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Abstract: Based on the summer precipitation data of 328 stations in Southwest 

China in 50 years and the reanalysis data of NCEP / NCAR monthly geopotential 

height field, and wind field, the relationship between summer precipitation in 

Southwest China and East Asia Pacific teleconnection pattern (EAP) and 

Scandinavian teleconnection pattern (SCA) is explored by using EOF, correlation 

analysis and synthetic analysis. The research results show that: the summer 

precipitation distribution in Southwest China is mainly divided into two types: the 

whole region consistent type and the north-south contrary type. EAP teleconnection 

patterns and SCA teleconnection patterns have a significant negative correlation with 

the precipitation in Southwest China during the same period. In the active year 

(teleconnection indices >= 0.3 or <= 0.3), the two teleconnection patterns mostly 

appear in the same phase, and the distribution of the precipitation is consistent with 

the second mode distribution of the EOF for summer precipitation in Southwest China, 

showing a north-south contrary distribution in Southwest China. The two types of 

teleconnections are divided into two configurations, both of which are positive phase 

(configuration I), and both are negative phase (configuration II). Configuration I, the 

summer precipitation in Southwest China presents the distribution of "more in the 

south and less in the north"; configuration II, the distribution of precipitation is 

opposite to that configuration I, showing the distribution of "more in the north and 
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less in the south". 
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1 Introduction 

The East Asia-Pacific (EAP) teleconnection pattern, also known as the 

Pacific-Japan teleconnection pattern (Pacific-Japan, PJ), was first proposed by Huang 

et al. (1987) and Nitta et al. (1987). The formation of this teleconnection pattern is 

related to the anomaly of convective activity over the western Pacific warm pool 

(Huang and Sun, 1992, 1994). Shi et al. (2008) analyzed the evolution process of EAP 

in the pre-rainy season in South China and believed that the maintenance and 

development of EAP teleconnection pattern are related to the Rossby activities in the 

middle-high latitude. Huang (2004) defined the EAP index according to the activity 

center of the EAP teleconnection pattern and pointed out that the EAP teleconnection 

pattern is closely related to the summer climate in East Asia. Cai et al. (2009) pointed 

out that the EAP teleconnection pattern is closely related to the distribution of summer 

precipitation in China based on the East Asian atmospheric teleconnection index 

defined by them. The EAP teleconnection pattern can influence the East Asian 

summer monsoon and cause summer precipitation anomalies in the middle and lower 

reaches of the Yangtze River (Min et al. 2005; Lu and Ju, 2006). When the EAP wave 

train is abnormal, the subtropical high will be stronger to the north, resulting in 

drought in the Yangtze-Huaihe River basin. (Huang et al. 1990; Lin et al. 1999; Chen 

et al. 2008). The different distribution of "- + -(+ - +)" in the meridional direction of 

the EAP teleconnection pattern will promote (suppress) the northward uplift of the 

western Pacific subtropical high (Yang et al. 2009). Li et al. (2016) pointed out that 

continuous precipitation occurs in the Yangtze River Basin under the 10 ~ 30 day 

low-frequency oscillation of EAP teleconnection pattern. Yin et al. (2021) pointed out 

that the northeast movement of the EAP teleconnection pattern in the activity center 
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near Japan weakened its connection with summer precipitation in the Yangtze-Huaihe 

River basin. 

The Scandinavian (SCA) teleconnection pattern was first proposed by Barnston 

et al. (1987), which was obtained by the decomposition of the Eurasian teleconnection 

pattern. Bueh and Nakamura (2007) analyzed the maintenance mechanism of the SCA 

teleconnection pattern and pointed out that the two activity centers in North Atlantic 

and Scandinavia of the upstream part of the SCA teleconnection pattern is maintained 

by the baroclinic positive feedback action of the transient wave，and the activity 

center in Siberia of the downstream part is formed and maintained by the energy 

dispersion of the upstream Rossby wave. Bueh et al. (2008) reached similar 

conclusions by discussing the abnormal flow pattern in northern Europe in the winter 

of 2000/2001. Liu et al. (2014) pointed out that the maintenance of the SCA 

teleconnection pattern is also related to the abnormal convergence (divergence) over 

the Mediterranean Sea caused by the change of SST in the Indian Ocean. As an 

important teleconnection pattern in Eurasia, the SCA teleconnection pattern has a 

