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ABSTRACT

Using the relative vorticity averaged over a certain area, a new index for measuring the longitudinal
position of the subtropical high (SH) in the western Pacific is proposed to avoid the increasing trend of
heights in the previous indices based on geopotential height. The years of extreme westward and eastward
extension of SH using the new index are in good agreement with those defined by height index. There
exists a distinct difference in large-scale circulation between the eastward and westward extension of SH
under the new definition, which includes not only the circulation in the middle latitudes but also the flow
in the lower latitudes. It seems that when the SH extends far to the east (west), the summer monsoon
in the South China Sea is stronger (weaker) and established earlier (later). In addition, there exists a
good relationship between the longitudinal position of SH and the summer rainfall in China. A remarkable
negative correlation area appears in the Changjiang River valley, indicating that when the SH extends
westward (eastward), the precipitation in that region increases (decreases). A positive correlation region is
found in South China, showing the decrease of rainfall when the SH extends westward. On the other hand,
the rainfall is heavier when the SH retreats eastward. However, the anomalous longitudinal position of SH
is not significantly related to the precipitation in North China. The calculation of correlation coefficients
between the index of longitudinal position of SH and surface temperature in China shows that a large area
of positive values, higher than 0.6 in the center, covers the whole of North China, even extending eastward
to the Korean Peninsula and Japan Islands when using NCEP/NCAR reanalysis data to do the correlation
calculation. This means that when the longitudinal position of the SH withdraws eastward in summer, the
temperature over North China is higher. On the other hand, when it moves westward, the temperature
there is lower. This could explain the phenomenon of the seriously high temperatures over North China
during recent summers, because the longitudinal position of SH in recent summers was located far away
from the Asian continent. Another region with large negative correlation coefficients is found in South
China.
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1. Introduction

It is well known that the activity of the subtropi-
cal high in the western Pacific strongly influences the
summer climate in China. The longitudinal position of
SH affects the temperature and precipitation in China.
Recently, the intensity of SH and its relationship to
sea surface temperature (SST) have been studied (Sun
and Ying, 1999; Ying and Sun, 2000). However, only
a few studies focus on the longitudinal displacement
of SH. Actually, the anomalous position of SH in the
longitudinal direction strongly relates to the date of
summer monsoon onset in eastern Asia (Zhu et al.,

1987), rainfall in the Changjiang River valley (Chen
and Wu, 1998), and temperature in North China (Xie
et al., 1999). For example, the subtropical high was lo-
cated persistently farther to the southwest in the sum-
mer of 1998, which was responsible for the later onset
and weaker strength of the South China Sea summer
monsoon and longer period of mei-yu with very strong
rainfall in the Changjiang River Valley (Chen and
Zhu§1999; The National Climate Center of China,
1998). In contrast, the eastward withdrawal of SH was
associated with less precipitation in the Changjiang
River valley and high temperature in North China in
the summer of 1999 (Song, 1999).
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Fig. 1. The longitudinal positions of STH (solid line: the longitude of the west end of 
STH based on the contour of 5860 gpm) and the Qinghai-Xizang high (dashed line: 
the longitude of the east end of the Qinghai-Xizang high based on the contour of 
16760 gpm). 

 

 
  

Fig. 2. The average geopotential height anomaly in the region of 110-130oE, 10-30oN 
at 850hpa (oblique line: linear fitting). Units: gpm. 
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Fig. 1. The longitudinal positions of SH (solid line: the
longitude of the west end of SH based on the contour of
5860 gpm) and the Qinghai-Xizang high (dashed line: the
longitude of the east end of the Qinghai-Xizang high based
on the contour of 16760 gpm).
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Fig. 2. The geopotential height anomaly averaged in the
region of 110◦–130◦E, 10◦–30◦N at 850 hPa (oblique line:
linear fitting). Units: gpm.

Therefore, the longitudinal position of SH and its in-
fluence is an important topic.

First, a comparative study on different previous in-
dices for describing the longitudinal position of SH in
the western Pacific is made in this paper. Then a new
index is proposed which avoids the shortcomings of
previous indices based on geopotential height. The in-
terannual variation of the longitudinal position of SH
is studied and its influence on the climate (both on the
rainfall and temperature) in China is also investigated.

