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Abstract
Owing to the sparse and uneven distribution of precipitation stations in Xinjiang
and the insufficient spatial representativeness of existing station-based drought
monitoring data, the utilization of remote sensing precipitation products—which
offer advantages such as extensive coverage, high spatial resolution, and favor-
able timeliness—holds significant importance for drought monitoring research
in Xinjiang. The Multi-Source Weighted-Ensemble Precipitation (MSWEP)
multi-source remote sensing precipitation fusion product has been widely ap-
plied across the globe. Under the background of climate warming, precipitation
variability in Xinjiang has increased, and drought events have become more
frequent. Based on data from 106 meteorological stations in Xinjiang, and fol-
lowing the error assessment of the MSWEP precipitation product, this study
employs the MSWEP remote sensing precipitation product in conjunction with
the Standardized Precipitation Index (SPI) to investigate dry-wet variations,
drought events, and their fundamental characteristics in Xinjiang during the
period 1980–2021. The results demonstrate: (1) MSWEP exhibits high correla-
tion with station observation data (>0.8), and its accuracy essentially satisfies
the requirements for drought monitoring; (2) Over the past 42 years, dry-wet
changes in Xinjiang have been predominantly characterized by a wetting trend;
(3) Since 1980, drought events have occurred frequently with diverse character-
istics. Thirteen major drought events were identified, among which the drought
event occurring during 1985–1987 represents the most severe drought event in
the past 42 years, while the drought event from May to October 2009 consti-
tutes the short-duration drought event with the highest intensity; (4) Drought
events exhibit distinct characteristics in terms of duration, intensity, severity,
etc., with some events featuring short duration but high intensity, while others
display long duration but relatively low intensity. In conclusion, the MSWEP
remote sensing precipitation product provides crucial data support for drought
monitoring in data-scarce regions.
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Study on Spatiotemporal Characteristics of Drought
in Xinjiang Based on Multi-Source Weighted-Ensemble
Precipitation
WANG Jiaoyan
Xinjiang Hydrological Bureau, Urumqi 830000, Xinjiang, China

Abstract

Meteorological stations in Xinjiang are sparse and unevenly distributed, result-
ing in drought monitoring based on in-situ observations that is insufficient in
spatial representativeness. Remote-sensing precipitation products offer advan-
tages of wide coverage, high spatial resolution, and good timeliness, making
them important for drought monitoring research in Xinjiang. The Multi-Source
Weighted-Ensemble Precipitation (MSWEP) product has been widely applied
worldwide. Against the background of climate warming, Xinjiang has experi-
enced increased precipitation variability and frequent drought events. Based
on 106 meteorological stations, this paper evaluates the accuracy of MSWEP
remote-sensing precipitation products and combines them with the Standard-
ized Precipitation Index (SPI) to analyze dry/wet variations, drought events,
and their basic characteristics in Xinjiang from 1980 to 2021. The results show
that: (1) MSWEP correlates well with station observations (correlation coeffi-
cient > 0.8), and its accuracy basically meets drought monitoring requirements;
(2) Xinjiang’s dry/wet changes are dominated by a wetting trend; (3) Since 1980,
drought events have occurred frequently with diverse characteristics. Thirteen
major drought events were identified, with the drought from 1985 to 1987 being
the most severe, and the drought from May to October 2009 being the most
intense short-term drought event; (4) Drought events exhibit varying charac-
teristics in duration, intensity, and severity. Some events have short duration
but high intensity, while others have long duration but low intensity. Overall,
MSWEP remote-sensing precipitation products provide important data support
for drought monitoring in data-scarce regions.

Keywords: MSWEP; drought monitoring; drought event; spatiotemporal char-
acteristics; Xinjiang

1 Study Area Overview
Xinjiang is located in the interior of the Eurasian continent, with geographic co-
ordinates ranging from 73°40�–96°23�E and 34°25�–49°10�N. The region features
diverse landforms, with the Altai Mountains in the north, Kunlun Mountains
in the south, and the Tianshan Mountains traversing the central region. These
mountain ranges divide Xinjiang into two major basins: the Junggar Basin in
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the north and the Tarim Basin in the south, forming a distinctive geographic
pattern of “three mountain ranges alternating with two basins.”This creates
a unique landscape where mountain systems and basins alternate. The Tarim
Basin is China’s largest inland basin, with the Taklimakan Desert at its cen-
ter being China’s largest and the world’s second-largest shifting desert. The
Junggar Basin is China’s second-largest basin, with the Gurbantunggut Desert
at its center being China’s second-largest desert.

