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The research of the runoff structure and its influencing factors in the Xilinhe River Basin not only provides indispensable basic data
for the economic development, but also has long-term significance for the protection of grasslands. Based on the runoff data of
Xilinhot Hydrological Station from 1960 to 2010 and the daily meteorological data of three surrounding weather stations from
1960 to 2010, the paper calculated the potential evapotranspiration with Penman’s formula and used the combination of Mann-
Kendall and Pettitt to diagnose the variation points of characteristic value of runoff distribution during the year. The cumulant
slope change rate method is used to quantitatively analyze the contribution rate of climate change and human activities to the
uneven distribution coefficient and the complete adjustment coefficient of runoff during the year. The results show that (1) the
monthly distribution of runoff in the Xilinhe River Basin is obviously “bimodal” during the year, and the uneven coefficient,
complete adjustment coefficient, and concentration in the 2000s are significantly higher than those of 60s-90s. (2) In 1998, the
coefficient of uneven distribution of runoff in the Xilinhe River Basin and the coefficient of complete adjustment both showed
abrupt changes. (3) Climate change and human activities contributed 11.48% and 88.52% and 9.35% and 90.65% to the uneven
distribution coefficient and the complete adjustment coefficient, respectively, of the runoff in the Xilinhe River Basin. Human
activities are the main driving factors for changes in the distribution of runoff in the Xilinhe River Basin during the year.

1. Introduction

Runoff is an important part of hydrology and also critical to
the research of surface water resources. Changes in runoff
can usually be divided into numerical changes in runoff [1–
9] and structural changes in runoff processes [10]. In recent
years, influenced by climate change and human activities, a
series of ecological problems appeared in the river runoff,
such as the decrease in runoff, shrinkage of rivers, and dry
up of downstream rivers [11–14]. Therefore, the studying
on runoff changes under the effects of climate change and
human activities has certain practical significance. At pres-
ent, most studies focus on the numerical changes of runoff
under the influence of climate change and human activities.
For example, Tu et al. [1] studied the changes of runoff in

the Bahe Basin of Qinling Mountains and analyzed its
influencing factors. Hou et al. [2] studied the runoff changes
of the Weihe River in the past 50 years and concluded that
human activities are the main reason for its runoff reduction.
He et al. [3] studied the contribution rate of climate change
and human activities to the change of runoff in the upper
and middle reaches of the Heihe River. There are relatively
fewer studies on changes in runoff structure. The runoff
structure represented by the distribution of runoff during
the year has also undergone corresponding changes under
the influence of climate change and human activities. The
distribution of runoff during the year is not only closely
related to droughts and floods, but also water usage sectors,
closely related and provides indispensable basic data for the
development of the national economy [15–18]. At present,
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among the few studies on the changes in the yearly distribu-
tion characteristics of the runoff [19, 20], there are very few of
them on the changes in the distribution characteristics of the
river runoff under the influence of climate change and
human activities but only Huang et al. [15] studied quantita-
tively on the contribution rate of rainfall, potential evapo-
transpiration, and human activities in the Weihe River
Basin runoff concentration and uneven coefficient. However,
different basins have different hydrological responses to cli-
mate change and human activities. The Xilinhe River Basin
is a typical grassland watershed, and studying the distribu-
tion characteristics of this area during the year is of great sig-
nificance for grassland protection.

2. Data Sources and Research Methods

2.1. Overview of the Study Area. As shown in Figure 1, the
Xilinhe River originates from 12 lakes including Aolun in
the Kashkten banner of Chifeng City. It runs through the
central part of Xilin Gol League with a total length of 205
kilometers, covering a valley of 1-5 kilometers and a drainage
area of 6,263 square kilometers. The upper reaches of the
Xilinhe River go up to Cunisuman and flow through the hilly
area. The river course is abnormally curved, running from
east to the west. The general river valley is 1 km wide, and
the river course is down 1/150-1/400. Below Cunisuman are
the middle and lower reaches. The river turns northward,
forming a river basin with swamps in between it. The river
valley is 2-5 kilometers wide, and for some river sections, it
could be as wide as 8 kilometers. The river course is reduced
by 1/500-1/1000 and in the end goes into Baiyinnur Lake in
east Ujumqin Qi.

