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1.  INTRODUCTION

Droughts are a serious type of environmental dis-
aster that adversely affect societies and economies
around the world (Huang et al. 2015). The character-
istics of a drought vary from one climate regime to
another, which makes such climatological hazards
difficult to study (Wilhite 2000, AghaKouchak et al.
2015). Temperatures have increased by ~0.75°C in
the past 100 yr, and studies have observed a 0.18°C
increase per decade during the last 25 yr due to cli-
mate change (Grover 2013). As a result of this warm-
ing, the global hydrological cycle has been altered,
and there is an increasing likelihood of extreme
events such as droughts and floods (Allan & Soden
2008). The spatiotemporal variability of dry spells
and wet spells within a river basin can affect the
socioeconomic development in the region (She et al.

2016). She et al. (2016) investigated the dry spells and
wet spells in the Huaihe River Basin of China by using
the copula function. Additionally, She et al. (2014)
evaluated the dry spell frequency by applying L-
moments in the middle reach of the Yellow River
Basin, China, and She et al. (2013) detected the spatio -
temporal variation and statistical characteristics of
extreme dry spells in the Yellow River Basin.

In the past, droughts have been detected and mon-
itored using various indices (Mishra & Singh 2011).
The standardized precipitation index (SPI) was first
proposed by McKee et al. (1993) to investigate and
monitor hydrological conditions, and it has been
widely adopted because of the its flexibility, stability,
and simplicity (Bazrafshan et al. 2014). Notable stud-
ies that employed the SPI are as follows. Li et al.
(2015) assessed the regional drought risk and trends
in China. Ganguli & Reddy (2014) evaluated the
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trends and the multivariate frequency of droughts in
3 meteorological subdivisions of western India. Di
Lena et al. (2014) analyzed the drought in the Abruzzo
region of Central Italy. Ford & Labosier (2014) detected
the spatial patterns of drought persistence in the south -
eastern United States, and He et al. (2015) investi-
gated the spatiotemporal patterns of dry and wet
conditions in the Huaihe River Basin.

Northwest China is susceptible to climate change
because of its location in the middle of Eurasia, which
experiences the effects of a complex atmospheric cir-
culation system (He et al. 2015). Accurate assess-
ments of changes in precipitation in northwest China
are required to successfully manage the area’s water
resources. Assessments of the area have been con-
ducted by several researchers. Notably, Chen et al.
(2009) observed that precipitation in the Xinjiang
Province has shown an increasing trend since the
mid-1980s. Li et al. (2016) found that annual precipi-
tation in the Xinjiang Province has increased by
26 mm since 1960, with a rate of increase of 4.12 mm
per decade throughout the period 1960−2010. Deng
et al. (2014) and Wang et al. (2013) investigated the
spatial variations of extreme events in northwest
China, focusing on precipitation extremes in the north-
ern part of the Xinjiang Province. The development
and subsequent occurrence of droughts are slow,
continuous, and complex processes. Since there are
no apparent warning signs of an impending drought,
monitoring, identification, evaluation, and research
on the occurrence and development of droughts would
benefit efforts toward disaster prevention and miti-

gation, and aid in the adoption of suitable disaster relief
countermeasures. Investigating droughts in north-
west China would be particularly helpful for under-
standing the impacts on the region’s economy and
ecology. Many researchers have analyzed the spa-
tiotemporal changes of precipitation trends in north-
west China (Wang et al. 2013, Deng et al. 2014, Li et
al. 2016). However, identifying abrupt change points
in northwest China through SPI calculations is still
needed to fully understand drought development.

To supply agricultural, ecological, and water re -
source management organizations in the region with
useful information, we focus on the following topics
in this study: (1) the conditions of precipitation
resources in northwest China during the period
1960−2013; (2) the trends in the annual and seasonal
SPI values; (3) the wet and dry periods at annual and
seasonal scales for each station; and (4) abrupt
change points experienced by sub-basins and indi-
vidual stations at annual and seasonal scales.

