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Abstract

By utilizing ground hourly observation data, ERA5 reanalysis data, and Pingdingshan radar data,
this study analyzes the characteristics of short-time heavy rainfall in Pingdingshan. The water va-
por budget method is employed to investigate the terrain enhancement mechanism of a typical
short-time heavy rainfall event, achieving a quantitative assessment of terrain-induced precipita-
tion enhancement. The results show that: 1) The frequency and maximum hourly precipitation of
short-term heavy precipitation in Pingdingshan both exhibit a spatial distribution pattern of “more
in the south and less in the north, more in the west and less in the east”. And it’s closely related to
topography. The frequency in the Lushan mountainous area is 5~10 times higher than in surround-
ing regions, and stations recording hourly precipitation exceeding 80 mm/h are mostly located in
the “trumpet-shaped” windward slope area of the Funiu Mountains; 2) The highest number of sta-
tions experiencing short-term heavy precipitation was in 2021. Station occurrences with hourly
precipitation between 20~30 mm accounted for over 50% of all years. The daily variation of short-
term heavy precipitation shows a distinct bimodal pattern, with peaks occurring in the afternoon
(14:00~16:00) and early morning (00:00~02:00); 3) The weather process on August 22, 2021 was
affected by the weakening and southward retreat of the subtropical high and the eastward move-
ment of the low trough, and superimposed with the convergence of the mesoscale and the top of the
inverted trough, which provided sufficient dynamic conditions for the heavy rainstorm weather; 4)
Low-level easterly flows, obstructed and lifted by terrain, triggered convective development. Radar
showed a persistent and quasi-stationary strong echo band, leading to localized heavy rainfall in
southern Lushan; 5) The terrain precipitation increment on the windward slope of the Funiu Moun-
tains can exceed 20 mm, accounting for 30% of the observed accumulated precipitation, and locally
exceeding 60%.
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Figure 1. The topographic distribution of Henan Province and overlay of meteorological
station on the topographic distribution of Pingdingshan
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Figure 2. Frequency of short-term heavy precipitation (a) and hourly maximum precipitation in Pingdingshan (b)
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Table 1. Occurrence times of short-term heavy precipitation with different intensities in Pingdingshan
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Figure 3. Daily variation of short-term heavy precipitation in Pingdingshan
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Figure 4. Precipitation from 09:00 on August 22, 2021, to 08:00 on August 23, 2021 (a), 09:00~11:00 (b),
12:00~14:00 (c), and 15:00~17:00 (d) (unit: mm)
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Figure S. Distribution of geopotential height field and wind field of 500 hPa (a), wind field of 850 hPa (b), wind field
of 925 hPa (c) and wind field of ground surface 10 m (d) at 08:00 on August 22, 2021
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Figure 6. Vertical profile along 33.75°N of specific humidity (shaded, unit: g/kg), vertical velocity (contour, unite:
1073 hPa/s) and wind field at 13:00 on August 22, 2021 (The red star triangle indicates the location of Liguoustation)
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Figure 7. Distribution of the difference in 65 between 500 and 850 hPa at 13:00 on August 22, 2021 (unit: °C)
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Figure 8. Reflectance factor of 1.5% at 13:00 (a), 13:12 (b), 13:24 (¢), 13:36 (d), 13:48 (e), and 14:00 (f) on August 22, 2021
(The black straight line at (a) denotes the cross-section line, and the black dot indicates the location of Lushan Ligou Station)
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Figure 9. Vertical profile of reflectance factor at 13:00 on August 22, 2021 (The black
dot indicates the location of Lushan Ligou station)
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