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Abstract
The present study examines the spatio–temporal trend analysis of rainfall and temperature over time (annual, warm season, 
and cold season) from 1981 to 2010 in Xinjiang Province, China. The Mann–Kendall test, least square linear regression, 
and Spearman rank correlation were used to detect the direction and magnitude of change in rainfall and temperature. A 
panel data set of 8 meteorological factors during 1981–2010 was used to detect the statistical relationship between rainfall 
and other meteorological factors in Sect. 4.4. The results showed that annual rainfall and seasonal rainfall increased steadily, 
and the increasing rainfall trend during the cold season was more significant compared to the warm season. For temperature, 
average, high, and low temperatures increased on the annual and seasonal scales. Spatially, the northern parts of Xinjiang 
received more rainfall and showed higher variability. Based on the rainfall trend, the province was clustered into three parts 
using the K–means method. Based on this clustering, the statistical relationships between rainfall and other meteorological 
factors were investigated. The results showed that temperature and relative humidity were significantly correlated with rainfall 
in the three clusters, whereas sunshine, wind speed, and cloud cover had small influences on rainfall.

1  Introduction

Rainfall and temperature are frequently analyzed to dem-
onstrate the climate characteristics of a region and thereby, 
assess climate change (Almazroui et al., 2012). Rainfall 
determines the amount of water available in an area to meet 
various demands such as agriculture, industrial, hydroelec-
tric power generation, and others (Jain and Kumar, 2012). 
Especially with global climate constantly warming in 
recent years, some extreme climate events have occurred 
frequently (Hao et al., 2013; Leonard et al., 2014), result-
ing in a clear increase in the occurrence of meteorological 
disasters and socioeconomic losses (Bouwer, 2010). For 
instance, drought, flood, agricultural production, and loss 

of biodiversity depend largely on rainfall and temperature 
(Sharma et al., 2011).

It is obvious that the characteristics of rainfall and tem-
perature vary distinctively in different regions (Zhang et al., 
2013). The assessment of the historical trends and future 
projections on local scale is of immense significance for cli-
mate analysts and local water resources planners. China has 
witnessed significant changes in climate (IPCC, 2007; IPCC, 
2013), especially in Xinjiang Province, a typical arid and 
semi-arid land that has witnessed considerable changes in 
rainfall and temperature trends. Increasing number of stud-
ies have so far focused on the analysis of rainfall and tem-
perature trends in Xinjiang Province on a local scale (Jiang 
et al., 2013; Zhang et al., 2012). It was revealed that both 
temperature and rainfall trends increased steadily during 
1960–2010, but varied substantially between annual and sea-
sonal periods. Furthermore, extreme weather conditions are 
also becoming increasingly evident in this region. Increasing 
trends in the precipitation amount, number of rainy days, and 
the intensity of the extreme precipitation have been identi-
fied in more than 70% of the total rainfall monitoring sta-
tions (Jiang et al., 2013). Therefore, it is urgent to reduce 
the intensity and frequency of the changes in these trends to 
avoid extreme weather conditions.
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In the more severe context of climate change, exploring 
the reasons behind the rainfall trend has become a promi-
nent issue. A large number of statistical researches has been 
conducted to investigate the relationship between rainfall 
and meteorological factors such as El Niño‐southern oscil-
lation (Nicholls et al., 1997; Ogutu et al., 2008; Kane R P., 
1997) and monsoon (Sun et al., 2017). In Xinjiang Prov-
ince, several researches were conducted to investigate the 
reasons of rainfall trend as well. Zhou et al. (2015) explores 
the relationship between the sea surface temperature over the 
Indian Ocean (IOSST) in March and the summer rainfall in 
Xinjiang, and the results demonstrated that the warm (cold) 
IOSST in March tends to cause the increase (decrease) of 
the summer rainfall over Xinjiang, especially in the Tian 
Shan and Kunlun Mountains. Wei et al. (2003) detected that 
response relationship of rainy season precipitation in north-
ern Xinjiang to ENSO, and found that the rainy season pre-
cipitation in northern Xinjiang has response to the southern 
oscillation index from May of the previous year to April of 
the same year. Moreover, the correlation between rainfall 
and temperature was also significant. Nicholls N (1997) has 
proven that variations in rainfall are closely related to vari-
ations in the diurnal temperature range, on both interannual 
and decadal time-scales. Gardner (2009) confirmed that 
rising mean temperature enhances evaporation due to the 
warming of ocean, thereby increasing precipitation. Tren-
berth et al. (2011) proved that improving the water hold-
ing capacity of the atmosphere can alter moisture transport 
and lead more rainfall. And in Xinjiang Province, Wei et al. 
(2003) has found that precipitation in northern Xinjiang to 
had a sustained and significant response to the Sea surface 
temperatures of the equatorial eastern Pacific. Researches 
on the relationship between mean rainfall and temperature 
ranged from local scale to global scale (Kharin et al., 2013) 
and regional scale (Angélil et al., 2016). However, the rela-
tionships between rainfall and meteorological factors, such 
as sunshine, wind speed, and relative humidity, have been 
scarcely investigated. In fact, these relationships can be com-
plex and variable, and can contribute to the understanding 
of the rainfall mechanism. The latter aspect can help deal 
with climate change and reduce climate-related disasters. 
Hence, it is of great significance to investigate the relation-
ships between rainfall and other meteorological factors.