In this work, the National Center for Environmen-
tal Prediction/National Center for Atmospheric Re-
search (NCEP/NCAR) reanalysis monthly data on a
2.5◦ × 2.5◦ grid from 1951 to 2000 are used. The
monthly mean rainfall and temperature data at 160
stations of China compiled by the China Meteorologi-
cal Administration are also used.

2. Study on the index of the longitudinal posi-
tion of SH

2.1 The problem of defining the SH longitud-
inal position by height field

In an attempt to investigate the rule of the SH
longitudinal shift, it is necessary to define an index
describing such movement. A usual way to describe
the east-west shift of SH is the longitude of the west
end of a specific contour (for example, the contour of
5860 gpm). We use this way to get the longitude of the
west end of SH for the 1951–2000 JJA-mean (Fig. 1).
The solid line of Fig. 1 is the longitudinal position of
the west end of SH based on the contour of 5860 gpm
at the 500-hPa level. It can be seen from the figure
that the position of the west end of SH swings around
125◦E before 1976. After 1976, the west end of the
SH shifts 15◦ westward, swaying around 110◦E. With
reference to the yearly location of the SH (figure not
shown), we can see the contour surrounding the SH
gradually moves westward.

In order to further explain this interdecadal varia-
tion of SH, we follow the definition of Lu (2001). In
Lu (2001), the index of the longitudinal location of
SH is defined as the geopotential height anomaly av-
eraged in a subtropical area of 110◦–130◦E, 10◦–30◦N
at 850 hPa where the variation of geopotential height
indicates the east-west shift of SH. Figure 2 portrays
the variation of this index. The oblique line in the
figure is a linear fitting. The variation of the longitu-
dinal movement of SH from 1958 to 2001 in the figure
reveals the increasing trend of height.

This “interdecadal variation” may result from the
warming climate causing the isobaric surface at the
middle-lower latitudes to lift, or the NCEP/NCAR
reanalysis has some systematical bias. Anyway, the
height increase might have some influence upon a well
and realistic presentation of the SH interannual vari-
ation. To investigate the interannual variation of SH,
we must find some other measure to define the SH
longitudinal position.

2.2 An index to define the SH longitudinal
position by relative vorticity

In an effort to avoid the above-mentioned disad-
vantage in describing the SH longitudinal position
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Fig. 3. Standard deviation (a), correlation coefficients (base point: 130oE, 27.5 oN ) (b), 
normalized deviation of the STH index (c) of relative vorticity at 500hPa. Units of 
standard deviation: 10-6/s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Standard deviation (a), correlation coefficients (base point: 130◦E, 27.5◦N) (b), normalized
deviation of the SH index (c) of relative vorticity at 500 hPa. Units of standard deviation: 10−6

s−1.

by height field, we use the relative vorticity in a spe-
cific area to describe the longitudinal position of SH
because of the larger curvature curl in the west end of
SH. Figure 3a illustrates the distribution of the stan-
dard deviation of the JJA-mean relative vorticity at
500 hPa for 1951-2000. Inspection of the figure shows
that a larger standard deviation of relative vorticity
exists around 27◦N, where the SH occupies. It indi-
cates that the SH has a larger interannual variation
in this region. For better defining this area, the cor-
relation coefficients between the relative vorticity at
the point where it has the largest standard deviation
and that at every point at 500 hPa is given (Fig. 3b).
It can be found that a significant correlation coeffi-
cient coincides with the above-mentioned larger stan-
dard deviation. Thus, we use the relative vorticity
averaged in the area of 22.5◦–30◦N, 115◦–140◦E as an
index of the longitudinal position of SH to measure the

longitudinal movement of the west end of SH. A larger
negative relative vorticity or negative relative vortic-
ity anomaly of that area means that the SH extends
westward. A smaller negative relative vorticity or pos-
itive relative vorticity anomaly indicates that the SH
withdraws eastward. Figure 3c delineates the normal-
ized deviation of the newly defined index from 1951 to
2000. Compared to Fig. 1 and Fig. 2, the new index
has no interdecadal variation, and basically fluctuates
around zero in Fig. 3c.

