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Abstract
This study investigates the transition from East Asian winter monsoon (EAWM) to following summer monsoon (EASM) 
under two types of El Niño and La Niña events. A robust out-of-phase transition from weak EAWM to strong EASM is related 
to El Niño events, which is more distinct in eastern Pacific (EP) El Niño than that in central Pacific (CP) El Niño due to the 
stronger and wider western North Pacific (WNP) anticyclone (WNPAC) as a persistent atmospheric bridge. The WNPAC 
differences result from the combined impacts of the warming over northern Indian Ocean (NIO) remotely, the dipolar sea 
surface temperature (SST) anomalies and the anomalous sinking motion over WNP locally. In terms of La Niña, the out-of-
phase strong EAWM to weak EASM transition exists only for CP La Niña. Moreover, this connection is weaker compared 
to that for El Niño events because of a weaker WNP cyclone (WNPC). Conversely, when EP La Niña occurs, an in-phase 
transition is detected with a strong EAWM evolving into a strong EASM due to the emergence of WNPAC in summer. For 
CP and EP La Niña, the cooling SST anomalies over NIO and WNP play opposite roles in affecting WNP summertime 
circulation anomalies. Observational and model results suggest that the WNPC (WNPAC) is dominated by remote (local) 
cooling in NIO (WNP) in the summer following CP (EP) La Niña. In addition, the local rising (sinking) flow also contributes 
to the WNPC (WNPAC) associated with CP (EP) La Niña.

Keywords  El Niño · La Niña · East Asian winter monsoon (EAWM) · East Asian summer monsoon (EASM) · Western 
North Pacific anticyclone (WNPAC) · Western North Pacific cyclone (WNPC)

1  Introduction

Located in the most prominent monsoon domain, the East 
Asia experiences a seasonal reversal of the prevailing winds 
(Lau and Li 1984; Huang et al. 2003). In boreal summer, the 
southerly flow brings abundant water vapor from the Indian 
Ocean (IO) and tropical western Pacific (WP) to eastern 
China, Korean Peninsula, and Japan, which constitute the 
major Meiyu–Changma–Baiu rainbelt over the East Asia 
(Tao and Chen 1987; Ding 1994; Chen et al. 2009). The East 
Asian summer monsoon (EASM) displays large interannual 
variability, and it can cause devastating natural disasters, 
such as the severe floods over Yangtze River valley (YRV) in 
the summer of 1998 (Huang et al. 2003, 2007), the grievous 

summer droughts in Chongqing in 2006 (Peng et al. 2007; 
Wang and Zhang 2008), and the heat waves in eastern China 
in 2013 (Sun et al. 2014; Chen et al. 2017). Although many 
efforts have been made to reveal the features of EASM (Lau 
et al. 1988; Ding 1992; Zhou et al. 2005; Trenberth et al. 
2006), the research and prediction of EASM are still a cru-
cial issue in climate fields.

The variability of EASM is affected by not only inter-
nal atmospheric variability but also external forcing, 
such as sea surface temperature (SST), snow cover, soil 
moisture, and the heating condition over Tibetan Plateau 
(Charney and Shukla 1981; Lau 1992; Wu and Ni 1997; 
Huang et al. 2003). Among those factors, the East Asian 
winter monsoon (EAWM) is a vital indicator. Sun and Sun 
(1994) reported that the summertime flood/drought along 
the Yangtze–Huaihe River valley is closely associated with 
the preceding winter circulation anomalies over East Asia. 
However, this EAWM-EASM relationship is not statistically 
significant, especially in terms of precipitation. Using both 
statistical analyses and numerical simulations, Yan et al. 
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(2011) pointed that a strong EAWM leads to a strong EASM 
in the following summer. In general, this transition includes 
two types: the in-phase transition (strong EAWM and suc-
ceeding strong EASM or weak EAWM and succeeding weak 
EASM) and the out-of-phase transition (strong EAWM and 
succeeding weak EASM or weak EAWM and succeeding 
strong EASM) (Sun and Sun 1994, 1995; Yan et al. 2003, 
2011; Li et al. 2011; Wang and Wu 2012). In recent years, 
some studies emphasized the role of El Niño–Southern 
Oscillation (ENSO) in the link of EAWM and the following 
EASM (Chen 2002; Chen et al. 2000, 2013; Li et al. 2011). 
For example, Chen et al. (2013) documented that when El 
Niño occurs, the anomalous western North Pacific anticy-
clone (WNPAC) is predominant in winter and can persist 
into the ensuing summer. The southerly flow in the western 
part of WNPAC weakens the northerly wind of EAWM and 
enhances the southerly wind of EASM, acting as the atmos-
pheric bridge of EAWM and EASM. This finding is not con-
sistent with the results of Yan et al. (2011). Moreover, they 
just used linear regression against Niño-3 index to reveal 
the role of ENSO in the link of EAWM and the following 
EASM. They did not distinguish different ENSO phases and 
types, so the potential asymmetry of ENSO was not included 
therein. More recently, Xu et al. (2016) investigated this 
potential asymmetry by separating the impacts of El Niño 
and La Niña events, but the effects of different ENSO types 
were still not elucidated. Still and all, the consensus on the 
EAWM-EASM relationship and the modulation of ENSO 
has not been reached yet.

On the other hand, as a key factor influencing the EAWM-
EASM relationship, ENSO is a complicated ocean–atmos-
phere coupled phenomenon over the tropical Pacific (e.g. 
Neelin et al. 1998). The El Niño and La Niña events are 
asymmetric in amplitude, structure, and temporal evolution 
(Burgers and Stephenson 1999; Kang and Kug 2002; Jin 
et al. 2003; An et al. 2005). Actually, the climate response to 
ENSO exhibits an apparent nonlinearity between the warm 
and cold phases (Zhang et al. 2014, 2015a). The results of 
Xu et al. (2016) are exactly the interpretation in the aspect 
of EAWM–EASM circulation systems. In addition, as evi-
denced in numerical simulations, the circulation anomalies 
are not symmetrical even if the prescribed SST anomalies 
are equal with opposite sign (Hoerling et al. 1997; Kang 
and Kug 2002). Since the last decade, a new type of El 
Niño event has attracted great attention with its SST anom-
alies centered in the tropical central Pacific (CP), which is 
referred to as the “Dateline El Niño” (Larkin and Harrison 
2005), “El Niño Modoki” (Ashok et al. 2007), “CP El Niño” 
(Yu and Kao 2007), or “warm pool El Niño” (Kug et al. 
2009). It differs from the canonical El Niño, whose SST 
anomalies are centered in the tropical eastern Pacific (EP), 
in both spatial pattern and climate impacts (e.g. Weng et al. 
2007; Yu and Kim 2011; Zhang et al. 2013; Wang and Wang 

