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Abstract

Based on ERA-Interim monthly reanalysis data from the European Centre for
Medium-Range Weather Forecasts (ECMWF) and land surface monthly precip-
itation data from the Climatic Research Unit (CRU) at the University of East
Anglia, UK, covering the period 1979-2019, this study analyzes the relationship
between the summer North African subtropical high (North African subtropical
high) and Central Asian summer precipitation. The results demonstrate that
variations in the ridge line index and eastward extension ridge point index of
the North African subtropical high are closely linked to Central Asian summer
precipitation. Under the individual and synergistic variations of the two in-
dices, the distributions of Central Asian summer precipitation and large-scale
circulation anomalies exhibit substantial differences. The subtropical high ridge
line primarily induces opposite-phase variations between northern and southern
Central Asian summer precipitation, while the position of the subtropical high’
s eastward extension ridge point exerts a significant influence on precipitation
in central and southern Central Asia. When the subtropical high is positioned
to the east and north, the Caspian Sea and Aral Sea regions are controlled
by an anomalous cyclone, most areas of Kazakhstan experience above-normal
precipitation, and Xinjiang is controlled by a Mongolian anomalous anticyclone
with below-normal precipitation. When the subtropical high is positioned to
the west and south, Central Asia is predominantly controlled by an anomalous
anticyclone, with anomalous cyclonic shear present in its northeastern portion,
corresponding to above-normal precipitation in northeastern Central Asia and
below-normal precipitation in other regions. When the subtropical high is posi-
tioned to the west and north, Central Asia is controlled by an anomalous anti-
cyclone, with most regions experiencing below-normal precipitation. When the
subtropical high is positioned to the east and south, Central Asia is controlled
by an anomalous cyclone, and water vapor from the tropical Indian Ocean en-
ters the Central Asian upper atmosphere through a two-step transport process,
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creating favorable dynamic and moisture conditions that result in above-normal
summer precipitation across most of Central Asia.
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Abstract

Using monthly reanalysis data from the European Centre for Medium-Range
Weather Forecasts (ECMWTF) Interim and monthly land precipitation data from
the Climatic Research Unit (CRU) at the University of East Anglia from 1979
to 2019, we analyzed the relationship between the summer North African sub-
tropical high and summer precipitation in Central Asia. The results show that
variations in the ridge line index and eastern extension ridge point index of the
North African subtropical high are closely linked to summer precipitation in
Central Asia. Under individual and concurrent variations of these two indices,
the distribution of summer precipitation and large-scale circulation anomalies
in Central Asia differs significantly. The subtropical high ridge line primar-
ily causes opposite-phase variations in precipitation between the northern and
southern parts of Central Asia, while the eastern extension ridge point posi-
tion exerts an important influence on precipitation in the central and southern
regions. When the subtropical high shifts to the east and north, an anoma-
lous cyclone controls the area over the Caspian Sea and Aral Sea, resulting in
above-normal precipitation across most of Kazakhstan, while Xinjiang is con-
trolled by an anomalous anticyclone over Mongolia with below-normal precipi-
tation. When the subtropical high shifts to the west and south, Central Asia
is mainly controlled by an anomalous anticyclone, with an anomalous cyclonic
shear in its northeastern part, corresponding to above-normal precipitation in
the northeastern part of Central Asia and below-normal precipitation in other
regions. When the subtropical high shifts to the west and north, Central Asia
is controlled by an anomalous anticyclone, with below-normal precipitation in
most areas. When the subtropical high shifts to the southeast, Central Asia
is controlled by an anomalous cyclone, and water vapor from the tropical In-
dian Ocean enters Central Asia through a two-step transport process, forming
favorable dynamic and moisture conditions that lead to above-normal summer
precipitation across most of Central Asia.
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1.1 Study Area Overview

Central Asia is the world’ s largest inland arid region, comprising the Republic
of Kazakhstan, the Republic of Uzbekistan, the Republic of Tajikistan, the Re-
public of Kyrgyzstan, the Republic of Turkmenistan, and Xinjiang, China (Fig.
[Figure 1: see original paper]). During the period of 1979-2019, summer pre-
cipitation in Central Asia exhibited a distribution pattern of more precipitation
in the north and less in the south, with precipitation concentrated mainly in
the Tianshan Mountains and Pamir Plateau regions [| (figure omitted). Precip-
itation showed a decreasing trend to the west and an increasing trend to the
east, with particularly significant increases in western Xinjiang and the Pamir
Plateau region during summer [] (figure omitted).