2.2. Research Data. The digital elevation model (DEM) in this
paper is taken from the 1 km resolution SRTM DEM data of
Global Land Cover Facility (http://www.glof.gov). The mete-
orological data is taken from China Meteorological Data
Sharing Service Network (http://cdc.cma.gov.cn). Due to
the sparse distribution of meteorological and hydrological
stations in the Xilinhe River Basin, this paper has chosen
daily meteorological data from 1960 to 2010 from 3 meteoro-
logical stations in the Xilinhot Station of Xilinhe River Basin
and the surrounding Abaga Qi Station and Linxi Station and
Xilinhot Hydrological Station (shown in Figure 1), and mete-
orological data include rainfall, temperature, maximum tem-
perature, minimum temperature, relative humidity, wind
speed, and sunshine hours, and all data have passed the uni-
formity test of 95% confidence. Potential evaporation is cal-
culated by Penman’s formula. Using ArcGIS spatial
interpolation method, the average annual precipitation and
average potential evaporation in the basin are obtained, and
the monthly and annual values of runoff, rainfall, and poten-
tial evaporation are obtained by summing the daily values.

2.3. Research Methods. The calculation formulas for the
uneven distribution coefficient (Cv) and the complete adjust-
ment coefficient (Cr) of the meteorological and hydrological

distribution during the year [19, 20] are as follows:

Cv =
σ
�R
, σ =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1/12∑12

i=1 Ri − �R
� �2q

1/12∑12
i=1Ri

h i , ð1Þ

where Ri is the monthly runoff, rainfall, and evaporation
during the year; �R is the average monthly runoff, rainfall, and
evaporation during the year. It can be seen from the formula
that the higher the Cv value, the larger the difference between
monthly runoff, rainfall, and evaporation during the year,
meaning more uneven distribution of annual runoff, rainfall,
and evaporation. The calculation formula [19, 20] of the
complete adjustment coefficient for the distribution of run-
off, rainfall, and evaporation within the year is as follows:

Cr =
∑12

i=1Ψ tð Þ R tð Þ − �R
� �

∑12
i=1R tð Þ

, ð2Þ

Ψ tð Þ =
0, R tð Þ < �R,
1, R tð Þ ≥ �R:

(
ð3Þ

The concentration of runoff is an index to reflect the con-
centration of annual runoff, and the concentration period is
an important indicator to reflect the period of time when
the largest runoff occurs in a year. It regards the runoff of
each month of the year as a vector, the size of the monthly
runoff represents the length of the vector, and the month in
which it is located represents the direction of the vector.
The monthly average of runoff is reaveraged by the monthly
average of 12 months, and the month is used as the calcula-
tion period. Since the total number of days in different
months differs, it must be generalized, meaning treating each
month as a certain period of time and a year is regarded as a
circle and 0° at the January runoff vector. 30° equiangular dif-
ference indicates the location of runoff from February to
December. If the monthly runoff is decomposed into compo-
nents in the x and y directions, the vector composition in the
x and y directions and the combined total vector [21, 22] of
the monthly runoff can be expressed as follows:

Rx = 〠
12

i=1
ri sin θi, ð4Þ

Ry = 〠
12

i=1
ri cos θi, ð5Þ

R =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2
x + R2

y

q
, ð6Þ

where Ri and θi are the size and direction of the monthly
runoff; Rx and Ry are the composite vectors in the x and y
directions, respectively; R is the composite total vector of Rx
and Ry. The concentration degree RCDyear and the
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concentration period RCPyear are defined as follows:

RCDyear =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2
x + R2

y

q
Ryear

, ð7Þ

RCPyear = arctan RX

Ry

 !
: ð8Þ

2.3.1. Mutation Test. The mutation test analysis adopts a
combination of Mann-Kendall and Pettitt, a nonparametric
test recommended by the World Meteorological Organiza-
tion (WMO). Using the Mann-Kendall rank test method
sometimes detects a lot of mutation points, and there may
be false points, so this paper adopts a combination of M-K
and Pettitt for the mutation study of the distribution
sequence within the runoff year to identify the true mutation
point position of the sequence.

