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Abstract: It is important to consider extreme climate events, reduce disaster losses, and formulate
effective disaster prevention and mitigation countermeasures. Based on the daily data from 36 meteo-
rological stations of Xinjiang from 1960 to 2020, in order to analyze the temporal–spatial variations
and influencing factors of extreme dry and wet events in Xinjiang, a number of methods were used
including climate trend, the Mann–Kendall test, the Fourier power spectrum, the contribution rate,
partial least squares and cross-wavelet analysis. Results indicate that the annual average frequency
of extreme dry/wet events has a decreasing/increasing trend, at the rate of 0.26 times/decade and
0.19 times/decade, respectively; the variation trend in extreme dry and wet events of four seasons
are consistent with the annual counterpart, at the rate of −0.04 times/decade and 0.02 times/decade
(spring), −0.08 times/decade and 0.05 times/decade (summer), −0.05 times/decade and
0.06 times/decade (autumn), and −0.1 times/decade and 0.08 times/decade (winter). Fe fluctuation
is greatest in winter and the smallest in spring, so the transition to warm and wet is obvious in winter
and spring drought is easy to occur; the variation extent of extreme dry and wet events in northern
Xinjiang exceeds the counterpart in southern Xinjiang; 1986 and 1987 witnessed abrupt variation in
extreme dry and wet events in Xinjiang, with indication of distinct periodic oscillations of 2.44, 2.94,
and 5.69 years and 2.94 and 5.69 years, respectively; the extreme dry (wet) events are determined
by meteorological factors, comprising precipitation, relative humidity and temperature, and the
circulation factors constituted by Western Pacific Subtropical High-Intensity Area (East Asian Trough
Intensity, Westerly Circulation and Western Pacific Subtropical High Area) and El Niño events.

Keywords: Xinjiang; extreme dry and wet events; El Niño; cross wavelet; circulation factor

1. Introduction

Statements of the IPCC AR6 report confirmed the undisputed impact of human
activities on climate change [1] and a drastic increment, attributed to global warming, in the
intensity, frequency, extent and hazards of high-temperature and extreme events [2,3]. The
augmentation in global temperature generates a more active water circulation, an increase
in rainfall and evaporation, and the herald of a high frequency of more severe extreme
dry and wet events in some places [4], which has brought extensive damage to human life,
property security, social and economic progress and an unexpected global crisis of food,
water resources and energy security. Therefore, the research on extreme dry and wet events
is now at the top of the academic agenda.

Drought monitoring indices consist of over 100 varieties, one of which selects a single
meteorological element as the basis of determination, such as the percentage of precipitation
anomaly (Pa) [5], the standardized precipitation index (SPI) [6], and the Z index [7], and the
other is to use multiple meteorological elements for more rational determination, such as
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the standardized precipitation evapotranspiration index (SPEI) [8], the Palmer drought
severity index (PDSI) [9], and the surface wetness index (SWI) [10]. Among them, the SPI
index is a drought index applicable to multiple time scales, and the PDSI analyzes dry
and wet conditions from the water balance perspective, which is a widely used index [11].
Based on the sensitivity of the PDSI to humidity and the characteristics of multiple time
scales of the SPI, Vicente-Serrano proposed the SPEI, which is suitable for monitoring the
effects of global warming on drought conditions. The above indices mostly focused on the
study of drought conditions and have achieved fruitful results. However, there are a few
studies that use the SPI and the PDSI to monitor extreme dry and wet events so far, and
research based on the SPI index showed that the intensity of extreme dry and wet events
increased significantly in Russia during the period 1995–2015, and the frequency of extreme
wet events was higher than the frequency of extreme dry events [12]. Research based on
the PDSI deemed that the total area of extreme dry zones has increased significantly since
the 1970s [13], the total global land area of extreme dry and wet regions has increased
from 20% to 38% [14], the total area of wet regions in the United States has increased
from 12% to more than 24% since 1970, and the total area of dry regions has decreased
by the same percentage since 1940 [15], and the frequency of extreme wet events in the
Asian monsoon region has been increasing since the 19th century [16]. The surface wetness
index not only reflects the hydrothermal balance of a region more objectively, but also has
the advantages of a simple and convenient calculation process and less data requirement,
which has become the most widely used drought index. In 1977, UNESCO used the surface
wetness index as an indicator of the degree of wetness and dryness in the “Arid Zone
Research” project [10], and it has been using this index in China for research on extreme
dry and wet events since 2000. The results showed that the frequency of extreme wet
events has generally decreased and the frequency of extreme dry events increased in the
north of China [17], the Shiyang River basin [18], the Hexi area [19], Shihezi [20] and
the Altay region [21], with all showing a decreasing/increasing trend in the frequency of
extreme dry/wet events. The frequency of extreme dry events increased in the Yangtze
River Delta [22] and Ningxia [23], and the frequency of extreme wet events decreased
accordingly. It is clear that the variability in the above mentioned extreme dry and wet
events is characterized by significant regional differences. In addition, extreme dry and
wet events caused severe damage to plant ecosystems, resulting in a prominent decline in
riparian community performance in Amsterdam [24], a global contraction in barley yields
from 1964 to 2007, with average yield losses ranging from 3% to 11% [25], and an increase
in larch mortality in Siberia [26].