1.2 Data Sources

The FEuropean Centre for Medium-Range Weather Forecasts (ECMWF)

Interim monthly reanalysis dataset [] includes wind fields, specific hu-

midity, surface pressure, and geopotential height data. The spatial

resolution of wind fields, specific humidity, and surface pressure data is

2.5°8x2.5°, whilegeopotentialheightdatahasaspatialresolutiono f1.0°x1.0°.TheClimatic ResearchUnit(CRU)
This dataset has been widely applied in climate change research in Central

Asia [].

1.3 Research Methods

The eastern extension ridge point index and ridge line index are used to describe
the spatial position variations of the North African subtropical high. Based
on the calculation method for the western extension ridge point index of the
Western Pacific subtropical high [], the eastern extension ridge point index of
the North African subtropical high is defined. The ridge line index of the North
African subtropical high adopts the method provided by the National Climate
Center. The specific calculation methods are as follows:

North African subtropical high ridge line index: Within the region of
10°-60°N, 20°-60°E, at 500 hPa, the average latitude position of the subtropical
high center (where geopotential height is greater than 5840 gpm and zonal wind
u = 0) along each meridian serves as the ridge line position index of the North
African subtropical high.

North African subtropical high eastern extension ridge point index:
The longitude position of the easternmost point of the 5870 gpm contour line
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at 500 hPa within the region of 10°-80°E serves as the eastern extension ridge
point index of the North African subtropical high.

When analyzing the relationship between the subtropical high index and Central
Asian precipitation, a univariate linear regression method is used. The specific
calculation formula is as follows:

y; = ax; +b
where z; is the subtropical high index; y; is the summer precipitation in Central
Asia; a is the regression coefficient; and b is the constant term.

When analyzing water vapor transport, integration is performed from the surface
to 300 hPa. The specific calculation formula is as follows:

1 Ds
Q= */ qVdp

P300

where @ is the water vapor flux (kg+-m~!-s71); g is gravitational acceleration
(m - s72); p, is surface pressure (hPa); pso is the upper integration limit (300
hPa in this study); ¢ is specific humidity; and V is the two-dimensional wind
vector.

Summer in this study refers to the average of June-August.

Fig. 1 [Figure 1: see original paper| Topographic distribution over Central Asia

2.1 Relationship Between Individual Variations of the
North African Subtropical High Ridge Line and East-
ern Extension Ridge Point and Summer Precipitation in
Central Asia

To facilitate discussion of the interannual variation characteristics of the summer
North African subtropical high and its relationship with summer precipitation
in Central Asia, the eastern extension ridge point index and ridge line index of
the North African subtropical high are standardized and denoted as x; and y;,
respectively (where i represents the year). In terms of interannual variation, the
ridge line index of the North African subtropical high shows an overall decreasing
trend, indicating that the subtropical high has gradually shifted southward in
recent years (Fig. [Figure 2: see original paper]a). The eastern extension ridge
point index shows no significant trend (Fig. [Figure 2: see original paper]b). In
terms of spatial position changes, the north-south position variation of the North
African subtropical high is not significant; even in the years with maximum
and minimum ridge line indices, the position difference from the average is
small (Fig. [Figure 2: see original paper|c). However, the east-west position
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variation is substantial, spanning approximately X degrees of longitude, with
the westernmost position in year X and the easternmost position extending to
southwestern Central Asia (Fig. [Figure 2: see original paper]d).

