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Abstract; Based on multi-source observations with high spatio-temporal resolution, we present in detail the
synoptic situation, environmental conditions, triggering and evolution characteristics of the convective
storm, and formation and demise mechanisms of the EF4 tornado in Kaiyuan, Liaoning Province on the af-
ternoon of 3 July 2019 in this paper. The Kaiyuan tornado occurred under the 500 hPa northwesterly air-

flow and the 850 hPa shear line in the southwest side of a cold vortex over Northeast China, and in the
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strong warm and moist southwesterly airflow at the surface. Except for the low relative humidity in the
middle and lower troposphere and the higher lifting condensation level which were unfavorable for the tor-
nado, other favorable environmental conditions for mesocyclonic tornado were all satisfied. However,
winds of the Shenyang wind-profiling radar and radial velocity of Shenyang weather radar both show that
the enhanced 0—1 km vertical wind shear had a mesoscale feature indicating that the coupling between the
boundary layer jet and the mid-level jet formed strong vertical wind shear favorable for the EF4 tornado.
The Kaiyuan tornado was generated by an isolated supercell with typical supercell radar echo features, an
intense mesocyclone and tornadic vortex signature, etc. The strom was triggered by both a dryline and a
convergence line of gust front to the east of the dryline. The rainfall produced in the front of the storm
first made the atmosphere rapidly saturated over Kaiyuan and its vicinity. When the hook echo part at the
back of the storm moved to Kaiyuan and its vicinity, the significantly improved low-level moisture condi-
tion was good for the less strong downdraft of the storm to generate the cold pool with suitable intensity.
So the storm, with the suitable cold pool, strong warm and moist boundary-layer air inflow, strong low-
level and mid-level vertical wind shear, and intense updraft, produced the EF4 tornado in Kaiyuan. The
temperature distribution from automatic weather stations shows that the temperature differences between
cold pool of the storm and the ambient atmosphere were 2—4°C, favorable for Kaiyuan tornadogenesis.
While the strong downdraft of the storm produced the intense cold pool with the temperature difference up
to 7C from the environmental atmosphere, it destroyed the maintenance of vertical vorticity near the
ground and then caused the demise of the Kaiyuan tornado.
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Fig.1 Weather observations during the EF4 tornado process on 3 July 2019

(a) high wind, cloud-to-ground lightning, hourly rainfall = 20 mm, and lightning from FY-4A LMI,

(b) composite reflectivity from Shenyang Radar

(Gray solid, black dot and black solid lines denote 40 dBz refectivity contours at 16:33 BT, 17:00 BT and
18:01 BT, respectively; shaded area denotes 40— 60 dBz at 17:27 BT in Fig. 1b.

Star symbol denotes the location of Kaiyuan Weather Station, the same below)
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Fig. 2 Synoptic situation and environmental conditions at 17:00 BT 3 July 2019
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18:00 17:30

(a) synoptic situation, (b) environmental conditions, (¢) the modified 08:00 BT T-logp diagram for Changchun using
the 17:00 BT surface observations at Kaiyuan Station, (d) time-height wind profiles from Shenyang wind profiler
(Figs. 2a and 2b are based on CFSR data. In Fig. 2a, black lines are 500 hPa geopotential height contours,

unit: dgpm; red dotted lines are 500 hPa isotherms, unit: ‘C; gray colored areas with cyan lines indicate

wind speeds == 20 m * s~ ! at 500 hPa; shaded areas with magenta lines are 850 hPa
isotherm in ‘C; blue barbs are 850 hPa winds; blue dotted line represents 850 hPa shear line
and brown line denotes 500 hPa trough. In Fig. 2b, blue contours are for sea level pressure,
unit: hPa, green contours are for precipitable water, unit: mm, and gray colors are for CAPE,
unit: J ¢« kg ', and thick solid lines are contours at 1000 J « kg™ ')
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Fig. 3 FY-4A and automatic weather station
observations at 16:00 BT (a), 17:15 BT (b),
17:45 BT (c¢) 3 July temperature 2019
[In Figs. 3a and 3b, temperature (red digit) , dewpoint
temperature (green digit) and winds from automatic weather
stations and FY-4A enhanced visible images are presented
(Blue dashed line represents surface convergence line, and yellow
ellipse indicates the mesoscale convective system producing
the Kaiyuan tornado). In Fig. 3c, FY-4A enhanced visible
image, —42°C and —52°C contours of FY-4A infrared black body
temperature and lightning from FY-4A LMI are given
(Red symbols denotes the lightning from
FY-4A LMI during 17:41—17:50 BT) ]
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WG 3k B SR AR T A I, 25 1 3 b T P R XL
H5~6mes ',0~1 km K2R IMEENRY) AL
% KT CFSR Bk 09 B0 X 80 3%
A TR R A 38 O A B (10 m -
111 and Evans,2003) . R 52 R RSB A AO 358 4K
J2 3 BRIV A R Tkt R oe s ke, (HXA5%
FEAE CFSR 434 % REA 24 15 1 42 BR B 141 3 vh 9%
K REAS 2 AR