2014). For ease of comparison, we employ the terms “CP 
El Niño” and “EP El Niño” to denote the new and canonical 
El Niño events, respectively. As the bridge of EAWM and 
EASM, the evolution of WNPAC displays distinct charac-
teristics in location, intensity, and lifetime for the CP and EP 
El Niño (Yuan et al. 2012). But Yuan et al. (2012) did not 
classify La Niña events, and they only focused on the SST 
effects from IO. Furthermore, the existence of the CP La 
Niña is still controversial. Some studies negated its exist-
ence, stating that the center of negative SST anomalies does 
not shift apparently among La Niña cases (Kug et al. 2009; 
Ren and Jin 2011). While others held that the CP La Niña 
can be distinguished from the EP type in terms of the ocean 
surface currents (Shinoda et al. 2013) and climate influences 
(Cai and Cowan 2009; Yuan and Yan 2013; Zhang et al. 
2015b). In this study, we classify both El Niño and La Niña 
events to make a comprehensive investigation. Considering 
the indispensable role of ENSO in the EAWM-EASM rela-
tionship (e.g. Chen 2002; Chen et al. 2013), the non-ENSO 
years are not included and discussed here.

In brief, we particularly address the following questions 
in this paper. Firstly, how does the EAWM-EASM relation-
ship vary under different ENSO phases and types? Secondly, 
what role does the WNPAC (or the corresponding cyclone 
over the WNP associated with La Niña events, abbreviated 
as WNPC) play in the above relationship? Thirdly, what 
mechanisms are responsible for the variation and evolution 
of WNPAC/WNPC? The structure of this paper is as follows. 
In Sect. 2, we describe the data sets and methods applied in 
this study. The SST characteristics of CP and EP ENSO, 
such as their evolutions and distributions, are examined in 
Sect. 3. Based on the selected CP El Niño, EP El Niño, CP 
La Niña, and EP La Niña events, we analyze the modulation 
of ENSO on the EAWM-EASM relationship and the role 
of WNPAC/WNPC in Sect. 4. The underlying mechanisms 
for WNPAC/WNPC are investigated in Sect. 5. Finally, the 
conclusions and discussion are provided in Sect. 6.

2 � Data and methodology

The atmospheric variables are monthly reanalysis data 
derived from the National Centers for Environmental Pre-
diction/National Center for Atmospheric Research (NCEP/
NCAR) (Kalnay et al. 1996). It has a horizontal resolution 
of 2.5° × 2.5° with 17 standard pressure levels vertically. 
We use zonal wind, meridional wind, and omega (vertical 
velocity in pressure coordinate) in this study. The monthly 
SST data are obtained from Hadley Centre Sea Ice and Sea 
Surface Temperature data set (HadISST) on 1° latitude by 
1° longitude grid (Rayner et al. 2003). We focus on the 
period from 1951 to 2016 in this paper. The anomalies are 
defined as the deviations from monthly climatology over 
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1981–2010. Seasonal means are constructed by averaging 
the data in December–January–February (DJF) for boreal 
winter, March–April–May (MAM) for boreal spring, and 
June–July–August (JJA) for boreal summer.

To distinguish and select the CP and EP El Niño events, 
two Niño indices are used. The first one is the Niño-3 index, 
which is defined as SST anomalies averaged over the eastern 
equatorial Pacific (5°S–5°N, 150°W–90°W). The second one 
is the El Niño Modoki index (EMI) (Ashok et al. 2007), 
defined as EMI = [SSTA]

A
− 0.5 × [SSTA]

B
− 0.5 × [SSTA]

C
 . 

The items [SSTA]
A
 , [SSTA]

B
 , and [SSTA]

C
 indicate the 

SST anomalies averaged over the regions of (10°S–10°N, 
165°E–140°W), (15°S–5°N, 110°W–70°W), and 
(10°S–20°N, 125°E–145°E), respectively. Considering the 
potential different peaks of CP and EP cases (see Fig. 5 of 
Ashok et al. 2007), we first sift the potential CP (EP) El Niño 
events for monthly EMI (Niño-3 index) larger than 0.5 °C 
for more than 5 consecutive months (at most 1 month inter-
ruption). Secondly, we exclude the years of 2002 and 2004 
because they only peaked in boreal summer and decayed 
before boreal winter. Thirdly, the cases (1957, 1963, 1965, 
1986, 1987, 1991, and 2006) with mixed signals from both 
CP and EP are removed. Thereinto, the year 1957 indicates 
the ENSO process from 1957 to 1958. Fourthly, the anoma-
lous SST spatial pattern shows some similarities between 
CP El Niño and EP La Niña, and the latter sometimes mis-
takenly falls into the CP El Niño group by EMI (e.g. 1954 
and 1967). Then, the anomalous SST spatial pattern of the 
residual potential El Niño cases is applied individually to 
confirm their phases and types (figures not shown). Based 
on the above procedures, five CP El Niño cases (1968, 1977, 
1990, 1994, and 2009) and eight EP El Niño cases (1951, 
1965, 1969, 1972, 1976, 1982, 1997, and 2015) are identi-
fied. Then, in order to select the CP and EP La Niña events 
more reasonably, we adopt the definition proposed by Zhang 
et al. (2015b). The first step is to identify all the La Niña 
events on a threshold of -0.5 °C for DJF-mean SST anoma-
lies over the Niño-3.4 region (5°S–5°N, 170°W–120°W). 
The Niño-3.4 index combines the signals of both CP and EP 
ENSO. The second step is to classify these cases as CP (EP) 
type when SST anomalies west (east) of 150°W are larger 
during the mature phase of La Niña. We choose eight CP 
La Niña events (1973, 1975, 1983, 1988, 1998, 2000, 2008, 
and 2011) and eight EP La Niña events (1954, 1955, 1964, 
1967, 1971, 1984, 1995, and 2005). The mixed La Niña 
events (1970, 1999, 2007, and 2010) with SST anomalies 
covering both CP and EP will not be investigated in the fol-
lowing study.

