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A B S T R A C T

The relationship between the Tibetan Plateau (TP) heating and summer extreme precipitation in eastern China is
still unclear. This study shows that when the TP heating is stronger (weaker) than normal, summer extreme
precipitation tends to be more (less) over the middle and lower reaches of the Yangtze River valley. The possible
mechanisms responsible for the relationship between the TP heating and summer extreme precipitation in
eastern China are revealed by investigating the effects of the upper-level South Asian High (SAH). It is found that
positive and negative vorticity anomalies accompanied by an ascending motion anomaly occur over the TP
regions in the lower and upper troposphere, respectively, when the TP heating is stronger, resulting in the
strengthening and eastward extension of the SAH. As a result, an anomalous high-level convergence and
downward movement occur over the southeastern portion of the SAH, which then diverge in the mid-lower
troposphere, resulting in the formation of an anomalous negative vorticity from South China to the northern part
of the South China Sea. Subsequently, the western Pacific subtropical high (WPSH) intensifies and stretches
westward. Consequently, the southwestern moisture transport and moisture convergence increase over the
middle and lower reaches of the Yangtze River valley, resulting in more extreme precipitation. The eastward
extension of the SAH and westward stretching of the WPSH are maintained by the vertically inhomogeneous
distribution of precipitation heating.

1. Introduction

Climate extremes have received increased attention due to their
catastrophic impact on the ecological environment and social economy
(Changnon et al., 2000; Gao et al., 2018; Kunkel et al., 1999; Meehl
et al., 2000a; Ning et al., 2017; Zhang et al., 2017). Under the influence
of global warming, significant increases of various extreme events have
been observed over different areas during the past few decades (Meehl
et al., 2000b; New et al., 2006; Tank and Können, 2003; Wang et al.,
2017a) including a significant increase of extreme precipitation in East
Asian summer monsoon (EASM) regions (Li et al., 2012; Wang et al.,
2017b; You et al., 2011). Zhai et al. (2005) pointed out that the annual
extreme precipitation usually contributes to 30%–40% of the annual
total precipitation in China. Moreover, extreme precipitation events
have also increased in areas in which the total precipitation has in-
creased. The mean precipitation and extreme precipitation are influ-
enced by many factors such as the El Niño-Southern Oscillation (ENSO),

North Atlantic Oscillation (NAO) (Gao et al., 2017; Zhang et al., 2014),
EASM (Ding et al., 2008; Wang et al., 2008b; Zhu et al., 2011), and
western Pacific subtropical high (WPSH) (Matsumura et al., 2015; Park
et al., 2010; Ren et al., 2013; Sun and Ying, 1999; Yang and Sun, 2003).

The Tibetan Plateau (TP) thermal forcing is another important
factor that influences the Asian summer monsoon and rainfall belt in
eastern China (Duan and Wu, 2005; Hu and Duan, 2015; Wang et al.,
2014; Wu and Qian, 2003; Zhao et al., 2007). Wang et al. (2008a) in-
dicated that the TP warming enhances East Asian subtropical frontal
precipitation through two Rossby wave trains. Zhao et al. (2010)
pointed out that the increase of the snow cover in winter and spring
over the TP weakens the EASM circulation and results in an increase of
the Mei-yu rainfall over the Yangtze River valley. Duan et al. (2013)
indicated that the reduction of the sensible heat in spring over the TP
leads to a weakening of the EASM and a southward retreat of the
monsoon rainfall belt. The upper-level South Asian High (SAH) is a
powerful anticyclonic system over the Eurasian continent in boreal
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summer (Mason and Anderson, 1963). Its variations largely depend on
the diabatic heating over the TP and its surrounding regions (Wu et al.,
2007; Zhang et al., 2016). In the meantime, it greatly impacts the
precipitation anomalies in summer in eastern China (Wei et al., 2015;
Zhang et al., 2016; Zhao et al., 2009).

As mentioned above, most of the previous studies mainly focused on
the impact of the TP heating on the seasonal mean precipitation.
However, the impact of the TP thermal forcing on summer extreme
precipitation in eastern China is still unclear. Moreover, the role played
by the SAH in the effect of the TP thermal conditions on summer ex-
treme precipitation is not fully understood. In this study, we discuss the
interrelationship among the TP thermal forcing, SAH activities, and
summer extreme precipitation in eastern China and provide possible
mechanisms by which the TP heating impacts summer extreme pre-
cipitation in eastern China from the perspective of the SAH.