Figure 3 presents the linear regression distribution between the North African
subtropical high indices and summer precipitation in Central Asia. The regres-
sion coefficients between the eastern extension ridge point index and precipita-
tion are positive across most of Central Asia, indicating that when the North
African subtropical high extends eastward, precipitation increases in most re-
gions of Central Asia. This relationship is significant in the region of 37.5°-45°N
(Fig. [Figure 3: see original paper|a). The regression coefficients between the
ridge line index and precipitation show a distribution of negative in the south
and positive in the north, with significant relationships in the Pamir Plateau,
Tianshan Mountains of Xinjiang, and eastern Xinjiang region. This indicates
that when the North African subtropical high shifts southward, precipitation
increases in southern Central Asia and decreases in the north, and vice versa
(Fig. [Figure 3: see original paper|b).

How do different spatial position changes of the subtropical high affect summer
precipitation in Central Asia? Table 1 presents eight anomalous spatial position
scenarios of the North African subtropical high. The first four scenarios repre-
sent concurrent variations where both indices are anomalous, while the last four
scenarios represent individual variations where only one index is anomalous.

Table 1 Eight anomalous spatial positions of the North African subtropical
high

Spatial Position Eastern Extension Ridge Point Ridge Line Index
Type Index (z;) (Y:)

East-North >0.5 >0.5

East-South >0.5 <-0.5
West-North <-0.5 >0.5

West-South <-0.5 <-0.5
East-Normal >0.5 |x_i]<0.5
West-Normal <-0.5 |x_i]<0.5
Normal-North ly_i|<0.5 >0.5
Normal-South ly_i]<0.5 <-0.5

Note: x; is the eastern extension ridge point index; y,; is the ridge line indez.
The same applies below.

Figure 4 shows the composite distribution of summer precipitation anomalies
in Central Asia under individual variations of the North African subtropical
high position. When the subtropical high is anomalously positioned to the
east (Fig. [Figure 4: see original paper|a), precipitation anomalies are negative
in northern Kazakhstan and central Xinjiang, while positive in other regions,
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with significant increases in the Pamir Plateau region. When the subtropical
high is anomalously positioned to the west (Fig. [Figure 4: see original paper|b),
summer precipitation decreases significantly across most of Central Asia, except
for a few isolated areas. When the subtropical high is anomalously positioned
to the north (Fig. [Figure 4: see original paper|c), precipitation anomalies are
positive north of X°N and negative south of X°N, with significant decreases in
the Pamir Plateau region. When the subtropical high is anomalously positioned
to the south (Fig. [Figure 4: see original paper]d), precipitation anomalies
are positive in western Central Asia and southern Xinjiang, while significantly
negative in northwestern Central Asia.

Variations in the spatial position of the subtropical high have important impacts
on regional circulation and water vapor transport []. Composite analysis is fur-
ther employed to discuss how subtropical high position shifts affect regional
circulation and water vapor transport. As shown in Figures 5 and 6, when the
North African subtropical high is anomalously positioned to the east, Central
Asia is controlled by anomalous cyclones and anticyclones from west to east.
Under their combined influence, central and southern Central Asia experience
anomalous southerly winds, forming favorable dynamic conditions for precip-
itation, while northern Central Asia experiences anomalous northerly winds,
which are unfavorable for precipitation. When the subtropical high is anoma-
lously positioned to the west (Fig. [Figure 5: see original paper|b), Central
Asia is controlled by an anomalous anticyclone with prevailing northerly winds,
which is unfavorable for precipitation across most of Central Asia. When the
subtropical high is anomalously positioned to the north (Fig. [Figure 5: see
original paper|c), northern Central Asia is controlled by an anomalous cyclone
while southern Central Asia is controlled by an anomalous anticyclone, favoring
precipitation in the north but not in the south. When the subtropical high
is anomalously positioned to the south (Fig. [Figure 5: see original paper|d),
southern Central Asia is controlled by an anomalous cyclone while northwestern
Central Asia is controlled by an anomalous anticyclone, favoring precipitation
in the south but not in the north.