The intensity of the EAWM can be estimated by an 
EAWM index (EAWMI), defined by the meridional 
wind at 850 hPa averaged over the region (20°N–40°N, 
100°E–140°E) (black box in Fig. 1a; Yang et al. 2002). The 
positive value of EAWMI denotes a weak EAWM and vice 

versa (Fig. 1a). Moreover, a generally weak WNPAC appears 
near the Philippine Islands when a weak EAWM occurs 
(“A” in Fig. 1a). In terms of the EASM index (EASMI), 
its representation remains highly controversial. Firstly, to 
have a thorough understanding of the EASM, the map of 
climatic JJA-mean 850-hPa winds and precipitation is plot-
ted (Fig. 1b). Southerly winds, mostly southwesterlies, pre-
vail over the eastern China and its surrounding seas. The 
center of subtropical high at 850 hPa is located over the 
subtropical NP (Fig. 1b). In the aspect of precipitation, the 
Meiyu–Changma–Baiu rainbelt stands as the primary rain-
bearing system for EASM. According to Wang et al. (2008a, 
b), the existing indices for EASM are classified into five cat-
egories: the zonal thermal contrast, the meridional thermal 
contrast, the shear vorticity of zonal wind, the southwesterly 
monsoon, and the South China Sea monsoon. They recom-
mended a simple index defined by Wang and Fan (1999), 
which demonstrates the best combined skill to reveal the 
circulation and precipitation results of multivariate Empiri-
cal Orthogonal Function (MV-EOF). Moreover, this index 
highlights the Meiyu–Changma–Baiu rainbelt and funda-
mentally facilitates real-time monitoring (Wang et al. 2008a, 
b). Thus, we choose this EASMI defined by Wang and Fan 
(1999) with a reversed sign to depict the EASM variability. 
In detail, it is calculated by the 850-hPa zonal wind averaged 
over (22.5°N–32.5°N, 110°E–140°E) minus that averaged 
over (5°N–15°N, 90°E–130°E) (black boxes in Fig. 1c). The 
regression pattern against EASMI suggests that when strong 
EASM (positive EASMI) occurs, the southwesterly anoma-
lies bring abundant water vapor and arouse more rainfall in 
YRV, Japan, and Maritime Continent (MC) (Fig. 1c). Less 
rainfall is observed in the northern Philippines and eastern 
Indo-China Peninsula (Fig. 1c). Notably, the climatic WNP 
subtropical high at 850 hPa (Fig. 1b) is located northeast-
ward compared to the anomalous WNPAC (Fig. 1c). When a 
strong EASM occurs with an anomalous WNPAC, the WNP 
subtropical high intensifies and shifts westward.

Composite analysis and linear regression are utilized in 
this study. The significance of statistical results is evaluated 
with the two-tailed Student’s t test. The running correlations 
are computed with varying windows from 9 to 15 years.

3 � The asymmetric SST characteristics 
for two types of ENSO events

First, we compare the horizontal distribution of SST anoma-
lies in the two types of ENSO events (Fig. 2). For the CP El 
Niño type, the positive SST anomalies are mainly confined 
in the CP, especially near or slightly east of the dateline 
(Fig. 2a). The warm center is located west of the 150°W. 
Negative SST anomalies stretch from the equatorial WP to 
the subtropical area of the two hemispheres (Fig. 2a). By 
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contrast, the positive SST anomalies are mostly located over 
the EP for the EP El Niño type, with its center east of 150°W 
(Fig. 2b). Moreover, the magnitude of SST anomalies for EP 
El Niño is much larger than that for the CP El Niño. This 
distribution of SST anomalies is consistent with previous 
results of CP and EP El Niño (e.g. Kug et al. 2009; Kim 
et al. 2011). For La Niña cases, the anomalous SST pattern 
over tropical Pacific also displays notable differences during 
boreal winter (Fig. 2c, d). The negative SST center for CP La 
Niña shifts westward into the equatorial CP west of 150°W 
(Fig. 2c). Weak positive SST anomalies in the equatorial 
WP extend southeastward and northeastward in a horseshoe 
shape to the subtropical Pacific (Fig. 2c). For EP La Niña, 
negative SST anomalies cover the equatorial EP with the 
center far east of 150°W (Fig. 2d). In addition, the WNP 
region is also occupied with weak negative SST anoma-
lies (Fig. 2d). The amplitude of the central SST anomalies 
related to CP La Niña is generally larger than that associ-
ated with EP La Niña. This is mostly in agreement with the 
findings of previous studies (e.g. Dommenget et al. 2013; 
Frauen et al. 2014; Zhang et al. 2015b; Song et al. 2017). 
Note that there is nearly no anomalous warming over the 
tropical WP in the EP La Niña composite (Fig. 2d). Weaker 
easterlies associated with anomalous Walker Circulation do 
not penetrate into this region (Fig. 7d), which brings much 
less warm water and further causes the absence of positive 
SST anomalies there (Fig. 2d). Based on above distinguish-
able characteristics, the two types of La Niña cases can be 
differentiated reasonably under our stipulation.

We further explore the composite evolutions of the 
equatorial SST anomalies from the developing phase to the 
decaying phase based on all the above ENSO cases. During 
the whole lifetime, the position of the central SST anomalies 
associated with CP ENSO is exactly located to the west of 
150°W and does not show an obvious propagation feature, 
roughly stationary instead (dots in Fig. 3a, c). In contrast, for 
both of EP El Niño and EP La Niña, the maximum (or mini-
mum) SST anomalies are mainly located in the equatorial 
EP, mostly to the east of 150°W (Fig. 3b, d). It is remarkable 
that their SST anomalies demonstrate an obvious westward 
propagation from developing to decaying phases (Fig. 3b, d). 

Thereby, above temporal differences between the CP and EP 
ENSO are conspicuous and consistent with the distinctions 
in previous studies (Ashok et al. 2007; Kao and Yu 2009; 
Kug et al. 2009; Feng et al. 2017). Again, not only the two 
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types of El Niño but also La Niña events are well separated 
through our methods.

Further, the climatology of equatorial SST is calculated 
to investigate the background of oceanic thermal state (blue 
line in Fig. 4). It displays high temperature over the WP 
(i.e. the warm pool) and low temperature over the EP (i.e. 
the cold tongue). This climatological SST induces different 
intensities of convection and different sensitivities to con-
vection in the equatorial Pacific. The composite equatorial 
SST anomalies for CP and EP ENSO are also illustrated 
in Fig. 4. In terms of El Niño, the differences of two types 
mainly lie in the central-eastern Pacific. The maximum 
SST warming (about 1.3 °C) of CP El Niño stands near 
170°W (red-solid line in Fig. 4), while that for EP El Niño 
(around 1.8 °C) occupies the area near 120°W (red-dashed 
line in Fig. 4). For CP La Niña, the maximum negative SST 
anomaly is situated near 162°W, with the magnitude about 
− 1.5 °C (black-solid line in Fig. 4). In contrast, the negative 
SST peak (about − 1.1 °C) is located near 120°W for EP La 
Niña (black-dashed line in Fig. 4). Those are consistent with 
Figs. 2, 3 and Song et al. (2017).

