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9 ABSTRACT

10 A large amount of accumulated precipitation was recorded over the eastern 

11 periphery of the Tibetan Plateau (EPTP) in August 2020. Using hourly rain gauge 

12 records and the ERA5 reanalysis dataset, we analyzed the unique characteristics of 

13 rainfall in August and the accompanying circulation conditions, as well as conducting 

14 a comparison with previous data. This record-breaking amount of accumulated rainfall 

15 was centered on the northern slope of the EPTP. This location was in contrast with the 

16 historical records of the concentration of rainfall over the middle and southern slopes. 

17 The hourly rainfall in August 2020 was both more frequent and more intense than the 

18 climatological mean rainfall. An amplification effect of the topography was observed, 

19 with the precipitation over the EPTP showing a more significant change with terrain 

20 height in August 2020. A circulation analysis showed that cold (warm) anomalies 

21 existed over the north (south) at approximately 35° N compared with those in the years 

22 when the southern EPTP received more rain. The western Pacific subtropical high was 

23 more intense and extended to the west, and the low-level cold air from the north was 

24 more active. The enhanced low-level southerly winds on the periphery of the 

25 subtropical high injected warm-wet air further north than the climatological mean. 

26 These winds changed easterly near the northern EPTP and were forced to ascend by the 

27 steep terrain.

28 Key words: intense rainfall, summer 2020, eastern periphery of the Tibetan Plateau, 

29 western Sichuan Basin
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31 Article Highlights:

32  A record-breaking amount of accumulated rainfall was centered over the northern 

33 slope of the eastern periphery of the Tibetan Plateau (EPTP) in August 2020. 

34 Precipitation was both more frequent and more intense than the climatological 

35 mean over the EPTP and showed a more significant change with terrain height in 

36 August 2020 as a result of a greater amplification effect of topography.

37  The western Pacific subtropical high was more intense and extended to the west in 

38 August 2020. The enhanced low-level southerly winds on the periphery of the 

39 subtropical high injected warm-wet air further north than the climatological mean, 

40 which was closely related to the rainfall processes over the northern slope of the 

41 EPTP in August 2020. 

42

43 1. Introduction

44 Extraordinary amounts of rainfall were recorded throughout East Asia in the 

45 summer of 2020 (e.g., Liu and Ding 2020; Zhang et al. 2020; Araki et al. 2021). The 

46 Yangtze-Huaihe River valley experienced an extreme Meiyu season (June-July) with 

47 an unexpectedly long duration and a large amount of rainfall (Chen et al. 2020). The 

48 cumulative rainfall over the Yangtze River basin in June and July 2020 exceeded that 

49 of the same period in 1998, which was previously the year with the most severe floods 

50 over the last 60 years (Wei et al. 2020). Several studies have discussed the reason why 

51 there was an unusual Meiyu season in 2020. The abnormally active cold air activities 

52 induced by the mid- and high latitude ridges and troughs over Eurasia, and the enhanced 
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53 and western-stretched subtropical high were considered to be the two main factors that 

54 resulted in large rainfall in the 2020 Meiyu season (Wang et al. 2020). Other systems, 

55 such as the South Asian High, the Mongolian Cyclone, and the low-level southwesterly 

56 at the periphery of the subtropical high, were also suggested to provide favorable 

57 conditions for Meiyu rainfall (Liu et al. 2021). 

58 These studies mostly focused on June-July rainfall, but rainstorms did not stop in 

59 August 2020. An adjustment of the circulation in August from that in June and July was 

60 noticed by Liu et al. (2021). They pointed out that the subtropical high experienced a 

61 northward shift in August, which was contributed by the tropical Madden-Julian 

62 Oscillation. The abnormal southwesterly winds at the western edge of the subtropical 

63 high extended to North-Northeast China, forming an abnormal northeast-southwest 

64 rainbelt that is obviously different from that during June-July (Liu et al. 2021). Frequent 

65 rainfall events affected the eastern periphery of the Tibetan Plateau (EPTP) and the 

66 western Sichuan Basin (SCB), leading to waterlogging, landslides and flooding in 

67 August. The SCB rainfall event in mid-August was ranked as one of the top ten 

68 weather/climate events in 2020 by the National Climate Center, accompanied by the 

69 extraordinary Meiyu over the Yangtze-Huaihe River valley. However, there has been 

70 little research on rainfall characteristics over the EPTP in August 2020.