significant impact on the temperature and precipitation in Europe (Bueh and 

Nakamura, 2007; Zveryaev, 2009; Liu et al. 2014), which also has an important 

impact on climate change in East Asia. Yang et al. (2010a, b) pointed out that the SCA 

teleconnection pattern is closely related to the precipitation anomalies in winter and 

spring in Xinjiang, the positive (negative) phase circulation anomalies of the SCA 

teleconnection pattern can cause more(less) precipitation anomalies in Xinjiang in 

winter and spring. Lin (2014) pointed out that there is a connection between the SCA 

teleconnection pattern and the summer precipitation in East Asia, when the SCA 

teleconnection pattern is in the positive phase, the low pressure in the northern part of 

East Asia moves northward, resulting in water vapor to be transported to the 

northwestern part of Northeast Asia, which will significantly reduce the precipitation 

in North China. Gao et al. (2017) pointed out that there is a close connection between 

the SCA teleconnection pattern and the westerly zone in summer, and the westerly 

zone becomes stronger under the negative phase of the SCA teleconnection pattern, 
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thus, the East Asian shallow trough is located eastward. Yao and Yan (2018) pointed 

out that the precipitation anomaly in Yunnan in January is closely related to SCA. 

When SCA is in the positive (negative) phase, the precipitation in January in Yunnan 

is less (more). Choi et al. (2020) pointed out that the SCA teleconnection pattern in 

summer plays an important role in the development of heatwaves in East Asia.   

According to the current research, it can be seen that the EAP teleconnection 

pattern and SCA teleconnection pattern have a significant impact on summer climate 

change in China. However, the precipitation pattern in Southwest China is complex 

and the spatial distribution varies greatly (Dong et al. 1998; Liu et al. 2002; Ma et al. 

2006; Xiong et al. 2012). summer is also a period of frequent drought and flood 

disasters in Southwest China (Dai et al. 2015; Deng et al. 2021), summer precipitation 

anomalies will lead to severe droughts and floods (Lü et al. 2013; Sun et al. 2017). 

The SCA teleconnection pattern in summer is closely related to subtropical high (Gao 

et al. 2017), and also has an important influence on the late autumn precipitation in 

Southwest China (Liu and Liu, 2016, 2017). So, what effect will the EAP 

teleconnection and the SCA teleconnection have on summer precipitation in 

Southwest China in Southwest China? Secondly, the climate in Southwest China is 

jointly affected by the cold and dry airflows in mid and high latitudes and the warm 

and humid airflows in low latitudes. EAP teleconnection pattern mainly reflects the 

meridional changes of circulation in East Asia, and the SCA teleconnection pattern 

reflects the change of zonal circulation in mid and high latitudes propagating eastward 

from the North Atlantic, SCA teleconnection can propagate eastward to Siberia, which 

overlaps with EAP teleconnection in Northeast Asia. Then, how do the two types of 

teleconnections affect the characteristics of summer precipitation in Southwest China 

under different configurations? Therefore, it is necessary to study the influence of the 

EAP teleconnection pattern and SCA teleconnection pattern on summer precipitation 

in Southwest China. This is of great significance to the prediction of the flood season 

in Southwest China, which is helpful to understand the precipitation mechanism in 

this region and reduce the losses caused by droughts and floods. 
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This paper will study the summer precipitation in Southwest China under the 

influence of teleconnection. Firstly, we analyzed the relationship between the EAP 

teleconnection pattern and SCA teleconnection pattern and precipitation in Southwest 

China. Secondly, the distribution form of summer precipitation in Southwest China 

under different configurations of the SCA teleconnection pattern and EAP 

teleconnection pattern is analyzed. Finally, the circulation characteristics and water 

vapor transportation that affect the summer precipitation in Southwest China under 

different configurations are discussed.  

2 Data and Analysis Method 

1. The data used include: (1) Daily precipitation observation data of 328 stations 

in three provinces and one city (Yunnan, Guizhou, Sichuan, Chongqing) in Southwest 

China from 1970 to 2019, covering a total of 50 years, the station distribution is 

shown in Figure 1. (2) Monthly reanalysis data from 1970 to 2019 provided by 

NCAEP/NCAR, including geopotential height field, horizontal wind field, specific 

humidity, etc., with a horizontal resolution of 2.5°×2.5°, covering a total of 17 layers 

from 1000hPa to 10hPa in vertical direction. (3) The monthly SCA index provided by 

CPC/NOAA. The data period is from 1970 to 2019.  