In short, the spatial distribution, temporal evolution, and 
propagation features of SST under two ENSO types are nota-
bly different. Considering the oceanic state (climatological 
SST, zonal SST gradient, and total SST) and the nonlinear 
atmospheric response to oceanic heating, we could speculate 

that distinct atmospheric circulation can be detected under 
different ENSO types and phases.

4 � Asymmetric modulation of ENSO 
on EAWM–EASM relationship

4.1 � Relationship in terms of 850‑hPa winds

To reveal the role of ENSO in the transition from EAWM 
to the following EASM, whether there is asymmetry in 
the ENSO modulation on EAWM should be perceived 
first. We calculate the EAWMI series for winters from 
1951 to 2016 (Fig. 5a). The EAWM displays large inter-
annual variability (Fig. 5a). Then, the ENSO-related part 
of EAWMI is computed with respect to the synchronous 
EMI (EAWMIEMI; Fig. 5b), Niño-3 index (EAWMINiño3; 
Fig. 5c), and Niño-3.4 index (EAWMINiño3.4; Fig. 5d), 
respectively, in order to indicate the synchronous connec-
tion between ENSO and EAWM. The correlation coeffi-
cients of EAWMI with EMI, Niño-3 index, and Niño-3.4 
index are 0.117, 0.364, and 0.363, respectively. The latter 
two exceed 99% confidence level according to a two-tailed 
Student’s t test. As EP ENSO can be well represented by 
the Niño-3 index, we can conclude that the EP ENSO has 
a closer and robust relationship with the EAWM. That is, 
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3912	 J. Shi, W. Qian 

1 3

when EP El Niño (La Niña) occurs, anomalous southerly 
(northerly) prevails over the East Asia, indicating a weaker 
(stronger) EAWM. In addition, the above results are con-
sistent with Table 1. It should be noted that the high cor-
relation with Niño-3.4 index may be contributed mostly by 
the EP ENSO and the inherent association between Niño-3 
and Niño-3.4 indices. However, the connection between 
CP ENSO and EAWM is insignificant from the view of 
EAWMIEMI series and correlation coefficient between EMI 
and EAWMI (Fig. 5b). Again, the result in Table 1 is an 
additional corroboration, with almost equivalent probabil-
ity of strong or weak EAWM after CP ENSO events. Fur-
ther, taking Niño-3.4 index as an example, it contributes 
around 13% of the total EAWMI variance, which implies 
pivotal modulations from other oceanic area or extratropi-
cal region.

As proposed in previous studies (e.g. Yuan et al. 2012; 
Chen et al. 2013), the WNPAC bridges the EAWM and the 
succeeding EASM. Thus, we elucidate the seasonal transi-
tion of East Asian monsoon through the 850 hPa winds, 
focusing on the seasonal evolution of WNPAC/WNPC 
(Figs. 6, 7). When CP El Niño occurs, the WNPAC can 
be observed in the boreal winter (Fig. 6a) and maintained 
through the following spring (Fig. 6b) and summer (Fig. 6c). 
The WNPAC in winter can well indicate the weakening 
EAWM. Then, the WNPAC evolves into two southerly 
branches in summer and its southern part near the Philip-
pines becomes weak and insignificant (Fig. 6c). In com-
parison, the WNPAC is much stronger and takes up wider 
domain in the EP El Niño composite (Fig. 6d–f). Hence, 
there is a closer connection between EAWM and EASM 
when EP El Niño arises. Additionally, the WNPAC displays 
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Fig. 3   The time-longitude section of composite SST anomalies (shad-
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White contours outline the 95% confidence level based on the two-
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a zonal-elongated structure under EP El Niño (Fig. 6d–f). 
Moreover, this is indicative of the out-of-phase weak 
EAWM to strong EASM transition, mostly in accordance 
with the previous results (e.g. Yan et al. 2011; Wang and 
Wu 2012; Chen et al. 2013). Another thing to emphasize 
is that the anomalous southerly to the northwestern flank 
of the WNPAC associated with CP El Niño (Fig. 6a) shifts 
westward over the Eastern China and its surrounding seas 
in boreal winter compared to that of EP El Niño (Fig. 6d), 
which may result from the westward location of anomalous 
SST forcing for CP El Niño (Fig. 2a, b). On the other hand, 
however, the above relationship does not always hold true 
under La Niña events (Fig. 7). In the composites of CP La 
Niña cases (Fig. 7a–c), the strong EAWM is accompanied 
by the ensuing weak EASM, indicated by the wind anoma-
lies and WNPC. But the WNPC is weaker and smaller than 
the WNPAC (Fig. 6), and establishes a relatively weaker 
connection between EAWM and EASM compared to that 
of WNPAC associated with El Niño events. Differently for 
EP La Niña cases, the anomalous WNPC is much weaker 
(Fig. 7d, e) and disappears in summer (Fig. 7f). Note that an 
anticyclone is located in Mainland China and shifts south-
eastward into WNPAC over the South China Sea (SCS) in 
spring (Fig. 7e) and summer (Fig. 7f). Another weak anticy-
clone is also identified to the east of this WNPAC (Fig. 7f). It 
implies that the strong EAWM develops into strong EASM 
following EP La Niña years. After the mature phase of EP 
La Niña, the circulation pattern in boreal spring (Fig. 7e) 
and summer (Fig. 7f) shows a complex feature over the East 
Asia and its surrounding seas, dominant by more than one 
cyclonic or anticyclonic systems. It suggests that the East 

Asian monsoon is affected by many other factors when EP 
La Niña occurs, partly due to its weak intensity.

To sum up, the out-of-phase EAWM-EASM relationship 
is more stable and significant when El Niño occurs than 
that following the La Niña phenomenon, as reported by 
Xu et al. (2016). In detail, the WNPAC and WNPC exhibit 
noteworthy asymmetry in intensity, coverage, and location, 
which is more apparent in boreal summer. The WNPAC is 
stronger and covers a larger area connecting tropics and mid-
latitudes over East Asia and nearby seas, especially in the 
context of EP El Niño. Inversely, the WNPC is much weaker 
and then shrinks substantially (associated with CP type) or 
transforms into WNPAC (associated with EP type) in the 
decaying year of La Niña, leading to a weaker out-of-phase 
EAWM-EASM transition or even in-phase EAWM-EASM 
transition, respectively.
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4.2 � Relationship in terms of the EAWMI 
and succeeding EASMI

To further explore the connection between EAWM and 
the following EASM quantitatively, the correlation coeffi-
cients are first computed in terms of EAWMI, EAWMIEMI, 
EAWMINiño3, and EAWMINiño3.4 with the succeeding 
EASMI over the period 1951–2015. They are 0.186, 0.178, 
0.413, and 0.402, respectively, with the latter two exceed-
ing 99% confidence level of the two-tailed Student’s t test. 
In other words, when a weak EAWM associated with EP El 
Niño (positive EAWMINiño3) occurs, a strong EASM (posi-
tive EASMI) follows. But a weak EAWM in CP El Niño year 
or non-ENSO year is not significantly related to a strong 
EASM afterwards. Thus, we hypothesize that the modula-
tion of moderate-strong EP ENSO is a requisite factor to 
maintain the out-of-phase transition of EAWM and the fol-
lowing EASM.

