
The possible physical mechanism for the EAP–SR co-action

Item Type Article

Authors Gong, Zhiqiang; Feng, Guolin; Dogar, Muhammad Mubashar;
Huang, Gang

Citation Gong Z, Feng G, Dogar MM, Huang G (2017) The possible physical
mechanism for the EAP–SR co-action. Climate Dynamics.
Available: http://dx.doi.org/10.1007/s00382-017-3967-4.

Eprint version Post-print

DOI 10.1007/s00382-017-3967-4

Publisher Springer Nature

Journal Climate Dynamics

Rights The final publication is available at Springer via http://
dx.doi.org/10.1007/s00382-017-3967-4

Download date 23/05/2023 20:00:20

Link to Item http://hdl.handle.net/10754/626182

http://dx.doi.org/10.1007/s00382-017-3967-4
http://hdl.handle.net/10754/626182


1 
 

The Possible Physical Mechanism for the EAP-SR co-action  1 

 2 

Zhiqiang Gong 3 

Laboratory for Climate Studies, National Climate Research Center CMA, 4 

Beijing 100081, China; 5 

 6 

Guolin Feng 7 

Laboratory for Climate Studies, National Climate Research Center CMA, 8 

Beijing 100081, China;  9 

        10 

Muhammad Mubashar Dogar 11 

Earth Science and Engineering Department, King Abdullah University of Science and 12 

Technology, Thuwal, Saudi Arabia 13 

Global Change Impact Studies Centre, Ministry of Climate Change, Islamabad, 14 

Pakistan 15 

 16 

Gang Huang 17 

Institute of Atmospheric Physics, 18 

Chinese Academy of Sciences, 100029, Beijing, China 19 

Corresponding author: gongzq@126.com 20 

 21 

 22 

 23 

 24 

mailto:gzq0929@126.com


2 
 

Abstract 25 

The anomalous characteristics of summer precipitation and atmospheric circulation in the East 26 

Asia-West Pacific Region (EA-WP) associated with the co-action of East Asia/Pacific 27 

teleconnection - Silk Road teleconnection (EAP-SR) are investigated in this study. The 28 

compositions of EAP-SR phase anomalies can be expressed as pattern I (+ +), pattern II (+ -), 29 

pattern III (- -), and pattern IV (- +) using EAP and SR indices. It is found that the spatial 30 

distribution of summer precipitation anomalies in EA-WP corresponding to pattern I (III) shows a 31 

tripole structure in the meridional direction and a zonal dipole structure in the subtropical region, 32 

while pattern II (Saha et al.) presents a tripole pattern in meridional direction with compressed and 33 

continuous anomalies in the zonal direction over the subtropical region. The similar meridional 34 

and zonal structures are also found in the geopotential height anomalies at 500hPa, as well as wind 35 

anomalies and moisture convergence at 850 hPa. Finally, a schematic mechanism for the EAP-SR 36 

co-action upon the summer precipitation in EA-WP is built: (1) Pattern I (III) implies negative 37 

(positive) Sea Surface Temperature (SST) anomalies over the tropical West Pacific, which 38 

weakens (strengthens) the thermal convective activity, and induces anomalous downward (upward) 39 

motion, causing negative (positive) geopotential height anomalies at the middle troposphere 40 

(500hPa) over the South China Sea and surrounding regions through the function of the tropical 41 

Hadley circulation. The negative (positive) geopotential height anomalies could motivate the 42 

positive (negative) EAP teleconnection through the northward propagation of wave-activity 43 

perturbation. Meanwhile, a positive (negative) geopotential height anomalous pattern over Eastern 44 

Europe motivates a Rossby wave train propagation from Western Europe to west-central Asia. 45 

That causes suppressed (enhanced) convection and less (more) precipitation over northwestern 46 
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India and Pakistan, which could strengthen the negative (positive) geopotential height and positive 47 

(negative) vorticity anomalies over central East Asia, resulting in a negative (positive) SR 48 

teleconnection along the Asian jet stream. A positive (negative) lobe over the Korean Peninsula 49 

and Japan corresponding to SR overlaps with a positive (negative) lobe of EAP, which strengthens 50 

the anomalous phase contrast on both sides of 120°E. Accordingly, summer precipitation 51 

anomalies in EA-WP exhibit the meridional tripole pattern and the zonal dipole pattern. (2) Pattern 52 

II (Saha et al.) indicates a positive (negative) SST anomalies over the tropical West Pacific, 53 

leading to a negative (positive) lobe of EAP over the subtropical region. This circumstance can 54 

weaken the positive (negative) lobe of SR over subtropical region, causing compressed and 55 

continuous negative (positive) anomalies of 500-hPa geopotential height and surface precipitation 56 

anomalies from central East China to Japan.  57 

Keywords, East Asia/Pacific teleconnection, Silk Road teleconnection, Co-action, Precipitation 58 

 59 

1 Introduction 60 

The East Asia Summer Monsoon (EASM) is an important subsystem of the global climate system. 61 

The EASM has obvious interannual variability and causes severe droughts and floods in China, 62 

the Korean peninsula, Japan and many other parts of East and South Asia (Nitta & Hu 1996, 63 

Huang et al. 1998, Wang et al. 2001). Therefore, the interannual variability of the EASM, 64 

especially the spatial and temporal variability of summer precipitation over East Asia, has always 65 

been an imperative research task deserving interest and attention from meteorologists involved in 66 

climate diagnosis and prediction (Webster & Yang 1992, Huang et al. 1993, Yang & Lau 2004, 67 

Gong et al. 2015b). Studying the leading teleconnection modes and associated climatic impacts 68 
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are important for better understanding of the global and regional climate system, especially the 69 

South Asian and the East Asian monsoon systems (Dogar et al. 2017).  70 

 71 

Summer precipitation over the East Asia-West Pacific region (EA-WP) is influenced by the 72 

northwestern Pacific subtropical high (PASH), which is part of the EASM system. The northward 73 

movement and westward extension of PASH influences the moisture transportation from low 74 

latitude to mid-high latitude areas. They cause anomalous convective activities over the 75 

northwestern Pacific and coastal areas that trigger severe drought and flooding events in EA 76 

(Huang et al. 1998, Ding & Chan 2005, Li et al. 2008). The PASH is characterized by interactions 77 

among its components in the meridional direction (Lu 2004), i.e., either the East Asia–Pacific 78 

(EAP) teleconnection (Huang 1987) or the Pacific–Japan (PJ) teleconnection (Nitta 1987) plays an 79 

important role in mediating influence of PASH on summertime climate in EA-WP. The obvious 80 

meridional tripole pattern from the tropics pole-ward to the extra-tropics, triggered by anomalies 81 

of convective activities over the tropical western Pacific, causes the summertime moisture 82 

transportation fluxes and precipitation in East Asia. This mechanism presents the corresponding 83 

tripole pattern on different time scales (Huang et al. 2012a). The EAP pattern has been used to 84 

explain the internal process of the meridional tripole pattern of the spatial and temporal variability 85 

of the EASM system on interannual and interdecadal scales (Huang et al. 2006, Huang et al. 86 

2012b). Accordingly, the spatial distributions of summertime drought and flood events over East 87 

Asia have a similar characteristic of the meridional tripole pattern as the EAP teleconnection 88 

