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Precipitation variability and land surface changes are the two primary factors that affect basin hydrology, and thus estimation of
their impact is of great importance for sustainable development at a catchment scale. In this study, we investigated the long-term
changes in precipitation and runoff, from 1961 to 2011, in the Yihe River basin byMann-Kendall test. A newmethod of trend pattern
was put forward and used to identify the trends of precipitation and runoff, which indicated that the basin had a decreasing trend
in annual runoff.The change point occurred in the year 1985 dividing the long-term series into two periods. Precipitation elasticity
and linear regression methods were used to quantify the impact of precipitation and land surface change on runoff and provided
consistent results of the percentage change in an annual runoff for the postchange period. Use of these methods reveals that the
reduction in annual runoff is mainly due to precipitation variability of 56.38–67.68% and land surface change of 43.62–32.32%, as
estimated by precipitation elasticity and linear regression methods, respectively. Due to the rapid growth of urbanization, the land
surface change increased from 1990 to 2010. The result of this study can provide a reference for the management of regional water
resources.

1. Introduction

The runoff of some rivers in the world especially in the arid
and semiarid areas has reduced remarkably due to human
activities in the last decades. In addition to precipitation
change, increases in land surface changes due to the growth
of population such as deforestation, afforestation, and urban
constructions have also altered the hydrological process,
which leads to a change in the water cycle and affects
the runoff [1]. Water resources managers and planners are
looking for simple and easy methods to determine the
contribution of precipitation and land surface change on
runoff, which supports sustainable natural resources devel-
opment, particularly in the catchment scale. The significant
reduction in runoff is a strong indicator of influences of

precipitation and land surface changes on the hydrological
process of the catchment [2, 3]. Particularly in China, due
to the variation in regional precipitation changes coupled
with strong economic and industrial development during
the past decades [4], several researchers have paid attention
to understand the impacts of precipitation and land surface
change on the hydrological process. The runoff reduction
in the arid and semiarid areas of China has brought severe
difficulties in livelihood and ecology. As a result of the
recent intensification of human activities, such as agriculture
activities, deforestation, hydraulic projects, and soil andwater
conservation measures, considerable concentration has been
given to assessing the impacts of land surface changes on
runoff [5]. It has been an important scientific problem in
hydrology to reveal the physical characteristics of the basin
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and trends of runoff change and their influencing factors.
Furthermore, the impacts of precipitation and land surface
change impacts vary from place to place and need to be
identified for local scale.

Much research has been done on the runoff variations of
different river basins across the world in the previous few
years. According to characteristics of the watersheds, four
aspects of studies on runoff changes can be recognized: (1)
arid region, for example, quantifying the effects of climate
variability and human activities on runoff for Kaidu River
basin [6]; (2) semiarid region, many studies discussing the
influence of human activities on runoff in this region [7–10];
(3) humid region, for example, the studies on the assessment
of climate change and human activities on runoff variation of
theHuifa River basin [11]; (4) semihumid region, for example,
separating the effect of human activities using different time
scale in the Zhang River basin [3, 12].

Several methods have been used to assess the impacts of
precipitation and land surface changes on the hydrological
processes, but to date, no standardmodel has been developed.
In the past, paired catchment experiment method was used
to determine the impact of precipitation and land surface
changes on the hydrological process.The experimental meth-
ods are time-consuming, expensive, and difficult to locate
suitable controls [13–15]. On the other hand, physically based
hydrological models, such as soil and water assessment
tool, variable infiltration capacity model, the Xinanjiang
model, and the HBV model, are always limited due to
the time-consuming process of calibration and validation.
These models also require extensive and complex dataset and
have unpredictable output results, model parameters, and
structure [16, 17]. According to methods, these studies could
be divided into five categories: (1) time series analysis, for
example, the studies on the changing trends and regime shift
of streamflow in the Yellow River basin [5]; (2) change point
analysis, such as Mann-Kendall rank analysis used to assess
the abrupt change in runoff from the Yellow River basin
[18]; (3) the rainfall-runoff relationship, for example, the
assessment of runoff variation due to human activities in the
middle reaches of the YellowRiver [19]; (4) statistical analysis,
for example, a simple linear regression and multiple linear
regression methods used to quantify the human activities on
runoff variation inmiddle reaches of the Yellow River and the
Laohahe basin in northern China [20, 21]; (5) land use and
land surface change impact on runoff variation assessed in
West Liaohe River Basin and Yellow River basin [7, 22].