Xinjiang’s terrain generally slopes from high in the south and west to low in
the north and east. The western ridge of the northern Altai Mountains has an
average elevation above 3000 m, gradually decreasing eastward to low moun-
tains and hills below 1000 m. The western Khan Tengri Peak in the Tianshan
Mountains exceeds 5000 m, gradually decreasing eastward to low mountain land-
scapes at the border with Gansu. The Karakorum and Kunlun Mountains in
the west average 6000 m in height, gradually decreasing eastward to 3000–4000
m. The Tarim Basin slopes from high in the west to low in the east, decreasing
from 1400–1200 m to 780 m at Lop Nur. The Junggar Basin decreases from
3000 m in the northeast to 800–1000 m in the southwest, down to 179 m at
Ebinur Lake.

Xinjiang has a typical continental arid climate with strong evaporation and
scarce precipitation. Annual evaporation exceeds 1000 mm in plain areas,
greater than 2500 mm in the Tarim Basin center, while the multi-year average
precipitation is only 157.7 mm, less than one-quarter of the national average,
making it China’s most arid region. Drought occurs frequently, causing large-
scale crop yield reductions or even total crop failure. According to Xinjiang
Water Resources Department statistics, in 2008 alone, drought-affected crop
area reached 8.13$×10^{6}$ hm2, with disaster-affected area of 4.27$×10^{6}$
hm2 and total drought losses of 2.31$×10^{9}$ yuan. Xinjiang belongs to a
typical continental arid climate zone and ecologically fragile region, making it
particularly sensitive to global climate warming. Hu et al. [3] pointed out that
Xinjiang’s precipitation and temperature show an overall fluctuating upward
trend. Shi et al. [4] indicated that Xinjiang is transitioning from warm-dry
to warm-wet conditions. Xie et al. [5] analyzed that Xinjiang is undergoing
a process of increasing temperature and humidity. Xuan et al. [6] analyzed
drought characteristics in 14 regions of Xinjiang at seasonal and annual scales.
Wang et al. [7] conducted drought prediction applicability studies in Xinjiang
using CEEMD and ARIMA models. Yin et al. [8] analyzed spatiotemporal
variation of drought in the Qaidam Basin using the SPEI index. Wang et
al. [9] studied the applicability and differences of multiple drought indices in
northern China. He et al. [10] compared drought monitoring indices based
on multi-source data in southwestern China. Wang et al. [11] examined
the applicability of four drought indices in Xinjiang. Lu et al. [12] studied
multi-source precipitation products in Xinjiang. Hoyhazi et al. [13] analyzed
spring and summer meteorological drought characteristics at county scale in
Mulei County. Most previous research is based on observational station data,
but limited station numbers in Xinjiang can cause bias. Therefore, this study
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uses the MSWEP remote-sensing station-merged product and selects the SPI to
analyze spatiotemporal drought characteristics in Xinjiang, providing technical
support for drought monitoring, early warning, and disaster reduction.

2 Data and Methods
2.1 Data

2.1.1 Meteorological Station Data Monthly precipitation data from na-
tional meteorological stations were obtained from the National Meteorological
Information Center (http://data.cma.cn/en) and China Meteorological Admin-
istration. The spatial distribution of stations is shown in [Figure 1: see original
paper]. Monthly precipitation data from 106 stations during 1980–2021 were
used to validate the accuracy of MSWEP precipitation products. All station
precipitation data used in this study underwent strict quality control, including
extreme value screening, internal consistency checks, spatial consistency screen-
ing, and missing value processing. As shown in the station distribution map,
stations are unevenly distributed, relatively dense on the northern and south-
ern slopes of the Tianshan Mountains, Altai Mountains, and Pamir Plateau,
but sparse in the Tarim Basin desert area, Gurbantunggut Desert region, and
almost absent in the southern Kunlun Mountains. Given Xinjiang’s large spatial
heterogeneity in station distribution and insufficient representativeness, station
data were only used for precipitation product accuracy evaluation.