(Huang et al. 2007).  89 

 90 
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Meanwhile, the Silk Road (SR) teleconnection (Enomoto et al. 2003), as a wave-like pattern 91 

observed from the meridional wind field at 200 hPa, is another dominant teleconnection pattern 92 

that influences summer climate in EA-WP. SR especially influences the interannual variability of 93 

PASH from the zonal direction (Takaya & Nakamura 2001, Kosaka et al. 2009, Chen et al. 2013). 94 

Tao (2006) suggests that the propagation of the Rossby wave train along the jet stream across the 95 

Eurasian continent to East Asia at the upper levels may influence the south-northward advance 96 

and retreat of the summer PASH. This process may further influence the onset and offset date of 97 

the summer precipitation season over East Asia (Feng et al. 2013, Gong et al. 2015a, Gong et al. 98 

2016). Kosaka et al. (2012) also revealed that the SR pattern, another dominant teleconnection that 99 

influences the northwestern PASH and East Asia, is unpredictable at monthly to seasonal leading 100 

time scale, limiting the seasonal predictability of summer precipitation in East Asia.  101 

 102 

Based on the above discussion, the meridional pattern of summer precipitation anomalies over 103 

EA-WP has correlations with both EAP and SR teleconnections. Furthermore, Lu (2004) revealed 104 

that the interaction of SR with EAP modulates the EAP teleconnection exhibiting an intraseasonal 105 

difference between early summer and late summer. Kosaka et al. (2012) analyzed the interference 106 

of SR teleconnection to the anomalous summer climate of 2010 in East Asia. These studies imply 107 

that the EAP teleconnection pattern can be modulated by the SR teleconnection. Hsu and Lin (2007) 108 

further presented the relationship of the tripole summer precipitation pattern with both PJ and SR 109 

teleconnections, revealed that PJ teleconnection is more evident in the positive phase of summer 110 

precipitation, while the SR pattern is more evident in the negative phase.  111 

 112 
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In view of the above statement, although the EAP and SR patterns have been revealed, the 113 

mechanism of co-action of EA and SR on influencing the precipitation anomalous pattern in 114 

EA-WP is still obscure. For example, there are still remaining questions such as (1) along with the 115 

meridional tripole pattern, is there any other zonal pattern of summer precipitation caused by the 116 

co-influence of EAP and SR, and (2) if so, what are internal processes and external forces leading 117 

to the zonal anomalous pattern? Therefore, it is worthwhile to explore atmospheric circulation and 118 

precipitation anomaly patterns in EA-WP originating from different EAP-SR compositions, and 119 

the relevant physical mechanism.  120 

 121 

In this study, we use the EAP index (Huang 2004) and a defined SR index to identify their 122 

probable compositions in different phases. Then, the distinct anomalous patterns of precipitation 123 

and atmospheric circulation in EA-WP that correspond to EAP-SR compositions, which have been 124 

unnoticed in previous studies, are presented in section 3. In section 4, we discuss the possible 125 

physical mechanism of EAP and SR compositions through the analysis of thermal convective 126 

activity and wave-activity propagation. The SST anomalies and wave patterns corresponding to 127 

EAP-SR compositions are presented in section 5. Finally, conclusions and brief discussions are 128 

given in section 6.  129 

 130 

2 Data and method 131 

Atmospheric circulation data used in this study includes the monthly data from NCEP 132 

Re-Analysis in terms of the geopotential height, wind, omega, specific humidity at different levels 133 

from 1979 to 2015 (Masao et al. 2002). Data of Outgoing Long wave Radiation (OLR) and 134 

surface pressure from 1979-2015 is also from NCEP Re-Analysis. The CPC Merged Analysis of 135 
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Precipitation (CMAP) monthly precipitation observation dataset from 1979 to 2015 is interpolated 136 

to a horizontal resolution of 2.5° ×2.5°. The reconstructed monthly Global Sea Surface 137 

Temperature (SST) dataset from 1979 to 2015 is COBE SST produced by Japan Meteorological 138 

Administration (Ishii et al. 2005) .  139 

 140 

The EAP teleconnection index (Huang 2004) is defined in formula (1),  141 

𝐼𝐸𝐴𝑃 = −0.25𝑍
′(60°𝑁, 125°𝐸) + 0.5 𝑍′(40°𝑁, 125°𝐸) − 0.25 𝑍′(20°𝑁, 125°𝐸)     (1) 142 

where 𝑍′ = 𝑠𝑖𝑛45/𝑠𝑖𝑛𝜑(𝑍 − �̅�) is the standardized seasonal mean 500 hPa anomaly at a grid 143 

point with the latitude 𝜑.  144 

 145 

Similar to the definition of EAP index, the SR teleconnection index is defined in formula (2), 146 

𝐼𝑆𝑅 = −0.25𝑉
′(40°𝑁, 80°𝐸) + 0.5 𝑉′(40°𝑁, 110°𝐸) − 0.25 𝑉 ′(40°𝑁, 140°𝐸)     (2) 147 

where 𝑉′ = 𝑠𝑖𝑛45°/𝑠𝑖𝑛𝜑(𝑉 − �̅�) is the standardized seasonal mean meridional wind velocity 148 

anomaly of a grid point with the latitude 𝜑 at the level 200-hPa. 149 

 150 

The vertically integrated moisture flux (Q) in the troposphere from the surface to 200-hPa is 151 

calculated by: 152 

�⃗� =
1

𝑔
∫ 𝑞�⃗� 𝑑𝑝
𝑃𝑠
200

.                                (3) 153 

where g, q, V, and ps are the acceleration of gravity, specific humidity, horizontal wind vector, and 154 

surface pressure, respectively (Li et al. 2012).  155 

 156 

In order to validate whether indices of EAP and SR well represent the two teleconnection patterns, 157 

correlation coefficients (CCs) of EAP and SR indices, along with other existing indices 158 
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representing the same teleconnection pattern, are presented in Table 1. Most CCs are above the 95% 159 

significance level. The correlation coefficient (Kosaka et al. 2013) of the EAP index defined as 160 

proposed by Huang et al (2004), has a CC 0.58 with PC-1Z500 reaches 0.58, indicating that the 161 

EAP index of this study could reflect the precipitation features over East Asia. Since the 162 

circumglobal teleconnection index (CGTI) suggested by Ding and Wang (2005) and Ding et al. 163 

(2011) could well explain precipitation anomalies over the subtropical region in northern 164 

hemisphere, CC of SR index with CGTI reaches 0.62, implying the SR index defined in the study 165 

could reflect the SR teleconnection. 166 

 167 

Table 1. Correlation coefficients of EAP index and SR index with other similar indices.  168 

 EAP  SR 

PC-1Z500 0.58 PC-4v200 0.88 

PC-2Z200 0.32 CGTI 0.62 

PC-3Z200 0.52 PC-5Z200 0.26 

WNPSMI 0.36 _ _ 

Note, Indices compared with EAP include the first principle component of 500-hPa height (PC-1Z500) 169 

over the region (10°N - 70°N, 90°E -160°E), the PC2 of the north hemispheric 200-hPa geopotential 170 

height anomalies (PC-2Z200) (Ding et al. 2011), the PC3 of the 200-hPa height (PC-3Z200) over the 171 

region (0 - 80°N,70°E - 160°E), the western Pacific–North America teleconnection index (WNPSMI) 172 

defined as the meridional shear of the 850-hPa westerly, in terms of the 850-hPa zonal winds averaged 173 

over the southern region (5°N -15°N, 100°E -130°E) minus that averaged over the northern region 174 

