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Quantitative impact of precipitation and human activity
on runoff in the upper and middle Taoer River basin
Ying Sun, Xiujuan Liang, Changlai Xiao and Zhang Fang

ABSTRACT
Improved analysis and usage of water resources in the Taoer River basin requires an evaluation of the
contributions of precipitation and human activities to runoff. In this study, we apply an integrated
method combining the non-parametric Mann–Kendall trend test and the double-mass curve to
analyze runoff data from 1961 to 2010. The major ﬁndings are as follows: (1) annual runoff showed a
statistically signiﬁcant decrease, while precipitation showed no signiﬁcant trend; (2) an abrupt
change point was identiﬁed in 1998 at four representative stations, resulting in the study period
being divided into pre-change and post-change periods for subsequent analysis. The double-mass
curves were approximately linear in the pre-change periods, indicating that the dominant factor was
probably climate change. Annual precipitation–runoff curves showed a decreasing trend from 1998,
probably because of human activity; (3) the contributions of human activity to runoff in the postchange period for the four selected stations were 58.31%, 17.81%, 37.17%, and 47.66%, and the
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inﬂuence of human activity increased after the abrupt change point.
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INTRODUCTION
Climate and human activity are important factors inﬂuen-

atmospheric CO2 cause a small but signiﬁcant decrease in

cing runoff in many parts of the world (Stewart et al. ;

global runoff because of the responses of leaf-level processes

Hanna et al. ; Guo et al. ; Li et al. a). Climate

and vegetation dynamics. Chen et al. () investigated

change affects not only the environment, but also many

annual runoff and showed signiﬁcant decreasing trends in

aspects of social and economic development (Chen et al.

the Yellow River basin, yet no signiﬁcant trends were

), and human activity is believed to be another major

found in precipitation because most of the runoff reduction

cause of changes in land cover characteristics and hydrolo-

was attributed to human activity. Jiang et al. () separated

gical cycles. Both factors have important implications for

the impact of climate change and human activity on runoff

water resource management and the ecological and environ-

variability in the Weihe River basin using the decomposition

mental protection of river basins.

method and the sensitivity method, and their results showed

Over the years, many studies (e.g. Dettinger & Cayan

that climate change not only altered the hydrological factors

) have focused on assessing runoff trends and the

(precipitation, potential evaporation, etc.) but also water-

impact of human activity and climate variability on runoff.

shed characteristics, while the impacts of human activity

Owing to the spatial variability of these impacts, studies

on runoff mainly involved changing the watershed charac-

are typically performed on a local scale (basin or sub-basin

teristics. Li et al. (c) employed the Mann–Kendall and

scale) (Guo et al. ). Piao et al. () emphasized that

Pettitt tests to analyze a signiﬁcant downward trend in

the temporal changes in land use related to increased

annual runoff in the Luanhe River basin, and plotted
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double-mass curves of annual rainfall and annual runoff,

(1) analyze annual precipitation and runoff trends in the

estimating the comprehensive effects of land use/land

upper and middle reaches of the Taoer River basin using

cover change on annual runoff decrease. Generally, the

long time-series data from 1961 to 2010; (2) detect change

runoff of many rivers, especially in arid and semi-arid

points in the annual runoff time series to classify undis-

regions, has decreased signiﬁcantly (Guo et al. ), result-

turbed and disturbed periods; and (3) separate and

ing in a shortage of water resources and a deterioration of

quantify the contributions of precipitation and human

the ecological environment.

activity to runoff variability. The results of this study will

The Taoer River, northeastern China, is a representative
ecologically sensitive area that has experienced signiﬁcant

greatly assist in the decision-making and planning of water
resource managers.

climate change and rapid social developments since 1961
(Li et al. a). Climatic factors are regarded as direct inﬂuencing factors, of which precipitation is the most inﬂuential

STUDY AREA AND DATA

factor in river runoff (Loukas & Quick ; Liuzzo et al.
). With rapid growth in the population of the Taoer

Study area

River basin over the last 50 years, the expansion of agricultural acreage, and the corresponding decline in water area,

