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Abstract The relationship between vegetation on the
Tibetan Plateau (TP) and summer (June—August) rainfall in
China is investigated using the normalized difference
vegetation index (NDVI) from the Earth Resources
Observation System and observed rainfall data from sur-
face 616 stations in China for the period 1982-2001. The
leading mode of empirical orthogonal functions analysis
for summer rainfall variability in China shows a negative
anomaly in the area from the Yangtze River valley to the
Yellow River valley (YYR) and most of western China,
and positive anomalies in southern China and North China.
This mode is significantly correlated with summer NDVI
around the southern TP. This finding indicates that vege-
tation around the southern TP has a positive correlation
with summer rainfall in southern China and North China,
but a negative correlation with summer rainfall in YYR and
western China. We investigate the physical process by
which vegetation change affects summer rainfall in China.
Increased vegetation around the southern TP is associated
with a descending motion anomaly on the TP and the
neighboring area to the east, resulting in reduced surface
heating and a lower Bowen ratio, accompanied by weaker
divergence in the upper troposphere and convergence in the
lower troposphere on the TP. In turn, these changes result
in the weakening of and a westward shift in the southern
Asian High in the upper troposphere and thereby the
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weakening of and an eastward withdrawal in the western
Pacific subtropical high. These features result in weak
circulation in the East Asian summer monsoon. Conse-
quently, enhanced summer rainfall occurs in southern
China and North China, but reduced rainfall in YYR.

1 Introduction

The nature of vegetation—climate interaction has been a
focus of studies on climate sensitivity in the past two
decades (Dickinson et al. 1998; Wang et al. 2007). It is
known that the distribution of natural vegetation is gov-
erned by climate via factors such as precipitation, tem-
perature, light, and CO, concentration (Nemani et al.
2003). Furthermore, recent studies have indicated that
vegetation provides a feedback to climate via surface
albedo, soil moisture, evapotranspiration via the exchange
of heat and water, and other factors (Pielke et al. 1998;
Kaufmann et al. 2003). Because the persistence of vege-
tation “greenness” is longer than 1-2 months, changes in
terrestrial vegetation affect atmospheric circulation per-
sistently, thereby modifying local, regional, or global cli-
mate at diurnal, seasonal, and long-term scales (Dickinson
and Henderson-Sellers 1988; Lim et al. 2008).

The feedback of vegetation on temperature is compli-
cated because of spatial variations in climate. For example,
the northward expansion of grasslands over the southern
Sahara and Arabian deserts may lead to local cooling
(Foley et al. 1998). A cooling of about 1.8 K in northern
latitudes during the growing season and a slight warming
during the winter were associated with increased values
of the normalized difference vegetation index (NDVI)
(Bounoua et al. 2000). Liu et al. (2006) reported a signi-
ficant positive correlation between surface temperature
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anomalies and vegetation of the preceding month over
boreal regions of southern Canada/northern United States,
using a simple statistical method (Frankignoul et al. 1998).
Finally, the vegetation feedback on precipitation has been
found to be positive under wet soil-moisture anomalies
during summer (Kim and Wang 2007).

The relationship between vegetation change and the East
Asian climate has also received attention in recent years.
For example, the desertification of Inner Mongolian
grasslands has shown a marked increase during the past
40 years, which could weaken monsoonal circulation and
reduce local rainfall (Xue 1996). A recent increase in the
frequency of flood events within the Yangtze—Huaihe River
valleys and intensification of droughts in North China may
reflect the joint effects of desertification and degradation of
northern grassland and southern evergreen broadleaf for-
ests (Zheng et al. 2002). Zhang et al. (2005) showed that
change in vegetation cover over northern China and sur-
rounding areas has a significant influence on summer pre-
cipitation over China. Based on a numerical model, Chen
et al. (2009) simulated the impact of different types of
vegetation cover in western China on regional circulation.
The authors found that anomalous anti-cyclonic circulation
is centered over mid-latitude Asia, resulting in increased
rainfall occurred over northwestern China in the 1990s
relative to the 1970s.

The Tibetan Plateau (TP), which has an average altitude
of about 4,000 m and acts as an elevated heating source in
summer, plays an important role in atmospheric circulation
via orographic and thermal forcings (e.g., Ye and Gao
1979; Ye and Wu 1998). Interannual and inter-decadal
variability in the Asian summer monsoon and rainfall are
closely related to anomalous heating over the TP (Li and
Yanai 1996; Zhao and Chen 2001a, b). With the melting of
snow and increasing temperature over the TP during the
warm season, vegetation becomes denser, covering most of
the land surface and attaining a peak during the growing
season over the entire TP (Ding et al. 2007).