2.1.2 MSWEP Precipitation Product MSWEP integrates advantages of
gauge precipitation data, satellite observations, and reanalysis data. It is one
of the few remote-sensing precipitation products providing long time series pre-
cipitation data up to 40 years, with spatial resolution reaching 0.1°. It has been
applied in many regions of China with good accuracy, meeting SPI calculation
requirements and effectively compensating for poor spatial representativeness
of Xinjiang’s observation stations [14]. MSWEP incorporates multiple remote-
sensing precipitation datasets including GSMaP, CMORPH, and Gridsat B1,
as well as infrared data from EUMETSAT, ECMWF reanalysis data (JRA-55),
and WorldClim V2.0 climate dataset. Based on Global Historical Climatology
Network (GHCN-D) and Global Summary of the Day (GSOD) observational
data, MSWEP corrects merged precipitation errors to obtain final precipita-
tion data [15]. This study used monthly MSWEP data from January 1980 to
December 2021, obtained from http://www.gloh2o.org/mswep/.

2.2 Methods

2.2.1 Statistical Evaluation Metrics Based on Relative Bias (RB), corre-
lation coefficient (R), and Fractional Root Mean Square Error (FRMSE), we
established error evaluation metrics for precipitation products [16]. The formu-
las are:
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𝑅𝐵 = ∑𝑖(𝐺𝑖 − 𝑆𝑖)
∑𝑖 𝐺𝑖

× 100

𝐹𝑅𝑀𝑆𝐸 = 1
𝑁 ∑

𝑖

(𝑆𝑖 − 𝐺𝑖)
𝐺𝑖

where 𝑆 represents remote-sensing precipitation product, 𝐺 represents gauge
observation data, 𝑖 represents sample sequence number, and 𝑁 represents total
sample size.

2.2.2 Sen’s Slope and Modified Mann-Kendall Trend Test Drought
trend variation is an important indicator for drought monitoring. This study
analyzed dry/wet change trends in Xinjiang and its subregions using Sen’s
slope estimator and modified Mann-Kendall (MMK) significance test methods.
Hamed and Rao [17] proposed the modified trend analysis method (MMK) that
adds correction factors to the original variance calculation based on effective or
equivalent sample size to avoid the impact of data autocorrelation. Numerous
studies have proven that the MMK method is more reliable and stable in meteo-
rological and hydrological research [18] and has been widely applied in drought
trend analysis [19].

2.2.3 Standardized Precipitation Index The Standardized Precipitation
Index (SPI), proposed by McKee et al. [20], is simple to calculate, requiring
only precipitation data to quantitatively describe meteorological drought condi-
tions in a region. It has flexible time scales and good spatial comparability [21]
and has become one of the most widely used drought monitoring indicators [22].
Considering that collected gauge station data cannot meet the requirements for
calculating evapotranspiration components in complex drought indices such as
SPEI [23], this study selected SPI for drought monitoring research. SPI calcula-
tion mainly includes: (1) selecting an appropriate probability density function
to describe the long-term rainfall time series; (2) calculating precipitation time
series for corresponding time scales based on the required time scale; (3) fitting
cumulative probability to the corresponding time scale in the precipitation time
series; and (4) applying the inverse normal (Gaussian) function to the cumula-
tive probability distribution function to generate SPI values.

The basic calculation formula is:

𝑆𝑃𝐼 = 𝑥 − ̄𝑥
𝜎

where 𝑥 is precipitation amount; 𝛽 and 𝛾 represent scale and shape parameters of
the Gamma function respectively; 𝑆 represents correlation coefficient; 𝑐0, 𝑐1, 𝑐2,
𝑑1, 𝑑2, 𝑑3 are calculation parameters with values 𝑐0 = 2.515517, 𝑐1 = 1.432788,
𝑐2 = 0.189269, 𝑑1 = 0.802853, 𝑑2 = 0.189269, 𝑑3 = 0.001308.
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Studies have shown that 3-month SPI can well reflect local soil moisture deficits
and has high correlation with surface natural vegetation and crop growth con-
ditions [24]. Therefore, this study selected 3-month SPI as the drought re-
search indicator. Its value range is [-3, 3], with positive values representing wet
conditions and negative values representing drought. According to SPI values,
dry/wet conditions can be classified as shown in .