2. Materials and methods

2.1. Data

The data used in the present study include: European Center for
Medium-Range Weather Forecasts interim reanalysis (ERA-Interim)
data at a resolution of 2.5°× 2.5° (Dee et al., 2011); version 2.2 of the
monthly precipitation data from the Global Precipitation Climatology
Project (GPCP) at a resolution of 2.5°× 2.5° (Adler et al., 2003); and
daily precipitation data from 438 stations in eastern China from the
National Meteorological Information Center, China Meteorological
Administration. The precipitation station data have been homogenized
(Yang and Li, 2014). The research period includes the summer seasons
(Jun–August, JJA) from 1979 to 2014.

2.2. Calculation of the atmospheric heat source〈Q1〉

The apparent heat source Q1 and its column integration 〈Q1〉 are
calculated as follows (Luo and Yanai, 1984; Yanai et al., 1973):
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where cp is the specific heat at constant pressure of dry air; T is the air
temperature; V is the horizontal wind vector; κ =R/cp, where R is the
gas constant; ω is the vertical pressure velocity; θ is the potential
temperature; p and p0 are the pressure and 1000 hPa, respectively; and
pt and ps are 100 hPa and the surface pressure, respectively.

2.3. Definitions of extreme precipitation and SAH indices

According to the recommendation of the Expert Team on Climate
Change Detection and Indices (ETCCDI, http://cccma.seos.uvic.ca/
ETCCDI/indices.shtml), the summer extreme precipitation index
(R95p) is defined as the total amount of precipitation on days with a
daily precipitation larger than the 95th percentile of the JJA daily
precipitation from 1961 to 1990.

The geopotential height at 200 hPa is selected to investigate the
variations of the SAH. Following Zhang et al. (2016), the SAH intensity
is characterized by the SAH_INT index, which is defined as the sum of
the geopotential height of all grid points at which the geopotential
height is larger than 12,520 gpm. The results are consistent with the
results of Qian et al. (2002). The zonal movement of the SAH is depicted
by the SAH_EW index, which is defined as the difference between the
geopotential height averaged over Area-BD (20°–35°N, 82.5°–115°E)

and that averaged over Area-AC (20°–35°N, 50°–82.5°E) (as shown in
Fig. 3b). The meridional movement of the SAH is represented by the
SAH_NS index, which is defined as the difference between the geopo-
tential height averaged over Area-AB (27.5°–35°N, 50°–115°E) and that
over Area-CD (20°–27.5°N, 50°–115°E). Wei et al. (2015) indicated that
the southeast–northwest shift is the major feature of the SAH. To briefly
describe this movement of the SAH, the SAH_ES index is defined as the
difference between the geopotential height averaged over Area-D
(20°–27.5°N, 82.5°–115°E) and that averaged over Area-A (27.5°–35°N,
50°–82.5°E). All above mentioned indices are standardized. To high-
light the interannual variation, the least squares linear trend is removed
from each variable.

3. Results and discussion

3.1. Relationship between TP heating and summer extreme precipitation in
eastern China

Fig. 1 shows the climatological distribution of the atmospheric heat
source in summer (JJA). The atmospheric heat source is positive over
East Asia and South Asia in summer. The center of the heat source is
located over the northeastern Bay of Bengal, with the maximum value
exceeding 400Wm−2. The TP is also characterized as a heat source in
summer, with its value decreasing from southeast to northwest. How-
ever, the heat source over the TP is much weaker than that over the Bay
of Bengal. Due to the high altitude and unique geographical location of
the TP, the TP has a great thermal and dynamic effect on the East Asian
atmospheric circulation (Wang et al., 2008a; Wu et al., 2007). To depict
the thermal conditions of the TP, the TP_heat index is defined as the
regional-averaged atmospheric heat source over the central and eastern
TP (28°–38°N, 85°–103°E) (as marked in Fig. 1). Fig. 2 presents the
interannual variation of the standardized TP_heat index. Years with
standardized TP_heat index larger than 0.8 (less than −0.8) are
stronger (weaker) TP heating years. Strong TP heating years from 1979
to 2014 include 1980, 1991, 1995, 1998, 1999, 2003, 2004, 2005, and
2007 and weak years include 1983, 1984, 1986, 1994, 1997, 2002,
2011, and 2013.