(20°N - 30°N, 110°E -140°E) (Wang et al. 2001). Indices compared with SR include the first principle 175 

component of 200-hPa meridional wind field (PC-4V200) and 200-hPa height (PC-5Z200) field over the 176 
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region (20°N - 60°N, 30°E -160°E), and the circumglobal teleconnection pattern index (CGTI) defined 177 

by average of the 200-hPa geopotential height over the region (35°N - 40°N, 60°E - 70°E) (Ding & 178 

Chan 2005). 179 

 180 

The formula (4) is used to calculate the wave-activity flux W in pressure (p) coordinates 181 

(Hoskins & Karoly 1981, Gong et al. 2013, Qiao et al. 2015):  182 

W=
1

2|𝑼|

(

 
 
 

𝑢 [(
𝜕𝛹′

𝜕𝑥
)
2

−𝛹′
𝜕2𝛹′

𝜕𝑥𝑥
] + 𝑣 [

𝜕𝛹′

𝜕𝑥

𝜕𝛹′

𝜕𝑦
−𝛹′

𝜕2𝛹′

𝜕𝑥𝜕𝑦
]

𝑢 [
𝜕𝛹′

𝜕𝑥

𝜕𝛹′

𝜕𝑦
−𝛹′

𝜕2𝛹′

𝜕𝑥𝜕𝑦
] + 𝑣 [(

𝜕𝛹′

𝜕𝑦
)
2

−𝛹′
𝜕2𝛹′

𝜕𝑦𝑦
]

𝑓0
2

𝑅𝜎/𝑝
{𝑢 [

𝜕𝛹′

𝜕𝑥

𝜕𝛹′

𝜕𝑝
−𝛹′

𝜕2𝛹′

𝜕𝑥𝜕𝑝
] + 𝑣 [

𝜕𝛹′

𝜕𝑦

𝜕𝛹′

𝜕𝑝
−𝛹′

𝜕2𝛹′

𝜕𝑦𝜕𝑝
]})

 
 
 

           (4) 183 

Where 𝛹 is the stream-function, 𝑓 the Coriolis parameter, R the gas constant, 𝑼 = (𝑢, 𝑣) the 184 

horizontal wind velocity, and 𝜎 =
𝑅𝑇

𝐶𝑝𝑃
− 𝑑𝑇/𝑑𝑝, with temperature, T and the specific heat at 185 

constant pressure, 𝐶𝑝.  Over bars and primes denote basic-state quantities and perturbations, 186 

respectively. Analysis of this study in terms of precipitation, circulations, EAP SR teleconnections 187 

are conducted for the summertime (June, July and August, JJA). 188 

 189 

3. EAP and SR teleconnection and corresponding composition patterns. 190 

Fig 1 (a) shows the first spatial mode (with 30.2% contribution to total variance) extracted through 191 

an empirical orthogonal function (EOF) analysis applied to interannual anomalies of summer 192 

geopotential height anomalies at 500 hPa during 1979-2015. This mode has a similar spatial 193 

characteristic to the EAP teleconnection (Huang 1987, Huang 2004). In this pattern, summer 194 

geopotential anomalies are characterized by a meridional tripole anomalous pattern in the 195 

low-latitudes (20°-30°N), mid-latitudes (35°-50°N), and high-latitudes (55°-70°N) region of 196 
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EA-WP (Fig. 1 a). Compared to the definition of PJ teleconnection (Nitta 1987), there is one more 197 

extended anomalous lobe located in high-latitude region. The first spatial mode of EOF (with 25.2% 198 

contribution to total variance) of the summer meridional wind velocity at 200-hPa is shown in Fig. 199 

1(b), which indicates the SR teleconnection. The SR pattern is dominated by a quasi-stationary 200 

Rossby wave train in the upper troposphere along the summer Asian jet region (30°–50°N). SR 201 

pattern has four anomalous lobes located at (50°E, 40°N), (80°E, 40°N), (110°E, 40°N), and 202 

(140°E, 40°N), respectively, which are consistent with previous definitions (Enomoto et al. 2003, 203 

Ding & Wang 2005).  204 

 205 

 206 

FIG. 1. Spatial pattern of the EOF1 for summer anomalies of (a) 500-hPa geopotential height (unit: 207 

gpm) over [10-70°N, 90 - 160°E] and (b) 200-hPa meridional wind velocity (units: ms-1) over 208 

[20-60°N, 30 - 160E°] during 1981-2010. Gray lines in (b) denote 20 and 25 ms-1 contours of the 209 

climatological-mean zonal wind velocity, which indicate the Asian jet waveguide. Shadings in (a) 210 

indicate the 95% significance level of regression of 500-hPa geopotential height onto the first 211 

principle component.  212 
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 213 

To reveal these teleconnection patterns more clearly, Fig. 2 (a) presents the meridional cross 214 

section of these wavelike perturbations regressed onto the first principle component (PC1) of Fig. 215 

1 (a). The regressed anomalies along 120°E exhibit a poleward wavelike pattern in the meridional 216 

direction. From the lower troposphere to the upper troposphere, positive anomalies with maximum 217 

amplitude are observed around 20°N and 70°N, while negative anomalies distribute around 40°N. 218 

This situation indicates that the wavelike pattern has an equivalent barotropic structure with slight 219 

northward tilting in the vertical direction. Statistically, significantly correlated regions further 220 

identify the tripole pattern is consistent with the EAP teleconnection in Fig 1 (a), indicating that 221 

the EAP teleconnection has a deep vertical structure. The regressed zonal section of geopotential 222 

height onto the first principle component (PC1) of Fig. 1 (b) is presented in Fig. 2(b). The zonal 223 

cross-section along 40°E exhibits an obvious wave train structure with negative and positive 224 

anomalies aligned with the Asian jet waveguide. Two negative anomalies, with maximum 225 

amplitude observed around 30°E - 60°E and 90°°E -120°E, exhibit deep vertical structure tilting 226 

westward in the whole troposphere, while anomalous wave patterns within 60°-90°E are restricted 227 

mainly in the middle and upper troposphere. Statistically, significantly correlated regions also 228 

identify that this anomalous phase pattern is consistent with an eastward-propagating Rossby wave 229 

activity, suggesting that the SR teleconnection has the vertical structure. The stable vertical 230 

structures of EAP and SR teleconnection, which are consistent with previous studies (Lu 2004, 231 

Hsu & Lin 2007, Kosaka et al. 2009), may cause certain co-action to the summertime atmospheric 232 

circulation and climatic anomalies in EA-WP.  233 

 234 
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 235 

FIG. 2. (a) Meridional cross section of geopotential anomalies along 120 °E regressed onto the 236 

PC1 of Fig. 1 (a) and zonal cross section of geopotential anomalies along 40 °N regressed onto the 237 

PC1 of Fig. 1 (b). Shaded areas indicate the 95% significance level.  238 

 239 

In order to study the relationship between EAP and SR teleconnection (Huang 2004, Hsu & Lin 240 

2007), indices of EAP teleconnection and SR teleconnection are defined by using the formula (1) 241 

and (2) in section 2, respectively. Fig 3 (a) shows composite differences of summer precipitation 242 

anomalies between five low-value years and five high-value years of EAP index. Negative 243 

precipitation anomalies with significant positive CCs distributed in tropical region (10°N-25°N) 244 

and extratropical region (50°N-70°N), while positive precipitation anomalies with significant 245 

negative CCs dominate the subtropical region (30°N-45°N) along the rainfall band from central 246 