The main aim of this study is to explore the climate 
change in Xinjiang Province by analyzing rainfall and 
temperature trends, and evaluate the statistical relation-
ships between rainfall and other meteorological factors in 
Sect. 4.4, using the panel data mode.

1.1 � Study area

The Xinjiang region (73°40′–96°18′E and 34°25′–48°10′N), 
located in Central Asia, holds an important strategic 

position: the core area of the “One Belt One Road” (abbre-
viated as B&R). It shares borders with eight countries: India, 
Russia, Kazakhstan, Kyrgyzstan, Tajikistan, Pakistan, Mon-
golia, and Afghanistan, and covers a total area 1.6 million 
km2. This region exhibits large variations in elevations rang-
ing from − 155 m (Aydingkol Lake in Turpan) to 8611 m 
(the peak of Mount Qogir, located at the border between 
China and Pakistan). The Tianshan Mountains spread across 
Xinjiang, one of the seven mountains in the world, dividing 
Xinjiang into two major parts. The extensive development 
of inland rivers forms its unique landscape – “mountain-
oasis-desert system” that is typically found in the global arid 
region (Zhu et al., 2015). Xinjiang is a typical semiarid and 
arid area. It generally has a temperate continental climate 
with little rainfall (Fig. 1).

1.2 � Methodology and data sources

The MK (Mann–Kendall) non-parametric statistical test, 
Spearman’s Rank (SR) test, and least square linear regres-
sion (LSLR) method were utilized to analyze the trends of 
rainfall and temperature. Besides, the K-means clustering 
method was used to cluster areas based on the varied rainfall 
trend. The statistical relationships between rainfall and mete-
orological factors such as average temperature (TA), high 
temperature (TH), least temperature (TL), sunshine (S), rela-
tive humidity (RH), wind speed (WS), and cloud cover (CA) 
were analyzed using the random effects panel data model.

1.3 � Mann–Kendall (MK) non‑parametric statistical 
test

The Mann–Kendall non-parametric statistical test (Kendall, 
1948; Mann, 1945) was applied in this study to determine 
the trend test and the occurrence of change points. This 
method does not require data to be normally distributed and 
has low sensitivity to outliers or abrupt breaks in a time 
series. This tool is widely used for trend detection, and many 
researchers have used this test to evaluate the significance 
of trends.

