Vol.19 No .4

JOURNAL OF TROPICAL METEOROLOGY

Article ID: 1006-8775(2013) 04-0375-13

R

ELATIONSHIP BETWEEN WINTERTIME THERMAL CONTRAST OVER
THE ASIAN CONTINENT AND THE CLIMATE IN CHINA

LIANG Hong-li (24T i), YAN Hong-ming (‘241 #)’, XU Yan-yan (YFEHi), DUAN Wei (B )’

(1. Yunnan Meteorological Observatory, Kunming 650034 China; 2. Climate Center of Yunnan, Kunming
650034 China; 3. Meteorological Science Institute of Yunnan, Kunming 650034 China)

Abstract: Recent studies indicated that except for the land-sea thermal contrast, there also existed the
land-land thermal contrast. The composite analysis and #z-test method are used to further study the local
thermal contrast variation over the Asian continent, and to discuss the association of seasonal variation of
land thermal state with circulation over East Asia, the early summer and summer monsoon activity, and the
precipitation anomaly in China in the decadal scale. Results show that the positive meridional temperature
anomaly transports downward from upper tropospheric layers in middle-high latitudes north of 25°N in the
positive years. In the zonal direction, the Tibetan Plateau heating in the successive spring acts as a force to
influence the atmosphere, leading to the rapid temperature warming over eastern Chinese continent, which
could increase the land-sea thermal contrast with the negative SSTA. Accordingly, the monsoon activity in
early summer over East Asian establishes earlier and the summer monsoon intensity becomes stronger. The
early summer precipitation is more-than-normal over the Yangtze River, and the summer precipitation is
more-than-normal over the north China and the southwest China. The situation is contrary in the negative
years.

Key words: land-sea thermal contrast; t-test method; Asian continent; monsoon activity; circulation;

December 2013

precipitation anomaly

CLC number: P461.2 Document code: A

1 INTRODUCTION

The land-sea thermal contrast resulting from
land-sea distribution plays an important role in the
conversion of monsoon circulation!" 2. Many works
have investigated the effects of meridional land-sea
thermal contrast over East Asia on the formation of
the tropical monsoon'> #!, especially the thermal and
dynamic influence of the Tibet Plateau. Zhang et al.!]
and Qian et al.' were the first people to discuss the
effects of zonal land-sea thermal contrast on summer
monsoon. Recently, Qi et al.'”) analyzed the seasonal
characteristics of zonal land-sea thermal contrast
between East Asian continent and the western Pacific,
and suggested that thermal contrast’s seasonal cycle
resulting from solar radiation was the most possible
reason for independent existence of subtropical East
Asian monsoon. He et al.!® further proposed that the
foundation of tropical summer monsoon was mainly
dependent on the variation of meridional land-sea
thermal contrast, and subtropical monsoon was more
dependent on the reversion of zonal land-sea thermal
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contrast over East Asia, meanwhile he claimed that
seasonal transition of zonal land-sea thermal contrast
between the Asian continent and western Pacific was
important to both East Asian subtropical and tropical
summer monsoons.

Sea surface temperature anomaly (SSTA) in the
tropical ocean, a main energy region, is an important
factor in climate change. El Nino-southern oscillation
(ENSO) in the tropical ocean is one of the strongest
signals of interannual climate anomaly, and many
researches have focused on its variation and impact
since 19802 In the last decade, dipole-like SSTA
in tropical Indian Ocean and its effect on climate has
been widely studied and become a hot issue in
meteorological studies!>"). As another factor,
thermal anomaly in land is also of the same
importance to monsoon formation and climate
change®'?*.  Tang et al!® investigated the
relationship between surface temperature and summer
precipitation in China, and the results showed that the
variation of surface temperature in winter is closely
related to the precipitation in the following summer.
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Cheng et al.*®! claimed that the variation of strength

and location of the subtropical high over western
Pacific is related with not only the SST but also
surface temperature in the Asian continent. Tian et
al.’”) proposed that the surface temperature in Tibet
Plateau is closely related with the variation of rain
belt location in China, especially in May. The Asian
continent is the largest land and its thermodynamic
property has great diversity in different areas. Based
on the NCEP/NCAR reanalysis data from 1948 to
2000, Yan et al.”?®! noticed that the decadal variation
of surface temperature over FEastern Asia and
Southern Asia is much different and there are also
evident decadal characteristics with the variation of
monsoon circulation, 500 hPa height field, and air
temperature from low to high level.

