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Abstract; A documented tornado outbreak event occurred in Shandong Province on 5 July 2024, influenced
by the upper-level trough and Huang-Huai cyclone. The event notably impacted Heze City, where torna-

does are rarely reported, and caused substantial casualties and property damages. This study analyzes the
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development and evolution of tornadoes as well as their environmental conditions and mesoscale character-
istics in Dongming and Juancheng counties of Heze City, based on disaster investigations, online video and
photo evidences, ERAS reanalysis data and dual-polarization radar observations. The main conclusions are
as follows. According to the comprehensive assessment, the maximum force of the tornadoes in Dongming
and Juancheng counties reached the degree of strong tornado (equivalent to level EF2—EF3). The torna-
dos occurred at the location approximately 50 km northeast of the Huang-Huai cyclone center. The envi-
ronment features conducive to the formation of supercell tornadoes included abundant water vapor, low
lifting condensation level, sufficient convective instability energy, strong storm-relative helicity, and
strong vertical wind shear. The surface meso- scale convergence line and appropriate cold pool intensity
provided favorable conditions for the initiation and development of the supercell tornadic storm, strengthe-
ning the near-surface vertical vorticity. Both tornadoes originated from the same southwest-northeast mov-
ing supercell, characterized by a robust echo centroid near 5 km altitude, and a persistent, deep meso-
cyclone with a tilted vertical structure. The tornadoes appeared at the top of the hook echo of the super-
cell, and the period of tornado occurrence was accompanied by signals such as the reduction of mesocyclone
scale and the enhancement of cyclonic vortex. The two radars both detected tornado vortex signature
(TVS) and tornado debris signature (TDS), with the earliest detection of TVS being 15 min and 5 min
ahead of the tornado occurrence time, respectively. During the process tornado, the correlation coefficient
(CC) corresponding to the vortex features rapidly decreased. The lowest value (0. 46) of CC appeared at
the time when ground damage was most severe, which may be attributed to the mixing of hydrometeor par-
ticles and a large amount of debris carried by the strong updraft, as well as the reduction in signal-to-noise
ratio caused by the intense updraft. After the tornado dissipated, the low CC value characteristic persisted
for more than 15 min. These findings can enhance understanding of Huang-Huai cyclone-associated torna-
does and provide operational guidance for tornado monitoring and warning systems.

Key words: tornado, damage survey, Huang-Huai cyclone, supercell, tornado vortex signature (TVS),

tornado debris signature (TDS)
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Fig. 1 Path (red shaded) of the Dongming Tornado in Shandong Province on 5 July 2024
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(b) collapsed residential houses in Shahe Village, (c¢) toppled high-voltage transmission

towers near Gaogu Village in Shandong Province caused by the Dongming Tornado on 5 July 2024
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(c) fallen trees in Dongming Lake Park caused by the Dongming Tornado in Shandong Province on 5 July 2024
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Fig.5 The damage of (a) Hengtong Building Materials Factory and (b) Hongrun Energy

Company caused by the Dongming Tornado in Shandong Province on 5 July 2024
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Fig. 8 (a) Collapsed houses, (b) damaged steel structure buildings. (¢) damaged

houses in Liuyuan Village, and (d) collapsed houses in Xiwangtan Village

caused by the Juancheng Tornado in Shandong Province on 5 July 2024
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Fig. 9 (a) The 500 hPa geopotential height (contour, unit: dagpm) and wind field (barb), vertically integrated
precipitable water (colored), (b) the 850 hPa geopotential height (contour, unit: dagpm), 925 hPa
wind field (barb) and the best convective available potential energy (colored) ,

(c) surface pressure field (contour, unit: hPa), 10 m wind field (barb) and 0—3 km storm relative helicity
(colored), (d) automatic weather station wind field (barb) and 1 h variable temperature (blue numbers
and green dashed lines) at 14:00 BT, (e) temporal variation of 0—3 km storm relative helicity
in Dongming, Juancheng counties and average of the surrounding areas of Heze from 11:00 BT to

22:00 BT, and (f) T-lnp chart at Zhengzhou Station in Henan Province at 08:00 BT 5 July 2024
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Fig. 14 The evolution of the storm-relative radial velocity at 1. 5° elevation of

Puyang Radar from 15:01 BT to 15:24 BT 5 July 2024
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