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Abstract

To further investigate the process of heavy precipitation in Shuangliu District, Chengdu City, Si-
chuan Province, this paper utilizes weather situation fields provided by the internship station of
Chengdu University of Information Technology, sounding data, and the ERA5 dataset obtained from
the website of the European Centre for Medium-Range Weather Forecasts. Through meteorological
diagnostic analysis and numerical analysis of physical fields, the heavy rain process occurring in the
early morning of July 12, 2023, is diagnosed and analyzed. The results show the following: 1) At 500
hPa, the Sichuan Basin is located at the front of a trough with the subtropical high situated over the
Yangtze River basin. Due to the anticyclonic circulation on the periphery of the subtropical high and
the combined action of the southwest airflow in front of the trough, it is conducive to guiding the
low-level southwest warm and moist airflow towards the Sichuan Basin. At 700 hPa, there is a
trough to the west of the Sichuan Basin, with Chengdu located at the front of the trough, influenced
by the southerly airflow, which facilitates the transport of southwest warm and moist air. To the
north of the basin, there is a northerly wind, transporting dry and cold air into the basin. At 850
hPa, the Sichuan Basin is within a warm sector, with a low-pressure area and cyclonic wind rotation,
providing dynamic conditions for precipitation. The warm and moist airflows into the basin
through Chongqing. 2) The moisture for this heavy precipitation weather process comes from the
southerly airflow, passing through Guizhou and Chongqing to reach Chengdu. The arrival of high-
temperature and high-humidity moisture makes the atmosphere above Chengdu very unstable. The
lower layer is warm and moist, while the upper layer is dry and cold, which is conducive to the oc-
currence of convection. The moisture transport lasted throughout the heavy rain process, resulting
in a slight increase in specific humidity at 850 hPa in Chengdu after the rain, accompanied by a
strong moisture convergence center. 3) The vertical movement during the heavy rain process is rel-
atively strong; the divergence at 500 hPa and convergence at 850 hPa are favorable for the devel-
opment and strengthening of upward motion; at 500 hPa, the Chengdu area is at the front of the
trough, and the positive vorticity advection in front of the trough promotes the development of low-
level low pressure, strengthening the upward motion of the airflow at low levels, providing good
dynamic conditions for the occurrence and development of heavy rain. 4) In terms of thermal con-
ditions, there is a high-value area in the pseudo-adiabatic potential temperature field above
Chengdu, and IC < 0, the K index also has a high-value area greater than 42°C, indicating that the
atmosphere above Chengdu already has a large reserve of unstable energy, providing good energy
conditions for the occurrence of heavy rain. The sounding chart at 20:00 on the 11th also shows
that CAPE is 696.8 J- kg1, and CIN is 130.2 J-kg-1. Under the above circulation conditions, the air
mass can obtain enough energy to cross the LFC, thus generating convection and resulting in
heavy rain.
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Figure 1. Total precipitation for one hour from 02:00 to 07:00 BT on 12 July 2023
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Figure 2. 500 hPa weather situation field at 08:00 on July 11, 2023
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Figure 3. 500 hPa weather situation field at 20:00
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Figure 4. 700 hPa weather situation field at 08:00 on July 11, 2023
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Figure 11. 850 hPa water vapor flux and water vapor flux dispersion field at 02:00 (a) and 07:00 (b) on July 12, 2023
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Figure 12. Vertical velocity at 850 hPa on July 12, 2023 at 02:00 (a), 07:00 (b)
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Figure 13. Divergence at 850 hPa 02:00 (a), 07:00 (b) on July 12, 2023
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Figure 14. Vorticity at 850 hPa 02:00 (a), 07:00 (b), 500 hPa 02:00 (c), 07:00 (d) on July 12, 2023
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Figure 15. 850 hPa pseudo-equivalent level temperature at 02:00 (a) and 07:00 (b) on July 12, 2023
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Figure 18. Log pressure plot of temperature at 20:00 on July 11, 2023
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