Previous studies have examined the influence of vege-
tation on the TP on rainfall of the East Asian monsoon. For
example, Wang et al. (2009) examined the inter-decadal
relationship between Tibetan vegetation and rainfall over
eastern China in the boreal spring, finding that increased
vegetation on the TP could enhance (reduce) spring rainfall
north (south) of the Yangtze River. Furthermore, Hua et al.
(2008) reported that vegetation over the TP correlated with
the pattern of rainfall anomalies in China during July.
Although these previous studies noted a possible relation-
ship between Tibetan vegetation and rainfall in China, the
relevant physical processes remain unknown.

The variability of summer rainfall over China correlates
not only with ocean—atmosphere interactions, but also with
land—atmosphere interactions that play a key role in the
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anomalies of the East Asian summer monsoon and thereby in
rainfall variability over China (e.g., Yang and Lau 1998; Yu
et al. 2001; Zhu and Wang 2001; Li et al. 2002; Xue et al.
2003; Zhu et al. 2007). Consequently, it is important to
determine whether land—atmosphere interaction over Tibet
(including Tibetan vegetation) is related to variability in
summer rainfall over China. This study seeks to answer this
question based on an analysis of NDVI data collected by the
advanced very high resolution radiometer (AVHRR) housed
on board the National Oceanic and Atmospheric Adminis-
tration (NOAA) satellite, and station-observed rainfall from
the National Meteorological Information Centre of China,
with the aim of examining the relationship between the
extent of summer vegetation over the TP and summer rain-
fall in China, as well as the relevant physical mechanisms.

The remainder of this paper is organized as follows.
Section 2 describes the datasets and methods. The char-
acteristics of summer rainfall variation in China and its
relationship with vegetation over the TP are discussed in
Sects. 3 and 4, respectively. In Sect. 5, we investigate the
physical processes that underlie the influence of TP vege-
tation on rainfall. Finally, the main conclusions and a
discussion are given in Sect. 6.

2 Data and methods

Satellite remote sensing has been used in previous studies
to monitor vegetation dynamics (Tucker and Sellers 1986;
Gutman 1991). Within the leaf, radiation may be absorbed
or scattered, depending on its wavelength (Tucker and
Miller 1977); consequently, vegetation strongly absorbs
visible light, using the energy for photosynthesis, and
strongly reflects near-infrared radiation. The NDVI
exploits this response via the following equation:

L, — L
L+ L,

NDVI =

where L; and L, are the visible and near-infrared land
surface reflectance values, respectively, as obtained from
channels 1 and 2 of the AVHRR housed on board NOAA
satellites. Theoretically, NDVI values range from —1 to 1,
and are closely related to the fraction of photosynthetically
active radiation absorbed by the green parts of vegetation.
In general, increased photosynthetic activity corresponds to
higher values of NDVI. Temporal and spatial consistency
in raw AVHRR NDVI data are compromised by sensor
degradation, clouds, viewing geometry, and atmospheric
effects (Goward et al. 1991). Consequently, corrections are
applied to NDVI datasets to account for some of these
effects and to improve the spatial and temporal integrity of
the data (Los 1998). The present study analyzes monthly
NDVI data at 1° latitude x 1° longitude resolution for the
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period 1982-2001, as obtained from the Goddard Space
Flight Center. Previous studies have shown that NDVI can
be used to assess variability in Tibetan vegetation (Hua
et al. 2008; Wang et al. 2009).

Data on air temperature, winds, and geopotential heights
are from the National Centers for Environmental Predic-
tion—National Center for Atmospheric Research (NCEP-
NCAR) reanalysis version 1 output. We use empirical
orthogonal function (EOF) analysis to examine the domi-
nant modes of the summer rainfall variation in China. In
addition, correlation and composite analyses are used to
reveal the relationship between vegetation on the TP and
rainfall in China, assessed using Student’s ¢ test.

3 Summer rainfall variability in China

The EOF analysis is applied to analyze the temporal and
spatial features of summer (June—August) rainfall variation
over China for the period 1982-2001. Figure 1 shows the
first leading mode of normalized summer rainfall and
the corresponding time series. The variance percentage
explained by the first leading mode is 13.3%. The variation
in summertime rainfall in southern China and North China
has the opposite sign to that in the area from the Yangtze
River valley to the Yellow River valley (YYR) and most of
western China. In eastern China (east of 105°E), the center
of variation in summertime rainfall occurs in YYR,
southern China, and part of North China, with the maxi-
mum variation exceeding half a standard deviation.
Figure 1b show the normalized time series of the first EOF
mode of summer rainfall (hereafter RI). RI shows strong
interannual variability, with the variation exceeding one
standard deviation in eight of the 20 years.

