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Article 

The Variation in the Thermal Low-Pressure Location 
Index over the Qinghai–Tibet Plateau and its 
Relationship with Summer Precipitation in China 
Qingxia Xie 1,*, MingFei Zhou 1, YuLei Zhu 1, HongZhong Tang 2, Jing Yang 1 
and Qingbing Pang 1 

1 Meteorological observatory of Guizhou province, Guiyang, 550002 
2 Qiannan Prefecture meteorological Observatory of Guizhou province, Duyun, 558000 
* Correspondence: 66506485@qq.com ; Tel.: +86-15286002576

Abstract: Utilizing NCEP/NCAR monthly reanalysis data alongside precipitation observations from 1936 
monitoring stations across China spanning from 1966 to 2022, this study establishes a location index for the 
thermal low-pressure center situated over the Qinghai–Tibet Plateau. Temporal variations in the location index 
and summer (July) precipitation patterns in China were studied. Over the past six decades, thermal low-
pressure centers have been predominantly positioned near 90°E and 32.5°N on the plateau, with their 
distribution extending from east to west rather than from south to north. The longitudinal and latitudinal 
position indices exhibit contrasting linear trends, with a positive trend observed during the 1970s and early 
21st century and a negative trend in subsequent decades. Mutation analysis highlights pronounced weakening 
mutations occurring in 1981 and 1973, with the longitudinal index transitioning from an inter-annual cycle of 
approximately 6-8 years, while the latitudinal index displays quasi-cyclic oscillations of 5 and 8 and 12-14 years. 
Strong negative correlations are evident between the location indices and precipitation along the southeastern 
edge of the Qinghai–Tibet Plateau and in Southern China, contrasting with the positive correlations observed 
in the central-eastern plateau, northwest China, North China, and the Huang-Huai region. The influence of 
southerly airflow predominates over much of China east of the plateau, while northwest China experiences 
convergence between northerly and southerly airflow. Higher location indices correspond to weaker surface 
cold air masses and strengthened Western Pacific Subtropical and South Asian Highs south of the Yangtze 
River Basin, resulting in significantly reduced rainfall in the southern Yangtze River region and increased 
rainfall in northwest China. 

Keywords: Qinghai–Tibet Plateau; thermal low pressure; the location indexes; precipitation 

1. Introduction

Known as the third pole of the earth, the Qinghai–Tibet Plateau is located in the central and 
southern parts of Asia. Its uplift has changed climate patterns in Asia [1]; its climate changes before 
that of the rest of China [2]. In the past 60 years, the Qinghai–Tibet Plateau has been the fastest-
warming region in China, more than twice the global warming rate over the same period. The 
frequency of extreme high temperature and precipitation events has increased significantly. The 
Qinghai–Tibet Plateau has an important impact on circulations over and around it and influences 
climate change in China, and even the world. Therefore, the Qinghai–Tibet Plateau has attracted 
much attention. The thermal low pressure on the plateau plays an important role in affecting weather 
and climate downstream. However, at present, more attention is focused on plateau monsoons, 
plateau snow cover, etc., but less attention is paid to the thermal low pressure on the plateau. 

Thermal low-pressure systems, characterized by shallow and relatively immobile warm air 
masses near the surface, are significant atmospheric features. Among the most extensively researched 
is the thermal low-pressure system of the Saudi Peninsula, which is primarily driven by boundary 
layer dynamics and underlying surface influences [3–6]. Beyond the thermal low-pressure 
phenomenon of the Qinghai–Tibet Plateau, China also experiences the southwest thermal low-
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pressure and southern Xinjiang thermal low-pressure systems [7,8]. Observations indicate that at 600 
hPa, the Tibetan Plateau exhibits low pressures during summer and high pressures during winter 
[9]. By employing an intensity index to gauge the strength of the thermal low-pressure system over 
the Tibetan Plateau, Xie et al. [10] observed a general weakening trend in summertime low pressure 
over the Qinghai–Tibet Plateau spanning the last 62 years. Additionally, longitude and latitude 
indexes have been utilized to elucidate the east–west and north–south spatial variations in the 
southwest thermal low-pressure system's position [11,12]. These indexes, derived as averages across 
all stations within the thermal low-pressure study area, have facilitated discussions on the 
spatiotemporal distribution characteristics of the southwest thermal low-pressure system. 