However, it is often difficult to get a quantitative estima-
tion of land surface change to runoff variation.The studies for
this region found that runoff declined during period 1990–
2000 as compared to period 1980–1990 [23]. Yao et al. [23]
found that land surface change leads to reduced runoff in
this region. This reduced runoff can cause a severe problem
for the environment, the rivers, and estuary ecosystem, and
socioeconomic systems. However, the study conducted by
Yao et al. [23] focused on peak flow rather than hydrography
altered by land surface changes. Further, it also did not
quantify the impacts of variations in precipitation and land
surface changes in the Yihe River basin. More importantly,
the scientific community still expresses a different opinion on

how land surface and precipitation variability vary regional
water resources in the Yihe River. There is a need to update
the knowledge of land surface change and hydroclimatic
variables for different rivers, particularly large rivers to assist
global as well as regional water resources management.There
is a need to study the impact of precipitation and land
surface change in the Yihe River basin using simple and easily
applicable method. Moreover, some new statistical methods
have been developed and used to quantify the impacts of
precipitation and land surface changes on the hydrological
process of the basin. Before application of these methods,
time series data are divided into two periods by an advanced
statically method (Pettit’s test) and a graphical method, that
is, the double mass curve method [21].

The objectives of the present study are (1) to evaluate
the new graphical method to determine the trends of low,
medium, and high values of precipitation and runoff from
the Yihe River basin, which is used for the first time in
this region and (2) to develop the linear regression and
statistical precipitation elasticity models to assess the impacts
of precipitation and land surface changes on hydrological
process of the Yihe River basin. This study will deepen our
understanding of the runoff response to precipitation and
land surface changes in this region, which is crucial for effec-
tive planning, management, and sustainable development of
water resources in this regions.

2. Materials and Methods

2.1. Study Area. One of largest tributaries of the Yellow
River is the Yihe River and major upper tributary subbasin
of the Yihe River is Dongwan basin, which exists in the
semihumid climate zone.TheDongwan watershed is situated
in Henan province, China, between longitudes 111∘ to 112∘E
and latitudes 33.5∘ to 34.5∘N,with a drainage area of 2856 km2
(Figure 1). It drains the mountainous area of Fuinu located in
the Qinling Mountain. It is a typical area of the semihumid
basin and located in midstream of the Yellow River. The
Dongwan basin controls the flood peak and volume of the
downstream of Yellow River along with Luhun Reservoir,
Sanmenxia Reservoir, Xiaolangdi Reservoir, and Guxian
Reservoir.

2.2. Data and Methods. Daily precipitation and streamflow
data from 1961 to 2011 at the Yihe River basin were collected
from the Yellow River Conservancy Commission. The loca-
tions of stations and statistics of the observed records have
been presented in Table 1 for precipitation and streamflow
time series, respectively. Monthly values are added to get the
annual and seasonal precipitation to identify the precipitation
trends. The interannual variation in rainfall is significant
due to the effect of continental monsoon climate. The study
area belongs to a typical semihumid climate, with an average
annual precipitation of 766.11mm and runoff 219.21mm
during the past 50 years. The rainfall in the hilly area was
more than that in the plain area. Each year, the amount
of precipitation for the period from July to September was
more than 50% of the annual precipitation and produces the
highest flooding in the period from July to August.
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Table 1: Summary of basic statistics of annual precipitation, annual runoff, and land use characteristics of individual stations in the Yihe
River basin.

Stations name Latitude Longitude Mean
(mm/year)

Median
(mm/year) Min. (mm/year) Max. (mm/year) Std. 𝐶V Land use

Precipitation stations
Dongwan 111.98 34.05 699.29 681.00 436.00 1059.00 149.11 0.21 FRST
Heyu 111.90 33.85 792.67 768.30 492.20 1334.00 169.41 0.21 AGL
Tantou 111.73 33.98 731.38 722.75 414.10 1155.30 171.44 0.23 FRST
Miaozi 111.73 33.78 871.36 850.85 567.40 1401.40 176.36 0.20 AGL
Luanchuan 111.60 33.78 863.81 831.20 575.60 1370.40 167.22 0.19 AGL
Baishi 111.55 34.02 732.51 717.45 468.70 1342.70 170.13 0.23 AGL
Taowan 111.47 33.83 837.61 815.50 606.90 1438.50 164.42 0.20 GRL
Baitu 111.43 34.05 714.50 700.65 420.40 1132.90 170.96 0.24 AGL
Runoff station
Dongwan 111.98 34.05 219.21 172.50 83.26 662.62 118.93 0.54 FRST
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Figure 1: Location of precipitation and hydrological stations of Yihe River basin, China.
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Land use and land cover data of 1990, 2000, and
2010 were used in this study at a scale of 1 : 100,000. The
dataset which is provided by Data Center for Resources
and Environmental Sciences, Chinese Academy of Sciences
(RESDC) (http://www.resdc.cn/), was used to test the meth-
ods reported in this paper. LULCwere classified into 6 classes,
forestland, grassland, water body, urban land, agriculture
land, and others [24]. In this area, grassland, forestland, and
agriculture land are dominant land use type.

