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The persistent heavy precipitation that occurred in most of West China (WC)

during August 11–18, 2020, generated the highest rainfall record since

recording began in 1961 and was selected as one of the top 10 worst

national natural disasters of 2020 in China. Favorable circulation was

sustained during August; WC was positioned between two anomalous high-

pressure centers over the Tibetan Plateau and Sea of Japan and an anomalous

low-pressure center over Mongolia located on its north side, which created a

stable and long trough and formed a low-pressure center over WC. At 200 hPa,

the subtropical westerly jet was much stronger than average and southward,

and the South Asian High (SAH) was strong and extended eastward to 150°E. At

500 hPa, the western Pacific subtropical high (WPSH) was westward and

exceptionally strong, which helped abundant water vapor reach the

southeastern part of WC and provided favorable dynamic and

thermodynamic conditions for precipitation in this region. In addition, the

eastward extension of the SAH promotes the westward extension of WPSH,

which collectively enhanced the precipitation in WC. At 850 hPa, the low-level

jet corresponding to the west-extending subtropical high from the Sea of Japan

to WC further enhanced and guided the water vapor transport to WC. In

addition, the Mei-Yu front over the Yangtze River Basin in June and July

strengthened the northwestward spread of diabatic heating, transient

energy, and wave activity fluxes, which likely influenced the large-scale

circulation factors and reinforced the precipitation in WC in August 2020.
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1 Introduction

The WC mainly refers to the areas 28°N–36°N and

100°E–108°E and exhibits complex terrain, including plateaus,

basins, plains, and hills (shown in Figure 1). Precipitation in WC

has two predominant peaks, with the highest precipitation in

summer and the second in autumn (Wei et al., 2018a; Zhou et al.,

2021). The autumn precipitation in WC is regarded as the last

rain belt associated with the retreat of the East Asian summer

monsoon (Ding andWang 2008; Han et al., 2018). Therefore, the

variability in autumn precipitation in WC is a major concern for

the scientific community (Gao and Guo 1958; Zhang et al., 2019;

Zhou et al., 2021). However, under the combination of the

Indian, East Asian, and Tibetan Plateau monsoons, abundant

summer precipitation in WC (Zhu and Yu 2003; Wang et al.,

2016; Xu et al., 2021) is prone to trigger various geological

disasters, such as landslides and debris flows, which seriously

affect human life and cause large economic losses (Nie and Sun

2022). A more in-depth understanding of precipitation during

different seasons in WC has practical application value for

improving the accuracy of climate predictions and disaster

prevention.

Because of global warming since the second half of the 20th

century, precipitation and precipitation extremes have exhibited

significant changes and have been detected worldwide

(Alexander et al., 2006; Stocker et al., 2014; Zhan et al., 2020).

China has frequently experienced severe droughts and heavy

floods. In particular, numerous studies on summer precipitation

changes in China have detected interdecadal variations since the

late 1970s (Wang et al., 2017, Ma et al., 2021). The annual

precipitation has increased significantly in southeast, northeast,

and western China and decreased from southwest China to

northeast Inner Mongolia during the past decades (Shang

et al., 2019). Autumn precipitation and rainy days in WC

exhibited a significant reduction before the 1990s and

increased after the 2000s (Yuan and Liu 2013; Wang et al.,

2015; Wei et al., 2018), but the precipitation intensity has

been enhanced (Wang et al., 2015; Zhang et al., 2019).

Summer precipitation had decreased along a geographical

band from the western Sichuan Basin to the southeastern part

of Gansu Province, with an increasing trend found in the western

Tibetan Plateau, eastern Sichuan Basin, and southwestern

Shaanxi Province (Lu et al., 2014; Han et al., 2016; Wang

et al., 2016; Jia et al., 2018; Shang et al., 2019). Lai et al.

(2010) determined that summer precipitation intensity had

increased and led to more floods and landslides. Because

summer precipitation in WC has a substantial impact on

agricultural production and disaster prevention, a better

understanding of precipitation variability is critical for the

development of the social economy.

Numerous studies have focused on the physical

mechanism of precipitation variability in WC. Anomalous

large-scale atmospheric circulation has also been emphasized.