In this paper, June, July, and August are selected as summer months. 
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Figure 1 Distribution of 328 precipitation observation stations in Southwest China 

 

2. The calculation of EAP index adopts the definition of Huang (2004): 

( ) ( ) ( )EAP s s s0.25 60 N,125 E 0.50 40 N,125 E 0.25 20 N,125 EI Z Z Z  = − + −  (1) 

In formula (1), ZZ Z = −  means the anomaly processing of the original 

geopotential height field ( is 500 hPa geopotential height, Z  means the average 

climate state); sin 4 sin 5 /sZ Z  =   means the zonal standardized processing,  

means the latitude value corresponding to the grid point. 

In this paper, the influence of East Asia Pacific teleconnection pattern and 

Scandinavian teleconnection pattern on summer precipitation in Southwest China is 

studied by using the methods of empirical orthogonal function decomposition, 

correlation analysis, regression analysis, and composite analysis. 

Z
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3 Relationship Between SCA Teleconnection Pattern and EAP 

Teleconnection Pattern and the Summer Precipitation in Southwest 

China 

3.1 The characteristics of summer precipitation in Southwest China and its 

correlation with SCA teleconnection pattern and EAP teleconnection pattern 

According to formula (1), the EAP standardized sequence index from 1970 to 

2019 is calculated, and the calculation results are consistent with the result of Huang 

(2004). In order to further demonstrate the spatial distribution characteristics of EAP 

teleconnection pattern and SCA teleconnection pattern, the teleconnection index and 

the 500hPa circulation field are used for regression analysis. In Figure 2a, 2b show the 

regression analysis of EAP, SCA index, and 500 hPa geopotential height anomaly 

field in summer from 1970 to 2019, which shows the corresponding spatial 

distribution of these two types of teleconnections, and the shadow means passing 0.05 

significance level. The EAP teleconnection pattern presents a "- + -" tripole type 

meridional distribution from low latitudes to high latitudes in East Asia (Fig. 2a). For 

SCA teleconnection pattern, there is an obvious positive area in Scandinavia and an 

obvious negative area in the North Atlantic and Siberia, and it presents a "- + -" zonal 

wave train from the central-eastern North Atlantic to Lake Baikal in the mid and high 

latitudes (Fig. 2b). Figure 2c, shows the regression analysis of the average summer 

precipitation in Southwest China from 1970 to 2019 and the 500 hPa geopotential 

height anomaly field over the same period. From the figure, it can be seen that there is 

a “tripole” type distribution similar to EAP teleconnection pattern from low latitudes 

to high latitudes in East Asia, and also there is also a distribution similar to SCA 

teleconnection pattern. Therefore, to a certain extent, it shows that the summer 

precipitation in Southwest China is simultaneously affected by the EAP 

teleconnection pattern and SCA teleconnection pattern. 
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Figure 2 The spatial distribution of EAP index (a) , SCA index (b), and  precipitation tme series（c）

returned to the 500hPa geopotential height field（the shaded area is the area that passed the 0.05 level 

significance test in descending order） 

 

In order to further explore the relationship between the different configurations 

of EAP teleconnection pattern and SCA teleconnection pattern and the distribution of 

summer precipitation in Southwest China, Figure 3 shows the first three modes of 

summer precipitation EOF in Southwest China, and their variance contributions are 

20.15%, 10.88%, and 8.94% respectively. The first mode (Fig. 3a), except for the 

Sichuan Basin, mainly presents a consistent distribution characteristic in the whole 

region, with the positive center located in the central part of Guizhou. The second 

model (Fig. 3b) shows the opposite distribution characteristic of precipitation in the 

north and south along 27°N. The third mode (Fig. 3c) shows a more obvious 

difference in east-west distribution, the negative area is located in the Sichuan Basin 

and Yunnan area, and the positive area is mainly located in Chongqing and Guizhou. 
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After analyzing the correlation between the time coefficients corresponding to the 

three modes and the EAP and SCA indices, we got the result as shown in Table 1, the 

EAP teleconnection index is significantly negatively correlated with the time 

coefficients of the first three modes, and the correlation with the second modal time 

coefficient is the strongest, which is -0.411. The SCA teleconnection index is also 

significantly negatively correlated with the first and second modal time coefficients, 

and the correlation with the second modal time coefficient is the strongest, which is 

-0.460. At the same time, the correlation between the two types of teleconnections and 

the second mode time coefficient is stronger than that of the precipitation time series 

of the same summer. Thus, it can be seen that the EAP teleconnection pattern and 

SCA teleconnection pattern are mainly related to the distribution form of the second 

mode of summer precipitation in Southwest China, that is, precipitation is distributed 

in reverse from north to south. 

