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Abstract: In Taipusi Banner of Xilin Gol League, Inner Mongolia, a rarely-seen EF3 strong tornado oc-
curred on 25 June 2021, resulting in 6 deaths and a large number of buildings’ damage and other losses.
Based on meteorological observation data, automatic weather station data, CB-Doppler radar observation

data of Zhangbei, Hebei Province, FY-4 satellite data and NCEF FNL (1°X 1°) 6 h reanalysis data, this
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paper comprehensively analyzes the process of the strong tornado. The results show that this tornado oc-
curred in the background of unstable stratification environment of the forward-tilted trough. The strong
conditional instability in the middle and low troposphere (the vertical temperature lapse rate at 850 hPa and
500 hPa was about 7.7 ‘C «+ km™"), abundant water vapor in the lower layers, medium-strength convective
available potential energy, and strong 0—6 km vertical wind shear provided favorable environmental condi-
tions for supercell storms and tornadoes. In addition, the 0—1 km vertical wind shear was 8 m « s™', and
the lifting condensation height was 1. 0 km, which provided relatively favorable environmental conditions
for the occurrence of supercell storms and tornadoes. The convergence line accompanying the ground dry
line triggered the parent storm that produced the tornado, and then evolved into the supercell. The radar
reflectivity factor showed the characteristics of a typical hook echo, the inflow gap of warm and wet air at
low level, the weak echo region at low level, the overhang echo at middle and high level, and the moder-
ate-strength mesocyclone, etc. In the process of the formation and extinction of the tornado, three super-
cell storms formed successively, and all of them appeared in the isolated convective storm form. The torna-
do occurred at the top of one of the supercells, which was the junction of the front updraft and the rear
downdraft. The possible start time and path of tornado based on the evolution of mesocyclone intensity an-
alyzed by radar are in good agreement with the time of field investigation. Except for the strong tornado,
this series of supercells also produced large hail and linear convection gale (thunderstorm gale), the strong
echo center was significantly tilted from low to high, and the maximum reflectivity factor was as high as
65 dBz. In addition to the moderate-strength mesoclones, there was also obvious mid-level radial conver-
gence in the diagram of radial velocity. At the time of supercell storm formation, the vertical integrated

2

liquid water content (VIL) was as high as 73 kg * m™?, the VIL density was 4—5 g« m ?. These radar
echo characteristics indicate the existence of large-sized hail, while the mid-level radial convergence was the
radar echo characteristic of thunderstorm gale.

Key words: strong tornado, supercell storm, mesocyclone, V-shaped notch, hook echo, large-sized hail

2016),2019 4 7 A 3 HiLTIF R EF4 g 0v % Gk
Gl 220205 3 ¥4, 2020), 2019 4E 4 A 13 BT K
BRI (e R/, 202 s N R RE B &R

AR R AR R N RERE RGN E BRI AL, - KRR IT R

PER A BB AE T B 0] PN 38 B RN B R = i 2k L e
B3 H 4 N AR e A (BURR Sy T A e ) R R
AR e 45 (SRR Dy 3R AUIE JE D) (Wakimoto
and Wilson, 1989 ; fif /&t 4E,2006a) ; % [ N v & 1Y
MR & A VF 2 BUR S HB OG5 (2021 % [H e 4
WFoR kAT T IR A BT » £ 55 W45 (2015) (AP I8 %
25(2015) VEE AR5 (2019) R I5 45 (2021) 3 X R
B 7R b e 46 1 PR B R AE AR 0 6 b X Y 10 IR 5 X
Je A 1 B CIRVL = A & XUE A 1996 Sl RRE L5
B A A AT T KSR A 5T 5 o A B e
S ATAETLUE (P B AR R L AR AL R A b AR e R A
S X, HL AT AR S M R 1) R AE (52 A RN AT D
A, 2015) 0 2016 4F 6 J] 23 H & A 76 1L I35 5 5
B EF4 2% 08 8 OF 7k 6 5%, 20165 5K /N 3% 4,

A B B 2015 4E 10 A 38 & KR I 12Uie
P H AT AR R A X T AR s e CE R B 45, 2018) , )
— AR A DA SRR R R AR
WU T 45 CAT /NS 55, 2006 b 1 75 ) 4, 20145 K H
4 .2017),

PR 55 oty X I R R K B R R XL K A R R I
MBI 58 B T AR 2 R BXE e 45 09 B R W
2016—2020 4E N2 B T 3 W 4. 0 2016 4E
AR e 4 L2020 AFEAL Sk T VB MRS R e 4 . 283 B
N GV TR =458 5% BRI o i P 52y 8 46 1 A 9%
EH L EE . AT 2021 4E 6 25 H NS Bk
)y W KA D S B 2 8 R R X2 5 R 1) EF3 9%
S8 OE A FEAE AT 40 B LT 9 523 e 45 1Y) T4 4
b — S 2R



