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ABSTRACT 30 

Persistent severe rainfall (PSR) events during the rainy season (April to July) in 31 

southern China were studied in terms of the dynamical features of the large-scale 32 

circulation. The aim was to understand the formation mechanism and improve 33 

forecasting. The circulation field and spatiotemporal distribution of waves at 500hPa, 34 

for different types of PSR were analysed. The results reveal the following: (1) During 35 

the pre-flood season (April to June) in South China, troughs have the same phase in 36 

the middle latitudes as those in the high latitudes. The East Asia major trough (3–5 37 

wave numbers) in the middle latitudes strengthens southwards and interacts with the 38 

30°N subtropical high (1–2 wave numbers) from 3 days prior to the PSR events. (2) 39 

During the post-flood season (June to July) in South China, the weather regime 40 

transitions occur on 5 days prior to the PSR events. The 40°N trough (2–4 wave 41 

numbers) strengthens southwards and interacts with the subtropical high (1–2 wave 42 

numbers). It is also affected by the blocking ridge (3 wave number) in the high 43 

latitudes. (3) During the Mei-yu period (June to July) over the Yangtze–Huaihe River 44 

basin, the transitions of circulation pattern starts on 3 days prior to the PSR events. 45 

With the northwest development of the subtropical high, there is a transfer process 46 

from long to short waves in terms of energy for the trough at 50°N.  47 

Key words: southern China, persistent severe rainfall, large-scale circulation 48 

1 Introduction 49 

China is located in the East Asian monsoon region, and the occurrence of the 50 
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East Asian summer monsoon heralds the arrival of the rainy season (April to 51 

September) in China. Persistent severe rainfall (PSR) events are the distinguishing 52 

features of the rainy season, causing prolonged flooding every year. In the last 60 53 

years, regional-scale PSR has been occurring with an increased frequency of 54 

relatively higher mean intensity, longer mean duration, and a larger affected area, 55 

posing considerable threats to people’s safety and their property (Chen and Zhai, 56 

2013). As such, an in-depth study of the formation mechanisms of PSR events would 57 

be of great importance, as it may help to improve the forecasting of such high-impact 58 

weather. 59 

PSR usually refers to torrential rain with long duration and a large affected area. 60 

Also, in general, the water vapour and thermal dynamic conditions of PSR, produced 61 

in the context of the weather system, will be abnormal and show less movement (Ding 62 

and Reiter 1982; Samel and Liang 2003; Piaget et al. 2015). The amount of 63 

precipitation and rainfall duration are associated with continuous anomalies of the 64 

atmospheric circulation which favour the continuous confluence of dry/cold and 65 

moist/warm air (Qian et al. 2007; Zhou et al. 2009), such as the western Pacific 66 

subtropical high, summer monsoon, South Asia high, blocking high, and so on 67 

(Berggren et al. 1949; Galarneau et al. 2012; Tao et al. 2004; Li et al. 2004; Zhu et al. 68 

2010; Wang et al. 2011; Wang and Song 1998; Tomassini et al. 2015; He et al. 2016). 69 

Therefore, understanding the changes and anomalies of the atmospheric circulation is 70 

key for better forecasting of PSR events. 71 

In recent years, much research has been carried out on waves of different scale in 72 
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atmospheric circulation. For example: wave interaction between different latitudes 73 

and the spectral properties of the 500 hPa geopotential height of the Northern 74 

Hemisphere (Blackmon 1976; Hannu 1984); spatiotemporal spectral analyses of 75 

tropical convection and planetary-scale waves (Wheeler and Hendon, 2008); analysis 76 

of multiscale weather systems in a snow storm event over southern China in January 77 

2008 (Wang et al. 2009; Sun and Zhao 2010); the geographical distribution and 78 

regional persistence characteristics of persistent wintertime circulation anomalies in 79 

the extratropical Northern Hemisphere (Dole and Gordon 1983); and Rossby wave 80 

propagation and its influence on weather regime transitions (Hoskins and Ambrizzi 81 