 

Figure 3 The spatial distribution characteristics of the first three modes of summer precipitation EOF in 

Southwest China from 1970 to 2019 
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Table 1 the Correlation between the two patterns of teleconnection indexes, the time series of summer 

precipitation and the first three modal time coefficients of EOF (** means it is significant at the 0.01 

level, * means it is significant at the 0.05 level) 

 PRE PC1 PC2 PC3 

EAP -0.299* -0.341* -0.411** -0.304* 

SCA -0.385** -0.344* -0.460** -0.022 

 

The spatial distribution of the correlation between the EAP teleconnection 

pattern and SCA teleconnection pattern and the summer precipitation in Southwest 

China is further calculated. Both the SCA teleconnection pattern and EAP 

teleconnection pattern present a “positive in the south and negative in the north” 

correlation with the summer precipitation in Southwest China, and the summer 

precipitation in the north of Southwest China has a significant negative correlation 

with the two teleconnection patterns (Fig. 4). Figure 4a, the negative correlation areas 

mainly located in western Sichuan Plateau and Guizhou, Chongqing, and eastern 

Sichuan in the east of Southwest China. Figure 4b, the distribution is consistent with 

that in Figure 4a, but the negative correlation in Guizhou did not pass the 0.05 

significance test. Therefore, if the EAP teleconnection is in a positive phase, when the 

distribution is "- + -", the precipitation in the north of Southwest China is less, when 

the distribution is "+ - +", the precipitation is more in the north of Southwest China. 

The relationship between the positive and negative phase changes of the SCA 

teleconnection pattern and the summer precipitation in Southwest China is consistent 

with that of the EAP teleconnection pattern, but the strength of correlation and the 

significance area are different. At the same time, in the two types of teleconnection 

patterns, the Sichuan basin area shows the opposite correlation with its east and west 

areas, indicating that the mechanism of summer precipitation in the basin area is 

different from its surrounding areas. 
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Figure 4 The spatial distribution of the correlation between Scandinavian teleconnection pattern (a) and 

East Asia-Pacific teleconnection pattern (b) and summer precipitation in Southwest China (the dotted 

area is the area passing the significance test of 0.05 level) 

 

The above analysis shows that the EAP teleconnection pattern and SCA 

teleconnection pattern are closely related to summer precipitation in Southwest China. 

However, the EAP wave is presented as the meridional wave train from low latitude to 

high latitude, and the SCA wave is presented as the zonal wave train from west to east 

in middle and high latitude. How they interact and then affect summer precipitation in 

Southwest China will be the following research work in this paper. 

3.2 Different configurations of SCA teleconnection pattern and EAP 

teleconnection pattern and their precipitation distribution characteristics 

From the EAP teleconnection standardized sequence index in the summer of 

1970 – 2019 and the SCA teleconnection standardized sequence index provided by 

CPC/NOAA (Fig. 5), it can be seen that both EAP and SCA indices have the 

characteristics of interannual and interdecadal variations. There is a significant turning 

point from positive to negative for the EAP index and SCA index in the late 1970s, 

and the interdecadal variation weakens, and the inter-annual variation strengthens. In 

this paper, the SCA teleconnection pattern and EAP teleconnection pattern are divided 

into positive (negative) phase active years by selecting teleconnections index greater 
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than (less than) 0.3 times the standard deviation. According to the statistical results of 

the past 50 years, the occurrence times of the same phase active years of the two types 

of teleconnection are 14 years in total, and the occurrence times of antiphase active 

years are 6 years, active years of the same phase account for 70% of the total active 

years， it can be seen that EAP and SCA mainly appear in the same phase.   

Therefore, the following part of this paper mainly analyzes the interaction between 

the two types of teleconnection in the same phase and its influence on summer 

precipitation in Southwest China. The two configurations of the EAP teleconnection 

pattern and SCA teleconnection pattern are shown in Table 2: (1) SCA and EAP are 

both in the positive phase, (2) SCA and EAP are both in the negative phase. 