1.4 � Spearman’s rank (SR) test

The Spearman’s Rank test is a simple method with uniform 
power for linear and nonlinear trends. It is widely used to 
verify the absence of trends (Mergenthaler, 1979; Sneyers, 
1991). The null hypothesis for these tests was that all data 
in the time series are distributed independently, while the 
alternative hypothesis refers to the increasing or decreasing 
trend were existing in the dataset. The statistical indicator 
D can be written as
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where R
(
x
i

)
 is the rank of i-th observation x

i
 in the time 

series, n is the length of the time series,Z
SR

 reflects the 
changing trend of time series data. When ||ZsR|| > t(n−2,1−𝛼∕2) , 
the null hypothesis is rejected and shows a significant trend.

1.5 � Least square linear regression (LSLR) method

The least square linear regression method is a parametric test 
used to describe the presence of a linear trend. In the LSLR 
test statistics, T is defined as follows:

where b̂ stands for the estimated slope of regression line 
between time series and observed values, and se(b̂) is the 
standard error of the estimated slope.

(1)
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6
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2
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Z
SR

= D

�
n−2

1−D2

(2)T =
b̂

se(b̂)

1.6 � K‑means clustering method

The K-means clustering method is a widely used algorithm 
for clustering, which can achieve minimal difference within 
groups and maximized difference between groups. On the 
basis of the K-means clustering method, stations with simi-
lar characteristics can be clustered into one group. Thus, 
K-means was utilized in this study to figure out clusters with 
similar rainfall trends.

1.7 � Random effects panel data model

All variables need to be detected prior to the analysis to avoid 
spurious regression. The results are detailed as follows. First, 
all variables in the panel data model must be stationary. In this 
study, several traditional unit root tests, including Levin, Lin 
and Chut, and Fisher Chi-square, were chosen to test stationar-
ity. The empirical results are shown in Table 1. These results 
implied that all variables are stationary in the level. Based on 
the stationary panel data sets, the Hausman test was used to 
determine the panel data model type (fixed effects model or 

Fig. 1   Location of the Xinjiang Province and meteorological stations considered
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random effects model), and results (Table 2) indicated that p 
value was 0.4031 that refuted the original assumption, and 
hence, the random effects model (REM) was employed in this 
study. REM is established by the following Eq. (7):

where i indicates the i-th individual, t indicates year t, Yit 
is the of i-th individual in year t; Xkit is the explanatory 
variable, which represents the observed value of the k-th 
explanatory variable of i-th individual in year t;�

k
 is the 

parameter of the k-th explanatory variable, to be estimated; 
the �it represents random error.

(3)Y
it
=𝛽1+

∑
K

k=2
𝛽
k
X
kit+ρYit-1+𝜀it

2 � Results and discussion

Generally, more rainfall and higher temperature are 
observed over the Xinjiang Province on the annual scale 
as shown in Table  3. Spatio-temporal characteristics 
results of rainfall and temperature are detailed in the fol-
lowing Sects. 4.1 and 4.2, respectively. Both annual and 
seasonal rainfall and temperature trends are discussed in 
each section.

2.1 � Rainfall trend analysis

2.1.1 � Annual rainfall trend

Using the ordinary kriging method, the results demon-
strated that the distribution of annual average rainfall and 
its standard deviation were similar. The annual average 
rainfall and its variability were observed to be the highest 
in the northern parts of Xinjiang, especially in the north-
ern border area (Fig. 2). Besides, the standard deviation of 
annual rainfall was high both in the northern and southern 
areas. It also showed that areas receiving high rainfall had 
higher spatial variability than areas receiving low rainfall.