Located in the northwest of China, accounting for 1/6 of China’s total land area,
Xin-jiang is the undisputed Chinese province with the largest arable-land area and the
largest cotton production base. Owing to its fragile ecological environment, Xinjiang
supports 90% of its population with a cultivated area nearly 10% of its oasis, and so it
is important to probe into the impact of extreme dry and wet events on the agroecology,
life and property security in the research region. Therefore, the authors of this paper
endeavor to resolve this scientific enigma with respect to the annual and seasonal variation
pattern of extreme dry and wet events in Xinjiang, the transformative discrepancy between
northern and southern Xinjiang, the extent of congruence with climate warming and
the driving factors. Furthermore, grounded on the daily meteorological data collected
from 36 meteorological stations in Xinjiang between 1960 and 2020, this paper analyzed
the temporal–spatial variation and revealed the contributing factors of extreme dry and
wet events in Xinjiang using various methodological approaches, in order to strengthen
the capabilities of appropriate responses to risk for betterment of adaptation to climate
change, adopt scientifically reasonable decisions for disaster prevention and mitigation,
and advocate harmonious and coordinated human–nature relation development.
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2. Materials and Methods
2.1. Study Area

Located in the northwest of China, deeply landlocked, characteristic of immense areas,
the Xinjiang Uyghur Autonomous Region (73◦29′54′′–96◦23′3′′ E, 34◦20′11′′–49◦10′55′′ N)
forms a distinctive landscape, namely two basins flanked by three mountains north to
south (Figure 1), with a temperate continental arid climate typical of the average annual
temperature between 4 and 13 ◦C, annual average precipitation less than 200 mm, scarce
precipitation that is mostly distributed in summer, abundant sunshine and a temperature
chasm. Many local inland rivers flow with heavy reliance on precipitation and glacial
meltwater for replenishment, and among them is Tarim River, the first inland river in China.
Local soil is categorized as gray-brown desert soil, gray-calcium soil, chestnut-calcium
soil and black-calcium soil. Local vegetation is comprised of poplar, sorrel, salal, strange
willow, hyacinth, bubble thorn, sand date, etc.
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2.2. Data Resources and Methods
2.2.1. Data Resources

(1) Meteorological data

In this paper, data from 14 national meteorological stations in northern Xinjiang and
22 counterparts in southern Xinjiang on diurnal mean temperature, maximum temperature,
precipitation, relative humidity, wind speed and sunshine duration, from 1960 to 2020, are
selected from the “China Meteorological Data Sharing Network” (http://cdc.cma.gov.cn/,
accessed on 3 June 2021). The frequency of extreme dry and wet events at each station is
determined by calculation of the surface wetness index.

