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In recent years, some studies emphasized the influence of western Tibetan Plateau
summer snow on the East Asian summer precipitation. With the temperature rise in
the past decades, the snow cover over the western Tibetan Plateau in summer has
significantly decreased. This raises the question whether the impact of the Tibetan Plateau
snow has changed. The present study identifies a prominent change in the influence of the
western Tibetan Plateau snow cover on the East Asian summer precipitation. Before the
early 2000’s, positive precipitation anomalies extend from the southeastern Tibetan
Plateau through the Yangtze River to Japan and Korea and negative anomalies cover
southeast China corresponding to more Tibetan Plateau snow cover. After the early
2000’s, with the reduction of snow cover variability, below-normal and above-normal
summer precipitation occurs over northern China-Mongolia and northeast Asia,
respectively, corresponding to more Tibetan Plateau snow cover. The change in the
influence of the Tibetan Plateau snow on the East Asian summer precipitation is associated
with an obvious change in the atmospheric circulation anomaly pattern. Before the early
2000’s, the wind anomalies display a south-north contrast pattern with anomalous
convergence along the Yangtze River. After the early 2000’s, an anomalous cyclone
occupies Northeast China with anomalous southerlies and northerlies over northeast Asia
and northern China, respectively. The Tibetan Plateau snow cover variation after the early
2000’s is associated with the northeast Indian summer precipitation. The model
experiments confirm that the weakened influence of summer western Tibetan Plateau
snow cover on the East Asian atmospheric circulation and precipitation with the reduced
snow cover anomalies.
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INTRODUCTION

Snow is an important component in the global energy budget and
hydrological cycle (Barnett et al., 1989; Yasunari et al., 1991). The
snow variations have a significant influence on the climate system
and modulate regional weather and climate (Cohen and Rind,
1991; Brown, 2000; Wu and Kirtman, 2007; Ding et al., 2009; Wu
et al., 2014; Schlögl et al., 2018; Wang et al., 2019; Zhang et al.,
2020). On the other hand, the change of snow is affected by the
atmosphere, especially the air temperature (Karl et al., 1993;
Wang et al., 2018a). With rapid global warming in the past
decades, the snow cover has declined over most areas of Earth
(Bormann et al., 2018).

Due to the high altitude, the average air temperature over the
Tibetan Plateau is lower than the surrounding regions. Most areas
of the Tibetan Plateau are covered by snow in cold seasons, and
there are still snow covered regions with higher altitudes in the
summer, especially the western and southern parts of the Tibetan
Plateau (Wang et al., 2018a). Since Blanford. (1884) found the
relationship between northwest Indian summer precipitation and
the winter-spring snow on the Himalayas, a large number of
studies have analyzed the influence of the Tibetan Plateau snow
on regional weather and climate (Chen and Wu, 2000; Lin and
Wu, 2011; Xiao and Duan, 2016; Wang et al., 2017; Li et al., 2018;
Qian et al., 2019; Wang et al., 2020; You et al., 2020; Jia et al.,
2021). These studies found the impact of cold season snow over
the Tibetan Plateau on East Asian, Indian, Eurasian, and North
Americna climate variability. However, due to lack of effective
long-term observation snow data, the effect of summer snow over
the Tibetan Plateau on climate has been neglected for a long time.

In recent years, the high-resolution long-term snow cover data
over the whole Tibetan Plateau have been gradually accumulated
(Estilow et al., 2015). The influence of summer snow cover on
regional climate has been emphasized by some studies. For
instance, the Tibetan Plateau snow anomalies modulate the
East Asian summer precipitation (Wu et al., 2012; Liu et al.,
2014; Wang et al., 2018b) and influence Eurasian heatwave
frequency (Wu et al., 2016). However, the Tibetan Plateau has
experienced an obvious temperature rise in the past few decades
(Wang et al., 2008; Zhong et al., 2019), and the summer snow
cover has decreased largely over the Tibetan Plateau (Wang et al.,
2018a). Under the background of the rapid decrease of summer
snow cover over the Tibetan Plateau, whether the relationship
between the Tibetan Plateau snow cover and East Asia summer
precipitation variations has changed in the past decades is a
problem worthy of study. This has important implication as the
changes of summer precipitation over East Asia have an
important impact on the region (Wang et al., 2001; Wu and
Wang 2002).

