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Temporal and spatial characteristics of precipitation and
droughts in the upper reaches of the Yangtze river basin
(China) in recent ﬁve decades
Nan Zhang, Ziqiang Xia, Shaofeng Zhang and Hong Jiang

ABSTRACT
Drought is one of the most harmful natural hazards in the Upper Reaches of the Yangtze River basin
(URYR) in the mid-west part of China. Alterations in precipitation will affect the severity of drought.
The nonparametric Mann–Kendall (MK) test was used in this paper to examine the trend of
precipitation and the standardized precipitation index (SPI) was adopted to analyze the spatial–
temporal variations of meteorological drought over different time scales in the last 50 years. The MK
test value of precipitation indicated that, for most of the URYR showed an increasing trend of
precipitation in the months of January, February, March and June, mainly in the Min-Tuojiang,
Jialingjiang and Wujiang sub-basins and a decreasing trend was observed in August to December.
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The most obvious decreasing trend of precipitation occurred in the Jialingjiang, upper mainstream
and Wujiang sub-basins in September, with a rate ranging from –7.89mm/10 years to –39.36mm/10
years. The results show that the SPI is applicable in the URYR basin. The number of severe droughts
differed among the six sub-basins, i.e., a more obvious 3-month drought takes place in the middle of
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the upper mainstream, Wujiang sub-basins and the southeast of Jialingjiang sub-basin and other
droughts in 6, 9 and 12 month timescales have the same effect in these three sub-basins. The
outcomes of the paper could provide references for droughts mitigation, local water resources
management and agriculture decision making.
Key words

| drought analysis, spatial-temporal distribution, standardized precipitation index, upper
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INTRODUCTION
Drought is a natural, recurrent feature of climate derived

anomalies in the arid and semi-arid regions. At the same

from prolonged dry and warm weather causing less water

time, changes in precipitation trigger new characteristics

availability on the land surface. It develops slowly and

of drought in affected regions, especially those that affect

imperceptibly and may remain unnoticed for a long time,

spatial distribution and temporal patterns. There is also

unlike ﬂood and other natural hazards (Tallaksen & van

the necessity of improving the ability of local decision

Lanen ). In the last few years, climate change has

makers to prepare for, and deal with, the consequences of

become a major global problem that exists in many regions

precipitation anomalies through the acquisition of a com-

of the world. Under the circumstance of global climate

plete understanding of the range and likelihood of changes

change, it is necessary to analyze the characteristics of pre-

in precipitation and drought that a given location has under-

cipitation and drought in terms of the local water resources

gone and may experience again (Husak et al. ).

management, drought hazard mitigation, and to understand

According to Dracup et al. (), droughts are related to

the course and patterns of ecological and environmental

precipitation (meteorological), streamﬂow (hydrological),
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soil moisture (agricultural) or any combination of the three.

would use a moving window of a 6-month width. Edwards &

Droughts have been classiﬁed into four types (Wilhite &

McKee () selected a 3-month SPI for a short-term drought

Glantz ): meteorological, agricultural, hydrological, and

index, a 12-month SPI for an intermediate-term drought index,

social-economic. The ﬁrst three groups can be deﬁned as

and a 48-month SPI for a long-term drought index. The

environmental indicators, the last group as a water resources

window is non-centered such that the ﬁltered series depends

indicator. A number of drought monitoring indices have

only on the present and past values of the time series. The ﬁl-

been used over the years, such as the Reconnaissance Drought

tered data are broken into 12 monthly time series, which

Index (RDI) (Tsakiris et al. ), the Drought Severity Index

McKee et al. () individually ﬁtted with a gamma distri-

(DSIE) (Pandey et al. ), the Streamﬂow Drought Index

bution that can describe skewed hydrologic variables without

(SDI) (Nalbantis & Tsakiris ). However, the Standard Pre-

needing a log transformation (Chow et al. ). It is possible

cipitation Index (SPI), recommended by Guttman (),

to use other distributions, as long as they ﬁt the data adequately.

remains a popular choice among researchers because it is

The study area in this paper is the area of the Upper

simple, spatially consistent in its interpretation, and probabilis-

Reaches of the Yangtze River (URYR), which are located

tic, so that it can be used in risk management and decision

between 24 370 N–35 540 N and 90 130 –111 300 E (Figure 1),

analysis, and can be tailored to time periods of the user’s inter-

it stretches from the southwest side of the Geladandong

est. It describes the behavior of only one variable, precipitation.