(2) Circulation Data

In this paper, the Area Index (WPSHAI) (X1), the Intensity Index (WPSHII) (X2)
and the Northern Boundary Position Index (WPSHNBPI) (X3) of the Western Pacific
Subtropical High (WPSH), the Area Index (NHPVAI) (X4) and the Intensity Index (NHPVII)
(X5) of the Northern Hemisphere Polar Vortex (NHPV), the Tibetan Plateau Index (TPI)
(X6), the Westerly Circulation Index (WCI) (X7), the Arctic Oscillation (AO) (X8), the
North Atlantic Oscillation (NAO) (X9), the Pacific Decadal Oscillation (PDO) (X10) and the
East Asian Trough Intensity Index (EATII) (X11) are handpicked from many circulation
factors of the “National Climate Center Climate System Monitoring-Diagnosis-Prediction-
Assessment Network” (http://cmdp.ncc-cma.net/cn/index.htm, accessed on 3 April 2021).

http://cdc.cma.gov.cn/
http://cmdp.ncc-cma.net/cn/index.htm
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Researchers obtained El Niño indices data from the website (https://www.psl.noaa.gov/
enso/, accessed on 3 April 2021) for correlation analysis with extreme dry and wet events
and explored the effects of atmospheric circulation.

2.2.2. Methods

(1) Calculation of the surface wetness index and frequency of extreme dry and wet events

The surface wetness index is the underpinning of calculating the frequency of extreme
dry and wet events and the way in which it is calculated as follows:

MI = P/ETO (1)

MI is the surface wetness index; P is the daily precipitation in mm. ETO is the daily
potential evapotranspiration in mm.

ETO =
0.0484 (Rn −G) + γ 900

T+273 u2(es − ea)

4+ γ(1 + 0.34u2)
(2)

Determination formula of extreme dry and wet events:

DWij =
Wij −Wi

σi
(3)

In the above equation, DWij denotes the standardized variable of the surface wetness
index for month i in year j; Wij represents the surface wetness index for month i in year j;
Wi signifies the multi-year average of the surface wetness index for month i; σi is the mean
squared deviation of the surface wetness index for month i. The occurrence of an extreme
dry event is defined as the standardized variable of the surface wetness index for that
month ≤ −0.5; in contrast, if the index is ≥0.5, an extreme wetness event will occur [17].

(2) The Mann–Kendall test

The Mann–Kendall test is applicable to all distributions; therefore, it is one of the most
widely used mutation detection methods. It was used for mutation analysis of extreme
dry and wet events in this paper, the intersection of the two curves of UF and UB is the
mutation year, and the method is expanded upon in [27].

(3) The Fourier power spectrum

In this paper, the utilization of the Fourier power spectrum is for the analysis of the
frequency of extreme dry and wet events in Xinjiang between 1960 and 2020 to probe into
its periodic variation pattern. Fourier transform takes a time-based pattern and measures
every possible cycle; therefore, it is widely used and the method is expanded upon in [28].

(4) Calculation of the contribution rate of meteorological factors

In this paper, the sensitivity analysis is carried out for transformation of the partial
derivatives into dimensionless counterparts and exploration of the sensitivity coefficients
of extreme dry and wet events to each meteorological factor and quantification of the
contribution rate of different factors.

ETO =
0.0484 (Rn −G) + γ 900

T+273 u2(es − ea)

4+ γ(1 + 0.34u2)
(4)

Sx = lim
4x/x→0

[ 4Ia
Ia
4x
x

]
=

∂Ia

∂x
· x
Ia

(5)

Cvi = Svi·Rcvi (6)

Cvi is the contribution rate of meteorological factor vi to extreme dry and wet events
(%), Svi is the sensitivity coefficient of meteorological factor vi to extreme dry and wet
events; Rcvi is the multi-year relative variation rate of meteorological factor vi, Trendvi

https://www.psl.noaa.gov/enso/
https://www.psl.noaa.gov/enso/
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is its multi-year linear tendency rate, and vi signifies its multi-year average value. The
contribution of meteorological factors to the variation in the surface wetness index is
calculated by Equation (5), and a positive value of Cvi indicates a positive contribution,
namely, the value correlates with the contribution [28].

(5) Partial least squares analysis

Traditional regression methods are prone to multi-collinearity, bringing about inac-
curate results. By comparison, the partial least squares method leads to accurate results
and equations, and the method is expanded upon in [29]. The standardized regression
coefficients of the regression equation and the projected significant values of the variables
are derived from the analysis results to show the extent to which the independent vari-
able influences the dependent variable, and the regression coefficient correlates with the
independent variable and the dependent variable. When the VIP value outstrips 0.8, it is
generally considered to have a remarkable effect [30].