The running correlation is also calculated among above 
indices to reveal the stability of the EAWM-EASM transi-
tion with windows of 9, 11, 13, and 15 years (Fig. 8). Again, 
the out-of-phase EAWM-EASM transition is neither sig-
nificant nor stable in a general sense (covering both ENSO 
and non-ENSO years; Fig. 8a), reconfirming the indispen-
sable role of ENSO in the EAWM-EASM relationship. 
The insignificant EAWM-EASM relationship is also true 
associated with the CP ENSO (denoted by EMI; Fig. 8b), 
partly due to its weak linkage with EAWM (Fig. 5b) and 
the weak intensity of CP El Niño. But the average running 
correlation against EAWMINiño3 is more stable and exceeds 
the 95% confidence level of the two-tailed Student’s t test 
during most years of the 1979–2001 period (Fig. 8c). This 
finding proves the importance of EP ENSO (especially 
EP El Niño; Figs. 6d–f, 7d–f) in maintaining and stabiliz-
ing the EAWM-EASM transition. As the Niño-3.4 index 
largely encompasses the signal of EP ENSO, the similar 
results against EAWMINiño3.4 may result from the dominant 
effect of EP El Niño (Fig. 8d). Compared with the results in 
Fig. 5, we conjecture that the modulation of ENSO in the 
EAWM-EASM transition is significant and robust only on 
the premise of a significant connection between ENSO and 
EAWM firstly.

On the other hand, the EAWMI and the following 
EASMI are calculated based on CP and EP types of ENSO 
events (Table 1). Statistically, the significant and robust 

EAWM-EASM relationship is only detected under EP El 
Niño. The occurrence of positive EAWMI (7 out of 9) and 
positive EASMI (7 out of 9) is also dominant. The EASMI 
under CP La Niña is also significant, but there is no cor-
responding significant EAWMI before. Not surprisingly, 
the EAWM–EASM transition is not significant when CP 
El Niño or EP La Niña occurs. Hence, the EAWM–EASM 
connection is very complicated in terms of both the value 
and occurrence of monsoon indices (Table 1).

5 � Mechanisms for the evolution of WNPAC 
and WNPC

5.1 � Mechanisms in terms of oceanic SST effect 
and vertical motion

As the low-level WNPAC/WNPC is widely regarded as a 
cardinal system conveying the ENSO impact to East Asia 
(Zhang et al. 1999; Wang et al. 2000; Wang and Zhang 
2002), the underlying mechanisms responsible for the dif-
ferent EAWM–EASM transition during different types of 
ENSO are elucidated based on the WNPAC/WNPC vari-
ations. In terms of the oceanic effects, the Pacific basin 
can influences the WNPAC/WNPC through a Gill-pattern 
response (Gill 1980) caused by diabatic heating (Zhang et al. 
1996), the local air-sea interaction via wind-evaporation-
SST mechanism (Wang et al. 2000; Wang and Zhang 2002), 
as well as the anomalous vertical motion via the modifi-
cation of Walker Circulation. Moreover, the IO basin is 
considered to be more important in affecting the WNPAC/
WNPC (Watanabe and Jin 2002; Xie et al. 2009; Wang and 
Wu 2012), especially the IO basin mode (IOBM; Saji et al. 
2006; Du et al. 2009; Deser et al. 2010; Yang et al. 2007) in 
the maintenance of summer WNPAC/WNPC (Yuan et al. 
2012). Wu et al. (2009, 2010) further reported the combined 
effects of remote SST anomalies over IO and the local SST 
anomalies.

From the boreal winter (Fig.  9a) to boreal summer 
(Fig. 9c) of CP El Niño events, the SST anomalies over 
WNP decay sharply and they are not robust over the northern 
IO (NIO) either, leading to a relatively weaker intensity of 
the WNPAC. However, the local SST dipole over the WNP 
is much stronger following the EP El Niño for the succes-
sive winter (Fig. 9d), spring (Fig. 9e), and summer (Fig. 9f). 

Table 1   The EAWMI and 
EASMI following the CP El 
Niño, EP El Niño, CP La Niña, 
and EP La Niña events

The values with symbol “*” exceed the 95% confidence level of the two-tailed Student’s t test. The values 
in the brackets denote the number of occurrence for positive and negative indices, respectively

CP El Niño EP El Niño CP La Niña EP La Niña

EAWMI 0.457 (5+, 4−) 0.634* (7+, 2−) − 0.044 (5+, 4−) − 0.292 (3+, 5−)
EASMI 0.505 (8+, 1−) 0.761* (7+, 2−) − 0.689* (0+, 9−) 0.051 (3+, 5−)
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This is important for the continuation of WNPAC. More 
importantly, the El Niño-induced warming over the NIO 
acts as the “capacitor” to convey the ENSO effects to the 
WNPAC and the EASM subsequently, contributing a lot to 
the persistence of the WNPAC (Xie et al. 2009; Fig. 9d–f). 
The IO basinwide warming is especially evident in extreme 
EP El Niño cases, such as in 1982, 1997, and 2015 (figures 
not shown). Therefore, the anomalous SST following the EP 
El Niño is more favorable to the maintenance of WNPAC 
than that following the CP El Niño from the aspects of both 
remote NIO region and local WNP region. Similar analysis 
is also conducted for La Niña cases (Fig. 10). Focused on 
summer (Fig. 10c, f), the basinwide cooling over the NIO is 
the interpretation of the IOBM, which is largely induced by 
the tropospheric temperature (TT) mechanism (Chiang and 
Sobel 2002; Chiang and Lintner 2005). The stronger and 
significant SST cooling over NIO in the decaying summer 
of EP La Niña (Fig. 10f) is attributed to a much stronger TT 

cooling aloft (figures not shown). The SST cooling over NIO 
avails the existence of the WNPC, but this favorable condi-
tion is largely cancelled by the cooling over the WNP, which 
goes against the persistence of WNPC by modifying local 
convection and wind field via a Rossby-wave-type response 
to the anomalous heating (Hsu and Weng 2001; Wu 2010; 
Qian and Shi 2017). Thus, this disadvantage leads to the 
weak WNPC (Fig. 7c) or even the occurrence of WNPAC 
(Fig. 7f) in the summer of CP and EP La Niña decaying year, 
respectively. In EP La Niña composite, the magnitude of the 
negative SST anomalies is equivalent over the WNP and 
NIO (Fig. 7f). Thus, the local cooling over the WNP exerts 
more direct and faster impacts on the lower-level circulation 
anomalies, triggering the summertime WNPAC (Fig. 7f). 
Furthermore, the complicated circulation pattern (Fig. 7f) 
is partly caused by the simultaneous wide cooling over both 
NIO and WNP (Fig. 10f). In a nutshell, the SST anomalies 
over NIO and WNP play a reversed role in affecting the 