1993; Michel and Rivière 2011). However, few studies have examined the circulation 82 

system characteristics of PSR. In view of the fact that previous studies have indicated 83 

that the adjustment of large-scale waves before weather regime transitions, and an 84 

abnormally stable development of the large-scale circulation during persistent weather 85 

anomalies, have important effects on PSR (Zhai et al. 2013), the role of different 86 

scales of circulation for PSR in different planetary-scale systems also indirectly 87 

impacts upon rainstorm generation by restricting the synoptic-scale system. In 88 

addition, it determines the extent of precipitation, the sources of moisture, and the 89 

moisture channel of the severe rain area (Ding 2005; Chow et al. 2008). Therefore, 90 

studying the spectral characteristics of the PSR circulation system carries significance, 91 

and will undoubtedly help by providing a reference for the development of numerical 92 

prediction methods for PSR. 93 

Based on reanalysis and observational data, 27 PSR events that occurred during 94 
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2000–2013 were selected for analysis of the associated circulation characteristics. The 95 

spatiotemporal distributions of waves for the different types of PSR were then 96 

explored. The aim was to produce an in-depth study of the formation mechanisms of 97 

PSR events, and thus provide a useful reference for the development of numerical 98 

prediction methods and their application to PSR. 99 

2 Methodology 100 

The rainy season in southern China includes torrential rain in the pre-flood and 101 

post-flood seasons in the South China region, and Mei-yu front rainstorms over the 102 

Yangtze–Huaihe River basin (Bao 2007). The timings of the different PSR types differ 103 

in accordance with the movement and changes of the western Pacific subtropical high, 104 

summer monsoon, South Asia high over the Tibetan Plateau, and the subtropical 105 

westerly jet. The study region and timings of the different PSR types are shown in Fig. 106 

1. 107 

The main data used in this study were: (1) The precipitation dataset of national 108 

surface weather stations in China, provided by the National Meteorological 109 

Information Center. The data covered the period from May 2000 through August 2013, 110 

and comprised basic meteorological variables on a daily basis. (2) The NCEP FNL 111 

(Final) Operational Global Analysis data data (horizontal resolution: 1°×1°; temporal 112 

resolution: 6 hours), mainly at the geopotential height (gpm) of 500 hPa, from 2000 to 113 

2013, April to September. The isobaric level of 500 hPa had been chosen in this study 114 

based on two considerations: First, the most prominent difference between different 115 
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persistent severe rainfall (PSR) cases in China lies in the long-lived circulation pattern 116 

at 500 hPa (Chen and Zhai, 2014). And second, fields of 500 hPa heights were 117 

constrained by observations from numerous radiosondes and satellite retrievals, they 118 

were relatively free from surface effects, and they captured upper-level wave patterns 119 

(Francis and Vavrus, 2012). 120 

2.1 Harmonic filtering 121 

Scale separation of the spatial field was carried out in order to study the role of 122 

the different scales of circulation. Harmonic filtering was selected from the many 123 

methods of scale separation available (Chen 1962; Huang 2004), in which the 124 

meteorological field is decomposed into a harmonic over the hemisphere or a certain 125 

latitude band, before discussing the contribution and role of each harmonic. The first 126 

step is to expand the zonal height field ( , )z    of the isobaric surface into harmonic 127 

forms. This can be achieved using the equation 128 

0
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where nx  is the number of the zonal grid. 136 

2.2 Variance ratio 137 

The variance ratio ( )kI   represents the percentage of the k  wave accounting for 138 

the latitude circle variance  , and a wave with relatively large variance corresponds 139 

to the predominant wave band at that latitude. The formula is as follows: 140 
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k
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 .                    (4) 141 

The amplitude of the k  wave can be represented as 142 

1
2 2 2A ( ) = a ( ) ( )k k kb     ,                (5) 143 

and the variance of the geopotential height on the latitude   can be written as 144 
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where 0

1
( )

