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Abstract By using high-resolution simulation data of Bilis (0604) and three-dimensional surface precipitation and
precipitation efficiency (Lspg) equations, precipitation rate (Ps) and Lgpg as well as their relations to macroscopic and
microphysical factors were analyzed. The results show that Lgpg increases with Py, but the relationship between them is

not linear with one-to-one correspondence. With increased Pg, the increasing tendency of Lgpg slowed down gradually.
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Following the rapid development of the torrential rainfall system, both P and Lgpg increased distinctly, while temporal
changes in the main source/sink terms of the surface rainfall were much more complicated. Physical processes associated
with surface rainfall before the occurrence of the torrential rainfall differed a lot from those associated with the torrential
rainfall. Before the occurrence, the water vapor convergence mainly moistened the local atmospheric column and also
partially contributed to the development of the rainfall cloud system through microphysical processes. The convergence of
liquid-phase hydrometeors contributed more to the rapid development of the rainfall cloud system compared to ice-phase
hydrometeors. The strong microphysical process, i.e. “accretion of cloud water by rainwater (P,.,)”, may be directly
related to the distinct convergence of liquid-phase hydrometeors. The ratio of the microphysical processes, i.e. “melting of
graupel (Pgyi)” t0 Py, Was about 27%. During the heavy rainfall period, the distinctly enhanced moisture convergence
was still the primary water vapor source for surface rainfall, but the sink terms for surface rainfall changed a lot.

Meanwhile, microphysical conversion processes became more vigorous, especially Py, and Pgy. The ratio of Py to

P, was nearly 50%.
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Fig. 1 (a) Observed and simulated (b: D02, c: D03) 12-h (from 1800 UTC 14 July to 0600 UTC 15 July 2006) accumulated precipitation (units: mm). The red

rectangular boxes indicate the local heavy rainfall region, which is the main study area of the present paper
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Fig. 2 Box plot of the relation between simulated (D03) P, (Hourly
precipitation rate) and Lspp (Large-scale precipitation efficiency) in the
local heavy rainfall region (indicated by the red rectangular box in Fig. 1)
from 1300 UTC 14 July to 0600 UTC 15 July 2006. The uppermost borders
of boxes denote the 75% percentile and the lowermost borders denote the
25% percentile; medians and mean values denoted by short black solid lines

in boxes and solid dots, respectively
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Fig. 3 As in Fig. 2, but for the relations between Qwvya (vertically integrated 3D flux convergence/divergence rate of moisture), Capg (vertically-integrated

convective available potential energy), Cr (ratio of ice-phase to liquid-phase hydrometeors) and P; (left), Lgspg (right)
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Table 1 Comparisons of regionally and temporally averaged physical quantities (P, Lspg, Owve, Owva» Owve, Owvps OcLLs
Octas Ocips Oci» Ocia» Ocp and raindrop-related microphysical conversion rates) before the occurrence of the local heavy
rainfall (from 1500 UTC to 1700 UTC 14 July) and during the heavy rainfall period (from 1800 UTC 14 July to 0600 UTC 15
July). Values in brackets represent absolute magnitudes of the physical quantities and values outside represent relative
magnitudes of physical quantities when setting P; to 100. Physical descriptions of the raindrop-related microphysical

conversion rates are presented in Table 2
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Table 2 Physical descriptions of the raindrop-related
microphysical conversion rates in Table 1
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