2.  STUDY AREA

The study area includes Xinjiang, Gansu, and some
parts of Inner Mongolia, Hebei, Qinghai, and Tibet in
China, and it spans an area of 3 362 260 km2 (73° to
120° E, 30° to 50°N) (Fig. 1). The study area has a typ-
ical continental climate, with low precipitation
(below 250 mm) and a wide mean annual tempera-
ture range (−2 to 19°C) (Deng et al. 2014). Because of
the cold and dry weather conditions prevalent in
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Fig. 1. The 14 sub-basins and 96 weather stations in northwest China considered in the calculation of the standard pre -
cipitation index (SPI) for the period 1960−2013. Code names of the sub-basins are defined in Table 1. Inset: Location of study 

area in China
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winter, precipitation occasionally occurs as snow and
ice. The land surface heats up quickly during the
summer, and this feature combined with the low pre-
cipitation results in widespread desertification (Wang
et al. 2013, Deng et al. 2014). In northwest China,
there are many endothecia (inland) drainage basins
and deserts (i.e. the Badanjilin Desert, Tengger Desert,
Taklimakan Desert, Tsaidam Basin, Kubuqi Desert,
and Tarim Basin).

The study area was divided into 14 sub-basins
based on the division of water resources as given by
the Ministry of Water Resources of the People’s
Republic of China (Fig. 1, Table 1). The main stem of
the Tarim River Basin (MTRB) was excluded from our
study as there was no meteorological station in the
trunk stream.

3.  MATERIALS AND METHODS

3.1.  Data sources

For our analysis, we chose daily weather data from
96 weather stations in northwest China for the period
1960−2013, and the data were collected by the Na -
tional Climate Center, China Meteorological Admin-
istration (CMA). Data from the stations installed after
1960 and those with vacant values were removed.
We obtained monthly meteorological data, seasonal
meteorological data, and annual meteorological data
from the daily meteorological data collected at the 96
stations. We also obtained the average regional pre-

cipitation by taking the average precipitation value
for all the stations in each sub-basin.

3.2.  Methods

3.2.1.  Standardized precipitation index

Originally, the SPI was calculated by using a 2-
parameter gamma distribution (McKee et al. 1993)
and, of late, the gamma distribution has been used to
fit the probability distribution of precipitation (Wu et
al. 2007). The details of SPI computation can be
found in McKee et al. (1993).

However, there are difficulties with SPI interpreta-
tion when the precipitation data include zero values,
and inconsistent SPI values can be obtained as a
result of the adoption of parametric calculations in
the traditional SPI calculation (Wu et al. 2007, Farah-
mand & AghaKouchak 2015, Stagge et al. 2015,
Vergni et al. 2016). Wu et al. (2007) analyzed the pos-
sible errors and misleading interpretations of SPI val-
ues obtained in arid locations for zero precipitation,
which was useful for our study. We applied the non-
parametric methods suggested by Farahmand &
AghaKouchak (2015) to get the marginal probability
of precipitation by using the empirical Gringorten
plotting position, instead of using a probability den-
sity function:

p(xi) = (i – 0.44)/(n + 0.12) (1)

where n is the number of data points, x is precipita-
tion accumulation, i represents the rank position of
non-zero precipitation data from the minimum value
in the data series, and p(xi) represents the correspon-
ding empirical probability. Hence, SPI can be
obtained from the outcome of Eq. (1) as follows:

SPI = φ–1(p) (2)

where φ stands for the standard normal distribution
function and p is a product of Eq. (1).

In this study, the calculation of SPI was imple-
mented by the Standardized Drought Analysis Tool-
box (SDAT) developed by Farahmand & Agha
Kouchak (2015). Positive SPI values represent wet pe -
riods, while the negative values represent dry periods.