Fig. 8   The average running cor-
relation coefficients (black lines 
with green dots; windows of 9, 
11, 13, and 15 years; red bar for 
one standard deviation) between 
the DJF(0)-mean a EAWMI, 
b EAWMIEMI, c EAWMINiño3, 
and d EAWMINiño3.4 and the 
following JJA(1)-mean EASMI, 
respectively. The coefficient of 
0.58 (red-dashed lines) denotes 
the 95% confidence level for 
the average freedom of the four 
windows. The coefficient of 
0 (black-dashed lines) is also 
highlighted. The values in the 
upper-right position denote the 
respective correlation coef-
ficients over the whole period 
1951–2015 for EAWM (or 
1952–2016 for EASM)
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WNPC/WNPAC for La Niña composites (Fig. 10c, f), and 
the net effect under CP La Niña is more conducive to the 
subsistence of WNPC (Fig. 10c).

In terms of the atmospheric factors, we investigate how 
the vertical motion affects the evolution of the WNPAC/
WNPC (Figs. 11, 12). When CP El Niño happens, there 
is anomalous sinking over the WNP and anomalous rising 
over the CP from boreal winter (Fig. 11a) to the following 
spring (Fig. 11b) and summer (Fig. 11c), which is benefi-
cial to the sustenance of the WNPAC. Actually, this reflects 
the variation of Walker Circulation due to the anomalous 
heating over the equatorial CP (Fig. 9a–c). Comparatively, 
the anomalous subsidence is also detected following the EP 
El Niño events with stronger intensity and wider coverage 
(Fig. 11d–f). Note that the location of anomalous rising 
branch is similar to that in CP El Niño (Fig. 11a–c), which is 
associated with the threshold of convection and distributions 
of both climatological SST and SST anomalies (Fig. 4). In 

short, the vertical motion under the EP El Niño cases is also 
more prone to a stronger, wider, and longer-lived WNPAC 
than that under CP El Niño cases. As for CP La Niña, the 
ascending anomalies near the Philippines and the descending 
anomalies near the equatorial dateline are observed evidently 
in winter (Fig. 12a) and spring (Fig. 12b), attributed to the 
anomalous cooling over the CP (Fig. 10a, b). In summer, the 
anomalous ascending flow over the WNP still exists with 
a slight southwest-northeast orientation (Fig. 12c), which 
contributes to the persistence of WNPC (Fig. 7c). Never-
theless, this is not the case for EP La Niña (Fig. 12d–f). 
Because of the weaker intensity and eastward location of 
EP La Niña events, there are also eastward shifts of both the 
ascending anomalies to the east of Philippines and descend-
ing anomalies over the equatorial EP in winter (Fig. 12d). 
From spring after the peak phase of EP La Niña, the verti-
cal motion is replaced by anomalous sinking flow over the 
WNP (Fig. 12e, f), which is consistent with the anticyclonic 
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anomalies shown in Fig. 7e, f. Hence, the WNPC (WNPAC) 
related to the CP (EP) La Niña can be well explained from 
the aspect of atmospheric vertical motion. It is noteworthy 
that the significant responses of 850-hPa winds (Figs. 6, 7) 
and 500-hPa vertical motions (Figs. 11, 12) to two types 
of ENSO are mostly confined over the tropics. However, 
the counterparts over the East Asia are largely insignificant, 
except for the EP El Niño composite. As the three historical 
strongest events are in the EP El Niño group (1982, 1997, 
and 2015), the significant anomalies over the East Asia are 
potentially contributed by the extreme EP El Niño cases. 
Therefore, other factors may be more important or even 
dominant in the EAWM and EASM variability during the 
non-extreme (ordinary) ENSO years.

To sum up, the stronger and wider WNPAC in summer 
following EP El Niño than that following CP El Niño can 
be mostly attributed to the oceanic effects with a combined 
favorable SST forcing from remote NIO and local WNP and 

the atmospheric effects of vertical motion. While the weak 
WNPC in the decaying summer of CP La Niña results from 
the weak net effect of cooling over NIO and WNP as well 
as the contribution of local rising branch. Following EP La 
Niña, there is a peculiar WNPAC in summer due to the cool-
ing and anomalous sinking motion over the WNP locally, 
with a minor opposite impact from the NIO cooling.

5.2 � Model validation

In this subsection, we perform numerical simulations to 
validate the above different EAWM-EASM transitions and 
WNPC/WNPAC evolutions under the two types of La Niña 
events, focusing on the relative importance of tropical IO 
(TIO) and WNP. The model verification for El Niño events 
is not included here. Firstly, the patterns under two types 
of El Niño events are very distinct and robust (Figs. 6, 9, 
11). Secondly, Wu et al. (2010) have conducted numerical 
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experiments and demonstrated the relative contributions of 
the remote TIO and local WNP for the WNPAC during the 
El Niño decaying summer.

All the experiments in this study are AMIP-type simula-
tions using the version 5.0 of the Community Atmosphere 
Model (CAM5) developed primarily at NCAR. Five sets of 
experiments are designed and conducted, including one cli-
matological control experiment (i.e. CTRL) and four sensi-
tivity experiments (i.e. GB run, TIOWNP run, TIO run, and 
WNP run; see Table 2 for details). The geographic locations 
for the TIO and WNP domains, similar to those in Fig. 4 
of Wu et al. (2010), are illustrated in Fig. 10c, f. The SST 
data utilized in the model (Hurrell et al. 2008) are merged 
products based on the version 1 of HadISST (Rayner et al. 
2003) and version 2 of the National Oceanic and Atmos-
pheric Administration (NOAA) optimum interpolation SST 
(Reynolds and Smith 1994). The CTRL run is integrated for 
20 years, forced by the monthly climatological SST derived 

from the 1981–2000 period. The sensitivity runs are forced 
by prescribed SST boundary conditions, in which the com-
posite monthly SST anomalies associated with CP (CP-
type experiments) and EP La Niña (EP-type experiments) 
are superimposed to the climatological SST in the global 
ocean (GB run), both the TIO and WNP (TIOWNP run), 
the TIO only (TIO run), and the WNP only (WNP run). 
Note that the SST climatology is prescribed in the regions 
outside of the anomalous SST forcing area. Each experi-
ment is integrated for 1 year from January to December with 
ten ensemble members. Considering the close relationship 
between the climatological circulation and the anomalous 
circulation over WNP (Chou et al. 2009; Wu et al. 2009), 
we firstly evaluate the model’s performance in the clima-
tology simulation (i.e. CTRL run). The model reproduces 
the major features of the Asian monsoon in the aspect of 
wind reversal and advance as well as precipitation variation 
(figures not shown), laying a foundation to investigate the 
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Fig. 11   Composite distribution of seasonal-mean vertical velocity 
anomalies (shading, unit: Pa s−1) at 500 hPa in a DJF(0), b MAM(1), 
and c JJA(1) for CP El Niño events. d–f Same as a–c, but for EP El 

