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Abstract: Based on conventional observation, three-dimensional lightning locator, Doppler
weather radar and ERAS reanalysis data, the characteristics of convective events in cold season
(December 14, 2023) were analyzed in Shandong Province. The position of the ground cold front
was determined by using the frontogenesis function, the dense region of s, and the temperature
variation. A conceptual model diagram of the physical process is proposed. The results shows
thunderstorms and heavy snowfall occur at the rear of the cold front, with a deep and stable cold
cushion in the low altitude, and strong warm and humid air above the inversion layer, exhibiting
the structural characteristics of elevated thunderstorms. This blizzard was caused by a
convection-symmetric instabilities. The symmetric instability is below 700 hPa, and the convection
cells develop during the forced uplift of warm and humid air flow along the low-level cold air
cushion. The convective instability layer is located at 700—500 hPa and is established with the
advancement of the southwest jet. When the tilted convection caused by symmetric instability
reaches a level above 700 hPa, the energy of convective instability is released, leading to the
development of deep and strong vertical convection. The establishment of geopotential instability
is consistent with the northward advance of 20 m s wind speed over 700—500 hPa, which is 1—
2 h ahead of the strongest snowfall and thunder. The triggering of elevated thunderstorms is not
only related to the uplift of the low-level cold cushion, but also to the enhancement of wind near
700—500 hPa in the middle layer. With the increase of wind speed at 700—500 hPa, the positive
vorticity advection strengthens, and then the upward airflow further develops, causing strong
snowfall and high-frequency lightning. Although the convective properties of this elevated
convection are not typical, and the echo intensity is mainly concentrated in 20—35 dBz, the echo
top height exceeds the -30°C layer height, and the 35 dBz echo extends above the -10°C layer

height. Therefore, it is still necessary to pay close attention to the occurrence of lightning.
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and (e-f) along116.5° E from 9:00 BT to 12:00 BT14 December 2023 (unit:PVVU)
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Fig. 6 Vertical velocity (colored;unit: 10~ hPa s) and longitudinal vertical profile of wind field (barb)
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Fig.7 Time-vertical profile of the pseudo-equivalent temperature (black solid line), wind field (barb) and
temperature advection (colored) at Guanxian Station
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Table 1 6 on different barometric pressure layers at Guanxian Station

(IR
A
700 hPa  650hPa  600hPa 550 hPa 500 hPa 400 hPa

8:00 316.9 316.8 316.7 315.3 321 324.4
9:00 318.9 318.6 319.8 320.3 322.2 324
10:00 318.6 323.2 3234 323.3 323.6 323.8
11:00 314.8 321.0 323.5 318.5 316.9 322.9
12:00 315.0 320.1 316.4 314.1 315.4 323.0
13:00 314.3 319.5 316.7 316.3 317.4 325.1
14:00 313.3 319.8 321.3 318.2 315.9 320.4
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FEInaE, 35.5° ~36.5° N %% 800 hPa fffiE-MPVL I NIEME . MPV2 5 MPVL )44k ]
ek, 7E 700 hPa LA FEEANGE. Sk E2sHIL T MPV1>0 fil MPV2<0 L E, K
B BB AEN AT . AREXPR AR E )RR 3R AE 700 hPa LA, Hom FEAR TA7
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Fig.8 Vertical contour map of physical quantities at stations along the direction of low-level jet stream (from
southwest to northeast) from 10:00 to 12:00 on 14 December 2023
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Fig.9 (a) Conceptual model and (b) temperature profile for elevated convective blizzard
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Fig.10 Vertical profile of radar reflectivity factor in Liaocheng on 14 December 2023
(a) 10:05 along the radial 290 < (b) 11:37 along the direction of _low-level jet stream
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