Snowmountain, is bounded on the west by the world’s

It is possible to experience wet conditions at one timescale and

largest plateau, the Tibetan Plateau. The main channel

dry conditions at another simultaneously. For example, soil

ﬂows through nine provinces (municipalities or autonomous

moisture, which typically responds to precipitation relatively

regions), namely Qinghai, Tibet, Yunnan, Gansu, Sichuan,

quickly, may soon be depleted in a brief drought spell, whereas

Shanxi, Guizhou, Chongqing, Hubei, with area of about

stream ﬂow and groundwater, which are affected by longer-

1.005 million km2. The URYR lies in the transition zone

term precipitation anomalies, may still be relatively normal.

from the ﬁrst step to the second in China (according to the

Although it is quite a recent index, the SPI has been used in

characteristics of the West-high and East-low, the terrain of

Turkey (Komuscu ), Argentina (Seiler et al. ), drought

China was divided into three step levels. The ﬁrst step: the

W

W

W

W

analysis in the Awash River Basin of Ethiopia (Desalegn et al.

Tibetan Plateau in the southwest of China. The second

), Spain (Lana et al. ), Korea (Min et al. ), Hungary

step: the Tibetan Plateau to the east and north. The third

(Domonkos ), China (Wu et al. ; Zhai & Qi ),

step: eastern China. This contains the Qinghai–Tibet Plateau,

Europe (Edwards & McKee ; Lloyd-Hughes & Saunders

cross-sectional mountains, Yunnan-Guizhou Plateau, Qin-

; Paulo & Pereira ), Sicily (Bonaccorso et al. ),

Ba Mountains, the Sichuan Basin and can be further divided

South Africa (Mathieu & Richard ), Taiwan (Shiau

into the Jingshajiang sub-basin, the Yalong sub-basin, the

), Iran (Morid et al. ; Raziei et al. ) and Greece

Ming-Tuo sub-basin, the Jialinjiang sub-basin, the upper

(Nalbantis & Tsakiris ) among others, for real-time moni-

mainstream sub-basin and the Wujiang sub-basin (Figure 1).

toring or retrospective analysis of droughts. Studies have also

The Jingshajiang sub-basin is named after the Jishajiang

highlighted the use of the SPI in supporting an efﬁcient

River. The Yalongjiang River belongs to this sub-basin. The

Drought Watch System for areas of mesoscale dimensions

Jialinjiang, Ming-Tuo and Wujiang sub-basins are similarly

(Tsakiris & Vangelis ).

named after the Jialinjiang River, the Ming-Tuojiang River

In theory, the timescale of SPI is ﬂexible. Statistically, pre-

and the Wujiang River, respectively. The URYR plays an

cipitation is not normally distributed. Since non-precipitation

extraordinary role in China, taking the occurrence of

in many days, precipitation distributions are positively

droughts as well as the availability of historical climate

skewed. Furthermore, a short timescale will increase the pre-

records into consideration. The region is climatologically

cipitation variability, leading to a highly skewed distribution

sensitive because it is located along the demarcation line

(Barger et al. ). However, in practice a monthly precipi-

between subtropical and temperate climate that separates

tation series is ‘smoothed’ with a moving window of width

disparate air masses and along with its geographical position,

equal to the number of months desired, e.g., a 3-month SPI

drought is the dominant hazard and precipitation is an
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Geographical location of selected pluviometric stations in the URYR.

important moisture input in this area. It is inﬂuenced by the

; Pang et al. ; Liu et al. ). However, research on

west Paciﬁc Ocean subtropical high pressure and its position,

the trend of precipitation at multiple timescales and the charac-

such that warm–humid airstreams coming from Southeast

teristics of drought at higher resolution in URYR has not been

Asia have an annual and seasonal change, which conse-

reported yet. Thus, the purpose of this study was to identify the

quently affects the precipitation in the URYR.

drought with SPI at different timescales and with higher resol-

Precipitation in the URYR ﬂuctuates severely over the

ution, detect the trend of precipitation, and analyze the

inter-annual and decadal timescales. Drought hazards

distribution of the trend of precipitation and frequency of

occur frequently in URYR and lead to huge losses in agricul-

drought in URYR. This type of research has not been con-

ture and social economy. According to drought statistical

ducted in the URYR before. The results of this paper can be

documents, URYR had suffered eight extreme droughts

utilized as a reference for decision making regarding local

and 62 severe droughts between 1470 and 1990 (CWRC

water resources management, ecological rehabilitation, and

). In the drought of 1960, about 44.24 million people

further work deﬁning drought events at different spatial

were affected, and the output of grain was reduced by

scales and drought hazard mitigation.