To deeply understand the characteristics of
regional thermal contrast over the Asian continent and
their impact on monsoon and climate, we further
analyzed, based on the NCEP/NCAR reanalysis data
from 1950 to 2008, the seasonal variation of
meridional and zonal land thermal contrast in different
thermodynamic anomaly years, and its relationship
with the thermal contrast in meridional and zonal
vertical circulation during the early summer and
summer in East Asia, monsoon activity, precipitation
during early summer and flood seasons in China.

2 DATA AND METHODS

The data used in the work are (1) the
NCEP/NCAR 2.5°x2.5° monthly reanalysis from
1950 to 2008, including air temperature, vertical
velocity and horizontal wind, and (2) surface
temperature and precipitation of 160 stations in China.
Because early summer is a key season of monsoon
transition, the early/late onset of monsoon has a close
relationship to the rainfall variation during the
annually first rain season in Southern China and
precipitation in the beginning stage of Yunnan’s rainy
season. The monthly mean from December to the
following February represents the winter, the monthly
mean from March to April represents the spring, May
represents the early summer, and the monthly mean
from June to August represents the summer. The
climatological mean takes a 30-year average from
1961 to 1990.

To express the difference between extreme and
general climatic years, the t-test method is used®”.
Set m the general year and n the extreme year, and the
means of a particular meteorological element are

denoted by x° and x* respectively,
xf—x" o
t= ﬁ obeys the ¢-distribution and the
s(—+—)?
n m

degree of freedom is n+m—2, the unbiased estimator
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of difference variance is 52
n — m —
z (xf =x) + Z (x =x“)’
g2 = il =] , where x° and x*
n+m-2

denote the elements in general and extreme years
respectively.

3 THERMAL CONTRAST OVER THE ASIAN
CONTINENT IN WINTER AND
ATMOSPHERIC CIRCULATION
ANOMALIES

The EOF analysis method is used to analyze
winter surface temperature over Eurasia, and the
results show that its spatial distribution has two
principal modes; the first mode (with a total variance
contribution of 47%) reflects, to a certain extent, the
thermal difference over the North and South Eurasia,
and the second mode (with a total variance
contribution of 15%) indicates that the surface
temperature over Northeast and South Asia has
significantly opposite variation. It 1is closely
connected with South and East Asian monsoon on the
decadal scale. In this paper, we further discussed the
variation characteristics of surface temperature over
Northeast and South Asia and the relationship with
atmospheric circulation changes.

3.1 Characteristics of wintertime thermal contrast
over the Asian continent

Following Yan et al.”®!, we defined a thermal
contrast index with surface temperature difference
between South Asia (15-30°N, 75-100°E) and
Northeast Asia (30-50°N, 100-130°E). Fig. la
presents the variation and 11-year running means of
the thermal contrast index for the winters in South-
Northeast Asia from 1950/1951 to 2007/2008. We
can see that thermal difference is relatively large and
the surface temperature over South Asia is 3.5C
higher than that of Northeast Asia in 1952/1953,
1954/1955, and 1956/1957. However, it is 2.0C
lower than that of Northeast Asia in 1991/1992,
1992/1993, 1994/1995, 1996/1997, and 2006/2007.

