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Analysis of dual-polarization characteristics and mechanisms of
a supercell storm with long-term maintenance

LI Haijun"*?, JIN Mina"*?, XU Yuan', LI Jie', ZHOU Anping®, CHEN Juan'

(1. The Meteorological Observatory of Jiangxi Province, Nanchang 330096; 2. Jiangxi Province Key Laboratory of Climate
Change Risk and Meteorological Disaster Prevention, Nanchang 330096; 3. Nanchang National Climate Observation,
Nanchang 330046; 4. Yanshan County Meteorological Bureau of Jiangxi Province, Yanshan 334500)

Abstract: From 00:00 BT to 07:00 BT on March 3, 2025, a supercell in northern Jiangnan persisted for 7 hours, with recurrent merging
and splitting as its prominent feature. Elucidating how these behaviors contribute to its prolonged duration can improve the understanding
of long-lived supercell storms. Based on surface and upper-air observation data, dual-polarization radar data, and wind profiler radar data,
the radar base data were processed using ROSE 2.1 and PyDDA software. The dual-polarization characteristics and maintenance
mechanisms of the storm are analyzed quantitatively in combination with cloud bridges. Finally, the key points for forecasting such storm
weather are presented. The results are as follows. (1) A short linear storm existed at the rear of the supercell and continuously extended
cloud bridges forward to merge with the supercell. This merging process was characterized by an increase in the horizontal width of the
differential reflectivity factor (ZDR) column and specific differential phase (KDP) column above the 0 °C level, along with a higher height
of the KDP column. (2) Concurrently with the merger, the supercell split rapidly from top to bottom. After splitting, the southern cell
inherited the mesocyclone, and the radius of the mesocyclone decreased significantly; the strong stretching effect led to a sudden increase
in upward motion. (3) The tangential merger of small cells at the rear of the supercell (along the storm’s moving direction) significantly
enhanced the upward motion on the supercell’s southern side. The cells that split from the southern side of the supercell developed rapidly

and replaced the original supercell. Such a repeated iterative process of multiple splits and mergers is the main mechanism underlying the
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supercell’s long lifespan. (4) In operational forecasting, under an environment with strong vertical wind shear, if thunderstorms at the rear

of a supercell merge forward with the supercell (accompanied by cloud bridge formation) and the supercell itself splits, special attention

should be paid to the possibility of the supercell maintaining for a long duration.

Key words: supercell storm; mesocyclone; maintenance mechanism; split; merger; dual-polarization radar
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Fig. 1 (a) Dynamic distribution map of classified severe convection falling areas and volume-scan composite reflectivity factor (color patches, =60 dBz)

echoes and (b) time series plot of supercell mesocyclones in nearby radar supercells identified by ROSE 2.1 in the period 00:00 BT-07:00 BT

on March 3, 2025 (black circles represent identified mesocyclones)
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Fig. 5 Vertical cross-sections of (a—d) reflectivity factor Z;;, (e—h) differential reflectivity factor Z,;, and (i—]1) specific differential phase K, from
Nanchang radar at (a, e, 1) 01:44 BT, (b, f, j) 02:12 BT, (¢, g, k) 03:37 BT, and (d, h, 1) 05:28 BT on March 3, 2025 (a, e, i correspond to MIN1 in
Fig. 4e, b, f, j correspond to M2N2 in Fig. 4f, c, g, k correspond to M3N3 in Fig. 41, d, h, 1 correspond to M4N4 in Fig. 4m. The purple solid

line is the 45 dBz line, and the white solid line is the zero-degree line)
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Fig. 6 Change of cloud bridges number, cloud bridge a number and the radar echoes areas with intensities greater than 60, 65 and 70 dBz between supercells
and rear short linear storms from 00:00 BT to 07:00 BT on March 3, 2025
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and (g, h) 3.3° elevation angle, (i, j) differential reflectivity factor Z and (k, 1) specific differential phase Ky, of 2.4° elevation angle, and (m, n) radial
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Jivjiang radar at (0) 01:42 BT and (p) 01:53 BT on March 3, 2025 (The purple outline represents supercell A, and the red outline represents small cell C)
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Fig. 8 Vertical cross-sections of (a, b) reflectivity factor Zy, (c, d) radial velocity V, (e, f) differential reflectivity factor Z;, and (g, h) specific differential
specific differential phase Ky, from Nanchang radar at (a, c, e, g) 01:44 BT along the white line M5NS in Fig. 7c and (b, d, f, h) 01:55 BT along the
white line M6N6 in Fig. 7d on March 3, 2025 (Purple contours represent the 45 dBz reflectivity contour; white solid lines denote the 0 “C

isotherm. Supercell A splits into A1 (on the right) and A2 (on the left); black arrows indicate the direction of radial velocity)
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Fig. 9 Distribution of horizontal wind (wind barb, unit: m-s™') and vertical wind (filled color) at (a, d) 5 km, (b, €) 6 km, and (c, f) 7 km height at (a—c)

01:48 BT and (d—f) 01:54 BT, horizontal wind (wind barb, unit: m-s ") after removing background horizontal wind at (g) 6 km and (h) 8 km height from

3D inversion at 01:48 BT, and (i) 6 km height at 01:54 BT on March 3, 2025 (The purple contour represents the 45 dBz line. yellow circles, blue circles,

and green circles denote mesocyclones, counterclockwise vortices, and clockwise vortices vortex tube cross-sections, respectively)
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on March 3, 2025
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Fig. 10 Conceptual model diagram of the splitting and merging of supercells on March 3, 2025 (The base map is the three-dimensional reflectivity factor

(shaded map) from the Yichun radar at 01:54 BT. The black solid line is the storm boundary. Supercell A splits into A1 on the right side and A2 on the left

side. The rear short linear storm is B, and the small storm is C)
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