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Damage Survey and Mesoscale Characteristics of the Tornadoes in Heze of
Shandong Province on 5 July,2024.
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1. National Meteorological Centre, Beijing 100081
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Abstract: A documented tornado outbreak event occurred in Sh
on b July, 2024, influenced by the upper-level trough and
event notably impacted Heze City, where tornadoes are #arely
substantial casualties and property damage. Thi d s the dévelopment
and evolution of tornadoes in Dongming and Juanc o&(eze City, along

with their environmental conditions and mesoscal racteristics, based on

disaster investigations, online vi oto evidence, ERA5 reanalysis data,

and dual-polarization radar obgseryations. main conclusions are as follows:
according to the compre maximum intensity of the
tornadoes in Dongming a nties reached peak intensities
corresponding to valent to EF2-EF3 level), which located

approximatel f&the Huang—Huai cyclone center. The environment

energy, -relative helicity, and strong vertical wind shear.
Meso—B—scale convergence line and appropriate cold pool intensity provided
favorable conditions for the initiation, development of the tornadic storm, and
the strengthening of near—surface vertical vorticity. Both tornadoes originated
from the same southwest—northeast moving supercell, characterized by: (1)a
robust echo centroid near 5 km altitude, (2)a persistent, deep mesocyclone with

tilted vertical structure.The tornadoes appeared at the top of the hook echo

of the supercell, and the period of tornado occurrence was accompanied by signals



such as the reduction of mesocyclone scale and the enhancement of cyclonic
vortex. The radar detected both tornado vortex signature (TVS) and tornado debris
signature (TDS) for the two tornadoes, with the earliest detection of TVS being
15 minutes and 5 minutes ahead of the tornado occurrence

time, respectively. During the occurrence of tornado, the correlation coefficient
corresponding to the vortex features rapidly decreases. The lowest value (0. 46)

appears at the time when ground damage is most severe, which may be attributed

to the mixing of hydrometeor particles and a large amount of debri¥®, carried by
the strong updraft, as well as the reduction in signal-to—

by the intense updraft. After the tornado dissipated,

characteristic persisted for more than 15 minutesS es
understanding of Huang—Huai cyclone—associatl ornddoe d provide
operational guidance for tornado monitoring a T ysbems.

Key words: tornado, damage survey, Huang—Huai Cyclone, ercell, tornado vortex

signature, tornado debris signatur
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Fig.3 (a) The damaged vegetable greenhouses in Leizhuang Vi he aged
houses in Liugiang Village, (c)the fallen trees in Dongming Lake caused the

Dongming Tornado on 5 July
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Fig.4 Damage of the construction site(a, b, c), the Baizhai community(d,e, f) and its

western agricultural market (g, h) caused by the Dongming Tornado on 5 July 2024
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Fig. 5 Damage of (a) Hengtong building materials factory and (b) Hongrun energy

company caused by the Dongming Tornado on 5 July 2024
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Fig.6 Path of the Juancheng Tornado on 5 July 2024
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Fig. 8 The disaster in Liuyuan Village caused by the Jua

2024: (a) collapsed houses, (b) damaged steel structurebuidtings,
and (d) collapsed houses in Xiwangfen g
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Fig. 9 Superposition of 500 hPa geopotential height (contours, unit:dagpm) and wind
field(wind barb), total precipitable water (shaded, unit:mm) ; (b) superposition of 850 hPa
geopotential height (contours, unit:dagpm), 925 hPa wind field(wind barb) and the best
convective available potential energy (shaded, unit:J « kg ') ; (c) superposition of surface
pressure field(contours, unit:hPa), 10 m wind field(wind barb)and 0~3 km storm relative
helicity (shaded, unit:m’ *s™) : (d) automatic station wind filed (The blue origin represents

the location of the mesocyclone, and the black thick dashed line represents the

convergence line of the 10 mwind) and 1-hour variable temperature (Blue sta®ion markings,
green dashed lines represent temperature contour lines of -2 C, ‘ T) at
14:00 BJT on 5 July 2024; (e)Time series variation diagram o
helicity in Dongming(35.25° N, 115° E), Juancheng(35.5° 15 verage of the
surrounding areas of Heze (35.25-35.75° N, 115—116\5 E) #ro :00 BJT to 22:00 BJT
on 5 July 2024; (f) 7-logp chart and hodograph at Zhengz

08:00BJT on 5 July 2024.
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Table 1 Parameters of grid point

SBLCL PWAT WBZ0 Z0 720

(m) (mm) (m) (m) (m)
442 65 5075 5224 8679
HR6 SRH1 SRH3
,1 ,1 . o, scp STP SWEAT
(mesh) (mesh) (mes™) (mes?)
19 24 122 480 12 3.0 353

00 hPa iR JE %, BCAPE MM AEE JZ BTG AL 6E, SBCIN
N M HBTE A TS B B AL 3 B 5, SBLCL MW IEI 3R Tk 4S5 = &, PWAT Dy 38 2 1] 47K 5, WBZ0
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NERAARE EHEE, STP sk e B4RE, SWEAT s R BMHE %L
T LR, il T AR AR R S R E R (8100, BERE
E 500 hPa 7S M5 RT. 925 hPa PG g VAL T . HhTHT 35 Mk SUIE AR AL 77 120 50 km 4,
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Shandong province.
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Fig. 11 Mesocyclone path and the disaster situation in severe ffec as in Dongming
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Fig. 13 (a)Basic reflectivity factor (unit:dBz) and (b) radial v,

0.5° elevation angle from Puyang radar at 14:32 BJT on 5.J 2024 i
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R
(a) 15:01, (b)) 15:07, (c) 15:12, (d) 15:18, (e) 15:24

Fig. 14 Evolution of tornado vortex in Juancheng based on storm relative radial
velocities(shown by polar coordinates)at 1.5° elevation angle from Puyang radar at
(a)15:01 BJT, (b)15:07 BJT, (c)15:12 BJT, (d)15:18 BJT, (e)15:24 BJT on 5 July, 2024.
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Fig. 16 Radial velocities(a, d, g, j), coefficient (b, e, h, k) at 0.5° elevation

angle and correlation coefficient(c, £, i, ° elevation angle from Jining radar

at (a~c)14:20 BJT, (d~f) T, (j~1)14:36 BJT on 5 July 2024.
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