71 The EPTP connects the Tibetan Plateau in the west and the SCB in the east (Fig. 

72 1) and is located in the corridor between the Indian and East Asian summer monsoon 

73 regions (Wang and Ho 2002). The orography of the EPTP is characterized by steep 
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74 slopes and a bell shape (Xi 1992; Hu and Yuan 2021), and precipitation in this region 

75 is modulated on multiple scales by topography. The well-known “rainy city” of Yaan, 

76 which has the highest annual precipitation and number of rainy days in inland China, is 

77 located in this region (Li et al. 2010; Zeng et al. 1994). Many studies of precipitation 

78 mechanisms over the EPTP and western SCB were conducted previously. For example, 

79 Chen et al. (1963) discussed a rainfall process from August 17 to 21 in 1958 on the 

80 basis of a large-scale analysis. Their results showed that heavy rainfall appeared in a 

81 stationary low without any surface front. The subtropical high stretched westward, and 

82 thus, there was sufficient water vapor supply in the whole troposphere. The convective 

83 instability near the surface, the dry front at the mid-level and the trough at a high-level 

84 (500-400 hPa) induced upward motion, which triggered precipitation. The role of the 

85 low-level eastern winds blowing perpendicular to the eastern slope of the Tibetan 

86 Plateau was also emphasized (Zhou and Wu, 2015; Li et al., 2016). The topography of 

87 the eastern slope of the Tibetan Plateau could force ascent and block the eastern winds 

88 (Zhao et al., 2012). The air flow climbing the slope and the cyclonic shear induced from 

89 the around-flow were both favorable for the initiation and development of convective 

90 rainstorms. At a longer time scale, Zhu and Yu (2003) studied the interannual variation 

91 in summer precipitation over the western SCB and its relationship with large-scale 

92 circulation patterns. They found that flooding years in the western SCB were closely 

93 related to two ridges of high pressure located in the Ural Mountains and East Asia and 

94 the trough between Balkhash and Lake Baikal.
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95 The rainfall characteristics, especially the fine-scale characteristics over the EPTP, 

96 were somehow limited in early years due to the lack of in situ observations. With the 

97 help of ground- and satellite-based radar, the fine-scale structure of rainfall was 

98 revealed in several recent studies (Xu and Xiao, 2015; Heng and Li, 2017; Wang et al., 

99 2017). With the increased station density over the EPTP, more detailed rainfall 

100 characteristics could be revealed with rain gauge data (Chen et al., 2017; Hu et al., 

101 2020), which may be helpful for better understanding rainfall mechanisms. As the 

102 EPTP rainfall in August 2020 appeared to be extraordinary, it is worth first analyzing 

103 the rainfall characteristics and locating the differences.

104 The aims of this study were (1) to give a comprehensive description of the 

105 characteristics of the extraordinary rainfall over the EPTP in August 2020 and (2) to 

106 investigate the anomalous circulation and systems of influence that resulted in this 

107 rainfall. This paper aims to point the attention of the research community toward this 

108 period of intense precipitation, which could further expand our understanding of the 

109 mechanisms of rainfall over this region. Section 2 describes the data and methodology 

110 used. Sections 3 and 4 present the results of the rainfall and circulation analyses, 

111 respectively. The discussion and conclusion are presented in Sections 5 and 6, 

112 respectively.