2
a   is the zonal mean value of geopotential height, also called the zero 146 

wave.  147 

3 Circulation characteristics of PSR  148 

3.1 PSR case selection 149 

Based on the definition of PSR in previous studies (Chen and Zhai 2013; Tao 150 

1980; Bao 2007; Niu et al. 2012), regional PSR events were defined in this study 151 

using the following procedure: After interpolating the rainfall to a grid with a 152 

resolution of 0.25° (latitude) × 0.25° (longitude), an event was identified as PSR if 10 153 

continuous grid points in the selected area (21°–35°N, 105°–122°E) featured rainfall 154 
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of greater than 50 mm, and the duration was more than 3 days. Also, if the amount of 155 

overlap between the rainfall area of two adjacent days with daily precipitation greater 156 

than 25 mm was greater than or equal to 20% on at least three consecutive days, and 157 

the total precipitation was greater than 100 mm.  158 

According to the above procedure, 27 PSR events were identified as having 159 

occurred during the period 2000–2013, and were used in this study (Table 1), which is 160 

the case study and not focused on the all PSR events since the history recorded . Also, 161 

using the precipitation range to distinguish between precipitation over the regions of 162 

South China and the Yangtze–Huaihe River basin, the 27 events were classified into 163 

three categories, according to the timing of occurrence relative to the flood season, for 164 

detailed analysis: (1) the pre-flood season in South China (6 cases); (2) the post-flood 165 

season in South China (12 cases); and (3) the Mei-yu period over the Yangtze–Huaihe 166 

River basin (9 cases). 167 

Figure 2 shows the mean spatial distribution of the 27 PSR events by category. 168 

As can be seen, the pre-flood season (Fig. 2a) and post-flood season (Fig. 2b) in South 169 

China have a similar spatial distribution. For instance, the severe rainfall over 50 mm 170 

is mainly located in Hunan, Jiangxi, Fujian, Guangxi and Guangdong provinces, south 171 

of the Yangtze River, with greater precipitation in northern Fujian, and the 172 

precipitation distribution range of the post-flood season is slightly larger than that of 173 

the pre-flood season in South China. The PSR events in the Mei-yu period over the 174 

Yangtze–Huaihe River basin shows an zonal distribution (Fig. 2c), mainly located 175 

over areas north of the Yangtze River, such as Jiangsu, Anhui, Henan and Hubei, with 176 
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the precipitation over 100 mm mainly in northern Jiangsu and Anhui, and southern 177 

Henan. 178 

3.2 Large-scale circulation patterns 179 

The composite circulation field evolution at 500 hPa prior to and during different 180 

types of PSR was analysed (figures omitted), and then the typical circulation fields of 181 

particular days were selected (Fig. 3). For the pre-flood season in South China (Figs. 182 

3a1–a4), the circulation in the middle latitudes exhibits a ‘two troughs and one ridge’ 183 

pattern, with a small trough in the high latitudes beginning to move eastwards from 184 

−5th day prior to the PSR events (Fig. 3a1). Its phase overlaps with the East Asia 185 

major trough, causing the East Asia major trough to strengthen southwards to South 186 

China from −3rd day (Fig. 3a2). Meanwhile, the subtropical high continuously 187 

extends westwards and maintains stably after extending to South China, interacting 188 

with the trough to steer cold/dry air from the mid–high latitudes and encounter 189 

anomalously warm/moist air from the lower latitudes (Lau and Kim 2012). During the 190 

PSR, the high-pressure ridge in the middle latitudes retains its stability, which is 191 

conducive to the development and maintenance of a meridional circulation which 192 

promotes southward intrusions of cold/dry air (Ding and Chan 2005). 193 

For the post-flood season in South China (Figs. 3b1–b4), the circulation in the 194 

high latitudes of the East Asia region is different to that during pre-flood season PSR 195 

events. Specifically, it exhibits a ‘two ridges and one trough’ pattern, in which the 196 

trough moves constantly to the southeast, and then strengthens southwards after 197 
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moving to northeastern China (Fig. 3b1). The direction of the trough line is 198 

northeast–southwest. During the PSR, the circulation pattern in the middle latitudes is 199 

the same as that in the pre-flood season, and South China is located at the entrance of 200 

the confluence between the southwest airflow before the westerly trough and the 201 

southeast airflow from the northwest side of the subtropical high, which is the air 202 

stream and water vapour convergence zone. The north of the trough causing the PSR 203 

over South China is a high-pressure ridge, and this kind of long-lived circulation 204 

system interaction is conducive to stable maintenance of the trough. 205 

Figures 3c1–c4 show the composites of circulation at 500 hPa for the Mei-yu 206 

period over the Yangtze–Huaihe River basin. Again, a ‘two troughs and one ridge’ 207 

circulation pattern is apparent in the middle latitudes, which begins to strengthen on 208 