Our analysis has identified an obvious change in the
relationship between the summer Tibetan Plateau snow cover
and East Asian precipitation. The present study presents evidence
for the change in the relationship and explores the plausible
reasons of the change. The rest of this study is organized as
follows. We describe data and methods in section 2. In section 3,
we present the change in the relationship between the western
Tibetan Plateau summer snow cover and East Asian summer

precipitation. In section 4, we analyze the effect of northeast
Indian summer precipitation on the relationship between the
snow cover and East Asian precipitation in the early 2000s. The
summary and discussion are provided in section 5.

DATA AND METHODS

This study used the Northern Hemisphere snow cover data of
version 4 (Brodzik and Armstrong, 2013), which spans the time
period from October 1966 to December 2020. The present
analysis only uses the data for the period 1973—2020 as the
snow cover data before 1973 is less reliable. The data were
acquired from the National Snow and Ice Data Center
(NSIDC) (https://nsidc.org/data/NSIDC-0046/versions/4). We
converted the weekly EASE-Grid 2.0 projection at a 25-km
spatial resolution data to monthly mean on regular 1 × 1 grids.

The monthly precipitation was obtained from the University
of East Anglia Climate Research Unit (CRU) of version 4.05
(http://www.cru.uea.ac.uk/data/) (Harris et al., 2014). The CRU
data have a spatial resolution of 0.5 × 0.5 and are available from
1901 to 2020.

The NCEP/NCAR reanalysis 1 data (Kalnay et al., 1996)
provide monthly mean geopotential heights and winds at
pressure levels from 1948 to the present. The pressure level
variables are on regular 2.5 × 2.5 grids. The NCEP-DOE
reanalysis variables were obtained from the NOAA/OAR/ESRL
Physical Science Department (https://psl.noaa.gov/data/).

This study focused on the relationship between the western
Tibetan Plateau summer snow cover and the East Asian summer
precipitation on interannual time scales. Summer refers to June-
July-August (JJA) in the present study. The component of the
interannual signal was obtained by a 9-years high pass Gaussian
filter. Linear regression, partial regression, sliding correlation, and
correlation analysis were used in the study. The significance level
of regression and correlation analysis was estimated using the
Student’s t-test.

The Community Atmospheric Model version 5.0 (CAM5), the
atmospheric component of the Community Earth System Model
(CESM), is adopted in this study to examine the response of
atmospheric circulation and precipitation to albedo changes
caused by snow cover. The CAM5 is developed by the
National Center for Atmospheric Research (Neale et al., 2010)
Atmosphere Model Working Group. The model has a 1.9 × 2.5
finite volume grid and 31 vertical levels.

RESULTS

Changes in the Relationship Between Snow
Cover and Precipitation
The snow cover over the Tibetan Plateau in summer is mainly
located in the high altitude region of the western and southern
parts, and the values of snow cover in the western part are larger
than in the southern part (Figure 1A, shaded). The interannual
variations of snow cover in the western part are more prominent
than in the southern part (Figure 1A, contour). The large

Frontiers in Earth Science | www.frontiersin.org November 2021 | Volume 9 | Article 7879712

Wang et al. Weakened Influence of Summer TPSC

https://nsidc.org/data/NSIDC-0046/versions/4
http://www.cru.uea.ac.uk/data/
https://psl.noaa.gov/data/
https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


variation of the western Tibetan Plateau snow cover has an
obvious influence on East Asian precipitation in summer
(Wang et al., 2018b). We use the area mean of interannual
western (Domain: 30°N-43°N, 69°E-80°E) snow cover
anomalies as an index (Figure 1C, blue line) to reexamine the
above relationship. Corresponding to more snow cover in the
western Tibetan Plateau, positive precipitation anomalies are
observed in central China, Japan, and Korean Peninsula, and
negative anomalies exist in southeast China, north China, and the
northeastern part of India (Figure 1B).