East China to the Korean Peninsula, Japan and its maritime region. The spatial distribution of 247 

correlation between EAP and summer precipitation in EA-WP implies the similar meridional 248 

tripole pattern from low latitude areas to high latitude regions as EAP teleconnection. Composite 249 

differences of summer precipitation anomalies for SR index has an obvious zonal pattern along the 250 

40°E longitude (Fig 3 b). Negative anomalies with positive CCs dominate central East China, 251 

while positive anomalies with negative CCs control the region from the Korean Peninsula to Japan 252 

and its maritime region. The relationship between SR and summer precipitation may cause the 253 
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latter's zonal structure to align with the zonal direction wave pattern shown in Fig. 1 (b) .  254 

 255 

 256 

FIG. 3. Composited differences of summer precipitation anomalies (Units, mm) between five 257 

low-value years and five high-value years for index of (a) EAP and (b) SR; Correlations (shading) 258 

of summer precipitation anomalies with index of (a) EAP and (b) SR, respectively. Correlation 259 

coefficients below the 95% significance level are not plotted.  260 

 261 

4. EAP and SR composition and related summer precipitation pattern and atmospheric circulation. 262 

Fig. 4 (a) presents the time series of EAP and SR indices, both are dominated by the interannual 263 

variation. Based on the two series, scatter distribution of EAP and SR (Fig. 4 b) shows four 264 

patterns of EAP-SR composition, with anomalous phases as pattern I (positive EAP- positive SR, 265 

+ +), pattern II (negative EAP - positive SR, - +), pattern III (negative EAP - negative SR, - -) and 266 

pattern IV (positive EAP - negative SR, + -), respectively. Table 2 presents corresponding years of 267 

different EAP-SR composition patterns. Year numbers for EAP-SR patterns vary from six to 268 
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eleven, implying the separation according to anomalous phase of EAP and SR index is meaningful. 269 

Therefore, these four patterns of EAP-SR composition can be used for further analysis of 270 

corresponding patterns of summer precipitation anomalies and atmospheric circulation anomalies 271 

in EA-WP.  272 

 273 

FIG. 4. EAP and SR curves (a) and scatter diagram indicating yearly distribution of EAP index 274 

and SR index (b).   275 

 276 

Table 2. Years corresponding to different EAP-SR composition patterns. 277 

EAP-SR Years 

Pattern I (+ +) 1979, 1984, 1985, 1988, 1990, 1994, 1995, 1997, 2004, 2007, 2013 

Pattern II (- +) 1980, 1983, 1992, 1996, 2003, 2008 

Pattern III (- -) 1986, 1987, 1991, 1993, 1998, 2002, 2009, 2011, 2014, 2015 

Pattern IV (+ -) 1981, 1982, 1989, 1999, 2000, 2001, 2005, 2006, 2010, 2012 

Note, "+" denotes positive index value, "-" denotes negative index value. Pattern I "+ +" denotes 278 

the EAP-SR composition with positive EAP index and positive SR index. Other three patterns 279 
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have corresponding definitions as pattern I.  280 

 281 

Both EAP and SR teleconnections have obvious effect on the summer precipitation in EA-WP, 282 

which replace the westward expansion/eastward retreat of the PASH (Lu & Lin 2009, Kosaka et al. 283 

2012) then influence moisture transported from the subtropics to the extratropics (Huang et al. 284 

2007). Four patterns of summer precipitation anomalies and 500-hPa geopotential height 285 

anomalies corresponding to different EAP-SR compositions are exhibited in Fig. 5 and Fig. 6, 286 

respectively. Values larger than 0.5 standard deviations for both EAP and SR indices are selected 287 

to perform the composite analysis for Pattern I (III). Values larger than 0.3 standard deviations 288 

are selected for Pattern II (Saha et al.) because years belong to these two patterns are less than the 289 

other two. Accordingly, five years (1979, 1984, 1994, 2007, and 2013) for pattern I, four years 290 

(1980, 1983, 2003, and 2008) for pattern II, five years (1991, 1993, 2002, 2009, and 2014) for 291 

pattern III and seven years (1982, 1989, 1999, 2000, 2005, 2006, 2010) for pattern IV are selected 292 

respectively for composite analysis. For the pattern I, when summer precipitation is above normal 293 

in the tropical and extratropical region (Fig. 5a), negative anomalies of geopotential height at 294 

500-hPa are obvious over the low latitude regions and high latitude regions of eastern EA-WP (Fig. 295 

6a). Precipitation anomalies show west-east opposite phase over the subtropical region (Fig. 5a) 296 

accompanied by the positive-negative-positive wave like pattern from west to east along the 40 N 297 

zonal belt at 500-hPa geopotential height anomalies (Fig. 6a). For pattern II, summer precipitation 298 

anomalies show a tripole pattern with negative anomalies located in the tropical and extratropical 299 

regions and with positive anomalies distributed in the subtropical regions from west to east (Fig. 300 

5b).  Correspondingly, geopotential height anomalies at 500-hPa show the tripole pattern in 301 
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meridional direction over EA-WP, while the west-positive east-negative pattern is replaced by the 302 

consistent negative anomalies along the band from lower reaches of the Yangtze river to Japan and 303 

the East regions (Fig. 6b). Composite differences of summer precipitation for pattern III - pattern 304 

I (Fig. 5c) have the similar spatial structure, but converse phase distribution of pattern I. 305 

Geopotential height anomalies in Fig. 6(c) correspondingly present the triple meridional structure 306 

along the band from North China to Japan, and exhibit a negative-positive-negative wave train 307 

from west to east along the 40°N zonal band over the subtropical regions. Composite differences 308 

of summer precipitation (Fig. 5d) and geopotential height (Fig. 6d) for pattern IV - pattern II 309 

exhibit a similar spatial structure of pattern II, but with converse phases anomalies. The summer 310 

precipitation composition modes of Pattern III and pattern IV show significant correlation with the 311 

modes of pattern I and II, with the spatial CCs are respectively -0.59 and -0.33, both passing the 312 

99% significance level. That is to say, pattern III (Saha et al.) have the similar spatial structure but 313 

converse phase anomaly as pattern I (Ishii et al.).  314 

 315 

Since four EAP-SR patterns are not totally independent from each other, the fraction variance 316 

percentage (𝑉𝑎𝑟𝑖,𝑗) of each grid point is calculated as formula (5) 317 

𝑉𝑎𝑟𝑖,𝑗 =
∑ (𝑅𝑘−�̅�)

2𝑁
𝑘=1

∑ (𝑅𝑙−�̅�)
2𝑀

𝑙=1

× 100%   (𝑘 = 1,2,3,…𝑁;   𝑙 = 1,2,3,… ,𝑀).      (5) 318 

where, 𝑅𝑘 is the precipitation at each grid point, �̅� is the average precipitation for 1991-2015, l 319 

denotes the EAP-SR pattern, N is the number of years for each composition pattern, M is the total 320 

number of years from 1991 to 2015. The percentage variance for each pattern, (𝑉𝑎𝑟𝐿 , 𝐿 =321 

𝐼, 𝐼𝐼, 𝐼𝐼𝐼, 𝑎𝑛𝑑 𝐼𝑉), is calculated as the average for all the grid points within the region (10°N -70°N, 322 