4 million tonnes. In 1961, the affected population was
41.89 million, and the reduction of grain output amounted
to 5.21 million tonnes. Extremely low precipitation

METHODOLOGY

coincided with the extreme drought, the precipitation in
the last 10 years presented distinct characteristics such as

Data collection

‘no ﬂood in the ﬂood season’ in URYR (Dai et al. , ).
In order to comprehensively understand the trend of the

The time series pluviometric data from 1 January 1958 to

precipitation and characteristics of drought, many researchers

31 December 2008 in this paper were collected from the

have undertaken studies on the dry/wet trend and the fre-

National Meteorological Information Center (NMIC) of the

quency of drought in the URYR (Dai et al. ; Zhang et al.

Chinese Meteorological Administration (CMA). For meteoro-

; Jiang et al. ; Zhai et al. ; Chen ; Xu et al.

logical drought analysis, 73 precipitation stations were
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chosen with another 32 precipitation stations as references

value; (4) in time series analysis, it is unnecessary to specify

when spatial interpolation was conducted (Figure 1). The

whether the trend is linear or not (Sneyers ; Yu et al.

quality, continuity, homogeneity and the length of data

; Silva ). The correlation between two variables is

records were considered to be more important than the

termed as Kendall’s correlation coefﬁcient, or the Kendall

number of stations. Quality control and homogeneity testing

statistic S. The Mann–Kendall test statistic is

of the meteorological stations were performed by calculating
the von Neumann ratio (N), the cumulative deviations
(Q/n 0.5 and R/n 0.5), and the Bayesian procedures (Buishand
; Maniak ; Gemmer et al. ). The data sets of all
stations proved to be homogeneous with a signiﬁcance
beyond the 95% conﬁdence level. The URYR contains six
regions according to its texture of drainage (Figure 1), more
details can be found in Table 1. The Mann–Kendall nonpara-

S¼

n1 X
n
X

sgnðXj  Xi Þ

ð1Þ

i¼1 j¼iþ1

where
8
< þ1::::::u . 0
sgnðuÞ ¼ 0::::::::u ¼ 0
:
1::::::u , 0

ð2Þ

metric test was employed to deﬁne the trend of precipitation
and the SPI was used to calculate aridity in these six regions.

Under the hypothesis of independent and randomly distributed random variables, when n  8, the S statistic is
approximately normally distributed, with zero mean and

The Mann–Kendall non-parametric test

variance as follows:
Mann () presented a non-parametric test for randomness
against time, which constitutes a particular application of Ken-

s2 ¼

dall’s test for correlation commonly known as the Mann–
Kendall (MK) or the Kendall t test (Kendall ). Letting x1,
x2, …, xn be a sequence of measurements over time, Mann proposed to test the null hypothesis, H0, that the data come from a
population where the random variables are independent and
identically distributed. The alternative hypothesis, H1, is that
the data follow a monotonic trend over time. The MK test is
widely useful in detecting trends in paired data (Sneyers
), as (1) data need not conform to any particular distri-

nðn  1Þð2n þ 5Þ
18

ð3Þ

As a consequence, the standardized Z statistics follow a
normal standardized distribution:
8
S1
>
>
>
::::if::::S . 0
>
< s
Z ¼ 0::::::::::if::::S ¼ 0
>
>
>
> S þ 1 ::::if::::S , 0
:
s

ð4Þ

bution, thus extreme values are acceptable (Hirsch et al.

The hypothesis that there is no trend is rejected when the Z

); (2) missing values are allowed (Yu et al. ); (3) the

value computed by Equation (4) is greater in absolute value

use of relative magnitudes (ranking) rather than numerical

than the critical value Zα, at a chosen level of signiﬁcance α.

values allows ‘trace’ or ‘below detection limit’ data to be used –

When a positive value of Z indicates an upward trend, a

they are assigned a lesser value than the smallest measured

negative value of Z indicates a downward trend. |Z| . 1.64

Table 1

|

Precipitation and elevation in the six sub-basins of the URYR

Code

Regions

Area (million km2)

Mean elevation (m)

1

Jinshajiang sub-basin

0.50

3,161

696

72

2

Yalongjiang sub-basin

0.13

3,173

679

79

8

3

Min-Tuojiang sub-basin

0.03

2,836

953

162

15

4

Jialingjiang sub-basin

0.16

2,325

999

125

11

5

Upper mainstream sub-basin

0.53

1,269

1,115

178

12

6

Wujiang sub-basin

0.09

1382

1,092

111

9
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indicates a signiﬁcant upward/downward trend (at a signiﬁ-

where α . 0 is a shape parameter, β . 0 is a scale parameter,

cance of α ¼ 0.05) and |Z| . 2.32 indicates an extremely

x . 0 is the amount of precipitation and Γ(α) deﬁnes the

signiﬁcant trend (at a signiﬁcance of α ¼ 0.01). In this paper,

gamma function.
Initial estimates for the shape and scale parameters are

after deriving the MK test statistic, Z, of every monthly data
series, spatial interpolate was used to interpolate Z and realize

calculated by

the trend distribution over the URYR.
Terrain will affect the rainfall statistics and the trends.