The Taoer River basin (∼45 60 –47 120 N, ∼117 180 –124 60 E),

the structure of land use has changed dramatically (Liu

in the transitional zone of the western slope of the Song-Nen

et al. ). All these factors have inﬂuenced the natural

Plain of northeastern China (Figure 1), has an area of

water cycle and runoff, making the upper and middle

approximately 4.3 × 104 km2, and a river length of 563 km.

reaches of the Taoer River an ecologically sensitive area of

As an important part of the Northeast China Plain, the

northeastern China (Zhang et al. ).

basin is a major rice-production area, supporting a popu-

This study focuses on the characteristics of precipitation

lation of 3.6 million (Liang et al. ). Based on the

and runoff changes in the upper and middle reaches of the

topography, river channel, and vegetation characteristics,

Taoer River and a quantitative analysis of precipitation

the river is divided into three parts, with the Chaersen reser-

and human activity. The objectives of this paper were to:

voir and Taonan hydrological station representing the

Figure 1

|

Sketch map of the study area.
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Non-parametric Mann–Kendall test

upper to lower reaches, with topography changing from
mountains to hills to plains, and the climate from semi-

The non-parametric MK test (Mann ; Kendall )

humid to semi-arid (Zhang et al. ).

detects signiﬁcant characteristics and trends in annual pre-

The upper and middle reaches were selected as the study

cipitation and runoff. For the series X ¼ fx1 , x2 , . . . , xn g,

area, which covers 27,633 km2. The elevation ranges from

in which n > 10, the standard normal test statistic Z is esti-

150 to 1,709 m. It has a cold temperate continental mon-

mated as follows:

soon climate, with mean annual temperatures ranging
from 2 to 5  C, mean annual evaporation ranging from
1,836 to 1,960 mm, and annual precipitation ranging from
350 to 400 mm. Precipitation in the rainy season (June to
September) accounts for 84%–89% of the annual total.

8
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
< ðS  1Þ= varðSÞ,
Z¼
0,
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
:
ðS þ 1Þ= varðSÞ,

S¼
Considering multiple factors, four stations were selected: the
gical station were selected as they are located at the outlet of
the upper and middle reaches, respectively, and Dashizhai
hydrological station was selected to consider the infusion

n1 X
n
X



sgn xj  xi

8
< þ1,
sgnðθÞ ¼ 0,
:
1,

varðSÞ ¼ nðn  1Þð2n þ 5Þ 

and runoff data were collected from 1961 to 2010, provided
by Songliao Water Resources Committee.
The annual runoff and precipitation trends were estimated using the non-parametric Mann–Kendall trend test
(the MK test), and the abrupt change points within the
series were determined using the double-mass curve. Finally,
statistical analysis was used to calculate the impact of pre-

X

#
tðt  1Þð2t þ 5Þ =18

(4)

where 1  t  n.
The statistical Z test follows the standard normal distribution. A positive Z indicates an increasing trend and a
negative Z indicates a decreasing trend. The critical value
Zα=2 at the α ¼ 5% signiﬁcance level of the trend test
equals ±1.96 (Guo et al. ).
The sum Sk consists of the number ri , related to the term
xn :

cipitation and human activity on the upper and middle
reaches of the Taoer River basin.

(3)

t

period of simultaneous runoff and precipitation records
area (Moraes et al. ); therefore, annual precipitation

θ>0
θ¼0
θ<0

"

was selected to improve the accuracy of the results

and to provide good spatial distribution within the study

(2)

i¼1 j¼iþ1

of the tributary. In addition, Zhenxi hydrological station
(Figure 1). The data set was chosen to cover the longest

(1)

where

Study data

gauging stations at Chaersen reservoir and Taonan hydrolo-

S>0
S¼0
S<0

Sk ¼

k
X

ri ,

i¼1



ri ¼

METHODS
In this study, a series of methods combining the non-parametric Mann–Kendall test (the MK test), the double-mass
curve, and statistical analysis were used to investigate
changes in precipitation and runoff in the upper and
middle reaches of the Taoer River.
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(5)