With the significant warming, the summer snow cover over
the western Plateau displays an obvious decrease in the past
decades (Figure 1C, black line). Would this affect the relationship
between western Plateau summer snow cover and East Asian
summer precipitation? To address this issue, we use the area
mean central China (Domain: 29°N-34.5°N, 107°E-122°E)
interannual precipitation anomalies as an index to represent
the East Asian summer precipitation (Figure 1C, brown line).
We calculate the sliding correlation between the snow cover index
and the precipitation index. Their correlation coefficient is large
before the middle 1990’s, but experiences a continue decrease
after that (Figure 1D). The result indicates that the relationship
between two indexes is unstable.

To illustrate the change in the relationship between the
western Tibetan Plateau snow cover and the East Asian
precipitation in summer, we divide the 1973—2020 period
into two sub-periods (1973—2001 and 2001—2020) to analyze
the relationship, respectively. The selection of the year 2001/2002
as the changing point is based on the following two
considerations. One is the change of standardized western
Plateau snow cover interdecadal anomalies from positive to
negative (Figure 1C, black line). The other is the large drop of
the sliding correlation between the two indexes (Figure 1D).

For the period 1973—2001, the snow cover distribution and
interannual variation are similar to the whole period, but the
values are obviously larger than the whole period (Figures 1A,
Figure 2A). Corresponding to more snow cover in the western
Tibetan Plateau, the distribution of precipitation anomalies is also
similar to the whole period, but with a larger value (Figures 1B,
Figures 2C). At the upper level, cyclonic anomalies are observed
over the western Tibetan Plateau, anticyclonic anomalies extend
from the eastern part of the Tibetan Plateau to the subtropical
western North Pacific, and cyclonic anomalies are distributed
from northeast China to east of Japan (Figure 3A). The
circulation anomalies at the lower level (Figure 3C) are
similar to those at upper level over East Asia and western

FIGURE 1 | (A) Climatological mean (shading, %) and interannual standard deviation (contour, %) of snow cover (SC) in summer over the Tibetan Plateau
for the period 1973—2020. (B) Anomalies of summer precipitation (Pre) (mm/month) obtained by linear regression against the western Tibetan Plateau summer
snow cover index for the period 1973—2020. (C) Standardized area-mean interannual (SCIA) (blue line) and interdecadal (SCID) (black line) summer snow cover
anomalies over the western Tibetan Plateau, and interannual East Asian summer precipitation (Pre) (brown line) anomalies for the period 1973—2020. (D)
Sliding correlation coefficients between the interannual western Tibetan Plateau summer snow cover index (TPSC) and interannual East Asian summer
precipitation index (Pre) with a 15-years moving window for the period 1973—2020. The dotted regions in (B) denote anomalies significant at the 95%
confidence level. The gray line in (D) denotes the 15-years sliding correlation coefficient significant at the 95% confidence level. The box covered area in (A)
denotes the domain (30°N-43°N, 69°E-80°E) of western Tibetan Plateau, same in other figures. The box covered area in (B) denotes the domain (29°N-34.5°N,
107°E-122°E) used to calculate the East Asian summer precipitation index. Curves in (A) and (B) denote the elevation of 3000 m over the Tibetan Plateau region,
same in other figures.
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FIGURE 2 | Climatological mean (shading, %) and interannual standard deviation (contour, %) of snow cover over the Tibetan Plateau for the period (A)
1973—2001 and (B) 2002—2020. Anomalies of summer precipitation (Pre) (mm/month) obtained by linear regression against the western Tibetan Plateau summer
snow cover index for the period (A) 1973—2001 and (B) 2002—2020. The dotted regions in (C) and (D) denote anomalies significant at the 95% confidence level. The
box covered area in (D) denotes the domain (21°N-31°N, 79°E-96°E) of northeast Indian region.