(6) Cross-wavelet analysis

The advantage of cross-wavelet analysis is its analysis of the degree of interrelationship
between two time series in addition to generation of the phase relationship between
the two time series, conducive to the exploration of the correlation between extreme
dry and wet events and El Niño events in Xinjiang in a precise and distinct way by the
following methods.

For two energy finite signals, x(t) and y(t), the cross-wavelet transformation is:

Cx,y(a, b) = Wx(a, b)Wy × (a, b) (7)

where Cx,y(a, b) are the cross-wavelet transformation coefficients, which represent the magni-
tude of the correlation between two signals—a larger value indicates closer correlation [31,32].

3. Results
3.1. Temporal Variation Characteristics of Extreme Dry and Wet Events in Xinjiang

The interannual variation trend in the frequency of extreme dry and wet events in
Xinjiang is calculated using the surface wetness index and its standardization is grounded
in the meteorological data from 36 stations in the study area (Figure 2a,b). Figure 2a shows
that the overall frequency of extreme dry and wet events in Xinjiang has fluctuated over
the previous 61 years. Furthermore, the frequency of extreme dry events has represented
a downward trend in fluctuation, with a downward trajectory of 0.26 times/decade and
increased volatility during the 1980s and 1990s—the multi-year average of the frequency
is 3.39 times, with a frequency of 32 respective years above the average in comparison to
that of 29 respective years below the average. The maximum value of the frequency was
5.22 times, peaking in 1997, and the minimum value was 1.83 times, reaching a nadir in
2016; the frequency of 14 years is more than 4 times, which was extreme from the 1960sto the
1980s, indicative of the highest frequency of extreme dry events within the time span. The
frequency of extreme wet events is on the rise and in fluctuation (Figure 2b), and the rate of
increase is 0.19 times/decade. The multi-year average of frequency is 2.27 times, with a
frequency of 30 respective years above the average and the counterpart of 31 respective
years below the average. The value peaked in 2010, by 4.47 times, and the value reached
rock bottom in 1963, by 0.8 times only. The frequency increased by 4 times in one year, and
the frequency of extreme wet events overtook the average since the 1980s. In conclusion, the
increasing rate of extreme wet events is less than the decreasing rate of extreme dry events,
indicative of the wetness tendency in Xinjiang since 1980, consistent with the conclusion
that the climate of northwestern China is transforming into a warm and wet climate [33]
and the increase in wetness in Xinjiang [34]. In addition to this, two anomalously high
values of extreme dry and wet event frequencies, respectively, corresponded to years in
addition to 1997, an El Niño year, and 2010, a La Niña year, transferred from El Niño,
indicative of the response of the northwestern region to El Niño events [35].
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and winter (f,j) in Xinjiang from 1960 to 2020.

From the perspective of seasonal changes (Figure 2c–j), in the previous 61 years, the
annual average frequency of extreme drought events in all four seasons in Xinjiang showed
a decreasing trend (Figure 2c–f), particularly, the fastest decreasing rate in winter, for
0.1 times/decade, with an annual average frequency of 0.85 times, with the maximum
value in 1967, with a frequency of 1.78 times, and the minimum value in 1977, with a
frequency of 0.22 times; the winter is followed by summer showing a decreasing tendency,
with a decreasing rate of 0.08 times/decade, an annual average frequency of 1.08 times,
a maximum value in 1962, with a frequency of 1.78 times, and a minimum value of 1993,
with a frequency of 0.42 times. The rate of decline in autumn is 0.05 times/decade, with an
annual average frequency of 0.69 times, and a maximum value reaching 1.39 times in 1997,
and a minimum value of 0.25 times in 1981 and 2009; spring shows the slowest decline,
0.04 times/decade, with an annual average frequency of 0.76 times, a maximum value in
1989, with a frequency of 1.36 times, and a minimum value of 0.19 times in 1987.