For large n, under the null hypothesis H0 of no change,
Sk is normally distributed around the mean and the variance
is given by:
E½Sk  ¼ kðk  1Þ=4; varðSk Þ ¼ kðk  1Þð2k þ 5Þ=72

(6)
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In testing the statistical signiﬁcance of Sk for this null

; Xu et al. ; Hastenrath ; Jiang et al. ). For

hypothesis, the two-tailed signiﬁcance test is used, the null

the purpose of comparison with previous research, this

hypothesis being rejected for a large value of the statistics

study examined the effect of precipitation and human

UFk given by:

activity on runoff for the period from 1961 to 2010. An
abrupt year means that in the trend analysis, the series of

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
UFk ¼ ðSk  E½Sk Þ= varðSk Þ

(7)

data (precipitation, runoff, and so on) have a signiﬁcant
change in the trend starting from a certain year, so that

Being the normalized variable, which is the forward
sequence, the backward sequence UBk is calculated using
the same equation but with a reversed series of data.
When the null hypothesis is rejected (i.e., if any of the
points in the forward sequence are outside the conﬁdence
interval), detection of an increasing (UFk > 0) or a decreasing (UBk < 0) trend is indicated. The sequential version of
the test used here enables detection of the approximate
time of occurrence of the trend by locating the intersection
of the forward and backward curves of the test. If the intersection occurs within the conﬁdence interval, then it
indicates a change point (Moraes et al. ; Li et al. ).

the tendencies before and after are not continuous any
more. Based on observed runoff (OR) and precipitation
data before the abrupt year, linear regressions (for which
reliabilities were veriﬁed with the F-test) of runoff and precipitation

were

established,

and

every

time-period’s

theoretical value (TR) of runoff after the abrupt year was calculated. Taking the multi-year mean runoff before the abrupt
year as the reference value, the difference (CP) between the
theoretical value and the reference value is the effect of precipitation on runoff, and the ratio of the difference and the
variation of the observed runoff is the contribution of precipitation to runoff (CRP); the difference (CH) between the
theoretical value and the observed value is the impact of
human activity on the change in runoff, and the ratio of

The double-mass curve

the difference and the variation of the observed runoff is
the contribution of human activity to runoff (CRH).

The theory of the double-mass curve (Searcy & Hardison
) is based on the fact that a graph of the sum of one
quantity against the sum of another quantity during the

RESULTS AND DISCUSSION

same period will plot as a straight line, so long as the data
are proportional; therefore, the slope of the line will represent

the

constant

of

proportionality

between

Trends in precipitation and runoff

the

quantities. A break in the slope of the double-mass curve

The rank-based MK test was chosen to analyze precipitation

means that a change in the constant of proportionality

and runoff trends because hydrological variables might not

between the two variables has occurred, or that the propor-

be normally distributed. The null hypothesis of no trend is

tionality will be constant for all rates of the quantity. If the

rejected if the test results differ signiﬁcantly from zero; this

possibility of a variable ratio between the two quantities

includes linear and non-liner a trends. The precipitation

can be ignored, a break in the slope indicates the time at

and runoff time series (from the beginning of 1961 to the

which a change occurs in the relationship between the

end of 2010) of the selected stations were collected and

two quantities.

the statistical results from the MK test are shown in Table 1.

Quantitative analysis

sen reservoir and Taonan station show decreasing trends,

As indicated in Table 1, annual precipitation at Chaerwhich occur at the Zhenxi and Dashizhai stations; however,
Although the effects of precipitation and human activity on

the trends for all selected stations are insigniﬁcant because

runoff can be complex, the statistical relationship between

the absolute MK Z values are less than 1.96 (Z0.05 ¼ 1.96).

runoff and inﬂuencing factors can still be established, and

Moreover, annual runoff in the study area shows a decreas-

has been performed by many other studies (Lee & Chung

ing trend at all stations, but only those of Chaersen reservoir
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station, which was signiﬁcant at conﬁdence levels of 95%
between 1992 and 2000. After 2000, annual runoff trends

