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Abstract: Interdecadal changes in the Asian winter monsoon

(AWM) variability are investigated using three surface air tempera-

ture datasets for the 55-year period of 1958-2012 from (1) the

National Centers for Environmental Prediction-National Center for

Atmospheric Research reanalysis 1 (NCEP), (2) combined datasets

from the European Centre for Medium-range Weather Forecasts

(ECMWF) 40-yr reanalysis and interim data (ERA), and (3)

Japanese 55-year reanalysis (JRA). Particular attention has been paid

to the first four empirical orthogonal function (EOF) modes of the

AWM temperature variability that together account for 64% of the

total variance and have been previously identified as predictable

modes. The four modes are characterized as follows: the first mode by

a southern warming over the Indo-western Pacific Ocean associated

with a gradually increasing basin-wide warming trend; the second

mode by northern warming with the interdecadal change after the

late 1980s; the third and fourth modes by north-south triple pattern,

which reveal a phase shift after the late 1970s. The three reanalyses

agree well with each other when producing the first three modes, but

show large discrepancy in capturing both spatial and temporal

characteristics of the fourth mode. It is therefore considered that the

first three leading modes are more reliable than the rest higher

modes. Considerable interdecadal changes are found mainly in the

first two modes. While the first mode shows gradually decreasing

variance, the second mode exhibits larger interannual variance

during the recent decade. In addition, after the late 1970s, the first

mode has a weakening relationship with the El Niño-Southern

Oscillation (ENSO) whereas the second mode has strengthening

association with the Artic Oscillation (AO). This indicates an

increasing role of AO but decreasing role of ENSO on the AWM

variability. A better understanding of the interdecadal change in the

dominant modes would contribute toward advancing in seasonal

prediction and the predictability of the AWM variability.
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1. Introduction

The Asian winter monsoon (AWM) is an extremely energetic

weather system during boreal winter, and thus has a strong

impact on both the Asian economy and society. Since 2000,

many parts of Asia have experienced extremely cold winters,

resulting in severe cold surges, storm tracks, and freezing rain,

causing huge economic losses in many Asian regions (e.g.,

Bao et al., 2010; Wei and Bao, 2012). The recent severe cold-

ness over Asia appears to be in contradiction to the gradually

increasing surface temperatures due to global warming, and

this therefore places great emphasis on AWM variability. Many

efforts have been made to understand the AWM interannual

variability (e.g., Wu and Wang, 2002; Wang et al., 2010; Sohn

et al., 2011; Ha et al., 2012; Lee et al., 2013a), mainly in

association with the El Niño-Southern Oscillation (ENSO)

(e.g., Zhang et al., 1996; Wang et al., 2000; Wang et al., 2008).

In addition to tropical forcing, many previous studies have

shown the influence of extratropical factors on AWM vari-

ability, such as the Artic Oscillation (AO)/ North Atlantic

Oscillation (NAO), Tibetan Plateau, and Eurasian snow cover

(e.g., Watanabe and Nitta, 1999; Gong et al., 2001; Gong and

Ho, 2002; Wu and Wang, 2002; Jhun and Lee, 2004; Wang et

al., 2010). 

To achieve a better detection of the sources of AWM

predictability, identification of the AWM dominant modes is

important. Wang et al. (2010) have identified two dominant

modes of East Asian winter monsoon (EAWM) variability,

which explain a large portion of the temperature variability

over the entire Asian region. The first leading mode, namely

the northern mode, is characterized a cold winter in northern

East Asia in relation to an intrusion of cold air from

northeastern Siberia. The second leading mode, namely the

southern mode, is featured by a deepening of the East Asian

trough and a strengthening of the Mongolian High. Lee et al.

(2013a) have recognized the first four empirical orthogonal

function (EOF) modes of AWM variability as predictable

modes, by analyzing hindcast data from state-of-the-art dy-

namical models and physically based statistical model. It is to

note that the current climate models have a better skill at

capturing both the first mode with a basin-wide warming

trend, and the AO-related second mode, whereas the statistical

model is more proficient at capturing the third and fourth modes

which closely related with ENSO variability on interannual and
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interdecadal timescales, respectively. 

