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Analysis of Characteristics of a Long-Lived Freezing Rain and Ice

Pellet Event in Southern Shandong
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1 Linyi Meteorological Office of Shandong Province, Linyi 276000
2 Shandong Key Laboratory of Meteorological Disaster Prevention and Mitigation, Jinan 250031

Abstract: A rare weather event featuring a long-lived period of freezing rain and ice pellets
transitioning to snow occurred in the southern Shandong region from 20 to 21 February 2024.
Using conventional observational data, wind-profiling radar data, raindrop spectrum data and
ERAS reanalysis data, this article analyzes this event. The results indicate that: (1) The event was
characterized by return-flow precipitation. A southwest warm and humid airflow ahead of the
upper-level trough slid upwards along a cold pad caused by a significant temperature drop due to
the low-level strong cold air. The interaction between the mid-level warm and humid airflow and
the low-level northeastern airflow formed a strong inversion temperature, and the
"cold-warm-cold" vertical temperature structure was maintained for a long time, leading to a 12
h period of freezing rain and ice pellet weather. (2) Both freezing rain and ice pellets exhibited
typical characteristics of ice-phase melting. The ground temperature during freezing rain was
higher, the starting height of the warm layer was lower, and both the thickness and intensity of
the warm layer were greater, while the thickness and intensity of the cold layer were smaller. (3)
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Raindrop spectrum data show that there was no significant difference in the particle size
distribution characteristics between freezing rain and ice pellets. Both had features of small
particle size, low number concentration, low precipitation intensity, and high falling velocity.
Their velocity curves were similar to those of rainfall but had slight differences. Freezing rain had
slightly larger particles and fewer particle numbers than ice pellets. During the snowfall phase,
the spectrum was widened, characterized by large particle size, high number concentration, high
precipitation intensity, and low falling velocity.

Key words: long-lived, freezing rain, ice pellet, stratification characteristics, raindrop spectrum
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Fig 1 (a) Micaps sounding chart at Xuzhou Station and (b) sounding chart for a nearby grid point

based on ERAS reanalysis data at 08:00 BT 20 February 2024
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Table 1 Temperature stratification parameters between sounding at Xuzhou Station and the ERAS
reanalysis data with adjacent grid interpolation at 08:00 BT 20 and 08:00 BT 21 February 2024
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N O CHEfE OCERE BIAZE iR
3 1[5 /hPa /m /hPa /C
/hPa /m /hPa /°C
200814 M35 840.3 1491 785.9 3.9 846. 7 1512 931.9 -7.5
2008-ERA5 825.0 1307 775.0 4.3 850. 0 1458 950. 0 -6.5
2108-1&MIE5  761.0 689 747.5 2.1 766. 4 2297 911.3 -9.6
2108-ERA5 750. 0 547 750. 0 2.3 750. 0 2418 925. 0 -8.8
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Fig 2 Hourly distribution of precipitation and 2 m temperature at Linyi Station from 14:00 BT 20
to 20:00 BT 21 February 2024
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Fig 3 Synoptic charts at (a) 500 hPa, (b) 700 hPa, (c) 850 hPa and (d) 925 hPa at 20:00 BT 20
February 2024
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Fig 4 Observed wind field by wind-profiling radar at Linyi Station from 08:00 BT 18 to 20:00 BT 21
February 2024
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Fig 5 (a) Vertical cross-section of temperature and wind field (unit: ‘C) along 118° E and (b)

temporal evolution of temperature, specific humidity (unit: g'kg'l) and wind field at Linyi Station
at 20:00 BT 20 February 2024
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266 Fig 7 (a) Diameter, (b) falling velocity, (c) precipitation intensity and (d) particle number density of
267 precipitation particles during the continuous 3 h precipitation process at Linyi Station from 12:00
268 to 20:00 BT 21 February 2024
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Fig 8 Distribution of particle number concentrations and diameters for snow, ice pellets and
freezing rain
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Fig 9 Relationship diagrams of falling velocity versus particle diameter (V-D) for (a) freezing rain,
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