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Abstract: The multi-cell storm in northeast of Huabei Region and squall line in Huanghuai Region happened
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under the same circulation background of northeast cold vortex on 22 August 2015. Based on meteorologi-
cal observation data, this paper first shows the dynamic and thermodynamic effects of large-scale cold vor-
tex on the development of mesoscale convective systems. Then, based on the results of WRF mesoscale
numerical model simulation, the differences between shape structure evolution and movement process of
the two convective systems are compared. The reasons for structural evolution differences and effect of
cold vortex are analyzed as well. The research suggests that: (1) Both of the two convection systems are
located behind the cold vortex, but their shape evolutions of the two mesoscale convective systems are dif-
ferent. The northern convection was impacted jointly by surface winds and uplift of terrain, forming a
multi-cell storm with a northwest-southeast alignment. It traveled slowly south-southeast by downwind
propagation, bringing short-time severe rainstorm. The southern linear convection was formed by combi-
nation of several isolated cells which formed in northwest of Shandong and north of Henan. Later, the lin-
ear convection developed in Huanghuai Region into a squall line system, which moved rapidly to southeast
under the action of advection movement, resulting in thunderstorm and hail. (2) The northern multi-cell
storm formed in the interface of cold and warm air masses, located in the southwestern quadrant of cold
vortex with sufficient low-level water vapor and energy. After being triggered by the boundary layer, the
new convective cell propagated along lower shear line to the high-energy zone. (3) The southern squall line
system formed in low pressure belt of surface warm area behind cold trough. Cold pool and outflow of
thunderstorm high pressure generated by mesoscale convective system interacted with the environment,
causing cell to continue to spread, merge and develop into a squall line system. (4) The intensity of mid-
level rear inflow and water vapor condition had significantly different effects on the organization of the two
convective systems. The increase of rear inflow of squall line in middle layer mainly came from the increase
of westerly component, which was related to enhancement of environmental wind field caused by evolution
of cold vortex. The mid-layer wind field where the northern convection was located was weak and the
whole layer was wet, which was not conducive to the development of multiple cell storm organizations.
The middle troposphere of south squall line was located in westerly steering airflow which was stronger
than the northern convection. The inflow was strong and ambient air was dry, favorable for the formation
of strong descending airflow, enhancing the development of thunderstorm high pressure and cold pool.
Strong downdraft increased wind speed in middle and lower layers and enhanced vertical wind shear, which
is conducive to the development of convective cell organization and formation of linear convection.

Key words: cold vortex, severe convection, squall line, organization
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Fig.1 Severe convective weather during 11:;00—23.:00 BT (a), large-scale
environmental background at 08:00 BT and IR at 14:00 BT (b) 22 August 2015

[In Fig. 1b, black solid lines and red dashed lines: geopotential height (unit;dagpm) and isotherm (unit; C)

at 500 hPa; brown solid lines: trough at 500 hPa; red double solid lines: shear line at 850 hPa, unit; m+ s !;

wind barb: wind at 850 hPa; number: difference between temperature and dew point (unit; C)]
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B :0~6 km RBIAE=16 m « s FIKILAAF 43 BT (b) (P13 :500 hPa AH AR <402,
42k :850 hPa HIXF I BE =700 , KA AF :500 hPa =20 m + s~ 1)
Fig. 2 Unstable conditions (a) (red lines; CAPE =200 J » kg~ !; black lines; DCAPE >>1000 J « kg™!

and shaded areas: 0—6 km wind shear =16 m » s~!) and water vapor (b) at 14:00 BT 22 August 2015
(shaded areas: relative humidity <C40% at 500 hPa; green lines: relative humidity =70% at 850 hPa;
wind barb: wind speed =20 m + s~ ! at 500 hPa)
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Fig. 4 Radar reflectivity in North China at 13:30 BT (a).15:00 BT (b),18:30BT (¢) and simulated maximum

(Straight lines and letters indicate the vertical profile position and direction, shaded area is the maximum reflectivity, unit:dBz)
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(Blue dot represents single point of wind analysis in Fig. 10, shaded area: maximum reflectivity, unit: dBz)
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Table 2 Comparative analysis of synthetic evolution data of wind in northern and southern convections
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Fig. 6 Schematic diagram of movement and propagation of northern convection (a) and southern convection (b),

and vertical distribution of ambient wind field at 13:30 BT (¢) and 16:30 BT (d) 22 August 2015

(VL steering flow in the cloud layer; Vi :low-level jet,

Veprr: movement relative to cold pool; Ve : integrated movement of meso-§ scale convective elements)
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Fig. 7 The 3 h temperature and pressure changes (shaded area: temperature changes, unit: C; contour:
pressure change, unit; hPa) in 11:00—14:00 BT (a), 12;00—15:00 BT (c¢) and 15:00—18:00 BT (e),
and wind, vorticity and divergence at 700 hPa (shaded area: vorticity, unit; 10 7 s~ ';
contour: divergence, unit: 1077 s~ ') at 13:30 BT (b), 15:00 BT (d) and 18:00 BT (f) 22 August 2015
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Fig. 8 Combined reflectivity profile along the

straight line from north to south at
13.:30 BT 22 August 2015 (unit: dBz)