Figure 6 shows the composite distribution of water vapor flux anomalies when
the North African subtropical high is anomalously positioned to the east. The
Western Pacific subtropical high intensifies, enhancing the northward transport
of water vapor from the western Pacific. Combined with the anomalous cyclonic
circulation over North China, this transports water vapor westward. When the
subtropical high is anomalously positioned to the west (Fig. [Figure 6: see origi-
nal paper]b), water vapor from both the tropical Indian Ocean and northwestern
Pacific is unfavorable for transport into Central Asia. When the subtropical high
is anomalously positioned to the north (Fig. [Figure 6: see original paper|c),
an anomalous cyclone over the Indian Peninsula makes northward water vapor
transport difficult. The East Asian summer monsoon intensifies, transporting
water vapor from the western Pacific to North and Northeast China. Combined
with the cyclonic circulation over Mongolia, this can transport water vapor west-
ward to northern Central Asia, providing moisture conditions for precipitation
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there. When the subtropical high is anomalously positioned to the south (Fig.
[Figure 6: see original paper]d), although an anomalous anticyclone over the In-
dian Peninsula can transport Indian Ocean water vapor northward, the cyclone
over Central Asia is relatively weak, resulting in weak transport of the southern
branch of water vapor, with moisture mainly originating from the northwestern
Pacific.

2.2 Relationship Between Concurrent Variations of the
North African Subtropical High Ridge Line and East-
ern Extension Ridge Point and Summer Precipitation in
Central Asia

The previous section discussed precipitation changes and anomalous distribu-
tions of large-scale circulation and water vapor transport under individual vari-
ations of the North African subtropical high ridge line and eastern extension
ridge point. This section further analyzes the concurrent variation of these
two indices. As shown in Figure 7, when the North African subtropical high
shifts to the east and north, summer precipitation anomalies in Central Asia
exhibit a negative-positive-negative distribution pattern from south to north.
Most areas of Kazakhstan show positive anomalies, while the northern bound-
ary of Kazakhstan and Tajikistan and Uzbekistan to the south show negative
anomalies. Most regions of Xinjiang, except for the Tianshan Mountains, have
negative precipitation anomalies. When the subtropical high shifts to the west
and south (Fig. [Figure 7: see original paper|b), most areas of Central Asia
show negative precipitation anomalies, with positive anomalies in the north-
west. When the subtropical high shifts to the east and south (Fig. [Figure 7:
see original paper]c), most regions show positive summer precipitation anoma-
lies. When the subtropical high shifts to the west and north (Fig. [Figure 7: see
original paper]d), except for northern Xinjiang and northern Kazakhstan where
precipitation is above normal, other regions receive below-normal precipitation.

Figure 8 shows the composite distribution of 500 hPa wind anomalies under con-
current variations of the North African subtropical high position. When the sub-
tropical high shifts to the east and north (Fig. [Figure 8: see original paper]a),
an anomalous anticyclone over the Arabian Sea facilitates the northward trans-
port of tropical ocean water vapor. Combined with the cyclonic circulation over
the Caspian Sea and Aral Sea, this further transports water vapor to mid-high
latitude regions. Meanwhile, an anomalous anticyclone over the region south of
the Yangtze River in eastern China, together with an anticyclone over Mongolia,
can transport water vapor from the western Pacific westward, though this wa-
ter vapor transport is relatively weak. When the subtropical high shifts to the
west and north (Fig. [Figure 8: see original paper|b), anomalous cyclones over
the Arabian Sea and Indian Peninsula are unfavorable for northward transport
of Indian Ocean water vapor, resulting in relatively weak moisture conditions
across most of Central Asia. An anomalous anticyclone over central China can
transport water vapor from mid-latitude oceans to North and Northeast China.
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Combined with the cyclonic circulation over Mongolia, this further transports
water vapor westward, providing moisture conditions for summer precipitation
in northwestern Central Asia. When the subtropical high shifts to the east and
south (Fig. [Figure 8: see original paper|c), anomalous anticyclones over the
Arabian Sea and cyclones over Central Asia allow water vapor from the tropical
Indian Ocean to enter Central Asia. The East Asian summer monsoon weakens,
preventing water vapor from the western Pacific from reaching eastern Central
Asia. When the subtropical high shifts to the west and south (Fig. [Figure
8: see original paper]d), an anomalous cyclone over the Arabian Sea makes it
difficult to transport Indian Ocean water vapor to Central Asia. However, the
East Asian summer monsoon intensifies, and water vapor from the western Pa-
cific flows along the eastern side of the Tibetan Plateau, passes through the
Hexi Corridor, and enters eastern Central Asia (Xinjiang, China), providing
moisture conditions for summer precipitation there.