2.2.4 Drought Event Identification and Quantitative Characteriza-
tion Based on run theory [25], drought events were identified, and drought
characteristics including start/end time, duration, intensity, severity, and peak
were quantitatively analyzed. To ensure identification of different drought event
types (e.g., low-intensity long-duration vs. short-duration high-intensity drought
events), this study focused on drought events with relatively long duration and
high drought peaks. Drought events were defined as periods with SPI < 0
lasting for 3 months or more. The times when SPI values start to become neg-
ative and recover to positive values are defined as drought start and end times.
Drought duration is the number of months in drought status. Drought severity
expresses the total severity of a drought event, defined as the cumulative SPI
values (Equation 1). Drought intensity measures instantaneous severity, defined
as the ratio of drought severity to drought duration (Equation 2). Drought peak
is the minimum SPI value during the drought period, i.e., the SPI value of the
driest month, with the corresponding month being the drought peak time (Equa-
tion 3). This study identified drought events pixel by pixel based on MSWEP
precipitation data. To analyze spatial distribution of drought characteristics in
Xinjiang, drought event characteristic indicators were averaged (Equations 4-7).
Drought events and their basic characteristics are illustrated in [Figure 2: see
original paper].

3 Results
3.1 MSWEP Data Validation

This section validates MSWEP accuracy in Xinjiang and its subregions (north-
ern, southern, and eastern Xinjiang) based on gauge data. (1) MSWEP monthly
precipitation was extracted at station locations. (2) Spatial averages of gauge
data and MSWEP were calculated for Xinjiang and three subregions to con-
struct precipitation time series pairs. (3) Scatter plots were constructed based
on spatially averaged time series, and correlation, relative error percentage, and
fractional root mean square error were calculated.

[Figure 3: see original paper] shows that MSWEP has good overall accuracy
in Xinjiang, with correlation coefficient reaching 0.84. Most scatter points lie
above the 1:1 line, and the linear fitting line is approximately parallel to the 1:1
line, with relative error of 30.94% and FRMSE of 0.31, indicating that MSWEP
has a certain degree of rainfall overestimation in Xinjiang, mainly systematic
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error. From a subregional perspective, linear fitting lines in scatter plots for
southern and eastern Xinjiang also lie above and approximately parallel to the
1:1 line, indicating that rainfall overestimation mainly occurs in these regions.
MSWEP shows overestimation of low-intensity precipitation but underestima-
tion of high-intensity precipitation in northern Xinjiang, with overall precipita-
tion underestimation (RB = -6.37%). Performance is poor in eastern Xinjiang,
with correlation coefficient of 0.52 and rainfall overestimation reaching 37.06%,
which is related to small precipitation base and sparse rain gauge distribution
in this region. Overall, MSWEP performance in Xinjiang is satisfactory, with
monthly precipitation correlation above 0.8, basically meeting remote-sensing
drought monitoring application requirements, consistent with evaluation results
from Guo et al. [14].

3.2 Drought Trend Analysis

Using 3-month SPI and the modified Mann-Kendall test method, the overall
dry/wet change trend in Xinjiang from 1980 to 2021 was analyzed. [Figure 4:
see original paper] shows that about 94.4% of Xinjiang exhibited a wetting trend
during 1980–2021, with over 75.5% of regions showing significant wetting trends.
Less than 6% of areas showed non-significant drying trends, mainly concentrated
in the Tarim Desert region of southern Xinjiang. Regions with larger wetting
amplitudes are mainly distributed in the Altai Mountains, Tianshan Mountains,
and northern Karakorum Mountains. Over 75% of areas in northern and eastern
Xinjiang show wetting signs.

At the regional scale, drought indices were calculated based on regionally aver-
aged precipitation data to analyze temporal variations in Xinjiang and its three
subregions. [Figure 5: see original paper] shows that Xinjiang’s overall wet-
ting trend is significant, with a slope of 0.03/decade. During 1980–2021, the
overall wetting trend is obvious. Northern, southern, and eastern Xinjiang all
show overall wetting trends, consistent with spatial distribution. Since 2000,
the wetting trend has slowed down.

3.3 Spatial Characteristics of Drought Events

To investigate drought events and their basic characteristics in Xinjiang, drought
events were extracted pixel by pixel based on SPI and run theory. Drought event
frequency and characteristics (severity, intensity, peak) were calculated pixel by
pixel. [Figure 6: see original paper]a shows drought event frequency identified
during 1980–2021, where higher frequency indicates more drought occurrences.
High drought frequency occurs in the eastern Altai region of northern Xinjiang,
the windward western slope of the Junggar Basin, the central southern Tianshan
slope, and most areas of the Tarim Basin desert region. These areas experienced
more than 10 drought events in the past 42 years. Lower drought frequency oc-
curs in eastern Xinjiang, the northern Tianshan slope of northern Xinjiang, and
northern Karakorum and Kunlun Mountains, with 5–8 drought events during
1980–2021.
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[Figure 6: see original paper]b shows average drought duration of all drought
events, i.e., average number of drought months. Longer average drought dura-
tion occurs in the southern Altai foothills, northern Tianshan slope, and east
side of the Gurbantunggut Desert in northern Xinjiang, as well as in the Karako-
rum and northwestern Kunlun Mountains in southern Xinjiang, with average
drought duration of 6–8 months.