^

a ¼ ð1 þ

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 þ 4A=3Þ=4=A

ð8Þ

To obtain a spatial coverage of MK and drought indices
over the whole basin, we interpolated the three rainfall factors (elevation of the precipitation stations, slope, and
distance between nearest vicinity stations). Details are as follows: based on the DEM to calculate the rainfall in each grid
cell,

^



b¼

x

ð9Þ

^

a


A ¼ lnðxÞ 

P

lnðxÞ
n

ð10Þ


Y¼

n
X

where n is the number of precipitation observations and x is

ai ðG  ðH  hi Þ þ Bi Þ

ð5Þ

the mean precipitation over the time scale of interest, xi is

where Y is the result of rainfall interpolation; n is the

of the skewness of distribution (Husak et al. ). For the

i¼1

the sample of the pluviometric data, and A is measure

number of precipitation stations in interpolation; G is the
gradient for the rainfall with the elevation change; αi is the





calculation of x and lnðxÞ, it must be noted that only the
number of weeks or months with positive accumulations

weight of station i, Here, weight is related to the elevation

were used, and only the non-zero observations in the

of station; Hi is the elevation of station i; Bi is original rain-

records were utilized in the estimation of the gamma distri-

fall data.

bution parameters.
This allows the rainfall distribution at the station to be
effectively represented by a mathematical cumulative prob-

Standardized precipitation index

ability function given by
The SPI is an index based on the probability of distribution
in precipitation (Thom ; McKee et al. ; Wilks ;
Guttman , ), and is a widely used drought index
based on the probability of precipitation for multiple timescales, e.g., 1-, 3-, 6-, 9-, 12- and 24-month (Wu et al. ;
Türkeş & Tatlı ). It provides a comparison of the precipitation over a speciﬁc period with the precipitation
totals from the same period for all the years included in
the historical record. Consequently, it facilitates the temTo compute SPI, historic rainfall data of each station
are ﬁtted to a gamma probability distribution function
(Abramowitz & Stegun ; Thom ):

GðaÞ ¼

1
X

ðx . 0Þ

xa1 ex dx

0

Downloaded from https://iwaponline.com/jh/article-pdf/14/1/221/386683/221.pdf
by guest

0
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0

Letting t ¼ x/β, this equation becomes the incomplete
gamma function,
ðx
^
GðxÞ ¼ 1=GðaÞ ta 1 et dt

ð12Þ

0

poral analysis of wet and dry phenomena.

gðxÞ ¼ 1=ðba GðaÞÞxa1 ex=b

ðx
ðx
GðxÞ ¼ gðxÞds ¼ 1=ðba GðaÞÞ xa1 ex=b dx

As the gamma function is undeﬁned for x ¼ 0 and a precipitation distribution may contain zeros, the cumulative
probability becomes

ð6Þ
ð7Þ

HðxÞ ¼ q þ ð1  qÞGðxÞ

ð13Þ

where q is the probability of a zero. If m is the number of zeros
in a precipitation time series, q can be estimated by m/n.
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The cumulative probability, H(x), is then transformed

databases exit, a series of maps with spatially varying drought

into the standard normal random variable Z( μ ¼ 0, σ 2 ¼ 1),

severity are obtained. We can also use this method to calcu-

which is the value of the SPI.

late the monthly or annual precipitation in each sub-basin.

Since it would be cumbersome to produce these types of
ﬁgures for all stations at all time scales and for each month
of the year, the Z or SPI value is more easily obtained

RESULTS

computationally using an approximation provided by
Abramowitz & Stegun () that converts cumulative

The spatial–temporal distribution of the precipitation

probability to the standard normal random variable Z:
Z ¼ SPI ¼ ðt  ðc0 þ c1 t þ c2 t2 Þ=ð1 þ d1 t þ d2 t2 þ d3 t3 ÞÞ
0 , HðxÞ ,¼ 0:5
ð14Þ