Table 1   Unit root test results

Variable Levin, Lin and Chut Fisher Chi-square

Adjusted t* P value Modified chi-squared p value

MAP -2.8510*** -0.0022 11.2754*** 0.0000
TA 0.2779*** -0.0095 11.0179*** 0.0000
TH 0.7299* -0.0673 9.0933*** 0.0000
TL -0.7909 -0.2145 15.1181*** 0.0000
S -7.8357*** 0.0000 24.6871*** 0.0000
RH -4.2060*** 0.0000 26.2340*** 0.0000
WS -9.2098*** 0.0000 26.7243*** 0.0000
CA 1.4506** -0.0266 12.0704*** 0.0000

Table 2   Hausman test results

(1) b = consistent under Ho and Ha; obtained from xtreg.
(2) B = inconsistent under Ha, efficient under Ho; obtained from xtreg.
Test: Ho: difference in coefficients not systematics.
chi2(7) = (b − B) [(v_b = v_B)∧(− 1)](b − B) = 7.25.
Prob > chi2 = 0.4031.

Variables Coefficients

(b) FE (B) RE (b-B) Difference Sqrt(diag(v_b = v_B)) 
S.E

TA -101.1079 -107.0461 5.938167 4.636299
TH 32.67599 35.1766 -2.500603 2.004137
TL 57.39436 60.63596 -3.241596 2.421701
SH -0.0890305 -0.0860673 -0.0029632 0.0047987
RH 6.871635 6.693593 0.178042 0.1634731
WS -4.857843 -4.26069 -0.5971533 0.4305948
CA 0.9251362 0.7356998 0.1894365 0.6153442

Table 3   Annual trends of 
rainfall and temperature

Variables Average Linear trend 
(/10a)

Interdecadal variation

1981–1990 1991–2000 2001–2010

Rainfall (mm) 142.8 9.4 132.2 144.9 151.4
Temperature (℃) 7.7 0.49 7.3 7.7 8.2
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2.1.2 � Seasonal rainfall trend

3 � Temporal varying seasonal rainfall

Clearly, rainfall increased significantly during the cold sea-
son. Considering the period 1981–1990 as the standard, a 
comparison was made between 1991–2000 and 2000–2010. 
Consequently, 80% sites increased during 1991–2000 and 
94% sites increased during 2000–2010. In addition, 22% 
sites showed rainfall increased by about half or more on the 
basis of the standard during 1991–2000, whereas 49% sites 

were detected during 2000–2010. There was also an increas-
ing trend during the warm season, but less pronounced. Only 
3% sites showed increased rainfall by half or more on the 
basis of the standard during both periods (Fig. 3).

4 � Significance of seasonal rainfall trend

The trend analysis of the seasonal rainfall test (Fig. 4) 
performed using different methods generally indicated 
similar seasonal trend across the entire Xinjiang Prov-
ince. Based on the calculated data, a significant increas-
ing trend was found both during warm and cold seasons, 

Fig. 2   Spatial distribution of annual average rainfall and its standard deviation

Fig. 3   Trends of rainfall of 
warm and cold seasons at the 
meteorological stations
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especially during the cold season, whereas a significant 
decreasing trend was found only during the warm season. 
The cold-season trends obtained from different methods 
were compared, and showed similar trends with MK, SR, 
and LSLR tests varying from 1.3 to 3.28, − 1.52 to 3.64, 
and − 0.3 to 0.61. An increasing trend was observed in the 
majority of the north and a small part of the south. Dur-
ing the warm season, increasing trend was observed in the 
western part, whereas decreasing trend was observed in 
the eastern and central parts. Almost similar spatial trends 
were observed using MK (2.1 to 2.6), SR (− 2.1 to 2.6), 
and LSLR (− 0.39 to 0.42) tests. The region experienc-
ing a significant decrease in rainfall trend indicates that 
droughts may become more recurrent. In contrast, the 
region experiencing a significant increase in rainfall trend 
indicates that floods may become more intense.