While the 12 mo SPI values (SPI-12) in December
were adopted for the annual trend analysis, SPI val-
ues for spring (MAM), summer (JJA), autumn (SON),
and winter (DJF) were obtained from the 3 mo SPI
values (SPI-3) in May, August, November, and Feb-
ruary, respectively (He et al. 2015). Following the
methods of He et al. (2015), dry and wet conditions
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Basin name Basin code

Inner Mongolia Inland River Basin IMIRB
Hexi Corridor Inland River Basin HCIRB
Qinghai Lake River Basin QLRB
Qaidam Basin QB
Turpan-Hami Basin THB
Southern Altay Mountain Basin SAMB
Central Asia River Basin CARB
Gurbantunggut Desert Basin GDB
Northern Tianshan Mountain Basin NTMB
Headstreams of the Tarim River Basin HTRB
Northern Kunlun Mountain Basin NKMB
Main stem of the Tarim River Basina MTRB
Tarim Desert Basin TDB
Qiang Tang Plateau Basin QTPB
aExcluded from study

Table 1. Names and code names of 14 sub-basins in north-
west China considered in the calculation of the standard
precipitation index (SPI) for the period 1960−2013. See Fig. 1 

for location of the sub-basins
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were categorized into different levels based on the
SPI values, as presented in Table 2.

3.2.2.  Removing autocorrelation

Any autocorrelation in the atmospheric data would
impact the trend analysis when commonly used stan-
dard statistical methods were applied (Wilks 2011).
Therefore, we tested and deleted the significant
autocorrelation in the series before applying the
Mann-Kendall (MK) test. The statistic R, which was
used to detect if the series were autocorrelated sig-
nificantly, was obtained with Eqs. (3) & (4), as pro-
posed by Box et al. (2008):

(3)

(4)

where R is the lag-1 autocorrelation coefficient of xt,
where t is the time point. If R falls within the confi-
dence limit, computed with Eq. (4), the autocorrelation
is non-significant at an α = 5% significance level. Oth-
erwise, the previous time series would be re placed by
the series x2 – r1x1, x3 – r1x2, …, xn – r1xn−1, where r is
the autocorrelation coefficient at lag time 1 mo.

3.2.3.  Pettitt test

A turning point in the development of the SPI was the
nonparametric Pettitt test proposed by Pettitt (1979).
Based on the rank and distribution free testing, the
unknown significant abrupt change points can be de-
tected by the Pettitt test (Zhang & Lu 2009). The x1,
x2, …, xt and xt+1, xt+2, …, xT sequences come from the
time series of observations T (x1, x2, …, xT). The Ut,T

(Mann-Whitney U, where t is the time of change
point) are obtained from the following equation:

(5)

The possible change point (Kt) is obtained from:

Kt = max|Ut,T | (6)

The significance probability p associated with Kt is:

p = 2exp[(–6Kt2)/(T3 + T2)] (7)

If p < α,xt is regarded as a significant turning point
at the significance level α.

The nonparametric Pettitt test was applied to de -
tect whether the annual, spring, summer, autumn,
and winter SPI series from the 96 stations contained
abrupt change points where a significant change
occurred.

3.2.4.  Mann-Kendall trend test

The MK test is a nonparametric statistical test that
is often applied to estimate the trend in a time series.
The statistic variable S of the MK test can be com-
puted as follows (Hirsch & Slack 1984):

(8)

(9)

where Xc, Xd are specific data points and n is the size
of the series. The statistic Z can be obtained from
Eqs. (10) & (11):

(10)

(11)

where tc is the cumulative value for t and c represents
the number of duplicates. We have chosen α = 0.05 to
be the significance level in this article, which means
|Z | > Z1–α/2 = 1.96.