Based on the monthly precipitation time series of the six
sub-basins in the URYR, the MK test of precipitation was
carried out, and the changing rate of precipitation was calculated by the least-squares linear ﬁtting (Table 3). Table 4

rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h
iﬃ
2
t ¼ ln 1=HðxÞ

ð15Þ

presents the statistical analysis results of different stations.
From Table 3 it can be seen that from January to May the
rate of change of the precipitation in Jinshajiang sub-basin

2

2

3

Z ¼ SPI ¼ ðt  ðc0 þ c1 t þ c2 t Þ=ð1 þ d1 t þ d2 t þ d3 t ÞÞ
0:5 , HðxÞ , 1
ð16Þ

showed positive slopes from 1.85 to 8.31 mm/10 years and
the maximum value of 8.31 mm/10 years occurred in May.
For these ﬁve months, the number of stations which showed

t¼

rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h
iﬃ
ln 1=ð1  HðxÞÞ2

signiﬁcant increasing trends in the Jinshajiang sub-basin are
ð17Þ

8, 4, 5, 3 and 10 (Table 4), with percentages of 44.4, 22.2,
27.7, 16.7 and 55.6% respectively. Liu & Ding () have
indicated that from June to September is an important time

c0 ¼ 2:515517; c1 ¼ 0:802853; c2 ¼ 0:010328;
d1 ¼ 1:432788; d2 ¼ 0:189269; d3 ¼ 0:001308:

period, during which the precipitation in the URYR is simultaneously inﬂuenced by the co-action of the western
climatological intraseasonal oscillation (CISO), which

The values of SPI can be categorized according to the
classes indicated in Table 2 (Vermes ).

comes from the tropical western Paciﬁc and the eastern
CISO from the tropical Indian Ocean, and the effect of pre-

We use this method to calculate the rainfall in each grid

cipitation on the region’s ﬂood control is important. From

cell with the elevation change. Thus, the each cell represents

Tables 3 and 4, Jialingjiang sub-basin had signiﬁcant (over

the spatial databases while the MK/drought indices com-

0.05 conﬁdence interval, for some stations) positive changes

puted at their respective cells represent each of their

in precipitation observed in June for 45.5% of the stations,

attribute databases. As the links between spatial and attribute

the positive slope was 6.13 mm/10 years. Similarly, in September, 45.5%, 16.67%, and 22% of the stations showed a

Table 2

|

signiﬁcant negative trend in precipitation for Jialingjiang,

Classiﬁcation of SPI values

Scale

SPI classes

Period classiﬁcation

1

.2

Extreme wet

2

(1.5, 2)

Very wet

3

(1, 1.5)

Moderately wet

4

(–1, 1)

Near normal

5

(–1.5, –1)

Moderate dry

6

(–2, –1.5)

Severely dry

7

,–2

Extreme dry
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Upper mainstream, Wujiang sub-basins, respectively, with
negative slopes of 6.13, 1.97, 2.14, 1.83mm/10 years,
severally. October to December is the season of winter in
China; from Tables 3 and 4, only the Jinshajiang sub-basin
in this three-month period showed positive slopes (2.44,
2.63, 0.76 mm/10 years). For Yalongjiang sub-basin, only
November showed obvious change, where the MK value was
2.75, with conﬁdence interval up to 0.01. Of the number of
changed stations viewed, 11%, 22% and 17% showed positive
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Results of the application of the MK test and of least-squares linear ﬁtting to the monthly precipitation for all pluviometric data series
January
mm decade1
b+σ

