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Mechanism Analysis of a Sudden Rainstorm Triggered by the Coupling of Gravity
Wave and Convection in Mountainous Area

XIE Jiaoxu!, LI Guoping™?

(1. School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu 610225, China ;

2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing 210044,
China)

Abstract  Based on the ERAS reanalysis data ,the China Merged Precipitation Analysis data and the FY-2G
satellite cloud image data provided by NSMC (National Satellite Meteorological Centre), we conducted a synoptic
dynamic analysis on the characteristics of gravity wave during an abrupt rainstorm on 21-22 May 2018 in the
southwest of Sichuan Basin. The results indicate that the sudden rainstorm in the mountain area was affected by
the gravitational wave activity with a wavelength of 150km and a period of 5h. The gravity wave was triggered by
the combination of terrain and vertical shear instability. The shear instability appears in the downstream before the
propagation of the gravity wave. The Richardson number is a good indication of the direction of gravity wave
propagation and precipitation area. Before the rainstorm, the updraft in the gravity wave transports the water vapor
to facilitate the development of the convection, while the downdraft causes the unstable energy in the lower layer
to accumulate continuously. With the development of the Northeast low-level jet, a critical layer is formed in the
transition zone of the East-West wind shear in 700-800hpa. The critical layer continuously absorbs the wave

energy from the upper air and makes the gravity wave energy to be transmitted down, triggering the release of the



unstable energy in the lower layer, and promotes the convection to be strengthened continuously, which finally

causes the sudden rainstorm.

Keywords Sudden rainstorm, Mountain, Gravity wave, Wavelet cross-spectrum analysis, Instable energy

triggering
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Fig.1 The distribution of (a) 24h accumulated precipitation (units: mm), grey shadows indicate the height of the
terrain (units: km). The locations indicated by the arrows are three precipitation large value centers, R1 stands for
Shawan District, Leshan (103.5E , 29.4N), R2 stands for Muchuan, Leshan (103.8E , 28.9N), R2 stands for
Hongya, Meishan (103.2<E , 29.5N) (b) time series diagram of precipitation in high value center on 21 May 2018.
(The numbers in the legend represent 24h accumulated precipitation, the green frame indicates the period of
sudden rainstorm, and two of the three large precipitation centers reach the standard of sudden rainstorm in

13:00-15:00)
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Fig.2 The distributions of (a) geopotential heights at 500hPa (blue line; units: dagpm, The brown curve represents
the shear line, "D" represents the low pressure center) and wind vectors (units: m-s~1) at 0000 UTC 21 May, (b)
geopotential heights at 850hPa and wind vectors at 0000 UTC 21 May, (c) wind vectors and topography at 850hPa
(shaded; units: m) and (d) water vapor flux divergence at 850hPa at 1500 UTC 21 May
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Fig.3 The distribution of 1h accumulated precipitation at 1500 UTC 21 May(a) and at 1600 UTC 21 May(b),FY-2G
satellite images (unit: °C )at 1400 UTC 21 May(c) and at 1500 UTC 21 May(d)
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Fig.5 Wavelet coherence analysis of 350hPa perturbation vorticity and perturbation divergence along AB shown in
Fig.4a at 1500 UTC 21 May.(The abscissa axis shows the horizontal distance from A; magnitude squared

coherence (shaded); the down arrow indicates phase lag between the perturbation vorticity and divergence)
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Fig.7 The distribution of Richardson number at 350hPa at (a)0300 UTC ,(c) 0600 UTC,(e) 1200 UTC,(g) 1700
UTC 21 May(The area circled in the box are the two selected feature areas), and distribution of ANBE and Rossby
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Fig.8 The distribution of (a) the percentage of the area with low Richardson number in Z1 or Z2 (the number of
grid points where R; < 0.25 divided by the total number of grid points), (b) potential temperature thickness
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Z2 on May 21, 2018
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