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Abstract: Using conventional observation data, ground automatic weather station data, Doppler weather
radar and wind profiler radar data, etc., this paper analyzes the EF2 tornado that occurred in Jinghai,
Tianjin at about 17:30 BT 31 August 2018. The focus is on the analysis of environmental background con-
ditions, local instability conditions, trigger uplift conditions and radar echo characteristics, etc. before and
after the occurrence of tornado. The results show that this tornado weather occurred when the 500 hPa

high-altitude trough moved eastward, the subtropical high strengthened its westward movement and
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Typhoon Capricorn was moving northward. Before the tornado occurred, the environmental background
conditions were obviously unstable, the CAPE value was 1797 J « kg™ ' (CIN was 0 J « kg~') and the wind

1

vector difference in the height of 0—6 km was approximately 14 m * s ' and there was lower lifting con-

densation level (LCL). At the same time, there was high CAPE (maximum value exceeded 4000 J -+
kg '), lower LCL. Before the tornado occurred, LCL showed a sudden drop (lowest to around 897 hPa).
With the occurrence of tornado, the vertical wind shear values near the ground (0—1 km height and be-
low) at both upwind and downwind stations showed the characteristics of rapid increase first and then rap-
id decrease. The rapid decrease of the vertical wind shear value started from the upper layer and descended
rapidly, while the vertical wind shear value above the 0—1 km height did not change significantly. Doppler
weather radar observations show that the tornado echo had a small individual scale (with a diameter of

—1

about 2 km at the positive and negative velocity centers), a maximum rotational speed of 24 m « s~ ' at the

1, The echo of this tornado

positive and negative velocity centers, and a vertical vorticity of 2. 4 X107 s
had obvious overhanging structure, bounded weak echo zone and tornado vortex. Moreover, the low-level
inflow at the rear side was very strong, so it should be a micro supercell tornado. The collision between
the sea breeze front moving to the locale and the gust front formed by the upwind thunderstorm cell out-
flow triggered the vigorous release of unstable energy locally, stimulating the regeneration of thunder-

storm cells, and developing into organized strong thunderstorm cells, which should be the direct trigger

conditions for the occurrence of this tornado.

Key words: tornado, gust front, sea breeze front, radar echo characteristic, occurrence condition

5 "

T4 J2 BRI 2 77 A AR T A R B /N RUBE 9
FERAEMERE —BMNILTRBULE K 7T 1 5
RN G T B AR CAT /D S 4R 200645
2006b) , 1 HEA 28 J M it L A iy s J AR fb 2R 45
LSOV AN NI 0 N N W A ) £
19 % A6 T T /R 28 S, TR Ot B i O of 0 4 90
oA RAR A WMERERR . 75 35 2 e 4 WL o5 5
(19 T e A5 1 460 R Il AR E T 1953 477 35 [E 4
O B IR R R AR L B S Fujita(19715
198131989 FiJ FH T 5 W 0 » 4% £ b il L I 50 40 I 4
R DL SO 4 91 46 %) e 45 e JT 1 R h o8 Ak
H 2388 R W IR TR K HE R i i
K s Donaldson(1970) 1 ¥k F| FH 22385 ) K <0 F 38 S ]
B TP PET BRI, ZIEADEREE
FH 2238 ) R AUH iR 0 s RAGHEAT o M i o, 3
t Brown et al (1978) F| F 36 [ [E 5 5 XU 2 52 55 %
(1) 2238 3 KA TH R R BB T — vl ek b e 6
T AR A E P ASE RUBE B/ IN ) 225 8 7R 3k T R A i e
FRAE 22 B0 A 4% 1) 8 2 T s 6 £ 1) A S R
F HRER Z 0] (5 ZUE B V) AR, ROBE 3 5 7E2 km LA