FIGURE 3 | Anomalies of (A,B)200 hPaand (C,D)850 hPageopotential height (hgt) (shading, gpm) andwind (vector,m/s) in summer obtainedby linear regression against
the western Tibetan Plateau summer snow cover index for the period (A, C) 1973—2001 and (B, D) 2002—2020. The scale for winds is shown at the bottom-right corner. The
black vectors denote wind anomalies significant at the 95% confidence level. The purple contours denote geopotential height anomalies significant at the 95% confidence level.
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North Pacific, indicative of a barotropic vertical structure.
Anomalous wind convergence extends from the eastern
Tibetan Plateau to east Japan (Figure 3C), corresponding to
positive precipitation anomalies (Figure 2C).

For the period 2002—2020, the area of snow cover anomalies
shrinks and the anomalous value declines, mainly located in part
of western and southeast Plateau, and its interannual variation
also decreases obviously (Figure 2B). Corresponding to positive
snow cover anomalies in the western Tibetan Plateau,
precipitation anomalies are completely different from those in
the previous period. Negative precipitation anomalies are
distributed in northern China-Mongolia and in northeast
India, and positive anomalies are distributed in southeast coast
of China and part of northeast Asia (Figure 2D). At upper level,
cyclonic anomalies are distributed over the western Plateau and
northeast Asia regions, and anticyclonic anomalies are observed
over the eastern Plateau to central China and eastern Japan
(Figure 3B). At the lower level, cyclonic anomalies are
distributed over the northeast Asia region (Figure 3D). The
southerly and northerly wind anomalies over the northeast
and southwest part of the anomalous cyclone correspond to
positive and negative precipitation anomalies, respectively
(Figures 2D, Figures 3D). Anticyclonic anomalies are seen
over the subtropical western Pacific with a northwest shift of
the location with the altitude (Figures 3B,D).

Influence of Northeast Indian Precipitation
Anomalies
During the period 2002—2020, while the snow cover anomalies
over the Tibetan Plateau are reduced obviously, atmospheric
circulation and precipitation anomalies over East Asia have
increased, which seems to be a puzzle. At the same period,

obvious precipitation anomalies are observed over northeast
India. Previous studies indicated that the north Indian
summer precipitation anomalies have a significant effect on
East Asian summer precipitation variations (Wu 2002; Wei
et al., 2015; Wu 2017). Would the northeast Indian
precipitation anomalies have an effect on the Tibetan Plateau
snow cover and East Asian precipitation during the period
2002—2020? We perform the following analysis to answer this
question.

FIGURE 4 | Sliding correlation coefficient between the interannual
western Tibetan Plateau summer snow cover index (TPSC) and interannual
northeast Indian summer precipitation index (NEI pre) with a 15-years moving
window for the period 1973—2020. The gray line denotes the 15-years
sliding correlation coefficient significant at the 95% confidence level.

FIGURE 5 | Anomalies of (A) 200 hPa and (B) 850 hPa geopotential
height (hgt) (shading, gpm) and wind (vector, m/s) in summer obtained by
linear regression against the northeast Indian summer precipitation index for
the period 2002—2020. (C) Anomalies of summer precipitation (pre)
(mm/month) obtained by linear regression against the northeast Indian
summer precipitation index for the period 2002—2020. The scale for winds is
shown at the bottom-right corner. The black vectors in (A, B) denote wind
anomalies significant at the 95% confidence level. The purple contours in (A,
B) denote geopotential height anomalies significant at the 95% confidence
level. The dotted regions in (C) denote precipitation anomalies significant at
the 95% confidence level.
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First, we analyzed correlations between the Tibetan Plateau
summer snow cover index and northeast Indian summer
precipitation index (Figure 2D, box covered area, domain:
21°N-31°N, 79°E-96°E). The correlation coefficient is −0.12 and
−0.56, respectively, in the period 1973—2001 and 2002—2020.
The correlation coefficient in the second period is significant at
the 95% confidence level. The sliding correlation shows that the
negative correlation between the two indices continues to
increase after the eary 2000’s (Figure 4). The result confirms
that the Tibetan Plateau snow cover and the northeast Indian
precipitation in summer have a significant negative correlation
for the second period.

