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Numerical simulation of a large-scale snowstorm in northern China

using different cloud microphysical parameterization schemes.

Wang Shucai?, Ping Fan?!, Meng Xuefeng?®, Li Yupeng?*
1 School of Remote Sensing and Geometrics Engineering, Nanjing University of Information
Science and Technology, Nanjing 210044, China
2 Key Laboratory of Cloud-Precipitation Physics and Severe Storms, Institute of Atmospheric
Physics(LACS), Beijing 100029, China
3 Inner Mongolia Meteorological Observatory, Hohhot 010051, China

4 Institute of Meteorological Sciences of Jilin Province, Changchun 130062, China;

Abstract Using ERAS reanalysis data as the initial field, and the WRF model was used to conduct
the numerical simulation study of a large-scale snowstorm event from April 19-20, 2020. we
adopted different microphysical parameterization schemes for sensitivity experiments, and the
capability of the model for simulation was evaluated based on observation data (precipitation data
collected at automatic weather stations, radar base data). The temporal and spatial evolution
characteristics of precipitation, radar reflectance, dynamic thermodynamics and water condensate
in heavy snow weather were also analyzed. The results show that the Morrison scheme can better
simulate the snowstorm weather event, which shows that the simulated radar echo intensity, range
and shape are more consistent with the observation data, and the correlation coefficient and root
mean square error of simulated precipitation are better than other schemes. The detailed
microphysical structure of the proposed scheme is characterized by strong ascending motion and
long-term maintenance of positive vorticity in the lower layer, and more ice crystals in the upper
layer above 7km and less graupel and rain particles in the middle and lower layers. From the
perspective of the thermal dynamic field, there is an obvious vorticity wave train below the height
of 600hPa in the bin scheme. This is mainly because the bin scheme grades the particle swarm,
does not bind different particle types to move, and can describe the sinking and dragging effect of
different particles in a more detailed way. From the cloud microphysical characteristics, the
specific masses of snow, graupel, cloud water and rain particles simulated by different schemes
are close to each other. However, the simulation of the specific mass of ice crystals has great
differences in both magnitude and distribution range, which determines the difference in
magnitude and phase state simulation of radar echo and precipitation by different microphysics
schemes.

Keywords: snowstorm, numerical simulation, cloud microphysical process, hydrometeors
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Fig.2 (a) Geopotential height (blue contour, unit: dagpm) , temperature(shaded, unit: K), wind
Cvector, unit: m/s) , and wind jet (shaded area, wind speed over 20 m/s) at 500 hPa.
(b)geopotential height (blue contour, unit: dagpm), wind Cvector, unit: m/s) , specific humidity
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unit: m/s) and temperature (shaded, unit: K> on 1200 UTC 19 April 2020 based on the ERA5
reanalysis data.
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Table 2 Mixing ratio and number concentration of the five microphysical parameterization

schemes

mp_physics Scheme Mass Variables Number Variables
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16 WDM6 Qc QrQiQs Qg Nn** Nc Nr
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Fig.4 Observed (a1(1500 UTC 19 April 2020). a2(1700 UTC 19 April 2020). a3(2000 UTC 19
April 2020)) and Simulated radar composite reflectivity (units: dBZ), b1(1400 UTC 19 April
2020)~ b2(1600 UTC 19 April 2020)~ b3(2100 UTC 19 April 2020) is Thompson(the time of other
schemes is the same below), (c1, c2, ¢3) is Morrison, (d1, d2, d3) is WDMS6, (el, e2, e3) is NSSL,
(f1, f2, £3) is bin. The purple diagonal lines and the purple boxes indicate the slice lines of cross

sections and the averaging area in the following analysis, respectively.
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Fig.5 Observed and simulated vertical cross section of radar composite

reflectivity and winds

(vector, unit: m/s) , (vertical vector speed is magnified by 50, The same below). The analysis time



and the locations of cross sections are denoted in Fig.4. (units: dBZ).
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Fig.9 Vertical cross sections of the vertical velocity (shaded, units: m/s) and winds ( vectors, units:

m/s) simulated by different microphysical parameterization, The analysis time and the locations of

cross sections are denoted in Fig.4.
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unit: m/s) simulation by different microphysical parameterization. The analysis time and the

locations of cross sections are denoted in Fig.4.
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Fig.11 Vertical cross sections of potential temperature perturbation (shaded, units: K) and total
mixing ratio (contours, units: g/kg). The red solid lines represent the 0°C isotherms. The analysis

time and the locations of cross sections are denoted in Fig.4.
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perturbation (c) simulated by different microphysical parameterization.
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