The variations in precipitation in WC were closely related to

the western Pacific subtropical high (WPSH). When the

WPSH extends westward and intensifies, warm and wet air

from the south can be effectively delivered to WC, leading to

increased precipitation (Zhu and Yu 2003; Wang et al., 2016;

Zhou et al., 2019; Zhou and Wang 2019). Notably, the SAH

also has a considerable impact on precipitation in WC. Chen

et al. (2016) reported a significant positive correlation between

summer water vapor content in southwest China and the SAH

intensity index, area index, and eastward extension index. The

abnormally strong SAH is conducive to water vapor transport

from the South China Sea to the eastern Sichuan Basin; when

accompanied by the upward movement from a low to a high

level, precipitation is significantly enhanced (Chen et al.,

2016). In addition, the position of the SAH has a

significant influence on the regionality of precipitation in

WC. When the SAH extended eastward and northward,

more precipitation occurred in the western Sichuan Basin

and reversed in the east (Wang et al., 2016). Numerous

previous studies have shown that variations in precipitation

in the WC are closely related to the East Asian jet stream

(EAJS). The increase in sea surface temperature in the central

equatorial Pacific had caused a southward shift of the EAJS,

resulting in abnormal descending branches and less autumn

precipitation in WC (Wei et al., 2018). In contrast, when the

EAJS was strengthened and extended northward,

precipitation increased in this region (Wang and Zhou

2019; Zhou et al., 2019; Zhou and Wang 2019). The

strengthening of the WPSH and northward displacement of

the EAJS have contributed to the enhancement of water vapor

transport from the Bay of Bengal, South China Sea, and

western Pacific, which enhances the precipitation in WC

(Wei et al., 2018; Zhou et al., 2019).

In most areas of China, precipitation mainly occurs in the

summer, among which the most typical is the Mei-Yu front in

the Yangtze–Huai River Basin. An extreme Mei-Yu front in

FIGURE1
Spatial distribution of the 250 meteorological stations (Dots)
in western China and the geographical features (Unit: m).
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2020 was sustained for approximately 62 days from June 1 to

August 1. Precipitation anomalies have led to serious flooding

in these areas (Zhao et al., 2021). During the Mei-Yu period,

the periodic strengthening of the EAJS and SAH ridgeline

moved northward and stabilized around 37°N–40°N and

26°N–28°N, which resulted in strong divergence in the

upper troposphere, contributing to the upward movement

and precipitation in most of southern China (Ding et al.,

2021). The “two ridges and one trough” type existed in the

middle and high latitudes of Eurasia at 500 hPa, and the

WPSH was abnormally strong, westward, and continuous

(Qiao et al., 2021). Meanwhile, the Northwest Pacific

Anticyclone (WNPAC) at 850 hPa in the lower troposphere

was also abnormally enhanced and directly affected the water

vapor transport conditions in most of southern China (Zhao

et al., 2021). Crucially, extremely heavy rainfall occurred in

WC during August 2020, which has been regarded as one of

the top 10 worst national natural disasters in China in 2020

(http://www.mem.gov.cn/xw/yjglbgzdt/202101/t20210102_

376288.shtml). Waterlogging, landslides, and other disasters

caused by heavy rain result in heavy losses and threats to

human lives and property (Chen et al., 2022; Tang et al., 2022).

Therefore, this study investigated the underlying relationship

between the anomalous August precipitation in WC and the

associated circulations in 2020.

The remainder of this paper is organized as follows. Section 2

introduces the data and methods used in this study. The

spatiotemporal variations in the August 2020 precipitation

over WC and the associated mechanisms are presented in

Section 3. Finally, the conclusions and discussion are

presented in Section 4.

2 Data and methods

2.1 Dataset

The daily observed precipitation data were obtained from the

National Meteorological Information Center of the China

Meteorological Administration, covering 2020 meteorological

stations throughout China from 1961 to 2021. Because of the

errors caused by missing data, only stations missing less than 5%

of the total time series were retained, and the missing data from

these retained stations were estimated using the inverse distance

method (Eischeid et al., 2000). Finally, 250 stations in WC

(shown in Figure 1) were chosen for this study.

The monthly and daily reanalysis data of ERA5 from 1961 to

2021 were provided by the European Center for Medium-Range

Weather Forecasting (ECMWF), including potential height,

temperature, zonal wind, meridional wind, vertical velocity,

and specific humidity. The horizontal resolution was 1.0° ×

1.0°, and the vertical layer was 1,000–1 hPa with 37 layers. In

addition, the ERA5 dataset from July to August 2020 were used in

this study.

