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Abstract. Four East Asian winter monsoon (EAWM) indices
are compared in this paper. In the research periods, all the in-
dices show similar interannual and decadal-interdecadal vari-
ations, with predominant periods centering in 3–4 years, 6.5
years and 9–15 years, respectively. Besides, all the indices
show remarkable weakening trends since the 1980s. The cor-
relation coefficient of each two indices is positive with a sig-
nificance level of 99%.

Both the correlation analyses and the composites indi-
cate that in stronger EAWM years, the Siberian high and
the higher-level subtropical westerly jet are stronger, and the
Aleutian low and the East Asia trough are deeper. This cir-
culation pattern is favorable for much stronger northwesterly
wind and lower air temperature in the subtropical regions of
East Asia, while it is on the opposite in weaker EAWM years.
Besides, EAWM can also exert a remarkable leading effect
on the summer monsoon. After stronger (weaker) EAWM,
less (more) summer precipitation is seen over the regions
from the Yangtze River valley of China to southern Japan,
while more (less) from South China Sea to the tropical west-
ern Pacific.

1 Introduction

Monsoon circulation is an important component of the global
circulation system. In the monsoon regions, the local weather
and climate are strongly influenced by the anomalous mon-
soon circulation. Therefore, it is necessary to define a mon-
soon intensity index in a certain monsoon region in order to
examine the multi-scale variations of the monsoon circula-
tion, to explore its relationship with other systems, to seek its
internal and external forcings, and to estimate the simulation
skills of monsoon variabilities by numerical models. For East
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Asian monsoon, many studies have defined and discussed
various indices to describe its intensity owing to its impor-
tance in the Asian-Australian monsoon system. But most of
these indices focused on the East Asian summer monsoon
(EASM) only (Gao and Liang, 2005). Comparison of the
summer monsoon indices shows that it is hard to provide a
unique EASM index (Gao and Zhang, 2003; Wu and Liang,
2003; Jiang and Zai, 2005).

As explored by previous studies (Lau and Li, 1984; Chen
et al., 1991; Jhun and Lee, 2004), the main members of
East Asian winter monsoon (hereafter, EAWM) circulation
are characterized by the Siberian high and the Aleutian low
in the sea level pressure (SLP) field, the deep trough in the
middle-higher level over the East Asian region, the predomi-
nant northwesterlies over northeastern Asia in the lower tro-
posphere, and the strong westerly jet stream centers at south-
ern Japan at higher level.

As the most important circulation system in the boreal
winter in East Asia, EAWM directly influences the climate
of this region. In recent years, to define an EAWM index has
been one of the subjects of monsoon studies. Those indices
are generally based on the intensity of one or several mem-
bers of the winter monsoon circulations, such as the land-
sea pressure differences (Shi, 1996), the regional averaged
meridional wind in the lower troposphere (Ji and Sun, 1997;
Chen et al., 2001), zonal wind in higher troposphere (Jhun
and Lee, 2004), or the East Asia trough (Sun and Sun, 1995).
Detailed definitions of these indices will be introduced in the
following section. Undoubtedly, each of those indices can
only well represent the anomalous pattern of the EAWM cir-
culation partly. As we know, EAWM is a deeper circulation
system in the whole troposphere. Do those indices have sim-
ilar variations in the research period? Do they have close
relationships? Is the definition of an EAWM index more or
less difficult than the EASM index? The goal of this paper is
try to answer these questions through comparisons of several
typical indices.
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Table 1. Variable, definition regions and the meanings of each East Asian winter monsoon index used in this paper.

Index Variable Regions Meanings of the
original index

Modification in
this paper

ISHI SLP (110◦ E, 20◦–50◦ N) and
(160◦ E, 20◦–50◦ N)

Larger (smaller) value,
Stronger (weaker) EAWM

No

IJHUN U300 hPa (27.5◦–37.5◦ N, 110◦–170◦ E) and
(50◦–60◦ N, 80◦–140◦ E)

ISUN H500 hPa (30◦–45◦ N, 125◦–145◦ E) Larger (smaller) value,
Weaker (stronger) EAWM

× (−1)

ICHEN V10 m (25◦–40◦ N, 120◦–140◦ E) and
(10◦–25◦ N, 110◦–130◦ E)

2 Data and methods

The dataset used in this study include the monthly mean
reanalysis project of the National Center for Environmen-
tal Prediction/National Center for Atmospheric Research
(NCEP/NCAR) (Kalnay et al., 1996; Kistler et al., 2001)
during 1958–2003 and the Climate Prediction Center (CPC)
merged analysis of precipitation (CMAP) (Xie and Arkin,
1996) during 1979–2003.