Drought severity measures overall drought conditions and is influenced by both
drought duration and intensity. [Figure 6: see original paper]c shows spatial
distribution of average severity of all drought events. Regions with long drought
duration generally have high severity, such as the southern Altai foothills in
northern Xinjiang, Pamir Plateau, Karakorum Mountains, and western northern
Kunlun Mountains, indicating that severity in these regions is mainly affected
by long duration. Notably, western Tianshan and central northern Kunlun
Mountains also show high drought severity, indicating that severity in these
regions is mainly affected by high intensity ([Figure 6: see original paper]d).

3.4 Typical Drought Events Based on Regional Averages

Based on regionally averaged precipitation in Xinjiang, 3-month SPI was cal-
culated and combined with run theory to identify drought events in the entire
Xinjiang region and quantify their basic characteristics including duration, in-
tensity, severity, and peak. Based on 3-month SPI, 13 drought events were
identified. Basic characteristics of these events are shown in .

According to drought duration, severity, and intensity, four typical drought
events were selected for detailed analysis. Typical Drought Event 1 (1985–
1987) had the longest duration and highest severity. This drought lasted 21
months, peaking in June 1986 with SPI reaching -2.31, indicating extreme
drought. Drought conditions returned to normal levels in September 1987. To-
tal severity of this event reached -26.69. [Figure 7: see original paper]a shows
spatial distribution of drought in Xinjiang during June 1986. The figure shows
that 94.4% of Xinjiang was in drought status, with 75.5% in extreme drought,
accounting for 75.5% of Xinjiang’s total area. Studies by Yao et al. [26] pointed
out that extreme drought events occurred in Xinjiang during 1984–1987, mainly
concentrated in western Xinjiang and Tianshan areas. Except for the Pamir
Plateau region, all other regions were affected by this drought event. The cen-
tral Tarim Desert region and northern Xinjiang were relatively lightly affected,
mainly by mild and moderate drought.

Typical Drought Event 2 (1994–1996) belongs to the type with long duration
but low intensity. Starting in May 1994 and ending in July 1996, this drought
lasted 23 months but had low intensity of only -0.58, with severity of -13.42.
In 1995, a typical drought year in Xinjiang, most regions were affected to some
degree. 94.4% of Xinjiang was in drought status, but intensity was not high,
mainly mild and moderate drought ([Figure 7: see original paper]b).

Typical Drought Event 3 (May–October 2009) was the most intense short-term

chinarxiv.org/items/chinaxiv-202212.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-202212.00160


drought event among all drought events, with intensity reaching -1.82, duration
of 6 months, severity of -7.28, but intensity of -1.82. Such short-duration but
high-intensity drought events can sometimes have greater impacts on ecosystems
and vegetation than long-duration, low-intensity events. [Figure 7: see original
paper]c shows spatial distribution of drought classes in the most severe month
(July 2009). The figure shows that 94.4% of Xinjiang was in drought status,
with about 75.5% in extreme drought, mainly distributed in western Tianshan,
central regions, and middle section of the uninhabited Qiangtang area. Studies
by Zhang et al. [27] on Xinjiang drought pointed out that the 2009 drought
was a low-intensity, low-impact event mainly affecting southern Xinjiang. Xin-
jiang Water Resources Department [28] reported that in 2009, drought-affected
crop area in Xinjiang reached 4.99$×10^{5}$ hm2, severely drought-affected
grassland area was 1.83$×10^{6}$ hm2, and 3.78$×10^{6}$ livestock suffered
from drinking water shortages, with severe impacts in Kashgar, Kezhou, Aksu,
Turpan, Hami, and Hotan regions.

Typical Drought Event 4 (July 2014–June 2015) had relatively high drought
intensity of -1.15, with total severity of -10.38. [Figure 7: see original paper]d
shows spatial distribution of drought classes in the most severe month (July
2014). The figure shows that the drought covered over 94.4% of Xinjiang, with
severe and extreme drought area accounting for over 75.5%. Overall, southern
Xinjiang was more severely affected, with most of the Tarim Desert region under
severe and extreme drought classes. Northern Xinjiang drought was mainly
concentrated in the southern Altai foothills, while eastern Xinjiang’s Turpan-
Hami Basin mainly experienced moderate and mild drought.