The modified MK test was applied to investigate
the trends in the annual and seasonal SPI for the 96
weather stations. Before using the MK trend test,
we checked and removed the autocorrelation of
each SPI series by applying the above methods. In
the study area, 8, 11, 6, 4, and 19 stations had auto-
correlations that reached significant levels during
the annual, spring, summer, fall, and winter SPI
series, respectively.
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SPI range Category

SPI ≥ 2 Extremely wet
1.5 ≤ SPI < 2 Severely wet
1 ≤ SPI < 1.5 Moderately wet
−1 < SPI < 1 Near normal
−1.5 < SPI ≤ −1 Moderately dry
−2 < SPI ≤ −1.5 Severely dry
SPI ≤ −2 Extremely dry

Table 2. Categories of dryness and wetness based on the 
standard precipitation index (SPI) values
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4.  RESULTS AND DISCUSSION

4.1.  Precipitation resource distribution

From 1960 to 2013, the annual average precipita-
tion in northwest China was 179 mm with a standard
deviation of 112 mm. The highest annual precipita-
tion was 228 mm in 2010, which was 54.7% higher
than the lowest amount of 147 mm in 1997. The 13
sub-basins in northwest China had varying precipi-
tation levels. QLRB had the highest average annual
precipitation (381 mm), followed by CARB (329 mm),
QTPB (320 mm), IMIRB (260 mm), SAMB (182 mm),
GDB (176 mm), NTMB (164 mm), HCIRB (156 mm),
and HTRB (114 mm). The basins with lower precipi-
tation rates were QB (82 mm), THB (80 mm), TDB
(50 mm), and NKMB (38 mm) (see Table 1 for sub-
basin codes and Fig.1 for their location in northwest
China). Similarly, the highest variation in annual pre-
cipitation was exhibited in QTBP with a standard
deviation of 65 mm, followed by CARB (62 mm). The
3 smallest variations of annual precipitation were in
TDB (18 mm), THB (19 mm), and NKMB (21 mm) (as
shown in Table 3).

Because of impacts from the regional continental
climate, the 13 water sub-basins displayed seasonal
precipitation distributions, with the highest levels in
summer (JJA) and the lowest levels in winter (DJF).
The seasonal proportions of annual precipitation var-
ied greatly in the 13 sub-basins; specifically, spring
precipitation accounted for between 7.9 and 27.7%
of the annual precipitation, summer precipitation
accounted for between 33.8 and 71.4%, fall precipi-
tation accounted for between 8.9 and 27.2%, and

winter precipitation accounted for between 1 and
16.7% (Table 3). The large flux in seasonal contribu-
tions to the annual precipitation illustrates its vari-
ability across the study region and highlights the
importance of modeling at multiple scales.

4.2.  Trend analysis of SPI series

For 1960−2013, annual SPI values showed down-
ward trends at 12 stations, and upward trends at 84
stations. Fifty stations with increasing trends were
located in QTPB, QLRB, HCIRB, HTRB, SAMB, QB,
THB, NTMB, and CARB, and these trends were sig-
nificant at a 90% confidence level. Only 1 station,
which was located in THB, showed a decreasing
trend at the 90% confidence level. Stations with in -
creasing trends were located in every sub-basin of
the study area, although 24 of them were non-signif-
icant. The stations with decreasing trends were
located in HCIRB and IMIRB, but 11 of those sta-
tions showed non-significant trends. In addition,
69.2% of the stations located in IMIRB exhibited
downward trends in the annual SPI without reach-
ing a 90% confidence level (Fig. 2). The annual
trends revealed significant differences among the
sub-basins examined. The larger regional trend
suggests that the SPI is increasing, while the risk of
drought is increasing in IMIRB.