In China, the occurrence of extreme summer precipitation poses a significant threat to people, 
property, and the national economy, underscoring the urgent need for thorough investigations. 
Thermal low-pressure systems can sometimes trigger heavy rainfall [13–15]. However, due to the 
intricate interplay of dynamic and thermodynamic atmospheric processes on the plateau, research 
on summer rainfall induced by plateau thermal low pressure in China remains limited. Prior studies 
have suggested that the plateau's atmospheric heat sources serve as crucial indicators of summer 
precipitation in regions such as Jianghuai, South China, and North China [16–18]. Enhanced plateau 
heat sources correspond to increased precipitation in the upper reaches of the Yangtze and Huaihe 
River basins and decreased precipitation in southeast China and North China. The fluctuation in heat 
sources over the Qinghai–Tibet Plateau correlates closely with variations in thermal low-pressure 
intensity. Consequently, fluctuations in thermal low pressure over the plateau may lead to variations 
in summer precipitation across China. Specifically, during summers characterized by abnormally 
strong thermal low pressure over the Qinghai–Tibet Plateau, precipitation in the upper, middle, and 
lower reaches of the Yangtze River and the northwest region of the plateau experiences abnormal 
increases [9]. Conversely, precipitation totals are notably diminished in the western Sichuan Basin, 
the Hetao area, and North China. Furthermore, the intensification of plateau thermal low pressure 
typically results in increased precipitation in the Yangtze River Basin and Xinjiang, accompanied by 
reduced precipitation in northeast China, North China, southwest China, and South China, and vice 
versa [12]. 

Currently, there is a scarcity of research focusing on the thermal low-pressure system over the 
Qinghai–Tibet Plateau. Compounded by the region's complex terrain and limited observational data, 
there is a lack of standardized definitions for the circulation index utilized to characterize its active 
center. Addressing this gap, this paper proposes a method for defining a Qinghai–Tibet Plateau 
thermal low-pressure location index. Additionally, this study investigates the interannual and 
interdecadal variations in the thermal low-pressure location index over the Qinghai–Tibet Plateau. 
By analyzing the spatial and temporal variability of the thermal low-pressure system's location, this 
research aims to elucidate its relationship with summer precipitation patterns across China. 
Ultimately, the findings of this study aspire to provide a theoretical framework for enhancing 
summer precipitation forecasting capabilities in China. 

2. Data and Methods 

In this paper, the summertime (July) monthly mean height and wind field from the reanalyzed 
NCEP/NCAR data are used; the horizontal grid resolution is 2.5°×2.5°. Since there was no low-
pressure center in the 600 hPa altitude field for many years in the main area of the plateau from 1948 
to1965, we used data from 1966 to 2022. The monthly precipitation data from 1936 stations in China 
during summer (July) from 1966 to 2022 are also used. The main range of the Qinghai–Tibet Plateau 
is determined to be 27.5°～ 40°N and 80°～ 102.5°E. However, due to the difference between the 
model terrain used in the assimilation system and the real terrain, there may be certain limitations.  

In terms of data selection, Bai Huzhi et al. [9] proved that the 600 hPa height of the NCEP/NCAR 
reanalysis data can be applied to plateau areas. Some researchers (Tang Maocang [19]; Qi Dongmei 
et al. [20]) also used these data to conduct plateau research. In addition, since 600 hPa is closer to the 
surface of the Qinghai–Tibet Plateau in summer, it is affected by surface heating on the Qinghai–Tibet 
Plateau, and this is a good representative of the plateau thermal low pressure. Therefore, the 600 hPa 
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monthly average of the NCEP/NCAR reanalysis data is used to discuss the characteristics of Qinghai–
Tibet Plateau thermal low pressure. 