During the past 58 years, the thermal variation
over South and Northeast Asia exhibits significant
interdecadal features. The index is positive in
1950/1951-1971/1972, but negative in
1972/1973-2007/2008. The analysis with discrete
power spectrum verifies that its most significant
periodic variation is in the decadal scale with a
remarkable period of 14.7-year (Fig. 1b). Following
the observation, Mu et al.®” pointed out that the
atmospheric  circulation variation has distinct
interdecadal characteristics, manifesting
quasi-periodical oscillations of both 10-20 years and
more than 30 years. The periodic variation is
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generally consistent with that of thermal difference

over Eurasia.
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Figure 1. (a) Histogram and curve of 11-year running means of disperse power spectrum and (b) winter thermal contrast index in

the Asian continent from 1950/1951 to 2007/2008.

3.2 Characteristics of wintertime circulation in the
years of positive and negative index

When the East Asian winter monsoon builds up,
the cold air intrudes southward with the northeast gale
extending to the lower latitude. In general, the
anomalous variations of meridional wind at 850 hPa
can explain the strong northerly associated with cold
air bursting from higher latitudes®. Fig. 2a and 2b
show the composite of winter wind anomaly at 850
hPa and t-test distributions in positive and negative
categories. The changes in the wind field are quite
different in the two categories. Precisely, the evident
northerly is prevailing over the coastal area of East
Asian mainland in the positive years, and then it flows
through Indochina Peninsula (IP) to extend southward
to the northeastern Bay of Bengal (BOB). The
difference of wind variation is significant in Hunan,
Hubei and northeastern BOB. There is abnormal
anticyclonic circulation over the Mongolia and the
northern BOB, whereas the anomalous cyclonic
circulation is over the South China Sea (SCS).
Contrarily, the middle-lower Yangtze valley is
occupied by an abnormal cyclonic circulation in the
negative years and there is anomalous southerly to the
north that does not pass the significance test.

Simultaneously a significant cyclonic anomaly
appears over the northern BOB.
The winter monsoon onset process is

characterized by cold air advancing from north to

south resulting in both strengthened northerly and
decreased temperature. Therefore, the anomaly of land
surface temperature also can describe the strength of
winter monsoon. It can be mutually verified by
comparing the observation from stations (Fig. 3a and
3b) with NCEP/NCAR reanalysis (Fig. 3c and 3d)
datasets. The anomalous surface temperature
distribution of 160 stations indicates that the
difference of interdecadal wvariation of winter
temperature is significant over the Chinese mainland.
In the positive group, the temperature anomaly over
the Chinese mainland is negative except the
southwestern region, and a significance level of more
than 95% is in parts of Inner Mongolia, Great Bend of
Yellow River, Northeastern and Northwestern China,
where the anomalous temperature is distinctly lower
(Fig. 3a). In the negative group, the temperature
anomaly is positive over most of Chinese mainland
with a significance level of greater than 95% in most
areas. Especially, the centers of abnormal temperature
with the significance level greater than 99% are
situated in parts of the middle-lower Yangtze basin,
Northeastern and Northern China, coast of Southern
China and Southwestern China (Fig. 3b). In addition,
the composite results obtained from reanalysis
datasets (Fig. 3c and 3d) demonstrate that, in the
positive category, the surface temperature anomaly is
significantly negative over Eastern China and positive
over South Asia. In the negative group, however, the
surface temperature anomaly is positive in the eastern
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part of East Asia but negative in South Asia. The confirming the consistent spatial structure and
surface temperature anomaly is significant to the north interdecadal characteristics of surface temperature
of Yangtse River. The composite, based on the two anomaly in the positive and negative categories.

kinds of datasets, could produce similar results,
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Figure 2. (a) Positive and (b) negative index years of composite winter wind anomalies at 850 hPa (units: m/s) and significant areas
of #-test (shading stands for significance level, light shade: =0.05, dark shade: 0=0.01).
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Figure 3. Composite fields of positive and negative index years of winter surface temperature anomaly (units: ‘C) made with records
from 160 stations in China (a, b) and NCEP/NCAR reanalysis data (c, d) and significant areas of #-test (other captions as in Fig. 2).
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4 RELATIONSHIPS OF LOCAL THERMAL
CONTRAST CHANGES WITH THE
MERIDIONAL AND ZONAL
CIRCULATION

As seasonal variation of land-sea thermal contrast
is one of the important factors influencing the
monsoon onset, the relationships of the variation of
local thermal contrast with the meridional and zonal
circulation will be further discussed in this section.