In all four seasons, the frequency of extreme wet events is on the rise (Figure 2g–j),
particularly in the winter, rising at the fastest rate of 0.08 times/decade, with an annual
average frequency of 0.56 times, a maximum value in 2009, with a frequency of 1.36 times,
and a minimum value in 1962, with a frequency of 0 times; followed by autumn, increasing
at a rate of 0.06 times/decade, with an annual average frequency of 0.54 times, a maximum
value in 1966, with a frequency of 1.28 times, and a minimum value in 1978, with a
frequency of 0.11 times; the frequency of extreme wet events in summer increased to rate of
0.05 times/10a, with an annual average frequency of 0.63 times, a maximum value of 1963,
with a frequency of 0.25 times, and a minimum value in 1985 and 2009, with a frequency
of 0.17 times; the frequency of extreme wet events in spring increases at the slowest rate,
0.02 times/decade, with an annual average frequency of 0.55 times, a maximum value in
1964, with a frequency of 1.28 times, and a minimum value in 1967, with a frequency of
0.028 times.
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In summary, the declining trajectory of extreme dry events in Xinjiang is significantly
faster than the rate of increase in extreme wet events; and the rate of decline/increase in
extreme dry/wet events reaches a peak in winter and then decreases to rock bottom in
spring, indicative of the most noteworthy warm and wet transformation in winter in the
research area, consistent with the findings that extreme dry/wet events in the Altai region
are decreasing/increasing in winter [21], the phenomenon of spring drought still exists and
the conclusion that extreme dry and wet events undergo consistent variation in Xinjiang,
both annually and seasonally [36].

Further analysis reveals the trend in the frequency of extreme dry and wet events in
northern and southern Xinjiang (Figure 3), showing that in the previous 61 years, there
was a declining rate of extreme dry events in northern Xinjiang at 0.39 times/decade, with
an annual average frequency of 4.36 times, a maximum value in 1997, with a frequency
of 7.21 times, and a minimum value in 2016, with a frequency of 1.5 times. Further, the
declining rate of extreme dry events in southern Xinjiang is 0.19 times/decade, with an
annual average frequency of 2.78 times, a maximum value in 1986, with a frequency of
3.68 times, and a minimum value in 2005, with a frequency of 1.5 times. The rising rate
of extreme wet events in northern Xinjiang is 0.25 times/decade, with an annual average
frequency of 2.72 times, a maximum value in 2016, with a frequency of 5.64 times, and a
minimum value in 1963 and 1967, with a frequency of 0.71 times. The mounting rate in
southern Xinjiang is 0.15 times/decade, with an annual average frequency of 1.99 times, a
maximum value of 4 times in 2010, and a minimum value of 2.95 times in 1987.
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This shows that the variation pattern of extreme dry and wet events in northern
and southern Xinjiang is consistent its the counterpart in Xinjiang, but the magnitude
of variation in extreme dry and wet events in northern Xinjiang is greater, indicative of
the north of Xinjiang being more significantly wetter and more sensitive in response to
climate change.

3.2. Spatial Distribution Characteristics of Extreme Dry and Wet Events in Xinjiang

In this paper, the frequency of extreme dry and wet events at each site is used as a
parameter, and the spatial distributions of extreme wet and dry events in Xinjiang are
derived separately (Figure 4). As shown in Figure 4, spatial differences between extreme
dry and wet events in Xinjiang are conspicuous and more significant in southern Xinjiang.
The sites of maximum and minimum frequencies of extreme dry events in northern Xinjiang
are Wucha and Naomao lake in southern Xinjiang, with frequencies of 5.09 times/a and
0.59 times/a, respectively. The sites of maximum and minimum frequencies of extreme wet
events in southern Xinjiang are Balikun and Naomao lake, with frequencies of 3.11 times/a
and 1.31 times/a, respectively. Comparing northern and southern Xinjiang, the frequency
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of extreme dry and wet events in the north outstrips that in the south, and the frequency
of extreme dry events overtakes the frequency of wet events in the north, indicative of
northern Xinjiang on the whole being more sensitive to climate change.
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3.3. Mutation and Periodic Oscillation

The research on mutation and periodic oscillation helps us to better analyze the
regularity of extreme dry and wet events.