2.3.2. Comparison Method of Cumulant Slope Change Rate.
Assuming that before and after the year mutation happens,

the slope of the linear relationship between the cumulative
runoff coefficient-year linear relationship is SRi2 and SRi1
(unit: 108m3/a); the slope of the cumulative precipitation
year distribution coefficient-year linear relationship is SPi2
and SPi1 (unit: mm/a), and the contribution rate CPi (unit
%) of precipitation factor to runoff change can be expressed
as [23, 24]

CPi =
100 × SPi1 − SPi2ð Þ/ SPi2j j

SRi1 − SRi2ð Þ/ SRi2j j : ð9Þ

Similarly, the slope of the linear relationship between
cumulative potential evapotranspiration before and after
the mutation year-year distribution coefficient-year linear
relationship is SEi2 and SEi1 (unit: mm/a). The contribution
rate of potential evapotranspiration to runoff change CEi
(unit: %) can be expressed as follows:

CEi =
100 × SEi1 − SEi2ð Þ/ SEi2j j

SRi1 − SRi2ð Þ/ SRi2j j : ð10Þ
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Figure 1: The location of Xilinhe River and related weather stations and hydrological stations.
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Figure 2: Month distribution characteristics in the years of runoff in Xilinhe River.

Table 1: Statistic characteristics of annual runoff distribution in Xilinhe River.

Period
Uneven

coefficient/Cv

Complete adjustment
coefficient/Cr

Concentration
rate/%

Concentration period
Relative

change/(108m3)
Composite vector

direction
Maximum runoff

time

1960-
1969

1.3 0.470 0.487 90.6 April 15 0.848

1970-
1979

1.25 0.437 0.508 85.8 April 10 0.841

1980-
1989

1.33 0.486 0.567 93.3 April 18 0.567

1990-
1999

1.24 0.465 0.538 171.25 July 6 0.971

2000-
2010

1.57 0.571 0.671 121.1 May 16 0.574
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Figure 3: The M-K diagnosis of uneven coefficient.
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With contribution rates of the above climatic factors,
according to the principle of water volume balance, the con-
tribution of human activities to runoff reduction CHi (unit %)
can be expressed as

CHi = 100 − CPi − CEi: ð11Þ

The contribution rate of climate change and human
activities to the full adjustment coefficient of the annual run-
off distribution can be calculated in the same way.

3. Results and Discussion

3.1. Changes in Monthly Distribution of Runoff during the
Year. As shown in Figure 2, the distribution characteristics
of annual runoff in the Xilinhe River Basin from 1960 to
2010 present obvious “bimodal.” From December to next
February of the following year, the runoff was basically down
to zero due to freezing. Starting from spring, with the tem-
perature going up, the runoff gradually increases, reaching
its maximum in April, accounting for about 33% of the
annual runoff. Afterwards, the runoff gradually decreased
and increased starting from summer to the second peak in
August, accounting for about 13% of the annual runoff. This
is mainly because the Xilinhe River area is cold and snow-
rich in winter, and only starts to warm up after April, when
a large amount of surface ice and snow begin to melt under
the sun. Because the temperature in the soil is still lower than
the surface temperature, the soil layer is still frozen, making it

difficult for the snowmelt water to infiltrate into the soil layer,
causing a large amount of snowmelt water to flow into the
river, forming a spring flood [25]. As the soil temperature
goes up in May, the snowmelt water began to seep, and the
runoff decreased. June to August usually witness the most
abundant rainfall in the Xilinhe River Basin, reaching 61%
of the annual rainfall; hence, the second peak comes. After
mid-October, the Xilinhe River Basin will enter the freezing
period.

3.2. Statistical Characteristics of Annual Runoff Distribution.
In order to further study the characteristics of the runoff dis-
tribution in the Xilinhe River Basin during the year, statistical
analysis was made on the uneven coefficient, complete
adjustment coefficient, concentration, concentration period,
and relative change range of runoff, and the results are shown
in Table 1. The watershed runoff uneven coefficient and com-
plete adjustment coefficient in the 2000s are the largest,
followed by those in the 80s. The runoff uneven coefficients
and full adjustment coefficients in the 60s-70s and 90s are
smaller. For runoff concentration, the highest concentration
happened in the 2000s, followed those in 80s, and the one
in the 60s is the smallest. The reason is that around 2000,
Xilinhot City (accounts for approximately 63.9% of the basin
area) developed rapidly. More people came to the city as the
economy roared and more exploitations to groundwater to
satisfy increasing need on the drinking of surface water,
changing long-term runoff distribution pattern with natural
factors as the main controlling factor. From the perspective
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Figure 4: The M-K diagnosis of complete adjustment coefficient.