−3rd day (Fig. 3c2), with a westward and northward extension of the subtropical high 209 

in the low latitudes, and interaction with the trough in the westerlies. The circulation 210 

fields of the nine Yangtze–Huaihe River basin cases were analysed (figures omitted), 211 

with the results showing that there are two main troughs forming during PSR events: 212 

one resulting from the steady subtropical high, in which it remains stable or the 213 

direction of the trough line changes from northwest–southeast to northeast–southwest 214 

only; and another in which two adjacent troughs in the westerly zone develop 215 

successively and interact with the subtropical high so as to favour the water vapour 216 

transport that is associated with the southerly flow from the South China Sea and the 217 

southeasterly flow from the southern flank of the subtropical high (Zhou and Yu 2005; 218 

Chow et al. 2008; Simmonds et al. 1999; Wang and Chen 2012). 219 
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As mentioned above, the circulation patterns of the selected PSR events in the 220 

middle latitudes are mostly of the ‘two troughs and one ridge’ type, and the formation 221 

and maintenance of PSR are related to the development of the trough in the middle to 222 

high latitudes and the shift of the subtropical high. The development of the middle 223 

latitudes trough in the pre-flood season and post-flood season in South China is 224 

affected by the circulation pattern in the high latitudes. The troughs in the middle and 225 

high latitudes have the same phases, which causes the East Asia major trough to 226 

strengthen southwards in the pre-flood season in South China. On the other hand, the 227 

key trough of the post-flood season in South China develops after the deepening and 228 

southward shift of the middle latitudes trough. For the PSR events of the Mei-yu 229 

period over the Yangtze–Huaihe River basin, the trough comes mainly from the 230 

eastward-moving westerly disturbance. The subtropical high mainly shows westward 231 

extension during PSR events in South China, and a northern lifting and then stable 232 

maintenance in the Mei-yu period over the Yangtze–Huaihe River basin. These 233 

weather regime transitions occur mainly on −5th and −3rd day. The above analysis 234 

shows that the long-lived pattern at 500 hPa continuously steers cold/dry air from the 235 

mid–high latitudes and encounters warm/moist air from the lower latitudes. On the 236 

other hand, Chen and Zhai (2014) indicated that the displacement of the South Asian 237 

High and the jets result in robust divergences of the circulation patterns in the upper 238 

troposphere (200 hPa), combining persistent anomalies from lower to upper levels to 239 

cause the PSR. The wave characteristics of the circulation system evolution will be 240 

analysed in the next section. 241 



12 
 

4 Large-scale atmospheric wave activity 242 

The variance ratio over different latitudes and wavelength ranges at 500 hPa 243 

during PSR was analyzed (Fig. 4). Since the variance ratios of the cumulative waves 244 

from 1 to 8 reach 90% in all of the different latitudes, the 1–8 wave band is mainly 245 

addressed in this paper. 246 

4.1 Pre-flood season in South China 247 

Figure 5a shows the latitude–time distribution of the cumulative waves from 1 to 248 

8 for PSR events in the pre-flood season in South China. There is an obvious 249 

high-pressure system in the high latitudes, and the areas south of 30°N are dominated 250 

by a weak low pressure system. The development of the subtropical high in the low 251 

latitudes begins on −3rd day, and the trough develops in the range 45°–60°N. The 252 

trough in the high latitudes (70°N) moves eastwards and develops during the early 253 

stage of PSR, and the troughs in the middle and high latitudes have the same phases, 254 

which causes the East Asia major trough to strengthen southwards. 255 

Figure 5b shows the longitude–time distribution characteristics. It can be seen 256 

that the subtropical high moves to the South China area (near 115°E) and then 257 

strengthens from −3rd day, which is the same as in the analysis shown in Fig. 5a. 258 

After the precipitation begins, the trough appears to strengthen from east of 125°E, 259 

and then extends westwards to South China, which is shown as a northeast–southwest 260 

transverse trough in the circulation situation.  261 

Combined with the circulation pattern analysis in Fig. 3, the distribution of the 262 
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waves is the same as the ‘two troughs and one ridge’ circulation pattern in the middle 263 

latitudes, with coinciding phases of the troughs in the middle and high latitudes. The 264 

high latitudes area (near 60°N) is mainly composed of a stable ridge system before a 265 