90°E -160°E). Percentage variance of summer precipitation explained by each of the four patterns 323 
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are 12.5%, 8.2%, 8.0% and 19.6% respectively. Fig. 7 (a) and (b) show the relevant spatial 324 

features as those indicated in Fig. 5 (a) and (b), implying that the precipitation pattern defined by 325 

the EAP-SR composition is meaningful. Due to the spatial distribution of pattern III (Saha et al.) 326 

are respectively similar as the pattern I (Ishii et al.), the percentage variance figures are omitted. 327 

Therefore, it is possible that the major EA-WP summer precipitation variability can be represented 328 

by these four patterns divided based on the EAP - SR composite.  329 

 330 

  331 

  332 

FIG. 5. Composited abnormal (units: mm) of summer precipitation for pattern I (a) and Pattern II 333 

(b) of EAP-SR composition; Differences of composited abnormal (units: mm) for (c) Pattern III - 334 

Pattern I, (d) Pattern IV - Pattern II. Dotted areas indicate the 95% significance level. 335 
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 336 

 337 

 338 

FIG. 6. Same as Fig. 5 but for composite anomalies of summer geopotential height (units: gpm) at 339 

500-hPa. Shadings indicate the 95% significance level.  340 

 341 

   342 

FIG. 7. Percentage variance of summer precipitation for pattern I (a) and Pattern II (b) of EAP-SR 343 

composition.  344 

 345 
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Geopotential height anomalies show a vertical wave pattern tilting slightly westward in the zonal 346 

direction over the subtropical region, exhibiting an equivalent barotropic structure for both pattern 347 

I and pattern II of EAP-SR compositions (Fig. 8 a, c). Continuous negative (positive) anomalies in 348 

the zonal direction dominate the subtropical region for pattern II and pattern IV (Fig. 8 b, d). 349 

Zonal cross-sections of vertical geopotential height anomalies averaged between 120°E and 130°E 350 

(Fig. 8 e-h), demonstrate consistent tripole patterns between 30°N and 60°N, reflect that the 351 

anomalies over the subtropical region for pattern II (Saha et al.) are much weaker compared with 352 

pattern I (III).  353 

  354 

  355 

  356 

  357 
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FIG. 8. Same as Fig. 5 but for the meridional cross-sections of geopotential (contour, gpm) along 358 

40°N (a)-(d) and zonal cross-sections of average between 120°E-130° E (e-h) from 1000-hPa to 359 

100-hPa. Shadings indicate the 95% significance level.  360 

 361 

Anomalies of 500-hPa wind vectors and integrated moisture divergence for EAP-SR patterns are 362 

presented in Fig. 9. For pattern I (Fig. 9 a), wind anomalies at the middle troposphere (500-hPa) 363 

feature anomalous cyclones (anticyclone) over the tropical and the extratropical region (the 364 

subtropical region). These conditions, owing to the correlation of summer precipitation anomaly 365 

pattern with the anomalies of wind vectors and the moisture convergence (divergence) (Lu et al. 366 

2006, Lu & Lin 2009, Xu et al. 2015), result in positive (negative) precipitation anomalies over 367 

the tropical and the extratropical regions (the subtropical region) of eastern EA-WP. Meanwhile, 368 

an anticyclone-cyclone-anticyclone-cyclone coupled wave train features the subtropical region 369 

from west to east. The significant cyclone (anticyclone) over the West China (the North 370 

China-Japan region) leads to positive (negative) precipitation anomalies in North China (Japan 371 

and its maritime region). Composite differences of wind vectors and moisture divergence for 372 

pattern III - pattern I presented in Fig. 9 (c) reflect that pattern III has the opposite spatial phase 373 

characteristics compared to pattern I. Meanwhile, for pattern II (Fig. 9 b), wind vectors feature an 374 

anomalous anticyclone-cyclone-anticyclone meridional tripole pattern in the meridional direction, 375 

leading to the tripole anomalous precipitation distribution. The pattern I's wave train over the 376 

subtropical region (Fig. 9a) is replaced by two cyclones controlling the western and eastern 377 

portions of the subtropical regions, which causes a positive precipitation band from the 378 

Yangtze River Basin to Japan. Fig. 9 (d) reflects that wind vectors and moisture divergence for 379 
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pattern IV have the opposite spatial phase characteristics of pattern II.  380 

 381 

  382 

  383 

FIG. 9. Same as Fig.5 but for divergence of integrated moisture from the surface to 200hPa 384 

(shading, 10–5kg m–2 s–1) and wind anomalies (vector, ms-1) at 500 hPa. Only wind vectors above 385 

the 95% significance level are plotted.  386 

 387 

Figs. 10 (a) and (b) are distributions of CCs of summer geopotential height anomalies with index 388 

of EAP and SR, respectively. Negative CCs of EAP distribute in both tropical and extratropical 389 

regions, but positive ones in subtropical regions, reflecting the tripole structure in the meridional 390 

direction. CCs of SR feature positive-negative-positive values from 80°E to 130°E along the zonal 391 

direction of subtropical region. Since significantly correlated regions of EAP and SR overlapped 392 

in the Korean Peninsula, Japan and maritime regions, effect of EAP-SR compositions on the 393 
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geopotential height at the 500-hPa level can be explained by schematic diagrams of Figs. 10 (c) 394 

and (d). Pattern I of EAP-SR composition with positive-positive indices have a "+ - +" anomaly 395 

structure from west to east in the zonal direction and "- + -" anomaly structure from south to north 396 

in the meridional direction. The overlapped positive anomalies in the subtropical region may 397 

strengthen the negative-positive anomalous phase contrast between the lobe east of and the lobe 398 

west of 120°E, and also strengthen the tripole anomalous structure in the meridional direction (Fig. 399 

10 c), leading to the geopotential height pattern exhibited in Fig. 6 (a). Pattern III of EAP-SR 400 

composition with negative - negative indices has a similar explanation of pattern I. Figure 10 (d) 401 

shows pattern IV of EAP-SR composition with positive-negative indices, implying that the 402 

positive anomalous lobe of EAP in the subtropical region overlaps with the negative anomalous 403 

lobe of SR in the same region, which may weaken negative anomalies of SR and lead to the weak 404 

positive anomalies. Therefore, phase characteristics present two positive lobes in the zonal 405 

direction of the subtropical region (Fig. 6b). Meanwhile, negative lobes over extratropical and 406 

tropical regions respectively expand southward and northward, compressing the lobe over the 407 

subtropical region, causing the narrow and weak band of geopotential height anomalies. Pattern 408 

IV of EAP-SR composition shown in Fig. 6 (d) can be explained with the similar mechanism as of 409 

pattern II.  410 

  411 
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  412 

FIG. 10. Spatial distribution of CCs of geopotential height anomalies at 500-hPa with (a) EAP and 413 

(b) SR and the schematic diagram of the combination of EAP and SR teleconnections at 500-hPa 414 

with (c) same phase and (d) opposite phase. Shadings in (a) and (b) indicate the 95% significance 415 

level. For the schematic diagrams, black lines and gray contours represent the EAP and SR 416 

teleconnection, respectively, while straight contours indicate positive anomalies and dash contours 417 

indicate negative anomalies.  418 

 419 

4. The physical dynamics causes for EAP-SR compositions 420 

4.1 The physical dynamics process of EAP teleconnection 421 

The tropical western Pacific has the highest Sea Surface Temperatures (SSTs) around the global 422 

sea surface. Due to the dominant thermal states of this region, SSTs of the tropical West Pacific 423 

play an important role in triggering strong convective activity and convergence of air and moisture 424 

around the Philippines (Cornejo-Garrido & Stone 1977, Huang 1987, Nitta 1987, Ding 2007). 425 