4 Relationship between summer rainfall and vegetation
on the TP

Figure 2a shows the distribution of the correlation coeffi-
cient between RI and summer NDVI over the Asian
continent. The same data are shown in Fig. 2b, but with
inter-decadal variations filtered out. Summer rainfall in
China shows a marked positive correlation with NDVI over
the southern TP and surrounding regions. In other words,
increased NDVI around the southern TP corresponds to
more rainfall in southern China and North China, and
corresponds to less rainfall in YYR.

It should be noted that the above pattern of the summer
rainfall variation showed an inter-decadal shift at around the
early 1990s. Anomalous rainfall in southern China was
mainly negative before the 1990s, but positive afterward.
This finding is consistent with the results of Zhang et al.

(2008), who reported that the distribution of summer rain-
fall over eastern China showed a marked transformation
from the 1980s to the 1990s. However, after removing the
inter-decadal variability in RI using a nine-point smoothing
algorithm (using a 5-point smoothing algorithm at both the
ends of RI), the spatial distribution of the area with a sig-
nificant correlation in Fig. 2b is generally similar to that in
Fig. 2a. Thus, this relationship is more pronounced on the
interannual scale than on the inter-decadal scale.

To confirm the relationship between NDVI around the
southern TP and the main pattern of summer rainfall var-
iability in China, we obtained the average NDVI in the
southern TP (24°-33°N, 75°-105°E) for elevations above
1,000 m (hereafter VSTP). Figure 3 shows the normalized
time series of RI, VSTP, and rainfall averaged over
southern China (south of 27°N, east of 105°E) and YYR
(30°-35°N, 105°-120°E), respectively. The leading EOF
mode of summer rainfall represents the variability in
rainfall in both southern China and YYR, with a correlation
coefficient of 0.81 between RI and rainfall in southern
China (exceeding the 0.01 significance level) and a
coefficient of —0.74 between RI and rainfall in YYR
(exceeding the 0.01 significance level). As expected, a
marked correlation is observed between VSTP and RI
(correlation coefficient 0.72, significant at the 0.01 level).
Summer rainfall in southern China and YYR shows sig-
nificant correlations with VSTP, yielding correlation
coefficients of 0.51 and —0.58, respectively. In general,
higher VSTP corresponds to more summer rainfall in
southern China and reduced rainfall in YYR, indicating
that enhanced vegetation around the southern TP may have
a strong influence on summer rainfall in China.

Figure 4a shows the climatology of summer NDVI
around the southern TP for the period 1982-2001. It is
evident that most of the TP is covered by vegetation in
summer. We calculated composites of VSTP for 4 years
with positive anomalies (1984, 1990, 1994, and 1997) and
4 years with negative anomalies (1982, 1983, 1987, and
1998). Clearly, the differences between the high vegetation
around the southern TP (hereafter HV) years and low
vegetation around the southern TP (hereafter LV) years are
statistically significant (Fig. 4b), with the difference
exceeding 0.1 over most of the southeastern TP. Below, we
consider the physical processes by which vegetation around
the southern TP affects summer rainfall in China.

5 Relationship between atmospheric circulation
and vegetation anomalies over the TP
The Asian monsoon system is closely related to the heating

condition of the land surface over the TP. Wu et al. (2002)
suggested that near-surface heating and related vertical
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Fig. 1 a Spatial distribution of 55N
the first EOF mode of
normalized summer rainfall in
China for the period 1982-2001
(the explained variance of the
leading mode is 13.3%). b Time
series of the first EOF mode of
normalized summer rainfall. In
a, b units are one standard
deviation
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motion over the TP have important influences on the
maintenance of summer circulation over the TP. In this
section, we investigate the way in which the vegetation
anomaly over the southern TP affects circulation over East
Asia and rainfall in China.