2.2 Methods

The vertically integrated water vapor transport flux

(WVT) was calculated from 1,000 to 300 hPa using the

method proposed by Trenberth (1991). The wave activity

flux (WAF) defined by Takaya and Nakamura (2001) was

used to study the propagation of the Rossby wave train. The

formula used is as follows:

FIGURE 2
Spatial distribution of the climatology (A) precipitation distribution and (B) the station-averaged precipitation series in August during
1961–2021 in WC (Dashed black line and the red solid line represent the climatological mean and linear trend, respectively. Unit: mm).
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W � 1

2
∣∣∣∣ �U∣∣∣∣⎛⎝ �u(ψ′2

x − ψ′ψxx) + �v(ψxψ
′
y − ψ′ψxy)

�u(ψ′
xψ

′
y − ψ′ψxy

′) + �v(ψ′2
y − ψ′ψyy

′) ⎞⎠
where ψ andU= (u, v) denote the stream function and horizontal

wind, respectively, and W represents two-dimensional Rossby

WAF. In addition, a barotropic Rossby wave source (RWS) is

useful for inspecting the generation of Rossby waves. This was

formulated by Sardeshmukh and Hoskins (1988) as follows:

RWS � −∇ · (Vχξa) � −Vχ · ∇ξa − ξa∇ · Vχ

where Vχ is the divergence wind and ξa is the absolute vorticity.

The apparent heat source (Q) is used to characterize the

diabatic heating (Zhang et al., 2009):

Q � cp(zT
zt

+ �V · ∇T + ω · ( p

p0
)κ

zθ

zp
)

where θ is the potential temperature, T is the temperature, ω is

the vertical velocity, p0= 1,000 hPa. κ= R/cp is generally 0.286

(R = 287 J·kg−1·K−1, cp = 1,005 J·kg−1·K−1). The vertical

integrated <Q> was calculated from the surface to 100 hPa

according to

<Q> � 1
g

∫
p

p0

Q dp

To verify the synoptic-scale transient waves, uʹ and vʹ were

obtained by the 2.5–6-day bandpass filtering technique at

200 hPa because of the transient wave activity major

concentration in the upper troposphere (Chen et al., 2012).

The transient disturbance kinetic energy kʹ is defined as:

k′ � 1
2
(u′2 + v′2)

The Hybrid Single Particle Lagrange Integrated Trajectory

(HYSPLIT) model was developed jointly by NOAA’s Air

Resources Laboratory and the Australian Bureau of Meteorology,

and is widely used in tracking particles, moisture, or gas sources and

transmission. In this study, HPSPLIT4.9 was used to capture the

direction and proportion of water vapor.

FIGURE 3
Spatial distribution of (A) precipitation (Unit: mm) and (B) precipitation anomaly percentage (Unit: %) in August 2020 inWC. (C) and (D) show the
daily precipitation and precipitation anomalies (Unit: mm) in August 2020 in WC (Dark blue histogram and red line in (C) represent precipitation
exceeding the August 2020 average and climatological daily mean precipitation in August during 1961–2021, respectively).
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2.3 Indices

To quantitatively depict the variability in the WPSH and

SAH, the WPSH intensity index and SAH intensity index were

calculated using traditional methods. Related methods were

introduced by the National Climate Center of the China

Meteorological Administration (http://cmdp.ncc-cma.net, in

Chinese). The range of the 5,880-gpm contour at 500 hPa and

the 12,500-gpm contour at 200 hPa were used to describe the

WPSH and SAH, respectively.

3 Results

3.1 Characteristics of the extreme
precipitation of August 2020 in West
China

Figure 2 shows the spatial distribution and the corresponding

station-averaged time series of August precipitation during

1961–2021 in WC to understand the characteristics and

causes of the extraordinary precipitation. The spatial patterns

of the precipitation increased from the northwest to the southeast

(Figure 2A). High values were located in the Sichuan Basin, and

low values occurred in high-elevation areas, which spanned

50–450 mm. The precipitation in WC exhibited an

indistinctive increasing trend during 1961–2021 (Figure 2B).