ZEA LA BB s S AR T TR e A PR 8 251 1l
JE T K CAPE {H A3 ) 0~6 km 3 B X Y28 &1
XA TR AR B 2 A T AR TR
Je 4 B4/ CIN 2 fd sl 0~1 km 1 B K] 48
Ao I, B IR B 5% 1A A TR O AR XU R
A fH 0~1 km 3 H X Y)AE B3G5 B A — & 1
FRUBERFAE 5 76 B 35 L0 1 428 1) K 32 3 0 XL G 4% B

« s ?; Rasmussen and Blanchard,

s7'; Doswell

PO B AR TR, TR R X2 R 2
ETET )2 . DCAPE B R EFER S BEZ 3.6 km, &
R 1 N TR - s = R Lo NI o 1 e ) 2
%4 (Schultz et al, 2014 ; ¥R K 645, 2017) 5 KA
JZ AR BE AR o 36 T 6 405 v B A (L8R CIN
RN S 2 X e 4 & BN AN R 45 . 1T 2016
LR R TGRS T AR T e kG0 A H
FIFREE 55 A G K 655 . 2018b)

3 XFU A 2 A1 DA AR

T 75 WA (2015) R BT 2R J2 AR b T 46 A 3 2 fi
KHFZ—. W55 A LA B I 5 5 A 6 ik
i (Wilson and Mueller, 1993; Wilson and Megen-
hardt, 1997 ; G /N 6 25, 2012 A FT 8 25, 2019) . 4>
BT IR X8 3L 1) i 2 o B 23 23 B R AR R R FY-4A 10
BT = BEA R B A R R SR T i
THT [ 2030 A3 45 G RE BT 25 A 4 Uk 3 A 2 R A

LT ST 3% 5 R R e A 0 X U R 48k A A
500 hPa Y& il 5 K RUEE T tis 3 X X i 3l I 1
RSN DO S e | S e S IR G RO
AT e 3 o o A i & AL . TR R RS R B
2o (R S 78 TR Rl 45 & AR 12 I A2 20k
BN TG 1 20 B 3k BEE [R], 35 bRorb g S G X & 40
KB ORI KB R LR RO S 0 A I 1) R L 1) AR
J5 1) 7% 2y 52 Wi B30 7 A6 R AR A b X5 {H 7F 24
HE AR s RO I R O AR A ZROIR X U R 4 B
P2 Kk ROk .

HuTE 3 K R TR JE 21 B AN TR X
BN 3 H 08 B It kA XU 14 55 48 4 (IO A7 7E
RN JC W] R 2k N 52l 5 77 32 ST IR A Y
5ty — M A7 75— 45 BT S 1% b T 4 45 £, 2% 0 TR 4%
i R KR — & T4 FY-4A DR LSS
P ) 8 % o FF TS JE A1 BRESEE AN 3 B 08 B FF B AT AR 3K
Z A TAEE KA A, & 15 B X S LA AR IR
A BB & B N TREXT A . X 3 B AR K B [ ST
b TAT ) T A% PR AR T X IR R R A% L b T 4
A5 (Eng) . CFSR ¥ 8} /R CAPE B /) (&
W) LI L2 B R RUBE TR U0 AT 300 1 1) 7 A 46 (45 %
Xof Mk LA ik %

Z 16 B (& 3a) , U TH R A 4k 2 T4k, 2 i
NIL 7 AGHR 5 7] 08 B L 45 4 £ 2 A6 00 i) 1 1T 5% 550
82 PR AN L 00 A T v T T B 2
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% 5 46 45