4 Discussion
Xinjiang’s meteorological stations are sparse and unevenly distributed, with
almost no observation stations in the Tarim River desert area and Qiangtang
uninhabited region. As a climate change-sensitive and ecologically fragile region,
Xinjiang’s dry/wet changes and drought characteristics have attracted continu-
ous attention. Drought monitoring relying solely on observation stations cannot
effectively express spatial distribution of dry/wet changes and drought charac-
teristics. Remote-sensing data have advantages of wide spatial coverage and
good timeliness, effectively compensating for insufficient spatial representative-
ness of station data. With continuous accumulation of remote-sensing data,
the time series length of some remote-sensing precipitation retrieval products
has reached climate application research requirements. This study validated
long-term multi-source merged MSWEP precipitation products using gauge ob-
servation data, fully utilized its characteristics of wide spatial coverage and low
latency, identified drought events covering all of Xinjiang in recent years, and
quantitatively analyzed their spatiotemporal characteristics.

The results show that MSWEP has high correlation with gauge data (R > 0.8),
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consistent with findings from Guo et al. [14]. The result that Xinjiang experi-
enced slight wetting during 1980–2021 is consistent with Yao et al. [26]. It is
worth noting that although MSWEP has high correlation with station data, it
cannot directly replace gauge observations but can only provide spatially com-
plete drought monitoring data. Xinjiang’s small number of stations and uneven
distribution may affect MSWEP validation results. With continuous improve-
ment of Xinjiang’s precipitation station network and continuous advancement
of remote-sensing retrieval technology and gauge-remote-sensing fusion technol-
ogy, drought monitoring accuracy in Xinjiang will continue to improve. The
authors will continue to focus on research and application of ground station and
remote-sensing product fusion.

5 Conclusions
This study aims to analyze drought development trends and spatiotemporal
characteristics of drought events in Xinjiang from 1980 to 2021 using remote-
sensing precipitation products. First, MSWEP remote-sensing precipitation
products were validated based on meteorological station precipitation data. The
results show that MSWEP meets drought monitoring requirements. Second,
based on MSWEP-calculated SPI drought index, Xinjiang showed an overall
wetting trend in recent years. This study defined drought events and quanti-
tatively analyzed their characteristics. The results indicate that high drought
frequency occurs in southern Tianshan, most of southern Xinjiang, and eastern
Xinjiang; long average drought duration and high severity occur in southern Al-
tai slopes, northern Tianshan slopes, and southwestern Xinjiang mountainous
areas. Thirteen severe drought events were identified in Xinjiang. Among them,
the drought from 1985 to 1987 was the most severe and longest lasting; the
drought from May to October 2009 was the most intense short-term drought
event in recent years. Drought events have different characteristics, with some
having long duration but low intensity, and others having short duration but
high intensity. These conclusions can provide scientific references for drought
monitoring and disaster prevention and reduction in Xinjiang.

Acknowledgments: This study received strong support from Professor Guo
Hao’s team and Professor Liu Ying’s team, for which we express sincere grat-
itude.

References
[1] Musha Ruzi, Lei Xiaoyun, Bai Yungang, et al. Historical drought disasters
occurred in the Tarim River Basin[J]. Arid Zone Research, 2014, 31(2): 274-278.

[2] Tang Xiangling, Lv Xin, Ouyang Yineng, et al. Disaster trend of crops af-
fected by extreme climatic events in Xinjiang during 1978-2014[J]. Chinese Agri-

chinarxiv.org/items/chinaxiv-202212.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-202212.00160


cultural Science Bulletin, 2017, 33(3): 143-148.

[3] Wu Meihua, Wang Huaijun, Sun Guili, et al. Formation and risk analysis
of meteorological disasters in Xinjiang[J]. Arid Land Geography, 2016, 39(6):
1212-1220.

[4] Dracup J A, Lee K S, Paulson E G. On the definition of droughts[J]. Water
Resources Research, 1980, 16(2): 297-302.

[5] Zhang Qiang, Zhang Liang, Cui Xiancheng, et al. Progresses and challenges in
drought assessment and monitoring[J]. Advances in Earth Science, 2011, 26(7):
763-778.