113 2. Data and methods

114 We used the quality-controlled hourly rain gauge records provided by the National 
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115 Meteorological Information Center of the China Meteorological Administration. Two 

116 datasets were used: (1) 188 stations covering the time period of 1986-2020 (station 

117 distribution shown in Fig. 2a) and (2) 6656 stations over the SCB and eastern Tibetan 

118 Plateau covering the time period of 2017-2020 (Fig. 2b). A detailed description of the 

119 first dataset was documented in Zhang et al. (2016), and the second dataset was 

120 described in Hu et al. (2020). All these stations recorded rainfall for least 520 valid 

121 hours (70% of the total hours) in August of each year. We also used the latest ERA5 

122 reanalysis dataset (spatial resolution 0.25°×0.25°) provided by the European Centre for 

123 Medium-Range Weather Forecasts and developed through the Copernicus Climate 

124 Change Service (Hersbach et al. 2020).

125 The hourly rainfall amount (intensity) was defined as the total rainfall amount 

126 divided by the number of nonmissing hours (rainy hours). The ratio of rainy hours to 

127 total nonmissing hours was defined as the rainfall frequency. The hours with ≥0.1 mm 

128 rainfall are referred to as rainy hours. The amount, intensity and frequency of rainfall 

129 all have diurnal cycles, and the timing of the peak is referred to as the diurnal phase.

130 3. Rainfall characteristics in August 2020

131 3.1 Accumulated rainfall amount: magnitude and distribution

132 Fig. 2 shows the accumulated rainfall in August 2020 (Fig. 2c) and the average 

133 accumulated rainfall from August 2017 to August 2019 (Fig. 2b) and from 1986 to 2019 

134 (Fig. 2a). The average cumulative amount of rainfall in August from 2017 to 2019 is 
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135 shown by a denser network of stations and had a similar spatial pattern as that averaged 

136 in August from 1986 to 2019. In general, the largest amount of rainfall was distributed 

137 around the EPTP in both August 2020 and previous Augusts. The region with the 

138 highest amount of rainfall in earlier years was around Yaan and its southeastern slope 

139 (south to 30 N, S_EPTP, Fig. 2). The amount of rainfall decreased from the S_EPTP 

140 to the northeastern SCB (Fig. 2a and b). In contrast, in August 2020, the high rainfall 

141 region was around Yaan and its northern slope (north to 30 N, N_EPTP, Fig. 2).

142 The accumulated rainfall over the Yaan region and the N_EPTP was much larger 

143 than the average in previous Augusts, and the amount of rainfall decreased from the 

144 N_EPTP to the southeastern SCB. Specifically, the regional maximum of the 

145 cumulative amount of the previous year’s average was approximately 926 mm, and 

146 there were only 50 stations where the amount of rainfall was ≥500 mm. The maximum 

147 accumulated rainfall at a single station in August 2020 was 1708 mm, almost twice the 

148 average of the previous August. A total of 150 stations recorded ≥1000 mm of rainfall.

149 We calculated the regional average and maximum rainfall since 1986 for the Yaan 

150 region and the N_EPTP (Fig. 3). The rainfall in these two regions varied in a similar 

151 manner. The multiyear averages of the regional maximum amount of rainfall in the 

152 Yaan region and the N_EPTP were 525 and 345 mm, respectively. The amount of 

153 rainfall reached a peak in 2020 in both regions. The amount of rainfall was larger in the 

154 Yaan region than in the N_EPTP in the previous August but was larger in the N_EPTP 

155 region in August 2020.
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156 3.2 Hourly scale rainfall characteristics

157 The accumulated rainfall around the EPTP in August 2020 had unique 

158 characteristics: the amount of rainfall was the largest recorded in the last 35 years, and 

159 the rainfall was distributed over both the Yaan region and the N_EPTP. The spatial 

160 distributions shown in Fig. 2a and 2b are similar, despite the large discrepancy in the 

161 number of stations and the time periods of the calculations. The mean state of the dense 

162 station network in August 2017-2019 was taken as the climatological mean in the 

163 following analyses, and some fine-scale characteristics were analyzed.

164 The hourly average amount, frequency and intensity of rainfall from August 2017-

165 2019 were compared with those in August 2020 (Fig. 4). The distribution of the hourly 

166 rainfall was similar to that of the accumulated rainfall (compare Fig. 4a and 4d with 

167 Fig. 2b and 2c), which was centered over the Yaan region and the S_EPTP in the 

168 previous August and over the Yaan region and the N_EPTP in August 2020. The 

169 frequency of rainfall in the basin was relatively homogeneous in 2017-2019, with 

170 values generally between 5 and 10%. The frequency over the EPTP was high, with the 

171 maximum rainfall in the funnel-shaped terrain around Yaan, where some stations 

172 exceeded 25%. In contrast, the frequency was much larger over the N_EPTP and the 

173 Yaan region in August 2020, whereas the frequency was lower over the eastern SCB 

174 than in the previous August (Fig. 4b). The frequency clearly increased from the 

175 southeastern SCB to the N_EPTP, presenting a northeast-southwest striped structure. 