R T Il 85 6 0 - 31 2K 5 () Bl 57 T 5 bR A bR X 3
RYrE R T I T AR X Hb T R AR S
T W2 ) 0 ol — 2% B XU R s 7RI T
555 7 AR SE SA BR 0 DX P SR S S A I b AT AR L
it [ S NS K o PV S W | A VR 2B E8= W 2
JEHPGAC KA 15 I f 3 5 e K X TR 6 moe s
ZiA P AL A BT i B KRG 8~10m = s
M b T8 56 A S 2 s, iz CFSR % R 7R
CAPE B 34 I CET WS A5 AN AR E B 1 o, PR T 4
B ST R 2 B % R i (&) 3a v B 6 A [ X 36
DR WU e (3 BT 0 s PR 84 L
B L ZLAb SRS — 19 °C 22 4y (IS ) HL7E RR 2R AIR, Uk
Y b A AE TR T 5 T BH Tk O Y B B S R T
CH i 35 dBz (BB T8 BRI Az X 3t » 32 % Ik e 4%
KR R 5 BOT TR e 45 ) 8 AR i U . IR
Xof 9 ik 2 35k R 5 H Al — 26 % A R 3 fish & X I
BN A BT AS 6] B0 2016 4E 6 H 30 H E 4t
B — LR 1 fih K ST B A5, 2019) . iR F5 Z U W]
IR S A T IE O R & s AR FE e s, IR T
2 TR 000 0 32 4 YA A e B R 2 AN O A A0 i 6 A
4 B AP 2 FE T 7 G A I ok T s A 2 e 0
2 e B 1 T v A P R AT R T A R A

B8R 16 B NLLN F1 FY-4A LMI #1408 )
Bz i KU 77 AR L {3 3 16: 30, FY-4A LMI
T 08I0 380 7 PR F 3 3 (BT, SR BH X I R 4 Bt
s Z CARRI L R i O G300 IR 5 5 K 38 R 3%
AT #id 40 dBz(F 1b) .

BT = HT il ) 17:15 i (& 3b) , JF
J it X CAPE B 4% 22 35 Jin (& 2b) L [6) i -2k G
280 W R N Ui S R R N5 O e B B I SR T L %
Dt XU {7 e TR S 300 908 e = 8 5 14 5 m) DO = &
TR A TR BRI = A = TR Rk, B
5 b b TR H 95 45 RRAE O 1 BB 4 Y
T % i A2 5 H AR 0 3 =z TR] B B Y A3
HAE %5 8] 43 PR BAG A £1 5h = T b 3 6 X 9 S B H
—RKFEIE o PREX RS S flstifik —51 CA
s e K AEAE VM R 58 IR 6 FE X FY-4A LMI 4k
S8 3 — £ A LY 3l (L La) 5 9k B 7R 25 000 1) e
SRR F T ik 65 dBz ZiAy (IS R R T3
B PR A 25 R U R WY e A 1 TG S 2 it B ]
Y7E 1717 R4, 2020) . H A 5 7% 76 M BT C fg
g 7 30 Xof i KU BT T AR A R SR = .

917451747, Je Ul 55 T T B R T

ik ¥ 55, 2020) , LA S8R 43 A ARG 9 7] Lo 2= [ 4
IR 1715 B % R 2L AH e IR 40 4F 5 i 2 AR F
—52C. A WL )6 = B 2 B U Bh R kR AE s B OAR
NLLN 20 0 21 i [N {H FY-4A LMI Wi 2 5 Ky
T BRI DN FEL Y B0, 2R B b T3 Sl B 6 AR AR E
BER . B o o ROBEXT I R 55 ) 25 /e O AR 7
gl 2 L T ARG . T 4 H 01 B A2 45 16 9
fief 22 [y H AR U e B A 9 AR