3.3.1. Mutation

The UF and UB curves of extreme dry/wet events intersected in 1987/1986
(Figure 5a,b), with a significance of 0.05, indicative of the mutation of extreme dry events
in 1987, an abrupt decrease after 1987, and the abrupt change in extreme wet events in 1986
and, unexpectedly, the declining trajectory turning in reverse. In the years following 1986,
an abrupt change in extreme dry events in Shihezi occurred [20], conforming to the time
span of climate transition in the northwest of China since 1987 [33].
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3.3.2. Periodic Oscillation

In the previous 61 years in Xinjiang, there were short periodic oscillations of 2.44a,
2.94a and 5.69a for extreme dry events (Figure 5c), with extreme wet events of short
periodic oscillations of 2.94a and 5.69 a (Figure 5d), both surpassing the 95% confidence
level. Periodic oscillations in extreme dry and wet events have the same pattern, as extreme
wet events decrease in years in which there are more extreme dry events [17]. The co-
existence of short periodic oscillations of 2~3a and 5.69a for extreme dry and wet events
conforms to the atmospheric circulation periodic oscillation of 2–4a and the El Niño periodic
oscillation of 2–7a, respectively, reflective of the occurrence of extreme dry and wet events
in a close relationship with atmospheric circulation activities and El Niño events.

4. Analysis of Influence Factors

Relative to the global scale, regional climate variation is influenced by more factors
and the attribution is extremely complicated [37]. In this paper, researchers analyzed the
causes of extreme dry and wet events from the perspectives of meteorological factors and
circulation factors, and explored the extent to which regional extreme dry and wet events
respond to global climate change.

4.1. Meteorological Factors

Since the occurrence of extreme dry and wet events is mainly determined by the
surface wetness index, which is mainly grounded in precipitation and potential evaporation,
six key meteorological factors that impact precipitation and potential evaporation—mean
temperature, maximum temperature, wind speed, sunshine duration, relative humidity
and precipitation—are handpicked and used for sensitivity analysis in order to obtain the
contribution rate of each meteorological factor to the surface wetness index (Figure 6) for
the determination of the extent to which each meteorological factor influences extreme dry
and wet events.

Atmosphere 2022, 13, x FOR PEER REVIEW 10 of 15 
 

 

 
Figure 6. Absolute value of the contribution rate of main influencing factors > 15%. 

Deduced from Figure 6, the spatial differences in the influence of meteorological fac-
tors on extreme dry and wet events are prominent, with only three site factors with abso-
lute values of the contribution rate exceeding 15% among six factors, three factors consist-
ing of average precipitation, relative humidity and average temperature, and with the 
corresponding number of sites being 35, 7 and 3, accounting for 97.2%, 19.4% and 8.2% of 
the total number of sites in the same order. These three factors are the main factors that 
influence the extreme dry and wet events in Xinjiang, with precipitation as the main fac-
tors, which is consistent with the above conclusion of the transition to warm and humid 
in northwestern China [33]. 

4.2. Circulation Factors 
4.2.1. Relationship between Extreme Dry and Wet Events and the Atmospheric  
Circulation Index 

Since the strength of the WPSH has a great influence on summer monsoon in China, 
the shift in area and intensity is closely related to extreme weather events in the northwest 
of China [38,39], and causes many abnormal precipitation events in Xinjiang [40]; the 
NHPV is a sweeping cyclonic circulation system, which has a certain interdecadal time 
scale influence on climate anomalies in China [41], and its interaction with the South Asian 
monsoon region and subtropical high pressure has an impact on the climate in northern 
China [42]. The Tibetan Plateau is the highest plateau in the world, hence it is the plateau 
to which climate change in the northwestern arid zone of China is attributed [43], and its 
dynamical, thermal, and obstructive effects on the Westerly Circulation undermine the 
dry and wet characteristics of the northwest of China [44]. The Westerly Circulation inter-
action with the South Asian monsoon region affects the water vapor transport process in 
the northwest of China [45], generating distinct characteristics of precipitation in north-
western China with the strength of the Westerly Circulation. The AO has an important 
influence on extreme temperature changes in China [46], the NAO can cause unusual east-
erly winds [47], and the dryness and humidity in north China and northwest China are 
closely related to the PDO [48]. Meanwhile, the strength of EAT also affects water vapor 
transport in China [49]. The occurrence of El Niño causes global climate anomalies and is 
one of the major causes of droughts and floods in China [50]. 

Figure 6. Absolute value of the contribution rate of main influencing factors > 15%.