176 The largest intensity of rainfall also occurred over the EPTP (Fig. 4c). Intense rainfall 
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177 was recorded around the S_EPTP in the previous August, whereas the N_EPTP region 

178 had the heaviest rainfall in August 2020 (Fig. 4f). Therefore, the large amount of rainfall 

179 over Yaan and the N_EPTP in August 2020 was recorded as frequent, intense rainfall. 

180 Intense precipitation distributed in the SCB was also noted in Fig. 4f, which may be 

181 resulted from the interaction between the local topography and different leading 

182 synoptic systems, such as the southwest vortex and low-level jets (Xiao et al., 2021). 

183 The amount and frequency of rainfall over the southeastern SCB were both lower in 

184 August 2020 than in previous years.

185 The distributions of the amount, frequency and intensity of rainfall showed a close 

186 relationship with the height of the terrain (cf. Fig. 4). To show this relationship more 

187 clearly, the average amount, frequency and intensity of rainfall were calculated in each 

188 black box in Fig. 2, from the Tibetan Plateau (box 1) to the southeastern SCB (box 50) 

189 (Fig. 5). The terrain was higher in the northwest and lower in the southeast (gray line 

190 in Fig. 5a). There was a steep change in terrain height from boxes 16 to 26, roughly 

191 corresponding to the location of the N_EPTP. From east to west (boxes 50 to 1), the 

192 amount of rainfall in August 2020 first slowly increased as the terrain height increased 

193 and then sharply increased around box 26, where the terrain height changed rapidly 

194 (solid black line in Fig. 5a). The amount and frequency of rainfall reached a peak at 

195 approximately 1300 m (box 23, solid black lines in Fig. 5a and Fig. 5b). The amount 

196 and intensity of rainfall decreased rapidly when the terrain height was >1300 m (solid 

197 black lines in Fig. 5a and Fig. 5c), but the change in the frequency of rainfall was slower 
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198 and occurred at a greater altitude (solid black line in Fig. 5c). This result may be because 

199 there was less water vapor over the high-altitude region, which had a greater influence 

200 on the intensity than the frequency of rainfall.

201 The intensity of rainfall was much lower over the Tibetan Plateau than over the 

202 SCB, whereas the frequency was slightly higher (solid black lines in Fig. 5b and Fig. 

203 5c). Therefore, the amount of rainfall was slightly lower over the Tibetan Plateau than 

204 over the basin (solid black line in Fig. 5a). The average results for previous years 

205 showed some similar characteristics to August 2020: (1) the amount and frequency of 

206 rainfall first increased and then decreased with the height of the terrain; (2) the 

207 frequency of rainfall was higher over the Tibetan Plateau than over the basin, whereas 

208 the intensity of rainfall over the Tibetan Plateau was weaker than that over the basin; 

209 and (3) the intensity of rainfall decreased as the height of the terrain increased.

210 However, there were also some differences. In the previous August, the amount 

211 and frequency of rainfall showed little change from boxes 50 to 26 and then showed a 

212 larger increase from boxes 26 to 22, reaching a peak at box 22 (dashed lines in Fig. 5a 

213 and Fig. 5b). In contrast, there was a steady change from boxes 50 to 26 in August 2020, 

214 and a significantly larger increase was seen from boxes 26 to 22, with the peak on the 

215 EPTP at lower altitudes (box 23, solid black lines in Fig. 5a and Fig. 5b). From boxes 

216 26 to 23, the amount of rainfall (terrain height) increased by approximately 14 mm/day 

217 (726 m) in August 2020 (solid line in Fig. 5a), which was significantly larger than the 

218 4 mm/day in previous years (dashed line in Fig. 5a). The intensity of rainfall was 
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219 homogeneous over the SCB and the Tibetan Plateau in the previous August (dashed 

220 line in Fig. 5c), with only a sharp decrease from boxes 24 to 21. In August 2020, 

221 however, there was a sharp increase in intensity over the N_EPTP, showing a large 

222 amplification of the effect of the terrain and then a decrease in intensity over the plateau 

223 (solid black line in Fig. 5c). The amount, frequency and intensity of rainfall were all 

224 larger in the previous August over the southeastern SCB (beyond box 46).