 

 

Figure 5 Scandinavian and East Asia-Pacific Teleconnection Index Time Series 

 

Table 2 Corresponding years under different configurations of SCA and EAP indexes 

 SCA EAP Year 

Ⅰ + + 1972 1973 1975 1978 1997 

Ⅱ - - 
1987 1991 1993 1998 2003 

2009 2015 2017 2019  

 

Figure 6 shows the spatial distribution of summer precipitation anomalies in 

Southwest China under two different configurations. Under configuration Ⅰ (Fig. 6a), 

when both EAP teleconnection pattern and SCA teleconnection pattern are in a 
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positive phase, the summer precipitation in Southwest China shows the distribution 

characteristics of “less in the north and more in the south”. There is more precipitation 

in Sichuan, Chongqing, Guizhou, less precipitation in Yunnan, and less precipitation 

too in the southernmost region of Yunnan. Under configuration II (Fig. 6b), when both 

the EAP teleconnection pattern and SCA teleconnection pattern are in the negative 

phase, the precipitation distribution is opposite to that of the configuration Ⅰ, showing 

the distribution characteristics of "more in the north and less in the south". The above 

characteristics are similar to the spatial distribution characteristics (Fig. 3b) and 

correlation distribution (Fig. 4) of the second mode of EOF. Under the two 

configurations, the changes in Sichuan Basin are opposite to those in its east and west 

regions, which are also consistent with the changes mentioned above. Therefore, it 

can be seen that the summer precipitation distribution under the different 

configurations of EAP teleconnection pattern and SCA teleconnection pattern can 

reflect the spatial characteristics of summer precipitation anomalies in Southwest 

China to a certain extent. 

 

Figure 6  Anomalies Distribution of summer precipitation in Southwest China under different 

configurations of SCA and EAP indices (a: SCA (+)/EAP(+) b: SCA(-)/EAP(-) c: SCA(+)/EAP(-), the 

dotted area is the area that passed the 0.05 level significance test) 
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4 Effects of Different Configurations of SCA Teleconnection Pattern 

and EAP Teleconnection Pattern on Summer Precipitation in 

Southwest China 

The relationship between the two types of teleconnection and summer 

precipitation in Southwest China is discussed above. By analyzing the anomalies 

changes of geopotential height field, wind field, water vapor transport, and vertical 

velocity, this paper will explore the causes of the difference in precipitation 

distribution in Southwest China under the two different configurations of 

teleconnection pattern. 

4.1 Analysis of atmospheric circulation characteristics under different 

configurations 

The change of the westerly zone affects the precipitation in the mid and low 

latitudes (Yin and Li, 2013), and the abnormal disturbance of the westerly zone 

circulation causes the drought in Yunnan (Yang et al. 2012). Figure 7 shows the 

200hPa anomalies of zonal wind fields under two configurations. Under 

Configuration I (Fig. 7a), there is an obvious westerly zone from the Ural Mountains 

to the Okhotsk Sea, and its intensity is relatively stronger, which is not conducive to 

the southward movement of cold air in high latitudes. Under configuration II (Fig. 7b), 

there are negative anomaly areas in mid and high latitudes, the intensity of the 

westerly zone is weaker, and the meridional circulation is enhanced, which is 

conducive to the convergence of cold air in high latitudes southward and warm and 

humid air to produce precipitation. 
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Figure 7 The 200hPa anomalies of zonal wind distribution under different configurations of the two 

teleconnections (a: SCA(+)/EAP(+) b: SCA(-)/EAP(-), the shaded area is the area that passed the 0.01, 

0.05, and 0.1 level significance test in descending order, and the red box part is Southwest China 

region) 

 

Figure 8 shows the 500hPa anomalies distribution of geopotential height field 

under different configurations, and figure 9 shows the spatial distribution map of 

850hPa wind field anomaly under different configurations. When the two 

teleconnection patterns belong to configuration I, the zonal circulation situation of 

"+-" form appears in high latitudes, and the meridional distribution of "-+-" form 

appears in East Asia from low latitudes to high latitudes (Fig. 8a). It can be seen that 

