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Abstract Based on hourly precipitation data, warm-sector heavy rainfall events are selected and classified using an
objective method over South China during 1982-2015. The main results are as follows. There are a total of 177 warm-sector
heavy rainfall events in South China during the study period. Warm-sector heavy rainfall events account for 16.86% of the
selected severe heavy rainfall events, indicating that the warm-sector rainfall is a very important precipitation process in
South China. Most of warm-sector rainfall events occur from April to July, and a majority occurs in June. The average
duration of all events is 11.58 h. There are four centers of warm-sector rainfall events, which are mainly concentrated in the
coastal regions of Guangdong, Guangxi, and the northern mountainous areas of Guangdong Province. According to the
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weather systems that affect rainfall events, the selected warm-sector rainfall events are divided into four types, i.e., shear line,
vortex, southerly wind, and backflow. The result shows that different types of warm-sector rainfall events have different
effects on the inland and coastal areas of South China, and the occurrence frequency of southerly wind type event is the
highest among the four types. Generally, the southerly wind type is an important type of warm-sector rainfall.

Keywords Warm-sector heavy rainfall, Spatial filtering, Shear line, VVortex
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1 124 m SW YK LH JL
Fig. 1 Distribution of stations (black dots) and topography (shadings, units: m) in South China. SW, YK, LH, JL represent the Shiwan Mountain, the Yunkai

Mountain, the Lianhua Mountain, the Jiulian Mountain, respectively

2 115.85°E a 2011 6 16 08 b 2012 6 22
08 Ose K 10°Ks™ ms™ 6
h mm
Fig. 2 Meridional-vertical cross sections along the longitude (115.85°E) of representative station for two warm-sector heavy rainfall events: (a) 0800 BJT
(Beijing time) 16 June 2011, the type without frontal system; (b) 0800 BJT 22 June 2012, the type with frontal system. Black solid lines: potential
pseudo-equivalent temperature (A, units: K); color shadings: temperature advection (units: 10 K s™); vectors: wind (units: m s™); green bars: 6-hour

accumulative precipitation (units: mm) before the study time; grey shadings: terrain
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1 1982 2015 7 9 8 9
Table 1 Severe heavy rainfall events and warm-sector
heavy rainfall events over South China during 1982-2015
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3 1982 2015 +
Fig. 3 Severe heavy rainfall events (light blue and dark blue bars) and warm-sector heavy rainfall events (dark blue bars) over South China during
1982-2015. The pink solid line shows the proportion of warm-sector heavy rainfall events in total severe heavy rainfall events

4 1982 2015 a b

Fig. 4 (a) Interannual variation and (b) monthly change of warm-sector heavy rainfall events during 1982-2015. Blue and green bars show the results at
representative stations in Guangdong Province and Guangxi Autonomous region, respectively

5 1982 2015 a b
Fig. 5 Statistical characteristics for (a) the start times and (b) durations of the selected warm-sector heavy rainfall events in South China during 1982-2015.
y-axis indicates numbers of warm-sector heavy rainfall events
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6 1982 2015 a b mm m Qz
YJ EP LM SW
Fig. 6 (a) Occurrence frequency and (b) locations of maximum precipitation (units: mm) at selected warm-sector heavy rainfall stations in South China. Shadings
indicate terrain (units: m). QZ, YJ, EP, LM, SW represent Qinzhou station, Yangjiang station, Enping station, Longmen station, Shanwei station, respectively

7 4 107 s7* ms? a
2004 7 20 b 2008 6 7 c 2013 4 29 d
2014 5 8
Fig. 7 Distributions of spatially filtered vorticity (shadings, units: 10° s%) and wind field (vectors, units: m s™2) for four types of warm-sector heavy rainfall (the pink
dots represent precipitation locations): (a) The shear line type of warm-sector rainfall (20 July 2004), the thick brown line shows the shear line; (b) the low vortex type
of warm-sector rainfall (7 June 2008); (c) the southerly wind type of warm-sector rainfall (29 April 2013); (d) the backflow type of warm-sector rainfall (8 May 2014)
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8 4
9 4

Fig. 8 Monthly variation of four types of warm-sector rainfall events in Fig. 9 Geographic distribution features of four types of warm-sector
South China. Blue bars indicate the shear line type, light blue bars indicate rainfall events in South China. GDC, GDL, GXC, and GXL represent
the low vortex type, green bars indicate the southerly wind type, yellow Guangdong coastal region, Guangdong inland, Guangxi coastal region, and
bars indicate the backflow type Guangxi inland, respectively
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Fig.10 (a) Start times and (b) durations of the four types of warm-sector rainfall events in South China
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