5.1 Surface heating

To explore the effect of VSTP on atmospheric circulation,
we first examine surface heating over the TP associated
with anomalous VSTP. Figure 5a shows the composite
difference of the amount of sensible and latent heat flux
around the southern TP between HV and LV. Negative
anomalies cover most of the southern TP, with a maximum
difference of —10 W m™2. In others words, greater vege-
tation over the southern TP results in reduced surface
heating. Thus, increased vegetation acts as an extra heat
sink in summer. The amount of vegetation changes not
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only the amount of surface sensible and latent heat fluxes,
but also their relative magnitudes; i.e., the Bowen ratio
(Fig. 5b). Increased VSTP is associated with a lower
Bowen ratio over the southern TP, with a maximum dif-
ference between HV and LV of —0.4. These findings
indicate that enhanced vegetation around the southern TP is
associated with reduced surface heating and a lower Bowen
ratio, generally resulting in a colder atmosphere.

The composite difference between HV and LV in terms
of vertically integrated air temperature throughout the entire
troposphere (from 600 to 100 hPa based on the TP height)
over the southern TP is strongly negative (Fig. 6a). Thus,
increased vegetation around the southern TP is accompa-
nied by colder air in the troposphere that arises from a
change in surface heating. Furthermore, we calculated the
composite difference of longitude—height air temperature
along 30°N latitude (Fig. 6b). Clearly, increased vegetation
around the southern TP in summer is associated with a
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Fig. 2 a Spatial distribution of
the correlation coefficient
between the time series of the (@
first EOF mode of normalized S5ON
summer rainfall in China and
NDVI around the southern TP
(only the 0.2 and —0.2 isolines
are shown). b Same as in a, but
with inter-decadal variability 40N -
filtered out. In a, b the thick
green line indicates the 1,000 m
topographic contour, and the 35N
shaded areas indicate that the
correlation exceeds the 0.05
significance level (red indicates 30N A
a positive correlation; blue
indicates a negative correlation)
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significantly colder atmospheric column in the middle and
upper troposphere, consistent with the findings of Zheng
et al. (2002), who reported that air temperature decreases in
the warm season because of increased vegetation. The
present results suggest that greater vegetation in the warm
season can reduce the amount of heating at the surface,
thereby affecting the air temperature over the TP, which in
turn modulates the regional climate.

5.2 Upper-tropospheric South Asian high

In the climatology of the 100-hPa geopotential height
(Fig. 7a), the South Asia high (SAH), centered near the TP,

90E 100E 110E 120E 130E 140E
is a huge system that covers most of the subtropics in the
eastern Northern Hemisphere. Figure 7b, ¢ shows a com-
posite geopotential height chart at 100 hPa for HV and LV,
respectively. The SAH center extends westward to the Ira-
nian Plateau (60°-80°E) in HV, whereas it extends eastward
to the TP (80°~100°E) in LV. In addition, SAH is more
robust in LV than in HV. Previous numerical simulations
(Zhao et al. 2008, 2009) revealed that stronger (weaker)
heating on the TP corresponds to an increase (decrease) in
tropospheric temperature over the TP, with a stronger
(weaker) SAH and ascending (descending) motion over the
TP. Thus, in the present study, the decrease in tropospheric

temperature and associated SAH variations can be
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Fig. 3 Time series of the first EOF mode of normalized summer
rainfall in China (RI solid red line), normalized NDVI around the
southern TP (24°-33°N, 75°-105°E, elevations above 1,000 m; VSTP
solid black line), and normalized summer rainfall in southern China

(south of 27°N, east of 105°E; dashed blue line) and in the area from
the Yangtze River valley to the Yellow River valley (30°-35°N,
105°-120°E; dashed green line)

Fig. 4 a Climatology of NDVI 35N
around the southern TP in
summer for the period 1982—
2001, b composite difference
between HV and LV in terms of
NDVI in summer (interval is
0.1). Shading in b indicates that
the composite difference
exceeds the 0.05 significance
level. The thick black line in

a, b indicates the 1,000 m
topographic contour
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considered as a response of the atmosphere to reduced sur-
face heating associated with increased vegetation over the
southern TP. Previous studies reported that when SAH is in a
more westward position than normal, the East Asian summer
monsoon is weak, with less summer rainfall over YYR
(Zhao and Chen 2001a; Wu et al. 2002; Zhang et al. 2002).
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5.3 Middle- and lower-tropospheric circulation

Heating of the TP can influence the western North Pacific
subtropical high (WPSH) during summer (Zhao and Chen
2001a). Figure 8 shows a composite of 500-hPa geopo-
tential height for HV and LV, with WPSH indicated by the
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Fig. 5 Composite difference 35N T
between HV and LV in terms of \
a the amount of surface sensible
and latent heat flux (interval is
2 W m~>) and b the Bowen
ratio. Shading in a, b indicates
that the composite difference
exceeds the 0.05 significance
level. The thick black line in a,
b indicates the 1,000 m
topographic contour
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5,860, 5,870, and 5,880 gpm contours. In the case of low
vegetation, the 5,860 gpm contour extends westward
beyond 100°E, whereas in the case of high vegetation it is
confined to east of 120°E. The increase in vegetation is
accompanied by the weakening and eastward withdrawal
of WPSH. These results show that increased vegetation
corresponds to not only a more westward SAH center, but
also weakening of WPSH.