The seasonal SPI values had significantly different
modes. A wetting trend could be observed in the 4
seasons; in spring, 79 stations exhibited an upward
trend in SPI-3 and 17 stations exhibited a downward
trend. Though some trends were  non-significant, the
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Site Annual Spring Summer Fall Winter
(mm) (mm) (%) (mm) (%) (mm) (%) (mm) (%)

IMIRB 260 35 13.6 174 66.8 45 17.2 6 2.4
HCIRB 157 26 16.8 96 61.5 30 19.4 4 2.4
QLRB 381 57 14.9 249 65.4 71 18.7 4 1.0
QB 82 16 19.4 51 62.7 11 13.1 4 4.8
THB 80 14 17.1 48 59.6 14 18.1 4 5.2
SAMB 182 41 22.3 62 33.8 49 27.2 30 16.7
CARB 329 91 27.7 126 38.4 71 21.5 41 12.5
GDB 176 38 21.7 86 48.6 37 21.2 15 8.4
NTMB 164 46 27.9 67 40.5 34 20.6 18 10.9
HTRB 114 27 23.3 62 54.8 18 16.0 7 5.9
NKMB 38 10 24.8 23 59.3 3 9.1 3 7.0
TDB 50 9 16.2 33 65.8 7 13.4 2 4.4
QTPB 320 25 7.9 228 71.4 63 19.5 4 1.2

Table 3. Annual and seasonal precipitation in the 13 sub-basins of the study area in northwest China during 1960−2013.
 Seasonal data shows totals (mm) and the proportion of annual precipitation (%) that occurred in the season concerned. See 

Table 1 for definition of sub-basin code names and Fig. 1 for their locations
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results suggest that seasonal changes occurred over
1960−2013. All the stations in IMIRB, QB, QTPB,
NTMB, SAMB, and GDB displayed a wetting ten-
dency in the spring. Conversely, some stations in
HCIRB, QLRB, THB, CARB, HTRB, NKMB, and
MTRB exhibited drying trends in the spring. Most of
these stations were clustered in the western part of
the study area; therefore, it is possible that Xinjiang
Province could experience droughts of greater sever-
ity in the spring. Another season with a drying trend
was fall, with 21 stations ex hibiting decreasing
trends during this time, although the trends were not
significant. Twelve stations showed a significant wet-
ting trend in the fall at the 95% confidence level.
These stations were located in IMIRB, HCIRB, THB,
NTMB, and HTRB. Seven stations exhibited a wet-
ting trend with a 90% confidence level (Fig. 3).
Changes in the seasonal dryness or wetness patterns
could contribute to decreased agricultural yields and
potential flooding, respectively.

In summer, 76 stations showed an upward trend in
SPI-3 with 12 stations showing significant changes at
the 90% confidence level. All the stations in the
QTPB, QLRB, THB, GDB, and QB sub-basins showed
an upward trend in seasonal SPI. By contrast, 13 of
the 14 stations in IMIRB demonstrated a drying trend
in the summer, including 2 stations with results that
were significant at the 90% confidence level; the
results for the other 11 stations were not significant.
In winter, the stations that showed significant
increasing trends were clustered in the western part
of northwest China, in CARB, GDB, NKMB, THB,
and QB (Fig. 3d). Two stations in the IMIRB and 3 sta-

tions in the HCIRB showed non-significant decreas-
ing trends in the winter.

Many researchers have focused on the spatiotem-
poral properties of precipitation at the annual and
different seasonal scales in northwest China. Li et al.
(2015) applied statistical methods to analyze precipi-
tation features, and they found that precipitation
showed a significant upward trend at the rate of
0.61 mm yr−1 (p <0.01) in northwest China; this was
probably due to changes in the western Pacific sub-
tropical high (WPSH) and the North Atlantic subtrop-
ical high (NASH). Huang et al. (2015) used 2 indices
(the precipitation concentration index and the con-
centration index) to investigate diversiform precipi-
tation in the Qinghai Province. The results showed
that while the monthly precipitation distribution
showed significant irregularity, the daily precipita-
tion showed a highly homogeneous distribution of
precipitation concentration. Deng et al. (2014) found
that the values of the tested precipitation extreme
indices had strong regional variations, and the
increasing trend in northern Xinjiang was stronger
than that in the southern Xinjiang and the Hexi Cor-
ridor. The increasing trends were not remarkable in
the Hexi Corridor, with 3 out of the 4 tested indices
being statistically non-significant at the 0.05 level in
1960−2010. Zhang et al. (2015) found that the precip-
itation series had increasing trends in JJA and DJF. A
decreasing trend in precipitation was found in 33%
of stations in the spring series, and 11% had a
decreasing trend in the fall. At the same time, the
SPI-12 values of all the stations had an increasing
trend in the Aksu River Basin in 1960−2010.
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Fig. 2. Annual SPI trends at the 96 weather stations in northwest China between 1960 and 2013. Upward-pointing (blue) and
downward-pointing (red) triangles represent wetting and drying trends, respectively. The size of the triangles indicates 