Fig. 2 shows the time series of the TP_heat index and summer ex-
treme precipitation over the middle and lower reaches of the Yangtze
River valley (27.5°–32.5°N, 105°–122.5°E). On the interannual time-
scale, a positive correlation is observed between the TP_heat index and
extreme precipitation over the middle and lower reaches of the Yangtze
River valley. However, the TP_heat index has a weak relationship with
extreme precipitation over northern China (35°–40°N, 105°–122.5°E)

Fig. 1. Climatological summer (JJA) atmospheric heat source (Wm−2). The
thick solid line indicates the TP region with elevations exceeding 3000m. The
blue dashed box (28°–38°N, 85°–103°E) shows the domain used to define the
TP_heat index. (For interpretation of the references to colour in this figure le-
gend, the reader is referred to the web version of this article.)
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and southern China (20°–27.5°N, 105°–120°E) (figure omitted). The
correlation coefficients of the TP_heat index and extreme precipitation
over the middle and lower reaches of the Yangtze River valley, northern
China, and southern China are 0.45, 0.13, and−0.16, respectively,
where only the first correlation coefficient exceeds the 99% confidence
level. These results indicate that summer extreme precipitation in-
creases significantly over the middle and lower reaches of the Yangtze
River valley when the TP heating is strong. However, the variations of
summer extreme precipitation over southern and northern China are
insignificant.

3.2. Relationship between TP heating and SAH

The TP thermal forcing has a great impact on the variations of the
SAH (Duan and Wu, 2005; Wu et al., 2007; Zhang et al., 2002). In the
climatological summer, the southern part of the Eurasian continent is
controlled by the powerful upper-level SAH with the center at about
28°N and 85°E. The SAH is stronger during strong TP heating years and
the area is larger. The easternmost point of the 12,500 gpm isoline is
farther east than the climatological mean, exceeding 130°E (Fig. 3a).
However, the SAH is weaker during weak TP heating years and the area
is smaller. The easternmost point of the 12,500 gpm isoline is farther
west than the climatological mean (Fig. 3b). These results indicate that
the thermal conditions of the TP have a significant impact on the upper-
level SAH. When the TP heating is strong (weak), the SAH strengthens
(weakens) and extends (shrinks) eastward (westward).

Fig. 4 shows the longitude–altitude cross section along 30°N for the
regressions of the standardized relative vorticity and zonal circulation
onto the TP_heat index. When the TP heating is stronger than the cli-
matology, a positive vorticity anomaly occurs in the lower troposphere
and a negative vorticity anomaly occurs in the upper troposphere,
which are accompanied by an ascending motion anomaly over the TP.
Because of the TP heating anomalies, a cyclonic circulation anomaly
appears in the lower troposphere of the TP and an anticyclonic circu-
lation anomaly appears in the upper troposphere of the TP
(Krishnamurti, 1985). The anomalous anticyclone in the upper tropo-
sphere and the anomalous ascending motion are responsible for the
strengthening and eastward extension of the SAH. In addition, the ne-
gative vorticity anomaly in the upper troposphere associated with the
condensation heating over the middle and lower reaches of the Yangtze
River valley causes further eastward extension of the SAH, which will
be mentioned in the following section.

The time series of the TP_heat and SAH_INT indices are shown in
Fig. 5. The variation of the TP_heat index is consistent with that of the

SAH_INT index. However, the TP_heat index and SAH location indices
have weak relationships (figure omitted). The correlation coefficients
between the TP_heat index and SAH_INT, SAH_EW, SAH_NS, and
SAH_ES indices are 0.42, 0.16, −0.15, and 0.19, respectively, with only
the first correlation coefficient exceeding the 99% confidence level,
indicating that strong heating over the TP corresponds to an enhanced
SAH in the upper troposphere and vice versa. The thermal conditions of
the TP affect the variations of the SAH intensity more than the SAH
location. To investigate the differences of summer extreme precipita-
tion and circulation between strong and weak years of the SAH_INT