RN B IR AE (TVS) . 78 B . Bl 5 B
—ARRA B M Z 5 A0 L ZA B KA 2
149 53 A7 WF 5% 328 ¥ 14 22 (A /N S 455 2008 5 15 108 1 55
200432009;2015; i % 25 45, 2006 ; 25 o B2 45, 20145
KT A2 5F . 2013 s PROT K 45, 2016 22 IR 45, 2017 4%
SJ7 4, 2009 ; FEHE 5L 20175 4R 25 55, 20215 FB K O
25,2020 5K A/ 55 - 20205 5& B B 55, 20225 R VL 1L 45
2015) , J o A /N B 4 (2008) Fi S BB 198 45 (2004
2009) ] I 22 3 8l R R 35 B4 X 4 A e 4
FEHEAT VR 0 A e 46 L FEBE e 6 1 & A R IX
AR BE 8 WL %56 B Hh AUl BN RUBE 9 U0 AE (TVS)
FRAE s 22 JR B4 (2017) 0 8 S 75 45 (2019) S IS BH A
S5 (2021) F) ] 2235 8y R AU IR BERESE XS 2 & AR 1Y
BRI G SFEHT T M. IR E G kA
14 25 [] 43 A R AE » 350 75 AR I (RS (1995) 43 A7 G2 11
1980—1993 4EFR [H & 25 W o 45 43 A A A 45 1, h
SR SRR < 7 2P N [ B ANl | D/ N i
Hb X2 I A5 1 P A 2 K1 5 3 AR R AT /N (2015)
MIXE 1961—2010 4F 4> Eid & 2149 EF2 DL 1y
165 Wb A5 1 & A= M kA7 e vt Ja B o V¥ ik Ja L A
B AR G FI AR AL b X AR B 8 A MR 7 35 1 X e
BRI 2 RIS (2017) I 2004—2012 4F 1Y
W R R 5 K E AR JE R CFSR 43 47 98 R X 38



5939

AREGELA 2018 4F 8 H 13 H R Mt Je 45 1Y 7 3K SR AR A& AR A 1

1065

E R4 1 25 | o A ge it Ja 48 s B R B fE 2 ) b
FESMA TR, T H T R X L il
TR MR N 52l 28 A R B R VT R Al R R A
o AR DX A XTI 7 T AR A IR T XU
SN BRI 30 4R RALAE 20 tH4d 90 A L
K I3 I 0 53 - B LA H A X 24 b e 4 KA 4
I AT/, 2018 4E8 H 13 H R4 K Ht s Hh
HBSR XTI KR, 17 .30 24 (AL Bt i, F [A)) #f 1A IX
BRI o5 W) 2 oo e UL N D AN N -
5t L JRy ML 37 O M EE L DA [E] 9 B AR B R G A A
40 min A2 A7, BT DL TR 00 HE FEAR R . I 5 R A5 1
AR b RS W DX AP A T B SR, HRE
I JE 00 0 1 20255 i ORI R XU 4 T 3k e 23

RATEREGORE X IR e 4 RS & E S E
IR FRAE S HEAT 43 BT o A0 I fiok i BIL 1) 40 95 i o T
REPE L A 4 J5 TV Jp 36 45 s 0 30 K A< 4L T4 86

L e 9 B0 b o BE e 4

2018 4F 8 J1 13 H N/ K Jm) i B 58 X 3 K
17230 2 Ay A i i DX G 0 HLRY BF O K A e o K
S D e s B B R BT A iU - B 2R
AL 1) P4 R 5 16 % 3 s Sl e R R T IR T HLUR—
TRA— RSB R A 200 15 min, 52
L LN 20 ke« bt 5 00 W 9N AR
RZJy 5 km FE B JLK 2 K A BE R b 59 &

K1
(o) [ b w28 7 HE A B ORI (D B 3l 4 0l o5, B 7K b W [] A8 £k Gl o 47 B WL I 1)
Fig. 1