11

RAE S - 2 B G A X B 5 R B EFS S0 i A4 e AE 23 M 1317

2021 4 6 H 25 H 14:00—15:00 (Jt 5 Bf, F
6] o A 52ty B bR S o SR ORA D < I T i B K A e 4
WRACEARRIFR6 « 2574 ) » 1 i 6 1) 5 [ /K
VKB B TE 6 AT 14 N2 45, 5 K450 5 =
{535 200 Ax[E] 704k & B A AL . 25 H B ARk i W
KGR KANSFIE e 54T T i 4,26 H
i E AR B ST B R CH R A R S E
FRIRPO NS BIGR AL R A
G5y RADSF ISR Jny 21 ) 1Y 95k B 4 1A A A
TF & e 4 o AR R A 38 0 TS A WL AR S AR B 3R
HEFM G KIEER .

1 GORHRIG 96 A

L1 & #

A SCHEGER Y 2021 4F 6 H 25 HAZ AL
EE O RAER A X 1134 AN a [ 3h S 4k i
PeRL R EA SR DR LR FY-4 0] Wt =
F = 52 3 (TBB) DL B i db 48 sk % 1 i sk b 23
#5515 (CINRAD/CB ) %8} . NCEP ) FNL(1° X
1) 6 h T 40 A7 96 RE LA B 6 B 9 A 20 48 36 1% ¢ 1
JEESRAE

1.2 RIFAE

2021 4E 6 J1 25 H 14:10—14:40 N5 % 8 pk
P8y B R A S I T V) B I e s L R R R L
5 P K SR VKB KR, PRS2 KA ERIE A L
A ERA T 7 08 B AR (BE Ry 15 k), 4
] X3t Ry AR R K P 2l e i i e R
TR R R, M 1400 B 20. 5C FRES] 11.5C, F
FEmERE S 9. 0°C 5 14:00—15: 00 AY /B B /K 2 K
26 mm,14:00—16:00 ) R it KK 31. 6 mm,
A XS E RN IKE (H G #E#® . e kA
AR AF R ) 2 2 A A3 A P S BRI 08 R 3 e
B 2 b W R R T T VA B N R X
14:00—15:00 e R KHEM 8.2 m+ s ' H% 11.9 m -
s ROR XUER H BRAE 14222, [A] if U] €45, PG
AU SRy v AL X s A Hs I A S5 I AT B T AN 14000 1Y
836.8 hPa | J} % 15:00 fi 837. 5 hPa; 14, 00—
15:00 (/MR /K & 15,3 mm,13:00—16:00 [
3 h ZifFE/KE N 23. 6 mm,

WA e 45 9 T A BOR S ) (4 [E 4B K

TR UEA AR 2 125, 2017) X 45 AR SR 8 B K B
SEIET T VA6 « 257 0 45 AT I A L AR 4 337
LA G AR H & 3 R AR e B KT 25
H 14:10 AAA KT DY F R v S5 e, ik 2
A7 HEEARE T 1440 & F @ E A =900
ARE 2 km 247, IR A FE N 13 km A4 5 52 K T E
9 50~200 ms RAECIe ok EEEH ) (P EIIZLR.
2019) 58 B2 G o vt g 5 R =, M S T EF3 9

MG o6 K i i H i & ik .25 H 14:10 A&
A RARA KANSEHE D 55 7 R A K Pe b g7 K2
B =} R 2ok L 5 0 b TR 927 b TR B
+ EIRGER P ik A Sk AL AR EE R S s L)
EM T B 8l e T8 E Sl 50~ 150 m e 4 T 48 22 Hh
AT W 5 B S L 5 A R AE 5 A R 3%
AR B K AR 52 cm. Wi W AR B 48 T, K
Z R ARENRT7 10 F0 e 5 4% 2l T 1) A — B/ 2 Ak
R A 1] A 8 A £ AR s B e s A B A R AR
FRAE . 14:20 2245 Je A5 3 A 8 [ R 1B 0] K B b R
it VEE 235 49 o Jo 4B 430 AR BIL 2 v R A 5% L BB o L IR FE RS
LB B b HLSh =48 R B A L T 3R R Hs AR 40
S E L, AR 20 em 1Y HLRAT BT INT L OF FE A S R
ANER VKRS s VKR 42 4 ML 2 gk Y XU B B AT R
1 min J&5 845 18] 75 p 5 1) % 2l 5 4 A 10 RT = 2% b ok
RPER, B E A =% A B 2 km A 47 4
559 2K s oA W R AR AT R AN S I 5 0T AL A T R B
38 SR WAL —