PSR event. On the other hand, the East Asia major trough, which is located ahead of 266 

the ridge, strengthens southwards, and the subtropical high in the low latitudes starts 267 

to move to South China and enhances on −3rd day. During PSR, the trough in the high 268 

latitudes begins moving eastwards and its phase overlaps with the East Asia major 269 

trough, which is generally characterized by a transverse trough. Meanwhile, the East 270 

Asia major trough strengthens southwards to South China and interacts with the 271 

subtropical high to induce PSR. 272 

Next, based on the above analysis, the main wave and energy transfer 273 

characteristics of the circulation system were further analysed. Figure 6 shows the 274 

composites of different wavelength height field changes over time at 50°N, 40°N and 275 

30°N. The major system of influence at 50°N is the shortwave trough with mainly 4–6 276 

waves, and the transfer of energy is from 4 and 6 waves to 5 waves. The East Asia 277 

major trough in the middle and low latitudes is the important weather system (blue 278 

low-value area at 40°N and 30°N), which is contributed to mainly by 3 and 5 waves 279 

with the low-value energy transmitted from the ultralong waveband (2 waves and 280 

below). The subtropical high is contributed to by 1–2 waves. 281 

4.2 Post-flood season in South China 282 

The latitude–time distributions of the cumulative waves from 1 to 8 of the 12 283 
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PSR events in the post-flood season in South China were analysed (Fig. 7a). As can 284 

be seen, the subtropical high develops south of 35°N from −5th day, with the 285 

low-pressure system occurring in the range 35°N–50°N. The juncture between the 286 

high and low pressure system continues to move south from −5th day and reaches 287 

South China (near 25°N) when the precipitation process begins. Unlike the PSR 288 

events in the pre-flood season, the high-pressure system develops strongly in the 289 

range 40°N–50°N and shifts southwards during the precipitation process. The 290 

precipitation ends with a continuous diminishing of the trough and subtropical high in 291 

the low latitudes. 292 

The longitude–time distribution characteristics are shown in Fig. 7b. A large 293 

difference compared with the PSR events in the pre-flood season is apparent. The 294 

subtropical high begins to develop from −5th day and gradually withdraws from 295 

South China because of the development of the trough in that region. The juncture 296 

between the trough and subtropical high shifts from 130°E towards the west. 297 

The weather regime transitions mainly occur on −5th day, which is different 298 

from −3rd day in the pre-flood season PSR events, with the subtropical high in the 299 

low latitudes and the trough in the middle latitudes moving southwards to South 300 

China. South China is located at the entrance of the airflow confluence at the juncture 301 

between the trough and subtropical high, which facilitates the occurrence of PSR. 302 

The overall distribution of the waves reflects the circulation characteristics in the 303 

post-flood season in South China, as shown in Fig. 8, which covers the main waves 304 

(1–8 waves). At 50°N, the high value of 3-wave energy increases from the start of 305 
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precipitation, and 6-wave energy changes from a low system to a strong high-value 306 

system, which is the blocking ridge in the high latitudes. The trough at 40°N and the 307 

subtropical high at 30°N are respectively attributed to the contribution of 2–4 and 1–2 308 

waves before the PSR, and the transfer of the low-value energy at 40°N is shown from 309 

3 waves to 2 waves, and 4 waves. During the PSR process, the blocking ridge in the 310 

high latitudes has high-value energy transmitted from 6 waves to 5 waves, as well as 3 311 

waves to 1 wave. 312 

4.3 Mei-yu period over the Yangtze–Huaihe River basin 313 

For the Mei-yu period over the Yangtze–Huaihe River basin, the trough develops 314 

in the range 30°N–50°N from −5th day (Fig. 9a). It can be seen from Fig. 3 that the 315 

ridge and subtropical high, which are respectively located along the northwest and 316 

southeast edge of the trough, strengthen, causing the trough to deepen continuously 317 

and shift into the Jianghuai area, thus forming an interface with the subtropical high 318 