4.1 � Rainfall clustering

The rainfall trend varied significantly in different regions. 
The features of rainfall in Xinjiang Province were repre-
sented using rainfall clusters, shown in Table 4. Based on the 
historical rainfall situation, Xinjiang Province was clustered 

Fig. 4   Significant seasonal trend 
of rainfall in warm (left column) 
and cool (right column) season. 
Mann–Kendall method (a); 
Spearman rank correlation (b); 
Least square linear regression 
(c)

Table 4   Features of rainfall clusters

Cluster Number of stations Average 
rainfall/ 
mm

Cluster 1 22 49.5
Cluster 2 10 131.7
Cluster 3 19 291.6
Entire area 51 163.1
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into three parts using the K-means clustering method. There 
were 22 meteorological stations in cluster 1, and 74% of 
them were located in the Tarim Basin of southern Xinjiang; 
cluster 2 contained 10 meteorological stations, and 78% of 
them were located in the Junggar Basin of northern Xin-
jiang; cluster 3 contained 19 meteorological stations, and 
80% of them were located in higher mountains such as the 
Altai Mountain, west Pamirs Plateau, and Tianshan Moun-
tain (Fig. 5).

4.2 � Temperature trend analysis

4.2.1 � Annual temperature trend analysis

In the case of temperature (Fig. 5), the average tempera-
ture, high temperature, and low temperature were found to 
be higher in the south than in the north. A large difference 
was detected between the northern and southern parts, and 
the maximum difference showed that the high temperature, 
average temperature, and low temperatures were 24.97 °C, 
19.33 °C, and 19.81 °C, respectively, whereas the standard 
deviation was not apparent throughout Xinjiang, indicating 
that three types of temperature showed similar increasing 
trends throughout Xinjiang (Fig. 6).

4.2.2 � Seasonal temperature trend analysis

Variations in maximum, minimum, and mean temperatures 
were observed to increase significantly during both warm 
and cold seasons, as shown in Table 5. With the global cli-
mate change, significant increasing trends in mean, maxi-
mum, and minimum temperatures during warm and cold 
seasons were observed for the majority of urban and sub-
urban districts in the study area. The warming trend for TA 
(warm season: 0.40 °C/decade, cold season: 0.60 °C/decade) 
is also supported by other studies in Xinjiang (Zhang et al., 
2012; Jiang et al., 2013). In addition, linear trend during the 

warm season was found to be maximum for TH (0.37 °C/
decade) and minimum for TL (0.56 °C/decade). The signifi-
cant increasing trends during the cold season were observed 
with the linear trend at more than 0.5 °C/decade. From the 
warming trend, the increasing rate presented a special phe-
nomenon: TL > TA > TH, whether during the warm season 
or the cold season.

4.3 � Covariation of rainfall with meteorological 
factors

Xinjiang Province is the biggest Province in China with a 
vast territory. As such, it is essential to conduct research 
locally on meteorological factors. Based on three rainfall 
clusters in Xinjiang Province, the random effect GLS model 
was utilized to explore the statistical relationships between 
rainfall and other meteorological factors, including average 
temperature (TA), maximum temperature (TH), minimum 
temperature (TL), sunshine (SH), relative humidity (RH), 
wind speed (WS), and cloud cover (CA), locally. The mete-
orological factors that influence rainfall the most in different 
clusters were investigated, and also the impact of each factor 
on rainfall in three clusters was compared to identify the 
reasons for the distribution of three rainfall clusters.

4.3.1 � Data description

This study constructed an unbalanced panel data set for 3 
rainfall clusters for the period 1961–2010. Table 6 shows all 
variables for each rainfall cluster. In terms of MAP, rainfall 
in cluster 3 was the highest, followed by cluster 2 with mean 
temperature almost half of cluster 3. Rainfall in cluster 1 
was the lowest with value 48.74933. In terms of tempera-
ture, clusters can be ranked as follows: cluster 1 > cluster 
2 > cluster 3, in TA, TH, and TL. A few differences existed 
between the sunshine, relative humidity, weed speed, and 
cloud cover in three clusters.