The definition of the position index of thermal low pressure is based on the definition of the 
polar vortex position index. Because the thermal low pressure is shallow and the range is relatively 
small, it is impossible to uniformly select a closed center line to determine the position of the center 
of low pressure in the long-term time series. Moreover, due to there being minimal variabilities in the 
geopotential height of the Qinghai–Tibet Plateau and the resolution of the data used (2.5°×2.5°), the 
lowest point of the thermal low-pressure center over the Qinghai–Tibet Plateau will be the same for 
many years in a row. Therefore, closed center lines of low pressure with the lowest values are selected 
for each year. When there are two or more centers with the same center value, the low-pressure center 
closest to the center of the plateau is selected. The mean longitude and latitude of all the grid points 
surrounded by the closed center line represent the longitude and latitude indexes of the central 
location index of plateau thermal low pressure, respectively. When the longitude and latitude indexes 
are high, this indicates that the central locations of the Qinghai–Tibet Plateau thermal low pressure 
are inclined to the east and north, respectively, and vice versa.  

Some scholars define it as the average longitude and latitude of all stations in the closed pressure 
control area, but it will average out the real low center. There are also scholars who average the 
latitude and longitude of a certain characteristic contour in a specific region for many years, which 
will filter out some particularly weak or strong years. Therefore, the method used in the paper is 
convenient and reliable; however, the disadvantage of this method is that the workload is very large. 

First, we use the Mann–Kendall method [21] and moving t-test [21] to discuss the mutations in 
the thermal low location index over time in the Tibetan Plateau, and we discuss their periodic 
variation using wavelet analysis [21]. Then, we calculated the correlation coefficients between the 
thermal low-pressure location index and atmospheric circulation to discuss the dynamic mechanisms. 

2.1. Mann–Kendall Method  

The Mann–Kendall method [21] is a non-parametric statistical test method that can detect not 
only the change in a sequence, but also the turning points in a sequence. For the time series x1, x2, . . . , 
xn, Sk represents the cumulative count of the sample xi greater than xj (1≤j≤ i). Under the assumption 
of independence of random time series, we define UFk as follows:  

UFk = [Sk − E(Sk)]/√var(Sk)      k = 1, 2,..., n (1) 

Here, UF1 = 0, and E(Sk), var(Sk) are the mean and variance of the cumulative counts, respectively; 
they are calculated as follows:  

E(Sk) = n(n − 1)/4 (2) 

var(Sk) = n(n − 1)(2n + 5)/72 (3) 

Given the significance level α, Uα represents a normal distribution. If |UFi|> Uα, this indicates 
that there is an obvious change in the sequence. In the reverse order of time series x, xn, xn−1, . . . , x1, 
we repeat the above process, while ensuring that UBk = -UFk (k = n, n − 1, . . . , 1), UB1= 0. We drew a 
graph of UBk and UFk. If the two curves intersect, and the intersection is between the critical boundary, 
then the time corresponding to the intersection represents the time at which the mutation begins. 

2.2. Wavelet analysis  

Wavelet analysis is also known as multi-resolution analysis, and this is considered to be a 
breakthrough in Fourier analysis methods.  

According to the time scale of this research problem, the initial value of the frequency parameter 
a and the time interval for the growth of a are determined. 

Then, we calculate the generating wavelet function. 

𝛹𝛹(𝑡𝑡)=(1-𝑡𝑡2)(1/√2π)𝑒𝑒
−𝑡𝑡2
2      -∞<𝑡𝑡<∞  (4) 
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Next, we combine the determined frequency a, the study object sequence f(t) and the mother 
wavelet function 𝛹𝛹(t) in Formula (2) to calculate the wavelet change. 

ωf(a, b)=|a|-1/2∆𝑡𝑡 ∑ 𝑓𝑓(𝑖𝑖∆𝑡𝑡)𝛹𝛹(𝑖𝑖∆𝑡𝑡−𝑏𝑏
𝑎𝑎

)𝑛𝑛
𝑖𝑖=1     (5) 

3. Results 

3.1. The Variation Characteristics of the Thermal Low Location Index over the Qinghai–Tibet Plateau 

Figure 1 shows the distribution of the location of the center of summer thermal low-pressure 
events during 1966-2014. The centers were mainly located around 90°E and 32.5°N within a 
geopotential height of 4360 gpm, and the distribution extended more significantly from east to west 
than it did from south to north. There was no thermal low-pressure center in the main area of the 
plateau in 1994 and 1997, and we chose locations with the lowest geopotential height in the main area 
of the Qinghai–Tibet Plateau. 