SCA zonal wave train and EAP meridional wave train are superimposed in Lake 

Baikal and Northeast Asia, resulting in the enhancement of negative anomalous 

circulation. When the EAP index is positive and the wave train is distributed as " − + 

− " form, the subtropical high will jump northward obviously (Yang et al. 2009). The 

circulation situation of SCA and EAP superposed each other promotes the 

development of positive anomalous circulation in the mid-latitudes of East Asia, and 

the strengthen of the southerly airflow in the west of anticyclone circulation in the 

mid-latitudes of East Asia. This circulation situation is conducive to the northward of 

subtropical high. The change of subtropical high has an important influence on 

summer precipitation in Southwest China (Tao and Wei, 2006; Wu and Wang, 2006; 

Li, 2013; Yan and Zi, 2021), when the subtropical high is northward, the cold air from 

the north to the south weakens, the precipitation in Southwest China decreases, the 

easterly wind in the north of Southwest China strengthens, and Southwest China 

airflow weakens. The warm and humid airflow in Southwest China reaches Yunnan 
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and merges with the easterly airflow to form a cyclonic circulation (Fig. 9a), which is 

conducive to the formation of the precipitation distribution of "more in the south and 

less in the north" in Southwest China. 

In Configuration II, the circulation situation at 500hPa is opposite to that in 

configuration I (Fig. 8b). the distribution of zonal circulation in the high-latitude 

region is transformed to " − + " form, while the circulation situation in the East Asian 

region is in the form of obvious EAP negative phase distribution. The superposition 

effect of the SCA wave train and EAP wave train in Lake Baikal and Northeast Asia is 

more significant. The two positive anomaly centers merge to form a large-scale 

positive value area from the west of Lake Baikal to Northeast Asia. The mid-latitude 

of East Asia becomes a negative anomaly area. Under this circulation situation, the 

subtropical high is located southward. In the mid and high latitudes, there is a large 

negative anomaly area near the Ural Mountains and an obvious positive anomaly area 

from Lake Balkhash to East Asia with obvious trough ridge and strong meridional 

transport, which is conducive to the southward movement of cold air. The subtropical 

high is located in the south, Southwest China is located in the northwest side of the 

subtropical high, the southwest airflow is stronger and the precipitation in Southwest 

China increases. In the corresponding 850hPa wind field (Fig. 9b), the cyclonic 

circulation anomalies in the low latitudes of East Asia enhanced the southwest airflow 

transport, and the anticyclonic circulation in the middle latitudes further transported 

the cold air in the high latitudes to the South. The cold air from the north and the 

warm and humid air from the south converge in the north of Southwest China, and the 

precipitation increases, resulting in a precipitation distribution of "more in the north 

and less in the south". 
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Figure 8 The anomaly distribution of 500hPa height field under different configurations of two 

teleconnections (a: SCA(+)/EAP(+) b: SCA(-)/EAP(-), the shaded part is the area passin the level 

significance test of 0.01, 0.05, and 0.1 in descending order, and the red box part is Southwest China 

region) 

 

 
Figure 9 The anomaly distribution of 850hPa wind field under different configurations of two 

teleconnections (a: SCA(+)/EAP(+) b: SCA(-)/EAP(-), the shaded area is the zonal wind passing the 

level significance test of 0.05, and the red box part is Southwest China region) 

4.2 Analysis of water vapor transport in different configurations 

Some research pointed out that the water vapor transport in East Asia mainly 

comes from the water vapor from the Indian Ocean to the Bay of Bengal, followed by 

the water vapor from the Pacific Ocean. The Tibet Plateau has the effect of diverting 

the south water vapor eastward. (Miao et al. 2005; Zhou et al. 2008).  

Li (2010) also pointed out that the main channels affecting the water vapor 

transport in eastern Southwest China are the Indian Ocean water vapor transport 

channel and the Pacific water vapor transport channel. Figure 10 shows the water 

vapor flux and water vapor flux divergence anomaly distribution in the whole layer 

under different configurations. It can be seen from the figure that under Configuration 

I (Fig. 10a), the subtropical high is northerly, and Southwest China water vapor 

transport in entire Southwest China is weakened. In the low latitude region, the water 

vapor transport is mainly characterized by the zonal transport to the south of 20 ° N. 
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One conveyor belt extends from the Arabian Sea to the east, crossing the Indian 

Peninsula and the Bay of Bengal and entering the Indochina Peninsula and the South 