Fig. 5   Rainfall clusters of Xinjiang Province
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4.3.2 � Spatially varying associations

As shown in Table 7 and Fig. 7, temperature demonstrates 
strong statistical relationships with rainfall in three clusters. 
For TA, it exerted significantly huge negative impact on rain-
fall in all three clusters, among which, the influence of TA in 
cluster 3 was up to − 71.0541 within 90% confidence interval 
(P = 0.052), − 49.5542 in cluster 1 within 99% confidence 
interval (P = 0.002), and − 24.3884 in cluster 2 within 90% 
confidence interval (P = 0.084). It was an interesting found 
that the impacts of TH in three clusters were all without at 
least 90% confidence interval. In terms of TL, it exerted 

considerable influences on rainfall in cluster 1 (P = 0.003) 
and cluster 3 (P = 0.008), both in 99% confidence inter-
val. However, TH’s effect in cluster 2 was not significant. 
Hence, except temperature, influences of S, RH, WS, and 
CA on rainfall were all weak. Considering S, it had nega-
tive impacts on rainfall in cluster 2 (P = 0.000) and cluster 3 
(P = 0.018), although the effects were small. RH was posi-
tively correlated with rainfall in cluster 1 and cluster 3, but 
separately huge in cluster 3 with a coefficient of 17.6740 
(P = 0.000) and weak in cluster 1 with a coefficient of 3.3340 
(P = 0.000). For WS and CA, it was indicated that WS was 
separately positively correlated with rainfall in cluster 1 

Fig. 6   Spatial distribution 
of annual average/high/low 
temperatures (left column) and 
their standard deviation (right 
column)

Table 5   Temporal trends of 
temperature during warm and 
cold seasons

 *, **, *** is for the significance test of confidence level 90%, 95%, and 99% respectively.

Mean value (℃) Linear trend (℃/decade) Significance

Warm-season Cool-season Warm-season Cool-season Warm-season Cool-season

TA 19.8 -5.0 0.40 0.60 3.39*** 2.57***
TH 27.1 1.4 0.37 0.54 2.85*** 2.14**
TL 13.1 -10.4 0.56 0.74 4.5*** 3.39***
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(0.079) and negatively in cluster 2 (P = 0.000). Besides, CA 
had a positive relationship only with rainfall in cluster 3 
(P = 0.035).

From the perspective of three clusters, TA, TH, TL, and 
RH can be concluded as the most crucial factors affecting 
rainfall in Xinjiang Province, without considering the weak 
impacts of each factor. It is detailed as follows: 1) In clus-
ter 1, TA contributed most to rainfall with a huge negative 
impact, followed by TL, whose impact was also enormous; 
2) In cluster 2, TA performed as the most vital contributor 
for rainfall, which exerted a considerable negative impact on 
rainfall; 3) In cluster 3, TA, TL, and RH contributed much 
to rainfall, among which TA contributed the most, followed 
by TL.

Temperature plays a vital role in rainfall variation. Inter-
estingly, this study found that average temperature was neg-
atively correlated with rainfall in all three clusters, and it 
also weighed the most among all indicators in each cluster. 
This implied that the climate in Xinjiang Province tended 
to be warm and dry, which can greatly harm the agriculture 

in the region. The results also showed that the least tem-
perature contributed to increasing rainfall in cluster 1 and 
cluster 3, whereas its impact was not significant in cluster 2. 
It is proved that low temperature can help hold the water in 
the atmosphere to alter moisture transport. The increasing 
least temperature can enhance the surface evaporation and 
vegetation transpiration, thus increasing rainfall. The rela-
tive humidity in cluster 3 was also positively correlated with 
rainfall. In this study, the reasons behind the results were 
not further researched, but crucial suggestions have been 
provided for further investigations.

