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A Case Study of Local Rainstorm in Beijing on 10 July 2004 .
The Analysis of the Gravity Wave
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Abstract This is a case study of the local rainstorm on 10 July 2004, which occurred over the centric downtown ar-
ea of Beijing. From dusk to nighttime, most of downtown area of Beijing was suffered from an infrequent local rain-
storm. The rainfall distribution was obvious inhomogeneous and the severe rain lasted only 2 — 3 hours from 1 700
BT to 2000 BT (Beijing Time). It became weak gradually during nighttime. The mean rainfall of 6 hours was 50. 3
mm over downtown area (from 1400 BT to 2000 BT). Moreover, hourly rainfall reached 52 mm and the maximum
10 minutes rainfall was 23 mm at Fengtai station, which is located in the south part of Beijing. Such severe local
rainstorm is very infrequent in Beijing area for recent twenty years. It induced serious traffic jam and destroyed some
common facilities in the suburban area. Focused on the triggering mechanism of the rainstorm and the distribution of
the rainfall, this case is studied by using the data of Radar, automatic weather stations and traditional observation

stations, combined with the meteorological analysis and gravity wave index methods. It shows that the gravity wave
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triggered by the vertical wind shear generated by the cold air-mass intrusion at 700 hPa is the key factor for this
rainstorm.,

There are two necessary conditions for heavy rainfall: the intensive upward motion, and abundant vapor
sources. The analysis of the synoptic scale vertical motion shows that there was systemic downdraught belt over Bei-
jing area at the lower layer. It means that the systemic vertical motion was unfavorable for forming rain. Precipitati-
on, especially heavy precipitation needs abundant vapor source. According to the statistics, in Beijing, most heavy
rainfall occurs under the specific humidity of more than 12 g/kg. The observed analysis indicates that there is inten-
sive specific humidity zone in Beijing area (the specific humidity is about 13 - 17 g/kg at surface). It was very favor-
able for generating rain. The analysis of instability energy points out that there is a high-energy tongue from south-
west to northeast of North China Plain from 0800 BT to 2000 BT, and it extended from the surface to 500 hPa. The
analysis of the potential pseudo-equivalent temperature indicates that the instability energy was released before 2000
BT. The drop of temperature at 710 - 760 hPa shows that the cold air mass intrusion appeared in the middle layer in
the eastern part of Beijing. The vertical wind profile illustrates that the cold air mass intrusion induces the vertical
wind shear, furthermore, generates the gravity wave.

The Richardson number and Briint-Vaisala frequency are used to discuss the generation and transmission of the
gravity wave. It shows that the vertical wind shear mainly induces partial average kinetic energy transforming into
disturbing kinetic energy., finally, triggers the gravity wave. Radar echo image has clear wave structure characteris-

tics. Meanwhile, the radar radial velocity image illustrates the convergence and divergence belt scatter alternately o-

ver Beijing downtown area. The spatial distribution of radar echo image is coincident with rainfall very well.
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Fig. 5 The spatial-temporal distribution of hourly rainfall intensity (mm) on Jul 10 2004 (Red: the time of maximum rainfall intensity;

green value: the maximum rainfall intensity)
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