225 The diurnal cycle is another important hourly characteristic of rainfall (e.g., Yu et 

226 al. 2007; Yuan et al. 2013; Chen 2020). Fig. 6 shows the diurnal phase of the 

227 precipitation amount, which was defined as the time when the maximum precipitation 

228 occurred, following Yu et al. (2007). In the previous August, rainfall over the Yaan 

229 region and the S_EPTP mainly peaked between 0100 and 0500 h BJT (BJT=UTC+8 h, 

230 Fig. 6). The N_EPTP was dominated by rainfall in the morning and afternoon, and the 

231 eastern SCB was dominated by rainfall in the afternoon and evening. In contrast, the 

232 rainfall peaks over the S_EPTP in August 2020 generally occurred from 2300 to 0300 

233 h BJT, and the N_EPTP was dominated by rainfall in the 0100-0500 h BJT time period, 

234 earlier than in the previous August.

235 This time shift in the diurnal phase was also observed in the frequency of rainfall. 

236 Unlike the previous morning to noon phases, the N_EPTP showed a predawn diurnal 

237 phase of rainfall frequency in August 2020. The eastern part of the SCB was dominated 

238 by an afternoon and evening diurnal phase in the previous August and by a morning 

239 phase in August 2020. The diurnal phase of rainfall intensity was not distributed 
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240 homogeneously in either the previous August or August 2020. Even though nocturnal 

241 rainfall intensity dominated the EPTP in the previous August, more stations showed a 

242 noon to afternoon diurnal phase over the N_EPTP in August 2020.

243 4. Comparison of circulations in N_EPTP and S_EPTP rainfall

244 One of the most dominant features of rainfall in August 2020, as mentioned in 

245 Section 3.1, was that the rainfall was heaviest over the N_EPTP rather than over the 

246 S_EPTP as the climate mean. This finding suggested that at least two types of EPTP 

247 rainfall exist: N_EPTP and S_EPTP rainfall. Using the regional mean rainfall series 

248 over the N_EPTP and the S_EPTP, four typical years were selected to show the 

249 differences in the atmospheric circulations between these two types of rainfall. Fig. 7 

250 gives the composite monthly mean circulation in the upper, middle and lower 

251 troposphere for these two kinds.

252 The temperature difference fields (shading in Fig. 7c, f, and i) show that the 

253 northern Tibetan Plateau was cooler and warmer over the main body of the Tibetan 

254 Plateau and south of 35°N. Such a dipole pattern of temperature anomalies existed 

255 throughout the troposphere over East Asia, with the location of the cold anomaly being 

256 further to the south than at higher levels, representing the baroclinic property of the 

257 circulation. This thermal field anomaly resulted in a larger south-to-north temperature 

258 gradient over the northern Tibetan Plateau. The warm anomaly corresponded to the 

259 positive geopotential height anomaly and anomalous anticyclonic circulation; therefore, 
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260 Fig. 7f shows that the western Pacific subtropical high was much stronger and shifted 

261 further to the west and north than in the S_EPTP years. The 586 dpm contour just 

262 reached the southeastern coast of China (ridge line at approximately 27° N) in S_EPTP 

263 August (Fig. 7e) but reached the northern SCB (ridge line at approximately 30° N) in 

264 N_EPTP August and stretched all the way across the Tibetan Plateau in association 

265 with a warm anomaly (Fig. 7d). Driven by the anomalous high and low over the east 

266 and north of the Tibetan Plateau, respectively, the warm-wet air from the south and the 

267 cold-dry air from the north were concentrated over the area east of the Tibetan Plateau 

268 and its downstream regions. An anomalous vortex was found over the Sichuan Basin 

269 (centered at approximately 30N, 106E, depicted by “L” in Fig. 7i) in the N_EPTP 

270 years, indicating a more intense low-level convergence of water vapor associated with 

271 the enhanced southwesterly wind.