The AWM exhibits considerable interdecadal variability,

which leads to low prediction and predictability of its inter-

annual variability (Lee et al., 2013a). Significant interdecadal

changes in the AWM have been observed in the late 1970s and

late 1980s, and these are characterized by a weakening of the

EAWM circulation and a warming of surface temperatures

over East Asia after these epochal periods (e.g., Jhun and Lee,

2004; Wang et al., 2009; Ha et al., 2012; Lee et al., 2013b;

Yang and Wu, 2013). Yeh et al. (2011) have demonstrated that

interdecadal changes in the North Pacific atmosphere in the

late 1970s are mostly related to the tropics, whereas those in

the late 1980s are not. He and Wang (2013) have surmised the

weakened relationship between the EAWM and ENSO after

the late 1970s is modulated by a phase of the Pacific decadal

oscillation (PDO), which also affect the interdecadal changes

in AWM variability. Furthermore, the interdecadal change after

the late 1980s has been explained by the decadal change in

large scale atmospheric circulations such as the AO/NAO and

the North Pacific oscillation (NPO) (Watanabe and Nitta, 1999;

Wu and Wang, 2002; Jhun and Lee, 2004; Lee et al., 2013b). 

Interdecadal changes in the monsoon system imply remark-

able changes in the dominant modes. Several recent studies

have suggested changes in the mean and the variability of

tropical sea surface temperature (SST), and major climate

variabilities under anthropogenic global warming (Guilyardi et

al., 2012; Chu et al., 2014; Lee et al., 2014; Lee and Wang,

2014, and many others). However, for a better projection of

future climate change, understanding of recent interdecadal

changes in relation to the variability and predictability of

climate systems is a prerequisite for the study of their future

change. It is of note that interdecadal changes implicit in the

AWM variability have received less attention than those in its

summer counterpart. 

In this study, we focus on the interdecadal changes in the

dominant modes of AWM variability using three reanalysis

datasets for the 55-year period of 1958-2012: (1) the National

Centers for Environmental Prediction (NCEP)-National Center

for Atmospheric Research (NCAR) (hereafter, NCEP); (2)

combined datasets from the European Centre for Medium-

range Weather Forecasts (ECMWF) Reanalysis (ERA-40) and

ECMWF interim data; (3) Japanese 55-year reanalysis data

(JRA-55) (hereafter, JRA). JRA-55 was released in November

2013, and is the second generation reanalysis spanning 1958-

2012. Because of the improved data assimilation and radiation

scheme, many of the deficiencies implicit in JRA-25 have

been reduced in JRA-55 (Ebita et al., 2011). Previous studies

have found a significant interdecadal change not only in the

AWM variability (e.g., Wang et al., 2008; He and Wang, 2013)

but also in the relationships between AWM and ENSO (e.g.,

He and Wang, 2013; He et al., 2013) and between EAWM and

AO (Wang et al. 2013; Li et al., 2014) after the late 1970s. In

particular, Wang et al. (2013) have reported a seesaw-like cor-

respondence between AWM-ENSO and AWM-AO relation-

ships, which is significantly related to the interdecadal change

around late 1970s. To document the interdecadal change in the

relationships of AWM variability with ENSO and AO, we

divide the entire period (1958-2012) into two sub-periods:

1958-79 and 1980-2012. The purpose of this study is therefore

to (1) identify and compare the dominant modes of AWM

variability in the three reanalysis datasets of NCEP, ERA, and

JRA, and to (2) investigate the coherent interdecadal change in

the dominant modes of AWM variability shown in the three

datasets.

2. Data and method

The surface air temperature at 2-m (hereafter, SAT) was

used as the key variable of winter monsoon, according to the

previous studies of Wang et al. (2010) and Lee et al. (2013a).

To investigate interdecadal changes in the AWM, the present

study used seasonal (December-January-February; DJF) mean

SAT obtained from three reanalysis datasets for the 55-year

period of 1958-2012: (1) NCEP (Kalnay et al., 1996); (2)

combined datasets from ERA-40 during 1958-1979 (Uppala et

al., 2005) and ECMWF interim during 1979-2012 (Dee et al.,

2011) (hereafter ERA); (3) JRA-55 (Ebita et al., 2011). This

study also used SST obtained from Met Office Hadley Centre

Sea Ice and Sea Surface Temperature version 1.1 (HadISST1.1)

(Rayner et al., 2003). To assess the change in the relationship

with ENSO and AO, the monthly Niño3.4 [5oS-5oN, 170oW-

120oW] and AO indices were derived from Climate Prediction

Center (CPC)-National Oceanic and Atmospheric Adminis-

tration (NOAA) data. The major principal modes of AWM

variability are identified using EOF analysis of SAT over the

broad AWM domain [Eq-60oN, 60oE-140oE] during the period

from 1958 to 2012. 