Notably, the precipitation in August 2020 was more than

twice that of the previous record. After removing the value for

2020, precipitation in this region showed a slightly decreasing

trend.

The spatial distribution of the precipitation in August 2020

(Figure 3A) varied from the climatologymean (Figure 2A), which

exhibited a heavy precipitation belt in middle WC along

104°E–105°E and relatively lower precipitation in western and

eastern WC. The precipitation anomaly percentage further

confirmed that extraordinary precipitation occurred in middle

WC (Figure 3B). The precipitation at 161 stations exceeded the

historical average and were primarily scattered in the western

Sichuan Basin, southeast Gansu, and southwest Shaanxi. The

precipitation at 44 stations in Sichuan Province has been

recorded since 1961. In addition, persistent heavy

FIGURE 4
Characteristics of the anomalous atmospheric circulation in August 2020: (A) 200 hPa zonal wind anomaly (shading, Units: m·s−1; the dashed
and solid green lines represent the 30 m·s−1 isoline in the climatological mean and August 2020; the dashed and solid brown lines are the same as the
green lines but for the 12,500 isolines at 200 hPa); (B) 500 hPa geopotential height anomaly (shading, Units: gpm; the dashed and solid brown lines
are the 5,880 isolines in the climatological mean and August 2020); (C) 850 hPa geopotential height (shading, Units: gpm) and wind field
anomalies (vectors, Units: m s−1); (D) regional averaged vertical velocity anomalous height-longitude profile (Units: 10–1 Pa·s−1). The red rectangular
frame in (A–C) shows the location of WC, and the shaded gray areas in (C) exhibit the 850 hPa terrain.
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precipitation occurred in WC during August 11–18, 2020

(Figures 3C,D), which was defined as one of China’s top ten

national natural disasters in 2020 (http://www.mem.gov.cn/xw/

yjglbgzdt/202101/t20210102_376288.shtml). Chen et al. (2022)

reported that this extraordinary precipitation caused

waterlogging and mudslide disasters that affected 8.

523 million people and caused 58 deaths. In addition, there

were two consecutive heavy precipitation processes in late

August 2020: from August 23 to 24 and from August 30 to

31. Therefore, it is of great significance to analyze the

characteristics of the record-breaking precipitation that

occurred in WC in August 2020.

3.2 Atmospheric circulation responsible
for the extreme precipitation

Atmospheric circulation anomalies can directly cause

precipitation anomalies. Thus, this section analyzes the

circulation characteristics associated with the August

2020 precipitation anomaly in WC. The variable responses

to the local anomalous atmospheric circulation for this

extraordinary precipitation event are shown in Figure 4. The

zonal wind at 200 hPa over East Asia to the Western Pacific

(50°E–180°E, 30°N–40°N) was strong and southward, and the

subtropical westerly upper-level jet was strong and southward.

The maximum jet centers were located near (50°E–80°E,

30°N–40°N) and (150°E, 50°N). The WC was located south of

the jet stream axis (50°E–80°E, 30°N–40°N). The jet stream and

SAH were significantly stronger than normal in August 2020

(Figure 4A). In the middle troposphere, the WPSH was

predominantly westward and stronger than usual

(Figure 4B), which caused the southwest airflow on the

southwest side of the WPSH northwestward, reaching the

southern part of the WC and providing abundant water

vapor for precipitation in this region. Meanwhile, in the

middle latitudes of 500 hPa, anomalous low pressure and

two high-pressure centers were observed over Mongolia, the

Tibetan Plateau, and the Sea of Japan, respectively. WC was

located in the middle of the two high-pressure centers and was

affected by the low-pressure center. The abnormal low pressure

over Mongolia was beneficial for the cold air transported

southward, which finally mingled with warm and wet air in

WC, forming substantial and persistent precipitation. At

FIGURE 5
(A) August WVT (vectors, Units: kg·m−1 s−1) and its divergence (shading, Units: kg·m−2 s−1) during 1961–2020, (B)WVT (vectors, Units: kg·m−1 s−1)
and its divergence (shading, Units: kg·m−2 s−1) in August 2020. The contribution rates of water vapor transport toWC (C) during 1979–2020 and (D) in
August 2020.
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850 hPa (Figure 4C), a south low-level jet corresponding to the

west-extending subtropical high from the western Pacific Ocean

to the eastern part of WC provided abundant water vapor

conditions for precipitation. At the same time, strong

divergence at the upper level and strong convergence at the

lower level over WC combined with deep and strong vertical

movement from the lower level to the upper level (Figure 4D)

provided adequate dynamic conditions for precipitation.