Precipitation

Runoff

Station name

Z

Signiﬁcant (%)

Z

Signiﬁcant (%)

differences in runoff trends in the study area, but also tem-

Chaersen

0.39

N

2.01

95

poral differences. The turning point in runoff trend

Taonan

1.09

N

1.12

N

occurred around 2000, and changed an upward trend to a

decreased. The above analysis not only indicates spatial

Zhenxi

0.49

N

0.97

N

downward trend. This downward trend was signiﬁcant

Dashizhai

0.76

N

2.03

95

year by year, which may be because runoff is not only

N indicates conﬁdence level under 90%.

related to precipitation, but also to human activity. In
recent years, with the rapid development of irrigation districts in the study area, the demand for water has been

and Dashizhai station are signiﬁcant at a conﬁdence level of

constantly increasing.

95%. To further analyze runoff changes in the study area, the
MK sequential trend test with a forward UFk and backward

Abrupt change points in runoff

UBk was applied.
Figure 2 indicates similar runoff changes for the four

The results of the MK test for abrupt change points are also

representative stations. Before the mid-1980s, trends in

shown in Figure 2, and indicate that abrupt changes

annual runoff were highly variable, but basically showed a

occurred around 2000. However, the presence of multiple

downward trend. During the mid-1980s to the early 20th

intersections makes it difﬁcult to locate the exact beginning

century, the trends in annual runoff showed an increase,

of the change points. To better locate the change points, the

but were not signiﬁcant, except for the trend at Taonan

double-mass curve method was applied. Figure 3 shows the

Figure 2

|

Mann–Kendall sequential trend test of annual runoff with forward (UFk ) and backward (UBk ) for (a) Chaersen reservoir, (b) Taonan station, (c) Zhenxi station, and (d) Dashizhai
station.
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Double-mass curves for annual precipitation and runoff for (a) Chaersen reservoir, (b) Taonan station, (c) Zhenxi station, and (d) Dashizhai station.

cumulative annual precipitation and annual runoff of

The factors affecting runoff change include natural and
human factors. Natural factors include the underlying sur-

selected stations.
Generally, the double-mass curve is expected to be a

face, which remains relatively unchanged over a given

straight line when runoff is not signiﬁcantly affected by

period of time, and climatic conditions. Precipitation is the

human activity (Wang et al. ). In this study, the relation-

main climatic factor inﬂuencing runoff formation, and

ship

and

changes in precipitation directly affect the amount of

cumulative annual runoff can be approximately expressed

runoff. Human activities include industrial, agricultural,

by two linear regressions representing two stages based on

and domestic water use, water conservation and water con-

the year of the abrupt change point (1998) and the slope

servation projects, land use changes, etc. (Li et al. b).

between

cumulative

annual

precipitation

change of the cumulative quantity for each station. There-

However, there was no signiﬁcant change in land use in

fore, the study period (1961 to 2010) can be divided into

the study area from 1961 to 1997, and the effect of human

two sub-stages according to the change points: the pre-

activities on surface runoff is mainly reﬂected in the increasing

change periods and the post-change periods. The distri-

water demand for surface water in irrigation areas after 1998.

butions of cumulative points on the annual precipitation–

Using land use change as a reference and obtaining land

runoff curves show no signiﬁcant change at the selected

use data from 1970 to 2010, remote sensing images were

stations because the curves are approximately linear

interpreted using the ArcGIS 10.0 software platform,

during the pre-change periods. However, abrupt change

which were interpreted in 5-year intervals. However, the

points, higher than the regression lines, appear at 1998,

double accumulative curves of precipitation and runoff

and reﬂect a large ﬂood. After 1998, the double cumulative

before 1998 had small ﬂuctuations, with large ﬂuctuations

curves of annual precipitation–runoff for the four stations

during 1978 to 1987 (Figure 3). Therefore, the remote sen-

begin to decrease.

sing images of the study area from 1975 to 1990 were
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Results of land use by interpreting remote sensing images

Year

River (km2)