Lee et al. (2013a) have shown that the first four EOF modes

of the AWM variability are well represented as being pre-

dictable modes by the current climate prediction models, and

accordingly, we investigate the first four EOF modes. Before

using EOF analysis, surface temperature data were normalized

by their own standard deviations. In response to the previous

finding (e.g., He et al., 2013; Li et al., 2014), the interdecadal

changes between two epochs, 1958-79 (BEF1979) and 1980-

2012 (AFT1979), were investigated. Note that 1979 is identical

to the transition year used in the previous study of Yun et al.

(2010). Since we chose ERA as the reference reanalysis

dataset, the main results are hereafter shown as that obtained

from ERA data. 

3. Identification of dominant modes

The AWM can be categorized as a coupled extratropical-

tropical system, and one of its unique characteristics is a strong

meridional temperature difference (Wang et al., 2010). To

check the similarities and differences of SAT between the three

reanalysis datasets, we firstly show the climatology and inter-

annual variance (i.e., standard deviation) of SAT in the ERA,

NCEP, JRA reanalysis datasets (Figs. 1 and 2). As expected, the
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winter mean SAT decreases with latitude. The three reanalysis

datasets produce a similar mean SAT structure of the Eurasian

continental cold air mass at around 60oN, and an Indo-Pacific

Ocean warming (Figs. 1a to 1c). The maximum variance of

SAT appears in the northwestern part of Eurasia, which is

consistent in all three reanalysis datasets (Figs. 2a to 2c). 

The three datasets generally capture similar interdecadal

changes of the mean and variance after the late 1970s (Figs. 1d

to 1f, and 2d to 2f), although there are some disagreements

among datasets. Common features in the changes of the mean

and variance after the late 1970s are: (1) the warming of

northern SATs, with a maximum at around 70oN and a cooling

of southern SATs; (2) a larger variance over central Siberia

[55oN-75oN, 80oE-130oE] and a smaller variance over north-

western Eurasia [65oN-80oN, 60oE-80oE]. The changes in mean

SATs reflect the reduced meridional temperature gradient

between colder temperatures in high latitudes and warmer

temperatures in low latitudes, resulting in a weakening of the

AWM, which corresponds with results of the previous studies

(Jhun and Lee, 2004; Wang et al., 2009; Lee et al., 2013b). 

To capture the leading modes of AWM variability, we

perform an EOF analysis of the DJF mean SAT over the entire

Asian monsoon region [Eq-60oN, 60oE-140oE] obtained from

the three reanalysis datasets during the entire period 1958-

2012. Figure 3 displays the spatial patterns of EOFs and the

corresponding principal component (PC) timeseries from the

ERA dataset. The first four EOF modes account for about 64%

of the total variance. The first EOF (EOF1) mode reveals a

southern warming over the Indo-western Pacific Ocean and a

northern cooling structure (Fig. 3a), which resembles the

second EOF mode (southern mode) of EAWM variability in

Wang et al. (2010). The associated first principal component

(PC1) timeseries show a clear increasing trend, and con-

sequently the first mode is significantly related to the basin-

wide warming trend over the Indo-western Pacific Ocean. The

second EOF mode (EOF2) exhibits a northern warming pattern

with a weak southern cooling (Fig. 3b), which is identical to

the first EOF mode (northern mode) of the EAWM variability

in Wang et al. (2010). The PC2 timeseries display a decadal

fluctuation in the cold phase of the northern AWM from the

late 1960s to mid-1980s, and in the warm phase from the late

1980s to the early 2000s (Wang et al., 2009; Lee et al., 2013b).

Of particular interest is that the EOF2 shows remarkable

recovering cold anomalies over the northern AWM in recent

Fig. 1. (a)-(c) Climatology of DJF 2-m air temperature (SAT) during AFT1979 (1979-2012). (d)-(f) Difference in DJF 2-m air
temperature between AFT1979 (1979-2012) and BEF1979 (1958-1978). (a, d) ERA, (b, e) NCEP, and (c, f) JRA reanalysis
datasets. The blue dotted line indicates the zero line of difference. Dots in (d)-(f) indicate the value significant at the 95%
confidence level, based on the t-distribution. 
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three years (2010-2012), indicating a considerable contribution

to the recent extremely cold EAWM.

