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Abstract

Using conventional meteorological observation data, Doppler radar data, and ECMWF reanalysis
data, this study analyzes the causes of the extreme snowfall event in Jinzhou from November 7 to 9,
2021. The results indicate that this snowfall was the most severe on record in Jinzhou. It was pri-
marily driven by the intense development of a 500 hPa Northeast Cold Vortex, which induced the
northward movement of a low-level vortex and surface cyclone. Additionally, factors such as the
700 hPa low-level southerly jet, shear line, energy front development and maintenance, and a cold
cushion below 850 hPa contributed to the snowfall. The heavy snowfall occurred in two stages: the
first (03:00 on the 7t to 03:00 on the 8%) was sustained heavy snowfall in the frontal zone, while
the second (04:00 on the 8™ to 05:00 on the 9t") featured weak snowfall from the cyclone itself. Sur-
face temperatures initially dropped and then rose due to the replacement of cold air wedging into
lower layers by warm, moist southerly air masses. A cold cushion existed below 925 hPa, with a
distinct inversion layer between 925 hPa and 870 hPa, and a cold layer above 870 hPa. This “cold-
warm-cold” vertical structure provided dynamic, thermal, and moisture conditions, leading to the
rare “thundersnow” phenomenon in Jinzhou.
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Figure 1. Hourly snowfall evolution in Heishan County during November 7~9, 2021
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Figure 2. Hourly accumulated snowfall variation at five national meteorological stations in Jinzhou region during November
7~9,2021
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Figure 3. Circulation patterns at 500 hPa (a), 700 hPa (b), 850 hPa (c), and sea-level pressure field (d) at 08:00 BST on
November 7, 2021 (Note: Black solid lines represent geopotential height contours; light green shaded areas indicate blizzard
zones; pink dashed lines denote isotherms)
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Figure 4. Distributions of 850 hPa moisture flux divergence (Unit: g:cm 2-hPa™'-s™!) and moisture flux (Unit: g-cm™-hPa™'-s™")
Superimposed with wind fields at 20:00 BST on November 6 (a) (e), 08:00 BST on November 7 (b) (f), 20:00 BST on November
7 (c) (g), and 08:00 BST on November 8 (d) (h), 2021 (Note: Black rectangles indicate blizzard zones)
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Figure 5. Distributions of 700 hPa pseudo-equivalent potential temperature superimposed with wind fields at 08:00 BST (a),
14:00 BST (b), 20:00 BST (c) on November 7, and 02:00 BST (d) on November 8, 2021
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Figure 6. Cross-sectional profiles of wind field, temperature field, relative humidity, and vertical velocity at Jinzhou Station from
20:00 BST on November 6 to 08:00 BST on November 10, 2021 (Note: Red dashed lines represent temperature; green shaded areas
denote relative humidity; gray solid lines indicate vertical velocity)
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Figure 7. Hourly temperature variation chart at Jinzhou Station from 03:00 on November 7 to 03:00 on November 9, 2021
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