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Micro-physical processes of Reisner graupel

scheme in the MM5v3
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and wind (vector) fields at 06:00 UTC 7 December 2001
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Observed (a) and simulated (b) 24-hour rainfall (mm) from 7 to 8 December 2001
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Fig. 4 Vertical cross sections of ice phase particles (shading, g/kg), water vapor (solid line, g/kg) .
temperature (dash line, C) and wind vector along 40°N at (a) 06:00 and (b) 09:00 UTC 7 December 2001
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Fig. 6 Vertical distribution of accumulative values of snow
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Observed rainfalls of big cities in Liaoning province in 23—24 November 1999
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(bye,h):

graupel

(shading + solid line) and ice (dash line); and (c,f,i) :rain water (solid line) and snow (dash line))
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Table 4 Distributive characteristics of major rain sources
from 02:00 to 03:00 UTC 24 November 1999
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Fig. 12 Same as Fig. 6 but for at surface
snowfall center (41.7°N, 125°E) and
from 05:00 to 06:00 UTC 24 November 1999
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Table 5 Distributive characteristics of major snow sources
from 05:00 to 06:00 UTC 24 November 1999
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Fig. 13 Vertical distribution of accumulative values of graupel
and its major sources at surface snowfall center(41. 7°N,

125°E) from 05:00 UTC to 06:00 UTC 24 Nov 1999
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Table. 7 Differences of variable maximums between Beijing and Liaoning cases
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Abstract

Snowfall is very common in north China in winter and sometimes of negative effects on the traffic and
power transmission in big cities. The weather systems inducing snowfall are various. Some are small sys-
tems, for example the shallow trough system causing light snowfall during 7—8 Dec 2001 in Beijing city.
Some are large-scale cold frontal system, for example the cold wave causing rainfall and snowfall during 23
—24 Nov 1999 in Liaoning province. Many researches have been done about the weather and climate char-
acteristics of snowfall. While the understanding of cloud processes of snowfall is also essential to the for-
mation and development mechanism of snowfall. Two snowfall cases under different weather conditions are
simulated using the mesoscale model MM5. Two-level nesting structure of domains is designed for each
case. Among the expilcit schemes of MM5, the Reisner graupel scheme is selected to describe the microphysical
process. The simulated snowbands of two cases are basically consistent with observation. Discussion is mainly fo-
cused on the simulated results of microphysical processes. The distribution of water substance and source and sinks
of the two cases under different weather backgrounds is described. The feedback effects of microphysical processes
on the thermal and dynamic processes are also discussed. Method that output the accumulative source and sinks per
hour is used to analyze the distribution characteristics of water substance during the strongest snowfall period. Two
sensitive tests (called heat test and drag test) are conducted to examine the effects of microphysical processes on
cloud produced by the latent heat and drag force. Results show that the distribution of particles has close relation-
ship with temperature. The temperature of Beijing snowfall is under 0 C and there exist vapour and solid phase
particles, while Liaoning snowfall has vapour, liquid and solid phase particles due to the warm temperature. The
distribution of these particles is not the same at different development stage. From the analysises of the characteris-
tics of source and sinks, we can find that snow is mainly produced by the deposition and accretion with ice. Cloud
water is crucial to graupel. The melting of ice-phase particles enhances the rain production. The results of heat
tests and drag tests reveal that the microphysical processes have interacted with the dynamic and thermal processes.
Latent heat of water substance feeds back positively on snowfall while the drag force not. At last comparisons of
simulated results have been done between the two different kinds of snowfall cases. The microphysical processes of
Liaoning snowfall case is more complicated than that of Beijing snowfall case. The values of the cloud variables are
larger and the interactions between the microphysical processes and the thermal and dynamic processes of Liaoning
snowfall case are stronger than that of Beijing snowfall case.

Key words: Snowfall, Mesocale model MM5, Microphysical process, Source and sinks.