The influence of the Western Pacific subtropical high is also considered. Figure
10 shows the linear regression distribution between the summer North African
subtropical high eastern extension ridge point index, the Western Pacific sub-
tropical high western extension ridge point index, and summer precipitation
in Central Asia. The Western Pacific subtropical high western extension ridge
point index shows a linear negative correlation with summer precipitation in
Central Asia, with significant relationships in Tajikistan, Kyrgyzstan, and the
western side of the Tianshan Mountains and Tarim Basin in Xinjiang. This in-
dicates that when the Western Pacific subtropical high shifts westward, summer
precipitation increases in the region south of Central Asia, and vice versa. The
above analysis demonstrates that both the North African subtropical high and
the Western Pacific subtropical high influence summer precipitation in Central
Asia. How do their combined effects influence summer precipitation in Central
Asia? This requires further discussion.

3 Discussion

This study discusses the relationship between spatial position variations of the
summer North African subtropical high and summer precipitation in Central
Asia, revealing the influence processes of the summer North African subtropi-
cal high on Central Asian summer precipitation. However, several limitations
exist: (1) The study does not consider the close relationship between surface
heating and the position variation of the Western Pacific subtropical high [].
Non-uniform spatial distribution of diabatic heating affects the break and clo-
sure of the Western Pacific subtropical high []. Surface sensible heat flux over
North America determines the position variation and seasonal movement of the
North American subtropical high [], while condensation latent heat determines
the position and intensity changes of the Eastern Hemisphere subtropical high.
How diabatic heating affects the North African subtropical high has received lit-
tle attention, and the influencing mechanisms remain unclear, requiring further
analysis.
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4 Conclusions

Using univariate linear regression and composite analysis methods, this study
analyzed the relationship between the North African subtropical high ridge line
index and eastern extension ridge point index and summer precipitation in Cen-
tral Asia from 1979 to 2019, revealing anomalous characteristics of summer
precipitation, circulation, and water vapor transport under individual and con-
current variations of the two indices. The main conclusions are as follows:

(1) During summer, the east-west position of the North African subtropical
high shows large variations, while the north-south position remains rela-
tively stable. The eastern extension ridge point index of the North African
subtropical high shows a significant linear positive correlation with sum-
mer precipitation across most of Central Asia. The ridge line index ex-
hibits a south-negative, north-positive linear regression pattern with sum-
mer precipitation in Central Asia, with significant linear negative correla-
tions in the Pamir Plateau and Tianshan Mountains of Xinjiang.

(2) Under individual variations of the subtropical high indices, when the sum-
mer North African subtropical high is anomalously positioned to the east
(west), precipitation increases (decreases) across most of Central Asia,
with anomalous southerly (northerly) winds prevailing in southern Cen-
tral Asia and water vapor transported from the eastern oceans (poor wa-
ter vapor transport conditions). When the ridge line position shifts south-
ward (northward), precipitation increases (decreases) in southern Central
Asia and decreases (increases) in the north. Southern (northern) and
northern (southern) Central Asia are controlled by anomalous cyclones
(anticyclones) and anticyclones (cyclones), respectively, with water vapor
originating from the western Pacific.

(3) Under concurrent variations of the subtropical high indices, when the sum-
mer North African subtropical high is anomalously positioned to the east
(west) and south (north), precipitation increases (decreases) across most
of Central Asia. Central Asia is controlled by anomalous cyclones (anti-
cyclones) with favorable (unfavorable) water vapor transport conditions.
When the subtropical high shifts to the east and north, precipitation in-
creases in central Central Asia, with anomalous southerly winds prevailing
and water vapor transported from the Arabian Sea to Central Asia. When
the subtropical high shifts to the west and south, except for northern Xin-
jiang, China, and northern Kazakhstan, most areas of Central Asia receive
below-normal precipitation.