Zhao et al. (2009) reported that anomalously strength-
ened summer SAH can influence ocean—atmosphere inter-
actions in the Pacific via eastward propagation of wave
energy along the waveguide of the westerly jet stream,
resulting in an increase in upper-tropospheric geopotential
height over the subtropics of the North Pacific and in turn
an increase in low-level geopotential height over the
extratropical North Pacific. This mechanism may explain
the connection between vegetation around the southern TP
and WPSH. In other words, greater vegetation around
the southern TP corresponds to the weakening of and a
westward shift in SAH, and thereby the weakening and
eastward withdrawal of WPSH via weakening of the

85E 90E 95E 100E 105E 110E

propagation of wave energy downstream along the westerly
jet stream. Previous studies reported that a westward SAH
and a weaker, eastward WPSH are generally associated
with a negative anomaly in summer rainfall in YYR, and a
positive anomaly in rainfall in southern China (Wu et al.
2003; Zhang and Tao 2003), which is consistent with the
present results.

Climatologically, a trough extends from the TP to
southern China, deflected by the TP in the low to middle
troposphere and affected by heating in the TP (Ye and Gao
1979). Moreover, because the low-level southwest mon-
soon over eastern China appears east of the trough and west
of WPSH during summer, the trough anomaly affects the
intensity of the East Asian summer monsoon. Figure 9
shows the climatology 850-hPa geopotential height and the
composite difference of 850-hPa horizontal wind between
HV and LV. A significant northerly wind anomaly extends
from the southeastern TP to southern China, while a sig-
nificant southerly wind anomaly in North China, as well
as a strong westerly wind anomaly, occurs south of 20°N.
A cyclonic anomaly is observed over southern China and a
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Fig. 6 a Composite difference 35N
between HV and LV in terms of
the vertically integrated air
temperature from 600 to

100 hPa (interval is

500°C x kg x m™2).

b Longitude-height section of
the composite difference
between HV and LV in terms
of air temperature along 30°N
(interval is 0.4°C). Gray
shading in a, b indicates that the
composite difference exceeds
the 0.05 significance level. The
thick black line in a indicates
the 1,000 m topographic
contour and the black shaded

areas in b show topography

40E 60E

divergence anomaly occurs over YYR, which represent
favorable conditions for enhanced rainfall in southern
China and reduced rainfall in YYR. The anomalous wes-
terly over the Indian monsoon region indicates greater
water vapor transport from the Indian monsoon region to
the East Asian monsoon region, which corresponds to
reduced rainfall in YYR and enhanced rainfall in North
China (Zhang 2001).

5.4 Vertical motion

According to static equilibrium, a cold air column is
accompanied by shrinking and sinking. The lower air
temperature due to increased vegetation acts to limit the
robust ascending motion of the atmosphere over the TP in
summer. Figure 10a shows a longitude-height section of
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the composite difference between HV and LV of vertical
circulation along 30°-35°N. As expected, a significant
anomalous descending motion appears over the eastern TP
and adjacent regions to the east.

Figure 10b, ¢ shows the composite differences between
HV and LV in terms of wind and divergence at 200 and
600 hPa, respectively. In Fig. 10b, anomalous convergence
occurs over the TP (convergence centre of 5 x 1077 sfl),
consistent with the anomalous descending motion. Conse-
quently, a strong anomalous cyclonic -circulation at
200 hPa appears over the TP, Indochina, and southern
China, with its center over the southeastern TP; an anom-
alous westerly wind prevails to the south of the anomalous
centre. Meanwhile, strong anomalous divergence appears
around the Iranian Plateau, consistent with the anomalous
ascending motion over the Iranian Plateau seen in Fig. 10a.
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Fig. 7 a Climatology of 50N
summer 100-hPa geopotential

height (unit: gpm), the

composite summer 100-hPa

geopotential height (unit: gpm) 40N 4
in the case of b HV and ¢ LV
for the period 1982-2001
(intervals are 25 and 50 gpm).
Shading indicates areas in 30N -3
which the TP exceeds 3,000 m
in altitude

TN 574_1 6659—————\
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Corresponding to the anomalous upper-tropospheric
cyclonic convergence, an anomalous anti-cyclone occurs
over the TP in the low-level wind field, accompanied by
local low-level divergence anomalies (divergence centre of
15 x 1077 s~ Fig. 10c), indicating weakened low-level
convergence. Clearly, the anomalous descending motion
associated with increased vegetation around the southern
TP does not favor divergence in the upper troposphere.