[6] Xuan Junwei, Zheng Jingyun. SPEI based spatiotemporal variation of
drought in Xinjiang[J]. Arid Zone Research, 2016, 33(2): 338-344.

[7] Zhang Leyuan, Wang Yi, Chen Yaning. Spatial and temporal distribution
characteristics of drought in Central Asia based on SPEI index[J]. Arid Zone
Research, 2020, 37(2): 331-340.

[8] Wang Naizhe, Jing Yuanshu, Xu Xianghua, et al. Application of RDI index
in drought monitoring of five regions in Xinjiang[J]. Arid Land Geography, 2020,
43(1): 99-107.

[9] Peng Zhenhua, Li Yanzhong, Yu Wenjun, et al. Research on the applicability
of the LSTM and ARIMA model in drought prediction based on CEEMD: A
case study of Xinjiang[J]. Arid Zone Research, 2022, 39(3): 734-744.

[10] Yin Wenjie, Zhang Menglin, Hu Litang. Spatiotemporal variation of
drought in the Qaidam Basin[J]. Arid Zone Research, 2018, 35(2): 387-394.

[11] Wang Suping, Wang Jinsong, Zhang Qiang, et al. Applicability evaluation
of drought indices in northern China and the reasons for their differences[J].
Plateau Meteorology, 2020, 39(3): 628-640.

[12] He Min, Song Lisheng, Wang Zhanpeng, et al. Evaluation of drought mon-
itoring indices based on multi-source data in Southwest China[J]. Journal of
Natural Resources, 2018, 33(7): 1257-1269.

[13] Wang Shu, Xiao Gaoxiang. Applicability analysis of four meteorological
drought indices in Xinjiang[J]. Yangtze River, 2021, 52(9): 86-92, 100.

[14] Guo H, Li M, Nzabarinda V, et al. Assessment of three long satellite
based precipitation estimates against ground observations for drought char-
acterization in northwestern China[J]. Remote Sensing, 2022, 14(4): 828.
https://doi.org/10.3390/rs14040828.

[15] Beck H E, Wood E F, Pan M, et al. MSWEP V2 Global 3-Hourly 0.1° precip-
itation: Methodology and quantitative assessment[J]. Bulletin of the American
Meteorological Society, 2019, 100(3): 473-500.

chinarxiv.org/items/chinaxiv-202212.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-202212.00160


[16] Shen Y, Xiong A Y, Wang Y, et al. Performance of high resolution satellite
precipitation products over China[J]. Journal of Geophysical Research: Atmo-
spheres, 2010, 115(D2): 1-17.

[17] Hamed K H, Rao A R. A modified Mann-Kendall trend test for autocorre-
lated data[J]. Journal of Hydrology, 1998, 204(1-4): 182-196.

[18] Daufresne M, Lengfellner K, Sommer U. Global warming benefits the small
in aquatic ecosystems[J]. Proceedings of the National Academy of Sciences of
the United States of America, 2009, 106(31): 12788-12793.

[19] Huang Q Z, Zhang Q, Singh V P, et al. Variations of dryness/wetness across
China: Changing properties, drought risks, and causes[J]. Global and Planetary
Change, 2017, 155: 1-12.

[20] McKee T B, Doesken N J, Kleist J. The relationship of drought frequency
and duration to time scales[C]//Proceedings of the Eighth Conference on Ap-
plied Climatology, Anaheim, California, 1993.

[21] Huang S Z, Chang J X, Leng G Y, et al. Integrated index for drought
assessment based on variable fuzzy set theory: A case study in the Yellow River
basin, China[J]. Journal of Hydrology, 2015, 527: 608-618.

[22] Joshi N, Gupta D, Suryavanshi S, et al. Analysis of trends and dominant pe-
riodicities in drought variables in India: A wavelet transform based approach[J].
Atmospheric Research, 2016, 182(15): 200-220.

[23] Beguería S, Vicente Serrano S M, Reig F, et al. Standardized precipitation
evapotranspiration index (SPEI) revisited: Parameter fitting, evapotranspira-
tion models, tools, datasets and drought monitoring[J]. International Journal of
Climatology, 2014, 34(10): 3001-3023.

[24] Vicente Serrano S M, Beguería S, López Moreno J I, et al. A multi-scalar
drought index sensitive to global warming: The standardized precipitation evap-
otranspiration index[J]. Journal of Climate, 2010, 23(7): 1696-1718.

