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Analysis of the circulation background and vorticity source for the Wuhan
tornado storm on 14 May, 2021
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Weather and Climate and Hydro-Geological Hazards, Wuhan 430074; 5. Heavy Rain and Drought-Flood

Disasters in Plateau and Basin Key Laboratory of Sichuan Province, Institute of Tibetan Plateau)

Abstract: At 20:39 BT on 14 May 2021, a rare EF3 tornado struck Wuhan, causing severe casualties and significant property damage.
Both the X-band dual-polarization weather radar at China University of Geosciences (Wuhan) and the S-band weather radar at Wuhan
Observatory indicated that the parent storm of this tornado was a supercell with a hook echo. Using ERAS reanalysis data combined with a
mesoscale numerical model, the radar echo characteristics, circulation background, and environmental conditions of this tornado event

were analyzed. And the tornado’s circulation background was compared with that of another EF3 tornado which occurred in Hubei
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Province on 16 April 1977. The vorticity source during this event was analyzed at last. The results are as follows. (1) The tornado occurred
within the southern branch flow on the periphery of the Western North Pacific Subtropical High (WNPSH). The development of a low-
pressure system east of the Tibetan Plateau enhanced the pressure gradient between the low-pressure system and the WNPSH, which
favored the formation of a low-level jet and strengthened low-level vertical wind shear, providing favorable moisture and dynamic
conditions for the tornado storm. The coupling of upper- and low-level jets created an excellent environment for deep convection with
low-level convergence and upper-level divergence, while the Jianghuai inverted trough served as a triggering mechanism for the
convective storm. (2) The circulation background of this Wuhan tornado shares similarities with that of another EF3 tornado that occurred
in Hubei on 16 April 1977, particularly in terms of the coupling of upper- and low-level jets, the influence of the Jianghuai inverted trough,
and strong southwest-northeast oriented low-level vertical wind shear. (3) During the tornado storm genesis, both the low-level storm-
relative velocity and the environmental horizontal vorticity were oriented southeast-northwest. The environmental horizontal vorticity had
a large projection component along the storm-relative velocity direction, and a high-value area of storm-relative helicity extended from the

southeast into the storm interior, providing a vorticity source for mesocyclone development. This underscores the importance of high

spatiotemporal resolution vertical wind profile observations in the nowcasting and warning of tornadoes.

Key words: tornado storm; circulation background; source of vorticity; WRF model simulation

51

T

T2 5 AR 25 G ) e R B b ) — Ry AR
AN KU W R B /N B 00 T, 2 — R /N RUBE R AR
Bto AT LU S e G AR T i e, AR
SRS TP AR AE S (EARMES, 2018; FK
Jt, 2020; FR/NESE, 2023; TR ESF, 2023), BER
FE/IN, A A it )0 L BRIk o | PR R, — B
/N RUBE R AR 1 I AR N (B OE A GE
2019a, 2019b; Tk —F-%¢, 2019; FR %% B 4%, 2021; 4T
ISR, 20215 FAETRAE, 2023),

2021 4E 5 F 14 H 20:40 L wt, ) 247, i
PUTH 2848 X T LU BfFT B T e 4 KR (BLF T B
Fe5 14 RINEAR) (FHIR A, 2022), G 10 A
T2, 230 N2 S 24k B )= 13, HLge g A # P 5 .
B R R R 5 o AR B ST RS B R A 4N
TE 12 4 TE BB B o B 58 31 T 17458 — 4% (EF3)
(FEVLESAE, 2022), ARAEELAFIAT/NG (2015) 58
11, 1961—2010 4 50 a [A]1#A b 44 JE % 98 5 15 3] EF3
LRI 1R Bl O, <5- 147 Ry B B Fp
T A I A P A X g D DL