(Location of profile is shown in Fig. 4d)
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Fig. 9 Composite reflectivity (unit: dBz) and wind profile along the line at 14:30 BT (a, b) and
18:00 BT (c,d) 22 August 2015, wind and echo profile along the line from west to east (a, ¢),

and from north to south (b, d) (Location of profile is shown in Figs. 4e and 41)

T AR U 2R 4 e 2 XA 85 6 6 AR
I Je I 30 XU ) 722 Ak 43 A LIS (275 v 2 XU XL
BAE 2~5m -« s ', JCH AR Ak, — 1 G IE Y R
(30 B YDA . b THRI R Lz s e LBk o B R e
TR R s 5y — G AR i 2
BRI 138 S AL DL BRAR AL 4R 3

WY B M £ 32 2l 1) 3 ] I KO KU
(Y PEZH% 3l J5 ) Ry 18D 434 ik 7 (&1 10D, REZL 5 3
Hh 2 R I 2k iR AT M T 2 A B R . 2T
AT TG I B S5 8 BT 0 I A Hb T R B
KA .

& 10a~10c¢, X i )2 H 2 600~650 hPa fff i
T FE R LR K A B B B S 1 a8 L B 5 T DA
IEAR Ve 25 ORI Bl 1Y A% S A 2 X U R e ok
AR FRFRERMIEM. 8 A 22 H 17 B4 1L AR 74
L 0~3 km T EH X Y] AL JH ik ] 16 m « s ' LU
LM AR ER N T 8 m e s () 5 E— 243
B 1L 2R P4 A A B o5 XU ) A8 S 43 A (17 B R G it
5 W B[] f 3 AR (IR 10D o & SR TE 2R 45 26 T b v
% 600 hPa i H X Y) 42 35 AN B &8, f 5 Ak 47/ F

Smes ', L KRB, )2 (M E 650
hPa) AL )2 (ML T 2 800 hPa) 4 3t B X 1) 78 14 i 34
BRI ZH 8~10 F110~12 m « s ' H 55 #
T RUE I 5 R 300 1S 5 AR 2 R A O, 156
2 AU R AR e 2452 M AN [R) )2 Ok L XUPD AR 1) 43
ZiI 0 = R ) R A A TR W 1 = oo
[F] 2 & 5 3 3 2ok T 0 A (AR )2 XU 3 i DA T 38 i
)2 B D) e LR A 5 R &,

R T RIR JE A 5 B A AR L R 17 B R A
Tt R B A543 B i B JR) A5 Ak Y i RS 4k (BT 10d
10e) . % BRI ] A2 R W L 75 &2 TP J T » 4 )2 K
35 253 2y Ml PG A XU S i s BE 1S K517 :30-—19:00
JEER BB B R IS 7 A TR A B R, 5% R
Ge YA S (B 10a~10c) . #F— 4 20 B )5 I A i
U ALV R 43 f8 008 AR 5 0« 7E R i B i), 600
~700 hPa P4 JX 4315 B & 3% 58 5 7 X\ o3 i v i J2 5%
R B AT S R R 2 R AR U . BRI s A )2
AT EER B T 08 X B3G5, 5 )2 1Y
TSR B RGBS . RSk o B R P XU i
JIGE 1A% FE 2 ik B3 )5 78 XU it I 35 ek 55 o (H XU AT



800 A

p/hPa
p/hPa

p/hPa

400

\x ——18.30
\ ——18:00
1730
pi>
/
%

~ —19:00 —19:00

17:00
16:30
16:00
15:30
15:00

17:00
16:30
16:00
15:30
1500

< jo
e = 600
N N
IS9 IS8
/) 800
1000““‘:"‘\“\%‘”” 1000
20 -10 0 10 20 -20

U/m-s!

0
V/m-s!

N
10 20 8 12 16
R /m - s

B 10 2015 4F 8 H 22 H 17:30—18:30(a,b, o) WMLz 3h J7 [n] 11 7K - A3 (i Sk O 0 7K SF IR T B 351 o 9 A8

(RGE=>0 m + s~ MR w7 132 3l B 5%

15:00—19:00 R H#R A ST (M7 B ILE 500U K (D) VR () FAK S KA AR

AT FELRZ Bl 5 1] (KT XU L B am e s R A SRR ST 62230 dB2)

ACOENERI: £:12

Fig. 10 Profile evolution of horizontal wind field along the moving direction of squall line from 17.30 BT
to 18:30 BT 22 August 2015 (a,b,c) (wind speed > 0 m « s~ ' for movement in southeast direction;

shaded area: horizontal wind speed the moving direction of along squall line, unit; m « s

-1,
3

blue solid lines: reflectiity~>30 dBz); U component wind (d), V component wind (e) and

vertical evolution of horizontal wind shear (f) in rear inflow (position shown in Fig. 5¢)
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