significant trends at different confidence levels. Sub-basin code names defined in Table 1
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4.3.  Abrupt changes in annual and 
seasonal SPI series

The abrupt change points of annual
precipitation in the 13 sub-basins in
northwest China at a 95% confidence
level are shown in Table 4. The abrupt
change point for 5 of the sub-basins
(i.e. THB, GDB, NTMB, NKMB, and
TDB) was in the 1986; another 5 sub-
basins exhibited no abrupt change
point; 4 sub-basins had unique abrupt
change points in the years 1992 (SAMB)
and 1997 (CARB). The trends before
and after the abrupt change points were
very distinct.

For the SPI-12, there were 38 stations
that showed an abrupt change point at
a 95% confidence level in northwest
China in 1960−2013 (Fig. 4). Two sta-
tions (from IMIRB and HCIRB) showed
an abrupt change point in 1966−1970.
One station from HCIRB showed an
abrupt change point from 1960−1965.
In 1971− 1975, 4 stations (one from QB,
one from HCIRB, and 2 from IMIRB)
showed abrupt change points. Abrupt
change points were observed at 2 sta-
tions in 1976−1980. While 15.6% of the
stations exhibited an abrupt change
point in 1981−1985, 9.3% of the sta-
tions, most of them from the Xinjiang
Province, displayed abrupt change
points in 1986−1990. While 3 stations
exhibited abrupt change points in
1991− 1995, 2 stations exhibited abrupt
change points in 1996−2000. These
results prove that the precipitation in
the Xinjiang Province underwent a
large change in 1981−1990. The num-
ber of stations with abrupt change
points was com parable to those deter-
mined by Chen et al. (2014), who found
that an abrupt change of precipitation
ex tremes occurred in northwest China
in 1986. 

Seasonal abrupt change points at a
95% confidence level were detected at
52 stations, 47 stations, 29 stations, and
35 stations during spring, summer,
fall, and winter, respectively (Fig. 5).
The significant abrupt changes in the
spring and summer SPI series were
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Fig. 3. Seasonal SPI trends at the 96 rain stations in the northwest China between
1960 and 2013. Upward-pointing (blue) and downward-pointing (red) arrows
 represent wetting and drying trends, respectively. Size of the triangles indicates sig-
nificant trends at different confidence levels (see Fig. 2 legend for further explanation)
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similar to each other in northwest China. The signifi-
cant abrupt change points at 17 stations were
between 1981 and 1985 in spring and summer. In
addition, there were 10 stations in Northwest China
with abrupt change points in the fall SPI series
(p <0.005) from 1981 to 1985, and 20 stations had
abrupt change points in the winter SPI series at a
95% confidence level between 1981 and 1985. Thus,
the significant abrupt change points were mostly in
the early and mid-1980s. The period with the second
highest number of stations showing significant
abrupt change points were 1971−1975 in spring (12
stations) and summer, 1976−1980 in autumn and
1971−1975 and 1986−1990 in winter. Based on sea-
sonal data, the range of abrupt change over the study
period was found to be from 1970 to 1990.