Actually,many of the years that are chosen for the
anomalous longitudinal position of SH on the basis of
relative vorticity definition are the same as those cho-
sen according to the height definition. Table 1 shows
the years of anomalous longitudinal position of SH
from Fig. 1 and Fig. 3c. The years based on relative
vorticity definition are selected if the absolute value of
thenormalized deviation is greater than 0.5. The years
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Fig. 4. Average for 1951-2000 (a), composite for the WP (b), composite for the EP (c) 
of the JJA-mean 500hPa geopotential height. The anomalies greater than 5 gpm are in 
dark shading and those less than –5 gpm are in light shading. Units: gpm. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Average for 1951–2000 (a), composite for the WP (b), composite for the EP (c) of the
JJA-mean 500-hPa geopotential height. The anomalies greater than 5 gpm are in dark shading and
those less than –5 gpm are in light shading. Units: gpm.
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Table 1. Comparison of years for anomalous longitudinal
position of SH by different indices

EP WP

relative
height

relative
height

vorticity
index

vorticity
index

index index

1951 1951 1953 1953

1955 1955 1954

1958 1958 1956 1956

1960 1960 1957

1964 1962

1966 1965 1965

1967 1966

1972 1972 1969 1969

1973 1970 1970

1974 1974 1971 1971

1975 1976

1978 1978 1979 1979

1981 1981 1980 1980

1984 1984 1983 1983

1985 1985 1986

1989 1987 1987

1990 1990 1991

1994 1994 1993 1993

1997 1997 1995 1995

1999 1999 1998 1998

2000 2000

of 1979, 1983, and 1995 are also included, with the in-
dex just approximating -0.5. As summarized in Table
1, many of the years by the relative vorticity definition
and by the height definition are the same, except for
a few years. For example, in 1966, the SH was in an
east position (EP) by the relative vorticity definition,
but in a west position (WP) by the height definition.
From Fig. 1, the longitudinal position of the western
end of the SH based on the contour of 5860 gpm was
a little westward in 1966. The same phenomenon ap-
peared in 1973 and 1975. In 1964, when the western
end of the contour of 5860 gpm extended eastward,
the normalized deviation of relative vorticity equaled
about 0.4, also expressing that the SH lay relatively
to the east of the mean position. In 1967 and 1989,
the SH was situated in an EP according to the height
definition. The normalized deviation of relative vortic-
ity of the two years are negative although the values
approximate zero, indicating the western end of the
SH stood in its average position. The years chosen
for WP on the basis of the relative vorticity defini-
tion include the years for WP by the height definition.
Therefore, the relative vorticity definition accurately
describes the longitudinal position of the SH.

In consequence, the magnitude of relative vortic-
ity is a successful measure of the longitudinal position
of the SH. The phenomenon of the gradual westward
shift of SH by an increasing trend of height is avoided
because the gradient of wind or height is used in the
new index, which is a relative value. Therefore, the
relative vorticity definition is suitable for describing
the interannual variation of SH, whether or not the
gradual westward shift of SH is true.

In the following section, we investigate the large-
scale circulation associated with distinct longitudinal
positions of the SH defined by the new index, thus
further illustrating that it is reasonable and useful.

3. Circulation for the anomalous longitudinal
position of SH

In order to perform a composite study, we choose
37 extreme years out of these 51 years: 19 for WP and
18 for EP. The years chosen for the anomalous longi-
tudinal position of SH are listed in Table 1 according
to the relative vorticity index.

3.1 500-hPa geopotential height

Figure 4a is the average 500-hPa geopotential
height for 1951–2000 in summer. Figures 4b and 4c
respectively show the composites for WP and EP in
summer. In the case of the normal, the west end of
the 5860-gpm contour of SH is located around 120◦E.
However, in the case of WP, the west end of the ridge
is shifted 5◦ to the west of its normal longitude and
the center of SH is also shifted westward. During
the year of EP, the end of the ridge in terms of the
5860-gpm contour moves eastward to the longitude at
about 150◦E. In the corresponding anomalous compos-
ites (shaded area), positive geopotential height anoma-
lies appear in the west part of SH as the SH extends
westward, and negative height anomalies as the SH
withdraws eastward. This indicates that the defini-
tion based on relative vorticity is useful to describe
the longitudinal movement of SH.

