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Abstract Based on conventional observations, L-band soundings, and NCEP reanalysis data, the key mechanisms
involved in initiating and enhancing the first severe regional snowstorm of the early winter of 2016 in Henan Province,
China, were diagnosed. Results showed a large-scale circulation that included a full-latitude shortwave trough and a

stable cold vortex to the northeast. Southerly mid- to upper-air and northerly lower-level winds played an important role
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in the snowstorm. When an 850-925 hPa northeasterly jet provided a “cold cushion” by forcing warm and humid air

upward, it and a 500-700 hPa southwesterly jet formed a strong vertical wind shear and a deep frontogenetic zone. This

was conducive to ascension and frontal secondary circulation, which considerably enhanced the snowstorm. The warm

and humid southwest 700 hPa jet was a key feature of the storm, transporting beneficial water vapor and convergence

with the cold air behind the northeast cold vortex in the Huang—Huai area. This caused considerable dynamic lifting. The

north—south migration of the convergent shear at 700 hPa caused two snowfall centers in midwestern and southeastern

Henan. The snow zone moved with the southward migration of the “cold air wedge.” The atmosphere above the snow

zone showed a positive wet barotropic term and a negative wet baroclinic term with large absolute values of both during

the entire process. This was conducive to the release of symmetric unstable energy and the development of the

snowstorm. The essential and significant conditions of the snowstorm are the upper-air shortwave trough, the mid-air

convergent shear, the lower-level “cold cushion” and a frontogenetic zone.

Keywords Snowstorm, “Cold air wedge”, Frontogenesis, Moist potential vorticity, Symmetric instability
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Fig. 1

Distributions of the accumulated snowfall (units: mm) (a) from 0800 BJT (Beijing time) on November 21, 2016 to 2000 BJT on November

23,2016 and (b) from 2000 BJT on November 21, 2016 to 2000 BJT on November 22, 2016
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Fig. 2 Mesoscale comprehensive analysis diagram at (a) 2000 BJT on November 21, 2016, (b) 0800 BJT on November 22, 2016, (c) 2000 BJT on

November 22, 2016, and (d) the temporal evolution of the cold front. The blue font represents the cold front and the red font represents the secondary

cold front
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The shaded area represents the humidity field and the contours indicate the isotherms (units: °C)
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