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Analysis of convective characteristics and development mechanisms of a
late-autumn elevated thunderstorm

PENG Xiayun"?, LUO Ling', LI Wenjuan', YU Pei"?, TENG Daigao', FENG Xiaowei', ZHU Kaiwei’

(1. Zhejiang Meteorological Observatory, Hangzhou 310051; 2. East China Array Weather Radar Application Joint
Laboratory, Shanghai 200030; 3. Lishui Meteorological Bureau, Lishui 323000)

Abstract: Using multiple datasets including ERAS reanalysis, lightning locators, dual-polarization radars, and microwave radiometers,
this study analyzedthe environmental background, dynamic conditions, instability mechanisms, and radar characteristics of an elevated
late-autumn thunderstorm in the northern Zhejiang region on 28 November 2022. The results are as follow. (1) This was an elevated
convective event occurring ahead of a warm front, which was mainly influenced by the 500 hPa upper-level trough and low-level
southwesterly jet stream. The vorticity advection increasing with height in front of the shortwave trough caused strong upward motion.
The strong and deep convergence in the front of the low-level jet stream, and the strong vertical wind shear provided favorable dynamic
conditions for the development of convection. (2) Mid-level dry air and strong downdraft convective available potential energy (DCAPE)
contributed to the formation of intense downdrafts. The joint action of conditional instability and conditional symmetry instability
provided sufficient energy conditions for the development of convection, among which conditional instability played a major role.
(3) Dual-polarization radar data analysis showed that, during the peak stage, the 50 dBz strong echoes reached the —20 °C layer, and above
the 0 °C layer, Zyy columns and K, columns existed. The coexistence of strong updrafts and a large number of graupel particles was
conducive to the frequent occurrence of lightning. (4) With the rapid descending of the reflectivity core, the rear inflow jet formed and

dropped to the surface through the reflectivity core of the storm, indicating that the strong downdraft generated by convection could
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penetrate through the inversion layer, transporting high momentum air to the ground and generating intense surface winds. Minor ground

temperature changes occured before and after the convection, indicating that the negative buoyancy effect of the downdraft at low levels

was small. The hydrometeor classification results indicate a large presence of hail particles in low levels.The equivalent hydrometeor load

estimation showed that the drag effect of large particles, like hail, could have a strong enhancement effect on the downdrafts.

Key words: clevated thunderstorm; dual-polarization radar; instability mechanism; thunderstorm gale
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Fig. 1 (a) The lightning from 07:00 BT to 13:00 BT, (b) accumulated precipitation (contour), stations with instantaneous wind speed exceeding Beaufort

force 8 (excluding high mountain stations above 300 meters above sea level), and hourly rainfall greater than 20 mm from 08:00 BT to13:00 BT (different

colors represent different times of occurrence), (¢) minute precipitation, S-minute temperature and dew point temperature at Huafeng Xincun Station in

Yuahang, Hangzhou City from 11:00 BT to 11:59 BT on 28 November 2022. (d) elevation height (shaded) and observation site locations (the black triangle

represents the radar station, the red triangle represents the Hangzhou sounding and microwave radiometer station, the blue star represents the

position of Huafeng Xincun Station in Yuhang, and the blue square represents the position of Shunxicun Station in Linan)
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Fig. 2 The (a) 500 hPa geopotential height (black line), 850 hPa temperature (red line), wind (barb), and specific humidity (colored, unit: g-kg ') (The thick

brown solid line represent trough), (b) sea level pressure (blue line), 10-meter wind (barb), 2-m temperature (red line) at 08:00 BT on 28 November 2022

(the thick blue dashed line represents a cold front, and the thick red dashed line represents a warm front, the

blue oval indicates where convection occurs)
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Fig. 4 (a) The 500 hPa geopotential height contour (unit: gpm) and vorticity (shaded, unit: 10~°s™"), 700 hPa vertical velocity (blue line, unit: Pa-s™') and
horizontal wind field at 10:00 BT, (b) vertical profile of vorticity advection (unit: 10™*s?) along the straight line in Fig. Sa at 11:00 BT, (c) height-temporal
evolution diagram of horizontal wind (arrow, unit:m-s" ) and divergence (shaded, unit: 10~ s™") at grid point (120°E, 30°N) form 02:00 BT to 20:00 BT on

28 November 2022 (the green dashed line marks the time when the wind speed at each level begins to increase)
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Fig. 5 (a) The 300-700 hPa thickness difference at 08:00 BT, meridional-height profile of saturated equivalent potential temperature (green solid line, unit:

K) and absolute momentum (black dotted line, unit: m-s™") along the straight line in panel (a) at (b) 08:00 BT, (c) 11:00 BT on 28 November 2022

(black dashed rectangle represents the symmetric unstable region, the black solid rectangle represents the conditionally unstable region)
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Fig. 7 Vertical cross-section of hydrometer classification along the black line in Fig. 6 (a, e, i) from the Hangzhou radar at (a) 10:21 BT,
(b) 11:11 BT and the Jiaxing radar at (c) 11:34 BT on 28 November 2022
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Fig. 8 Radial reflectivity (contour, unit: dBz) and velocity (shaded, unit: m-s™) longitude-altitude section of Hangzhou radar at (a) 10:21 BT, (b) 11:11 BT,

and Jiaxing radar at (c) 11:34 BT on November 28, 2022 (the profile positions are the same as Fig. 6)
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