In the corresponding composites of relative vortic-
ity (not shown), in the case of WP, negative vorticity
anomalies are found in the areas of 110◦–140◦E, south
of 35◦N. This indicates that the SH in those areas is
strengthened, and extends westward. In the composite
of EP, positive vorticity anomalies are found in those
areas. This means that the SH is weakened in those
areas, and withdraws eastward. That accords with the
purpose of the newly defined index.

By referring back to Fig. 4, we can investigate the
pattern of the westerly belt that has a relationship to
SH. Negative (positive) height anomalies are found
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Fig. 5. The composites of the 850hPa wind vector anomalies for the WP (a) and the 
EP (b). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The composites of the 850-hPa wind vector anomalies for the WP (a) and the EP (b).

to the north of SH as it is located in WP (EP),
which means that the westerly trough over that region
is intensified (weakened). Negative (positive) height
anomalies are also found in the Ural ridge, which
means that the ridge is weakened (developed). Thus,
anomalous height fields in the westerly belt exhibit re-
markable differences between EP and WP, and they
are even out of phase. This suggests that the longitu-
dinal shift of SH is related to the change of circulation
in the westerly belt.

3.2 850-hPa wind

The patterns of the composites of height and their
anomalies at 850 hPa are similar to those of 500 hPa.
Figure 5 depicts the composites of anomalous wind
at 850 hPa. In the case of WP of SH, there is an
anomalous anticyclonic circulation over the western
Pacific SH place. The southwesterly wind on the
northwest side of the anomalous anticyclonic circula-
tion and anomalous northerly wind converge to form a
strong convergence zone around 30◦N that is just the
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Fig. 6. Correlation coefficients between the STH index and 850hPa zonal wind (a), 
and meridional wind (b) of May. The dark shading shows the t-test significance at the 
95% level.  

 

 

 

 

 

 

 

 

 

 

Fig. 6. Correlation coefficients between the SH index and 850-hPa zonal wind (a), and meridional
wind (b) of May. The dark shading shows the t-test significance at the 95% level.

area of the Changjiang River valley rain belt. How-
ever, South China is dominated by the anomalous an-
ticyclonic circulation, which is not favorable to the
rainfall of South China. The case of EP of SH is in
sharp contrast to the case of WP. From Fig. 5b, we
find the anomalous cyclonic circulation to the south
of 30◦N. An anomalous divergence air stream controls
the middle-lower valley of the Changjiang River. This
pattern is distinctly unfavorable to the rainfall of the
Changjiang River valley. However, South China is con-
trolled by anomalous cyclonic circulation, which is fa-
vorable for heavier rainfall. This issue is further dis-
cussed in the next section.

3.3 The relationship between the longitudinal
position of the SH and the South China
Sea (SCS) monsoon

In order to study the relationship between the lon-

gitudinal position of the SH and SCS monsoon, the
850-hPa winds in May are investigated. Figure 6a il-
lustrates the correlation coefficients between the rel-
ative vorticity index expressing the SH longitudinal
position of summer (SH index) and the 850-hPa zonal
wind of May. A negative correlation coefficient shows
that the westerly wind is enhanced if the SH with-
draws eastward; the easterly wind strengthens if the
SH stretches westward. It is seen that there are re-
markable positive correlation coefficients in the trop-
ical westerlies from the Indian Ocean to SCS. This
indicates that the tropical westerlies strengthen if the
SH retreats eastward, and weaken if the SH extends
westward. In the composite wind anomaly at 850 hPa
in May (not shown), there exists a strong anomalous
westerly wind over the tropical regions from the In-
dian Ocean to SCS if the SH is located in EP, but an
anomalous easterly wind if the SH is locates in WP.
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Fig. 7. (a) Average JJA 100hPa geopotential height for 1951-2000 (units: gpm), (b) 
correlation coefficients between the STH index and JJA-mean 100hPa geopotential 
height. The dark shading shows the t-test significance at the 95% level.  

 

 

 

 

 

 

 

 

 

 

Fig. 7. (a) Average JJA 100-hPa geopotential height for 1951–2000 (units: gpm), (b) correlation
coefficients between the SH index and JJA-mean 100-hPa geopotential height. The dark shading
shows the t-test significance at the 95% level.