1 st 55 R K, Fo AR B B 17:00—18:00 (/N B
KEEARH 57. 8 mm(El 1d) , o4 K & 4E 30 min
JETE H R 3l BR A2 W 10 A2563 [ 3l 4 ok W il 3
) b 1T e K KGR AT 38 24 mo« s (] 1o) s AT DL IR
T4 3 L 9 FE KRR FEAR B, . 2 e R, i
X HexE B 2 N2, 7 )= 313 4 18] K 179 fa], 3
Wi FF 8 AL FE IS 3 JE, B IR SR KM 138 L AR AE
Wz R Al 854. 7 hm” s #E A58 24 it e ik
BLA A S HAE A TR R Gk 4731, 4 Ti o0, KA
Fujita(1981) 4 ) 1 08 4 7 b 1 o K e 45 55
ik EF2 2%,

2 MR R MR E R
2.1 REEREH

I3rAT 2018 4F 8 H 13 H ks KRR HFEH,
08:00 [ 500 hPa =¥ L5 M ETHA — =&
25Kl 2R B A CRAR fRT AR &I D A T L
588 dagpm K VGH sifi T 36°N 122°E fffi . R 1 &
KU $8 vt T 30°NL118°E B i (&l 2a) » 2% 51 Ny
P KB L IK)Z 850 hPa | 78 i 25 1 mir b &t v M 45
— P4 R R AR KU R RUBE ) AR R HEAL F R e Ah
FEI PGl 584 dagpm £k P4 s T 1] 1 R E AL T3 &
Yy s R b X AT — 7R b — P4 1 1) A b T R
G L (KIS B 500 hPa & 25 il R B i AL 4 » il =

(c)

40.2°N R (D) mm
40.0
39.8 75
39.6 5
39.4
39.2 B 6
50
39.0 £
10 240
N
38.8 i 30
%
20
&
38.6 0
116.6  117.0 117.4  117.8°E 0

18:00

19:00  20:00
[+l /BT

21:00

2018 4F 8 A 13 H () RyEF I E IR A, (b)16:00—19.00 FE/KE (K ek ),

(a) Tianjin Jinghai tornado photo, (b) precipitation distribution from 16:00 to

19:00 BT, (¢) the enlarged view of the position of the black box in Fig. 1b,

(d) time evolution of the automatic station precipitation on 13 August 2018
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Fig. 2 (a) The 500 hPa synoptic chart at 08:00 BT, (b) sea level pressure chart at 17:00 BT
and (¢) North China radar puzzle at 17.:30 BT 13 August 2018

B i 5 7 R AL 46 . & BRI LA 25 km o« b A A
1% 2 BE ) P AL 7 10 % gl . &l s Ah S S RUEE F 2 T
AR B AU A s I 1) P4 A Dy ) i, 850 hPa I
R AL 5 X 28 e o — SO AR R JF AE R
AR B AR R KUK R S AR I R KR
Rl 2 AR pE A bk 2 0 Bas . #) 17:00 Hb
T BB R EA AL F 55 3R B b RO 48 & 4
W 1] PG 7% LS 00 AR mE KUA T ok (&L 2b) 5 e iE &
JRUEE #85 Hh 0o BV T 32, 4°NL 116, 9°E, Hts Fie R X
B 18 m o« s AR K AL E AL T RS A &AL
M A6 A JRUEE 8 rp o 7 B B R L O 1) B S A XU
02 650 ke, @] &5 A FELFD & XU Q6O 2Z 8] 19 75 B <
it Ry |

2.2 WEARESH

HT T KA M B0 A R s WL F AT A e R
75 OB Cle 46 5 2R A0 b R =3 il 1) TG s R 7 1)
29 94. 8 km Kb) X Je 45 K AT F SRR EAT 0

