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Abstract Using Qingdao dual-polarization CINRAD/SA data, conventional observation data and regional automatic station
meteorological data, the polarimetric radar signatures of a supercell storm occurred in Zhucheng, Shandong Province on 16 August
2019 are analyzed. The results show that the supercell storm occurred under the background of interaction between the northeast cold
vortex and a surface mesoscale convergence line. The CAPE was small, but the vertical wind shear between 0 and 6 km altitude was
very strong. This configuration was conducive to the formation and maintenance of supercell storms. The average values of DBZM,
C-VIL, HT and TOP of Zhucheng supercell storm, which lasted about 3 hours and accompanied by a deep and persistent
mesocyclone, were 74.1 dBz, 67.9 kg/m?, 6.3 km and 11.3 km respectively in its mature stage. The echo area with reflectivity above
60 dBz in lower levels of the storm had small Z,, and CC but large Kg,, indicating that a certain number of wet (or dry) hails and
liquid raindrops existed at the same time. In addition, obvious Z, arcs near the inflow gap in lower levels of the storm were found.
The bounded weak echo region (BWER) was detected in the strong updraft area located in middle levels of the storm, and the top of
BWER reached about 7 km. Zy, and CC rings around the BWER were observed in middle levels, and the top of Z, ring reached the
—107C layer height. The deep Z,, and K, columns above the 0°C layer were observed in the vicinity of the main rotating updraft with
their tops reaching the height of —20°C layer. The Z,, column was located to the east of the BWER and the K, column was located to
the west of the BWER. The Z;, column between —10°C and —20°C layer corresponded to strong Z, (35—60 dBz) and small K,
indicating that there were a few large liquid and/or wet ice particles. The Ky, column corresponded to strong Z, (55—72 dBz) and
small Zg4, indicating that there were a number of small liquid and/or small wet ice particles and large ice particles. Significant
negative Zg, values in the radial direction behind the strong reflectivity core at lower levels of the storm can be used as signals for
identification of extremely large hails (diameter =50 mm). The strong reflectivity core at lower levels of the storm corresponded to
an abnormally large Kg, value, indicating that it contained hail particles covered by water film and high concentration of liquid
raindrops.
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Fig. 1 Storm path (a, € is hail symbol, { is barbed arrow) and synoptic chart (b, blue solid line and blue line with triangle are

the height trough and temperature trough respectively at 500 hPa, brown solid line is the height trough at 700 hPa, red solid line,

red dotted line and red line with triangle are height trough, temperature ridge and temperature trough respectively at 850 hPa,
black dashed line shows the surface convergence line) at 08: 00 BT 16 August 2019
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Table 1
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IS RY/Bi

Environmental physical variables

. CAPE W (0—6km)/ 500 hPa  500/850/925 hPa  O0°C(JZER0C)/ 500 hPa
F it K KATCC) ) (e (O2km) () Hi ~10°C/-20°C/-30C  jRE
€ (m/s) SR (©) (gkg) JZ (km) (C)
20190816 O08(FF:) 34/26 -0.4  70/1300% 31.7/6.7 28/285 0.7/8.5/8.9 4.3(4.0)/5.9/7.6/9.2 -9
20190816 08(FH %) 13/29 -3.4  640/740% 12.4/6.6 14/280 2.7/3.5/10.1 4.5(3.6)/6.0/7.7/9.8 -8
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Fig. 2 Evolution of storm parameters in the Zhucheng supercell (red curve is the DBZM, unit: dBz; black curve is C- VIL,

unit: kg/m?; brown curve is the HT, unit: km; blue curve is the TOP, unit: km; green dashed line is the height of 0°C layer, unit: km)
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B3 8116 H 150 30 735 5818 0.5 A AT AL AT RN T (a. £, 54i7: dBz) | SFIIAEEELL (b, H47: m/s) . 2253
AT (e, #uhi: dB)  FHOCREL (1) FIZEHFEE (e, BOL: o/km) (P 05k T AUE, W €0 SCZR R R 43 5 50 dBz
H1 60 dBz 4R FAEHELZ (a—e), FREASIZN 3 dB 2243 S R A LR, WALy 2°/km 255 AHBS R A (HLZR ()
Fig.3 Z, (aand f, unit: dBz), V (b, unit: m/s), Zy, (c, unit: dB), CC (d), Ky, (e, unit: °/km) at 0.5° elevation from the Qingdao
radar at 15:30 BT 16 August 2019 (the white circle is mesocyclone, blue solid line and blue dotted line are 50 dBz and 60 dBz

isoline of Zy, respectively (a—e), brown solid line is the 3 dB isoline of Zg,, yellow solid line is 2°/km isoline of K, (f))
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A CIR R B ) 2 538 356 R 76 J3 R IX B Sl 7 7 3 dB
DA 2403 I 5 R 48, Bl Z,, I (Kumjian, et al, 2008,
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4 81 16 H 1530 707 Bk L5 MAKFRALSIRRIAT (a, $4i: dBz) | PRI R (b, 47 m/s) |
ZOTEE (e, 8ui: dB) . FHOCREL (d) MIZESMHEREZR (e, BA7: ©/km) (s (0[50 B Ry BT 10 IX sk, 11 €2 60 Ay P,
SRR 50 dBz M 60 dBz LU K T4 {42k )

Fig. 4 Z, (a,unit: dBz), V (b, unit: m/s), Zg, (c, unit: dB), CC (d), Ky, (e, unit: °/km) at 1.5° elevation from the
Qingdao radar at 15:30 BT 16 August 2019 (The blue circle is Jiayue regional automatic station, white circle is

mesocyclone, blue solid line and blue dotted line are 50 dBz and 60 dBz isoline of Z;,, respectively)
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Fig. 5 Z, (aandf, unit: dBz), V (b, unit: m/s), Zy, (c, unit: dB), CC (d), Kg,, (e, unit: °/km) at 3. 3° elevation from the Qingdao
radar at 15:30 BT 16 August 2019 (The blue circle is Jiayue regional automatic station, white circle is mesocyclone, black solid line

is three body scattering, blue solid line and blue dotted line are 50 dBz and 60 dBz isoline of Z,, respectively (a—e), brown dashed
line is the 1 dB isoline of Zg,, yellow dashed line is 1°/km isoline of K4p, blue dashed line is 0.9 isoline of CC (f))
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Fig. 6  Z, (a,unit: dBz), V (b, unit: m/s), Zy, (c, unit: dB), CC (d) , K, (e, unit; °/km) at 6.0° elevation from the Qingdao radar
at 15:30 BT 16 August 2019 (The blue circle is Jiayue regional automatic station, white circle is mesocyclone,

blue solid line and blue dashed line are 50 dBz and 60 dBz isoline of Z,,, respectively)
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Fig. 7 Z, (aand e, unit: dBz), Zy, (b and f, unit: dB), CC (¢), Ky, (d, unit: °/km) from the Qingdao radar at 15:30 BT 16 August
2019 (The blue, white and red lines are the heights of 0, —10 and —20°C layers respectively, blue dotted lines are 50—65 dBz reflectivity
factor contours from outside to inside with an interval of 5 dBz (a—d), black dashed line is the 1 dB

isoline of Zy,, brown dashed line is 1°/km isoline of Ky, light blue dashed line is 0.9 isoline of CC (e—1))
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Fig. 8 Schematic diagram of polarimetric signatures in the Zhucheng supercell at low level (a,), middle level (a,)
and in a nontornadic supercell (b, Kumjian, et al, 2010)
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