The correlation method used in this paper is Pearson cor-
relation.

For a stationaryX(t) with mean X̄,the autocovariance
functionrXX(u) and the autocorrelation functionρXX(u) are
functions of lagu; that is,

rxx(u) = E{[X(t) − X̄][X(t + u) − X̄]} (1)

and

ρXX(u) = rXX(u)/rXX(0). (2)

The power spectrum0XX(ω) of processX(t)is the Fourier
transform of the autocovariance function; that is,

0XX(ω) =
1

π

∫
∞

−∞

rXX(u)e−iωudu. (3)

The power spectrum curve shows how the variance of the
process is distributed with frequency. The variance of a pro-
cess contributed by frequencies in the range ofω to ω+dω is
given by the area under the power spectrum curve betweenω

andω+dω. A peak in the power spectrum is an indication of
an important frequency band. A detailed description can be
found in Joseph (1973).

3 EAWM indices

Based on these circulation systems, several EAWM indices
have been suggested. 1) In terms of land-sea thermal differ-
ences or pressure differences. For example, Shi (1996) used

[

50◦ N∑
lat=20◦ N

(SLP∗

lat,110◦ E−SLP ∗

lat,160◦E)]∗ as the index (here-

after, ISHI). Where, the “*” denotes the normalization. 2)
In terms of regionally averaged meridional wind at lower
level. Considering the distinctness between subtropical and
tropical winter monsoons, Chen et al. (2001) regarded the
difference of 10-meter meridional wind between the region
(25◦-40◦N, 120◦-140◦E) and the region (10◦–25◦ N, 110◦–
130◦ E) as the index (ICHEN). 3) In terms of upper-level zonal
wind. Based on the upper westerly jet over East Asia, Jhun
and Lee (2004) employed the difference of 300hPa zonal
wind between the region (27.5◦–37.5◦ N, 110◦–170◦ E) and
the region (50◦–60◦ N, 80◦–140◦ E) as the index (IJHUN). 4)
In terms of East Asian Trough. Sun and Sun (1997) used the
regional mean of 500hPa geopotential height (GPH) over the
region (0◦–45◦ N, 125◦–145◦ E) as the index (ISUN).

From the original definitions of these indices one can see
that larger (smaller) value means stronger (weaker) EAWM
for ISHI andIJHUN, but weaker (stronger) EAWM forISUN
andICHEN. So in the following analyses, the signs of both
ISUN andICHEN are reversed by multiplying (−1) for consis-
tency.

Table 1 describes the variables, definition regions and the
meanings of each EAWM index used in this paper.

4 Variations of EAWM

From the annual curves of each index and its interannual (≤7
years) and decadal-interdecadal (>8 years) components one
can find that the indices show similar variations (Fig. 1). In
the research periods, there are 12 (13) years in which all the
four indices are positive (negative), which means that each
index can depict the anomalous pattern of the EAWM cir-
culations. And significant weakening trends can be clearly
seen in the indices since the 1980s. Power spectrum analyses
(Fig. 2) of each index show the most predominant interannual
period centers in 3–4 years (Chen et al., 1991), the secondary
period nears 6.5 years, and the main decadal-interdecadal
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wind between the region (27.5˚-37.5˚N, 110˚-170˚E) and the region (50˚-60˚N, 80˚-140˚E) as the 
index (IJHUN). 4) In terms of East Asian Trough.  Sun and Sun (1997) used the regional mean of 
500hPa geopotential height (GPH) over the region (0˚-45˚N, 125˚-145˚E) as the index (ISUN).  