4.1 Anomalies of thermal contrast

In East Asia, the variation of meridional land-sea
thermal contrast plays a crucial role in monsoon
circulation. Fig. 4 shows the 110-115°E averaged
pressure-latitude cross section of air temperature
anomalies in winter, the following spring, early
summer and summer, respectively. In the positive
group, the significant anomalies of air temperature are
positive in the middle and high latitudes to the north
of 25°N in the upper troposphere, but negative on
middle and lower levels (35-55°N). In this period, air
temperature anomalies are negative over the tropical
ocean, and the meridional land-sea thermal difference
in the lower troposphere is not noticeable in winter
(Fig. 4a). In spring, a negative anomaly area shrinks
in the middle and high latitudes of lower troposphere,

and the positive anomalies of air temperature occur
near 30°N. The air temperature anomalies are positive
at the middle and high Ilatitudes of mid- and
upper-troposphere and gradually extend toward lower
latitudes on the lower level, but they are significantly
negative in the tropical marine area (Fig. 4b). In early
summer, the air temperature anomalies are positive
below 200 hPa over the East Asian continent but
negative above it, and the tropical marine area is
controlled by negative anomalies (Fig. 4c). In summer,
positive anomalies are enhanced significantly in the
middle and high latitudes of East Asia, accompanied
by the maximum of about 2.0°C, and the significant
area expands, implying that the thermal effect is
stronger than that of the previous period. In the
middle and low latitudes, the air temperature
anomalies still remain negative (Fig. 4d). In a word, in
the positive category, the air temperature changes
from cold to warm in the East Asian continent from
winter to summer, and the positive anomalies of air
temperature expand downward from the upper
troposphere to the area north of 25°N, but they always
maintain negative in the tropical marine area. The
seasonal variation of land thermal effect is evidently
stronger than that of the ocean. In summer, the
meridional land-sea thermal contrast is enhanced to
favor the strengthening of East Asian monsoons.
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Figure 4. Positive (a—d) and negative (e—h) index years of height-latitude section composite fields of temperature anomaly in
110—115 °E from winter to the successive summer (‘C, from top to bottom), and significant areas of z-test (other captions as in Fig.

2).

In the negative category, the air temperature
anomalies are mainly negative in winter in the upper
troposphere to the north of 25°N, but positive on
middle and low levels. On the tropical marine area
they are positive in the lower troposphere with
significance greater than 99% (Fig. 4e). From spring
to summer the negative anomaly area in the upper
troposphere at middle and high latitudes gradually
extends to the lower levels, which is occupied by
positive anomaly in winter. However, they always
maintain positive over the tropical ocean (Fig. 4f—4h).
It was found that the air temperature anomalies
change from warm to cold on the East Asian continent
from winter to summer, while they always maintain
positive on the tropical ocean. Generally, the air
blows from the ocean to the land on lower levels in
summer because of the warmer land and colder ocean.
Thus such seasonal variation will decrease the
land-sea thermal contrast to weaken the East Asian
monsoon circulation.

