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Abstract: The 2012—2020 surface observation and sounding data from Beijing Meteorological Observatory,
Zhangjiakou Station and Laoting Station in winter as well as other data are used to establish a set of dis-
crimination criteria for different precipitation types by statistically analyzing vertical temperature and hu-
midity profiles. From forecast perspective, we focus on two key factors of snowflakes forming and melt-
ing, and adopt the cloud-top temperature and the 0 C-layer height as new indicators of discrimination crite-
ria for precipitation types. The results show that cloud-top temperature below or equal to —14C is a key
threshold to generate adequate snowflakes or other ice particles in clouds. This is a necessary condition for
snowfall. At the same time, the 0 C-layer height higher than or equal to 0.5 km and lower than or equal to
0.1 km is a threshold for the snowflakes to hardly melt and completely melt, respectively. Sleet or rain is
likely to appear with cloud top-temperature between —14C and —4'C. The 0 C-layer height at 0.1 km is
a threshold of distinguishing sleet from rain. The TS scores of discrimination criteria based on cloud-top

temperature and 0'C-layer height in this paper are significantly improved compared with those by using the
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combination of temperatures at specific layers. The TS scores for snow, sleet and rain reach (improved)
0.93 (0.11), 0.57 (0.39) and 0. 86 (0. 43), respectively. The results of this study could provide a new

reference for forecast and amendment of winter precipitation type.

Key words: precipitation type, cloud-top temperature, 0 C-layer height, sounding data
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Fig. 1 Locations of three meteorological
stations in the northern part of the

Beijing-Tianjin-Hebei Region
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Fig. 2 Box-whisker of (a) Ty, s (b) Ty s (¢) Tgs and (d) the proportion of meeting the

combination of Tg50<X—4C, Ty << —2C and T,,<C0C conditions for three precipitation types

[Elements of box-whisker are maximun, 90th percentile, median (blue line) , mean (red point) ,

10th percentile and minimun, respectively, the same below ]
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Fig. 3 Box-whisker of (a) cloud-top temperature and (b) 0 C-layer height for three precipitation types
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and (b) cloud-top temperature >>—14'C conditions
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Table 2 Discrimination criteria of temperature thresholds
at specific levels (Criterion 1) and cloud-top temperature
combined with 0°C -layer height thresholds (Criterion 2)

for three precipitation types
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Fig. 5 Typical vertical temperature (solid) and dew point (dashed) profiles for snow over

Beijing at (a) 08:00 BT 28 February 2015 and (b) 20:00 BT 29 November 2019

(In Fig. 5a, cloud-top temperature is —27C, 0 C-layer height is below 0 km;

in Fig. 5b, cloud-top temperature is —21°C, 0 C-layer height is 0. 1 km)
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(In Fig. 6a, cloud-top temperature is —24'C, 0 C-layer height is 0. 2 km;

in Fig. 6b, cloud-top temperature is —13°C, 0 C-layer height is below 0 km)
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Table 4 Longitude and latitude, altitude, cloud-top temperature, 2 m temperature and

weather phenomena of Huairou Station, Beijing Meteorological

Observatory and Bazhou Station at 02:00 BT 21 November 2016
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