In conclusion, the characteristics of the atmospheric

circulation fields in August 2020 were favorable for sustained

heavy precipitation in WC. At 200 hPa, the westerly jet stream

was strong and was located just north of WC. The strong

divergence at the upper level corresponded to a strengthened

SAH and discernable convergence at the lower level. The above

coupling effect further strengthened the south wind, convergence

at the lower level, and vertical movement, which formed a

positive feedback loop to maintain the precipitation process.

Moreover, theWPSH was significantly westerly, so the warm and

wet moisture from the southwest side of the WPSH could reach

the WC.

FIGURE 6
TheWPSH intensity index, SAH intensity index, WPSHwestern ridge point index, and ridge line index in August during 1961–2020 (A,C,E,G) and
anomalies in June–August 2020 (B,D,F,H) (The dotted lines in (A,C,E,G) represent the climatological average in August during 1961–2020).

TABLE 1 The correlations between the WPSH intensity index, SAH
intensity index, WPSH western ridge point index, and ridge line
index with precipitation anomaly in August 2020 over WC.

Index The correlation coefficients

WASH Intensity r= 0.32

SAH Intensity r=0.42

Bold type indicates correlations are significant at the 95% confidence level.
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In addition to the dynamic conditions provided by favorable

circulation, persistent precipitation also requires continuous water

vapor transport. Figure 5 compares the climatological mean and

August 2020 water vapor transport characteristics over WC. In

Figure 5A, the westwardwater vapor from the western PacificOcean

and the eastward water vapor transport from the Arabian Sea in the

Indian Ocean and Bay of Bengal are the main moisture sources for

August precipitation in WC. The water vapor converged

predominantly in eastern and southern WC, which provided

favorable conditions for precipitation in this region (Figure 2A).

Obtained by the clustered daily backward track of water vapor in

August from 1979 to 2020, Figure 5C shows the track 5 channels

which were based on the increase in the growth rate of spatial

variance. Water vapor primarily comes from the western Pacific

Ocean, the Arabian Sea, and the Bay of Bengal in the Indian Ocean,

and is partially transported by westerlies.

In August 2020, the water vapor from the western Pacific

Ocean was significantly stronger as the strengthened WNPAC

provided more moisture from the South China Sea (Figure 5B).

Meanwhile, the water vapor formed a narrow convergence zone

in WC, which corresponds to the characteristics of heavy

precipitation in Figure 3A. The first five water vapor track

channels for August 2020 (Figure 5D) demonstrate that the

main water vapor transported by the WNPAC was

FIGURE 7
Latitude–time and longitude–time evolution of precipitation (A), (B) (Units: mm); the transient disturbance kinetic energy k′ (C), (D) (Units:
m2·s−2) and diabatic heating (E), (F) (Units: 10−4 K day−1) within 28°N–36°N, 100°E–120°E in July to August 2020.
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southwesterly. The water vapor transport from the southern part

of the WNPAC was more westerly than usual and turned

northeast near Hainan Island, continuously conveying water

vapor to southern WC and forming a distinct water vapor

convergence zone. The above results demonstrate that the

strengthened southern water vapor transport contributed to

the specific humidity, which was slightly higher than the

climatology mean. In addition, the strong convergence zone of

water vapor and circulation provided favorable conditions for

continuous heavy precipitation.

FIGURE 8
The WAF (vectors; unit: m2·s−2) and Rossby wave source (shading; units: 10−10 m2·s−1) at 200 hPa in July (A) and August (B) 2020.