Deduced from Figure 6, the spatial differences in the influence of meteorological
factors on extreme dry and wet events are prominent, with only three site factors with
absolute values of the contribution rate exceeding 15% among six factors, three factors
consisting of average precipitation, relative humidity and average temperature, and with
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the corresponding number of sites being 35, 7 and 3, accounting for 97.2%, 19.4% and 8.2%
of the total number of sites in the same order. These three factors are the main factors
that influence the extreme dry and wet events in Xinjiang, with precipitation as the main
factors, which is consistent with the above conclusion of the transition to warm and humid
in northwestern China [33].

4.2. Circulation Factors
4.2.1. Relationship between Extreme Dry and Wet Events and the Atmospheric
Circulation Index

Since the strength of the WPSH has a great influence on summer monsoon in China,
the shift in area and intensity is closely related to extreme weather events in the northwest
of China [38,39], and causes many abnormal precipitation events in Xinjiang [40]; the
NHPV is a sweeping cyclonic circulation system, which has a certain interdecadal time
scale influence on climate anomalies in China [41], and its interaction with the South Asian
monsoon region and subtropical high pressure has an impact on the climate in northern
China [42]. The Tibetan Plateau is the highest plateau in the world, hence it is the plateau
to which climate change in the northwestern arid zone of China is attributed [43], and its
dynamical, thermal, and obstructive effects on the Westerly Circulation undermine the dry
and wet characteristics of the northwest of China [44]. The Westerly Circulation interaction
with the South Asian monsoon region affects the water vapor transport process in the
northwest of China [45], generating distinct characteristics of precipitation in northwestern
China with the strength of the Westerly Circulation. The AO has an important influence on
extreme temperature changes in China [46], the NAO can cause unusual easterly winds [47],
and the dryness and humidity in north China and northwest China are closely related
to the PDO [48]. Meanwhile, the strength of EAT also affects water vapor transport in
China [49]. The occurrence of El Niño causes global climate anomalies and is one of the
major causes of droughts and floods in China [50].

Consequently, this paper applies partial least squares to derive the extent to which each
circulation factor influences the frequency of extreme dry and wet events in Xinjiang (Figure 7).
Deduced from Figure 7, the frequency of extreme dry events in Xinjiang positively correlates
with the WPSHNBPI, the NHPVAI, the TPI, the WCI, the AO and the PDO. Moreover, the
frequency of extreme dry events in Xinjiang negatively correlates with the WPSHAI, the
WPSHII, the NHPVII, the NAO and the EATII (Figure 7a). The WPSHII and the WPSHAI
have the highest VIP values of 1.55 and 1.35 (Figure 7c), respectively, indicating that they
are the main factors affecting extreme dry events; the frequency of extreme wet events
positively correlates with the WPSHAI, the WPSHII and the NHPVII; furthermore, the
frequency of extreme wet events negatively correlates with the WPSHNBPI, the NHPVAI,
the TPI, the WCI, the AO, the NAO, the PDO and the EATII (Figure 7b). The EATII, the WCI
and the WPSHAI have the highest VIP values of 1.63, 1.39 and 1.33 (Figure 7c), respectively,
indicating that they are the main factors affecting extreme wet events.

4.2.2. Relationship between Extreme Dry and Wet Events and El Niño Events

Utilizing cross-wavelet analysis revealed the relationship between El Niño events and
the frequency of extreme dry and wet events. Deduced from Figure 8 (left), the previous
61 years witnessed 3 resonance cycles of El Niño events and the frequency of extreme
dry events in Xinjiang; concretely speaking, the cycles are comprised of a 2–3a anti-phase
resonance cycle from 1967 to 1973, a 2–6a main resonance cycle from 1984 to1998 and a
1–3a positive phase resonance cycle from 1995 to 2000. There are six resonance cycles of
El Niño events and the frequency of extreme wet events in Xinjiang (Figure 8 right). The
main resonance cycle lies in 2–6a (1984–1993), with an oscillation energy spectrum value of
approximately 3. Indicative of the correlation of extreme dry and wet events with El Niño
events within the time span, extreme dry and wet events are influenced by atmospheric
circulation and El Niño.
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5. Discussion