 
Figure 1. The figure shows the distribution of the thermal low center locations in summer (July) 
during 1966–2022（the thick solid line denotes the range of Qinghai–Tibet Plateau; thick dashed line 
denotes 3000 m topographical isoline of the Qinghai–Tibet Plateau; and D represents the thermal low 
center locations.) 

The longitude index presents an overall linear downward trend with a coefficient of -0.023 
(Figure2a), while the latitude index presents a downward trend before the 21st century and an 
upward trend after the 21st century. The trend coefficient is 0.013 (Figure2b). The decline of the 
longitude index indicates that the Qinghai–Tibet Plateau thermal low-pressure center has gradually 
moved westward over the last 60 years, while the latitude index moved southward before the 21st 
century. Thus, the thermal low-pressure center moved southwestward during this period before the 
21st century, which corresponds with the research on the plateau heat source mentioned by Feng 
Song [22], Wei Zhigang et al. [23] and Hu Jun et al. [24]. The warming trend in the southwest is 
significantly stronger than that in the east. But since the beginning of the 21st century, these two 
indices have begun to move east and north, so the low-pressure center is moving northeastward. 
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(a) (b) 

Figure 2. Interannual variation in the longitude (a) and latitude indexes (b) of the Tibetan Plateau in 
summer (July) 1966-2022 (the thin line). Polynomial fitting line (solid thick line); linear trend (dashed 
line). 

In order to further explore the decadal variation in Qinghai–Tibet Plateau thermal low pressure, 
we calculate this anomaly for each decade (Table 1). 

The longitude and latitude location indexes of Qinghai–Tibet Plateau thermal low pressure were 
positive in the 1970s and 2010s, indicating that they were high (northeast) during these periods, while 
they were negative in the 1980s and 1990s, indicating that the low-pressure location indexes were low 
(southwest) during these periods. The longitude and latitude indexes had the largest absolute 
negative values in the 1990s, indicating that thermal low pressure was positioned more southwesterly 
in this era. The longitude index reached its maximum positive value in the 1970s, while the latitude 
index reached its maximum positive value in the 2010s, indicating that Qinghai–Tibet Plateau thermal 
low pressure was positioned significantly more northeasterly than it had been during the rest of this 
period. The same conclusion can be drawn from the polynomial fitting curve in Figure 2. It can be 
seen that from the late 1970s to the early 1980s, the decadal variation in the longitude and latitude 
indexes of the Qinghai–Tibet Plateau thermal low pressure suddenly changed from high to low, so 
the mutation time and cycle are discussed below. 

Table 1. Interdecadal anomalies in the longitude and latitude location indexes over the Qinghai–Tibet 
Plateau in summer (July) during 1966-2022. 

years Anomaly(lon) Anomaly(lat) 
1970-1979 1.5748 0.4478 
1980-1989 -0.6472 -0.5122 
1990-1999 -1.1592 -1.0472 
2000-2009 0.3338 0.0068 
2010-2019 -0.1022 1.1048 

The negative curves of the longitude index (Figure3a) from the 1970s to the early 1980s and in 
the late 2010s were greater than 0, and the latitude index (Figure3b) from the late 1960s to the early 
1970s indicates an exponential upward trend. There was a significant downward trend before the 
21st century, and the trend from the mid-1990s to the early 21st century exceeded the 95% confidence 
level. At the beginning of the 21st century, there was a significant upward trend again, which was 
consistent with the analysis of the time series anomaly. The positive and negative series of the 
longitude index intersected in 1981, 2015, 2017, 2020 and 2021, while the positive and negative curves 
of the latitude index intersected in 1973, 2021 and 2022. However, sliding T-test analysis confirmed 
that the 1981 intersection of the longitude index represents climate change, while the 1973 intersection 
of the latitude index represents climate change. 
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(a) (b) 

Figure 3. M-K mutation for the longitude（a）and latitude indexes (b) on the Qinghai–Tibet Plateau 
in summer (July) during 1966-2022 (the transverse dashed lines indicate the critical value at the 
confidence level of 95 %, the solid line is a location sequence, and the dashed line is a negative 
sequence.). 