FIGURE 9
Schematic diagram describing what drives the anomalous strong precipitation over WC in August 2020.
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3.3 Related physical mechanisms
underlying the extreme precipitation

During the rainfall period in WC, the intensity and position

of key influential systems, such as the SAH and WPSH, have a

significant impact on the rainfall intensity (Chen et al., 2022). In

August 2020, the SAH significantly extended and strengthened

eastward (Figure 4A). Thus, the standardized SAH intensity

index is discussed first. As shown in Figures 6A,B, the SAH

intensity in August reached a peak in 2020. The SAH intensity

anomaly from July to August 2020 indicates that the SAHwas the

strongest in mid-August 2020, corresponding to the occurrence

of heavy precipitation (Figure 3C). Moreover, the correlation

coefficient between precipitation and the SAH intensity index in

August 2020 reached 0.42 (significant at a confidence level of

0.05, Table 1). The results indicate that the anomalous SAH in

August corresponds well with extreme precipitation in WC. As

shown in Figure 6C, the intensity of the August WPSH exhibited

a second peak in 2020. The WPSH intensity from June to August

in 2020 was anomalously strong, especially in mid-August

(Figure 6D). The correlation coefficient between precipitation

and the WPSH intensity index in August 2020 reached 0.32

(significant at a 0.1 confidence level, Table 1). Moreover, the

WPSH western ridge point extended westward, and the WPSH

ridge line was more northerly than the climatological average

(Figures 6E,G). In mid-August 2020, the WPSH anomalously

moved westward and northward (Figures 6H). In addition, the

intensification and abnormal eastward extension of the SAH

influenced the precipitation accompanied with the strengthened

and westward extended WPSH.

Therefore, the significant strengthening of the SAH and

WPSH provided a stable circulation structure for this heavy

precipitation. In the lower troposphere, the strong WPSH

transported water vapor from the Pacific to the west, together

with water vapor from the South China Sea, and then to WC

along the western boundary of the WPSH. Combined with the

topography of the Tibetan Plateau, abundant water vapor formed

a narrow water vapor convergent belt over the WC.

Figure 7 shows the time-latitude and time-longitude profiles

of the precipitation, disturbance kinetic energy, and diabatic

heating. The daily distribution of precipitation in WC from

July to August 2020 indicated that heavy precipitation

occurred frequently and persistently in WC in mid-August

(Figures 7A,B). The precipitation in July was significantly

higher in the Yangtze River Basin than normal, which is

related to the 2020 super Mei-Yu in June and July (Zhao

et al., 2021). From July to August, the precipitation moved

westward and northward from the Yangtze River Basin to

WC. Relevantly, there are two significant disturbance kinetic

energy paths: 110–120°E, which corresponded to the extreme

Mei-Yu in the Yangtze River in July 2020, and 100–110°E, which

was related to the heavy precipitation in WC in August 2020

(Figures 7C,D). Disturbance kinetic energy can strengthen the

precipitation by influencing the intense convection (Para et al.,

2019). In addition, the energy conversion from synoptic-scale

disturbance to low-frequency fluctuation in the middle and lower

troposphere has been significantly enhanced, which makes

importation contributions to this heavy precipitation (Li

2007). From August 10 to 20, 2020, it can be clearly seen

from Figures 7C,D that a large center of kinetic energy

disturbance reached WC, which was beneficial for the

transport of water vapor and the occurrence of this

continuous extreme precipitation. In addition, the

characteristics of diabatic heating were used to analyze the

possible effects of atmospheric circulation on the continuous

heavy precipitation process in WC in mid-August 2020 (Figures

7E,F). The evolution characteristics of diabatic heating differed

from July to August, and stronger diabatic heating corresponded

to continuous heavy precipitation in the Yangtze River Basin in

July 2020 and in WC in mid-August 2020.

Abnormal circulation patterns control the intensity and

location of persistent heavy precipitation and thus determine

the evolution characteristics of the abnormal heating energy.

Abnormal heating energy also has a feedback effect on

atmospheric circulation (He and Zhai 2018). Figure 8 shows

theWAF propagation during July and August 2020, which varied

widely between the 2 months. There was a quasi-zonal “ + - +

-”wave train over the Eurasian continent over 30°N–50°N in July

2020 (Figure 8A). The wave flux propagated from west to east

along the jet stream and affected the super Mei-Yu over the

Yangtze River Basin. In August, quasi-stationary Rossby wave

energy dispersed northward at 26°N–28°N and propagated from

south to north. In conclusion, the continuous heavy precipitation

inWC inmid-August 2020 was influenced by the maintenance of

low-frequency atmospheric circulation and the diabatic heating

caused by the precipitation. The abnormal atmospheric

circulation, such as the abnormal SAH and WPSH, played a

key role in the occurrence, maintenance, and extinction of this

heavy precipitation. The released latent heat by the heavy

precipitation process has positive feedbacks and partially

strengthens the intensity and duration of precipitation (Hack

et al., 1989; Rao and Srinivasan., 2016).