References

[1] Fu Congbin, Wang Jingen, Wu Daming. Long term variation of the sub-
tropical high belt in the Northern Hemisphere(1)[J]. Meteorological Monthly,
1980(3): 3-5.

chinarxiv.org/items/chinaxiv-202208.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202208.00062

ChinaRxiv [$X]

[2] Luo Meixia, Zhu Baozhen, Shen Rujin. A numerical experiment of the
dynamic effect of large scale topography on the formation of subtropical high in
the northern summer[J]. Chinese Journal of Atmospheric Sciences, 1986, 10(3):
258-265.

[3] Wu Guoxiong, Liu Yimin. The effect of spatially nonuniform heating on
the formation and variation of subtropical high part I: Scale analysis[J]. Acta
Meteorologica Sinica, 1999, 57(3): 257-263.

[4] Liu Yimin, Liu Hui, Liu Ping, et al. The effect of spatially nonuniform heating
on the formation and variation of subtropical high part II: Land surface sensible
heating and East Pacific subtropical high[J]. Acta Meteorologica Sinica, 1999,
57(4): 385-396.

[5] Yeh T C. Some aspects of the thermal influences of the Qinghai-Tibetan
Plateau on the atmospheric circulation[J]. Archives for Meteorology, Geophysics,
and Bioclimatology, Series A, 1982, 31(3): 287-299.

[6] Li Dongliang, Wei Li, Li Weijing, et al. The effect of surface sensible heat flux
of the Qinghai-Xizang Plateau on general circulation over the Northern Hemi-

sphere and climatic anomaly of China[J]. Climatic and Environmental Research,
2003, 8(1): 60-70.

[7] Jiang Fengging, Hu Ruji. Climate change and flood & drought disasters
in Xinjiang during recent 50 years[J]. Journal of Desert Research, 2004, 24(1):
37-42.

[8] Chen Yaning, Li Zhi, Fang Gonghuan. Changes of key hydrological elements
and research progress of water cycle in the Tianshan Mountains, Central Asia[J].
Arid Land Geography, 2022, 45(1): 1-8.

[9] Guo Yulin, Zhao Yong, Zhou Yaman, et al. Diurnal variation of summer
precipitation and its relationship with altitude in Tianshan Mountains of Xin-
jlang[J]. Arid Land Geography, 2022, 45(1): 57-65.

[10] Li Zhen, Jiang Fengqing. A study of abrupt climate change in Xinjiang
region during 1961-2004[J]. Journal of Glaciology and Geocryology, 2007, 29(3):
351-359.

[11] Zhang Qingyun, Tao Shiyan. The study of the sudden northward jump
of the subtropical high over the Western Pacific[J]. Acta Meteorologica Sinica,
1999, 57(5): 539-548.

[12] Wei Jie, Yang Hui, Sun Shuqing. Relationship between the anomaly longitu-
dinal position of subtropical high in the Western Pacific and severe hot weather
in North China in summer[J]. Acta Meteorologica Sinica, 2013, 62(2): 308-316.

[13] Wei Daoming, Li Chongyin, Tan Yanke. Variation features and the impact
of the latitudinal position of the Western Pacific subtropical high in summer[J].
Climatic and Environmental Research, 2011, 16(3): 255-272.

chinarxiv.org/items/chinaxiv-202208.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202208.00062

ChinaRxiv [$X]

[14] Tao Shiyan, Xu Shuying. Some aspects of the circulation during the periods
of the persistent drought and flood in Yangtze-Huaihe River Basin in summer[J].
Acta Meteorologica Sinica, 1962, 32(1): 1-18.

[15] Chen Fahu, Huang Wei, Jin Liya, et al. Spatiotemporal precipitation varia-
tions in the arid Central Asia in the context of global warming[J]. Science China
Earth Sciences, 2011, 41(11): 1647-1657.

[16] Huang Qiuxia, Zhao Yong, He Qing, et al. Climatic characteristics in Cen-
tral Asia based on CRU data[J]. Arid Zone Research, 2013, 30(3): 396-403.

[17] Jia La, Zhou Shunwu, Ding Feng. The climatic character of North Africa
subtropical high and its effect on summer precipitation in China[J]. Journal of
Nanjing Institute of Meteorology, 2002, 25(6): 816-822.