This means that the equatorial westerly wind from the
Indian Ocean increases and benefits the onset of the
SCS monsoon if the SH is located in EP. Figure 6b de-
picts the correlation coefficient between the SH index
and the 850-hPa meridional wind of May. There exist
significant positive coefficients in some regions around
40◦–60◦E§80◦E, and 140◦E. The three regions are ex-
actly the locations of climatological cross-equatorial
flows. The positive coefficients in the three regions
suggest that these cross-equatorial flows strengthen
if the SH withdraws eastward, or weaken if the SH
stretches westward. The appearance and enhancement
of the cross-equatorial flows are also the important
signs of an earlier onset of the SCS monsoon (Shi et
al., 2001).

The results indicate that if the summer SH is lo-
cated in EP, the SCS monsoon is established earlier
and stronger. On the other hand, if the summer SH is
located in WP, the SCS monsoon is established later

and weaker. These are consistent with previous re-
search work on the activity of the SH and SCS mon-
soon (Liang and Wu, 2002). This also suggests that
the new index of the longitudinal displacement of the
SH based on relative vorticity is reasonable and reli-
able.

3.4 The longitudinal movement of the Qinghai-
Xizang High

Previous research and experience have shown that
the longitudinal displacement of SH is related to the
Qinghai-Xizang high at upper levels (Tao and Zhu,
1964). Figure 7b presents the correlation coefficients
between the SH index and the 100-hPa JJA-mean
geopotential height. To the south of 32◦N, there
are negative correlation coefficients. This means that
the 100-hPa geopotential height over these regions in-
creases as the SH shifts westward. From the 1951–2000
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mean height (Fig. 7a), we can see that the Qinghai-
Xizang high moves southeastward. When the SH shifts
eastward, the Qinghai-Xizang high moves northwest-
ward. This means that the Qinghai-Xizang high moves
oppositely to the SH. In general, the Qinghai-Xizang
high and the SH go in opposite directions as shown
by the locations of the western end of the SH (solid
line) and the eastern end of the Qinghai-Xizang high
(dashed line) in Fig. 1. The movement of the subtrop-
ical high at high levels and low levels is important,
helping us to realize the 3-dimensional structure of the
subtropical high and the interaction between the two
large-scale systems.

4. Relationship between the longitudinal and
latitudinal positions of the SH

The meridional and zonal displacements of the SH
have been a major concern in the forecasting of sum-
mer precipitation in China. In general, it is found from
experience that the SH appears to shift northward as
the SH shifts eastward, or the SH shifts southward as
well as westward. The relationship between the lon-
gitudinal and latitudinal positions is worth examining
further.

A quantitative and objective definition is needed
to investigate the latitudinal position of the SH. The
latitude of the ridge line in the west of the SH has
been widely used to define the latitudinal position of
the SH. However, the ridge line of SH is subjectively
given with some uncertainty. In this study, we use two
ways to describe the latitudinal position of SH. One is
the latitude of the northern boundary of the 5880-gpm
contour at some longitude. Another is the latitude of
the contour of the zero zonal wind (Wu et al., 2002).
Therefore, four indexes (A,B,C, D) are set to define
the latitudinal position of the SH.

A: latitude of zero zonal wind at 120◦E at 500 hPa;
B: same as index A, but at 150◦E; C: latitude of the
northern boundary of the 5860-gpm contour at 130◦E;
D: same as index C, but at 150◦E; E: the SH index of
the longitudinal position of SH.

The correlation coefficients (R) between them are
as follows:

RAB=-0.1286; RAE=-0.1444; RBE=0.0944;
RCD=0.2580; RCE=-0.3163; RDE=0.2365.

The correlation coefficient between A and B equals
–0.1286. It is negative and insignificant. It indicates
that when the latitudinal position of the zero zonal
wind at 120◦E moves southward, the latitudinal posi-
tion of the zero zonal wind at 150◦E is likely to move
northward. That means if the west part of the SH
shifts northward, the east part shifts southward. The

correlation coefficients between the latitudinal position
of the zero zonal wind and E are small and insignif-
icant, which is consistent with the result about the
longitudinal and latitudinal displacements of the SH
(Lu, 2002).