Morlet wavelet transform can further show the temporal change in longitude and latitude 
location indexes of the Qinghai–Tibet Plateau thermal low pressure in the last 60 years. The cycle of 
the longitude index (Figure 4a) grew slightly before the 1990s and then stabilized at about 8 years. 
The longitude index had an interdecadal cycle of about 18 years, but it has gradually increased since 
the early 21st century. The 6–8-year cycle passed the 90% confidence test in the late 1970s through the 
early 21st century. However, the latitude index (Figure 4b) had two interannual cycles of 5 and 8 
years; the former was mainly assigned to the late 1990s, and it has a gradually shortened trend. The 
latter increased to about 12 years in the 1990s and then basically stayed the same at about 14 years. 
The 5-year cycle passed the 90% confidence test from the 1970s to the late 1990s, and the 8-14-year 
cycle passed the 90% confidence test from the late 1970s to the early 21st century.  

  
(a) (b) 

Figure 4. The Morlet wavelet real part of the lon (a) and lat indexes (b) in summer (July) during 1966-
2022. 

3.2. The Relationship between Qinghai–Tibet Thermal Low Pressure and Summer Precipitation and 
Atmospheric Circulation in China 

We analyze the correlation between the longitude and latitude location indexes of Qinghai–Tibet 
Plateau thermal low pressure and the monthly precipitation data of 1936 stations in China, alongside 
the U and V wind fields of the 850 hPa, 1000 hPa, 500 hPa, and 100 hPa height fields from 1966 to 
2022. Then, the years with high and low Qinghai–Tibet Plateau thermal low-pressure location indexes 
are selected for analysis. When the inter-annual variation in location index is one times larger (or one 
time smaller) than the mean variance, this year represents a low (or high) low-pressure position 
index. The years in which the longitude index is higher are 1968, 1969, 1971, 1976, 1979, 1982, 1992, 
2006, 2012, and 2013. The years featuring a low longitude index are 1978, 1986, 1994, 2010, 2011, and 
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2014. The years with a high latitude index are 1966, 1976, 2013, 2016, 2018, 2019, and 2022, while the 
years with a low value are 1977, 1978, 1986, 1994, and 1997. The summer precipitation value, an 850 
hPa wind field, and the 1000 hPa, 500 hPa, and 100 hPa height fields in the years with a high/low-
pressure index were, respectively, synthesized to create difference plots (values in all the high-index 
years minus those of the low-index years) (figure omitted); these were then compared with the 
correlation coefficient plot 

  
(a) (b) 

Figure 5. Correlations between the longitude (a) and latitude indexes (b) with summer (July) 
precipitation during 1966-2022. The shaded areas represent those where the T-test passed the 90%, 
95%, and 99% significance levels. 

The longitude index and precipitation (Figure 5a) were negatively correlated in the northwest 
of Xinjiang, the southeastern edge of the Qinghai–Tibet Plateau, the southern part of southwest 
China, the central part of South China, and most of the northeast regions. Among them, the 
southeastern edge of the Qinghai–Tibet Plateau and the southern and eastern parts of South China 
are the most significant, and the absolute value of the T-test was above 0.21, passing the 90% 
reliability test. There was a positive correlation between most of the northwest region and most of 
the Qinghai–Tibet Plateau region and east of the Huanghuai coastal region. The correlation between 
the Qinghai–Tibet Plateau and northwest region passed the 90% reliability test.  