Paddy ﬁeld (km2)

Forest (km2)

Dry ﬁeld (km2)

Grassland (km2)

Habitation (km2)

Bare land (km2)

1970

1,999.44

3,907.14

7,086.93

7,956.28

5,289.34

1,934.54

937.00

1975

1,919.73

3,932.91

6,965.05

7,944.74

5,380.95

1,997.93

969.38

1976

1,935.79

3,852.77

7,018.98

8,009.32

5,299.80

1,989.87

1,004.05

1978

1,975.07

4,013.34

7,043.39

7,881.15

5,330.37

1,917.55

950.02

1980

2,062.66

4,082.14

7,022.95

7,782.64

5,238.66

1,958.86

962.92

1982

1,975.07

4,115.34

7,043.39

7,778.84

5,330.37

1,917.55

950.02

1984

1,975.07

3,973.34

7,043.39

7,721.15

5,330.37

1,917.55

950.02

1985

1,021.21

3,987.97

5,669.32

6,591.62

6,692.69

3,656.59

1,291.44

1986

1,119.59

3,773.43

5,626.85

6,544.87

6,707.17

3,630.31

1,508.65

1988

1,254.97

3,308.29

5,862.33

7,819.91

6,465.11

3,264.40

1,135.88

1990

992.61

3,225.81

6,170.16

7,837.66

6,606.00

3,040.50

1,038.09

1995

1,198.40

3,694.79

5,869.72

6,700.86

6,746.13

3,517.28

1,183.75

2000

1,009.77

4,295.77

6,181.83

6,692.35

6,735.54

2,956.06

1,039.31

2005

1,220.83

4,358.11

6,037.83

6,437.09

6,556.69

3,221.01

1,079.33

2010

1,100.20

4,467.65

6,115.33

6,491.91

6,716.75

3,154.63

863.72

analyzed in 2-year intervals. The land-use-type area data in

According to the data in Table 2 and the dynamic curves

each year in the study area were obtained (Table 2).

in Figure 4, the results in Figure 3 can be interpreted from a

Taonan hydrological station is located at the outlet of the

land use perspective. The areas of paddy ﬁeld and dry ﬁeld

middle reaches of the basin, and the double-mass curves

changed markedly, whereas the variation ranges of forested

for precipitation and runoff for Taonan station showed the

land, grassland, and bare land were small. From 1985 to

largest ﬂuctuation range; therefore, the runoff data with

1995, the area of dry ﬁeld increased and the area of paddy

the same series length as Taonan station were used to estab-

ﬁeld decreased with an increase in runoff. After 1998,

lish dynamic curves of ﬁve land use types (paddy ﬁeld,

runoff showed a decreasing trend, and the paddy ﬁeld area

forest, dry ﬁeld, grassland, and bare land) and runoff over

showed a concurrent and substantial increasing trend,

time (Figure 4).

whereas the dry land area showed a decreasing trend. The

Figure 4

|

Dynamic curves of the area of each land use type and runoff over time.
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F

Signiﬁcant
F

Chaersen

(1) R1 ¼ 0.0212P1 
1.9501

0.64

24.49

0.000019

Taonan

(2) R2 ¼ 0.0472P2 
4.2276

0.55

15.55

0.000370

Zhenxi

(3) R3 ¼ 0.0390P3 
2.0952

0.65

26.05

0.000012

Dashizhai

(4) R4 ¼ 0.0053P4 þ
1.0550

0.38

5.96

0.019833

trast, as the area of paddy ﬁeld decreased and the area of dry

tively stable, and the ranges of change were not signiﬁcant.
to dry ﬁeld or dry ﬁeld to paddy ﬁeld (especially during
1978–1987), this did not affect the variation trend in precipitation and runoff and the correlation between the
cumulative annual precipitation and runoff. After 1998,