Fig. 2. Standardized time series of the TP_heat index (black line) and extreme
precipitation over the middle and lower reaches of the Yangtze River valley
(R95p_YR, blue line). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 3. 200 hPa geopotential height (gpm) in (a) strong and (b) weak years of
the TP_heat index. The thick solid line indicates the TP region with elevations
exceeding 3000m. The red dashed boxes A (27.5°–35°N, 50°–82.5°E), B
(27.5°–35°N, 82.5°–115°E), C (20°–27.5°N, 50°–82.5°E), and D (20°–27.5°N,
82.5°–115°E) in (b) show the domains used to define the SAH indices. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 4. Longitude–altitude cross section along 30°N for the regressions of the
standardized relative vorticity (shading) and vertical circulation (vectors) onto
the TP_heat index. The black shading indicates the topography along 30°N.
Stippled areas and dark vectors indicate the significance at the 90% confidence
level.
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index, nine strong years (1979, 1980, 1983, 1987, 1991, 1998, 2006,
2010, and 2014) and nine weak years (1984, 1985, 1986, 1989, 1992,
1997, 2004, 2008, and 2009) are selected for composite analyses, with
a standardized SAH_INT index time series larger than 0.6 and less than
−0.6, respectively.

3.3. Relationship between SAH and summer extreme precipitation in eastern
China

The composite difference of summer extreme precipitation in strong
and weak years of the SAH_INT index is shown in Fig. 6. There is a large
positive-anomaly region with extreme precipitation over the middle
and lower reaches of the Yangtze River valley. When the upper-level
SAH intensifies, summer extreme precipitation significantly enhances
over the middle and lower reaches of the Yangtze River valley, while
the variations of extreme precipitation are not pronounced over the
northern and southern parts of eastern China. The opposite is true when
the SAH weakens. These results demonstrate that the intensity varia-
tions of the SAH have a crucial influence on extreme precipitation in
eastern China, especially in the middle and lower reaches of the
Yangtze River valley, which is consistent with the results from Ning
et al. (2017).

The time series of summer extreme precipitation over the middle
and lower reaches of the Yangtze River valley and the SAH_INT index
are shown in Fig. 7. The SAH_INT index significantly correlates with
extreme precipitation over the middle and lower reaches of the Yangtze
River valley. The correlation coefficient is 0.43, exceeding the 99%
confidence level. This result indicates that there is more extreme pre-
cipitation over the middle and lower reaches of the Yangtze River valley
when the SAH is enhanced. However, the correlation coefficients for the
SAH_INT index with extreme precipitation over southern China and
northern China are −0.01 and 0.20, respectively. They do not exceed
the 90% confidence level, indicating that the intensity variations of the
SAH have little influence on summer extreme precipitation over
northern and southern China.

3.4. Possible mechanisms by which TP heating influences summer extreme
precipitation in eastern China

Fig. 8a presents the atmospheric heat source regressed onto the
SAH_INT index. A positive atmospheric heat source anomaly occurs
over the central and eastern TP. This indicates that the SAH in the upper
troposphere is stronger when the heat source over the TP is stronger,
which is consistent with the conclusion of Section 3.2. In addition, a
positive atmospheric heat source anomaly occurs over the middle and
lower reaches of the Yangtze River valley and a negative atmospheric
heat source anomaly occurs over northern and southern China. Fig. 8b
is the same as Fig. 8a but for precipitation. The distribution of the
precipitation anomaly in Fig. 8b is almost the same as that of the heat
source anomaly in Fig. 8a. With the strengthening and eastward ex-
tension of the SAH, excessive precipitation occurs over the middle and
lower reaches of the Yangtze River valley, which is consistent with the
results of Wei et al. (2015) and Zhang et al. (2016). However, a nega-
tive precipitation anomaly occurs over northern and southern China.
The SAH in the upper troposphere might play an important role in the
effect of the TP heating on summer precipitation anomaly in eastern
China.

With a strong SAH, the 200 hPa negative vorticity anomaly occurs
over the region between 20°N and 30°N of the Eurasian continent. A
negative vorticity anomaly appears in eastern China, resulting in the
strengthening and eastward extension of the SAH (Fig. 9a). At 500 hPa,
a negative vorticity anomaly occurs over the South China Sea and ex-
tends to the northwestern Pacific, inducing the strengthening and
westward stretching of the WPSH and further transport of southwestern
moisture to the middle and lower reaches of the Yangtze River valley
(Fig. 9b). However, in weak years of the SAH_INT index, the SAH at
200 hPa weakens and shrinks westward towards the TP and the WPSH

Fig. 5. Standardized time series of the TP_heat index (black line) and SAH_INT
index (blue line). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Fig. 6. Composite difference of extreme precipitation (shading, mm) between
strong and weak years of the SAH_INT index. Stations exceeding the 90%
confidence level are highlighted by black dots.