4 b KURR T S L 25 5 e s A T L
il

4.1 XWARKBETINEH

QR TR, 16 B R JE DAL X L = & & Sl
IR . 16233, 3% DX I & & 3 A4 X 3 KL
o R T ok 7 A I YK i e o 1 Dy s v A ) X6 i X
(A 1b), X4 Trapp et al (2005b) Fil Grams
et al(2012) & B ISL 23 BLAG B 25 44 X0 38 3 5 T
AR EEN SR, 2 17:06, 60 F I T X 75
IS P R IR PR T A S L Pk P TR O A R RO R
H7ik 60 dBz LA b AR A B9 B S 2 HA
T AR IR CEIBE ) 3 B L 8 & J B ok 88 B
1B Jg 3 16 R R G 45, 2020) 5 1 5 He E PG AL 16 4R
A i B 7 1) % 213 5 M O i T X

BRI 17 17w F1 172218 4, 1
JREE fi R R R ik 65 dBz LA b . ELA SR (0] 35
FRAE A2 1) 2 B2 375 11 rf SRR AIE T O 1 35 5 3 SR RRAIE
TEZ G5 WARHFIRBEE 17.50 — H e i, 454
IR 37 8 A5 ZRAT 0 R LI 20 4 A0 (5K 555, 2020)
1EU Lemon and Doswell IIT(1979) %5 H3 11 8 5488 2%
BRI M R AL T S S 1Y 5 R e A kAR TE
L NCIR) A VA B SR U A /R K 5 ) R W d
SR T (B A F1 4d BYLE ST 7R ) o BatR [ i T g
BEAE (I 5 5K 75 45 (2020) B3 98 A5 4R 45 1Y 6 A5 %
I VAR RO U R R e A XU T R
IA H LI A e A R IR F A Y S AR [T g
FRAE (RIS

VR BA 7 35 B A 3 PR 7 i T (L 4b) B R
KT 60 dBz #Y 58 S 3 K 7 5 B ik 8 km LA
T4 km iy BE LU A S5 (i DX R (] Rk
e 2 RV AT L 22 B 300 B 2 R SR I I A I A
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KK 62019 4F 7 7 3 HIL TIFJE EF4 58 Jp 45 T8 A 1 3 AL FRAE AL B 597

WA LR, U EERIE AT & Lemon and
Doswell TII(1979) B e, 4 i 2 5 1A A % HE 7 A5 7Y
55 [ N — S 88 5K e A5 A B R E AR R R0, G
AT/ A (2006b) (KB K 6 45 (2018b) 45 HY 1 245
WAL & AL F T A s B Rl i 65 dBz,
FENTE FH B B 2R B IS 2 1 ke 76 4 g J3E 1 J )
4 km DL b e BE 3O 77 AR R VK 9 3K [0 I RRAE
5T X B B KGR G

VA IF R P57 R AR e 3 37 WL R A AR BB
A Mg 7 X ol 5 Jo A8 1l Bk N & LU v AU B
LR AH RE A% AR 418 460 R (81 38 5 o A€ Y S T G B
ok 32 X0 35 ) W b e ) SR E . A 4R Lemon and
Doswell TII(1979) {4 Ji 45 8 22 54 JXU 5% AR 8 A2 2
% A W it R T Ak b BH R 8 R LAY 7 67 DA R
PRI 2] (1% 425 1) T8 43 A W7 LA B o R ASE A A 0 R
JEE WA R AR ) R L A S I B TR A . B
SRAL Y5 ER IR 4% [ o B 37 [A] A S 7 O D 0 o R g H AT
H e B R T AR AR L HL R T U A R S A
PRI IHE T S5 B O BH B 38 UL DU R

16:38, PLFH BT ik 1. 5° 4 A 08 I 3] 5 35 7 )5t e
B IR KU LR BT B S A i E L (LI B 0. 5
Fr1 ¥ TG T3 Jie 4 A ST D 5 G Rl i a4k, 28 17.:06,0. 57,
LSRN 2. 4 m sl B2 3 B HA T AR
It ) o 32 0 i IR 2 1 A1 2 T e 265 i 0 S 38 e
XA A T SRR e 4 I B R AR Z — (Lemon
and Doswell TI1,1979; ¥R #1225, 2009) . il 58 1 i
2T IEAS 23 B 0] F R 8 2 M 18 T8 W88 4, (B 3L
23 (1 A5 68 G A X it R 3 T I AR B
NN [ S s e w2 AT S I S A R AT FE R D53
W PL i % B B (Markowski and Richardson,
2014) o fIGJZ WA TE MY 5 5 0 O R R DT Y
R YIAR G, e R T OB B ¥ it A
AR K8 B b TR AU A5 R R K P T8 B R
JCTE T35 FE DI I 5 T AR 2 8 i€ (Markowski and
Richardson,2009) s ¥ i Jil i1 B 3l ub X000 & w7
SRR 17205 326 Y K 52 e DX R M T IR 8K
17 WA B RE.