Moreover, the zonal land-sea thermal contrast is
also very important for the variation of monsoon
circulation™ ®. Here the characteristics of changes in
zonal thermal contrast at 20-35°N are presented in
Fig. 5. Considering the topography of Tibetan
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Plateau, we focus on the thermal characteristics of the
mid- and upper-troposphere. In the positive and
negative categories, the decadal variation of air
temperature anomalies is different from winter to
summer, leading to the different feature of zonal
land-sea thermal contrast. In the positive category, the
anomalies are both negative in the mid-upper
troposphere in winter (Fig. 5a). In spring, the positive
anomaly begins to appear on middle and low levels
over the eastern Tibetan Plateau and gradually
extends upward and westward with seasonal transition
(Fig. 5b). In early summer and summer, the air
temperature anomaly is all positive on middle and
upper levels from the East Asian continent to Tibetan
Plateau to increase the temperature, whereas most
areas in the middle and upper troposphere over the
ocean is still occupied by negative anomaly at the
same latitude (Fig. 5c and 5d). In the positive
category, the anomaly of land-sea thermal contrast in
the middle and upper troposphere facilitates the air to
flow from the ocean to land. Meanwhile it will lead
the low-level air to flow from land to the ocean.
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Figure 5. Same as Fig. 4 but along 20—35°N.

In the negative group, the anomaly of zonal
thermal contrast in the middle and upper troposphere
is generally opposite. In winter, the air temperature
anomaly is positive in the middle and wupper
troposphere from Tibetan Plateau to the East Asian
continent (Fig. 5e). During the seasonal transition
from winter to summer, the anomalously positive
areas are replaced by the negative ones, which
gradually extend upward from the low level over
eastern Tibetan Plateau (Fig. 5f and 5g). In summer,
the air temperature anomaly is negative over most of
the continent in the middle and upper troposphere
(Fig. 5h). However, the air temperature anomaly in
the ocean is not obvious from lower to upper levels,
especially in the middle troposphere, but it is both
significantly positive from winter to summer. The
abnormal variation of land-sea thermal contrast on the
middle and upper levels favors air flow to move from
land to the ocean, but it helps low-level air flow from
the ocean to land.

The results mentioned above show that the
seasonal variation of thermal condition on the Asian
continent is always apparent, whereas the variation
above the ocean is relatively weak with significant
continuity. As a result, to discuss the reason for the
anomaly of monsoon variation, it is desirable to
examine the variation of land thermal contrast.

4.2 Abnormal vertical circulation

The difference of meridional and zonal thermal
variation can affect the circulation anomaly. Based on
the above analysis, the meridional and zonal land-sea
thermal contrast variations are distinctly different
between the positive and the negative category. Fig.
6a to 6d provide the 110-115°E averaged
pressure-latitude cross section of vertical circulation
anomaly fields (with the vertical velocity enlarged
100 times) in the successive early summer and
summer in the positive and negative categories. It

can be seen that an anticlockwise circulation is near
20-30°N in the troposphere with its center near 250
hPa in early summer in the positive category. There is
southerly anomaly on the lower level but northerly
anomaly on the upper level. Note that the southerly
anomaly is more significant (Fig. 6a). In summer,
the anticlockwise circulation center near 20-30°N
moves northward to 32°N, and there is also
anomalous anticlockwise circulation in the upper
troposphere near 15-23°N. Meanwhile, the south
wind anomaly strengthens obviously near 15-45°N
on middle and lower levels with an extended area of
99% significance (Fig. 6b). In the negative group, the
changes in abnormal vertical circulation are just
contrary. In summer, the anomalous clockwise
circulation is near 20-30°N with the center located at
300 hPa. In the mid-lower troposphere, there is
significant anomalous northerly flowing from the
middle and higher latitudes to the equator (Fig. 6c¢).
The anomalous clockwise circulation of 20-30°N
moves to 32°N and the cyclone center ascends to 200
hPa, while the abnormal lower northerly strengthens
and flows from the middle latitude to the equator.
Besides, the significance of northerly anomaly along
30—42°N is more than 99% (Fig. 6d). Since the
seasonal variation of monsoon circulation mainly
manifests as abnormal change in the wind field on the
upper and lower levels, the variation characteristics of
abnormal circulation shows that the abnormal
circulation could advance the East Asian summer
monsoon onset and lead to stronger summer monsoon
activity in early summer and summer of positive index
years. The situation is contrary in the negative
category.