5.  CONCLUSION

The annual and seasonal SPI series in northwest
China were obtained from the rainfall data from 96
stations for 1960−2013. Study results showed that
northwest China underwent severe wet and dry con-
ditions at every station at least once during the study
period. Most of the stations had increasing annual
trends in SPI; however, many trends were non-signif-
icant (Fig. 3). For most stations, the wetting trend
prevailed in the winter. Drying trends in the spring
were significant at 2 stations in northwest China (in
HCIRB and HTRB) (Fig. 4a). Similarly, drying trends
in summer and fall were significant at 2 stations
located in HCIRB. The significant abrupt change
points of the annual and all seasonal SPI series
occurred mostly in the period 1981−1985.

The annual and seasonal SPI series exhibited vari-
ous conditions in northwest China. Changing SPIs
represent shifts in precipitation, which could influ-
ence the region’s hydrological regime and in turn
affect crop yields, habitat diversity, and water
resource management in the region (He et al. 2015).
The long-term analysis results of this study indicate
that if the current trends in SPI continue, we can
expect spring droughts of greater severity in north-
west China. Assuming that the trends evident in this
study are due to climate change, the hydrology of
northwest China will continue to be altered unless
mitigation measures are implemented. If winter pre-
cipitation continues to increase as suggested by the
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Fig. 4. Distribution of the years with abrupt changes in the annual SPI series at weather stations in northwest China. Sub-
basin code names defined in Table 1

Code name Abrupt change Change trend (mm yr−1)
time points Pre-change Post-change

IMIRB – – –
HCIRB – – –
QLRB – – –
QB – – –
THB 1986 0.22 −0.29
SAMB 1992 0.98 0.68
CARB 1997 −0.3  −2.92
GDB 1986 −0.23 −2.3
NTMB 1986 0.17 0.33
HTRB – – –
NKMB 1986 −0.19 0.18
TDB 1986 0.26 −0.24
QTPB – – –

Table 4. Pettitt test results for annual precipitation in 13 sub-
basins in northwest China during 1960−2013, showing time
points when abrupt changes in precipitation trends oc -
curred and, in each case, precipitation trends before and
after the change occurred. See Table 1 definition of sub-

basin to code names. –: no abrupt change
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winter SPI series, storm events that
include ice and snow hazards will
likely occur, along with water
resource management issues, as a
result of the increased occurrences of
spring melt events.

There is a need to identify the driv-
ers of change in precipitation and
develop feasible adaptation strate-
gies for utilizing water resources sus-
tainably in northwest China. Possible
drivers of precipitation in the region
include the geomorphic and topo-
graphic characteristics that directly
impact the spatial patterns of dry-
ness/wetness conditions in Qinghai
(Liu et al. 2013). Another potential
factor is atmospheric circulation,
which could affect the water vapor
transformation and the hydrological
cycle. For example, the Indian sum-
mer monsoon primarily effects the
precipitation in the Tuotuo River (Liu
et al. 2013); the western circulation
at mid-latitudes plays a principal role
in the precipitation in the Qaidam
Basin in the spring and winter (Qian
& Qin 2008); the East Asian summer
monsoon is associated with dryness/
wetness conditions in the Qilian
Mountains (Wang 2001); WPSH and
NASH might have been chiefly re -
sponsible for the significant increase
in the rainfall of northwest China for
1980−2010 (Li et al. 2016). In addi-
tion, El Niño events on multi-year
scales could be linked to variances in
the precipitation in northwest China
(Liu et al. 2016). The differences in
the different periodic components
and their composite effects on the
trends of the original precipitation
series may have been due to the
aforementioned phenomena. How-
ever, these are just probable causes,
not definite explanations. Full com-
prehension of precipitation variabil-
ity and an improved ability to fore-
cast rainfall at temporal and spatial
scales would benefit from a thorough
understanding of the relationships
between the precipitation and the
factors affecting it in this region.
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Fig. 5. Distribution of the years with abrupt changes in the seasonal SPI series at 
weather stationsin northwest China. Sub-basin code names defined in Table 1
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