Many studies (Kosaka & Nakamura 2006, Li et al. 2008) also show that EAP teleconnections are 426 

caused by the heating anomaly due to thermal anomalies of the tropical West Pacific, or by 427 

convective activity anomalies around Indonesia. The time series of the SST average for the 428 

Indonesia maritime continent (IMC, Indonesia surrounding seas, 5°S - 5°N, 100°E - 130°E), 429 

within which SST anomalies are negatively correlated with the EAP index (Figs. not shown), is 430 

EAP

SR

(c) Same  phase

EAP

SR

(d) Opposite phase
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calculated.  431 

 432 

Regression anomalies of Outgoing Long Radiation (OLR) in Fig. 11 (a) indicate that negative 433 

OLR dominates the tropical West Pacific, which may cause the anomalous convective heating and 434 

trigger the corresponding enhanced convective activity in this area. This enhanced convective 435 

activity causes an anomalous upward motion (Fig. 11b) and results in the cyclonic wind vector 436 

and positive vorticity anomalies at 850-hPa (Fig. 11c), and vice versa (Kosaka & Nakamura 2006). 437 

Meanwhile, positive OLR, downward motion, anticyclonic wind vector, and negative vorticity 438 

anomalies are observed over the South China Sea, which indicates that the positive geopotential 439 

height anomalies may dominate over this region. Meanwhile, negative OLR anomalies are 440 

observed around Japan and its maritime region (Fig. 11a), corresponding to enhanced convective 441 

activity (Fig. 11b) and positive geopotential height anomalies at 500-hPa. Corresponding to the 442 

significant meridional components, coupled vertical motions and horizontal wind anomalies from 443 

tropical region to extratropical region could be seen in Fig. 11 (b) and (c), indicating the 444 

interaction between different components of the tripole wave pattern. The regressed summer 445 

precipitation presents the positive-negative-positive-negative spatial structure from the south to 446 

north (Fig. 11 d) which is consistent with the OLR distribution shown in Fig. 11 (a). Therefore, 447 

thermal activity caused by anomalies of SSTs over the tropical West Pacific, especially over the 448 

IMC, might be one of the external forces for triggering the EAP teleconnection.  449 
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 450 

 451 

 452 
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 453 

FIG. 11. Regression of anomalies of (a) OLR (units: W m-2), (b) meridional cross-section of 454 

vorticity (shading, units: ×106 s-1) along 125°E and omega (vectors, -0.01*Pa s-1) along 125°E 455 

from 1000-hPa to 100-hPa, (c) vorticity (shading, units: ×106 s-1) at 850-hPa (contour) and the 456 

corresponding wind vector (units: m s-1) , (d) standardized summer precipitation onto the time 457 

series of the SST average for the Indonesia maritime continent (IMC, Indonesia and surrounding 458 

seas, 5°S - 5°N, 100°E - 130°E). Dotted areas in (a) and (d) indicate the 95% significance level, 459 

vectors of vertical motion below the 95% significance level in (c) are not plotted.  460 

 461 

The composite OLR of pattern I indicates the meridional tripole structure from south to north and 462 

the zonal dipole structure along the 40°N, matching the precipitation distribution very well (Fig 12 463 

a). It is also noted that the composite summer precipitation over the tropical region are different 464 

from the IMC SST regressed OLR (Fig. 11 a) and precipitation pattern (Fig. 11 d), implying there 465 

might be other factors impact the EAP teleconnection. (Wang et al. 2009) suggested that the WNP 466 

monsoon trough convection over the Philippine Sea could be influenced by the ENSO, which may 467 

affect the summer WNP subtropical high and the rainfall pattern over EA through the EAP 468 
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teleconnection. The tropical East SST regressed summer precipitation and OLR presents the 469 

similar structure as pattern I of EAP-SR composition, reflecting SST over the tropical East Pacific 470 

also plays an important role in triggering the EAP pattern and influencing the relevant summer 471 

precipitation structure.  Furthermore, the OLR of pattern II  (Fig 12 b) shows the wave train 472 

structure in the meridional direction which is consistent with the IMC related OLR (Fig. 11 a) and 473 

precipitation pattern (Fig. 11 d), indicating the IMC related precipitation anomaly is comparable to 474 

the precipitation and OLR anomaly pattern. Accordingly, the remote tropical East SST forcing as 475 

well as the local SST forcing are both key factors for producing the principle portion of summer 476 

precipitation over EA-WP (Zhou et al. 2009).  477 

 478 

  479 

Fig. 12 Composite abnormal of summer precipitation (shading, units: mm) and OLR (contour, 480 

units: W m-2) for (a) Pattern I，(b) pattern II of EAP-SR composition，and regression of the 481 

standardized summer precipitation and OLR onto the SST time series averaged over the tropical 482 

East Pacific region (0 - 10°N, 90°W -120°W), dotted areas in (c) indicate the 95% significance 483 

level for the summer precipitation.  484 

 485 

4.2 The atmospheric process of SR teleconnection 486 

With respect to the SR teleconnection as a zonal wave train, Lu and Kim (2004) explained that 487 
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this teleconnection may be due to the eastward propagation of the Rossby wave train along the 488 

westerly jet stream at 200-hPa. Kosaka et al. (2009) revealed that SR's extraction of available 489 

potential energy from the baroclinic Asian jet is highly efficient for its self-maintenance. Kosaka 490 

et al. (2012) further simulated that blocking developed over eastern Europe in 2010 was 491 

instrumental in triggering the SR teleconnection. Correlation between SR and meridional wind 492 

velocity anomalies at 200-hPa is shown in Fig. 13(a). Significant correlation exhibits a wave 493 

pattern originating from Western Europe, extending to Japan along the Asian jet stream. The time 494 

series of the geopotential height anomalies averaged over the possible source of SR teleconnection 495 

in East Europe (37.5°N - 40.0°N, 60°E - 62.5°E) is defined as the EUG index (EUGI). Meridional 496 

wind velocity anomalies regressed onto the EUGI (Fig. 13 b) present a wave train pattern along 497 

the Asian jet stream. Regressed geopotential height anomalies and vorticity anomalies at 200-hPa 498 

(Fig. 13 c) also show a similar wave train structure as the SR teleconnection.  499 

 500 

It is also noted that a waveguide originating from Eastern Europe and propagates to Pakistan and 501 

northeastern India. According to a previous study (Ding & Wang 2005), an anomalous high can be 502 

triggered over eastern Europe, causing a Rossby wave train propagation from western Europe to 503 

west-central Asia, resulting in an enhanced convection and precipitation over northwestern India 504 

and Pakistan. Fig. 14 indicates that the MJJ (May, June, and July) precipitation may trigger the 505 

positive geopotential height and negative vorticity anomalies over central East Asia. Fig 15. (a) 506 

and (b) show anomalies of Z200, vorticity, and meridional wind velocity at 200-hPa regressed 507 

onto the time series of the Z200 averaged over the central Asia (37.5°N - 40°N, 60°E - 62.5°E), 508 

reflecting a wave pattern from West Asia to Japan. That is to say, strengthened Z200 over central 509 
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West Asia could generates the SR teleconnection along the Asian jet stream. Fig 15 (c) shows that 510 