T 1 e Ak 7 9 SF S ) G, AR R IR 2 &
X, {35 B2 % 7E EF2 LA F, IR AR BF3 408
R ZLEWR 1977 4 4 A 16 H, EATE & X % H,
LT 118 AFET: (KK, 2020), 124 A4 EF4 2
P e o a1 N I 8| Ay 2 4 OR 1 W i N A A
I JRRARILIX B L, <5 147 RUEE kA4
&G, BRFHENE IR G BRI TR 2. L
45 (2022) A1) T <514 R E B K AR E A%
M55 . R (2022) PR 4B T <5 147U 5
() 337 I VR AT 50 RO B 1) TGS ER AR AE . FERAE
(2022) XFHET 2021 4% 5 H 10 H AT 14 H BIURLE

KRR Ak B () 2385 0 T R RRAE, 285 H 10 H
RNRFEAR 1) R T R B AR BURRAE, 1 5 A 14 B R
K R BRI = . T LIRS 2023) Xt T
“5- 14K & M A A TR H 29 1 h 5T 55 M 845,
KT HBIRE] T EF3 4%, 2 UL Y H R R T 4
XL 1 Sl B R Z X 4 SR R IR e A 1 BT %
P (R R B RE . BEAR 4R THEE LS = BE X
TN RE ), 301 SR mES (P AR 55 04 XU A X2
JiE JBE AN 1 XUED AR, T <5 147500 8 2 00 8 F1 44
BT, AT SRR S

T REAE LK 2 Bk, FoE R K, $
2 LN B B AR A RIME, SR e AR S kA, T2
P TR E R R R RS (L s 2 AR X
Tk A ST RN RRE A RELR) AT R R R E R 1
s (WG, 2021; 0 BH A E AR, 2021; 1055 D 4%,
2022; B ITIE, 2024), X Woh B AGTR . T
SR T BT REME . EEXTIIIL A SR IE S, AT A
HF 5 22 ) 5 F 75 35 [0] 30 45 A0 A A B 0 IR 85E 45 1
B, T R R PR I T SRR DA SO 4 B A XU 1)
W3 BERVR ) AT IR B IR o PR A SCRF5- 14788,
e B KA AT s AT Al o B, JF T 5
19774F 4 A 16 H &4 T #db & X &Y BF3 9
BR IR S AT L, A SR db A s e s gk
MR 5 B IR PERRAE . E— 2, ST R M Eds
FUBUE AL R, 43 BT e5- 147500 o 5 BE A XU 0 18
FEARIR, LA 785 1475 DU BEAR RUER Th i i &
JR %) B ) R

1 BRI

1.1 B
AR S RSO AE: (1) R R & S SBe
220 i TR TR R R R () AR RIS X



332 TR K E

% 45 %

(LA fRTAR Ay 1 AR SR 3 X)) X iz B3 WU e 22 325 48
KATIRGEHR, T LWrs5 14" RIUE B AR X1
Ik 0] I RN AR 1) o P AR AR, B A R A KU B 2
Horh, S P BEE AR ] VP21 34 O sk AT iR 3
(B 6 min 58 i 9 45 AN A B9 44, ZEEE 1Y J7 fr
Gy HER LN 105 1 X P BEE A 3 min #EAT— K IR
i, FERCHE I 7 L2 FE AR 24y 07595 (2) W A R
SR A AR R F AT AR SR (ERAS), B[]
STHEFN 1 h, S HERN 0.259%0.25°, AR g
VST T A AN TR AR 2 O S 48 s B DA B 48 1) RN s
] XU, FH 5147 R BUE 6 & A2 BT I PR T 5504 Al
LR A X2 9 0 B R VR 2 s (3) L 2021 4F
5 H 14 H 20:00 4REZ 548, H T 128514700
&R AT IRE ) & F . (EREERN R, FIEE
G3ATT B 04 B[] S5 B R AR, X LA A A B B
18 v 7N ROBE XTI 2R B8 14 43 BT 25K, ARG FH ) T
B RAESE (W 1.3 7)), LA IERE T /7
B 1 T3 FE AR RIS W (4) SR 56 1 B oK B 05 T4l v
> (NCEP) % 6 h i @ ER 5 2\l 55 20 M Bl , V6 s
KW B AMh T2, K53 HE3 R 0.25°%0.25°,
5147806 KT BB
1.2 RERIEHISET /7%