17:17—17 .44, P PHEE L 0. 5740 1. 54 £ 0
ST It e 5 K I e — B s B — 2
fbo LA 17:22 R, 0. 5740 f v e e i T 2 /0 ik
24mes "COE@E 30.5mes ' AHEE 18mes ")

(40 1. 5°ff3% 30. 5 m e s 'GEHMAE 30 m e s ',
R 31 mo e s ) (B 4d) 5 H A€ ) B 52 B0 ) 09
J2 2R K CRIZR R 5 1)) 4604} 1) AR AL o i
75 TR [ 9 522 0 A i F) R (B8] 4d R R
e 54040, B fip ) L 2016 AF VL5 KL T e 4 O Ak %
&5,2018b) Al 2013 4 38 EMk s hi o H 4 El Reno Jg
% (Bluestein et al, 201D S EetL# EAEET
] b B ARNRAAE . 2K e s 0 & AR TE TR B AR 3K 0. 57
A0 A1 H AT T 8 AR T 38 T o A 6 TS R
U 5 AT T 5 S B AT (8] e Fi4d 2L
FUR) o Je 48 B PR B I BH 7 ik i 2 70~80 km,
R v ASCE F BT A o (i /D 8 45, 20062) 5 1% 58 2
AR TR P A, TVS & 0 8 I I WU Y 5 —
S L B de T 4d WO i XU AR L A AR B
B TVS F¢fiE. 17:50 Pl . BAR B & T 40 K [
D2 R AT T 0B A T 55 [ DX 33 % o R R
2 14 H A TE B TR R e (/N RUBE 163 T 98 B 38 AN 3] v
SRR HE I SRy H I8 e ) R AE — B 4E R 3% XU [R) 3L

b XU A T 5 3Kt 2% B A ) Xof XU 1 b T R
J3E L BT 58

g1 rh pr g 2 e R I M I /N T
1 kem ML e 3 A AR A N . X UK e 6 K26
FHEE VL P 3k 2 29 70~ 80 km, P B 1K 2 7E %
R L LI E ) X2 f IR R EAE 1.2 km A2 AT
PEABEWLI 2 1 ke oy B2 LR B4R ) S BE 37, 0TI
JIead A e A S R TS VR BH R I8 1L 574N A UL Y X
T AR 1 HH I T SR S F 0. 5T A s 7E e B R gk i
Bed . 1.2 km 245 198 BE UL FHVAR Sk B AR 9 0. 5741
Fi1) I 38 1 LI B b SR ARAL o

4.2 RS REEHNE

Xof i A PR b T dz gl (A I A e R AR
i A= 5 A i (Davies-Jones, 1984 ; Davies-Jones et
al 2001) . 0 B 1A XU B AR T 8 118 T Bt 2 o I
FHR IR . AH e A S H T b TR ) R B R R
FUANER BT S H I A BE Hy b AUNE Y A UL AR R X
2 ik b T2 Bl 25 (0 75 55 e e A< b T T G 5 3t 1
(Davies-Jones and Brooks, 1993)., #8 2% ¥.{K X 2%
o F U040 T % 4 B3 X T % (Davies-Jones
et al, 2001 ; Schenkman et al, 2014 ; Schultz et al,
2014;Yao et al,2018) , Ho 5 ¥R 5% 2 [ Jt A1 1 B 22
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% 5 46 45

