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Formation mechanism of a multi—stage severe convective weather

event accompanied by local tornado in Henan
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Abstract: Henan encountered a multi—stage severe convective weather event (hereinafter referred to as "6.13" event) accompanied by local
tornado on 13 June 2022. Using conventional observation data, regional automatic weather station data, satellite cloud images, Doppler weath-
er radar data, ERAS reanalysis data and other relevant data, we conducted an analysis on atmospheric circulation environment and the evolu-
tion characteristics of mesoscale systems for the "6.13" event. In addition, we discussed the initiation and maintenance mechanisms of con-
vection in the different periods of this event and the radar characteristics of the local tornado in Puyang of Henan. Results are as follows. (1)
The "6.13" event occurs under the northwest airflow behind the northeast cold vortex trough, and it is characterized by wide impact range,
long duration and multiple types of disaster weather. (2) Radar detection results show that the severe convective systems in the "6.13" event
passed through Henan in three periods one after another, and strong echoes in each period lasts for 8-9 hours, with the moving speed of
30-50 km + h™'. Most of the severe convective systems are multi—cells that all moved from northwest to southeast, with some of their areas

overlapping under the guidance of northwest airflow. (3) Maintenance of the strong conditional instability and the moderate to strong vertical
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wind shear over Henan is an important cause for multi-stage severe convective weather in the "6.13" event lasting for a long time. The first

period of local severe convection in Henan is mainly triggered by the convergence line or convergence center in the boundary layer formed by

the combined effect of daily changes of wind field, local cold air activity, topographic distribution, while the second and third periods of se-

vere convection are triggered by the gust front or outflow boundary accompanied by the surface mesoscale thunderstorm high formed by the

strong developing convection systems in the surrounding area in the previous period or the same period. (4) The local tornado in Puyang is

generated by a rapidly developing supercell storm. The hook echo and mesoscale cyclonic vortex appear 12 minutes after this supercell

storm, and the tornado vortex characteristics (TVS) appear 18 minutes later. The hook echo and mesoscale cyclonic vortex are 6 minutes

ahead of the occurrence of tornado, which can provide a reference information for early warning local tornadoes.

Key words: severe convective; thunderstorm gale; tornado; cold vortex over Northeastern China; formation mechanism; CAPE reconstruction
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Fig. 1 (a) The extreme wind (barbs) that speed is greater than or equal to 17 m+s™ and (b) the accumulated precipitation (color—filled) in Henan
from 12:00 BT 13 to 08:00 BT 14 June 2022. In Fig. 1b, red triangle denotes the hail, red solid circle denotes the place where

the tornado occurred, and black number represents the accumulated precipitation greater than or equal to 20 mm
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Fig. 2 Geopotential height (contours, unit: dagpm), wind (barbs, unit: m+s™) and 24—hourly temperature difference (dark number—filled, unit: °C) at (a) 500 hPa

and (b) 850 hPa at 08:00 BT 13 June 2022. (c) Superposition of the major weather influencing systems in upper air at 08:00 BT and

(d) surface synoptic chart (dark number—filled represents temperature, unit: °C) at 14:00 BT 13 June 2022
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() 18:00 BT, (f) 19:30 BT, (2) 21:00 BT and (h) 22:30 BT on 13, and (i) 00:00 BT, (j) 01:30 BT, (k) 03:00 BT and (1) 04:30 BT

on 14 June 2022. Black, red and purple ellipses mark the strong echoes during the first, second and third

periods of a severe convective weather in Henan on 13 June 2022, respectively
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Table 1 Radar echo characteristics and corresponding strong weather types during the different periods
of a severe convective weather in Henan from June 13 to 14 in 2022
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Fig. 7 (a) Surface wind (barb) and divergence (shaded or contours, unit: 10”s™") at 12:00 BT on 13 June 2022 calculated by ERAS, and

(b) mosaic of composite reflectivity factor from the Henan Dopplor weather radars at 14:00 BT on the same day
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