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A Three-Dimensional Numerical Simulation on Microphysical
Processes of Torrential Rainstorms

Xiao Hui, Wang Xiaobo, Zhou Feifei, Hong Yanchao, and Huang Meiyuan

(Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029)

Abstract A three-dimensional numerical model of severe convective rainstorms is developed and used
to evaluate its stability and validity on the case study of the torrential rainstorm occurring in Wuhan,
Hubei Province, on the morning of 21 July 1998. The modeling results show that the model successfully
simulates maximum 10-minutely rainfall and maximum hourly rainfall, which are very close to the ob-
served maximum 10-minutely rainfall of 22 mm and maximum hourly rainfall of 107. 6 mm at Hankou
Weather Station of Wuhan on this morning. The domain maximum radar reflectivity derived from the
simulated total rainwater mixing ratio fields is also in good agreement with observations. The compari-
sons indicate that the model has an ability to well simulate the extremely and successive heavy rain. The
model results also indicate that the consideration of detailed cloud physical processes is significant for fur-
ther understanding the formation of this heavy rainfall event. The warm-cloud process was the main de-
veloping process in the rain formation of this event, but the ice-phase microphysical processes can greatly
speed the rain formation. The vertical distributions of simulated radar reflectivity show that the stronger
radar echoes appear mainly in the zones from the 0 C level to the ground. A bright band echo exists in-
homogeneously in the zone from the 0 C level to 2-km range low to the level. Some strong cores with
echo intensity of >50 dBZ are involved in the bright band. The overhang echoes from the strong cores
come into existence and reach the ground following with time. The further analysis shows that the strong
echo cores and their hang echoes are resulted from melting of ice-phase particles in the 0 C level. The
melting particles collecting with cloud drops further increase the production of raindrops. In this simula-
tion the graupel particles contribute the highest to the melting ice-phase particles. In the last part of this
paper an analysis from cloud physics shows that this kind of severe convective rainstorm maintaining
long-lived torrential rain may result mainly from the quasi-steady-state structure between the slanted up-
draft and the downdraft under an appropriate atmospheric environment.

Key words: torrential rainstorm; cloud physical process; radar bright band echo; 3-D numerical simula-

tion