2018

Correlation
coefﬁcient

Station

Although there were small-scale changes from paddy ﬁeld

|

Linear regression
equation

and the area of dry ﬁeld decreased, runoff decreased. In con-

paddy ﬁeld and dry ﬁeld in the study area remained rela-

in press

Results of the linear regression and F-tests

and runoff were similar; as the area of paddy ﬁeld increased

ﬁeld increased, runoff increased. Before 1998, the areas of

|

Notes: Ri is the annual runoff (108 m3); Pi is the annual precipitation (mm); i ¼ 1, 2, 3, 4.

with the development of irrigated areas and the construction
of water conservation facilities, human water demands

equations are all signiﬁcant. Thus, all four regression

increased steadily. Hence, the reduction in runoff during

equations can be used to predict and evaluate the effect of

the 1998 to 2010 period may be due to human activity.

precipitation on runoff.

Figure 3 indicates an increasing inﬂuence of such activities
in recent years.

According to the linear regression equations, the theoretical values of the annual runoff after the abrupt year,
which were equivalent to runoff formed by natural precipi-

Effects of precipitation and human activities on runoff

tation, can be calculated. Using the observed runoff before
the abrupt change as the background value, the theoretical

In order to separate and quantify the respective impacts of

runoff was calculated for different periods.

precipitation and human activity on runoff, we calculated

However, the period from 1998 to 2000 was analyzed

the time series of precipitation and runoff. The study

separately because the Taoer River basin experienced an

period was divided into two periods based on the abrupt

extraordinary ﬂood in 1998, which would have masked the

change point. Under natural conditions, precipitation and

impact of human activity. The results are shown in Table 4.

runoff were correlated positively, because of the signiﬁcant

The pre-change period (1961–1997) was classiﬁed as the

linear relationship before 1998, which was observed in the

basic period, during which human activity was weak and

double cumulative curves of annual precipitation runoff.

runoff was inﬂuenced mainly by climatic factors. However,

This indicated that the changes in runoff and precipitation

it was difﬁcult to distinguish the dominant factor from

during this period were synchronous, and that runoff was

1998 to 2000 owing to the extraordinary ﬂood in the

not unduly disturbed by human activity.

Taoer River basin. In the subsequent period (2001–2010),

Using the empirical formula method of the hydrological

runoff was inﬂuenced by both precipitation and human

method, the linear regression equations of precipitation and

activity. After the abrupt change point (1998), precipitation

runoff before the abrupt years in the upper and middle

and human activity contributed 41.69% and 58.31%,

reaches were established, and the results of the F-test are

respectively, to reductions in runoff in the upper reaches

presented in Table 3.

according to data from Chaersen reservoir. The data from

From Table 3, the correlation coefﬁcient of the

Zhenxi station, Dashizhai station, and Taonan station, in

regression in Equation (4) is 0.38, indicative of a low corre-

the middle reaches, show contributions from precipitation

lation between precipitation and runoff. However, the

of 62.83%, 52.34%, and 82.19%, respectively. Meanwhile,

correlation coefﬁcients of the other three equations show

the contributions from human activity were 37.17%,

that they are signiﬁcantly correlated, and the results of the

47.66%, and 17.81%, respectively.

F-test of the four regression equations are all signiﬁcant at

After 2000, the inﬂuence of human activities on the

α ¼ 0.05, indicating that the four groups of regression

study area increased, and the inﬂuence of precipitation
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Inﬂuence of precipitation and human activity on runoff decline in the upper and middle reaches of the Taoer River basin

VO

CP

CH

Station

Data period

OR (108 m3)

TR (108 m3)

Variation (108 m3)

Ratio (%)

Variation (108 m3)

CRP (%)

Variation (108 m3)

CRH (%)