By comparing Fig. 4 with Fig. 6, we know that
the abnormal variation of meridional thermal
difference on the upper and lower levels is consistent
with the vertical circulation. The heating increments
of middle and high latitudes in East Asia are
remarkable in early summer and summer of the
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positive index years. The positive anomaly is
significant from the lower to upper levels, but the
lower thermal variation over the tropical marine area
is not obvious. Instead, the area is dominated by a
negative temperature anomaly from winter to summer.
In early summer and summer, this abnormal variation
of meridional thermal difference further strengthens
the land-sea thermal contrast to enhance the summer
monsoon. Contrarily, this variation in the negative
index years decreases the thermal contrast to weaken
the summer monsoon.

Likewise, we further discuss the abnormal
variations of zonal circulation on the upper and lower
levels. Fig. 7 shows the pressure-longitude section
of anomalously vertical circulation along 20-35°N
(the vertical velocity is enlarged by 100 times) in the
successive early summer and summer of positive
and negative index years, respectively. With the
abnormal variation of thermal difference on the upper
and lower levels, the vertical circulation also presents
different wvariation. The anomalous anticlockwise
circulation is located over the eastern Tibetan Plateau
with the center at 400-300 hPa near 106°E in the
successive early summer of positive index years.
There is anomalous upper-level easterly but
abnormal lower-level westerly with the significance
more than 95% from 85°E to 120°E (Fig. 7a) in the
middle and lower troposphere. In summer, with the
temperature further increasing over eastern Chinese
mainland (Fig. 5d), the center of anomalous
circulation moves eastward to 116°E, and the
significance exceeds 95% on both the upper and lower
levels (Fig. 7b). However, the anomaly variation is
contrary in the negative index years. There is
anomalous clockwise circulation situated above the
eastern Tibetan Plateau with its center at 500—400
hPa near 105°E in the successive early summer,
accompanied by the upper westerly and lower
easterly anomalies. Note that the significance is more
than 95% from 80°E to 107°E on the middle and
lower levels (Fig. 7c). Subsequently, the temperature
in summer over eastern Chinese mainland further
decreases (Fig. 5h) to cause the center of anomalous
circulation to move westward, with the anomalous
westerly wind appearing on the upper level, and the
significance is more than 95% on the middle and low
levels (Fig. 7d).

As shown in the characteristics of anomalous
zonal circulation, in the successive early summers of
positive/negative index years, there is anomalous
anticlockwise (clockwise) circulation over the eastern
Tibetan Plateau, and it moves eastward (westward) in
summer, and there is anomalous easterly (westerly)
at the upper level, but anomalous westerly (easterly)
at the lower level. The circulation in positive
(negative) index years could advance (postpone) the
establishment of the East Asian monsoon in early
summer, subsequently strengthening (weakening) the
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latitude-height section composite fields of anomalous vertical
circulation along 110-115°E in the successive early summer
and summer and significant areas of ¢-test (other captions as in
Fig. 2).
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Figure 7. Same as Fig.6 but for the thermal contrast index
and along 20-35°N.

5 RELATIONSHIP OF WINTERTIME
THERMAL CONTRAST OVER THE ASIAN
CONTINENT WITH PRECIPITATION IN
CHINA

The ascending motion is dominant between
27.5-35°N over the eastern Asia in climatology®,
and the subtropical summer monsoon prevails in this
region. The abnormal variation of thermal difference
and circulation over this region must have effect on
the precipitation over Yangtze River and
Yangtze-Huaihe wvalley. As analyzed above, the
characteristics of thermal and circulation over Eastern
Asia are distinctly different in positive and negative
index years. To assess the influence of thermal
contrast on precipitation, the variation features of
precipitation in China will be investigated for
corresponding years.