S T 30 T Y 2 B E K R (Davies-Jones et
al,2001) i3 & P 4 1 A 2 n o 30 3t T ) 7K
I 163 o AR e ek b T AR TR A A T
BT AR R L A 1 A T A B B E . Wurman et al
(2007) ) FH 2= 308 12 LI Bk AR 22 3 ) 7 3k X7
B AT IR S L A A R S B A A S R DL
R V=R 1 NIRRT o O 3 )/ e il i MR ) !
T AR T e AR L T DT 3 3K b TS A IR
UL I RE AN BE AR 5 75 U0 2 IR R 03 O 3 L S U
PR AN I 1 30 bt TE P9 0 98 5 A i o PR b, % o
U5 P 22 [A)JE i i) Uk B 22 S AE — > - A7 B O
WA AN 4 5 1 5% 88 (Markowski and Richardson,
2009;Schultz et al,2014) , X PR EERE Y /DNT
4°C (Markowski et al, 2002 ; Markowski and Richard-
son,2009) . HE5 A 0~1 km AR XHE % (Doswell 111
and Evans,2003) ¥ 5 4% {1 W fE 45 (R 31L& H -5 1%
123 S A 8 Y i XTS5 Kk (Markowski
and Richardson, 2009; Markowski et al, 2002;
Schultz et al,2014),

PRI A 988 43 32 2 1) e s s %8 2 1) b 1T ) 3
il WL B RE BT 5) o B T3 — ik 23 B AR IR O it
PR EAG AT I B0 A . B e 4 1 TE RN
THLHIER A R 2 05 T ZIR AW 58 (Markowski,
2002;Yao et al,2018) .t J& Tl 0% 1 jH 2 — .

1715 H1 1745 JF O 30 KO3 T 78 X 38 1) b 1
Bl WL I B A3 A R Rk U R B TR DA
EV G NIRRT A TR A T A R T S £ 2
UEI LAY 17:15 CIE Sa) , 4 T ¥ L I 2 29 O 23 ~
27TCL AN MBI E LAl 29~30C, WM EN N
2~T7C 3y BEVE R 78 FAIR 10T 38 T e 45 A= B Y
A1 E L EAR Bl UGRh A Bk Mg L B4 G A Y
Hu T A Bl TG kil B W AT) SR BE S & B AL Y it 22
IR BN 290 2~4C o PG, i i » 3 8/ 1)
25 RAR W Je A 1 TV SR A1 1 30T b T e 9 A 5 Y
Py BATLA » DT )3 0 4 1 480 AR [ 30 ) T 2 i

AL G0 i SC R 4 S A8 S R T AR IR A TR ) B
555 2 A 2 R U JE AR 2 AR X 8 B A A R e R
BERR BV M AN A T AR 55 %8 1t (Doswell TIT and
Evans,2003) . BE K Qi it . A1 2 J5t PR {75 otk i 19 2
WA R ZE BN VR b FE 4 45 H A IZ 0O i
T 25 A S W] DL B 08 i KU Kl 5 B O e

At 1) B PG AL AR e 19 3T i e O A% 8l i
7 HE AR X A R 14 VG A F B IR 1 i B TR A e
B 7= Z W 26 AR 1 R 4R e AE T DR S
A DK A T R K S R R ) L TED Bl ARG A S
LI 2] 7 B LI 5 i DA B0 X8R APl iy
0 RE R 8 s LK I XU A S A S R
T A I T B B A 55 o AT o A5 X I KU S R A Bl #)
2 DX 0 AT T B0V L R O 23 KR BCR
T I E H SC A AT 4 OB e A XU i A2
HLA 5 B W A UL SR AT 2 R 2 A XD AR D
AR a0 T X 28 PR ER A S R R
TR A WY B

183 e 45 9 55 1 T2 B0 1 0 T (5K AR
2020) ) 1745 I (& 5b) o #41R 8] 3 45 AF A F- 40 A
42 WD I XU IR 2 B AT B AT
WSS L D BH R IR L. 5T A U R i X I A
JEAR VR G TS b T VA Tt B S AR B R 19
~21°C, B8 31 20 55 0 B AR AR KL AT 2 ok 28 ~
30C, Mt —F I\ 2N ARE] 7~11C, H 4R 111 X
— {00 b, G I 2 AT AT b 2 O AR T ST A L K R
A8 H AR T 4 2 0 1 I A A . X R R R
P ST TV & S Ti: N TR R e A I | 71 W R
b o BRI SRR AR SR AEAE AL IR Ry 97T T 3 4
il T A W T 1 0 M T B T S B O TS
T 3 T A A T U R 0 4 B A A T
(Markowski and Richardson, 2009; Schultz et al,
20145 AR IG5, 2017) , T B4 H I, X BT LY
GUIE I AR 0 e 5 AR SR R BB
TR TR e 6 T TS5 RO 1 A% Sh IR TR
KB ],