Chaersen

1961–1997
1998–2000
2001–2005
2006–2010
1998–2010

7.74
11.70
2.92
2.98
4.97

7.74
6.86
5.79
7.22
6.59

—
3.96
4.82
4.76
2.77

—
51.15
62.28
61.47
35.79

—
0.88
1.95
0.53
1.16

—
22.14
40.46
11.07
41.69

—
4.84
2.87
4.23
1.62

—
122.14
59.54
88.93
58.31

Taonan

1961–1997
1998–2000
2001–2005
2006–2010
1998–2010

14.47
29.07
4.87
5.16
10.57

14.47
14.46
9.76
10.85
11.26

—
14.60
9.60
9.31
3.91

—
100.86
66.36
64.32
26.99

—
0.01
4.71
3.63
3.21

—
0.10
49.07
38.95
82.19

—
14.61
4.89
5.68
0.70

—
100.10
50.93
61.05
17.81

Zhenxi

1961–1997
1998–2000
2001–2005
2006–2010
1998–2010

13.29
26.78
5.87
7.27
11.24

13.29
14.85
9.57
12.72
12.00

—
13.49
7.42
6.02
2.06

—
101.50
55.85
45.29
15.48

—
1.56
3.72
0.57
1.29

—
11.55
50.13
9.54
62.83

—
11.93
3.70
5.45
0.76

—
88.45
49.87
90.46
37.17

Dashizhai

1961–1997
1998–2000
2001–2005
2006–2010
1998–2010

3.13
8.24
1.16
1.23
2.82

3.13
3.36
2.64
3.07
2.97

—
5.11
1.97
1.90
0.31

—
163.12
62.87
60.59
9.84

—
0.23
0.49
0.06
0.16

—
4.43
24.96
3.36
52.34

—
4.88
1.48
1.83
0.15

—
95.57
75.04
96.64
47.66

Notes: OR is the annual mean value of the observed runoff data (108 m3); TR is the annual mean value of the theoretical runoff data (108 m3); VO is the variation of the observed runoff; CP is
the contribution of precipitation to runoff; CH is the contribution of human activity to runoff; CRP is the contribution rate of precipitation to runoff (%); CRH is the contribution rate of human
activity to runoff (%).

decreased, more so in the upper reaches than the middle

precipitation and human activity to runoff in the upper

reaches. These results are consistent with the double-mass

and middle reaches of the river basin. The main conclusions

curve analysis and the analysis of land use discussed

of this study are as follows:

above. As the main source of water for the irrigation district,
Chaersen reservoir runoff was mainly affected by human

(1) There is no clear precipitation trend because absolute

activity; a result of large irrigation areas and continually

MK Z values are all less than 1.96. Runoff shows a signiﬁ-

increasing water demands since 2000. Human activity had

cant decreasing trend after approximately the year 2000.

a minimal inﬂuence on runoff at Taonan station, probably

(2) From 1961 to 2010, the pattern of runoff in the research

owing to the presence of sink ﬂows such as the Jiaoliu

area changed, resulting in the study period being divided

River and Guiliu River in the middle reaches, which can

into two stages. Before 1998, the double-mass curves

weaken the inﬂuence of human activity on runoff.

were approximately linear, indicating that precipitation
was the main factor inﬂuencing runoff. However, an
abrupt change point at 1998 occurred because of a
large ﬂood, after which runoff began to decrease as

CONCLUSIONS

water demands for irrigation gradually increased.
The MK test and double-mass curve were used to examine

(3) Human activity was the main factor that affected runoff

long-term trends in precipitation and runoff; runoff data

in the study area after the year of the abrupt change

for the Taoer River basin from 1961 to 2010 was divided

point, showing mean contributions to the post-change

into two stages based on a runoff change point. Statistical

runoff period of 58.31%, 37.17%, 47.66%, and 17.81%,

analysis

for all four hydrological stations. Furthermore, the

was

used

to

quantify

the

contribution
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impact of human activity showed a signiﬁcant increasing
trend in the upper and middle reaches of the Taoer River
basin. Moreover, our analysis indicated that the inﬂuence of human activity was largest on the runoff at
Chaersen reservoir, which is the main source of water
for the irrigation district.
With the rapid development of industry and agriculture
and increased water demand for human consumption, water
shortages and imbalanced supply and demand remain, and
seriously threaten water security and sustainable development of the study area. This study not only contributes to
understanding the characteristics of water resources’
change in the area, but also recommends that watershed
management plans include the development of water
resources in order to promote the coordination of local ecological protection and economic development.
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