Fig. 7. Standardized time series of the SAH_INT index (black line) and R95p_YR
(blue line). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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at 500 hPa retreats eastward towards the northwestern Pacific (de-
picted as “moving in the opposite direction”; Tao and Zhu, 1964).

Vertical motion plays an important role in the connection between
the upper and lower troposphere (Ding et al., 2008; Liu et al., 2001).
Fig. 10a presents the regression of 200 hPa omega onto the SAH_INT
index. With a strong SAH, a 200 hPa anomalous descending motion
occurs from the northwestern South China Sea to the western Pacific
region east of the Philippines, and an anomalous ascending motion
occurs from eastern China to southeastern Japan (Fig. 10a). The des-
cending and ascending motion anomalies are superposed on the large-
scale ascending motion in eastern China associated with the land-sea
distribution (Liu et al., 2004; Wu and Liu, 2003), leading to less pre-
cipitation from northern South China Sea to South China and more
precipitation over the Yangtze River valley, respectively. The anom-
alous convergence and descending motion in the upper levels diverge in
the mid-lower troposphere over the northern South China Sea near
20°N, inducing the formation of a negative vorticity anomaly and thus
the westward extension of the WPSH (Fig. 10b). This could explain why
the SAH in the upper troposphere and the WPSH in the middle tropo-
sphere move in opposite directions at the interannual timescale.

With a strong SAH, an anomalous anticyclone occurs from the
northern South China Sea to the northwestern Pacific and an anomalous
cyclone occurs from northern China to the Sea of Okhotsk. The middle
and lower reaches of the Yangtze River valley are located in the
northwestern part of the anomalous anticyclone and southwestern part
of the anomalous cyclone. The moist warm flow from the tropical
western Pacific and the dry cold flow from the middle and high lati-
tudes converge over the middle and lower reaches of the Yangtze River
valley, which is conducive to excessive precipitation over the middle
and lower reaches of the Yangtze River valley (Fig. 11a). With a weak

SAH, the circulation pattern is nearly opposite to the stronger years of
the SAH. The northwestern Pacific is controlled by a strong cyclonic
circulation anomaly and the middle and lower reaches of the Yangtze
River valley are located over the northwestern part of the anomalous
cyclone. Divergence and northeastern flow are not favorable for ex-
cessive precipitation over the middle and lower reaches of the Yangtze
River valley (Fig. 11b). In turn, condensation heating released by pre-
cipitation results in vertical northerly shear (Liu et al., 2001), main-
taining the eastward extension of the SAH and westward stretching of
the WPSH.

To investigate the response of the daily precipitation to the SAH
intensity anomaly, cumulative distribution functions of the daily pre-
cipitation in strong and weak years of the SAH_INT index over the
middle and lower reaches of the Yangtze River valley are calculated.
We arbitrarily select a station (29°N, 115°E) to represent the middle and
lower reaches of the Yangtze River valley. In strong years of the
SAH_INT index, the mean daily precipitation is 8.5 mm, which is larger
than the mean daily precipitation (5.7 mm) in weak years of the
SAH_INT index. Moreover, compared with the cumulative distribution
functions in weak years of the SAH_INT index, the cumulative dis-
tribution functions shift towards the right side in strong years of the
SAH_INT index. This indicates a greater possibility for summer extreme
precipitation over the middle and lower reaches of the Yangtze River
valley in years with strong SAH intensity (Fig. 12). Therefore, the
probability of summer extreme precipitation events over the middle
and lower reaches of the Yangtze River valley is closely associated with
the SAH intensity anomaly, which is consistent with the results of Ning
et al. (2017).

This study mainly focuses on the role of the SAH in the effect of the
TP heating on summer extreme precipitation in eastern China. In

Fig. 8. Regressions of the standardized (a) atmospheric heat source and (b) precipitation onto the SAH_INT index. The thick solid line indicates the TP region with
elevations exceeding 3000m. Stippled areas indicate the significance at the 90% confidence level.