Wi & F (KB, 13 H 08:00 MJEJZF] 400 hPa #%
JEWFE R K A2 T L RUCE) AR A K XL ) B R I
B WA A BE (CAPE) Jy 224.1 ] « kg ' X
HHI(CIND 7 140 T » kg ' K 8508 55 (39. 6 C)
FRTHE B (LD S — 1. 5°C US98 B 48 %k (SSD 2k
252 VP I HE $0 (SD g — 1. 48°C L 38 K < @b 48 %k
(SWEAT) Wy 242. 4, 8] W} 45 TH BE 25 = J& AL 78
988. 8 hPa Fffir . I iR%¥y P &5 2 BUH Ui I 3 5 KA
T AT E RS T FUR AT E BB 1 80/ X it 410 )
BER A KA Ty i &% R . #) 14:00 b 5T
WK EED (& 3a, & 1 gk 1400 Jb i 51 =8
Py R8I 1 )2 R A7 R HL 850 ~
700 hPa W2 #5 s 22 B B K, BB 2 T s
2 U TR ERRARZ BRI TR,
[ CAPE 34k 1797 ] « kg™ ', B4 g ik 1550 ] -
kg DI FLCINW/NR 0T « kg ' K #5504 45 39. 6°C,
LIF&} —5.1C.SSI 5% 271. 4,SI K —2.1C,
SWEAT 2fy 255. 5; It B 48 T 5E 45 = B2 B8R Tt & 2]



oMW AREGELA 2018 4F 8 H 13 H R Mt Je 45 1Y 7 3K SR AR A& AR A 1 1067
200 5 v 200 L4
(@ v (b)
184508 5 3B 148 q/
250 7 250 o
300 . 300 -
b
L 400 3 L 400 4
e </ =
R 500 e 4 X 500F- s
7
600 600
700 | 700 .
i 7 i
850 | ™" ;J/ 850 (™
925 [T = K 925 =
1000 1000
—80 —60 —40 —20 0 20 40 —80 —60 —40 -20 0 20 40
T/C T/C
B3 2018 4 8 H 13 H (a)14:00 JbHT RS B (b)16:00 Jo 45 A A= H 1T TE#- %5 [
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K5 20184E 8 H 13 H 14:00—16:00(a, ~c, ) K FEHL A H 3h 3 4 55 K545 4 »
(az~c, )%¢€§J_ 0.5 ﬁﬂﬁﬁﬂj%ﬁE%
Fig.5 (a;—c;) Wind field distribution of the automatic weather station in Tianjin and (a, —c,) the

0.5 elevation reflectivity factor of Tianjin Radar from 14:00 BT to 16:00 BT 13 August 2018
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Fig. 6 Variation of (a) wind field and (b) vertical velocity of Xiging Station
from 16:29 BT to 17:57 BT (negative value: vertical rise), (¢) wind field

of Tianjin automatic weather stations at 16:40 BT 13 August 2018
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K7 2018 4F 8 J] 13 H R HEETH I M1 ™ i
(a~e)% 12 min 0. 5° A S T3 Cer s eo) AT AR BT Cey s o) P I AR [ 538« Cer e 1.5
Cesse )4, 37 s (D17 :36 253 P T A1 (£ F- 2942 (A L 5 (b ses ses o f £ WTE 7a
AR TR BT - (by e, L) RGTER A T, Ces o 15 78 ) 3 2
Fig. 7 Radar products in Tianjin on 13 August 2018
(a—e) 12 min reflectivity factor at 0. 5" elevation from 16:42 BT to 17:30 BT;
(e; s e3) reflectivity factor and (e, , e,) average radial velocity
(e; 5 €) 1.5° elevation, (e, e,) 4.3° elevation;
(D) reflectivity factor and (f;) average radial velocity at 0. 5° elevation at 17:36 BT;
(byy ess e, £z, f3) vertical cross-section along the black line in Fig. 7a:

(b, es5, f;) reflectivity factor, (e;, f;) radial velocity

£2 20184 8 A 13 H 17:00—17:36 £ %R (TVS) S B4
Table 2 Parameter characteristics of TVS from 17:30 BT to 17:36 BT 13 August 2018
WHE/BT /() BEES/km SRKHUE2ZE /(mes™)  BRRBEZ®SE/km JEE/km BE/km RAKYIAE/(107% s7D)
17.30 262 71 22 2.4 1.1 5.8 37
17.36 261 73 25 1.1 1.1 6.0 40

AR 1o 2R KX L 2 RN R R A e s L U

RAEER BN (R 2 km 24D HEHAIE 5 45 18

RIS E A R o AH X 0 7 75 4 Ja 23 A o i

B A AT R E L 2018 4E 8 J1 13 H 17:30 A4 KAETER
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