[18] Chen F, Chen J, Huang W, et al. Westerlies Asia and monsoonal Asia: Spa-
tiotemporal differences in climate change and possible mechanisms on decadal
to sub-orbital timescales[J]. Earth Science Reviews, 2019, 192: 337-354.

[19] Zhao Y, Yu X, Yao J, et al. Evaluation of the subtropical westerly jet and
its effects on the projected summer precipitation over Central Asia using multi-
CMIP5 models[J]. International Journal of Climatology, 2018(38): 1176-1189.

[20] Zhao Y, Huang A, Zhou Y, et al. The impacts of the summer plateau
monsoon over the Tibetan Plateau on the rainfall in the Tarim Basin, Chinal[J].
Theoretical and Applied Climatology, 2016, 126(1): 265-272.

[21] Zhang Jiabao, Deng Zifeng, Ma Jianmin. Study on heavy precipitation and
its forecast in Xinjiang (2)[J]. Desert and Oasis Meteorology, 1986(2): 4-10.

[22] Liu Yunyun, Li Weijing, Li Qingquan. Reconstruction and application
of the monthly Western Pacific subtropical high indices[J]. Journal of Applied
Meteorological Science, 2012, 23(4): 414-423.

[23] Wang Lijuan, Chen Xuan, Guan Zhaoyong, et al. Features of the short-term
position variation of the Western Pacific subtropical high during the torrential
rain causing severe floods in southern China and its possible cause[J]. Chinese
Journal of Atmospheric Sciences, 2009, 33(5): 1047-1057.

[24] Nie Jun, Liu Peng, Zhao Can. Research on relationship between various
indexes of the Western North Pacific subtropical high and summer precipitation
in east China[J]. Chinese Journal of Atmospheric Sciences, 2021, 45(4): 833-850.

[25] Zhu' Y, Wang H, Zhou W, et al. Recent changes in the summer precipitation
pattern in east China and the background circulation[J]. Climate Dynamics,
2011, 36(7-8): 1463-1473.

[26] Yao Xiuping, Yan Lizhu, Zhang Shuo. Research progresses and prospects
of atmosphere diabatic heating[J]. Meteorological Monthly, 2019, 45(1): 1-16.

[27] Berrisford P, Dee D, Poli P, et al. The ERA-Interim archive: Version 2.0[J].
Nihon Seirigaku Zasshi Journal of the Physiological Society of Japan, 2011,

chinarxiv.org/items/chinaxiv-202208.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202208.00062

ChinaRxiv [$X]

31(10): 1-19.
[28] Simmons A, Uppala S, Dee D, et al. ERA-Interim: New ECMWF reanalysis
products from 1989 onwards[J]. ECMWF Newsletter, 2007, 110: 25-35.

[29] Harris I, Jones P D, Osborn T J, et al. Updated high-resolution grids
of monthly climatic observations: The CRU TS3.10 Dataset[J]. International
Journal of Climatology, 2014, 34(3): 623-642.

[30] Hu Z, Zhou Q, Chen X, et al. Evaluation of three global gridded precipita-
tion data sets in Central Asia based on rain gauge observations[J]. International
Journal of Climatology, 2018, 38(9): 3475-3493.

[31] Wang B, Xiang B, Lee J Y. Subtropical high predictability establishes a
promising way for monsoon and tropical storm predictions[J]. Proceedings of
the National Academy of Sciences, 2013, 110(8): 2718-2722.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202208.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202208.00062

	Relationship Between the North African Subtropical High and Summer Precipitation in Central Asia: Postprint
	Abstract
	Full Text
	Relationship between the North African Subtropical High and Summer Precipitation in Central Asia
	Abstract

	1.1 Study Area Overview
	1.2 Data Sources
	1.3 Research Methods
	2.1 Relationship Between Individual Variations of the North African Subtropical High Ridge Line and Eastern Extension Ridge Point and Summer Precipitation in Central Asia
	2.2 Relationship Between Concurrent Variations of the North African Subtropical High Ridge Line and Eastern Extension Ridge Point and Summer Precipitation in Central Asia
	3 Discussion
	4 Conclusions
	References