Table 2: Variation in characteristic values of runoff seasonal distribution of Xilinhe River in 1960-2010.

Location Characteristics
Characteristics

Trending
analysis

Test on the station Before mutation After mutation

Average
value

Coefficient
of variation

Volume Sig. Significance Year
Average
value

Coefficient
of variation

Average
value

Coefficient
of variation

Xilinhot

Uneven
coefficient

1.339 0.216 0.208 0.041 0.0418 1998 1.15 0.178 1.57 0.307

Complete
adjustment
coefficient

0.487 0.078 0.367 0.004 0.0073 1998 0.461 0.054 0.573 0.174
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of changes in the concentration period, the maximum runoff
from 60s to 80s occurred in April, and the maximum runoff
during the 90s’ concentration period is now in July. The main
sources of runoff replenishment in the Xilinhe River Basin
are melting ice and snow and atmospheric precipitation.
The melting of ice and snow mainly starts in April and tends
to form a large amount of surface runoff in April. July is the
rainiest season of the year and tends to form a large amount
of surface runoff. However, the maximum runoff occurred in
May during the 2000s’ concentration period. The above situ-
ation also shows that especially after the 2000s, the increasing
human activities seriously affected the runoff distribution.

3.3. Diagnosis of Variation Point of Uneven Distribution
Coefficient and Full Adjustment Coefficient of Annual
Runoff Distribution. As shown in Figure 3, the M-K test
was applied to check the coefficient of uneven distribution
of runoff in the Xilinhe River Basin for abrupt changes. The
results show that there are three intersections between UF
and UB of the coefficient of uneven distribution of runoff in
1963, 1966, and 1998. In order to verify the mutation, this
paper applied the Pettitt method for further test. The Pettitt
method test results show that the mutation only happened
in 1998, and the P is 0:0418 < 0:05, and the test result is sig-
nificant. The M-K test result of the distribution of the full
adjustment coefficient within the year showed that UF and
UB only had one intersection point, and further test by Pettitt
method showed that P was 0:0073 < 0:05, and the test result
was significant. As shown in Figure 4, it shows that 1998 is
the mutation point of the uneven distribution coefficient of
runoff and the complete adjustment coefficient of the year.
From Table 2, we can see that the uneven coefficient and
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the complete adjustment coefficient of the annual runoff dis-
tribution have mutations. The average value and the coeffi-
cient of variation before the mutation are smaller than that
after the mutation. It can be seen that the interannual vari-
ability of runoff in this basin increases drastically, and the
risk of drought and flood increases; this is unfavorable to
the use of water resources.

3.4. Quantitatively Decompose the Contribution Rate of
Climate Change and Human Activities to Changes in the
Distribution Characteristics of Runoff during the Year. Taking
1998 as the turning point, the Xilinhe River Basin’s intra-
annual runoff distribution characteristic value was divided
into two periods, 1960-1998 and 1998-2010, and linear
regression analysis was performed on the cumulative runoff
unevenness coefficient and complete adjustment coefficient
between the years (please see Figures 5 and 6 for details). It
is safe to say that changes in the annual distribution of runoff
in the basin from 1960 to 1998 were basically influenced by
climate change with minor effects from human activities.
After that, the changes have been affected by both climate
change and human activities. Since 1998, human activities
have been greatly expanding in the basin. From Figures 5–
10 and Table 3, we can see that the slope of the abrupt change
of the runoff distribution coefficient and the full adjustment
coefficient during the year is greater than that before the
change, while the slope of the precipitation and potential
evapotranspiration after the change of the full adjustment
coefficient is less than before the mutation. Moreover, the

variation of the uneven distribution coefficient and the slope
of the complete adjustment coefficient of runoff during the
year are much higher than that of rainfall and potential
evapotranspiration. According to formula (9)–(11), the con-
tribution rate of climate change and human activities to the
change in the distribution characteristics of the runoff in
the Xilinhe River Basin could be conducted, and the results
are shown in Table 4. It can be seen from Table 4 that the rel-
ative contribution rate of human activities to the uneven dis-
tribution coefficient and the full adjustment coefficient of
runoff during the year is much greater than that of climate
change. Potential evapotranspiration inhibits the uneven
distribution coefficient and complete adjustment coefficient
of runoff during the year, and rainfall aggravates it.
Human activities are the main cause of changes in the dis-
tribution of runoff during the year by changing part of the
water cycle.