The correlation between the latitude index and rainfall (Figure 5b) is almost the same as that of 
the longitude index, except that most of the southwest region has a negative correlation, and the 
relationship is as significant as that in Central China. The north of the northeast region has a minor 
positive correlation with the northwest area, while the central and eastern parts of the Qinghai–Tibet 
Plateau and the Huanghuai area have larger correlation values. These results show that when the 
thermal low pressure is located in the east or north (west or south) of the Qinghai–Tibet Plateau, the 
level of precipitation over the southeastern edge of the Qinghai–Tibet Plateau, South China, Central 
China and the south and northeast parts of China is significantly lower/higher. The level of 
precipitation is higher/lower in most parts of northwest China, most of the plateau and to the east of 
the Huang-Huai coastal areas. When thermal low pressure is located farther north, the amount of 
precipitation is lower, and vice versa. The map showing the difference in years with high and low 
location indexes is basically consistent with the correlation coefficient, indicating that less 
precipitation occurred in the years with high longitude and latitude indexes than that in the years 
with low values from the southeastern edge of the Qinghai–Tibet Plateau to South China. In the 
eastern and northern parts of the Qinghai–Tibet Plateau, more precipitation occurred in the years 
with high longitude and latitude indexes than that in the years with low values. This shows that the 
high and low Qinghai–Tibet Plateau thermal low position indexes in this paper are reliable. 

3.3. Geopotential Height at 1000 hPa 

Due to the thermal difference between the ocean and land, a change in sea level pressure is very 
important for predicting summer precipitation. Therefore, the changes in the longitude and latitude 
indexes of Qinghai–Tibet Plateau thermal low pressure and sea-level pressure are compared and 
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analyzed here. The distribution of the correlation coefficients of the longitude and latitude indexes of 
Qinghai–Tibet Plateau thermal low pressure at the 1000hPa height are very similar (Figure 6a). Except 
for the eastern margin of northeast China, the Indian Ocean, the South China Sea and the West Pacific 
region, most of the other regions are negatively correlated. The central and eastern parts of northwest 
China, the central and eastern parts of the Qinghai–Tibet Plateau and the northern parts of southwest 
China pass the 90% reliability test, indicating that the higher the index is (thermal low pressure is 
located further north and east), the lower the pressure is in most of China, the weaker the cold air is, 
the higher the temperature is, the more there energy is, and the more conducive these conditions are 
to short-term heavy rainfall.  

When the longitude index of thermal low pressure on the Qinghai–Tibet Plateau was high 
(Figure 6b), most of the country was controlled by low pressure. The Mongolia low-pressure system 
was located at the junction of southern Mongolia and Inner Mongolia, with a central intensity of 20 
gpm, and two centers were located in central China and Xinjiang, respectively. The Mongolian low-
pressure system was located in only two east–west centers in Xinjiang and Inner Mongolia. However, 
in the low-value years in the two areas (figure omitted), the Mongolian low-pressure system was 
weak. The chart showing the difference in summertime sea-level pressure in the high- and low-value 
years is basically consistent with the correlation coefficient (figure omitted) and is also consistent with 
the analysis results of the precipitation mentioned above. 

  
(a) (b) 

Figure 6. The figure shows the correlation coefficient (a) of the longitude index of the Qinghai–Tibet 
Plateau thermal low pressure and 1000hPa height field. The 1000hPa height field of the longitude 
index in high-value years (b) in the summer (July) during 1966～2022. The shaded areas represent 
those where the correlation passes the 90%、95%, and 99% significance levels. 

3.4.850. hPa Wind Field 

The longitude (Figure 7a) and latitude indexes (Figure omitted) are basically consistent with the 
correlation coefficient diagram of 850hPa wind field distribution in the summer. There is a strong 
cyclone in central Mongolia; a southeasterly air flow in the southern part of the Pacific anticyclone 
passes over the South China Sea and is divided into two branches over the Indo-China Peninsula, 
one of which moves northward from South China, along with western air flow in the northern part 
of the Bay of Bengal. In the eastern part of northwest China, it meets the northwesterly air flow from 
the Arctic Ocean; this meets the water vapor condition for more precipitation in northwest China and 
the east part of the Qinghai–Tibet Plateau, while there is less rain in the coastal area of South China. 
This is consistent with the conclusion obtained by He Jinhai et al. [25]. The other flow joins the Bay 
of Bengal air flow. In northeast China and North China, southerly and southeasterly ageostrophic 
winds prevail, and the cold air activity in the north is weak in summer when the plateau low-pressure 
index is high, so there is less precipitation in most parts of northeast China.  