MJJ precipitation over India and Pakistan could regress the wave train existed in the meridional 511 

wind field. Therefore, in combination with previous studies (Lu 2004, Ding & Wang 2005, Sato & 512 

Takahashi 2006, Kosaka et al. 2009, Lau & Kim 2012), atmospheric anomalies in the upper 513 

troposphere over eastern Europe might be the internal factor triggering the wave train propagation 514 

southwestward, causing the precipitation over Pakistan and northeastern India. The leading 515 

precipitation, in turn, strengthens the anomalous high over west-central Asia and then generates 516 

and maintains the SR teleconnection downstream. 517 

 518 

 519 

 520 

FIG. 13. Spatial distribution of (a) CCs of SR with meridional wind velocity anomalies, regression 521 

of  (b) meridional wind velocity anomalies (contours, units: m s-1), and vorticity anomalies (units: 522 

10-6 s-1) & geopotential height (gpm) at 200-hPa onto the EUGI index. Shadings in (a) and (b) 523 

indicate the 95% significance level. Green lines in (b) indicate the Asian jet; vectors of 524 

wave-activity flux below 0.5 in (c) are not plotted.  525 

 526 
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 527 

FIG. 14. Regression of summer (JJA) anomalies of Z200 (contour, units: gpm), vorticity (shading, 528 

units: ×106 s-1) and wind velocity (vector, ms-1) at 200-hPa onto the time series of the precipitation 529 

anomalies(MJJ)  averaged over the region (18°N - 30°N, 65°E - 75°E). Vectors below the 95% 530 

significance level are not plotted.  531 

 532 

 533 

 534 

FIG. 15. Regression of anomalies of (a) Z200 (contour, units: ghm) and vorticity (shading, units: 535 

×106 s-1), and (b) meridional wind velocity (contour, units, ms-1) at 200-hPa onto the time series of 536 

the Z200 averaged over the region (37.5°N - 40°N, 60°E - 62.5°E); (c) meridional wind velocity 537 

(vector, ms-1) at 200 hPa onto the time series of the precipitation average over the region (18°N - 538 

30°N, 65°E - 75°E). Green lines in (b) and (c) are 30 and 40 ms-1 of contours of the 539 
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climatological-mean zonal wind velocity, which indicate the Asian jet waveguide. Vorticity below 540 

the 95% significance level in (a) are not plotted. Yellow and blue shadings indicate the positive 541 

and negative 95% significance level.   542 

 543 

5. SST anomaly and wave pattern corresponding to the EAP-SR composition 544 

Section 4 revealed that anomalies of tropical Pacific SST is the major external force for exciting 545 

the EAP teleconnection, while the internal atmospheric anomalies and wave-activity are the major 546 

reasons for motivating and maintaining the SR teleconnection. The SST anomaly and 547 

wave-activity pattern corresponding to EAP-SR compositions are presented in this section.  548 

 549 

Fig. 16(a) shows the anomalies of SST corresponding to pattern I of EAP-SR composition, in 550 

which SCS, Bay of Bengal, the eastern tropical Indian Ocean and the tropical Pacific around the 551 

Philippines are dominated by negative SST anomalies. Meanwhile, negative SST is also observed 552 

in the tropical East Pacific. One the one side, as addressed in section 4.1, negative SST anomalies 553 

over IMC suppress the convective activity in the tropical region, causing the anomalous upward 554 

motion and negative geopotential height at 500-hPa over the South China Sea through function of 555 

the Hadley circulation, then result in a positive EAP teleconnection. On the other hand, negative 556 

SST over tropical East Pacific may cause the convective activity in West Pacific and strengthen 557 

the positive EAP and produce more precipitation in West Pacific (Fig. 12a). For pattern II of 558 

EAP-SR composition, positive SSTs anomalies over tropical East Pacific is not significant (Fig. 559 

16b), indicating its tele-influence on West Pacific convection is weak. Meanwhile, SSTs over IMC 560 

are dominated by positive SST anomalies (Fig. 16b), which can strengthen the heat convection, 561 
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promote the anomalous upward motion at tropical region and cause the downward motion near the 562 

South China Sea through the Hadley circulation function, then lead to a negative EAP 563 

teleconnection and summer precipitation pattern presented in Fig. 12 (b). Pattern III (Saha et al.) 564 

of EAP-SR composition has the positive EAP phase as pattern II (I), the corresponding spatial 565 

distribution of SST anomalies is quite similar (Figures are omitted). 566 

 567 

 568 

FIG. 16. Composite anomalies of SST (units: °C) for (a) pattern I and (b) pattern II of EAP-SR 569 

composition. Shadings indicate the 95% significance level.  570 

 571 

Fig. 17(a) presents atmospheric anomalies and wave-activity flux of pattern I, in which eastern 572 

Europe is controlled by southward wind velocity anomalies and weak positive vorticity. 573 

Significant vorticity coupled with each other along the Asian jet stream, accompanied by eastward 574 

propagation of wave-activity fluxes, the meridional wind anomalies exhibit a "-+-+-" pattern at 575 

200-hPa from eastern Europe to Japan (Kosaka et al. 2012). Meanwhile, atmospheric anomalies 576 

and wave-activity flux of pattern IV are presented in Fig. 17(b). Anomalies of meridional wind 577 

velocity and vorticity exhibit similar spatial structures but opposite anomalous phase of pattern I. 578 

Eastward wave-activity fluxes indicate the wave train may have originated from atmospheric 579 
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anomalies over eastern Europe, accompanied by a "+-+-+" structure for meridional wind 580 

anomalies at 200-hPa. Since atmospheric circulation anomalies and wave-activity flux of pattern 581 

II(III), respectively, have similar anomalous structures as patterns I(Saha et al.), the spatial 582 

distribution figure is omitted.  583 

584 

 585 

FIG. 17. Composite anomalies of summer meridional wind velocity (contours, units: ms-1), 586 

vorticity (shaded, units: ×106 s-1) and wave-activity flux (arrows, units: m-2s-2) at 200-hpa level for 587 

(a) pattern I and (b) pattern IV of EAP-SR composition. Yellow shadings indicate negative 588 

vorticity, while blue shadings indicate positive vorticity. Vectors of wave-activity flux below 1.0 589 

are not plotted.  590 

 591 

6. Conclusion and brief discussion 592 

EAP teleconnection has a close relationship with the meridional tripole pattern of summer 593 

precipitation over EA-WP, while SR teleconnection can affect the zonal anomalous wave pattern 594 
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of summer precipitation along the Asian jet. Since origins of EAP and SR teleconnections are 595 

independent of each other (Huang 1987, Nitta 1987, Enomoto et al. 2003) and both 596 

teleconnections have influences on the climate of subtropical region, EAP-SR compositions are 597 

divided as pattern I (+ +), pattern II (+ -), pattern III (- -), and pattern IV (- +) based on EAP and 598 

SR indices for better understanding of the EAP-SR co-action on impacting climate anomalies in 599 

EA-WP. 600 

  601 

Spatial distribution of summer precipitation over EA-WP for pattern I (pattern III) shows tripole 602 

meridional structure from low latitude to high latitude regions, with significantly positive 603 