4 Conclusion and discussion

In summary, persistent heavy precipitation events have

significant societal impacts. The persistent heavy precipitation

event that occurred over WC in August 2020 broke the historical

record since monitoring began in 1961. In addition, the

widespread and devastating floods over most regions of WC

are considered to be within the top 10 worst national natural

disasters in China in 2020. In the present work, we aimed to

understand extreme rainfall from large-scale circulation, and

Figure 9 provides a schematic diagram of this heavy

precipitation event.
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The precipitation in WC in August 2020 set the historical

record since monitoring began in 1961. The precipitation at

44 stations throughout WC, primarily distributed in Sichuan

Province, set a historical record by reaching 34.99 mm.

Persistent heavy precipitation occurred in WC, mostly

concentrated during the period of August 10–20, 2020.

Favorable circulation was sustained in August. At 200 hPa,

the subtropical westerly jet was much stronger than normal

and southward, and the maximum centers were located near

50°E–100°E and 130°E–150°E. The SAH was eastward and

strong, and its intensity was significantly correlated with

precipitation in WC. At 500 hPa, the WPSH was westward

and strong, which helped abundant water vapor reach the

southeastern part of the WC to provide favorable dynamic

conditions for precipitation in this region. Chen et al. (2016)

emphasized that the Mei-Yu rain band over the Yangtze–Huai

River basin through its effect on water vapor transport, which

indicates the anomalies precipitation in WC in August

2020 may influenced by the strong and persistent anomalous

circulation of super Mei-Yu in 2020. At the same time, WC was

positioned between two anomalous anticyclone centers over the

Tibetan Plateau and Sea of Japan, with an anomalous cyclone

over Mongolia located to the north that created a stable, long

trough and formed a low-pressure center over WC. At 850 hPa,

there was a low-level jet corresponding to the west-extending

subtropical high from the Sea of Japan to WC. The anomalous

low-level southerly jet enhanced and guided more water vapor

transport to WC.

Studies show that the effect of tropical Indian Ocean SST

plays a significant role in SAH and WPSH (Ding and Wang

2008; Huang et al., 2011). The standardized SAH intensity

index and WPSH intensity index during the precipitation

period ranked first in 1981 and second in 1961, respectively.

The stronger SAH enhanced the upward movement over WC

and strengthened the convergence of the water vapor. A strong

WPSH strengthened the water vapor from the South China Sea

and the Western Pacific into WC. Both provided sufficient

dynamic and thermodynamic conditions for heavy

precipitation. The occurrence and persistence of the super

Mei-Yu in June and July 2020 are mainly due to the

strengthening and westward expansion of the WPSH, a

positive-phase Pacific–Japan (PJ) pattern and a mid-

troposphere “two ridge–one trough” pattern over Asia (Qiao

et al., 2021). In addition, the development of La Niña sustained

the large-scale circulation, which leaded to the continuous

development of the super Mei-Yu. The development and

maintenance of large-scale circulation during Mei-Yu period

played a positive role in the extreme precipitation in August

over WC. The diabatic heating, transient energy, and wave

activity fluxes generated by ultra-strong Mei-Yu may affect the

precipitation of large-scale circulation factors and WC. Here is

a possibility of the influence of Mei-Yu on the extreme

precipitation in WC. The specific influencing mechanism

needs to be further studied. In addition, the SST warming

anomalies over the Tropical Indian Ocean enriched and

extended the super Mei-Yu in the Yangtze river basin in

2020 (Qiao et al., 2021; Zhou et al., 2021). The warming of

the Indian Ocean SST also plays an important role in the

extreme precipitation in August 2020 over WC, which needs

further study.

This study represents a persistent heavy precipitation

event in WC that occurred in August 2020. Several avenues

for future work exist to understand these extreme

precipitation events. We remain unsure of the exact drivers

of 10-day persistent heavy precipitation, such as MCSs and

synoptic isotropic ascent (Schumacher and Johnson 2004).

The occurrence probability of events with an intensity

exceeding that of the event of August 10–20 and whether it

will increase with global warming in the future requires

further investigation.
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