2.3. Trend Detection. The nonparametric Mann-Kendall
(MK) [25–27] test has been widely used to detect trends in
hydrology and climatology [28, 29]. The MK test static (𝑆) of
variables is calculated by
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∑
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∑
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where 𝑥
𝑖
and 𝑥

𝑗
are the data values at times 𝑖 and 𝑗 and 𝑛

indicates the length of the dataset. While a positive value of 𝑆
indicates an increasing trend, negative value of 𝑆 indicates a
decreasing trend.The following expression, as an assumption,
is used for the series where the data length 𝑛 > 10 and data
are approximately normally distributed:

𝑉 (𝑆) =
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where 𝑡
𝑖
is the number of data values. After the calculation

of the variance of time series data, the standard 𝑍 value is
calculated according to the following equation:

𝑧 =
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(4)

The standard 𝑍 value is compared with standard normal
distribution table with a two-tailed test at significance level (𝛼
= 10%, 𝛼 = 5%, and 𝛼 = 1%). If the calculated𝑍 value is greater
than |𝑍| > |𝑍

1−𝛼/2
|, the null hypothesis (𝐻

𝑜
) is rejected.

Therefore, the trend is statistically significant. Otherwise, the
null hypothesis (𝐻

𝑜
) is accepted. Therefore, the trend is not

statistically significant. In this study, the 95% confidence level
was used for the MK test.

2.4. Innovative Trend Detection Test. Şen [30] divided the
time series data into two equal parts and then time series
drawn on Cartesian coordinates system which was indepen-
dent of the trend, preassigned significance level,magnitude of
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Figure 2: Illustration of decreasing, increasing, and trendless
region.

the trend, sample size, and amount of variation within time
series. The observed hydrological time series is divided into
two equal parts from the first date to end date. The division
of hydrological time series is based on the change point,
which is taken as prechange and postchange time series.
Both subseries are separately arranged in ascending order.
The first subseries (𝑋

𝑖
) is then assigned to 𝑥-axis, and the

other subseries (𝑋
𝑗
) is assigned to 𝑦-axis (Figure 2) based

on Cartesian coordinate system. If hydrological time series
are plotted on the 1 : 1 (45∘) straight line, it can be said that
there is a trendless time series. If data values are in below
triangular area of a straight line (45∘), it can be said that there
is a decreasing trend in time series. If data values are in the
upper triangular area of a straight line (45∘), it can be said
that there is an increasing trend in time series [31, 32]. The
scatter points above or below the 1 : 1 line indicate increasing
or decreasing monotonic trends.

2.5. Change Point Test. Pettit’s test [33] is a nonparametric
method to identify the occurrence of a change point. It
has been commonly used to detect changes in time series
data. It is rank based and distribution-free test for detecting
an abrupt change in the mean of a time series when the
exact time of the change is unknown. The Pettit test can be
calculated from the following equation [34]:

𝑈
𝑡,𝑛
=

𝑡

∑
𝑗=1

𝑛

∑
𝑖=1

sgn (𝑥
𝑗
− 𝑥
𝑖
) , (𝑡 = 1, . . . , 𝑛) , (5)

where the maximum 𝑈
𝑡,𝑛

corresponds to the change point
year. We will use Pettit’s test to determine the change point
of the runoff series as a reconfirmation of the abrupt point
identified by a double mass curve.

2.6. Framework for Quantifying the Impact of Climate Change
and Human Activities on Runoff. A change in observed
mean annual runoff (Δ𝑄total) may result from precipitation
variability (Δ𝑄

𝑝
) or land surface change (Δ𝑄

𝐿
) [20]:

Δ𝑄total = Δ𝑄
𝑝
+ Δ𝑄
𝐿
. (6)

To quantify the impact of precipitation and land surface, we
analyzed the variations in a runoff in the prechange period
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and postchange period. Thus, a change in average annual
runoff between reference and change period is calculated as

Δ𝑄 = 𝑄
2
− 𝑄
1
, (7)

where Δ𝑄 represents the change in the runoff and𝑄
1
and𝑄

2

are average annual runoff during the prechange period and
postchange period, respectively.

