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overestimated the snowfall amount over North China that occurred in 29 —30 November 2019. In this pa-
per, the simulated results from the operational WSM6 cloud microphysics scheme are compared with those
from Liu-Ma scheme and the ERA5 reanalysis data to investigate the possible reasons. The results show
that during this snowfall, the sedimentations of ice crystals and snow were the main contribution in WSM6
scheme, while the precipitation of Liu-Ma scheme was mainly through the sedimentations of snow and
graupel, and ice crystals produced less precipitation. The WSM6 scheme evidently underestimated the lig-
uid water content in the atmosphere and the ice crystal content was the largest composition of the ice-phase
particles, followed by the snow content. These features were significantly different from the ERA5 data
and the Liu-Ma scheme, and the latter two were in good agreement. Compared with the Liu-Ma scheme,
the WSM6 scheme had a higher ice crystal content in the lower layer of the model and a larger average ice
crystal falling speed, and their combination made ice crystal precipitation become an important contribution
to the formation of this snowfall case. The average snow falling speed in the WSM6 scheme was greater
than that of Liu-Ma scheme, which was the main reason why the column snow content was small and the
precipitation of snow was more than that of the Liu-Ma scheme. In the WSM6 scheme, the deposition/
sublimation process of ice crystals dominated the ice-phase microphysical processes so that the sublimation
processes of snow and graupel and the condensation process of cloud water were obviously insufficient.
This was the main reason for more ice crystals, less snow and cloud water in WSM6 scheme. The sensitivi-
ty test for the ice crystal deposition/sublimation process (SVI) revealed that the SVI conversion rate was
positively correlated to surface precipitation, and took on a “seesaw” relationship with the column cloud
water content. When the SVI conversion rate was reduced, the ground snowfall tended to be significantly
reduced and the column cloud water content increased significantly.
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Observed (a) and simulated (b) WSM6 scheme, (¢) Liu-Ma scheme 24 h accumulated precipitation

from 00 UTC 29 to 00 UTC 30 November 2019
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Fig. 5

The 24 h averaged liquid water path (LWP) (a, c, e) and ice water path (IWP) (b, d, f) by ERA5 data (a, b)

and simulated by WSM6 scheme (¢, d) and Liu-Ma scheme (e, {) from 00 UTC 29 to 00 UTC 30 November 2019
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Fig. 6 The 24 h average ice crystal (a, b, ¢), snow (e, f, g) and graupel (d, h) water path from
ERAS data (a, e) and simulated by WSM6 scheme (b, d, ) and Liu-Ma scheme (c, g, h)
from 00 UTC 29 to 00 UTC 30 November 2019
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Fig.7 The 24 h averaged vertical profiles of water content of cloud water (Qc), rain water (Qr),
ice crystal (Qi), snow (Qs), graupel (Qg), ice phase hydraometer (Solid) and total hydrometer (All)
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form ERA5 data (a) and simulated by WSM6 scheme (b) and Liu-Ma scheme (c)
in snowfall region from 00 UTC 29 to 00 UTC 30 November 2019
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Fig. 10 Vertical profiles of average tendency of transform processes related to water vapor simulated by WSM6

scheme and Liu-Ma scheme in snowfall regions in the lead time of 7—18 h from 00 UTC 29 November 2019

(a) condensation (positive value) and evaporation (negative value) tendency of cloud water (svc) and rain water (svr),

(b) deposition (positive value) and sublimation (negative value) tendency of ice crystal (svi),

snow (svs) and graupel (svg) and ice crystal initial nucleation tendency (pvi),

(¢) net tendency of condensation and evaporation processes of cloud water (svc_net),

(svr_net) and total liquid phase hydrometeors (liq_all),

(d) net tendency of deposition and sublimation processes of ice crysal (svi_pvi),

snow (svs_net), graupel (svg_net), and total solid phase hydrometeors (sol_all)
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Table 1

The mean normalized values (unit: %) of microphysical transform tendency related to

water vapor simulated by WSM6 scheme and Liu-Ma scheme in snowfall regions

in the lead time of 7—18 h and the corresponding values in Colle et al (2015)

T PR Ak 3 R WSM6 J7 % Liu-Ma J7 % Colle et al(2005)
B g 0.04 34.62 71.21
=K o
Kk 0.03 36. 46 23. 36
ok 0. 00 — —
[LES .
ok 0. 34 0.12 1.68
Kt 85. 20 10. 42 2.50
VK I} 45.0 0.16 0.13
VIR AL 12. 82 0.05 0.03
- Ktk 1.78 36.01 24,05
- THaE 9.23 2.00 0.29
g 0.18 18. 89 0.21
P
P 0. 89 4.34 0.07
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Fig. 11 Sensitivity test for the impact of ice crystal deposition/sublimation rate (svi) on surface
precipitation forecast in WSM6 scheme from 00 UTC 29 to 00 UTC 30 November 2019
(a) SVI10, (b) SVI05, (¢) SVIO2
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Fig. 12 Sensitivity test for the impact of ice crystal deposition/sublimation rate (svi) on 24 h mean total liquid
water path (a., c. e) and total ice water content (b, d, {) from 00 UTC 29 to 00 UTC 30 November 2019
(a, b) SVI10, (c, d ) SVIO5, (e, f) SVIO2
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