272 To more clearly show the vertical structure of the circulation when N_EPTP 

273 rainfall occurred, the cross section along the red solid line in Fig. 7i was shown in Fig. 

274 8. A vertical pattern of a relatively warm anomaly was observed over the N_EPTP and 

275 the western SCB centered at approximately 600 hPa. Anomalous thermally stable 

276 conditions existed at lower levels below 700 hPa. The anomalous vertical motion in 

277 this layer mainly resulted from a dynamic forcing, in which a topographic forcing was 

278 an important factor. The temperature was relatively higher between 700 and 500 hPa. 

279 There was an anomalous thermally unstable layer above the warm anomaly, and both 

280 dynamic and thermodynamic forcings contributed to the anomalous vertical motion. 
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281 Accompanied by intense updrift, anomalous water vapor was transported to very high 

282 levels (approximately 400 hPa), and the geopotential height anomaly in the lower 

283 troposphere in the SCB became negative. The anomalous fields of August 2020 relative 

284 to the climate mean showed a similar vertical pattern but with a much more intense 

285 upward motion over the slope and a more obvious cool anomaly in the foot of the hill 

286 (Fig. 8b). The geopotential height anomaly was even lower than the composite result in 

287 Fig. 8a, associated with stronger low-level winds and more water vapor convergence 

288 over the N_EPTP in August 2020.

289 Fig. 9 shows the patterns of ERA5 rainfall and low-level winds regressed onto the 

290 standardized August accumulated rainfall of the N_EPTP. Large amounts of rainfall 

291 (>4 mm/day) were seen over the N_EPTP, and southerly winds appeared at 800 hPa 

292 over the SCB. The high correlation (>0.68) between the N_EPTP rainfall and the 

293 meridional wind component located in the area south of the SCB implies that an 

294 increase in the southerly winds in the SCB favors intense rainfall over the N_EPTP. An 

295 easterly wind was observed near the N_EPTP at approximately 105° E, which has a 

296 high correlation with the N_EPTP rainfall, suggesting that the influence of the 

297 topography on the winds near the N_EPTP was also an important factor for N_EPTP 

298 rainfall.

299 5. Discussion

300 Our findings provide a general picture of EPTP rainfall in August 2020. As the 
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301 terrain over the EPTP and surrounding regions is complex and the environmental 

302 conditions are harsh, in situ stations were sparse in earlier years, and fine-scale rainfall 

303 characteristics were rarely reported. With the improved station coverage in recent years, 

304 more information about precipitation could be obtained with the current denser network 

305 of stations. For instance, in Fig. 2a, rare stations were found in the N_EPTP in the sparse 

306 station network, and the amount of rainfall in the N_EPTP was generally smaller than 

307 that around Yaan and the S_EPTP in the previous August. In the denser station network 

308 (Fig. 2b), the maximum amount of rainfall over the N_EPTP was still smaller than that 

309 over Yaan and the S_EPTP, but the discrepancy was greatly reduced, and more detailed 

310 collocations between rainfall and topography could be seen. For instance, compared 

311 with the mean rainfall in the previous August from 2017 to 2019, the maximum amount 

312 of rainfall was found at higher elevations than in August 2020 (Fig. 5). The simulation 

313 of rainfall around the EPTP is challenging to conduct (e.g., Yu et al. 2000; Li et al. 

314 2015), and the modeled rainfall always fell over the higher parts of steep slopes than in 

315 the observations. Detailed evaluations of high-resolution modes can be applied in the 

316 future using these rainfall data observed by denser stations.