China Sea. The other conveyor belt transports westward from the equatorial region of 

northern New Guinea, changes direction at the ocean surface west of the Philippine 

Islands, merging with the previous water vapor transport channel, and then changing 

directing at the ocean surface east of the Philippine Islands, and transporting water 

vapor to Southwest China from the Pacific channel. After entering China and reaching 

the middle and lower reaches of the Yangtze River, the water vapor transported from 

the Pacific is divided into two branches, and the intensity decreases. One continues to 

move west to Southwest China, the other is affected by the subtropical high and turns 

northward to North China. At this time, the water vapor transport in the north of 

Southwest China is divergent, which is not conducive to precipitation. But the water 

vapor transported from the Pacific Ocean to Southwest China intersects with the water 

vapor transported from the Bay of Bengal to Southwest China in the south of 

Southwest China, thus forming a water vapor convergence area, which is conducive to 

precipitation in the south of Southwest China. 

Under Configuration II (Fig. 10b), the water vapor is mainly transported to the 

southwest through the water vapor channels south of the Tibetan Plateau and the 

northern Bay of Bengal. The water vapor in the low latitudes presents an obvious 

zonal characteristic from west to east, it is transported from the western Pacific to 

west, turns over the Indian Ocean, and transports to Southwest China through the Bay 

of Bengal. The other branch is transported from eastern Europe to the west and 

through the southeast side of the Tibet Plateau to Southwest China. Secondly, there is 

a water vapor convergence center in the Korean Peninsula. The water vapor in the 

west side of the water vapor convergence area is transported from north to south and 

intersects with the water vapor from the southeast side of the Tibet Plateau to the 

Southwest China region. A strong water vapor convergence is formed in the central 

and northern parts of the Southwest China region, which is beneficial to precipitation. 

The results are consistent with the spatial distribution results of precipitation under 
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configuration II. There is more precipitation in the western Sichuan Plateau, Guizhou, 

and eastern Sichuan except for Yunnan. Therefore, when the EAP teleconnection 

pattern and SCA teleconnection pattern are both in the positive phase, the water vapor 

transport from the western Pacific to the east is dominant in Southwest China. When 

the EAP teleconnection pattern and the SCA teleconnection pattern are both in 

negative phases, the southwest water vapor transport is dominant. 

 

Figure 10 The water vapor flux (unit: /Kg m s（ ）) and its divergence anomaly (shadow, unit: 

6 210 /Kg m s− （ ）) of the whole layer under two different configurations of teleconnection 

patterns( a: SCA(+)/EAP(+) b: SCA(-)/EAP(-)) 

4.3 Analysis of vertical profile under different configurations 

In order to further explore the north-south distribution characteristics of 

precipitation under different configurations in Southwest China, the zonal-height 

profiles of zonal wind, meridional wind, and vertical velocity under different 

configurations are given below (Fig. 11). In the zonal wind profile, the configuration I 

shows that the zonal wind is a negative anomaly area in Southwest China to the north 

of 20°N, mainly easterly wind. The area to the south of 20°N is a positive anomaly 

area, mainly westerly wind, so the western wind has a weaker influence in Southwest 

China, the water vapor in Southwest China mainly comes from the Pacific (Fig. 11a). 

The southwest water vapor transport is dominant in the channel of average water 

vapor transport in summer in Southwest China (Li, 2013). Zhang and Wu et al. (2021), 

therefore, in Configuration I, although the water vapor transport by the easterly winds 
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in the Pacific is strong, the water vapor transport in Southwest China weakens, the 

overall water vapor transport in Southwest China weakens, causing less precipitation 

in this region. But the south of Southwest China is also affected by the weaker 

southwest airflow, there was a concentration of water vapor and the precipitation 

increased in the southern part of the Southwest China region. The zonal wind profile 

distribution of Configuring II is reversed from Configuring I at mid and low latitudes, 

Southwest China is dominated by westerly wind (Fig. 11b), and the southwest water 

vapor transport in Southwest China is enhanced, which increased the precipitation in 

Southwest China.  