To illustrate whether the northeast Indian precipitation
anomalies influence the East Asian precipitation and the
western Tibetan Plateau snow cover changes for the period
2002—2020, we regressed the geopotential height and wind
anomalies at 200 hPa and 850 hPa, precipitation and snow
cover anomalies against the northeast Indian summer
precipitation index. The above-normal precipitation over the
northeast India is accompanied by anomalous heating that
induces an anomalous lower-level cyclone over the Arabian
Sea and western India and an anomalous upper-level
anticyclone to the west of the Tibetan Plateau (Figures 5A,B),
which is consistent with Rodwell and Hoskins. (1996). The
perturbed atmosphere in turn induces downstream
atmospheric circulation anomalies extending to East Asia.

Corresponding to positive northeastern Indian precipitation
anomalies, anticyclonic anomalies are observed over
northeast Asia, and cyclonic anomalies are distributed over
the eastern Tibetan Plateau and east of Japan at the upper level
(Figure 5A). At the lower level, there are anticyclonic
anomalies off the coast of eastern China and over northeast
Asia, and cyclonic anomalies exist east of Japan (Figure 5B).
The above circulation anomalies are very similar to those
obtained by regression against the western Tibetan Plateau
snow cover index except for opposite anomalies (Figures 3B,D
and Figures 5A,B). The precipitation anomalies also have
similar (opposite) features (Figure 2D and Figure 5C).
Above normal northeast Indian precipitation is also
accompanied by reduced snow cover over the western
Tibetan Plateau (figure not shown). The results further
illustrate the negative relationship between the Tibetan
Plateau snow cover and northeast Indian precipitation.

To examine the effect of northeast Indian precipitation
anomalies in the change of the relationship between the
western Tibetan Plateau summer snow cover and East Asian
precipitation around the early 2000’s, we perform a partial
regression analysis. After removing the northeast Indian
precipitation signal, corresponding to positive snow cover
anomalies, weak cyclonic anomalies exist over the
southwestern Tibetan Plateau, cyclonic anomalies are located
over Northeast China, positive geopotential heights anomalies

FIGURE 6 | Anomalies of (A, B) 200 hPa and (C, D) 850 hPa geopotential height (hgt) shading, gpm) and wind (vector, m/s) in summer obtained by linear
regression against the (A, C)western Tibetan Plateau summer snow cover index and (B, D) northeast Indian summer precipitation index for the period 2002—2020 with
the (A, C) northeast Indian summer precipitation signal and (B, D) western Tibetan Plateau summer snow cover signal removed. The scale for winds is shown at the
bottom-right corner. The black vectors denote wind anomalies significant at the 95% confidence level. The purple contours denote geopotential height anomalies
significant at the 95% confidence level.
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extend southern China to subtropical western North Pacific at the
upper level (Figure 6A). The distribution of circulation anomalies
at the upper-level displays differences from the pattern against the
snow cover index in the second period (Figures 3A, Figures 6B),
but somewhat similarity to the pattern against the snow cover
index in the first period with lower significance of circulation
anomalies (Figures 3A, Figures 6A). At the lower level, the
circulation anomalies over East Asia are also similar to the
pattern against the snow cover index in the first period
(Figures 3C, Figures 6C). The above analysis implies that
when the northeast Indian precipitation signal is removed the
influence of the western Tibetan Plateau snow cover anomalies on
the East Asian atmospheric circulation in the second period is
similar to the first period, but the influence is weakened.
However, after removing the northeast Indian precipitation
signal, the precipitation anomalies over eastern China and
northeast Asia are similar to those when the signal is not
removed, but the magnitude of precipitation anomalies
decreases (Figures 2D, Figures 7A). When the snow cover
signal is removed, the circulation anomalies at both the upper
and lower levels are similar to those when the signal is not
removed, but the level of significance decreases (Figures 5A,B
and Figures 6B,D), and the precipitation anomalies are weak
over East Asia (Figure 7B). From the above analysis, we can
conclude that with the snow cover variation reduced in the
second period, the influence of summer western Tibetan
Plateau snow cover on the East Asian atmospheric circulation
and precipitation becomes weaker, the snow cover anomalies are
influenced by the precipitation changes over the northeast India,
and especially the atmospheric circulation anomalies which are
related to the Tibetan Plateau snow cover anomalies are mainly
affected by the northeast Indian precipitation change.