The correlation coefficient between C and D (RCD)
equals 0.2580, and is below the 95% significance level.
But it indicates that based on the northern boundary
of the 5860-gpm contour, the SH shifts in the same
direction at 130◦E and 150◦E. The correlation coeffi-
cients between the longitude position E and the lati-
tudinal positions C and D are –0.3163 and 0.2365 re-
spectively. The former exceeds the significance level
of 95%. It indicates that the west part of the SH
shifts eastward as it shifts southward or the 5860-gpm
contour expands southward. The reverse is also true.
However, the correlation coefficient between the east
part of SH and the longitude position E (RDE) is in-
significant.

The above results suggest that there exists some
relation between the longitudinal and latitudinal po-
sitions of the SH in the west part of SH. However, it
suggests that the relationship between the longitudi-
nal and latitudinal positions of the SH depends on the
latitudinal position definition of the SH. The move-
ment in the east part of the SH differs from the west
part.

5. The longitudinal position of the SH and
the precipitation in China

The longitudinal position of the SH influences the
onset of the East Asian monsoon, the precipitation,
and temperature in East China. Figure 8a shows the
correlation coefficient between the SH index and the
JJA precipitation at 160 stations of China. The cor-
relation map clearly shows that there are two signif-
icant correlation coefficient regions. One is in the
Changjiang River valley with negative correlation coef-
ficients. The greatest coefficients are below –0.4,which
are far above the 95% statistical significance level.
This indicates that the precipitation of the Changjiang
River valley increases when the SH extends westward.
On the other hand, the precipitation decreases when
the SH withdraws eastward. It is also seen in Table
1 that the severe floods of the Changjiang River val-
ley in 1954, 1962, 1969, 1980, 1991, and 1998 all oc-
curred in WP of the SH.The disastrous droughts of the
Changjiang River valley in 1966, 1978,and 1985 all oc-
curred in EP of the SH.Another significant coefficient
region is South China. It is seen that the correlation co-
efficients between the precipitation of South China and
the SH index are positive with the center above 0.3.
This suggests that the precipitation of South China
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Fig. 8. (a) The correlation coefficients between the SH index and JJA precipitation
(dark shading: the t-test significance at the 95% level), and (b) composite difference
(the WP minus EP) of JJA precipitation at 160 stations of China (units: mm/JJA;
light shading: positive difference; dark shading: absolute difference greater than 100)

decreases when the SH expands westward, while the
precipitation increases when the SH withdraws east-
ward. This corresponds to the results of section 3.3
where the relationship between the South China Sea
monsoon and the SH is discussed.

Figure 8b shows the composite difference of the
JJA-mean precipitation at 160 stations of China be-
tween the WP and EP of the SH. It shows that the
differences in the Changjiang River valley are above
100 mm/JJA. The differences in South China are also

above 100 mm/JJA. This indicates that the longitudi-
nal position of the SH considerably influences the pre-
cipitation of the Changjiang River valley and South
China. The Changjiang River valley has more pre-
cipitaion in the WP of the SH than in the EP. The
precipitation of South China for the WP cases of the
SH is less than that for the EP cases of the SH.

It can also be found from Fig. 8 that both the cor-
relation coefficients and the differences are very small
in North China, and do not form a centralized region.
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Fig.9 

Fig. 9. As in Fig. 8 except for surface air temperature (units: ◦C; light shading:
positive difference; dark shading: absolute difference greater than 0.6).

So the influence of the anomalous longitudinal posi-
tion of the SH on the precipitation of North China is
not clear. The relation of the longitudinal position of
SH with precipitation in the east of China should not
be discussed as a whole, but separately instead.