Region

M

Jinshajiang sub-basin

6.04** 2.37 +
4.91

February
mm decade1
M

b+σ

3.53** 1.85 +
5.77

March
mm decade1
M

April
mm decade1

b+σ

M

b+σ

5.21** 3.26 +
7.73

2.84** 2.72 +
9.08

Yalongjiang sub-basin

4.13** 2.36 +
7.69

2.76** 1.94 +
8.03

Min-Tuojiang sub-basin 2.42** 0.87 +
3.46

2.57** 2.71 +
10.80

2.27*

May
mm decade1
M

b+σ

June
mm decade1
M

b+σ

3.38** 8.31 +
24.19

3.60 +
16.47

Jialingjiang sub-basin

2.75** 1.07 +
3.60

2.00*

1.18 +
6.85

Upper mainstream
sub-basin

2.49** 1.64 +
6.51

2.22*

1.88 +
9.63

Wujiang sub-basin

4.42** 3.33 +
9.22

2.14*

2.36 +
10.03

July

August

September

October

November

December

mm decade1

mm decade1

mm decade1

mm decade1

mm decade1

mm decade1

M

b+σ

M

b+σ

1.93* 6.13 +
38.03
–1.69* -5.60 +
30.58

M

b+σ

Jinshajiang sub-basin

M

b+σ

M

b+σ

M

b+σ

1.66*

2.44 +
18.15

4.16**

2.63 +
6.90

3.02

0.76 +
2.75

2.75**

1.46 +
5.66

Yalongjiang sub-basin
Min-Tuojiang sub-basin
Jialingjiang sub-basin

–1.97*

–39.36 +
57.25

Upper mainstream
sub-basin

–2.14*

–11.08 +
57.00

Wujiang sub-basin

–1.83*

–7.89 +
44.29

M is the Mann-Kendall test value; b(percentage contribution/decade) is the linear regression coefﬁcient; σ is the root mean square of error. *Through 95% conﬁdence test. **Through 99%
conﬁdence test.

change in Jinshajiang sub-basin for October to December and

interval from the test values) was in the southeast of the

25% in Yalongjiang sub-basin for November. This change in

URYR, mainly located in Wujiang sub-basin.

precipitation in winter coincides with the results of Jiang
et al. () and Zeng et al. ().

In February, a slightly downward trend of the precipitation was shown in the middle of Yalongjiang sub-basin,

To further conﬁrm the pattern of the temporal and

south part of Min-Tuojiang sub-basin, which is the famous

spatial trends, the monthly MK test values were spatially

area known as Sichuan basin. In July, the downward trend

interpolated (Figure 2). Solid lines represent positive

focus was on Jialingjiang sub-basin. In November, the down-

values and dashed lines represent negative values.

ward trend was located in Jialingjiang, Wujiang and the

In January, with the exception of Jinshajiang upper reaches,

upper mainstream sub-basins. In December, the upward

the results show an upward trend in monthly precipitation

trend was located on the north of Jialingjiang and southeast

for the other basins. The signiﬁcant upward trend (indicates a

of Jinshajiang sub-basins. In these four months, the change

signiﬁcant upward/downward trend (pass a signiﬁcance of

was not signiﬁcant, with the values of MK not up to the

α ¼ 0.05)), with number placed (the numbers on maps were

0.05 conﬁdence interval.
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Station statistics of change trends of monthly precipitation in the sub-basins of the URYR (pass 0.05 conﬁdence interval)

Region

January
þ



February
þ


March
þ



April
þ



May
þ



June
þ



Jinshajiang sub-basin

8

0

4

0

5

0

3

0

10

0

3

1

Yalongjiang sub-basin

0

1

0

1

3

0

2

0

1

0

1

0

Min-Tuojiang sub-basin

1

0

1

0

3

0

3

0

1

0

0

0

Jialingjiang sub-basin

2

0

2

0

0

1

0

2

0

0

5

0

The upper mainstream sub-basin

5

0

5

1

2

2

2

0

0

1

0

0

The Wujiang sub-basin

9

0

5

0

4

0

0

2

0

0

0

1

July

Jinshajiang sub-basin

September

October

þ



August
þ



þ



þ



November
þ



December
þ



1

0

3

0

4

1

2

0

4

0

3

0

Yalongjiang sub-basin

0

0

0

0

1

1

2

0

2

0

0

1

Min-Tuojiang sub-basin

0

3

0

4

0

1

0

6

0

2

0

3

Jialingjiang sub-basin

0

1

0

2

0

5

0

3

0

1

1

0

Upper mainstream sub-basin

2

0

0

0

0

2

0

1

0

1

1

1

Wujiang sub-basin

3

0

0

0

0

2

0

0

0

0

0

1

þ represents increase trend; – represents decrease trend.

In March, a downward trend occurred in the east of Jia-

For the whole URYR basin, the increasing trend appears

lingjiang and Upper mainstream sub-basins. Similarly, a

in the months of January, February, March and June, while in

downward trend covered the whole Jialingjiang sub-basin

other months the annual precipitation shows a decreasing

and most of the upper mainstream and whole Wujiang sub-

trend, especially in the months from August to December. A

basins in April and May. These are the areas where the

dry Summer–Autumn would inﬂuence the growth of the

spring drought occurred frequently, i.e., a ‘Dry nine decades’

crops, which are widely planted in SiChuan basin, including

as mentioned in the CWRC (). In March, a signiﬁcant

Min-Tuojiang,

upward trend occurred in the middle and lower reaches of

Consequently, more attention should be focused on the

Jinshajiang sub-basin, pass 0.05 conﬁdence interval. A notice-

threat of droughts in the URYR basin, especially in the

able signiﬁcant positive trend was apparent in the middle of

SiChuan basin.

Jialingjiang

and

Wujiang

sub-basins.