KAI2 W AN FR P w KR A X R e (SRH)
o FAE 108 3 1 i ok R R, B RO TR Tl
A0 BE R /NS5O T 55 6 KB e e P Y Bk
(FEANAE, 2011), SRH (IC K Sgyy) AT

hif— =
Sru = J;) (Vh - C)'Z))hdz (1

Hodt, VK E 7 1 RS R, C KR KR
E, “F AL mes™ @ KT IR EE (B s
Sty h ORI (A m). SEBRHE SR
Tk

“ — — — —
S =) [ty = CO0, = C) =t = C )0 = €1 )
n=0

Hrp, N ARSIZ R, h 3RS EE G x0 v 43
SIS R O C (9 L ) S 2 T A SRR, %
IR AN AR EER A E 3 km &, N
B 3 km (~700 hPa) DL 2%k, C HUh 850~400 hPa -
PIXURH Y 75% (MR %, 2019; JH 52 5055, 2019).
1.3 RN BEMXBFE

2 8B B3 AT BN B ] 43 B % R % /N, AN fE
5E 4 FE A3 AT AR A R AR PR N RE R R R
Gry R ok o B Uk, A AR 7 o RO M AR 2R
WRF4.0, X <5-1478% I g & K A ad 72 o 47 B0(H
Bl BRIXIRHZE (3~4 J2) 8, i S ss
FER (114.31°E, 30.58°N), L4k @l s H 14 H
14:00—15 H 02:00, 25 & F)EF 0 ELAR R A ad 72 1 45
PR T REAK A 0] 1A 251 . Ko HE% . S By
ZEAAFMAER R E &, it T 4485
(expl. exp2. exp3Fil expd) AT A5 51 A2 S5 O AL
FOURICR A 6, 8 IR, 90 3% R A - A i e 235 2R FH 1 40
Bro WRF4.0 0 DU B 38 SO0 R 7, XA 4Dl
PR A IS W . WRE AU 1k
SRR A LR E AL (1) BB SR PR e, Jo
TRk S R AR B (2) namelist.input H1 5 E 1A T
A AL WA T

R 15 14BN ELLETE WRF BRI ARIEE
Table 1 Simulation scheme settings of WRF in the Wuhan tornado on 14 May, 2021
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1 NLSM2FR M i i /7 % (Noah Land Surface Model) (Mahrt et al., 1984), RRTM2FR K $5 i1 77 %5 (Rapid Radiative Transfer Model) (Mlawer et
al., 1998), YULFK M1 72 2 (Yonsei University scheme) (Hong et al., 2006)
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Fig. 1 Observed track (green dots) of the Wuhan tornado from 20:33 BT to
20:53 BT on 14 May 2021, simulated maximum vorticity tracks under
expl (yellow dots), exp2 (red dots), exp3 (purple dots), exp4 (blue dots)
and terrain elevation (color-filled, unit: m) (The red dot and solid circle
denote the location and observation radius of the radar at the Future City

Campus of China University of Geosciences (Wuhan), respectively)
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Fig. 2 The (a,, a,) Reflectivity factor (unit: dBz) at two elevation angles (0.5° and 1.5°) and (a;) the vertical cross-section along the red line in panel a,

along with (b;, b,) radial velocity (unit: m*s™) at the same two elevation angles, observed by the Wuhan S-band weather radar at 20:36 BT on

14 May 2021 (The white circles in Fig. 2b, and Fig. 2b, mark the locations of the tornado vortex signature, green and black circles

in the cross-section in Fig. 2a, indicate the positions of the strong echo column and echo vault, respectively)
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Fig. 3 X-band radar reflectivity factor (unit: dBz) at an elevation angle of 2.0°, observed at the Future City Campus of China University of Geosciences
(Wuhan), China, at (a) 20:34 BT, (b) 20:37 BT, (c) 20:41 BT, (d) 20:44 BT, (e) 20:47 BT, and (f) 20:50 BT on May 14, 2021 (The black

straight line indicates the tornado track)
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