In the years with high longitude and latitude indexes (Figure 6b), the southern Arabian Sea is 
controlled by a strong westerly air flow, which passes over the Indian Peninsula and the Bay of 
Bengal, and then arrives at South China and the South China Sea; a part of the flow continues 
eastward through the Philippines to join with the southeasterly air flow south of the West Pacific 
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subtropical high-pressure system, and a part of this flows directly northward from South China and 
arrives at the central and eastern parts of China. A cyclone forms in west–central Mongolia, while the 
anticyclone ridge in the Pacific Ocean is at 40N, with a strong intensity. In the years with low latitude 
and longitude indexes, the northbound air flow over South China is markedly weaker; there is only 
one cyclone in central Mongolia, and the Pacific anticyclone air flow is also markedly weaker. The 
plot showing the difference in the years with high and low latitude and longitude indexes is very 
similar to the correlation coefficient plot. 

.  

(a) (b) 

Figure 7. The figure shows the correlation coefficient (a) of the longitude index of the Qinghai–Tibet 
Plateau thermal low pressure and 850hPa wind field. The 850hPa wind field of the longitude index in 
high-value years (b) in the summer (July) during 1966～2022. 

3.5. The 500 hPa Height Field 

The changes in the movement and intensity of various weather systems at 500 hPa, such as the 
western Pacific subtropical high, upper trough and blocking high-pressure systems at the middle and 
high latitudes, have important effects on summer precipitation in China. As can be seen from the 
correlation coefficient chart (Figure 8a), there is a positive correlation in South China and a negative 
correlation in most of the other regions. Between 30°N and 50°N, the main positive correlation centers 
are located in Xinjiang, the Qinghai–Tibet Plateau and Japan, and the correlation between the 
longitude index and the 500 hPa height of this region passed the 90% significance level. These results 
show that the geopotential height in the middle and high latitudes decreases when the longitude and 
latitude indexes are high, while the geopotential height in the south of the Yangtze River Basin, the 
South China Sea and the West Pacific Ocean increases, and vice versa. 

The ridge at 588 dagpm of the western Pacific subtropical high-pressure system is around 30°N, 
and the western ridge point does not exceed 120°E in the years with a high longitude index (Figure 
8b) or 130°E in the years with a high latitude index. The Indian low-pressure system has only a large 
center of 584 dagpm in the years with a high longitude index, while no closed center formed in the 
years with a high latitude index. In the years with low longitude and latitude location indexes (figure 
omitted), the western Pacific subtropical high-pressure system is markedly weaker; the Yangtze River 
basin represents a trough area of low pressure, the Indian low-pressure system has a smaller range, 
and the center is located more easterly. The map showing the difference (figure omitted) is similar to 
the correlation coefficient map, indicating that in the years with high longitude and latitude location 
indexes, the position of the western Pacific subtropical high-pressure ridge is located more to the 
west of the north than usual, and a summer monsoon mainly affects the area north of the Yangtze 
River, resulting in more precipitation there. 
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(a) (b) 

Figure 8. The figure shows the correlation coefficient (a) of the longitude index of the Qinghai–Tibet 
Plateau thermal low pressure and 500hPa height field. The 500hPa height field of the longitude index 
in high-value years (b) in the summer (July) during 1966～2022. The shaded areas represent those 
where the correlation passes the 90%,95%, and 99% significance levels. 

3.6.100. hPa Height Field 

The timing and intensity of the South Asian high-pressure system ascending toward the 
Qinghai–Tibet Plateau, as well as its east–west oscillation and southward and northward movements 
[26–28], have an important impact on the summer precipitation in China. The formation of the South 
Asian high-pressure system is closely related to Qinghai–Tibet Plateau heating [29,30]. The 
correlation coefficient (Figure 9a) diagram shows that the latitude and longitude indexes are 
negatively correlated with the geopotential height in Xinjiang, most of the Qinghai–Tibet Plateau, 
northwest China, northeast China and Japan, but are positively correlated with central and southern 
China.  