2.7. A Simple Linear Regression. A simple linear regression
between annual runoff (𝑄ref) and averaged annual precipita-
tion (𝑃ref) in the base period can be expressed as

𝑄ref = 𝑎𝑃ref + 𝑏, (8)

where 𝑎 and 𝑏 are two parameters of themodel. Based on (10),
the runoff of catchment is calculated as

Δ𝑄
𝐿
= 𝑄fit − 𝑄change, where 𝑄fit = 𝑎𝑃change + 𝑏, (9)

𝑄
𝑝
= 𝑄change − 𝑄ref, (10)

where 𝑄
𝐿
is the change in mean runoff due to land surface

impact, 𝑄fit calculated runoff during the change period,
𝑃change is rainfall during the change period, and parameters
𝑎 and 𝑏 are similar to (8).

2.8. Precipitation Elasticity Method. Theprecipitation elastic-
ity method was widely used to assess the impact of precipi-
tation and land surface change [8, 10]. The precipitation elas-
ticity of runoff can be determined by the proportional change
in runoff divided by the proportional change in precipitation.
The precipitation elasticity of runoff is calculated as follows:

𝜀
𝑝
=
𝑑𝑄/𝑄

𝑑𝑃/𝑃
, (11)

where 𝑃 and 𝑄 are precipitation and runoff, respectively.
Sankarasubramanian et al. [35] presented a nonparamet-
ric approach. The precipitation elasticity of runoff can be
expressed as

Δ𝑄
𝑖

𝑄
= 𝜀
𝑝

Δ𝑃
𝑖

𝑃
, (12)

where Δ𝑄
𝑖
and Δ𝑃

𝑖
are changes of annual runoff and

precipitation, respectively. The value of 𝜀
𝑝
was estimated

using observed precipitation and runoff before the change
point. The change in the runoff after change point could
be estimated from the precipitation data during the change
period using (12). The research framework is shown in
Figure 3.

3. Results

3.1. Preliminary Data Analysis. The homogeneity of the
precipitation time series was assessed by applying standard
normal homogeneity test (SNHT) [36, 37] and Buishand’s
range (BR) test [38] at 5% significant level for each station
[28]. All the precipitation series were found to be homoge-
nous. Table 2 presents the results of homogeneity tests for

Table 2: Results of homogeneity test for annual precipitation time
series at study stations.

Station SNHT Buishand’s range (BR) test
𝑇
𝑜

𝑄/√𝑛 𝑅/√𝑛

Dongwan 5.76 0.57 0.98
Heyu 4.02 0.81 1.32
Tantou 6.57 0.99 1.54
Miaozi 7.05 0.82 1.42
Luanchuan 7.04 0.82 1.05
Baishi 5.28 0.72 1.05
Taowan 2.71 0.71 1.26
Baitu 5.52 0.60 1.13
For homogenous series, 𝑇

𝑜
≤ 9.17,𝑄/√𝑛 < 1.27, and 𝑅/√𝑛 < 1.55.

all precipitation stations. Figure 4 shows long-term variations
in annual precipitation (𝑃) and runoff (𝑄) of the Yihe River
basin from 1961 to 2011. The basin exhibited a significant
variation in the runoff, whereas the variations in precipitation
appeared to be stationary.

3.2. Innovative Trend Pattern of Precipitation and Runoff. In
this study, for the stations when the serial correlation was
found, trend-free prewhitening approach had been applied.
As a summary, statistically significant trends at 95% were not
found in all stations according to the MK trend test. Then
trends’ pattern of precipitation with Şen’s innovative method
was used to determine the historical trends of precipitation
and illustrated in Figures 5–12. These figures show variations
of precipitation in eight stations, and it can be seen as
increasing, decreasing, or trendless time series. At Baitu
station, the low values of annual precipitation observed a
decreasing trend. It is seen that the annual precipitation of
Heyu and Luanchuan has no trends formedium values. How-
ever, Miaozi, Baishi, Taowan, and Baitu have a decreasing
trend for medium values. All stations except Dongwan and
Tantou have a downward trend for high values of annual
precipitation. In the Baitu station, the low and medium
values of spring season have a downward trend; there is no
trend for low and medium values for remaining stations. The
Tantu, Miaozi, and Baishi stations have no trend for low and
medium values for the summer season. However, it is seen
that while Taowan station has a decreasing trend for high
values, all other stations have an increasing trend for high
values of summer precipitation. The Tantou station has an
increasing trend for high values and no trend for medium
values; the other stations have decreasing trends for low,
medium, and high values for the autumn season. All other
low, medium, and high values of runoff have a decreasing
trend for seasonal and annual time scale (Figure 13). As a
summary of trends tests, runoff from the basin shows an
obvious declining trend; the variation in precipitation and
runoff shows inconsistency. Overall, downward trends have
been identified in seasonal and annual, precipitation, and
runoff series, indicating that the decrease in runoff may be
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Figure 3: Flowchart of methodology.