5.1 Relationship with early summer precipitation in
China

The early summer is the key season for monsoon
transition, because the summer monsoon onset is
directly related to the start of precipitation and rainy
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season over South China. For example, at the
beginning of early summer rainfall over South China
(early April to late May), it is the frontal precipitation,
which is comparatively stable and the rain amount is
not very large. During the late period (late May to the
middle ten days of June), the precipitation increases
evidently due to the arrival of summer monsoon and
the rainfall is featured by the monsoon precipitation’.
The rain season of Yunnan generally begins in the
middle ten days of May and the precipitation in May
is closely associated with monsoon transition in early
summer. Therefore, it is important to discuss the
relationship between the seasonal transition of
circulation and the precipitation for investigating the
cause of precipitation anomaly.

Figure 8 presents the 850 hPa anomalous wind
and precipitation anomaly of 160 stations in China in
the successive early summers of positive and
negative index years, respectively. Evidently, there
is remarkable south wind anomaly in East Asia
continent in the positive index years, and the
significance is more than 99%, implying the earlier
establishment and stronger intensity of early summer
monsoon in East Asia. It helps increase the early
summer precipitation over southern China, consistent
with the anomalous thermal field as well as the
variation of vertical circulation in the meridional and
zonal direction. It is noteworthy that the Somali
cross-equatorial flow passes through the coast of East
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Africa and southern Arabian Sea to converge with an
anomalous cross-equatorial flow near the eastern
equator over the BOB, and then the merged flow
crosses the IP to the East Asian continent. It indicates
that the enhancement of early summer monsoon over
East Asia is closely related with the Somali
cross-equatorial flow and the cross-equatorial flow
near the equatorial BOB between 90—100°E (Fig. 8a).
Simultaneously, there are positive rainfall anomalies
over the Yangtze River basin, Guizhou and southern
Yunnan, and the significance in parts of Hunan,
Jiangxi and Guizhou is more than 95%. Thus the
precipitation in early summer is more than normal
(Fig. 8c). Meanwhile, in the successive early summers
of negative index years, there is evident anomalous
northerly over the East Asian continent with the
significance exceeding 99%, demonstrating the
postponed and weakened early summer monsoon over
East Asia. The rainfall anomaly goes against the
climate-mean early summer precipitation over South
China. At this moment, the anomalous northerly in the
east of East Asia is divided into two branches when
moving southwards. One of them flows through the
South China Sea and then eastward to the equatorial
western Pacific. The other one goes through the IP,
BOB and eastern Indian Ocean to the equator (Fig.
8c). However, less-than-normal precipitation is over
most of South China in early summer but does not
pass the significance test (Fig. 8d).
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Figure 8. Anomalous wind field at 850 hPa (m/s) in the successive early summer of positive (a) and negative (b) index years and
precipitation anomaly of 160 stations in China (c for a and d for b, mm) and #-test of significance (other captions as in Fig. 2).
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5.2 Relationship with summer precipitation in China

Summer is the major rainy season in Northern
Hemisphere, including most of China. Here we are
mainly concerned with the effect of abnormal
variation of monsoon circulation on the summer
precipitation.

The anomalous winds at 850 hPa in the
successive summer of positive and negative index
years are shown in Fig. 9a and 9b. In the positive
category, the anomalous southerly over the East
Asia continent is sustained from early summer to
summer, and the significance exceeds 99%. The
summer monsoon is stronger over East Asia,
consistent with the anomalous thermal field and
meridional and zonal variations of vertical circulation.
Meanwhile, the significance of anomalous easterly
over the eastern equatorial Indian Ocean is more than
95%. And it is divided into two branches while
moving to the north. One that is located over the
southern Indian peninsula turns to the BOB, IP and
South China Sea, and it is related to the southerly
anomaly over the eastern part of East Asia. The other
one goes through the BOB, IP and South China Sea to
the East Asian continent. The results indicate that the
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strength of East Asia and South Asia monsoon is
closely related to the anomalous easterly over the
eastern equatorial Indian Ocean (Fig. 9a). Based on
the anomalous precipitation (Fig. 9c), the summer
rainfall is more than normal over North China, the
east of South China and the most of Southwest China,
whereas it is less than normal over Yangtze River
basin without passing the significance test. In the
successive summer of negative index years, the
anomalous northerly over the East Asia in the early
summer is sustained to the summer, and the
significance is more than 99%. The intensity of
summer monsoon is weaker over East Asia. Besides,
the anomalous northerly over the East Asian continent
is divided into two branches at this time. One flows to
the South China Sea and the other passes through the
IP, BOB and Indian subcontinent to the Arabian Sea
and Indian Ocean, producing weaker Indian monsoon
(Fig. 9b). In the negative index years, the rainfall
variation indicates that the precipitation is more than
normal over the Yangtze-Huaihe valley and the most
of South China. It is less than normal over the North
Asia and parts of Southwest China, corresponding to
the less precipitation (Fig. 9d).
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Figure 9. Same as in Fig. 8 but for the successive summer of the positive and negative index years.