5 � Discussion and conclusions

Climate change has become the biggest global environ-
mental problem faced by human beings. In order to better 
respond to climate change and contribute to climate change 
mitigation, this study investigated the spatio-temporal dis-
tribution of temperature and rainfall in Xinjiang Province, 

Table 6   Statistical description

MAP TA TH TL S RH WS CA

Cluster 1 Mean Overall 48.74933 12.16514 19.27556 5.852371 2797.167 26.51228 3.692318 12.58851
Std. Dev Overall 36.85059 1.678362 1.533912 2.102752 167.4147 4.389039 1.640875 13.80678

Between 18.29871 0.5758 0.625956 0.672021 79.4564 2.369867 0.470879 13.20392
Within 32.1265 1.579321 1.404131 1.995514 147.9319 3.714588 1.573752 4.57866

Cluster 2 Mean Overall 139.4127 5.530516 11.89498 -0.2643 2916.093 34.77521 3.766868 17.50202
Std. Dev Overall 49.82782 2.298768 2.24722 2.702063 257.5699 6.824437 4.66769 12.45703

Between 27.82837 0.788502 0.778378 0.797386 81.82072 1.965241 1.106958 11.55003
Within 41.58345 2.163167 2.111964 2.585032 244.5963 6.543275 4.538158 5.035425

Cluster 3 Mean Overall 306.216 3.363475 9.466643 -1.80669 2728.259 39.2686 4.469315 25.05612
Std. Dev Overall 125.6728 3.529984 3.439002 3.741876 419.2757 4.86407 2.226947 12.54236

Between 52.91617 0.652448 0.694405 0.665104 165.9719 2.31179 0.920291 10.0219
Within 114.3184 3.470811 3.370086 3.683904 385.9857 4.29631 2.033493 7.718072

Table 7   Random effects of GLS 
regression results

t statistics in parentheses. * p < 0.1, ** p < 0.05. *** p < 0.01.

Cluster 1 Cluster 2 Cluster 3

TA -49.5542*** (0.002) -24.3884* (0.084) -71.0541* (0.052)
TH 11.8591 (0.108) 2.2123 (0.777) 9.9597 (0.640)
TL 26.4748*** (0.003) 9.5618 (0.201) 51.3693*** (0.008)
S 0.0136 (0.272) -0.1725*** (0.000) -0.04452** (0.018)
RH 3.3340*** (0.000) -0.1671 (0.827) 17.6740*** (0.000)
WS 2.4811* (0.079) -5.5797*** (0.000) 1.7176 (0.630)
CA 0.1614 (0.406) 0.2972 (0.363) 1.4958** (0.035)
Cons 130.4864 (0.136) 775.2114*** (0.000) -74.00921 (0.600)
N 150 150 150
R-squared 0.6203 0.5004 0.6072
P 0.000 0.000 0.000
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China. Three clusters were divided based on the spatial vari-
ations in the rainfall trends in the province. Furthermore, the 
meteorological factors influencing rainfall were investigated 
based on the three rainfall clusters.

It was observed that annual average rainfall increased 
temporally in the entire province, and was the highest in the 
northern Xinjiang, especially in the northern border area. An 
increasing trend was observed in rainfall during both cold 
and warm seasons, especially during the former, while the 
decreasing trend was observed only during the warm season. 
Spatially, an increasing trend was observed in the majority 
of the north and a small part of the south of the study area 
during the cold season.

Annual average temperature, high temperature, and low 
temperature showed similar increasing trends in the entire 
province. Spatially, the temperature (in all three categories) 
was high in the south than in the north. Furthermore, sig-
nificant increasing trends were found for average, high, and 
low temperatures during the warm and cold seasons in the 
entire study area. Particularly during the warm and cold sea-
sons, the increasing rate presented a special phenomenon: 
TL > TA > TH.

Based on the rainfall trend in Xinjiang, the entire area 
was divided into three clusters. The majority of cluster 1 
was in the southern areas of Xinjiang, cluster 2 was in the 
northern areas, and the majority of cluster 3 was in the 
middle areas. Based on three rainfall clusters, the statisti-
cal relationships between rainfall and other meteorological 
factors were analyzed. It was found that temperature and 
relative humidity were significantly correlated with rain-
fall in three clusters, whereas sunshine and wind speed had 
small influence on rainfall in all three clusters. TA was the 
biggest contributor to rainfall in all three clusters.
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