140E

Consequently, both the upper-level anti-cyclonic circula-
tion and the low-level cyclone are weakened over the TP.

Figure 11 shows a latitude-height section of the com-
posite difference of vertical circulation along 100°-120°E
between HV and LV. Corresponding to increased VSTP, an
anomalous descending motion occurs in the entire tropo-
sphere over YYR, diverging at low levels. The anomalous
ascending motion occurs over 20°-30°N and 35°-40°N;
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Fig. 8 Composite of 500-hPa geopotential height (gpm) in the case of a HV and b LV (intervals are 40 and 10 gpm). Shading indicates areas in
which the TP exceeds 3,000 m in altitude

Fig. 9 Composite difference of 50N
horizontal wind at 850 hPa

(vectors; m s_l) between HV

and LV and climatology of

geopotential height (contours; 40N -
gpm) during 1982-2001. Gray
shading indicates that the
composite difference of the
meridional wind exceeds the 30N
0.05 significance level. Black
shaded areas indicate areas in
which the TP above 3,000 m in
altitude 20N

> a3 >

voy D>

i.e., the air mass over the eastern TP and neighboring southern China and North China. This pattern may lead to
regions to the east sinks down between 30°N and 35°N,  positive rainfall anomalies in the two areas, with reduced
diverging in the lower troposphere and rising up over  rainfall over YYR.
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Fig. 10 a Longitude-height
section of the composite
difference between HV and LV
in terms of vertical circulation
(zonal wind; m s™"; p-velocity;
%1072 Pa s™"). b Composite
differences in horizontal winds
(vectors; m s’l) and divergence
(contours; x 107®s7!) at

b 200 hPa and ¢ 600 hPa. Gray
shading in a indicates that the
composite difference of velocity
exceeds the 0.05 significance
level; grey shading in b, ¢
indicates that the composite
difference of divergence
exceeds the 0.05 significance
level. The black area in a shows
topography and the thick solid
line in b, ¢ is the 3,000 m
topographic contour
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Fig. 11 Latitude-height section 100 = -

of the composite difference

between HV and LV in terms of

vertical circulation (meridional

wind: m s";p-velocity: x1072 v L A a TS N N s s S

Pa s—") along 100°-120°E. The

black area shows topography.
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6 Summary and discussion

This study employed the NDVI and rainfall data for the
period 1982-2001 in examining the relationship between the
leading pattern of the summer rainfall variation over China
and vegetation over East Asia. The first EOF mode of sum-
mer rainfall in China shows a negative anomaly in YYR and
a positive anomaly in southern China and North China. This
leading pattern correlates significantly with the summer
NDVI around the southern TP. In the case of enhanced
vegetation around the southern TP, summer rainfall tends to
increase in southern China and North China, and decrease in
YYR. This relationship between vegetation and summer
rainfall is well explained in terms of atmospheric circulation.
During summer, when greater vegetation occurs over the
southern TP, surface heating and the Bowen ratio are
reduced over the TP, resulting in anomalous descending
motion over the TP, which in turn weakens the upper-tro-
pospheric divergence and lower-tropospheric convergence,
accompanied by weakening of upper-level anti-cyclonic
circulation and the development of a low-level anomalous
anti-cyclone over the TP. In turn, this leads to a westward
shift of the SAH to the Iranian Plateau, and the WPSH is
weakened and moves eastward, corresponding to weak
circulation in the East Asian summer monsoon. Corre-
sponding to higher NDVI values around the southern TP,
an anomalous northerly wind prevails over southern China
and an anomalous southerly wind occurs over North China.
The anomalous ascending motion appears in the entire
troposphere over southern China and North China, with

@ Springer

anomalous descending motion appearing over YYR. As a
result, rainfall is enhanced in southern China and North
China, and is reduced in YYR. However, our results here
are from data diagnoses. It should be noted that further
analysis with numerical experiments will be necessary to
approve the relationship between vegetation over the TP
and rainfall over China during summertime.
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