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Abstract: Based on the daily precipitation data at 97 national stations in Hunan Province from 1981 to
2018, conventional observation data, ERA-Interim data and typhoon path data, the climatic statistics
method, meteorological analysis method and composite synthesis method are used to analyze the climatic
characteristics of extreme precipitation in Hunan Province and their weather system types. The results
show that during the past 38 years, the average threshold of the daily extreme precipitation in Hunan
Province was 71. 6 mm, and there were 130 extreme precipitation days per year. Both the values had large
interannual variability, and there was a significant change in 1993. Before 1993, the average threshold of
the daily extreme precipitation was low (65.7 mm), and there were only 99 extreme precipitation days per
year; after 1993, the average threshold was high (74. 7 mm), and there were 146 extreme precipitation

days per year. The spatial distributions of daily extreme precipitation thresholds and extreme precipitation
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days were uneven. In central Hunan and areas north to it, the thresholds of extreme precipitation were
high, the intensity of extreme precipitation was strong, and the frequency of occurrence was low. But in
the south of Hunan, the threshold was low, the intensity of extreme precipitation was weak and the fre-
quency of occurrence was high. The regional extreme precipitation processes of Hunan mainly occur from
May to August, especially in June. Five types for weather systems of extreme precipitation processes are
summarized: the southwest vortex and warm shear line type, the cold trough and shear line type, the ty-
phoon type, the subtropical high edge type, the consistent southerly wind type. The main influence sys-
tems of extreme precipitation in Hunan are upper trough, southwest vortex, shear line and low-level jet. If
the southwest vortex does not move out of the southwest region of China or its location is to the south, the
extreme precipitation in Hunan will be caused by the southwest vortex and warm shear line, and if the lo-
cation of southwest vortex is to the north, or there is a new vortex developing and strengthening on the
east side of Wuling Mountains, then the extreme precipitation in Hunan will be caused by the cold shear
line behind the southwest vortex (new vortex). The topography has a significant effect on the increase of
extreme precipitation, especially on the extreme precipitation process of typhoon in southeastern Hunan.
In different seasons, the subtropical high has different effects on the area and intensity of extreme precipi-
tation. For the extreme precipitation in the warm zone under the background of weak forcing, the applica-
tion of high spatio-temporal resolution data should be strengthened to analyze the meso- and small-scale
trigger mechanism.

Key words: extreme precipitation, climatic characteristic, weather system classification, composite analysis
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Fig. 4 Interannal variations of frequency (a) and intensity (b)

on extreme precipitation days in Hunan Province during 1981—2018

1 1981—2018 EHEEREKR/KENZEBRES%H

Table 1 Monthly distribution of extreme precipitation days in Hunan Province during 1981 —2018

A 1 2 3 4 5 6 7 8 9 10 11 12
BRI 3 28 75 253 820 1388 1145 714 294 135 91 8
di e/ % 0.06 0.57 1.51 5.11 16.55 28.02 23.11  14.41 5.93 2.73 1.84 0.16
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Table 2 Monthly distribution of regional extreme precipitation processes in Hunan Province during 1981 —2018

A 4 5 6 7 8 9 10 11
PR /I 3 15 29 21 12 4 3 4
B/ % 3. 30 16. 48 31.87 23.08 13.19 4.40 3.30 4.40
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Table 3 Main characteristics of five types of regional extreme precipitation weather
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Fig.5 The combined wealher situation of the southwest vortex and warm shear line type in Hunan Province during 1981 —2018
(a) 500 hPa height field (unit: dagpm), (b) 850 hPa wind (vector) and the strong wind speed area with synthetic

wind speed =10 m

s ! (shaded), (¢) surface pressure field (isoline, unit: hPa)

and wind field (vector), (d) the 24 h accumulated precipitation
(The precipitation center is located at the origin of the coordinate, and the x and y coordinates are the longitude and latitude from
the center, the same below; bold dashed lines in Figs. 5a, 5b, 5c are trough, shear line and warm inverse trough, respectively)
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The moving track of southwest vortexes in Hunan Province during 1981—2018

(a) southeast type, (b) first southeast then east or northeast type, (c) east or northeast type
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1

(shaded) ; (c—e) surface pressure field (isoline, unit: hPa) and wind field (vector),

of which: (c¢) type of surface convective line, (d) type of cold front, (e) type of warm

depression inverse trough; (f) the 24 h accumulated precipitation

(Bold lines in Figs. 7a,7b,7c,7e are trough, shear line, surface convergence line and warm inverse trough, respectively)
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