6 CONCLUSIONS AND DISCUSSION

The variation characteristics of thermal difference
over the Asian continent have been analyzed by the
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composite and z-test methods, and their relationship
with  land-sea thermal contrast, atmospheric
circulation, precipitation anomaly over China in early
summer and summer are further investigated. The
main results obtained from this work are as follows:

(1) The variation of thermal contrast over the
South and Northeast Asia is featured by marked
interdecadal variability, which is closely associated
with the decadal anomaly of winter atmospheric
circulation.

(2) The wvariations of meridional and zonal
thermal difference are significantly different on the
upper and lower levels in various thermal difference
years. In the meridional direction, the warm
temperature anomaly over the East Asia continent
changes to cold from winter to summer of the positive
index years. There is warm anomaly of air
temperature in the upper troposphere at middle and
high latitudes to the north of 25°N, whereas a cold
anomaly maintains over the tropical marine area.
Since the thermal response of land is more significant
than that of the ocean, the meridional land-sea thermal
difference is very large in summer, facilitating the
intensification of East Asia summer monsoon.
Oppositely, in the negative index years, the different
thermal variation between land and sea decreases the
land-sea thermal contrast to weaken the summer
monsoon. Furthermore, in the zonal direction, Tibetan
Plateau affects the atmosphere as an anomalous
heat/cold source in the successive spring of
positive/negative index years, and the air temperature
warms/cools rapidly over the eastern Tibetan Plateau,
but keeps cold/warm over the Western Pacific in
spring and summer. As a result, it could
strengthen/weaken the intensity of East Asian summer
monsoon.

(3) The abnormal variation of thermal difference
in the meridional and zonal direction affects the
circulation and the rainfall anomaly. In the meridional
direction, anticlockwise/clockwise anomalous
circulation in the troposphere is at 20-30°N in the
successive early summer of positive/negative index
years. It moves northward in summer, forming
anomalous upper northerly/southerly and lower
southerly/northerly. In the zonal direction, there is
anticlockwise/clockwise anomalous circulation over
the eastern Tibetan Plateau in the successive early
summer of positive/negative index years. It moves
eastward/westward in summer, corresponding to the
anomalous easterly/southerly on the upper level and
anomalous southerly/ easterly on the lower level. It
can advance/postpone the onset of early summer
monsoon over East Asia, and enhance/weaken the
intensity of summer monsoon. Accordingly, the early
summer precipitation in the Yangtze River basin is
more/less than normal in the early summer of
positive/negative index years, while the summer
precipitation over North China is more/less than
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normal, and the summer rainfall over the Yangtze
River basin is less/more than normal.

Meanwhile, it is shown that in the meridional
direction the temperature over the East Asian
continent changes from cold/warm to warm/cold
during the seasonal transition from winter to summer
of positive/negative index years. The
positive/negative anomaly of air temperature transmits
downward from the upper troposphere at middle and
high latitudes to the north of 25°N, and it can affect
the meridional land-sea contrast and monsoon activity.
Then what is the mechanism for such downward
transport of air temperature anomaly? Is it related to
sudden stratospheric warming in winter and early
spring? These two questions are worth studying in the
future.
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