From the original definitions of these indices one can see that larger (smaller) value means 
stronger (weaker) EAWM for ISHI and IJHUN, but weaker (stronger) EAWM for ISUN and ICHEN. So 
in the following analyses, the signs of both ISUN and ICHEN are reversed by multiplying (-1) for 
consistency. 

Table 1 describes the variables, definition regions and the meanings of each EAWM index used 
in this paper. 
 

Table 1 Variable, definition regions and the meanings of each East Asian winter monsoon 
index used in this paper. 

Index Variable Regions 
Meanings of the  
original index 

Modification 
in this paper 

ISHI SLP 
(110˚E, 20˚-50˚N) and 

(160˚E, 20˚-50˚N) 

IJHUN U300hPa
(27.5˚-37.5˚N, 110˚-170˚E) and 

(50˚-60˚N, 80˚-140˚E) 

Larger (smaller) value, 
Stronger (weaker) 

EAWM 
No 

ISUN H500hPa (30˚-45˚N, 125˚-145˚E) 

ICHEN V10m
(25˚-40˚N, 120˚-140˚E) and 

(10˚-25˚N, 110˚-130˚E) 

Larger (smaller) value, 
Weaker (stronger) 

EAWM 
× (-1) 

 
4 Variations of EAWM 

From the annual curves of each index and its interannual (≤ 7 years) and decadal-interdecadal 
(> 8 years) components one can find that the indices show similar variations (Fig.1). In the 
research periods, there are 12 (13) years in which all the four indices are positive (negative), 
which means that each index can depict the anomalous pattern of the EAWM circulations. And 
significant weakening trends can be clearly seen in the indices since the 1980s. Power spectrum 
analyses (Fig.2) of each index show the most predominant interannual period centers in 3-4 years 
(Chen et al., 1991), the secondary period nears 6.5 years, and the main decadal-interdecadal period 
locates in 9-15 years, which is consistent with the results of Jhun and Lee (2004). But the 
quasi-biennial oscillation (QBO) explored in earlier studies (Guo, 1987; Xu et al., 1999) can 
hardly be found in the spectrum results.  
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Fig.1  Time series of the four EAWM indices (a: ISHI; b: ICHEN; c: IJHUN; d: ISUN).  
The abscissa means the year. 
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Fig.2  Power spectra of the four EAWM indices (a: ISHI; b: ICHEN; c: IJHUN; d: ISUN) 
The abscissa means the period (unit: year). 
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outside, on the left side and on the right side of each pair of the parentheses are the coefficients of 
the original indices, their decadal-interdecadal and interannual components, respectively. 
Obviously, all the coefficients have passed the 99% significance level, which also means these 
indices undergo similar interannual and decadal-interdecadal variations. The coefficients are 
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Fig. 2. Power spectra of the four EAWM indices (a: ISHI; b: ICHEN; c: IJHUN; d: ISUN). The abscissa means the period (unit: year).
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Table 2. Correlation coefficients of the EAWM indices. The values outside, on the left side and on the right side of each pair of the
parentheses are the coefficients of the original indices, their decadal-interdecadal and interannual components, respectively. Each of the
coefficients has passed the 99% significance level.

ISHI ICHEN IJHUN ISUN

ISHI 1.00 0.71(0.42, 0.82) 0.75(0.60, 0.83) 0.68(0.46, 0.79)
ICHEN 1.00 0.63(0.68, 0.60) 0.68(0.71, 0.69)
IJHUN 1.00 0.79(0.83, 0.74)
ISUN 1.00

period locates in 9–15 years, which is consistent with the
results of Jhun and Lee (2004). But the quasi-biennial oscil-
lation (QBO) explored in earlier studies (Guo, 1987; Xu et
al., 1999) can hardly be found in the spectrum results.

Table 2 shows the correlation coefficients of each pair of
the four EAWM indices. The values outside, on the left side
and on the right side of each pair of the parentheses are the
coefficients of the original indices, their decadal-interdecadal
and interannual components, respectively. Obviously, all the
coefficients have passed the 99% significance level, which
also means these indices undergo similar interannual and
decadal-interdecadal variations. The coefficients are greater
than those of the EASM indices (Gao and Zhang, 2001, Ta-
ble 1).

