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Analysis of Low-Level Temperature Cooling Mechanism of

a LLocal Snowstorm Process

PENG Xiayun LIU Hanhua LI Wenjuan ZHAO Fang KONG Zhaolin

Zhejiang Meteorological Observatory, Hangzhou 310017

Abstract; On 5 December 2015, with strong southwest warm and humid air and weak cold air, a heavy
snowstorm occurred in the area from Hangzhou of Zhejiang Province to Huangshan of Anhui Province.
The forecast for this process was quite inaccurate. The analyses of water vapor, power and temperature
conditions in this paper show that the strong southwest warm and humid airflow, the convergence of cold and
warm air provided abundant water vapor and dynamic conditions for the generation of a large amount of sur-
face precipitation. The deep wet layer, suitable intermediate temperature and humidity conditions were fa-
vorable for the generation of a large number of snow and ice crystals for landing. The abnormal tempera-
ture drop at the lower level of Hangzhou Station before the snowfall was the key cause for snowfall. The
analysis of the cooling mechanism shows that the cause of the low-level temperature drop at Hangzhou Sta-
tion was mainly non-adiabatic heating related to water vapor phase transition, and the effect of cold advec-
tion was weak. The low-level cooling before 08:00 BT on 5 December was mainly caused by the evapora-
tion of precipitation particles; the low-level cooling during the day was mainly caused by a large amount of

ice (snow) crystal melting to absorb the latent heat of the environment, and the cold advection and vertical
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transport items also contributed. The main reason for the failure of the forecast was the dependence on

temperature index and the insufficient analysis of the cooling mechanism. In this case, the cooling mecha-

nism such as advection was weak, and the melting and heat absorption of ice crystals caused the middle and

lower layers to form a uniform temperature layer of 0'C, so that the ice crystals reached the ground. The

middle and lower temperature was quite different from the temperature index commonly used in discerning

precipitation type, which indicates that the temperature index can not be applied mechanically, and the

physical mechanism of snowfall formation should be comprehensively analyzed. When precipitation amount

is large, melting heat absorption can become the main mechanism of cooling, which should be fully consid-

ered in the forecasting operation.

Key words: snowfall, non-adiabatic heating, latent heat of evaporation, latent heat of melting
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Fig.1 The 24 h accumulated precipitation from 08:00 BT 5 to 08:00 BT 6 (a, colored) and
snow depth valid at 08:00 BT 6 (b, colored) December 2015

(In Fig. la, dashed line represents snow area; in Fig. 1b, circle point represents data from national

observation station, triangle point represents the data observed by assistant weather observer)
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Fig. 2 The 2 m temperature, precipitation

amount and weather condition at
Hangzhou Station from 02:00 BT 5 to
08:00 BT 6 December 2015
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Fig. 3 The 500 hPa height (black line, unit: gpm), wind field (barb) and sea level pressure
(blue line, unit; hPa) valid at 08:00 BT (a), 20:00 BT (b) 5 December 2015; the 850 hPa

geopotential height (black line, unit: gpm), wind (barb), temperature (red line, unit; C )
valid at 08:00 BT (c¢) and 20:00 BT (d) 5 December 2015
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Fig. 4 (a) Vertical cross sections of v—w combined wind (barb, w enlarged 10 times) and
specific humidity (colored) along 120°E valid at 08:00 BT 5 December 2015
(Region within the dashed line is snowfall, left is heavy rain, right is light rain) ;
(b) time-height cross section temperature (colored) and horizontal wind (barb), (¢) time-height cross section
relative humidity (shaded, >>90%) and divergence of water vapor flux (contour, unit;107° s 1)

in Hangzhou Station valid from 20:00 BT 4 to 08:00 BT 6 December 2015
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Table 1 Comparison of temperatures observed by Hangzhou,
Quzhou, Nanjing stations at 20:00 BT 4, 08:00 BT 5,

20:00 BT 5 December 2015 (unit: C)
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Fig.5 Profile of temperature advection, vertical transport valid at Hangzhou (a—d), Quzhou (e—h),

Nanjing (i—1) stations at 02:00 BT (a, e, 1), 08:00 BT (b, {, j),
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Fig. 6

Sounding temperature (open circle) and dew point temperature (closed circle) profiles at

Hangzhou (a, b), Quzhou (c, d), Nanjing (e, f) stations valid at 08:00 BT (a, c, e)
and 20:00 BT (b, d, {) 5 December 2015
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