Niño events. Black contour encircles the area reaching the 95% confi-
dence level according to a two-tailed Student’s t test
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relative oceanic importance in affecting the WNP circula-
tion anomalies.

Figure 13 illustrates the ensemble-mean 850-hPa wind 
anomalies in JJA for CP and EP La Niña, respectively. In 
terms of CP-type experiments, the GB run reproduces the 
WNPC and the anomalous anticyclone to its north reason-
ably, with a slight eastward shift of the WNPC (Figs. 7c, 
13a). This pattern exists but largely decays in the TIOWNP 

run, suggesting the contribution from other oceanic regions 
(Fig. 13b). The anomalous SST forcing only in TIO stimu-
lates a weak WNPC confined to the SCS (Fig. 13c), consist-
ent with Xie et al. (2009). The superimposed SST anoma-
lies only in WNP excite a weaker and northward WNPAC 
dominant over the WNP region and a cyclone shifting far 
eastward (Fig. 13d). Therefore, in the case of CP La Niña, 
the contribution from TIO are more important, which leads 
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Fig. 12   Same as Fig. 11, but for a–c CP La Niña events and d–f EP La Niña events, respectively

Table 2   List of the experiment design. Note that the GB run, TIOWNP run, TIO run, and WNP run are all forced by the SST anomalies in CP 
(CP-type experiments) and EP (EP-type experiments) La Niña, respectively

Experiments Prescribed SST forcing Integration

CTRL Monthly climatological SST 20 years
GB run Add the composite monthly SST anomalies in the global ocean to climatological SST 10 realizations
TIOWNP run Add the composite monthly SST anomalies in both TIO and WNP to climatological SST 10 realizations
TIO run Add the composite monthly SST anomalies only in the TIO to climatological SST 10 realizations
WNP run Add the composite monthly SST anomalies only in the WNP to climatological SST 10 realizations



3922	 J. Shi, W. Qian 

1 3

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N
5m/s

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N
5m/s

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N
5m/s

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N
5m/s

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N
5m/s

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N
5m/s

 20°S

  EQ

 20°N

 40°N

 60°N

 80°N

(a) GB run CP-type

(b) TIOWNP run CP-type

(c) TIO run CP-type

(d) WNP run CP-type

5m/s

 90°E 120°E 150°E 180° 150°W  90°E 120°E 150°E 180° 150°W
 20°S

  EQ

 20°N

 40°N

 60°N

 80°N

(e) GB run EP-type

(f) TIOWNP run EP-type

(g) TIO run EP-type

(h) WNP run EP-type

5m/s

C
A A

C

A

C C

A
C

C

A



3923Asymmetry of two types of ENSO in the transition between the East Asian winter monsoon and the…

1 3

to the existence of summertime WNPC in its following sum-
mer (Figs. 7c, 13a, b). In the aspect of EP-type experiments, 
a predominant WNPAC emerges and penetrates southward 
into the SCS in the GB run (Fig. 13e), largely consistent with 
the observational result (Fig. 7f), but is located northward 
compared to the observational one. Moreover, the WNPAC 
also stands out in the EP-type TIOWNP run (Fig. 13f), indi-
cating the crucial role from the key TIO and WNP regions. 
In EP-type TIO run (Fig. 13g), the pattern with a WNPC 
over the SCS is very similar to that in CP-type TIO run 
(Fig. 13c), confirming the role of cooling TIO associated 
with La Niña events. By contrast, a WNPAC dominates the 
WNP region in the EP-type WNP run (Fig. 13h) with super-
imposed cooling SST anomalies only in WNP (Fig. 7d–f). 
Note that the WNPAC in the WNP run (Fig. 13h) shifts 
southward compared to those in GB (Fig. 13e) and TIOWNP 
(Fig. 13f) runs. Thus, the strong cooling over WNP associ-
ated with EP La Niña plays a dominant role in affecting the 
local lower-level circulation aloft.

Further, to quantitatively compare the oceanic contri-
butions in the lower-level circulation over WNP, relative 
vorticity (RV) anomalies over the region of (8.5°N–35°N, 
110°E–150°E) are computed for the ensemble-mean of GB, 
TIOWNP, TIO, and WNP runs in CP-type and EP-type 
experiments, respectively (Table 3). In CP-type experiments 
(Table 3), both GB and TIOWNP runs reproduce the weak 
WNPC (positive RV anomalies) as denoted in Fig. 7c, with 
a weaker WNPC in the TIOWNP run, which is in agreement 
with results in Fig. 13a, b. Moreover, the intensity of WNPC 
excited in TIO run is stronger than that of the WNPAC (neg-
ative RV anomalies) triggered by the local anomalous SST 
in WNP run, which confirms the larger contribution from 
TIO in the CP La Niña phenomenon. In view of the EP-type 
experiments (Table 3), the WNPAC is well simulated in GB 
and TIOWNP runs. Although a WNPC emerges in TIO run, 
a much stronger WNPAC is stimulated by the direct SST 
cooling beneath in WNP run. Hence, the local SST anoma-
lies over WNP play a major role in affecting its circulation 
anomalies aloft in the summer following EP La Niña events.

6 � Summary and discussion

6.1 � Summary

In this study, we have revealed the relationship between 
EAWM and the ensuing EASM under two types of El Niño 

and La Niña events. Results show that the positive (negative) 
SST anomalies of CP El Niño (La Niña) are mainly located 
over the CP, while the positive (negative) SST anomalies of 
EP El Niño (La Niña) largely occupy the EP. In addition, the 
intensity of EP El Niño (CP La Niña) is stronger than that of 
CP El Niño (EP La Niña). The CP ENSO is roughly station-
ary without an obvious propagation but there is an appar-
ent westward propagation for EP ENSO. Above features are 
mostly consistent with the previous studies (e.g. Ashok et al. 
2007; Kug et al. 2009; Feng et al. 2017).

