4 SST =250 =250 =260 =250 =250

HIHEH L1/ C <—1 —7~0 <—5 <—1 <—1

0~6 km T H KUY AE shearo—g m/m « s ! 10~20 10~16 5~21 10~15 8§~12
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Xt F B R RE AR A B, B8 B K 7R 47~
57°C3H, 8.k 4. 8~5.5 km, H ,, 5 8~9 km;
Tyso 500 >27C 3 Tg>35C; SWEAT £ %0k 230 LU
LR Kak 4205 LCL P 3K A F 850~960 hPa;
DCAPEs, # K, ¥ >1200 ] « kg™ '; SSI > 260;
sheary—¢ m BEHER K, 5~21mes ',

Xt A SR K R A A B SR RO T AL~
50°C s K $5 808K 16 30~48'C s H, ™5 km, H 5, >
8.6 km; Tyso 500 >23C;Tg>33C; SWEAT>230;
LCL £ F 900 hPa; SSI™>250; shear, g o 5 B K s
H/ME 6.35mes 'L RIE 22.59 m - s ' fHAE K
ZHABIMELE 8~12 m = s ',

ET WU R ST I U RRA o 0 1O N | - S
CRBLARAE, 2007 ; B AN 55 ,1988) , 24 850 hPa L
>8 g+ kg "SI AILI ¥ A G i ol F . o] GE
LMCS, # CAPE>>1000 ] « kg '.CIN # /N, H
Taso 500 >>25C, B LMCS (4 K, X4 il 4 o]
RE B LMCS B, ¥ 7 B 40 4 i s B K . Ak, 5
DCAPE;,>1000 J « kg ', ATREH IR RK F . 45
Hy, 7 4 km &4 s H oo fE 7~8 km, sheary—g um >10
m e s 'L A RE R AR UK R KRG KT>30C, 1]
ZIEAH I KA. Ho>5 km, H ,,>8 km,KI
>30C,Tg>35C,LCL<_900 hPa, ] 7] G H! ) i
B KRR IR o AU 8 R K R A 5 % Togso 500 BERAS
2K s TR AR KSR VK g OB, ) SR
Ts0- 500 >25 C, AT WK B A1 K KA F KK A TR 2

[

ASCA AT T R L AR 9 LMCS B i) 23 (8] 43
A B S AERFAE 32 0 T I8 B LMCS (1) J5 150 | i i
MR 3 BRAFBM, & T AHMFIEK
LMCS B R 59 # B A L BE 25 T TR AE A 75 4 DU
FILA&E®

(Dsgmi th A4 i LMCS 34 6—8 H,H 8
HEZ P T 10 3, HRGE 6 H . LMCS % 4 5
IR [ A v 7 4% e 30 2P 8, s Bl 17—20 B
LMCS i J5 %) i % 3t B0 44 (4 i 8] — & 3 h, W S
] 5 K B9 AT 3% 8 h 56 min, LMCS A= fr s —
1~2 h, 5K 735 7 h 52 min, §00 1L 7K1 LMCS
REEN G WAL 175 %,

()T W LMCS {9 4) 16 % i 544 26 K 2 8 F

WAL A F TR L RN AR . SR A T Ll
VG FIAT A6 28 14 400 s XoF 300 SR A A B — i 1 AR D
J5 [l B By, J AL T T R 48 B R B 6 I SRR 1) AR b
J5 B Bl A LU AR A8 BE P90 e e IR SR, R R
W B ) A B R, AR TR E
B0 T 1L AR A SR A SR 7 A T LD AR A8 BE R
TR MG 07 B 5 LMCS JB i 07 B = [a] (14 B 55
— M, LMCS R ZH0E AR Ab— P4 R & ) RUE
—&A T 100~200 km,

OMET &4 LMCS () =28 K F R
J GRS R RS A . 850 hPa 1 A5 BB U i Bk
% H 0 S 77 AR LMCS (18— A~ 52 248 B . 14 1% im0
HE5% WA B, 500 hPa fE 4 28 2 2 5 80l o
LMCS i) — A~ HZH R 0 TP 748 26 i i 8 26 L A%
25 2 I K PR B 36 % T LMCS [T B K .

(4)24 850 hPa 2 >8 g« kg '.SI Al L1 ¥k
A S ST AT B B LMCS, # CAPE™>1000
J o kg 'WCIN 8/ s H Taso 500 >25C, B LMCS
A 35 80 %,

(5)LMCS i BB, ¥ 045 5 B 5 B 7K L 70, 424
) LMCS s 5 2 K X K o b K R % . 4
DCAPE;,>1000 J « kg ' AT REH IR XK F . 4
H, fE 4 km 2645, H _», N 7~8 km, sheary—g ., > 10
m s ' Tsos00 =27 C, AT B8 7= Az VKRS AR K5 47
K85 >30C, n] Z j8H MM K47, & Ho>5
km,H 5 >8 km,KI>30C,Tg>35C,LCL<900
hPa, U ] G H B3 F K AR XL, kg AR R b
SR R K 5 R R ZEE AR e .

AL ETN LMCS RS2 FAE AT T 5087
FARAEAS F 9 E AR MR T W R bR . RARE IR
B W&k LMCS ZAERMB T AHRMME S50 2 A
HUNREERR RS G A BEEIE™ 4 LMCS, &
— B XA TR AR I i R LMICS A7 3R A
Brs DLtk — R 2 RE RS FR G Z 8 H 5 AE
LMCS J¥ i . & Jé it B v BT e i 1
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