2 AU R RO I i o

B 6 7 25 H 08:00 & 28 Z5 45 Jid & 18 (& 1) Af
D, o 7 52ty [ R0 P 21 T B i X (40°~50°N L 110°E)
850 hPa £ & 25 f,500 hPa,700 hPa {25 i {37 T3
TN S AR AR AR ER ML X (407 ~50°N 110"~
115°E) , Bl 850 hPa & 23 fli % J5 F 700~500 hPa &
75 MY o 7S R B v R LA BT I 2 A R L L
700~500 hPa P4 XU H & , R G088 W IRIE B 5 A
o X A s RANSE e s (Bl = & kB
LT 700~500 hPa &5 45 8 J5 (11 3 5 B KM
XN X T itiz 81X ; 5 850 hPa 1 Fif 74 /<,
b THEE X S, e & A 850~500 hPa ¥ {i
FRX, LT HTFRERRA A TLGE
BEO MR, L5 DT R RAN R e 46 A2 R A AE I



1318 5 % 5 40 3
SO°N IRV XU T VD 78 R/ S B 2 1Y) 2 AR B 0 A i s
850 hPaffizh
TR 5 {58 (Weisman and Klemp,1982) , T T A\ iX PUAN J5
500 hPak#gg” 4 700~ 500 hPa 4 A L0 SRS 2 % T 0 B0 4
45 N\ /. 850 hPaifi[x

40

35

115 120 125°E

I = ARFERE L TR
K1 202146 A 25 H 08:00 25 £5 4 il & &

Fig. 1
configuration at 08:00 BT 25 June 2021

High-altitude comprehensive

RS 45 F A R R SR 1 37 1 B3 T IR I AN ERE
245 H LA TR s TIAR IR . 5 K
A= B % R KU D B A5 5 00 I K CPINAR A 0 g AL
2012),

3 et kR B RO B8 A5

X T A 2 T I A5 B KA I AR E
TRIZ AR FNAE T ik A L] 3% = A2 202 B 2 A i
P 78 49 b 2 25 1 (A S B 2% F B 3l /2 ) (Do-
swell et al,1996; A7/NE,2011) B8 X = A& 46,

300 @ S 7

P O VR VR Wy W "

LS W WU VW W VIR VIR i Sy
[ AL N VN VA N N W W
W w w ow W L w g

D wwe et
RN

p/hPa

700 As Wy
850
925
1000 4
12 114 116 118 120°E
— T T e——
2 4 6 8 10 12 g-kg'

3.1 KEBKEREE

6 J1 25 H 11:00 b f1 RIE 41. 79°N Clg 4
Dok 41, 79°N 115, 49°E) & i 2 7~ (K g , B B
0 800 hPa AP EM N 10~12 g« kg ' | TN &
WP SR Z M2 IR 8~10 g » kg bR,
o vamg R KA K, H il 4~6 m s ',
800 hPa LA ¥y R ¥ b R, /K 75 8& (R 2 30 T F i
(9 J2 25 53 A 5 KR 5 AR X B2 AR T e 45 0 i
IR P N TR Ny NG RN [T = I | R i LY T S
W E By B8 38 (Doswell and Evans, 2003; Schultz
et al,2014) ;25 H 14:00([& 2a) Jg# .0 800 hPa L)
THARAI N 10~12 g « kg, H oA PH R XL 1H X B
WIEE 6~10 m -+ s ' H FE(112°~114°E) X )
M 1100 (75 R KU R 75 A0 R 0 B2 W) B R S L
M11:00 () 6~8 g« kg " FHERE 2~4 g+ kg 'K
WA TRERAR, TREMBEES<HBI A
FIF 8 A 5800 hPa LA E AT 4+ 95 A6 XU, (R B
MK, 400~300 hPa & 25 P4 46 KK 35 32 m »
s o AR TR A RARIFE ALV B EIR IR
I R A S T XD AR KO SR R R R
MR EERE,

46°N
a
Qf
44
(L
NS
NN
0 5
\ 61
N ‘
40
i
L = v
38 S S
T T T T
110 12 114 116 118 120°E
~35 -25 —15 —55 15 25 35 105 C -s!

K2 2021 4E 6 H 25 0 14:00Ca) i (B2 F1 X3 XD I 41, 79°N i1
(b)500 hPa /& & 37 (A4, B4V . dagpm) LI JE P 3 GFL(A) 1 850 hPa Kt (XD

Fig. 2

(a) Vertical profile of specific humidity (shaded) and wind field (barb) along 41. 79°N, and

(b) geopotential height (contour, unit; dagpm), tempreture advection at 500 hPa (colored)
and wind field at 850 hPa (barb) at 14:00 BT 25 June 2021
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(a) Vertical profile of 0. along 41. 79°N, (b) CAPE at 14:00 BT 25 June 2021
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Fig. 7 Doppler radar reflectivity factor in Zhangbei at elevations of (a) 0.5°,
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Fig. 10 Doppler radar basic radial velocity in Zhangbei at
1.5° elevation at (a) 14:42 BT, (b) 14:48 BT 25 June 2021
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(b) basic radial velocity at Zhangbei Radar at 14:06 BT 25 June 2021
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