attributed to trends in precipitation. However, runoff in the
study area has reduced more as compared to precipitation.
This fact may signify that the linear relationship between
precipitation and runoff has altered during the past decades.

3.3. Change Point Analysis. The annual precipitation-runoff
double cumulative curve is normally approximate to a
straight line if the basin characteristics are stable; thus, a
change in the slope of the curvemay indicate that the internal
relations between precipitation and runoff have altered. The
change point in 1985 has only been identified in runoff series.
Figure 16 presents the double cumulative curve in a nearly
straight line but with different gradient before and after 1985,

which may indicate that the process of the runoff production
has changed.

To better understand the characteristics of the changes in
runoff, the difference between the annual runoff during the
prechange period and the annual runoff during postchange
period was analyzed using different statistical tests. The
significant difference between the means of prechange and
postchange periods of slopes of two straight lines can be
found at 95% confidence level using 𝑧-test. Concurrently,
using 𝐹-test and 𝑡-test, there are statistically significant
differences between the variances of slopes of two lines
at 95% confidence level. The results of two straight lines
are consistent with double mass curve lines, which indicate
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Figure 4: Time series of annual precipitation (𝑃) and runoff (𝑄) in
the Yihe River basin.

more variation in runoff during the postchange period.
Runoff coefficient (slope of lines) of the prechange period
is higher (10%) than a postchange period. The maximum
value of runoff coefficient is 0.34 for the period of 1981–
1985. After 1985, runoff coefficient abruptly decreases half
of 1981–1985, which is evidence of the change point. The
variations of runoff coefficient during the prechange period
to postchange periods are 55% to 45%. The runoff coefficient
of the prechange period is slightly higher than the postchange
period. Recently precipitation increases and runoff coefficient
is lower than the prechange period.

Hence, combining the results of the change point test
and double cumulative curve, the year 1985 could be the
change point representing the impact of precipitation and
land surface change on runoff. In this study, the double mass
curve is used to identify the change point of the runoff
series as a confirmation of the change point. However, the
reductions were present in averagemonthly runoff during the
postchange period (1986–2011).The greatest decline in runoff
is identified in flood seasons (July, August, and September)
(Figure 17). The slightly increasing precipitation and consis-
tent largely decreased runoff happen in July (Figures 14 and
15).The reduction in runoff during 1986–2011might be due to
land surface change. Similar findings were also identified in
some previous studies [21, 39]. Figure 16 shows a correlation
comparison of precipitation and runoff for the two periods.
The correlation between precipitation and runoff for the
prechange period (𝑅 = 0.84) is stronger than that for land
surface change period (𝑅 = 0.78). This result again indicates
that runoff should be affected by the land surface change in
this region after 1985 (Table 3). Several researchers used the
double mass curve method to verify the change point and
found similar results [19, 34].

Table 3: Summary of annual runoff, precipitation, and runoff
coefficient change point.

Period
Prechange
period

(1961–1985)

Postchange
period

(1986–2011)
Runoff
Mean (mm) 239.66 187.44
Standard deviation 130.25 109.24
Precipitation
Mean (mm) 781.61 749.87
Standard deviation 159.92 139.66
Runoff coefficient (slope)
Mean 0.29 0.25
Standard deviation 0.097 0.087

Table 4: Quantifying the effects of climate variability and human
activities on runoff.