Model Simulation for the Different Snow
Cover Status
To verify the influence of more and less snow cover anomalies
over the western Tibetan Plateau on East Asian precipitation
changes, we perform numerical experiments using CAM5. One
control run and two forcing runs are conducted in the study. In
the control run, which serves as a reference for the forcing runs,
climatological monthly SST for the period 1981—2010 is
specified in the global oceans and the surface albedo is
calculated by the model itself. In the forcing runs, the surface
albedo is calculated by the model itself except for the western
Tibetan Plateau in summer. Over the western Tibetan Plateau in
summer, when the albedo is lower than 0.8, it is reset to a fixed
value of 0.8 in the high albedo forcing run to represent features of
more snow over the western Tibetan Plateau (Figure 8A), and
when the albedo is higher than 0.3, it is reset to a fixed value of 0.3
in the low albedo forcing run to represent features of less snow
over the western Tibetan Plateau (Figure 8B). The albedo over 0.8
is nearly fresh snow surface albedo, and less than 0.3 is nearly dry
bare ground surface albedo (Cohen and Rind, 1991). In all the
experiments, the model is integrated for 15 years. The differences
of geopotential height, wind, and total precipitation in summer
between forcing runs and control run averaged for the last

14 years represent the model response to more and less snow
over the western Tibetan Plateau.

In the higher albedo forcing run, at the upper level, cyclonic
anomalies exist over the western Plateau and northeast Asian
regions, and anticyclonic anomalies are observed over the eastern
Plateau region (Figure 8C). The pattern of circulation anomalies
is similar to that against the snow cover index for the period
1973—2001 (Figures 3A, Figure 8C). At the lower level, positive
geopotential height anomalies are distributed north of the Plateau
and over eastern Japan (Figure 8E). The precipitation anomalies
display a spatial pattern similar to the observations, but the
positive anomalies over East Asia shift northward compared to
the observations (Figures 2C, Figure 8G). In the lower albedo
forcing run, both the atmospheric circulation and precipitation
anomalies are weaker than those in the higher albedo forcing. The
upper-level circulation response at the mid- and low-latitude is
weak, and positive geopotential height anomalies are distributed
north and northeast of the Tibetan Plateau (Figure 8D). At the
lower level, weak positive geopotential height anomalies exist in
most areas of the continent, and cyclonic anomalies are located
off the east coast of China (Figure 8F). Weak positive
precipitation anomalies are distributed over the eastern
Plateau and North China, and negative precipitation anomalies

FIGURE 7 | Anomalies of summer precipitation (pre) (mm/month)
obtained by linear regression against the (A)western Tibetan Plateau summer
snow cover index and (B) northeast Indian summer precipitation index for the
period 2002—2020 with the (A) northeast Indian summer precipitation
signal and (B) western Tibetan Plateau summer snow cover signal removed.
The dotted regions in (A) and (B) denote anomalies significant at the 95%
confidence level.
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FIGURE 8 | Model (A) higher and (B) lower albedo forcing pattern. The model response of (C, D) 200hPa and (E, F) 850hPa geopotential height (hgt) (shading,
gpm) and wind (vector, m/s) and (G, H) precipitation (pre) (mm/month) to (C, E, G) higher and (D, F, H) lower albedo forcing. The scale for winds in (C–F) is shown at the
bottom-right corner.
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extend from southern to eastern China (Figure 8H). The model
results further illustrate that after the snow cover is reduced over
the western Tibetan Plateau, its influence on the atmospheric
circulation and precipitation over East Asia is also weakened.