317 The ERA5 reanalysis dataset showed the favorable circulations and influencing 

318 systems of the August EPTP rainfall, although the results also raised further questions, 

319 such as why the circulations performed in this way and how precipitation and the 

320 circulatory systems interact. Recent studies have shown that the 2019 super IOD was 

321 an underlying condition for the enhanced Meiyu rainfall in the early summer of 2020 
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322 (Takaya et al. 2020; Zhou et al. 2021). Zhou et al. (2021) found that Indian Ocean 

323 warming would force an anomalous anticyclone in the lower troposphere over the Indo-

324 Northwest Pacific region and intensify the upper-level westerly jet over East Asia, 

325 leading to heavy summer rainfall in the Yangtze Basin. Wang et al. (2020) confirmed 

326 that the warmer SST in key areas of the Indian Ocean plays an important role in the 

327 strong western Pacific subtropical high during the Meiyu season. In August, the WPSH 

328 changed from an east-west zonal distribution in June-July to a "block" pattern located 

329 further northward, which was induced by the abnormal activity of the tropical Madden-

330 Julian Oscillation (Liu et al., 2020). The Northwest Pacific anticyclone was still intense 

331 and persisted in transporting warm and wet air to the north, influenced by the anomalous 

332 sea temperature anomaly over the Indian Ocean, favoring rainfall over the EPTP in 

333 August. However, the mechanism is worth further investigation. On the other hand, 

334 being slightly different from the Meiyu rainfall, the EPTP rainfall could be directly 

335 influenced by the low-pressure disturbances propagating from the Tibetan Plateau. The 

336 low-pressure systems over the Tibetan Plateau were active in August 2020 (figure not 

337 shown), and why and how they specifically affected rainfall are also interesting 

338 questions that need further study.

339 6. Conclusion

340 Based on high-density hourly station rain gauge records from 1986 to 2020 and 

341 the ERA5 reanalysis dataset, we carried out a detailed analysis of the characteristics of 
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342 rainfall over the EPTP in August 2020 and the corresponding circulation pattern. Our 

343 main results can be summarized as follows.

344 (1) The largest accumulated August rainfall over the EPTP since 1986 occurred in 

345 2020. The amount of rainfall over the N_EPTP in August 2020 was larger than that 

346 over the Yaan region and significantly larger than that over the S_EPTP, which is 

347 different from the rainfall centers located in the S_EPTP and Yaan regions in the 

348 previous August. The extraordinary amount of rainfall was contributed by a much 

349 higher frequency and intensity of rainfall.

350 (2) The northern slope of the EPTP exerted a more significant amplification effect on 

351 the rainfall in August 2020. When the terrain height over the N_EPTP increased 

352 from the foothills to 1300 m, the amount of rainfall increased by approximately 14 

353 mm/day in August 2020, much greater than the 4 mm/day in previous years. The 

354 diurnal pattern of rainfall over the N_EPTP shifted to earlier in the morning in 

355 August 2020.

356 (3) The large-scale circulation patterns provided favorable conditions for intense 

357 precipitation over the N_EPTP. During the N_EPTP rainfall years, cold and warm 

358 anomalies existed over the areas north and south of approximately 35° N, 

359 respectively. Thus, the western Pacific subtropical high was more intense and 

360 extended to the west. The enhanced low-level southerly winds on the periphery of 

361 the subtropical high injected the warm-wet air to a more northerly location in the 

362 N_EPTP rainfall years. Then, this warm-wet air turned toward the west and was 
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363 uplifted by the local topography, favoring the intense rainfall seen on the northern 

364 slope during this year. The eastward-propagating low-value systems from the 

365 Tibetan Plateau greatly influenced the main rainfall processes during August 2020. 

366 The intrusion of anomalous southerly winds toward the northwestern SCB from 

367 the western edge of the subtropical high was also closely related to the occurrence 

368 of intense rainfall.
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486 Figures

487

488 Fig. 1. Topography around the eastern periphery of the Tibetan Plateau (EPTP). The 

489 color shading represents the terrain height in meters. The EPTP connects the Tibetan 

490 Plateau in the west and the Sichuan Basin in the east. The EPTP can be divided into 

491 northern (N_EPTP) and southern (S_EPTP) slopes. The “rainy city” of Yaan is located 

492 in the center of the EPTP.
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493