(negative) anomalies over tropical and extratropical regions, and negative (positive) anomalies 604 

over subtropical regions. This meridional tripole pattern is more distinct in the region east of 605 

120°E than west of that longitude. Zonal precipitation anomalies of pattern I (pattern III) present 606 

west - positive (negative) and east - negative (positive) structure in subtropical region. Meanwhile, 607 

summer precipitation of pattern II (Saha et al.) EAP-SR composition also exhibits tripole structure 608 

in meridional direction, while the zonal structure over subtropical regions presents narrow but 609 

continuous positive (negative) anomalies along the band between 30°E - 40°E.  610 

 611 

Corresponding to the summer precipitation spatial anomalous distribution, geopotential height at 612 

500-hPa shows the tripole meridional anomaly structure for pattern I (III) of EAP - SR 613 

composition, while the zonal anomalies along the Asian jet exhibit the "+-+" (-+-) wave pattern 614 

along the subtropical region from west to east. For pattern II (Saha et al.), the meridional 615 

anomalous pattern at 500-hP has a similar tripole structure, while the zonal wave pattern is 616 
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replaced by the continuous negative (positive) anomalies over the subtropical region from the 617 

middle East China to Japan. Vertical sections of geopotential height anomalies further indicate 618 

that the EAP-SR composition maintain the atmospheric tripole anomalous patterns in the 619 

meridional direction. Besides, Pattern I (III) presents wave-like anomalous structure in the zonal 620 

direction over subtropical region of Eastern EA-WP, while pattern II (Saha et al.) exhibits 621 

continuous anomalies along the band around 40°N, with the anomaly intensity over subtropical 622 

regions being much weakened and anomaly belt obviously compressed. It is implied that spatial 623 

distributions of geopotential height anomalies are consistent with the anomalous structure of 624 

summer precipitation in EA-WP. Moreover, spatial distribution of wind anomalies and moisture 625 

divergence (convergence) further demonstrate the possibility that summer precipitation patterns 626 

over EA-WP are caused by co-action of EAP and SR teleconnections.  627 

 628 

The physical dynamical process of EAP teleconnection indicates that thermal activity caused by 629 

anomalies of SST over the Indonesia maritime continent is the external force for causing the EAP 630 

teleconnection. Meanwhile, atmospheric anomalies in the upper troposphere over eastern Europe 631 

might be the internal factor in causing wave train propagation to southward, triggering the 632 

precipitation over Pakistan and Northeastern India. The leading precipitation, in turn, will 633 

strengthens the anomalous high over west-central Asia that generates and maintains the 634 

teleconnection downstream of SR. Interpretation of the schematic mechanism for the co-action of 635 

EAP and SR teleconnection on influencing summer precipitation in EA-WP can be inferred in Fig. 636 

18.  637 

 638 
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In Figure 18(a) of pattern I, negative anomalies of SST of IMC weakean the thermal convective 639 

activity, causing anomalous downward motion in equatorial region but upward motion over South 640 

China Sea. The upward motion triggers negative anomalies in the middle troposphere (500-hPa) 641 

over low latitude regions through the function of Hadley circulation. Besides, the negative SST 642 

over the tropical East Pacific may further cause the negative anomalies over the whole tropical 643 

West Pacific. Along with an equivalent barotropic structure tilting slightly northward, Rossby 644 

wave–like perturbations propagate northward in the lower and middle troposphere, causing 645 

positive anomalies at 500-hPa over the subtropical regions. With the similar wave-activity 646 

propagating mechanism, negative anomalies dominate the high latitude region at 500-hPa. 647 

Meanwhile, in the zonal direction, positive anomalies at 500-hPa in Eastern Europe cause 648 

the wave-activity flux to propagate eastward along the Rossby wave train, which may also 649 

strengthen the precipitation over northeastern India and Pakistan. This situation causes the 650 

anomalous wave pattern "+-+-+" with positive SR teleconnection along the Asian jet stream at 651 

500-hPa level. A positive SR-induced positive anomalies over the Korean Peninsula and Japan 652 

overlapped with the positive lobe of EAP teleconnection, which may strengthen the west-negative 653 

and east-positive contrast anomalies across 120°E. Accordingly, pattern I of EAP-SR composition 654 

cause a meridional tripole pattern with more precipitation over low and high latitude regions, and 655 

less precipitation in subtropical regions in EA-WP. It also makes the zonal dipole pattern exhibit 656 

more precipitation over central East China, but less precipitation over the Korean Peninsula, Japan, 657 

and maritime region. In pattern II (Figure 18b), the positive SST anomalies over the tropical East 658 

Pacific is not significant, cause its tele-impact on the tropical West Pacific is very weak. 659 

Meanwhile, the negative anomalies of the IMC SST cause the negative EAP teleconnection. 660 
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Corresponding negative anomalies over subtropical regions may weaken the positive SR-induced 661 

positive anomalies over the Korean Peninsula and Japan, leading to the continuous negative 662 

anomalies at 500-hPa over subtropical regions from central East China to Japan. Accordingly, 663 

more precipitation occurs over subtropical regions, while less precipitation exists over low latitude 664 

and high latitude regions in EA-WP. Pattern III of EAP-SR composition has a similar mechanism 665 

as Pattern I, while Pattern IV is similar to Pattern II (Figures are omitted).  666 

 667 

 668 

FIG. 18. Schematic diagram of the co-action of EAP and SR teleconnection on impacting the 669 

summer precipitation anomalous pattern over EA-WP. Black contours denote SR teleconnection at 670 

200-hPa and red contours denote EAP teleconnection at 500-hPa. Arrows denote wave activity 671 

flux of Rossby wave train and vertical overturning circulation of EAP. Red shadings denote the 672 

positive SST anomaly, blue shading denotes the negative SST anomaly, green shadings denote 673 

more precipitation and yellow shadings denote less precipitation.  674 
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Previous studies have also suggested that the mechanisms for triggering EAP teleconnection are 675 

diverse. For example, WPSH (Western Pacific Subtropical High) – ocean interaction can provide a 676 

source of climate predictability that extends ENSO impacts to upstream mid-latitudes, affecting 677 

the South Asian and EASM as a primary circulation system (Wang & Fan 1994, Wang et al. 2013). 678 

The PJ pattern is the atmospheric manifestation of an air–sea coupled mode spanning the 679 

Indo-NWP warm pool. The PJ pattern forces the Indian Ocean (IO) via a westward propagating 680 

atmospheric Rossby wave. In response, IO SST feeds back and reinforces the PJ pattern via a 681 

tropospheric Kelvin wave. Ocean coupling increases both the amplitude and temporal persistence 682 

of the PJ pattern (Kosaka et al. 2013). The North-West Pacific anticyclone (NWP-AC) is 683 

embedded in a large-scale meridionally anti-symmetric Indo-Pacific atmospheric circulation 684 

response and has been shown to exhibit large impacts on precipitation in Asia (Stuecker et al. 685 

2015). In this paper, we focused our attention on the role of tropical West Pacific SSTs heating 686 

anomalies in exciting the EAP teleconnection through the function of tropical Hadley circulation. 687 

Therefore, local SST-induced convection could be argued as one of the explanations to the 688 

physical dynamics forming the EAP teleconnection. This study further confirms the theory 689 

proposed by (Wang et al. 2009), in terms of the origins, there are two categories of summer 690 

precipitation modes in EA: ENSO related and non-ENSO (or weak ENSO) related. 691 
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