In the meridional wind profile of configuration I, the southerly wind component 

is dominant in the middle and upper layers，and the northerly wind component is 

dominant in the lower layer in Southwest China. The airflow rising area is about 24° 

N and the airflow sinking area is about 30° N (Fig. 11C). The rising movement is 

conducive to precipitation. Therefore, the precipitation in the south of Southwest 

China increases, and that in the North decreases. In Configuring II, the north wind 

component is dominant in the mid and low latitudes of Southwest China, the region to 

the north of 30 ° N is a negative anomaly region and the south wind component is 

dominated (Fig. 11d). It is affected by the updraft near 30 °N, so the precipitation in 

the north of Southwest China increases. 

From the vertical velocity profile (Fig. 11e), it can be seen that the low-layer to 

high-layer in the north of Southwest China are under the control of abnormal updraft, 

which is easy to produce precipitation. However, the northern part of Southwest 

China to the north of 24°N is mainly controlled by the downdraft, which is not easy to 

produce precipitation, and the results are consistent with the results of precipitation 

distribution in the configuration I (Fig. 6a). In configuration II, the distribution of 

vertical velocity in zonal direction is opposite to that in the configuration I (Fig. 11f), 

and the northern part of Southwest China is a negative area (ω < 0), which is 

controlled by the updraft, and the southern part of Southwest China is a positive area 

(ω < 0), which is controlled by the downdraft, thus forming the precipitation 
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distribution of “more in the north and less in the south” in configuration II (Fig. 6b). 

 

Figure 11 The zonal-height profiles of zonal wind (a, b), meridional wind (c, d) and vertical velocity (e, 

f) along 97.5°E~110.5°E in different configurations (configuration I: a, c, e), Configuration II: b, d, f) 

5 Conclusions 

Based on the summer precipitation data and NCEP/NCAR reanalysis data in 

Southwest China from 1970 to 2019, the situation of summer precipitation in 

Southwest China was analyzed, and the correlation between summer precipitation in 

Southwest China and SCA and EAP teleconnections was calculated respectively, it 

was found that SCA teleconnection pattern and EAP teleconnection pattern were 

closely related to summer precipitation in Southwest China. According to the 

teleconnection index, the SCA teleconnection pattern and EAP teleconnection pattern 

can be divided into two configurations. The interaction between the SCA 

teleconnection pattern and EAP teleconnection pattern under two configurations and 

the distribution of summer precipitation in Southwest China under different 

configurations are explored. Finally, the influence of the two configurations on the 

summer precipitation distribution in southwest China was studied through the data of 

the circulation situation, the water vapor transport anomaly, and the vertical velocity, 
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and the following conclusions were drawn: 

(1) EAP teleconnection pattern and SCA teleconnection pattern are mainly 

related to the spatial distribution of the EOF second mode of summer precipitation in 

Southwest China, that is, which influences the north-south distribution of summer 

precipitation in Southwest China. There is a negative correlation between EAP 

teleconnection pattern and SCA teleconnection pattern and summer precipitation in 

Southwest China during the same period. When both types of teleconnection are 

positive (negative) phases, and the precipitation in the north of Southwest China is 

less (more). 

(2) SCA teleconnection pattern and EAP teleconnection pattern mainly appear in 

the same phase, and their spatial structures show zonal and meridional atmospheric 

circulation anomalies respectively, the two types overlap in Lake Baikal. Based on the 

two teleconnection indexes of SCA and EAP, it is divided into two configurations: I 

(++) and II (--), the summer precipitation in Southwest China shows different 

distribution characteristics under these two configurations. 

(3) In Configuration I, under the influence of the two types of teleconnection, the 

westerly zone is stronger, and the southward transport of cold air at high latitudes is 

weaker. The subtropical high position of the western Pacific is northward, and the 

north of Southwest China is mainly affected by the easterly airflow, and the water 

vapor mainly comes from the western Pacific. The south of Southwest China is still 

controlled by southwesterly airflow, and there is a cyclonic circulation in the 

low-level wind field. The water vapor from the western Pacific and the water vapor 

from the Bay of Bengal intersect in the south of Southwest China, forming a water 

vapor convergence. Therefore, there is a precipitation distribution of “more in the 

south and less in the north”. 

(4) In Configuration II: there is high pressure in the northern Balkhash Lake and 

the Okhotsk Sea in summer. The position of the subtropical high of the western 

Pacific is southward, and the southwest airflow transport is enhanced, reaching the 

north of Southwest China, where it intersects with the cold air transported southward, 
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and the precipitation increases. Therefore, the precipitation in Southwest China shows 

a distribution of “more in the north and less in the south”. 
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