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The Role of Urban Boundary Layer in Local Convective Torrential
Rain Happening in Beijing on 10 July 2004
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Abstract An isolated mesoscale convective torrential rain which happened in Beijing urban on 10 July 2004
(“7.10”) made a great traffic trouble because of serious inundation cross the urban areas and caught various social
attention. The triggering mechanism of the convective torrential rain and the reason that the downpour occurred only
in urban center are studied by analyzing a large number of observation data sets, such as observational data with

high spatial-temporal resolution based on auto-weather station network, Doppler radar observational products, avail-
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able vertical distribution of wind detected by a boundary wind profiler, TBB data from GOES and conventional
weather observational data sets. Based on a simple mesoscale theoretical analysis and detail observational investiga-
tion, the spatial structure of the weather system is proposed. The research results indicate that (1) the local vapor
condition and the large-scale vapor transportation are favorable during the torrential rain. However, the large-scale
descending area has been keeping inhibition during the weather event, and this is a great difference between the iso-
lated meso-Bscale convective storm system (MCSS) and other mesoscale torrential rain events which happen in re-
gional precipitation; (2) The convective activities in Beijing area are closely related to gravity wave. At the initial
stage of “7.10” local torrential rainfall, the local convective instable energy is possible to be triggered by gravity
wave which is motivated by the stronger convective activities in Laishui and Yixian counties of Hebei Province to the
southwest of Beijing and a series of relatively isolated meso-y scale convection cells (MCCs), which appear to be lin-
ear, develop in Beijing. Finally, a meso-8 scale convective storm system is organized by urban mesoscale conver-
gence line. The MCSS not only causes the heaviest rain intensity in the urban center, but also excites gravity wave
and brings forth the similar meso-y scale convection cells again. When the meso-y scale convection cells are reorgan-
ized, a meso-f scale convective storm system reappears in the urban areas. However, the second heaviest rain inten-
sity is debilitated obviously compared with the former MCSS because the local instable energy have been released
partly during the first precipitation period; (3) prior to the torrential rain, a mesoscale convergence line can be ob-
served not only in urban surface but also in total boundary layer above, which plays a key role in organizing the iso-
lated meso-y scale convection cells (MCCs). The research confirms that the thermodynamic forcing caused by the
temperature difference between urban areas and suburbs, is a fundamental factor in the development of the conver-
gence line. On the other hand, because of the thermodynamic difference between urban areas and suburbs, the verti-
cal wind shear is strengthened in the urban center, and the horizontal flow in lower layer is accelerated in suburbs,
in other words, the thermodynamic forcing is advantageous to keeping the stronger convergence motion toward cen-
tral convection area and providing enough compensated moisture current around a relative large field.

Key words meso scale, torrential rain, gravity wave, convective system, mesoscale convergence line, vertical

wind shear
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Fig. 12 The surface air temperature (red dashed line, interval: 0. 5°C )and wind field (heavy brown dashed line shows the wind convergence

line) at 1400 LST (a) and 1200 LLST (b) in the Beijing urban area
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& 13 AR VAP J5 ¥k B i 2 i & A i B Uk A 2B 2 XU (B oy R S 4R 8D« () 143115 (b) 15:33
Fig. 13 The retrieved 2-dimensional wind vectors by VAP (Velocity Azimuth Process) method on single-Doppler velocity field at 1411 LST

(a) and 1533 LLST (b) prior to heavy rain (dashed line; wind convergence line)
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The evolution of the vertical wind profile detected by wind profiler located at Beijing observatory in the southeast suburb
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Fig. 15 A spatial structure model of the convective system at the initial stage
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