Jinshajiang sub-basin in April and a similar remarkably positive trend can be seen in the headwater of Jinshajiang sub-

Frequency of drought

basin (0.01 conﬁdence interval) in May and June.
In August, September and October, the signiﬁcant upward
trend located on the headwater of Jinshajiang sub-basin,
especially the signiﬁcant downward trend distributed in the
junction of upper mainstream and the whole of Jialingjiang
sub-basins. From the whole space distribution of MK values,

The number of months Ni in each class of drought intensity
according to Table 2 was computed for 3, 6, 9, 12, 24 and 48
month timescales. The number of droughts per 100 years
was calculated as (Łabedzki )

a downward trend covers most of the URYR basin, mainly
focused on the middle-east of the URYR basin, which includes

Ni;100 ¼

Ni
 100
in

ð18Þ

the entire Min-Tuojiang, Wujiang, Upper mainstream, Jialingjiang sub-basins and the south of the Jinshajiang, Yalongjiang

where Ni,100 ¼ the number of droughts for a timescale i in

sub-basin. The summer and autumn natural drought occurred

100 years, Ni ¼ the number of months with droughts for a

frequently with seasonality and regionally.

timescale i in the n year set, i ¼ the timescale (1, 3, 6, 12,
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… months), and n ¼ the number of years in the data set

season where zero values are common, there will be too

(from 1958 to 2008).

many zero precipitation values in particular seasons. When

Edwards & McKee () indicated that the SPI has a stan-

the timescales were increased and more months were con-

dard normal distribution with an expected value of zero and a

sidered, this problem was solved (Kangas & Brown ). On

variance of one. But this is not always the case for the SPI at

the other hand, because of data limitations, timescales .24

short timescales because of the skewed precipitation distri-

months may be unreliable (Guttman ). Given the inclusion

bution. Especially for dry climates or those with a distinct dry

within the study area of different climatic regions, particularly

Figure 2

|

Results of the MK test for every month in the URYR. Solid lines represent positive values and dashed lines represent negative values.
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continued

the arid URYR basin, where the data set included several zero

of moderate and severe droughts were 24.69, 10.51, 7.68,

or near zero precipitation values. In this paper, 3, 6, 9 and 12

4.45 and 9.19, 7.52, 2.66, 1.83 also in Jinshajiang sub-basin,

month

abbreviated

respectively. In Yalongjiang, Min-Tuojiang, Jialingjiang,

as MOD/SEV/EXT) were calculated (Table 5, Figures 3 and 4).

Wujiang and Upper mainstream sub-basin, the number of

From Table 5, it can be seen that the mean of 3, 6, 9 and 12

3-month time scale droughts of different severity per 100

month extreme droughts per 100 years were 2.54, 1.79, 1.67,

years were greater than those in Jinshajiang sub-basin.

and 0.81, respectively, for Jinshajing sub-basin. The numbers

Meanwhile, for 9 and 12-month time scales, the numbers of

droughts

(moderate/severe/extreme,
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Number of drought events in 100 years of different time periods at 3–12 month timescales

Frequency of
moderate drought

Frequency of severe
drought

Frequency of extreme
drought

Figure 3

Journal of Hydroinformatics

|

Jinshajiang
sub-basin

Yalongjiang
sub-basin

Min-Tuojiang
sub-basin

Jialingjiang
sub-basin

Upper mainstream
sub-basin

Wujiang
sub-basin

MOD3

24.69

20.75

26.32

25.25

25.27

28.4

MOD6

10.51

13.59

14.9

14.53

15.38

16.54

MOD9

7.68

8.23

9.74

9.33

10.14

9.23

MOD12

4.45

5.39

4.48

6.63

6.36

8.16

SEV3

9.19

11.26

14.37

14.41

15.73

16.64

SEV6

7.52

7.77

7.75

7.00

7.83

7.88

SEV9

2.66

3.00

3.67

4.02

4.31

4.44

SEV12

1.83

2.00

2.51

2.64

2.72

2.84

EXT3

2.54

3.31

4.43

5.37

5.44

5.1

EXT6

1.79

2.31

3.22

3.84

4.16

3.88

EXT9

1.67

2.00

2.07

2.49

2.76

2.52

EXT12

0.81

1.00

1.26

1.45

1.64

1.61

Distribution of SEV 3–12 month (number of severe drought in 100 years).
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Distribution of EXT 3–12 month (number of extreme drought in 100 years).