BEAI, Hb T [ 2h A G IR B A R 3 K
IR A R XU S BEOOR S A RUBR R A BR R AR A
B —E B H = A e i B R R A 2 (&
5) o UNRTATIR AR IR 4 i B 1) M i [ 2 <5 K
i (E 3b M 5) i X 9 KU TE % T 78 48 1) e
B AL/ RUBE i T 20 0 {HL 3 R J2& T8 A6 A 5F 19 it
TEFR TR » R A 4R 400 B 37 0 2, T8 4 3 O ) IR AL &4
200~400 m (iK% 45, 2020) , I A B8 76 Hu i E 5 o
WL AR R AR, 2016 FILF BT R &M A
Sy st L0 2 T 2Rl B B S M T 908 E XL 5 43 A GRS
KN ,2018b) .,
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20190703/17:22, 0.5°, Ref

h/km

O | | |
76 76 77 77 78 79 79 80 81 81 82 km
18 20 21 23 24 26 27 28 30 31 32 °

20190703 17:22 Vel 0.5° © 20190703 17:22 Vel 1.5° (@)m s
-

—18 m-s!

30.5m-s'N

]
30m-s 15

B4 20194E 7 A 3 B 17:22 JLFHE K (0. 54 A (b) 3 B 1 A9 2 5 R J T
()0, 5 (D 1. 5° I 1 1 4% 1] 38 J% (BE 8D 5 40 dBz [ 4T F R (HL CR B L4
(B 4a rp 52 B 4b b 3 B # T8 BT A6 00 B . 4b B AR AR TR 5 AR Y B HE T B R TR
TBU PR N HEBCT R 0 A R O IR AT . B Ad i BB 6 TE D5 T A 0. 54 A bR [ D
Fig.4 Shenyang Radar reflectivity at 0. 5° elevation (a) and in vertical cross section (b),
and radial velocity (color shaded) with 40 dBz reflectivity contour (purple thick solid line)
at 0.5° (¢) and 1.5° (d) elevations at 17:22 BT 3 July 2019
(In Fig. 4a, white line is vertical cross-section of Fig. 4b. In Fig. 4b, the top digits below the abscissa
are distances from Shenyang Radar Station, and the bottom digits are azimuth angles, with north of 0°

o

and clockwise increase. In Fig. 4d, black square symbol represents the location of hook echo at 0. 5° elevation)

43.0° I .
17:45 AWS T Wind

42.
124.0 124.5°E 124.0 124.5°E

K5 201947 A 3 H()17:15,(b)17:45 HuTi B 8 TR vl WLIR AL CBC7 AR R 36 b, Bz . OO FIX
CHE A (5] = A Sy A S 220 0. 540 A B4 TR TR0 T 7 057 B 5 5% €KL S5 2R ANy D5 b 0 B 0 1) O BH 5 36
0. 5°M A 40 dBz S 5t 28 PR S5 (B 4%, H Al xd 3k XU 1) S5 B 4 )
Fig. 5 Temperatures and winds from automatic weather stations at 17:15 BT (a) and 17:45 BT (b) 3 July 2019
(Rectangles with different colors marked digits indicate temperatures, unit: C; yellow inverted triangle represents
the location of hook echo at 0.5° elevation, and purple thick solid line is the 40 dBz reflectivity

contour at 0. 5° elevation of the tornadic supercell from Shenyang Radar)
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% 5 46 45

5 it itie

2019 4F 7 ;1 3 HiL TP )i EF4 e 5 K % &
SR T 2016 4RV I8 BT EF4 9 Jo 4 B K 06 %%
2016b) AHAKSRBI R T 12 K., AXLGRNHZ
UL B8 et 42 T 43 BT T % R A K A R TR B IR B
BOIRBE A ik R I R G AR ML T A LR AT
Je 6 A TH L A I 7 © A TR o8 45 R kAT T X L.
PATUNT EELEE .

(DARWR I K AELERIR BTG M, 500 hPa
M s AR ROEE R Ut iz g X, B AT AR RE A
850 hPa fF7E PGk X5 75 WD) A8 48, v 1 °F T <
JE 3700 H p 0 A A6 5 DX, b 1T VY g 19 3 3 XU K
HiiEs ik 19C AL, i SR Em T EHFH
S5 (2015) GE i1 1Y 22 B AL e 45 AH R 50 (A .

