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Observation and numerical simulation of a supercell hailstorm in
mountainous Guizhou Province
Xinyu Zhang',Yunjun Zhou*'2Yong Zeng?, Xiaoyi Xu!
1 College of Atmospheric Science, Chengdu University of Information Technology, Chengdu
610225, China,
2 Key Laboratory of Cloud-Precipitation Physics and Artificial Weather Modification, China
Meteorological Administration, Beijing 100081, China;
3 Guizhou Engineering Center for Hail Control and Prevention, Guiyang 550081, China

Abstract:To investigate the multi-scale thermodynamic-dynamic characteristics of supercell
hailstorms and their interactions with topographic environments in Guizhou mountainous regions,
this study combines WRF simulations to further validate the "channel-zero domain" hail formation
theory, integrating radar observations, ERAS5 reanalysis, and model outputs. The synoptic analysis
reveals that the Guiyang supercell hailstorm on April 4, 2012, was triggered by the combination of
a 500 hPa upper-level trough, a 700 hPa shear line, an 850 hPa cyclone, an
"upper-dry-lower-moist" stratification, and orographic lifting. Radar observations show the storm
persisted for 3 hours, with composite reflectivity reaching 65 dBZ, an echo top height of 11 km,
and mesocyclone/bow echo signatures. The maximum reflectivity core, located in the -10C  to
0 C supercooled water layer, interacted with mid-low-level mesocyclones to maintain system
stability, while the velocity "zero domain" channel facilitated water vapor and energy
transport. Thermodynamic-dynamic diagnostics indicate a 24 m/s vertical wind shear induced
mesocyclogenesis, with strong updrafts (900 - 200 hPa) providing dynamic support and
mid-low-level high humidity establishing unstable stratification for convection. The "positive
upper-negative lower" potential vorticity (PV) structure reflects thermo-dynamic vortex
characteristics: PV and thermal helicity indicate supercell development during the weak vertical
exchange stage; strong updrafts intensify instability, with moisture and thermal helicity serving as
key indicators in the mature stage; vertical velocity decay and PV weakening, accompanied by
moisture/thermal helicity decline, mark system collapse in the dissipation stage. WRF cloud
microphysics simulations show that at the development stage, cloud droplets at the 0 C level
coalesce into rain, while ice crystals form at -40 ‘C  and transform into graupel/snow via the
Bergeron process. During maturity, dry growth of graupel forms hailstones, which undergo
multiple wet growth cycles in the front-middle section of the "channel-zero domain",
accumulating mass before falling as large hailstones at the rear of the hail cloud. These results

validate the "channel-zero domain" theory by linking microphysical processes with dynamic
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structures, highlighting the critical role of topographic-lifting and thermal-dynamic coupling in
sustaining supercell hailstorms in complex terrains.
Key words supercell hailstorm; Thermal and dynamic physical quantity diagnosis; Cloud

microphysical quantity; Hail growth mechanism; WRF numerical simulation
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Fig 1. (a)Topographic map of Guizhou region; (b)Range of simulated areas
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Table. 1  Simulation parameters of WRF mesoscale mode
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Fig. 2 At 08:00 UTC April 4, 2012, ERAS re-analyzed the background fields of each layer of the data, horizontal wind field (black and

brown weather markers), temperature field (red line), pressure field (black line), Guiyang station, relative humidity, hourly precipitation

(blue filling); Ground convergence line (black curve); (a)200hPa circulation background field; (b)500hPa circulation background field;
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(¢)700hPa circulation background field; (d)850hPa circulation background field; (¢) Ground background field
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fig. 6 Thermal and dynamic profiles of the storm's center of mass passing through latitude and longitude (26-26.5° N, 105.75-106.25°
E) at 9:00 UTC (letter +1), 10:00 UTC (letter +2), 11:00 UTC (letter +3), (a) vertical velocity; (b) pseudo-equivalent potential

temperature; (c) Divergence of water vapor flux; (d) potential vorticity; (¢) Water vapour helicity; (f) Thermal helicity
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fig. 7 Comparison of precipitation retrieved by CMORPH algorithm and simulated hourly precipitation by WRF. (a) Precipitation
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