Grounded on meteorological data collected from 36 meteorological stations in Xinjiang,
this paper calculated the surface wetness index for each station and analyzed the variation
in the frequency of and contributors to extreme dry and wet events in Xinjiang between
1961 and 2020. Scientific enquiries of the responsiveness of the research area to global
climate change are important for provision of scientifically reasonable climate change mea-
sures, particularly preventive and mitigatory solutions, guarantee of food and ecological
security. This research unearthed that the frequency of extreme dry/wet events in Xinjiang
demonstrates a decreasing/increasing tendency, regardless of months, seasons or localities
of Xinjiang, which is congruent with the majority of available studies as well as with the
postulation that the climate in the northwest of China is undergoing a transition from
warm and dry to warm and wet [33]. Studies in Northern China [17], the Altay region [21],
Shihezi [18] and the Tianshan mountains [51] show that the frequency of extreme dry
events has decreased, while the frequency of extreme wet events has gradually increased.
The variation rate of extreme dry and wet events obtained in this research is inconsistent
with that in Shihezi (−0.45 times/10a and 0.39 times/10a) and the Tianshan Mountains
(−0.4 times/10a and 0.37 times/10a), indicating that there are differences within Xinjiang,
which may be caused by different termination years of the study data. Nevertheless, in-
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ternal characteristics consist of the lowest velocity of decreasing and increasing tendency
towards the frequency of extreme dry and wet events in spring, indicating a significant dry
phenomenon in spring, which is unfavorable to crop growth, and the regional difference
in a higher frequency in northern Xinjiang and prominent spatial disparity in southern
Xinjiang. In addition, research in the Altay region showed that extreme wet events occurred
frequently in the 1990s [21], which was different from the conclusion in this paper that
extreme wet events occurred frequently in Xinjiang in the 1980s. This shows that Xinjiang
is more sensitive to climate change on the whole. In addition, research on the factors
contributing to extreme wet and dry events is relatively scarce, with only a few studies
focusing on temperature, precipitation, El Niño events [52], plateau monsoon [53], and
Pacific Chronological Seasonal Oscillation [54]. However, this paper used the contribution
rate to derive the major contributors of meteorological elements, and used partial least
squares to reveal the influence of the WPSHAI, the WPSHII, the WPSHNBPI, the NHPVAI,
the NHPVII, the TPI, the WCI, the AO, the NAO, the PDO and the EATII in a comprehen-
sive manner. Unfortunately, the re-search area is located in the northwest of China, where
sparse meteorological stations and a short span of a mere 61 years of recorded data are
available, which increases the difficulty of pinpointing variation patterns of extreme dry
and wet events in Xinjiang.

6. Conclusions

Firstly, the previous 61 years witnessed a decreasing/increasing trend in the fre-
quency of extreme dry/wet events in Xinjiang annually, seasonally and in both north-
ern and southern Xinjiang. Furthermore, the rate of decline in extreme drought events
(−0.26 times/decade) outstrips the rate of increase in extreme wet events (0.19 times/decade).
Moreover, the rates of decrease/increase in extreme dry/wet events in Xinjiang reach the
apex in winter (−0.1 times/decade and 0.08 times/decade) and plummet to rock bottom in
spring (−0.04 times/decade and 0.02 times/decade), with summer (−0.08 times/decade
and 0.05 times/decade) and autumn (−0.05 times/decade and 0.06 times/decade) in the
middle, indicating that the research area is undergoing the transition from dry to wet in
winter, and drought still subsists in spring.

Secondly, spatial differences between extreme dry and wet events in Xinjiang are
prominent, particularly in southern Xinjiang, the location of all the stations with the
maximum and minimum frequencies of extreme dry and wet events. However, the average
frequency of extreme dry and wet events is higher in northern Xinjiang.

Thirdly, extreme dry and wet events in Xinjiang vary abruptly in 1987 and 1986, which
is fundamentally accordant with the postulation that climate in northwestern China has
been transformed since 1987, with relatively consistent periodic oscillations of extreme dry
and wet events being 2.44, 2.94, and 5.69 years and 2.94 and 5.69 years, respectively.

Last but not least, the analysis of meteorological factors shows that precipitation
predominantly contributed to the surface wetness index, followed by the relative humidity
and temperature. The WPSHII, the WPSHAI (the EATII, the WCI and the WPSHAI) are the
main factors influencing extreme dry (wet) events in Xinjiang. In addition, extreme dry
and wet events are correlated with El Niño events for years, which is congruent with the
conclusions of the cycle analysis in this paper.
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