severity droughts were approximately the same. The stations

sub-basins were subjected to severe drought events at 3, 6, 9

subjected to a 3-month severe drought were concentrated in

and 12 month timescales (Figure 3). This region is mainly in

the Upper mainstream and Wujiang sub-basins, southeast of

the Sichuan basin, which is the agricultural area in the

the Jialingjiang sub-basin (Figure 3), which were spring and

URYR basin and frequent droughts result in reduced agricul-

summer drought areas (Shen ; Chen ). For the

tural production and inﬂuence drinking water supply. Among

6-month time scale, the stations subject to severe drought

different timescales, 3-month severe drought events (SEV3)

were concentrated in Jialingjiang and lower Jinshajiang sub-

happened mainly in the middle of Upper mainstream and

basin, which is the southwest part of Sichuan province and

Wujiang sub-basins, southeast of Jialingjiang sub-basin. The

within Sichuan basin. The stations likely to suffer 6-month

maximum is 16.64 for such events per 100 years. It means

extreme droughts were mainly located in the middle of Jialing-

that there was one severe drought nearly every six years. The

jiang, Wujiang and the upper mainstream sub-basin. No

6- and 9-month severe droughts (SEV6, SEV9) applied to the

signiﬁcant differences in the frequency of extreme and severe

majority of Min-Tuojiang, Yalongjiang and Wujiang sub-

drought were apparent in Yalongjiang sub-basin. These results

basin. The 12-month severe drought (SEV12) occurred in the

are consistent with others in recent years (Liu et al. ).

north of Jialingjiang sub-basin and middle part of the Upper

The 100-year frequency of severe drought events is greater

mainstream sub-basin. This situation would have mainly

in the middle part than that in the east part of the URYR basin.

affected the growth and propagation of Chinese sturgeon in

The Min-Tuojiang and low areas of Jinshajiang, Jialingjiang

the upper river stem, where is the main habitat of the ﬁsh.
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drought), areas in all sub-basins except Yalongjiang were
most frequently hit by droughts.

Wujiang and Upper mainstream sub-basin were subjected to

Most parts of URYR basin showed a downward trend in

extreme drought at 6, 9 and 12 month timescales. This

precipitation for speciﬁc months. The changes of precipi-

region is mainly the rain-fed agricultural area in the URYR

tation in Min-Tuojiang, east of Jinshajiang, west of Wujiang,

basin. The frequent droughts result in a reduction of agricul-

west-middle of Upper mainstream sub-basins were detrimen-

ture and inﬂuence drinking water supply for local people.

tal to agricultural production and the ecosystem. In

The statistics show that the ratio of water deﬁciency exceeds

particular, the middle-western region of URYR requires a

30% and 10–30% in Wujiang and the Upper mainstream

more efﬁcient regulation to manage water resources in

sub-basins, respectively (CWRC ). Figure 4 shows that

order to meet agricultural and drinking water demands.

3-month extreme drought (EXT3) mainly occurred in the

More attention should be focused on precipitation

east of the URYR basin, including Upper mainstream, Jia-

trends and drought distribution for agricultural development

lingjiang and Wujiang sub-basins with maximum times for

decision-making process and drought hazards mitigation.

extreme drought of 8.99 in 100 years, which means there

Increasingly drier Summer-Autumn seasons can result in

would be one devastating drought per 11 years. The 6- and

water logging damage in summer and insufﬁcient soil moist-

9-month extreme droughts (EXT6, EXT9) lessened within

ure content in autumn.

the area of the Upper mainstream and the south part of Jia-

Six, 9, and 12-month timescales drought have affected

lingjiang sub-basins. This affected the ecosystem of the

the Yalongjiang sub-basin less than the other sub-basins.

Upper main stream, leading to the hydrologic regime of

This situation mainly affects lives of both urban and rural

the lower-middle reaches of Yangtze River.

people as well as the agricultural development of the

From Table 5, Figures 3 and 4, the frequencies of droughtfor varying time periods are very different. According to the
classiﬁcation of SPI values and its cumulative probability of

URYR basin.
Future studies are needed to investigate speciﬁc effects
by droughts on the regional ecology environment.

different events (Table 2), the frequency of drought for all
time scales for a certain drought severity should be very
close. The frequency of the certain drought for all timescales
approached about 14.42, 6.43 and 3.07 for moderate, severe
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URYR basin, time series of drought index were calculated
with SPI method from station-based meteorological data
across the basin for the period of 1958–2008. The URYR
basin was divided into six sub-basins according to the river
system. The results from tables and maps are summarized
in terms of occurrences of droughts in order to identify
areas in the basin that were most frequently hit by drought
events. Considering the severe and extreme drought category in the 12-month timescale, it occurred most
frequently in the Upper mainstream basin. When the overall
categories of drought were considered (severe and extreme
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