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Abstract Based on the objective classification of warm-sector heavy rainfall events over South China, a synoptic
analysis is used to study the similarities and differences between the circulation characteristics and environmental
variables for the different types of warm-sector rainfall events. Results reveal that most of the shear line type, vortex type,
and backflow type warm-sector rainfall events have strong baroclinic environments, with the backflow type being the
strongest and the south wind type being relatively weak. All warm-sector rainfall events are controlled by the horizontal

westerly airflow at the middle latitudinal area when they occurred. The precipitation area is mainly located in front of the
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short-wave trough and is affected by the low-level jet at lower layers. The main differences between the different types of

warm-sector rainfall events are the location and intensity of the South Asia high, middle-level wave trough, western

Pacific subtropical high, and low-level jet, and the difference between the wind direction and water vapor condition.

Different types of warm-sector rainfall events exhibit differences between the environmental variables. The shear line

warm-sector rainfall has the strongest vertical wind shear (0—3 km) in five types, and the vortex type has the largest

convection effective potential energy. The dynamic and thermal forces of the two types of southerly warm-sector rainfall

events are the weakest among all types of warm-sector rainfall events. The mechanism of its occurrence and development

needs to be further studied.

Keywords Warm-sector heavy rainfall, Synoptic circulation characteristic, Environmental variable, Vortex, Backflow
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Fig. 1 Topographical distribution in southern China (blue rectangle represents the key area of South China and red rectangles represent the north key

area)
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Fig. 2 Distributions of the vertical-integrated Eady Growth Rate (EGR) from 700 to 900 hPa of the four categories of the typical warm-sector rainfall
events over the South China (shadings): (a) Shear line type (22-23 Jul 2008); (b) low-vortex type (21 Jun 2000); (c) south wind type (24 Jun 2012);
(d) backflow types (8 May 2013). The red dot is the center of the rainfall area and the red box is the key region
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F 1 EHXIGIEEREREX Z5HAEE A F]
Table 1

heavy rainfall over South China

Typical events of non-south wind warm-sector

®2 EHXEERNEEXERHARAG)
Table2 Typical events of south wind warm-sector heavy

rainfall over South China

MRIX BRI Fh H BEAKTEDX B /KR /mm

MRXEMI o B BOKEX KSR /mm

PIAFLLR (9f) 1990  4H9H I VER 132.2

1991  6H8H TR 112.4
1995 5H27H I A 126.7
1997 4H1H i P 118.6
1997  5A5H TR 89.2

1999  7H20~21H [ 7EAkE 157.5

2004 7H10H LR 320.3
2004 7H20H TR 151.1
2008 7H22~23H )PPk 86.7
iR (8D 1983  6H22H i P 115.8
2000 6H21H I ARG 98.3
2003  6H20H I A 134.1

2006 7H16~17H J PHIEHE 393.1

2009 7H5H IR 132.9
2012 6H27H I A 82.6
2014  6A6H LR 72.4
2015  S5HSH I ARG 86.6
EHA (861 1996  4H30H IR 162.4
2000 4A13H TR 260.2
2006 S5H3H JmRIRI 149
2010 4H29H IR 106.1
2013  5A8H TR 157.5
2013 5H9H JmRIRI 128.9
2014  5H8H IR 138.9
2014  5A9H TR 131.5
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2000 7H21H IR 97.5
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2011 6H8H  JHHA 68.9
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Fig. 3 The strongest period of the 6-h cumulative precipitation of typical events of different types of warm-sector rainfall over South China: (a) Shear

line types; (b) low-vortex types; (c) backflow warm-sector rainfall; (d) south

Zhuang Autonomous Region
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Fig. 4 Composite weather patterns of shear line warm-sector rainfall events (orange dashed boxes are the key areas and pink dots in Fig. 4c and Fig.
4d represent the precipitation centers): (a) 200-hPa geopotential height (black solid lines, dagpm; red dotted dashed lines indicate the climatic means of
1248- and 1252-dagpm isolines of 1981-2012), divergence (shading), and upper-level jet with wind speed = 30 m s (green solid lines; green dotted
dashed lines denote the climatic means of wind speed= 30 m s during 1981-2010); (b) 500-hPa geopotential height (black solid lines, units: dagpm;
green dotted dashed lines are the climatic means of 586- and 588-dagpm isolines, shading denotes the corresponding anomalies) and OLR anomalies
(units: W m %, red dotted lines are negative); (c) 850-hPa geopotential height (black solid lines, units: dagpm), positive vorticity (shading), and wind
vectors (purple arrows, units: m s green solid lines are the isolines of 8§ m s 'and 12 m s '; red dotted lines correspond to this layer’s vertical speed,
units: cm sfl); (d) 925-hPa geopotential height (black solid lines, units: dagpm), specific humidity distribution (shading), and wind vectors (purple

arrows, units: m s '; green solid lines are the isoline of 8 m s 'and 12 m s '; red dotted lines is this layer’s vertical speed, units: cm s
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Fig. 5 The same as Fig. 4, but for composite weather patterns of low vortex warm-sector rainfall events
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Fig. 6 The same as Fig. 4, but for composite weather patterns of backflow warm-sector rainfall events
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Fig. 7 The same as Fig. 4, but for composite weather patterns of south wind warm-sector rainfall events in the Guangdong Province
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Fig. 8 The same as Fig. 4, but for composite weather patterns of south wind warm-sector rainfall events in the Guangxi Zhuang Autonomous Region
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Table 3 Average environmental physical parameters of the different types of warm-sector rainfall in the key regions
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22.39 14.09
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Fig. 9 Schematic model for the shear line warm-sector rainfall events.

The green shading indicates the precipitation region; the yellow shading
is the upward motion region (the darker color represents the stronger
upward motion); the red pentagram star is the center of heavy
precipitation. The brown solid line represents the shear line on 850 hPa;
the pink circle represents the low-level jet; the blue hollow arrow
represents the horizontal wind on 850 hPa. The black circle represents
the low-level jet on 925 hPa and the blue solid arrow represents the

horizontal wind on 925 hPa
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rainfall events. The blue contour represents the geopotential height and

The same as Fig. 9, but for the low-vortex warm-sector

the green line is the significant wet area. L stands for a low-pressure

system
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Fig. 11

Schematic model for backflow warm-sector rainfall events.
The green shading denotes the precipitation region; red pentagram star
is the center of heavy precipitation; blue solid line is the geopotential
height on 500 hPa; pink solid line is the geopotential height on 925 hPa;
H stands for a high-pressure system. The green line indicates the
significant wet area on 925 hPa. The blue solid arrow represents the
easterly backflow wind and the blue hollow arrow represents the

southwesterly wind
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