9550 % 455 A, % Vol.50 No.5
24 4 5 H METEOROLOGICAL MONTHLY May 2024

SRAMA] L AR S AR AL 45 5 2024 — YR G IR 5| 2 10 K 2 1 DR oK B A e A o R I 23 M L) ). 4. 50(5) 1 561-576. Gong D

L.,ZhuJ J.Lin Q F,et al,2024. Radar observation analysis of severe hailstorm and tornado caused by a supercell in autumn[J].

Meteor Mon,50(5) :561-576 (in Chinese).

—RBRBMRS| Z BT Kk EH
REEEHENTH

ZmA KEE MR I F
T WARBAAZH KWK E R LI E,jFm 250031
2WWAEARKFALYH KA BN E.FHE 250031
SWWAHEAALE,HFH 250031
4 \LREWETALRE . HE 264003

R OE: MAMA S i B XU IR 2 3 8 5 2% f 5 i CINRAD/SA 3 — 18 K 38 5 W80 » 25 & 3 25 L Mo T <04
ERAS FR4- 87 FVKE b 46 50 M 28 55 95 8, % 2021 4F 10 A 1 HFE WL AR 2P 5 A 5B 00 6 L0 & 26 19 R R VK8 0 e 36 XU28 1 R
SIBH IS A BRI R E AT 0T . EZER  5RT B AL 3 B YGRS R FE K 500 hPa AR AL i 5 3
SR, 850 hPa [ A B 7R b 3t X TG B ¢ 22 B /K PRS2 FEBE 8 R R T DR B R EA TR TR R 0~
6 ke 3 RIS AR AT R00LBE S5 AT A 08 UK B | e A & 2R I PR B A% 4 5 T b TR AR XU A LR R R N A T R AR I
R ol 17y DR 2 2 B L TR B (A RR E IR 2 B B S 0 IR T 8 RV A U R 1T T TS A 5
W1 XL 22 53 BT 36 M (Zop B8 FR A 5 AR 4% K VK8 ¥4 A0 R 85 TF 0 1) 1) 26 15 8., G831 %0 8 = 19 R 3R B F L Zoe  AH OE R 3K
(COM AL B S35 48.7 dBz,0. 89 dB FI 0. 90 ; by T 5 B ¥ 45 R0 R PKCET o, XU THUAR IR B 0 KGR 3 71. 5 m = s 1. S M RE
IR Xk 7 g 30 SR At iy ) A A A XU RO ) i B T B WA IE L THiE 3N, 53K EFL e 6 AR B B R AR TE Bk [
T IO K VKRS 2 S BE AT B T b, b & IR A8 R A BT 24 5 min, B SR BRI B IR A5 B R AE L Zor AT CC 43 5 IR MK 2
—0.1 dB A1 0.81; e R ERTZ 11 min, FR I B KU ALZE B9 Zow IR X AT JG 09 T DT R S 2B FAZ AT s R B IR & & ik 4
SIERAT 22 min,5 min JH 5 A ASRE AU i . 1] O R B B IRIE R E S . BT LI 430 45 T AR URORE R A KU AR
FERSERE KRIKEEXNREA.

LHER WA B BRI (TVS) B 4 (TDS) . F ¥R 9 R F4% (DRC)

hE45ES . P12 NERFRERS: A DOI: 10.7519/j. issn. 1000-0526. 2023. 110101

Radar Observation Analysis of Severe Hailstorm and

Tornado Caused by a Supercell in Autumn

GONG Dianli"?*  ZHU Junjian® LIN Qufeng' GUOQO Jian®
1 Shandong Key Laboratory of Meteorological Disaster Prevention and Mitigation, Jinan 250031
2 Weather Modification Office of Shandong Province People’s Government, Jinan 250031
3 Shandong Meteorological Observatory, Jinan 250031
4 Yantai Meteorological Office of Shandong Province, Yantai 264003

Abstract. Using observation data from Yantai S-band dual polarization Doppler weather radar, Rongcheng
CINRAD/SA radar, radiosonde and surface meteorological stations, as well as the ERA5 (ECMWF reanalysis
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data) and the hail, and tornado information obtained from field surveys, this article analyzes a severe hail-
storm and tornado that occurred on 1 October 2021 in the eastern part of Shandong Peninsula. The results
are as follows. Compared to the climatic mean field, the 500 hPa northeast cold vortex responsible for this
severe convective process was extremely strong, and at 850 hPa there was continuous southward water
vapor transport from South China to the west of Northeast China. Under the abnormal circulation back-
ground, the atmospheric thermal and dynamic conditions, such as dry and cold in the upper troposphere,
but wet and warm in the low troposphere, with strong 0—6 km vertical wind shear and convective available
potential energy (CAPE) on the eastern Shandong Peninsula, were very favorable for the occurrence of se-
vere hailstorm and tornadoes. The features of pre-storm low pressure, thunderstorm high pressure, and
cold pool were obvious near the surface. During the hail period, the supercell features were very typical,
with distinct hook-shaped echo and inverted “V” anterior inflow gaps in the lower layers, and vertical pro-
files showed distinct bounded weak echo region (BWER) and differential reflectivity (Zpz) column charac-
teristics. According to the large hail location and starttime information, the median values of reflectivity
factor (Zy), Zpg and correlation coefficient (CC) were 48. 7 dBz, 0. 89 dB and 0. 90 respectively. When
tornado and severe hail appeared on the ground, the maximum storm-top divergent outflow reached 71.5 m *
s~ '. The cold pool airflow at the northern end of the rear flank gust front (RFGF) and the south inflow on
the pre-storm side formed a strong vortex upward motion, resulting in an EFl1-level tornado. The tornado
occurred at the top of the hook-like echo, and large hailstones appeared on the north side of the inflow gap.
About 5 min before the tornado, the radar detected the tornadic debris signature (TDS) features, with Z;z being
as low as —0.1 dB and CC as low as 0. 81. About 11 min before the tornado genesis, the Z; arc in the low-
er layer and the descending reflectivity core (DRC) in the rear flank side of the supercell was detected.
Rongcheng and Yantai radars identified mesoscale cyclones and tornadic vortex signature (TVS) about
22 min and 5 min in advance, respectively. This can provide an important reference for tornado warning.
Based on the observation analysis, the schematic diagram of the low-layer air flow field and the tornado and
large hail-falling area of the supercell storm is summarized.

Key words: supercell, hailstorm, tornadic vortex signature (TVS), tornadic debris signature (TDS), de-

scending reflectivity core (DRC)
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Fig. 2

(a) Map of the hail location report (red circle), (b) the hail photo taken in Yellow Sea Garden

residential district in Yantai City, (c) satellite image of tornado affected the area,

(d) screenshot of video of the tornado hitting the southeast side of the Dongdianhou Village

in the east of Shandong Peninsula on 1 October 2021
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