In the following section, first we select the stronger
EAWM years when the standardized value of each index is
greater than 0.5 and the weaker EAWM years when the stan-
dardized value is less than−0.5. The composite analysis
is then used to obtain the anomalous general characteristics
for stronger and weaker EAWMs. The six stronger EAWM
years are 1961/62, 1967/68, 1976/77, 1980/81, 1983/84
and 1985/86; the six weaker years are 1958/59, 1968/69,
1972/73, 1978/79, 1989/90 and 1997/98.

5 Comparison of the relationships between each index
and EAWM circulations

Figures 3–5 show the correlation coefficients between each
EAWM index and the SLP (Fig. 3), 500 hPa GPH (Fig. 4)
and the surface air temperature (Fig. 5). From Fig. 3 one can
see there is a positive center over the Siberian high and a neg-
ative center over the Aleutian low and both the coefficients
have passed the 95% significance level. There is also a sig-
nificant negative center over the Intertropical Convergence
Zone (ITCZ) in Fig. 3b and Fig. 3d, but not so remarkable
in the other two figures. This correlation pattern indicates
that the Siberian high will be stronger (weaker) in stronger
(weaker) EAWM years, and the Aleutian low and the ITCZ
will be deeper (shallower).

In the correlation maps with 500 hPa GPH, the coefficients
are also significantly negative over the East Asian Trough

(EAT) regions, which means the EAT will be deeper (shal-
lower) in stronger (weaker) EAWM years (Fig. 4).

In the correlation maps with surface air temperature, neg-
ative values can be seen over the subtropical regions of East
Asia (Fig.5), especially from eastern China to Japan, i.e.,
over (20◦-45◦N), with coefficients over the 95% significance
level. But in the tropical regions of East Asia, the negative
values are rather less. So the influences of EAWM on surface
air temperature are mainly limited in the subtropical regions.
Results (not shown) of the composed 2-meter temperature
by NCEP/NCAR and China observational data are consistent
with Fig. 5.

As explored by Webster et al. (1998),“. . . the dry of the
winter monsoon is tied to the wet of the summer monsoon
and vice versa. . . ”, besides the simultaneous relations, the
EAWM has also great leading influences on the EASM cir-
culations, especially on the summer precipitation over East
Asia. This has been examined both by observations (Yan
et al., 2003) and numerical experiments (Yang et al., 2005).
In this analysis, both the correlation and the composites indi-
cate that after stronger (weaker) EAWM, less (more) summer
precipitation will be seen over the regions from the Yangtze
River valley of China to southern Japan, but more (less) pre-
cipitation from South China Sea to the tropical western Pa-
cific (figures not shown).

6 Conclusions

Monsoon circulation is an important component of the global
circulation systems. Based on the monthly NCEP/NCAR re-
analysis project and CMAP data, four typical EAWM indices
based on the main members of EAWM circulation systems
are compared in this paper. Results show that all the in-
dices show similar interannual and decadal-interdecadal vari-
ations. Most indices have significant weakening trends since
the 1980s. The correlation coefficient of each pair of the in-
dices is positive with a significance level of 99%. In the re-
search periods, there are 12 (13) years in which all the four
indices are positive (negative). Power spectrum results of
each index show the most predominant interannual period
in 3–4 years, the secondary near 6.5 years, and the main
decadal-interdecadal period in 9–15 years.
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greater than those of the EASM indices (Gao and Zhang, 2001, Table 1).  
 

Table 2 Correlation coefficients of the EAWM indices. The values outside, on the left side and on 
the right side of each pair of the parentheses are the coefficients of the original indices, their 

decadal-interdecadal and interannual components, respectively. Each of the coefficients has passed 
the 99% significance level.  