Fig. 9. Regressions of the standardized (a) 200 hPa and (b) 500 hPa relative vorticity (shading) onto the SAH_INT index. Composite of (a) 12,520 gpm and (b) 5865
gpm contours for strong (red) and weak (blue) years of the SAH_INT index. The thick solid line in (a) indicates the TP region with elevations exceeding 3000m.
Stippled areas indicate the significance at the 90% confidence level. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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addition to the SAH, the TP heating has a great impact on the EASM
(Duan et al., 2013). The TP heating may also affect the EASM and thus
extreme precipitation. Moreover, both the TP heating (Cui et al., 2015)
and extreme precipitation (DeFlorio et al., 2013; Donat et al., 2014)

have close connections with the NAO and ENSO, indicating that the
large-scale modes of climate variability may affect the TP heating and
thus extreme precipitation in eastern China. The underlying mechan-
isms affecting summer extreme precipitation in eastern China need to
be investigated further.

4. Conclusion

The impact of the TP heating on summer extreme precipitation in
eastern China and possible mechanisms are still unknown. The in-
vestigations presented in this study give answers for these problems.
The results show that there is more (less) extreme precipitation over the
middle and lower reaches of the Yangtze River valley when the TP
heating is stronger (weaker). Furthermore, the SAH in the upper tro-
posphere plays an important role in the relationship between the TP
heating and summer extreme precipitation over the middle and lower
reaches of the Yangtze River valley.

The mechanisms based on which the TP heating anomaly impacts
summer extreme precipitation over the middle and lower reaches of the
Yangtze River valley are summarized in the schematic diagram shown
in Fig. 13. When the TP heating is stronger than the climatology, it
directly induces a positive vorticity anomaly in the lower troposphere
and a negative vorticity anomaly in the upper troposphere, which are
accompanied by an ascending motion anomaly over the TP. This ne-
gative vorticity anomaly in the upper troposphere over the TP causes

Fig. 10. (a) Regression of the standardized 200 hPa vertical velocity (shading) onto the SAH_INT index. (b) Latitude–altitude cross section along 110°–120°E for the
regressions of the standardized relative vorticity (shading) and vertical circulation (vectors) onto the SAH_INT index. The contours in (a) indicate the composite of the
12,520 gpm isoline for strong (red) and weak (blue) years of the SAH_INT index. The thick solid line in (a) indicates the TP region with elevations exceeding 3000m.
Stippled areas and dark vectors indicate the significance at the 90% confidence level. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 11. Composite of the integrated moisture flux (vectors, kg m−1 s−1) and its divergence (shaded, 10−5 kg m−2 s−1) anomaly for (a) strong and (b) weak years of
the SAH_INT index. The thick solid line indicates the TP region with elevations exceeding 3000m. Stippled areas and dark vectors indicate the significance at the 90%
confidence level.

Fig. 12. Cumulative distribution functions of the daily precipitation over the
middle and lower reaches of the Yangtze River valley in strong and weak years
of the SAH_INT index.
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further strengthening and eastward extension of the SAH. Accompanied
by the strengthening and eastward extension of the SAH, an anomalous
convergence and descending motion occur in the upper troposphere
over the northern South China Sea, which is located to the southeast of
the SAH. On one hand, the anomalous descending motion is superposed
on the large-scale ascending motion associated with the land-sea dis-
tribution, weakening the ascending motion and reducing the pre-
cipitation from the northern South China Sea to South China. On the
other hand, the anomalous descending motion in the upper troposphere
diverges in the mid-lower troposphere, inducing the generation of a
negative vorticity anomaly from the northern South China Sea to South
China and further intensification and westward extension of the WPSH.
As a result, the southwestern moisture transport and convergent up-
ward motion intensify over the middle and lower reaches of the Yangtze
River valley. The anomalous ascending motion is superposed on the
large-scale upward motion, leading to more extreme precipitation over
the middle and lower reaches of the Yangtze River valley. In turn, the
vertically inhomogeneous distribution of condensation heating released
by the precipitation results in a northerly anomaly in the upper tro-
posphere and southerly anomaly in the lower troposphere, maintaining
the eastward extension of the SAH and westward stretching of the
WPSH.
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