that provides adequate moisture conditions for precipitation. Meanwhile, the 319 

subtropical high expands continuously to the north and the PSR is preserved. 320 

Figure 9b shows the composite of the longitude–time distribution over 321 

20°N–30°N, in which the subtropical high starts to develop towards the west and then 322 

extends to the north. This is the largest difference from the South China events; its 323 

interface with the trough on the north side extends to west of 120°E and promotes the 324 

transport and accumulation of water vapour in the Yangtze–Huaihe River basin. It can 325 

be seen that the trough in the middle latitudes begins to develop southwest from −3rd 326 
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day, which is influenced by the northwest high pressure system, and interacts with the 327 

subtropical high, providing favourable moisture conditions for severe rainfall. 328 

In addition, changes in the height field of the different wavelengths with time 329 

show the main waves and energy transfer characteristics of the critical systems (Fig. 330 

10). The trough at 50°N is mainly contributed to by 2–4 waves, and the low-value 331 

energy is transmitted from 2 waves to 4 waves. The subtropical high is contributed to 332 

by 5–6 waves and 2 waves at 30°N and 40°N, which is shorter than the wavelength in 333 

the South China PSR events. With the northwest development of the subtropical high, 334 

there is an energy transfer from 5 to 6 waves at 30°N and from 6 to 5 waves at 40°N. 335 

5 Conclusion 336 

PSR is a highly disruptive and damaging weather phenomenon. The ability to 337 

accurately forecast its occurrence is of paramount importance. To this end, an in-depth 338 

analysis of the formation mechanisms of PSR events was undertaken in the present 339 

study. Twenty-seven PSR events were selected and classified for the period 340 

2000–2013 using reanalysis and surface weather station precipitation data. Based on 341 

these data, the circulation field and spatiotemporal distribution of waves at 500 hPa, 342 

for different types of PSR were analysed. The conclusions of the analysis can be 343 

summarised as follows: 344 

(1) For PSR events in the pre-flood season in South China, the circulation in the 345 

middle latitudes exhibits a ‘two troughs and one ridge’ pattern, with the troughs 346 

possessing the same phase in the middle latitudes as they do in the high latitudes. 347 
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The East Asia major trough in the middle latitudes starts to develop from −3rd 348 

day prior to the event, and its phase overlaps with that in the high latitude trough, 349 

promoting a southward strengthening of the East Asian trough (3–5 waves). 350 

Furthermore, it interacts with the subtropical high (1–2 waves), which extends 351 

west to South China on −3rd day. 352 

(2) The circulation in the high latitudes during the post-flood season in South China 353 

also exhibits a ‘two troughs and one ridge’ pattern in the middle latitudes. 354 

However, in the high latitudes, it exhibits a ‘two ridges and one trough’ pattern, 355 

which is different from PSR events in the pre-flood season. The weather regime 356 

transitions mainly occur on −5th day prior to PSR events, and the trough (2–4 357 

waves) at 40°N strengthens southwards and interacts with the subtropical high at 358 

30°N, contributed to mainly by 1–2 waves. Accordingly, South China is located 359 

at the entrance to the airflow confluence at the juncture between the trough and 360 

the subtropical high. Furthermore, the blocking ridge (3 waves) at 50°N 361 

strengthens southwards and promotes southward intrusions of cold/dry air. 362 

(3) The weather regime transitions of the circulation pattern in the Mei-yu period 363 

over the Yangtze–Huaihe River basin start on −3rd day. There is a transfer 364 

process from long-wave to short-wave trough energy at 50°N. The subtropical 365 

high (2 waves) in the low latitudes has a constant westward and northward 366 

extension, and interacts with the southwest deepened trough at 50°N so as to 367 

steer cold and dry air from the mid–high latitudes and encounter warm and moist 368 

air from the lower latitudes. 369 
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To summarise, the dynamical features of the large-scale circulation during PSR 370 

events in southern China were analysed in this study. Further work should focus on 371 

the evolution characteristics and mutual effects of the multi-scale waves at various 372 

heights, such as the upper-tropospheric westerly jet, lower-tropospheric moisture flux, 373 

as well as the strong local convection activity and so on (Wang et al. 2000; Chen and 374 

