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The Numerical Simulation Analysis and Causes of

Snowstorm Occurring in Hunan Province, Early 2011

YAO Rong YE Chengzhi TIAN Ying ZHANG Hai TANG Jie

Hunan Meteorological Observatory, Changsha 410119

Abstract: Based on various conventional observations, the NCEP reanalysis data, a large-scale blizzard
process in Hunan Province during 17 —20 January. 2011 was analyzed and the process was simulated on
dynamic, water vapor, thermodynamic conditions, and cloud microphysical characteristics by the WREF nu-
merical model. The purpose was attempted to discuss the phase transformation of precipitation and the
causes for the formation and development of this snowstorm process. The results indicate that, the cold air
coming from Ural Mountains and the warm wet air-flows coming from the Bay of Bengal and the South
China Sea, were meeting with in Hunan for a long time and causing frontogenesis forcing, then strong up-
ward motion was made in the stationary front area. Therefore, the sustained snowstorms took place in
Hunan area. Meanwhile, strong upward movement and continuing moisture convergence provided water
and power conditions for the snowstorm process, the warm and wet airflow was keeping on the cold air for
long time, which provides significant thermal conditions for the long-duration snowstorm. Good simulations of
snowstorm areas and amount were achieved by model WRF. The formation and development of snow particle were
connecting with not only liquid water content, but also the content of ice particle. The main physical process of

this snowstorm was probably the deposition growth of snow, the automatic transformation from ice crystal to snow
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and the collision between rain and snow. The bigger value center of ice-snow particulate and the strong upward

movement area have indicative significance for the forecast of heavy snowfall.

Key words: snowstorm, numerical simulation, cloud microphysical process, phase transformation mecha-

nism of precipitation
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Table 1 The weather and surface temperature (‘C ) in Changsha, Huaihua and Chenzhou

from 02:00 BT 18 to 08:00 BT 20 January 2011
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Fig. 1

Distributions of accumulated snowfall (a, unit: mm) and snow depth (b, unit: cm)

over Hunan Province from 08:00 BT 17 to 08:00 BT 21 January 2011
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systems at 08:00 BT 17 January 2011
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in 109°—114°E (b, unit; C) of Hunan area from 17 to 20 January 2011
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Fig. 6 Distributions of accumulated precipitation (a, unit: mm) and accumulated snow-water
equivalent (b, unit; kg * m ?) from 20:00 BT 17 to 20:00 BT 20 January 2011
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Fig. 7 Distribution profiles of snow ice-crystal proportion and liquid water proportion from west
to east in Hunan from 110°E to 113°E at 09:00 BT 19 January 2011
(a) 110°E, (b) 111°E, (o) 112°E, (d) 113°E

[Shadowed area: snow ice-crystal proportion (unit; 1072 g« kg~ '), solid: liquid water proportion (unit; 1073 g« kg~ )]
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Fig.8 Vertical distribution profiles of snow ice-crystal content, temperature and flow field from
west to east in Hunan from 110°E to 113°E at 08:00 BT 19 January 2011
(a) 110°E, (b) 111°E, (o) 112°E. (d) 113°E

[Red dotted line:temperature (unit; C),color filled: areas with temperature above 0°C ;

blue solid line: content of snow crystal to snow (unit; 107 g« kg™ '; vector: v,w>X150) ]
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