6. The longitudinal displacements of the SH
and the temperature in China

Summer temperature has enormous social impact
on human life. The relationship between the SH longi-
tudinal index and temperature is revealed in this sec-

tion. The correlation map between the SH index and
the JJA-mean surface air temperature at 160 stations
of China is shown in Fig. 9a. There exist positive corre-
lation coefficients in the regions between the middle-
lower reaches of the Changjiang River and south of
Northeast China. The most significant regions with
coefficients above 0.5 are found in North China. It is
clearly found that the air temperatures in North China
and the south of Northeast China increase when the
SH withdraws eastward, while they decrease when the
SH extends westward. The negative correlation coef-
ficients are observed in South China with the signifi-
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cant coefficients below –0.4. This suggests that the air
temperatures in South China decrease when the SH
moves eastward, which is related to a frequent activ-
ity of the South China Sea monsoon, and vice versa.
Figure 9b shows the composite difference of the JJA-
mean surface air temperature at 160 stations of China
between the WP and EP of the SH. The distribution
of the difference is similar to Fig. 9a. The region with
negative anomalies is consistent with the positive coef-
ficients, and the positive anomalies correspond to the
negative coefficients of Fig. 9a. This distribution of the
temperature difference suggests that the SH eastward
(westward) withdrawal corresponds to higher (lower)
temperatures in North China and lower (higher) tem-
peratures in South China.

A severe, hot summer climate has occurred fre-
quently in recent years in North China, and affected
human life and economy. This has been attached im-
portance by meteorologists (Xie Z., et al, 1999; Sun et
al., 1999). The severe high temperatures expand from
North China to Korea and Japan. The relationship be-
tween the surface temperatures of the NCEP/NCAR
reanalysis data and the SH index reveals that high
positive correlation coefficients stretch to Korea and
Japan (figure not shown). The above results suggest
that the longitudinal position of SH provides the very
important circulation background field for the high
temperature of those regions. The seriously high tem-
peratures over North China in the summertime in re-
cent years, such as 1994, 1999, 2000, and 2002, all
occurred when the longitudinal position of SH was
clearly located to the east of its normal position. As
the SH withdraws eastward, an adjustment of long
waves in the westerlies occurs and a continental high
develops strongly and dominates East Asia and the
coastal area. A detailed discussion on this issue will
be given in a future paper.

7. Conclusions

(1) A comparative study of different indices for de-
scribing the longitudinal position of SH in the western
Pacific is made first in this paper. It indicates that
the index related to geopotential height is not suit-
able for investigating its interannual variations due to
the increasing trend of height, which is responsible for
the westward motion of the isopotentials in the last
50 years. According to the large value of curvature
vorticity of SH at its western flank, we try to use the
value of vorticity averaged in a certain area as an in-
dex to measure the longitudinal position of SH. In this
approach, the rising trend of height no longer appears,
since the vorticity is a scalar calculated from the dif-
ferentials of height or wind. The years of extremely

westward and eastward extension of SH using the new
index are in good agreement with those defined by the
height index.

(2) There exists a distinct difference in large-
scale circulation between the eastward withdrawal and
the westward extension of SH under the new defini-
tion, which involves not only the circulation in the
middle latitudes but also the flow in the lower lati-
tudes. It seems that when the SH extends far to the
east(west), the summer monsoon in the South China
Sea is stronger (weaker) and established earlier (later).

(3) There exists a good relationship between the
longitudinal position of SH and the rainfall in China
in summer. A remarkable negative correlation area
with a value of the correlation coefficient less than –0.4
at its center appears in the Changjiang River valley,
indicating that when the SH extends westward (east-
ward), the precipitation in that region increases (de-
creases). Another region of marked correlation (but
positive) can also be found in South China, implying
a decrease (increase) of rainfall when the SH extends
westward (eastward). However, the influence of the
anomalous longitudinal position of SH on the precip-
itation in North China is not clear. The correlation
coefficient over the region is not large enough to reach
an adequate significance level.

(4) The calculation of the correlation coefficient be-
tween the index of longitudinal position of SH and
surface temperature in China shows that a large area
of positive correlation coefficients with a large value
higher than 0.6 in the center covers the whole of North
China, even extending eastward to the Korean Penin-
sula and Japan Islands when we use the NCEP/NCAR
data to do the correlation calculation. This means that
when the longitudinal position of the SH withdraws
eastward in summertime, the temperature over North
China increases. On the other hand, when it moves
westward, the temperature over the region drops. This
could explain the phenomenon of seriously high tem-
peratures over North China in recent summers, be-
cause the longitudinal position of SH in those summers
wes located far away from the Asian continent. An-
other region of large, negative correlation coefficients
is found in South China. The relationship between
the index of SH and the temperature is just opposite
to that in North China.
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