494 Fig. 2. Average accumulated rainfall (unit: mm) in August (a) from 1986 to 2019 and 

495 (b) from 2017 to 2019. (c) Accumulated rainfall in August 2020. The gray shading 

496 represents the topography (unit: m). The three white boxes in (a) represent the S_EPTP, 

497 Yaan, and the N_EPTP where rainfall was concentrated in August 2020, from south to 

498 north. The black boxes in (a) that are numbered 1 to 50 were used to calculate the area 

499 averages of rainfall and topography, which are shown in Fig. 5.

in 
pre

ss



28

500

501

502 Fig. 3. (a) Regional maximum and (b) mean accumulated rainfall (unit: mm) averaged 

503 over the N_EPTP (dashed lines) and Yaan (solid lines) regions, as shown in Fig. 2 in 

504 August from 1986 to 2020.
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505

506

507 Fig. 4. (a, d) Hourly mean (units: mm day-1), (b, e) frequency (units: %) and (c, f) 

508 intensity of rainfall (units: mm h-1) averaged for (a–c) August 2017–2019 and (d–f) 

509 August 2020. The stations where the values were below the miimum level were omitted. 

510 The gray shading represents the topography (unit: m).
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511

512

513 Fig. 5. Regional mean of the (a) hourly amount (unit: mm d-1), (b) frequency (unit: %) 

514 and (c) intensity (unit: mm h-1) of rainfall in August 2017-2019 (dashed lines) and in 

515 August 2020 (black solid lines) and the terrain height (gray solid lines; units: m) 

516 averaged in the black boxes in Fig. 2. Box numbers 1-50 represent boxes from 

517 northwest to southeast.
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518

519

520 Fig. 6. Diurnal phase (Beijing time) of (a, d) amount, (b, e) frequency and (c, f) intensity 

521 of rainfall in August 2017-2019 (a–c) and in August 2020 (d–f). The gray shading 

522 represents the topography (unit: m).
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523

524 Fig. 7. Monthly mean circulation in N_EPTP rainfall years (a, d, g, August 1990, 1995, 

525 2003, 2010), S_EPTP rainfall years (b, e, h, August 1991, 1999, 2002, 2018) and their 

526 differences from the upper level to the lower level (c, f, i). The black solid lines in (a–

527 c) and (d-f) represent the 200 hPa and 500 hPa geopotential heights (units: gpm), 

528 respectively. The vectors represent the (a–c) 200 hPa winds (units: m s-1), (d–f) 500 hPa 

529 winds, and (g–i) vertical integrated water vapor flux (units: kg m-1 s-1)). The 5860 gpm 

530 contours are presented as thickened black solid lines, and the ridge line of the 
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531 subtropical high is shown as black dashed lines in (d-e). The shading represents 

532 temperature (units: K). The white line indicates the 3000 m terrain height. The red line 

533 in (i) indicates the position of the cross section shown in Fig. 8, and the letter “L” in (i) 

534 indicates the position of the anomalous vortex.
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535
536

537 Fig. 8. Cross-sections of the vertical circulation (vectors, horizontal component unit: m 

538 s-1, vertical component unit: -10-1 Pa s-1) and temperature (shading, unit: K) differences 

539 between (a) August in N_EPTP and S_EPTP years (N_EPTP years minus S_EPTP 

540 years mean) and between (b) August 2020 and the climate mean (1986-2015) along the 

541 inclined black dashed line in Fig. 7i. The green and cyan lines represent the anomalous 

542 specific humidity (unit: g kg-1) and geopotential height (unit: gpm), respectively.
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543
544
545

546 Fig. 9. Regression patterns of the ERA5 rainfall data (shading, unit: mm d-1) and the 

547 horizontal winds at 800 hPa (vectors, unit: m s-1) based on the normalized regional 

548 maximum of the accumulated rainfall time series over the N_EPTP in August. Only the 

549 areas of rainfall that are stochastically significant at the 90% level are shaded. The blue 

550 (black) solid line shows the correlation coefficient between the rainfall series, and the 

551 meridional (zonal) wind level is plotted. The gray lines denote the elevations at 1000 

552 and 3000 m.
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