 ISHI ICHEN IJHUN ISUN

ISHI 1.00 0.71(0.42, 0.82) 0.75(0.60, 0.83) 0.68(0.46, 0.79) 
ICHEN  1.00 0.63 (0.68, 0.60) 0.68(0.71, 0.69) 
IJHUN   1.00 0.79(0.83, 0.74) 
ISUN    1.00 
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stronger and weaker EAWMs. The six stronger EAWM years are 1961/62, 1967/68, 1976/77, 
1980/81, 1983/84 and 1985/86; the six weaker years are 1958/59, 1968/69, 1972/73, 1978/79, 
1989/90 and 1997/98. 

 
5 Comparison of the relationships between each index and EAWM circulations  

Fig.3-5 show the correlation coefficients between each EAWM index and the SLP (Fig.3), 
500 hPa GPH (Fig.4) and the surface air temperature (Fig.5). From Fig.3 one can see there is a 
positive center over the Siberian high and a negative center over the Aleutian low and both the 
coefficients have passed the 95% significance level. There is also a significant negative center 
over the Intertropical Convergence Zone (ITCZ) in Fig3.b and Fig3.d, but not so remarkable in the 
other two figures. This correlation pattern indicates that the Siberian high will be stronger (weaker) 
in stronger (weaker) EAWM years, and the Aleutian low and the ITCZ will be deeper (shallower).  
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Fig. 3. Correlation coefficients of each index with SLP (a: ISHI; b: ICHEN; c: IJHUN; d: ISUN). Shaded regions mean the 95% significance
level.

Fig.3  Correlation coefficients of each index with SLP (a: ISHI; b: ICHEN; c: IJHUN; d: ISUN).  
Shaded regions mean the 95% significance level. 

 
In the correlation maps with 500 hPa GPH, the coefficients are also significantly negative over 

the East Asian Trough (EAT) regions, which means the EAT will be deeper (shallower) in stronger 
(weaker) EAWM years (Fig.4).  
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Fig.4  The same as Fig.3, but with 500 hPa GPH. 
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Fig.5  The same as Fig.3, but with surface air temperature. 
 

In the correlation maps with surface air temperature, negative values can be seen over the 

Fig. 4. The same as Fig. 3, but with 500 hPa GPH.
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Fig.3  Correlation coefficients of each index with SLP (a: ISHI; b: ICHEN; c: IJHUN; d: ISUN).  
Shaded regions mean the 95% significance level. 

 
In the correlation maps with 500 hPa GPH, the coefficients are also significantly negative over 

the East Asian Trough (EAT) regions, which means the EAT will be deeper (shallower) in stronger 
(weaker) EAWM years (Fig.4).  
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Fig.4  The same as Fig.3, but with 500 hPa GPH. 
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Fig.5  The same as Fig.3, but with surface air temperature. 
 

In the correlation maps with surface air temperature, negative values can be seen over the 

Fig. 5. The same as Fig. 3, but with surface air temperature.

Results also indicate that when EAWM is stronger, both
the Siberian high and the higher-level subtropical westerly jet
are stronger, and the Aleutian low and the East Asia trough
are deeper than normal. This pattern is favorable for stronger
northwesterly wind and lower air temperature in the subtrop-
ical regions of East Asia, while it is on the opposite in weaker
EAWM years. After stronger (weaker) EAWM, less (more)
summer precipitation will be seen over the regions from the
Yangtze River valley of China to southern Japan and more
(less) from South China Sea to the tropical western Pacific.
Therefore, the EAWM has a remarkable leading influence on
the following summer monsoon.

Yan et al. (2003) gave a possible explanation of the mecha-
nism of EAWM on EASM through composites of sea surface
temperature (SST) and outgoing longwave radiation (OLR)
anomalies in stronger and weaker EAWM years. In the
stronger EAWM years, the cold surges from the high lati-
tudes are intensified. That causes lower SSTs over the coast
regions of East Asia, especially over South China Sea. As
we know, the heat content of the ocean is much larger than
the atmosphere and the change of SSTs is relatively slower.
So even in boreal spring and earlier summer, the SSTs over
South China Sea are still lower than normal, so the convec-
tions are less active. That means less summer precipitation
will occur along the Yangtze River valley. While after the
weaker EAWM years, the convection will be stronger than
normal in the boreal spring and summer and the summer pre-

cipitation belt will be located over the Yangtze River valley
longer.
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