Zhai 2013; Li et al. 2015), to enable an in-depth understanding of the formation 375 

mechanisms of PSR events, which would be beneficial in improving forecasting 376 

ability. Additionally, long-term statistical studies are needed for PSR events over 377 

different regions of Asia. In this context, the present study helps to enhance the 378 

validation period of PSR events, and, as a result, subsequent research can make full 379 

use of the results of the spectral analysis to explore methods for improving the 380 

numerical prediction of PSR (Zhao et al. 2016). 381 
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 505 

Table 1. Temporal distribution and precipitation classification of PSR events during 506 

the flood period (April to July) in southern China.  507 

Classification Year Start date End date  Duration 

(days) 

Pre-flood season  

in  

South China 

2000 June 9 June 12 4 

2006 June 4 June 7 4 

2011 May 12 May 14 3 

2011 June 4 June 7 4 

2013 May 6 May 9 4 

2013 May 19 May 21 3 

Post-flood season 

in 

South China 

2000 July 17 July 21 5 

2000 August 1 August 4 4 

2001 August 29 August 31 3 

2002 June 14 June 17 4 

2002 June 28 July 1 4 

2005 June 18 June 22 5 

2008 July 7 July 11 5 

2010 June 17 June 21 5 

2012 June 21 June 24 4 

2012 June 25 June 27 3 

2012 July 15 July 18 4 

2013 June 26 June 29 4 

Mei-yu period  

over  

the 

Yangtze–Huaihe 

river basin 

2000 June 24 June 27 4 

2002 June 19 June 23 5 

2002 July 22 July 24 3 

2003 June 30 July 2 3 

2003 July 8 July 10 3 

2005 July 5 July 11 7 

2007 June 30 July 5 6 

2010 July 11 July 15 5 

2013 July 5 July 7 3 

 508 
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 509 

Fig. 1. Map of the study region, with the terrain shaded and the time periods for the 510 

different PSR types indicated. 511 
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 512 

Fig. 2. Average spatial distribution of PSR events in the (a) pre-flood season in South 513 

China, (b) post-flood season in South China, and (c) Mei-yu period over the 514 
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Yangtze–Huaihe River basin. 515 

 516 

Fig. 3. Composites of the averaged daily circulation field at 500 hPa on (a1–c1) −5th 517 

day, (a2-c2) −3rd day, (a3–c3) the start day, and (a4–c4) 3rd day, of PSR events in the 518 

(a1–a4) pre-flood season in South China, (b1–b4) post-flood season in South China, 519 

and (c1–c4) Mei-yu period over the Yangtze–Huaihe River basin. 520 

 521 
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 522 

Fig. 4. Variance ratio of the cumulative waves at different latitudes (30°N, 40°N, 523 

50°N, 60°N and 70°N) at 500 hPa during PSR events. 524 
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 525 

Fig. 5. Standardisation composite of the cumulative waves from 1 to 8 in the 500 hPa 526 

circulation field of PSR events in the pre-flood season in South China: (a) 527 

latitude–time distribution of the zonal average over 95°–145°E; (b) longitude–time 528 
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distribution of the meridional average over 10°–40°N. The black solid indicates the 529 

start date of PSR; red arrows reflect the variation tendency of the low-pressure 530 

systems; and black arrows reflect the variation tendency of the high-pressure systems. 531 

 532 

Fig. 6. Standardisation composite of the different wavelength waves (1–8 waves) in 533 

the 500 hPa circulation field of PSR events in the pre-flood season in South China for 534 

the zonal average over 95°–145°E at (a) 50°N, (b) 40°N, and (c) 30°N. The blue 535 

dotted line indicates the start date of PSR; red arrows reflect the variation tendency of 536 

the low-pressure systems; and black arrows reflect the variation tendency of the 537 

high-pressure systems. 538 
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 539 

Fig. 7. As in Fig. 5 but for the post-flood season in South China. 540 
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 541 

Fig. 8. As in Fig. 6 but for the post-flood season in South China. 542 
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 543 

Fig. 9. As in Fig. 5 but for the Mei-yu period over the Yangtze–Huaihe River basin, 544 

with the longitude–time distribution meridionally averaged over 20°–30°N in (b). 545 
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 546 

Fig. 10. As in Fig. 6 but for the Mei-yu period over the Yangtze–Huaihe River basin. 547 