There is an out-of-phase weak EAWM to strong EASM 
transition when an El Niño event occurs. In detail, the 
WNPAC can persist from boreal winter to the following 
spring and summer, bridging the EAWM and EASM. In 
winter, the southerly flow in the western part of WNPAC 
weakens the climatological northerly of EAWM and leads 
to a weak EAWM. Then in boreal summer, the WNPAC is 
associated with a strong EASM (Fig. 1c). Moreover, the EP 
El Niño connects a closer EAWM-EASM relationship than 
that of CP El Niño due to the media of a wider and stronger 
WNPAC. This difference in WNPAC is caused by both 
oceanic and atmospheric factors. In the oceanic aspect, the 
stronger warming over NIO remotely and the more evident 
dipole (warm in the west and cold in the east) over WNP 
locally following the EP El Niño contribute to the wider and 
stronger WNPAC. In the atmospheric aspect, the anoma-
lous sinking branch of Walker Circulation over the WNP 
acts as a dynamical factor. This vertical motion is stronger 
and more favorable to the maintenance of WNPAC when 
EP El Niño occurs. On the La Niña hand, the out-of-phase 
strong EAWM to weak EASM connection is only observed 
for CP La Niña in terms of 850-hPa wind anomalies. This 
connection is much weaker compared to that for two types 
of El Niño on account of a much weaker WNPC. Although 
the cooling over NIO and local rising flow should bring a 
strong WNPC, the local cooling over WNP largely weakens 
the WNPC in the decaying summer of CP La Niña. Fur-
thermore, the strong EAWM is followed by a strong EASM 
when EP La Niña occurs, indicating an in-phase transition. 
The key reason for this in-phase transition is the occurrence 
of a peculiar WNPAC in summer, originated from the strong 
cooling and anomalous descending over the WNP locally, 
with a minor opposite impact from the NIO cooling. Thus, 
the asymmetry in the EAWM-EASM transition following 
two types of ENSO events can be attributed to the SST dif-
ferences in location and intensity and atmospheric dynami-
cal responses consequently.

Numerical simulations of CAM5 validate the above dif-
ferent WNPC/WNPAC evolutions under the CP and EP 
La Niña. Both GB and TIOWNP runs reproduce the WNP 
circulation anomalies reasonably for CP-type and EP-type 
experiments, indicating its robustness associated with La 
Niña events. In the case of CP La Niña, the contribution 

Fig. 13   The JJA-mean 850-hPa winds (vector) of the ensemble-mean 
a GB run, b TIOWNO run, c TIO run, and d WNP run for CP-type 
experiments. e–h Same as a–d, but for EP-type experiments. The red 
letters “A” and “C” with larger (smaller) size indicate the anticyclonic 
and cyclonic anomalies with stronger (weaker) intensity, respectively

◂
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from TIO overweighs that from WNP, which induces the 
summertime WNPC as observed in Fig. 7c. In the aspect of 
EP-type experiments, the strong cooling over WNP associ-
ated with EP La Niña plays a dominant role and triggers 
the WNPAC aloft. Further, the above circulation anomalies 
associated with WNPC/WNPAC are confirmed quantita-
tively from the view of RV anomalies over the WNP region. 
Overall, the anomalous SST forcing from TIO and WNP 
plays opposite roles for both CP and EP La Niña events. 
Specifically, the WNPC dominated by cooling in remote TIO 
bridges the out-of-phase transition of EAWM and EASM 
associated with CP La Niña events. On the contrary, the 
local WNP cooling related to EP La Niña plays a major role 
in affecting its circulation aloft and induces a WNPAC to 
connect an in-phase EAWM-EASM relationship.

6.2 � Discussion

This study acts as a continuation of previous literature 
associated with the ENSO and EAWM-EASM relation-
ship. Firstly, Chen et al. (2013) elucidated the crucial role 
of ENSO in this relation, but their linear regression against 
Niño-3 index cannot separate the ENSO phase (i.e. warm El 
Niño and cold La Niña conditions) and their types. Further, 
Xu et al. (2016) investigated the asymmetric role of ENSO 
in the link between EAWM and following EASM using 
composite analyses for El Niño and La Niña years. They 
attributed this asymmetry to the combined effects of oceanic 
factors from NIO and WNP and atmospheric factors in terms 
of anomalous vertical motion. Nonetheless, this study did 
not consider the potential difference in ENSO types (i.e. 
CP and EP types). For example, Xu et al. (2016) did not 
explain the reasons for the insignificant circulation anoma-
lies over the WNP in the boreal summer associated with La 
Niña condition (see their Fig. 2c). Enlightened by above 
work, we proceed to separate both El Niño and La Niña into 
CP and EP types and explore their corresponding EAWM-
EASM relationship. The replenishment of EAWM-EASM 
relation under CP and EP La Niña cases is the highlight 
of this paper. We ascribe the above-mentioned insignificant 
cyclonic anomalies over the WNP (Fig. 2c in Xu et al. 2016) 
to the opposite patterns under CP and EP La Niña cases 
(WNPC in Fig. 7c and WNPAC in Fig. 7f). In the aspect of 
underlying mechanisms responsible for the WNPAC/WNPC, 

the composite analyses reveal the oceanic SST effects from 
both remote NIO and local WNP and the atmospheric verti-
cal motion using the same approach as in Xu et al. (2016). 
Moreover, the characteristics of WNPAC during mature and 
decaying phases of CP and EP El Niño are generally consist-
ent with those derived from the partial correlations against 
Niño-3 index and EMI in Yuan et al. (2012).

In recent decades, a growing body of evidence proves 
that the East Asian monsoon is characterized by interdec-
adal variability, and most studies attribute this interdecadal 
variability to SST anomalies (e.g. Chang et al. 2000a, b; Wu 
and Wang 2002; Zhou et al. 2006). Particularly, the connec-
tions of ENSO to both EAWM and EASM are modulated by 
the Pacific decadal oscillation (PDO; Chan and Zhou 2005; 
Wang et al. 2008a, b). Moreover, the linkage between the 
EAWM and the EASM is also affected by the PDO (Chen 
et al. 2013). As shown in Fig. 8, the EAWM-EASM rela-
tionship is not stable and only significant in some specific 
decades even under the influence of ENSO. This may be 
related to the modulation of PDO and it is yet not clear what 
specific role the PDO plays in the EAWM-EASM transition 
under different types and phases of ENSO. In view of the 
importance of the East Asian monsoon, it is essential to fully 
expound the role of PDO in the link of EAWM to succeeding 
EASM associated with different types and phases of ENSO.
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