[25] Yevjevich V M. An Objective Approach to Definition and Investigations
of Continental Hydrologic Droughts[M]. Fort Collins, Colorado: Colorado State
University, 1967.

[26] Yao Junqiang, Li Moyan, Dilinuer Tuoliewubieke, et al. The assessment
on warming-wetting trend in Xinjiang at multi-scale during 1961-2019[J]. Arid
Zone Research, 2022, 39(2): 333-346.

[27] Zhang Qiang, Zhang Liang, Cui Xiancheng, et al. Progresses and chal-
lenges in drought assessment and monitoring[J]. Advances in Earth Science,
2011, 26(7): 763-778.

[28] Xinjiang Water Resources Bulletin. Xinjiang Water Resources Bulletin
(2002-2009)[EB/OL]. http:/slt.Xinjiang.gov.cn/slt/slnb/list_{ej}.shtml.

chinarxiv.org/items/chinaxiv-202212.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-202212.00160


[29] Ding Yan, Xu Dehe, Cao Lianhai, et al. Applicability of remote sensing
precipitation products in different climatic regions of China[J]. Journal of Geo-
Information Science, 2021, 23(7): 1296-1311.

[30] Hong X G, Guo S L, Xiong L H, et al. Spatial and temporal analysis of
drought using entropy based standardized precipitation index: a case study
in Poyang Lake basin, China[J]. Theoretical and Applied Climatology, 2015,
122(3): 543-556.

[31] Li J Z, Wang Y X, Li S F, et al. A Nonstationary Standardized Precipita-
tion Index incorporating climate indices as covariates[J]. Journal of Geophysical
Research: Atmospheres, 2015, 120(23): 120-134.

[32] Mahmood R, Li S, Khan B. Causes of recurring drought patterns in Xinjiang,
China[J]. Journal of Arid Land, 2010, 2(4): 279-285.

[33] Li Z, Hao Z, Shi X, et al. An agricultural drought index to incorporate the
irrigation process and reservoir operations: A case study in the Tarim River
Basin[J]. Global and Planetary Change, 2016, 143: 10-20.

[34] Yao J, Zhao Y, Yu X. Spatial temporal variation and impacts of drought
in Xinjiang (Northwest China) during 1961-2015[J]. PeerJ, 2018, 6(e4926).

[35] Merino A, López L, Hermida L, et al. Identification of drought phases
in a 110-year record from western Mediterranean basin: Trends, anomalies and
periodicity analysis for Iberian Peninsula[J]. Global and Planetary Change, 2015,
133: 96-108.

[36] Sen P K. Estimates of the regression coefficient based on Kendall’s Tau[J].
Journal of the American Statistical Association, 1968, 63(324): 1379-1389.

[37] Xie Pei, Gu Yanling, Zhang Yuhu, et al. Precipitation and drought char-
acteristics in Xinjiang during 1961-2015[J]. Arid Land Geography, 2017, 40(2):
332-339.

[38] Hoyhazi Erkejan, Ruzi Apar, Liu Hongying, et al. Analysis on the character-
istics of spring and summer meteorological drought in Mulei county of Xinjiang
in recent 51 years[J]. Hubei Agricultural Sciences, 2021, 60(14): 57-63.

[39] Shi Yafeng, Shen Yongping, Li Dongliang, et al. Discussion on the present
climate change from warm dry to warm wet in Northwest China[J]. Quaternary
Science, 2003, 23(2): 152-164.

[40] Lu Xinyu, Liu Yan, Wang Xiuqin, et al. Multisource precipitation data
merging experiment in Xinjiang[J]. Arid Zone Research, 2020, 37(5): 1223-1232.

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

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202212.00160 Machine Translation

https://chinarxiv.org/items/chinaxiv-202212.00160

	Postprint: Spatiotemporal Characteristics of Drought in Xinjiang Based on MSWEP Precipitation Products
	Abstract
	Full Text
	Study on Spatiotemporal Characteristics of Drought in Xinjiang Based on Multi-Source Weighted-Ensemble Precipitation
	Abstract

	1 Study Area Overview
	2 Data and Methods
	2.1 Data
	2.2 Methods

	3 Results
	3.1 MSWEP Data Validation
	3.2 Drought Trend Analysis
	3.3 Spatial Characteristics of Drought Events
	3.4 Typical Drought Events Based on Regional Averages

	4 Discussion
	5 Conclusions
	References