The third mode (EOF3) reveals a similar spatial structure to

that of the fourth mode (EOF4) (Figs. 3c, d), and both are

characterized by a north-south triple pattern of cold SAT over

the mid-latitude Asian continent and a warm SAT anomaly

over high latitude regions and the basic-wide Ocean. Although

the EOF3 and EOF4 account for only 7.8% and 6.4% of the

total variability, the PC3 (PC4) timeseries exhibit an increasing

(decreasing) trend with a phase shift after the late 1970s. This

reflects the fact that the EOF3 and EOF4 are significantly

associated with climate change over the North Pacific. 

To estimate the robustness of the first four modes depicted

by the three reanalysis data, we calculate the percentage

variance, the pattern correlation coefficient (PCC) between the

EOF spatial patterns, and the temporal correlation coefficient

(TCC) between the PC timeseries among the three reanalysis

data for each of the EOF modes (Figs. 4 and 5). As shown in

Fig. 4, the first two leading modes explain a large amount of

the total variance, and are distinguished from the rest of the

EOFs in terms of the sampling error of North et al. (1982). The

statistical independence of the two leading modes is given

equally in the three reanalysis datasets. Although the first two

EOF modes are not statistically separated, the first two EOF

modes have significant physical meanings associated with

different circulation structures and sources of variability (Wang

et al., 2010; Wei and Bao, 2012; Lee et al., 2013a). For

example, Wang et al. (2010) have reported that the first two

EOF modes display the temperature variability in the southern

and northern AWM, respectively, and reflect different cold-air

pathways intruding into EA from western Mongolia and

central Siberia, respectively. In addition to the different circu-

lation structure, the second mode is affected by excessive

autumn snow covers over southern Siberia-Mongolia, while

the first mode is related to reduced snow covers over northeast

Siberia. Lee et al. (2013a) have also shown the first four EOF

modes are well predicted by the current climate prediction

models and statistical model, representing that the first four

modes involve significant dynamical and physical interpret-

ations on the AWM variability.

An analogy between the leading modes obtained from the

three reanalysis datasets is represented as comparisons of PCC

and TCC (Fig. 5). The EOF1 to EOF3 in ERA are highly

correlated with those in both NCEP and JRA, except for the

discrepancy of PCC in JRA EOF1 (Figs. 5a-b). This discrep-

ancy of PCC between the first EOF modes of ERA and JRA

Fig. 2. Same as Fig. 1, but for the standard deviation of SAT. Dots in (d)-(f) indicate the value significant at the 95% confidence
level, based on the f-distribution. 
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(or NCEP and JRA) is also manifested in that between NCEP

and JRA (Fig. 5c). It is of note that the discrepancy between

the first EOF modes is due to a warmer anomaly over the high

latitude region (~60oN) in JRA EOF1 (Figs. 6a, e). Compared

to those in ERA and NCEP (Figs. 3a and 6a), the spatial

pattern in JRA EOF1 reveals a stronger warming over the

central and northern Eurasian region but weaker warming over

the Indo-western Pacific Ocean (Fig. 6e). Whereas the spatial

patterns of EOF2 and EOF3 in ERA are relatively similar to

those in both NCEP and JRA, the EOF4 represents some

spatial differences between three reanalysis datasets (Figs. 6b-

d and 6f-h). For example, the spatial patterns of EOF4 in both

ERA and NCEP show the Indian Ocean warming, while that

in JRA exhibits the Indian Ocean cooling. In addition, a

warmer anomaly over the eastern and central China in NCEP

and JRA does not appear in that in ERA. Although the EOF4

in NCEP exhibits high correlation with that in JRA (see Fig.

5c), the EOF4 in ERA shows less correlation with those in

NCEP and JRA (Figs. 5a, b), in relation to both TCC and PCC.

This indicates that the first three leading modes are more

reliable than the rest higher modes. 

 

4. Interdecadal changes in variability 

Previous studies have found significant interdecadal changes

in AWM variability after the late 1970s (e.g., Jhun and Lee,

2004; Wang et al., 2009) and in its relationship with climate

indices such as ENSO and AO (or NAO and NPO) (e.g.,

Watanabe and Nitta, 1999; Wu and Wang, 2002; Wang et al.,

2008; Lee et al., 2013b). In this section, we investigate inter-

decadal changes in the leading modes of AWM variability.