In the years with high longitude (Figure 9b) and latitude indexes, the center of the South Asian 
high-pressure system is located in the Iranian Plateau, with a central intensity of 1686 dagpm, which 
extends more eastward to the central part of the Qinghai–Tibet Plateau compared with that during 
the low-value years. The feature line at 1680 dagpm ranges from 24°N to 40°N, and the eastern ridge 
point is near 110°E. Tao Shiyan et al. [31] pointed out that the 100 hPa flow pattern in southern Asia 
and the 500 hPa western Pacific subtropical high-pressure system in summer have a trend of "moving 
in the same direction and moving away from each other". The diagram showing the difference (figure 
omitted) is similar to the correlation coefficient diagram, indicating that the eastward expansion and 
southward shift of the southern pressure and high-pressure systems resulted in increased summer 
precipitation in the Yangtze River Basin and its northern regions, while less summer precipitation 
occurred in South China and North China, which is consistent with Hu Jinggao et al. [31], who 
pointed out that "the east ridge of the South Asia High pressure is eastward, the Jianghuai River Basin 
has positive precipitation anomalies, and the southeast coast and South China have negative 
precipitation anomalies". 
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(a) (b) 

Figure 9. The figure shows the correlation coefficient (a) of the longitude index of the Qinghai–Tibet 
Plateau thermal low pressure and 100hPa height field. The 100hPa height field of the longitude index 
in high-value years (b) in the summer (July) during 1966～2022. The shaded areas represent those 
where the correlation passes the 90%, 95%, and 99% significance levels. 

4. Conclusions 

This study investigates the characteristics of the Tibetan–Qinghai Plateau thermal low-pressure 
system's location changes and its impact on summer precipitation patterns in China. The key findings 
are summarized as follows: 

(1) Over the past six decades, the thermal low-pressure centers over the Qinghai–Tibet Plateau 
have predominantly positioned near 90°E and 32.5°N. Notably, the distribution area has exhibited 
more significant expansion from east to west compared to from south to north. 

(2) Analysis of the longitude and latitude indexes reveals a linear decline and an upward trend, 
respectively. Anomalies were positive in the 1970s and early 21st century but turned negative in 
subsequent years. Abrupt changes occurred in 1973 and 1981, transitioning from higher to lower 
values. The longitude index exhibits 6-8-year quasi-periodic oscillations, while the latitude index 
displayed 5-year and 8-year interannual oscillations before the 1990s and gradually shifted to 12-14-
year interdecadal oscillations. 

(3) The indexes exhibit inverse correlations with precipitation from the southeastern edge of the 
Qinghai–Tibet Plateau to the southern Yangtze River and northeast region. However, they are 
significantly positively correlated with precipitation from the central-eastern region of the plateau to 
the northwest, North China, and the Huang-Huai region. 

(4) Higher index values coincide with weaker ground-level cold air, leading to the predominance 
of southerly airflow over most of China east of the Qinghai–Tibet Plateau, while northwest China 
experiences a convergence of northerly and southerly airflow. Moreover, the western Pacific 
subtropical high- and South Asian high-pressure systems south of the Yangtze River Basin 
strengthen, resulting in markedly increased rainfall in the south of the Yangtze River and northwest 
China. 

Wang Xin et al.[32] found that "there are three main moving paths of low vortex on the plateau: 
northeast, southeast and east, among which the number of low vortex moving to northeast is the 
largest." "When the low vortex moves out of the plateau, there are two main paths: one is the northeast 
path, which mainly moves to Hexi, Ningxia and the Loess Plateau; The other is the southeast path, 
which mainly moves to the vicinity of Sichuan Basin, among which, the low vortex moving to the 
Loess Plateau is the most ", so whether the plateau thermal low-pressure center generated in the 
northeast direction in the 21st century is more conducive to its northeast movement? What is the 
development mechanism between them? The further analysis of these physical mechanisms is the 
focus of further efforts in the future. 

Thanks are given to Professor Fan Guangzhou of the Chengdu University of Information 
Technology for his careful guidance, Zhao Zhenguo from the National Meteorological Center, and 
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