SUMMARY AND DISCUSSIONS

The snow cover over the Tibetan Plateau has an important
influence on regional and global climate. Most of the previous
studies mainly concerned the impacts of cold season snow
anomalies. The effect of summer snow cover anomalies over
the Tibetan Plateau has been neglected. In recent years, some
papers emphasized the effects of summer Tibetan Plateau snow
cover changes on regional climate, especially on the East Asian
summer precipitation. With the significant warming over the
Tibetan Plateau, the snow cover over the Plateau has an obvious
decreasing trend, accompanied by a reduced variability. The
present study addresses the question whether the influence of
the Tibetan Plateau snow cover changes on the East Asian
precipitation has changed with the snow decrease by
conducting the statistical analysis and model simulation.

The snow cover over the Tibetan Plateau in summer has an
obvious connection with the summer precipitation over East
Asia. However, their relationship has a significant decrease in
the past decades from the obvious positive correlation before the
early 2000s. Then, we divide the 1973—2020 period into two sub-
periods, 1973—2001 and 2002—2020, to analyze the changes of
influence of more and less snow conditions over the western
Tibetan Plateau on East Asian summer precipitation.

In the first period, positive snow cover anomalies over the
western Tibetan Plateau induce cyclonic anomalies over the
western Tibetan Plateau and northeast Asia to eastern Japan,
and anticyclonic anomalies over the eastern Tibetan Plateau to
the subtropical western North Pacific at the upper level, similar to
the previous study (Wang et al., 2018b). The circulation
anomalies have a barotropic vertical structure over East Asia.
The circulation anomalies cause positive precipitation anomalies
from the eastern Tibetan Plateau through the Yangtze River to
Japan, and negative precipitation anomalies over southern China.

In the second period, with the snow cover decrease over the
western Tibetan Plateau, the variability of snow cover is also reduced.
However, corresponding to positive snow cover anomalies, more
significant cyclonic anomalies are observed over the western Tibetan
Plateau and northeast Asian regions, and anticyclonic anomalies
exist over the eastern Tibetan Plateau and eastern Japan at the upper
level. The barotropic vertical structure is observed over East Asia
region as well. The negative precipitation anomalies are distributed
over northern China-Mongolia and northeast India, positive
anomalies are observed over the coastal area of southeast China
and part of northeast Asia. The precipitation anomalies over
northeast India are very significant.

Our analysis reveals a significant negative relationship
between the snow cover over the western Tibetan Plateau and
northeast Indian precipitation in the second period.
Corresponding to positive northeast Indian precipitation
anomalies, the circulation anomalies are very similar to those

against the snow cover index. Partial regression analysis indicates
that the influences of the Tibetan Plateau snow cover anomalies
on atmospheric circulation over East Asia are largely modulated
by the northeast Indian summer precipitation changes.

The CAM5 experiments verify the observational results. With
the higher albedo forcing, the response of upper-level
atmospheric circulation and precipitation over East Asia is
similar to the observations related to the snow cover index in
the first period. With the lower albedo forcing, there is a
significant reduction of atmospheric circulation and
precipitation response over East Asia compared with the
higher albedo forcing. So, the model simulation further
illustrates the change in the influence of the western Tibetan
Plateau snow cover on the East Asian precipitation following the
decrease of snow cover under global warming.

The present analysis revealed that the influence of the summer
western Tibetan Plateau snow cover on East Asian atmospheric
circulation and precipitation changes depends upon the
magnitude of snow cover variability. Reduced snow cover may
be accompanied by a different atmospheric circulation and
precipitation response over East Asia, resulting in changes in
the relationship between the Tibetan Plateau snow cover and East
Asian summer climate. This indicates an effect of global warming
on the Tibetan Plateau snow impacts.

The East Asian atmospheric circulation changes subject to
influences of other factors, e.g., the sea surface temperature (SST)
anomalies in the tropical Indo-Pacific region. It is possible that
the Tibetan Plateau snow cover-East Asian precipitation
relationship may be modulated by the tropical Indo-Pacific
SST anomalies. Further investigation is needed to understand
the contribution of the SST forcing and its cooperation with the
Tibetan Plateau snow effects in the East Asian climate variability.
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