Intensity in interannual variability of each EOF modes can be

measured by the year-to-year standard deviation, which re-

presents the relative contribution of each EOF modes to the

total AWM variability. To examine the interdecadal change in

variability intensity of the leading modes, Figure 7 displays the

sliding standard deviations of the PC timeseries in each of the

EOF modes, with 15-yr and 21-yr windows. The interannual

variance of PC1 and PC2 is much larger than that of PC3 and

PC4, implying the important role of the first two EOF modes

on the variability of the AWM. Note that the variance of PC2

Fig. 5. Temporal correlation coefficient of PC time series (x-axis) and pattern correlation coefficient (y-axis) of EOF
eigenvector between (a) ERA and NCEP, (b) ERA and JRA, and (c) JRA and NCEP datasets.

Fig. 4. Percentage variance explained by the first four EOF modes
using NCEP (square), ERA (circle), and JRA (triangle) datasets. The
error bars represent the standard sampling errors of North et al. (1982).

Fig. 3. Spatial patterns and the associated PC time series of the first
four EOF modes of DJF SAT obtained from ERA reanalysis datasets
from 1958 to 2012.
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shows an abrupt rising trend after the 1990s, while that of PC1

gradually decreases, and in contrast, no significant change is

seen in the variance of the PC3 and PC4. The varying signal is

more evident in the 15-yr window sliding standard deviation

than in the 21-yr window. This interdecadal change in ERA

data agrees well with that of NCEP and JRA data (figure not

shown). Consequently, this is a good indicator of the increasing

role of EOF2 on the AWM variability, and the decreasing role

of EOF1. 

The changing contribution of each EOF modes on AWM

variability suggests changes in the relationship between the

AWM variability and the large-scale circulation from the

tropics to the high latitudes. To examine the change on global

scale, we show the correlation coefficients between the SAT

anomaly and the PC timeseries in each of the EOF modes

obtained from ERA data during BEF1979 (1958-1978) and

AFT 1979 (1979-2012), respectively (Fig. 8). Before 1979, the

PC1 is significantly associated with the tropical triple SST

Fig. 6. Spatial patterns of the first four EOF modes of DJF SAT obtained from (a)-(d) NCEP and (e)-(h) JRA reanalysis datasets
from 1958 to 2012.
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pattern between the Indian Ocean warming, western Pacific

cooling, and eastern Pacific warming via the Walker circulation,

reflecting a significant link with ENSO. The PC4 also shows a

link with ENSO, but the PC2 and PC3 are relatively correlated

with regional AWM temperature change. 

However, the association between PC1 and ENSO disap-

pears after 1979, and the PC1 is correlated instead with SST

warming of the Atlantic Ocean, which is considered likely to

associated with tropical SST warming due to global warming.

Of particular note is that the PC2 is significantly related to the

arctic cold temperature anomaly, implying an increased link

with AO, which is consistent with the results of Lee et al.

(2013a) in relation to the period of 1981-2001. The PC3 and

PC4 show no change between the periods before and after

1979. To check these results using ERA data, the simultaneous

correlation coefficients between the PC timeseries and ENSO

and AO, which were separately obtained from the ERA,

NCEP, and JRA datasets, are represented in the two epochal

periods of BEF1979 and AFT1979 (Fig. 9). As a result, the

PC1 can be seen to be highly correlated with ENSO before

1979, whereas after 1979 it shows no correlation with ENSO.

The PC2 reveals a significant relationship with AO, but only

after 1979. Using NCEP version 2 reanalysis data, Lee et al.

(2013a) have demonstrated that the EOF3 and EOF4 are

associated with ENSO variability on the interannual and inter-

decadal timescales. However, in this study, the results of PC3

and PC4 display a conspicuous disagreement with the three

reanalysis datasets that is considered to be attributed to the use

of three different reanalysis datasets. 

In comparison to the results from the three different re-

analysis datasets, the result from ERA coincides reasonably

with that from NCEP, while the result from JRA is somewhat

distinguished from that of ERA and NCEP. For example, the

PC2 in JRA reveals a significant relationship with ENSO

before 1979, which is in contrast to the insignificant association

with ENSO shown in ERA and NCEP. We therefore argue that

it is necessary to take great care when using SAT from the JRA

reanalysis data to analyze AWM variability. To summarize,

despite some disagreements between ERA, JRA, and NCEP

reanalysis datasets, interdecadal change in the leading modes

of AWM variability is shown mainly in the first two EOF

modes. The leading modes of AWM variability are more likely

to be linked to the AO than ENSO, and this has occurred

particularly in recent years.