) A Y i 8 245 1 B KRR S5 R A 1Y
ORI BE S0, Wk R T A R T SRR R
CAPE {158 0~6 km 3 1 KUY AE 0483 4~ 45 14
MR T A R TR e 1/ CIN FIE580~1 km
TP E R A Sk, (0 0~1 km 3 B RUE)AS [ 1 9
S S Y5FR 8 000 7 2% 1) 38 3 3 R ok B AU 28 75 3k
AL A5 20 7R, BAT o ROBERRAE . 301 5 )2 5 R
1500 hPa H1 2 20 AHAR & . 1 2 T2 I B 46 28 B
JIT 5 1) AR 2 0 v 2 58 3 B RV AR 45 4

(AR e 45 K HE W AN R IR J A 2 < I R B O
DX 3L 2 AR Z AR AE T2 A 0 B AR, 46 T 58 25
R X S F T B A (2015) B ARH I G 1 4 B A
h 8. ABJE A 7 A A 6 I KU 1 IR S AE TR
T 8 303 1 DX 7 AT e AR A AP A R A X
ERTE b IINTTR I s a9 O R - S =i AR N
e DX I B Bl 3192 DX 38 7™ A S R R 1 ¥4 S L DT A
FIFIREA  XF I B o0 2 R B A AR
WA G IEGEESHME.

(7 3 H 16 B A A7 s i) i i T 240 5 2k
51 T 0 I 7R G0 P AR B £ e A 3, 8 5 ) b THT 4
Al T BT R e B R X X S A
QOIS G MR AL e 6 il R ALK e —E 25 R .

(5) Pk FH AL Y6 38 BEORHER /R 3 8O Ik e 5
9 2R G0 o — IIS7 R PR, HL A B AR 9 e 2 PR [
P ERAE L TR B T 3K 0. 5T 1. 5400 £f 42 1] o FiE B SR
o A B KR Gk B 5 e, HLHA TVS F§
fiE o FEZABHHARTE R Z 1T L BH 7R 35 1. 574 ff
T 0.5 AR UL ) TR e . A5G B A A R R

WIZ IR e 45 5 A6 78 46 4R 1] 6 Tt g o L b 1T 1) 8
PURIUE W) 52N AR NN -2 B2

(6) M 1T 2l o i B 0L I 9% R R, 1715
B A B B S 18 K A e 48 9 B R (] 33 — 0] 3t T 3t
ZANL) 2~ 4 C % M IF A& Kk, & A A e BB i
18— 30 H AL (R ) 17 .45 Clp B i T i)
S T AU A B AR TET I X — ) kb T IR 2% Ak
7C T M P TR R R AR R DT A e
T 3K BB AR AR Sy 6 2 BRI e 265 i 30 190 3 5 441t
T ZEK .

(DIZXR A I ATE T HLHLE S R AR
(1) CAPE Fisi o J2 25 B X Y] A8 BR8N T 4R R
e LR VR FH ik i 114 o PG 00 %o g XU T T R 2 PR
A iz KR IR D0 751K )2 A kR Ot F —
AR b TR A A 2O I XU Y R S
TE A TE BRI A T B K e 45 A0 PR A L Y
X KR 5 A 2l 21 3% IR, A R T HOAS KRR
U™ A= A 185 ¥ L TP 0t 10 B ) B 78 300 3
J2 DR R AT R 2 RN )2 5 RD) AR DL S
B SR B b T M SR R AR TR A 3 A X X
T A T RO IR e A s Bl CE X TR R R
1745 Je A4y 5 B UUAI T O Ve W, 5007 ) 35 4
T Y 3 T SR O R R AE R AR R G T

W T A RUBE G H AR LA K oA i
PLR] L 00 AR R 02 R H B A Pk R M 1y F g BR A
(Schenkman et al,2014; Yao et al,2018). B & 1A
W S B A G RN R ILARm AET B
TR T B0 I b T U PR B Z RE Y TR
22T B — A EBOE B A -1 45 (Markowski et al,
2002;Schultz et al, 2014 ; ¥k 62, 2017) ; 1A W
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