4. Conclusion

(1) The monthly distribution of runoff in the Xilinhe
River Basin is extremely uneven during the year, with
the highest uneven distribution coefficient of 2.21
(2005), and the runoff is mainly concentrated in
April to September. From the perspective of seasonal
changes, runoff is mainly concentrated in summer
whereas zero runoff in winter. The distribution char-
acteristics of runoff during the year are obviously

Table 3: Change ratio of the slopes of accumulative characteristic values of runoff, precipitation, and potential evaporation seasonal
distribution in1960-2010.

Location
Influence
factor

Time
period

Uneven coefficient Complete adjustment coefficient
Cumulative slope

rate
Changing
volume

Changing
rate/%

Cumulative slope
rate

Changing
volume

Changing
rate/%

Xilinhot

Runoff

1960-
1998

1.284 0.455

1998-
2010

1.578 0.294 22.9 0.580 0.125 27.5

Rainfall

1960-
1998

1.282 0.5218

1998-
2010

1.178 0.104 8.11 0.4816 0.04 8.35

Evaporation

1960-
1998

0.5176 0.2423

1998-
2010

0.4892 0.0284 -5.48 0.2283 0.014 -5.78

Table 4: Relative contribution of climate change and human activities to the change in characteristic values of runoff seasonal distribution in
Xilinhe River.

Location
Relative contribution to the uneven coefficient/% Relative contribution to the complete adjustment coefficient/%

Rainfall
Potential

evaporation
Climate
change

Human
activities

Rainfall
Potential

evaporation
Climate
change

Human
activities

Xilinhot 35.41 -23.93 11.48 88.52 30.36 -21.01 9.35 90.65
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“bimodal,” which is different from the single-peak
characteristics of the annual runoff distribution in
Yingluoxia [19] and Kaidu River Basin [20]. This is
mainly due to the melting of the heat-sensitive sur-
face caused by the latent heat generated by solar radi-
ation and evaporation and the temperature difference
between the snow and the atmosphere in April. But
since the soil’s permeability has not fully recovered
after being frozen for a long time, the permeability
of the underlying surface is weaker than the rate of
snowmelt runoff, resulting to the “first peak”

(2) It can be seen from the analysis results of the statisti-
cal characteristics of runoff distribution within the
year that the uneven coefficient, complete adjustment
coefficient, concentration degree, and the concentra-
tion period from 60s to 90s are relatively stable with
minor changes. The maximum runoff occurs in April
or July, which coincides with the monthly distribu-
tion of runoff during the year. The uneven coefficient,
complete adjustment coefficient, and concentration
of 2000s are significantly higher than those in the
1960s-1990s with abnormal concentration period.
The runoff process is the result of the comprehensive
effect of climate change and the underlying surface of
the basin. The runoff observed by hydrological sta-
tions shows the result influenced by climate change,
land use change, water volume adjustment, and water
consumption of water conservancy projects. Around
2000, Xilinhot City (approximately 63.9% of the
watershed area) developed vigorously with obvious
expansion, changing land use patterns and intensify-
ing surface water drinking and groundwater extrac-
tion. This has changed the long-term runoff
distribution pattern with natural factors as the main
controlling factor. Extensive human activities have
affected the distribution of runoff during the year,
making it more difficult for human to control

(3) The uneven distribution coefficient and the complete
adjustment coefficient of runoff during the year, after
combined with Mann-Kendall and Pettitt, show a
time-series variation point in the sequence, both hap-
pened in 1998. Climate change and human activities
contributed 11.48% and 88.52% and 9.35% and
90.65% to the uneven distribution coefficient and full
adjustment coefficient of the runoff in the Xilinhe
River Basin, respectively. Human activities are the
main driving factors for changes in the distribution
of runoff in the Xilinhe River Basin. The contribution
rate of human activities to the annual distribution of
runoff analyzed in this paper includes the storage reg-
ulation of water conservancy projects, industrial
water consumption, and the change of land use types.
Due to the lack of relevant detailed information and
the intricate interactions between factors, how to fur-
ther quantitatively decompose the influence of these
factors on the distribution characteristics of runoff
during the year remains challenging for research
and calls for further discussion in the future
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