5. Summary and conclusions

We investigate interdecadal change in the dominant modes

of AWM variability during the period 1958-2012, using three

reanalysis datasets of ERA, NCEP, and JRA. The three re-

analysis datasets produce similar leading modes of AWM

variability, in addition to the analogical SAT structure of

climatological mean, interannual variance, and interdecadal

change after the late 1970s. 

As in the predictable modes of AWM variability shown in

Lee et al. (2013a), the first four EOF modes explain about

64% of the total variance. The EOF1 is characterized by

southern warming over the Indo-western Pacific Ocean, which

is associated with a gradually increasing basin-wide warming

trend; the EOF2 is characterized by northern warming, with an

interdecadal change after the late 1980s; the EOF3 and EOF4

show a north-south triple pattern of cold SAT over the mid-

latitude Asian continent, and warm SAT anomaly over the high

latitude region and the basic-wide Ocean, revealing a phase

shift after the late 1970s. All three reanalysis data reveal some

discrepancies in relation to the EOF4, which is an indicator

that the first three leading modes are more reliable than the rest

higher modes. A comparison between the different reanalysis

datasets also shows that the results of EOF1 from JRA are

somewhat different from those of ERA and NCEP. It is

considered therefore, that caution should be needed when

analyzing the leading mode of AWM using JRA reanalysis

data.

Interdecadal change of the AWM is revealed in the late

1970s and late 1980s (Watanabe and Nitta, 1999; Wu and

Wang, 2002; Jhun and Lee, 2004; Wang et al., 2009). The

dominant modes of the AWM proficiently capture the inter-

decadal change in the AWM system. The first two EOF modes

display significant interdecadal change; the EOF2 shows the

increasing interannual variance over the most recent decade,

and the EOF1 exhibits gradually decreasing variance. In

addition, the EOF1 shows a weakening association with ENSO

after 1979, while the EOF2 exhibits a greater association with

the AO after 1979. This suggests the increasing role of AO and

the decreasing role of ENSO on AWM variability. The

weakened relationship between AWM and ENSO may be due

to interdecadal change in the relationship between ENSO and

Fig. 7. (a) 15-yr window and (b) 21-yr window sliding standard
deviation of PC time series obtained from ERA.



538 ASIA-PACIFIC JOURNAL OF ATMOSPHERIC SCIENCES

the midlatitude atmospheric circulation (He et al., 2013), which

is related to the weakened ENSO-NPO/EAWM relationship

and the strengthened ENSO-Pacific North America (PNA)

pattern after the late 1970s. In relation to the increasing role of

Fig. 8. Correlation coefficient between the PC timeseries and DJF near surface temperature obtained from ERA dataset during (a)-
(d) BEF1979 and (e)-(g) AFT1979 periods. The merged data between SAT over lands and SST over oceans is used. (a, e) PC1, (b,
f) PC2, (c, g) PC3, and (d, h) PC4. The dashed contour indicates regions where the correlation coefficient is statistically significant
at the 95% confidence level.
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AO on the AWM variability, Li et al. (2014) have demonstrated

that the reduction of autumn Arctic sea ice cover is responsible

for the strengthened EAWM-AO relationship after the late

1970s, by producing the northward extension of Asian jet

stream. In addition, Wang et al. (2013) have mentioned the

seesaw relationship between EAWM-ENSO and EAWM-AO

connections, implying that the enhanced relationship between

AWM and AO might be in part contributed by the weakened

AWM-ENSO relationship. The possible causes on interdecadal

change in the leading modes of the AWM are not firmly

demonstrated in this study, and will be the subject of future

investigations. 

This study has an important implication to seasonal climate

prediction of the AWM variability. It have been demonstrated

that the first four EOF modes of the AWM temperature

variability are predictable to some extend and better predicted

by the state-of-the-art coupled models (Lee et al., 2013a) than

the Asian summer monsoon precipitation variability (e.g., Lee

et al., 2010; Wang et al., 2014). However, this study implies

that the observed interdecadal changes should modulate the

AWM predictability and prediction skill. This issue will be

addressed in a subsequent study. 
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