Precipitation elasticity Simple linear regression
𝑄
𝑝

25.79 45.74
𝑄
𝐿

19.95 21.84
𝑄
𝑝

(%) 56.38 67.68
𝑄
𝐿

(%) 43.62 32.32

3.4. Impact of Precipitation and Land Surface Change on
Runoff. The precipitation elasticity of runoff was estimated
using (11)-(12) to assess the impact of precipitation change
on runoff. The value of 𝜀

𝑝
is 2.61. The results indicate that a

10% decrease in precipitation would result in 26.1% decrease
in runoff. According to the equation, with the calculated 𝜀

𝑝
, it

can be calculated that the 31.74mm decrease of precipitation
in 1985–2011 may lessen the runoff by 45.74mm. Therefore,
a 25.79mm decrease in annual precipitation in the study
area contributes 56.38% of the total drop in the runoff,
while land surface change is responsible for 43.62% of
runoff decrease (Table 4). For the simple linear regression
method, the difference of simulated runoff before and after
the change point is assessed for the impact of precipitation
change. Annual runoff in the study area had reduced from
242.46mm in 1961–1985 to 196.72mm in 1986–2011. The
45.74mm of runoff indicates that precipitation change could
have accounted for 67.68% of the runoff reduction.Therefore,
land surface change may have resulted in 21.84mm decrease
in annual runoff, estimating 32.32% of the runoff reduction.
After 1990, land surface change was pointed out in Dongwan
basin. The main land cover types of the study area include
agriculture, forest, urban, water body, grassland, and other
forms (saline, wetland, and barren). The agriculture land,
grassland, and forest land are predominant land use types in
this study area. From 1990 to 2010, there have been occurring
land changes in the basin, such as an increase in urban land,
water body, and other types (barren, saline, and wetland) of
land and decrease in agriculture land. The area of agriculture
decreased from 45.9% to 44.2%, while other uses of land
increased from 0.07% to 0.17%. From 1990 to 2000, urban
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Figure 5: The precipitation pattern for Dongwan station as a result of innovative trend test.

Winter

0 200 400 600 800
0

100

200

300

400

0 100 200 300 400

First half of precipitation

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

1250 150010007505002500

Spring Summer

Low

Autumn

M
ed

ium

High

1500

1250

1000

750

500

250

0

500

400

300

200

100

0
5004003002001000 0 50

50

100

100

150

150

0

600

800

0

200

400

Figure 6: The precipitation pattern for Heyu station as a result of innovative trend test.



Advances in Meteorology 9

0

50

100

150

0 50 100 150
0

100
200
300
400
500

0 100 200 300 400 500

0

200

400

600

800

0 200 400 600 800
0

100

200

300

400

0 100 200 300 400

0 250 500
First half of precipitation

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

750 1000 1250 1500
0

250

500

750

1000

1250

1500

Low

Spring Summer

Autumn

High

Winter

M
ed

ium

Figure 7: The precipitation pattern for Tantou station as a result of innovative trend test.

0

50

100

150

200

0
100
200
300
400
500

0 100 200 300 400 500

0

200

400

600

800

0

100

200

300

400

0 100 200 300 400

0 250
First half of precipitation

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

1250 1500

200150100500

Spring

Low

Summer

Autumn

High

Winter

M
ed

ium

1500

1250

1000

500

250

750

0

0 200 400 600 800

Figure 8: The precipitation pattern for Miaozi station as a result of innovative trend test.



10 Advances in Meteorology

0

50

100

150

0 50 100 150
0

100
200
300
400
500

0 100 200 300 400 500

0

250

500

750

1000

0 250 500 750 1000
0

100

200

300

400

0 100 200 300 400

0 250 500 750 1000 1250 1500
0

250

500

750

1000

1250

1500

Winter

Autumn

First half of precipitation

Spring

Low

M
ed

ium

Summer

High

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

Figure 9: The precipitation pattern for Luanchuan station as a result of innovative trend test.

0

50

100

150

50 100 1500

200

400

600

0 200 400 600

0

200

400

600

800

0 200 400 600 800
0

100

200

300

400

0 100 200 300 400

0 250 500 750 1000 1250 1500
0

250

750

1000

1250

1500

500

Spring

Low

Summer

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

First half of precipitation

M
ed

iu
m

High

Autumn Winter

0

Figure 10: The precipitation pattern for Baishi station as a result of innovative trend test.



Advances in Meteorology 11

0

50

100

150

50 100 150
0

100
200
300
400
500

0 100 200 300 400 500

0

200

400

600

800

0 200 400 600 800
0

100

200

300

400

0 100 200 300 400

0 250 500 750 1000 1250 1500
0

250

500

750

1000

1250

1500

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

First half of precipitation

Autumn Winter

Low M
ed

iu
m

High

Spring Summer

0

Figure 11: The precipitation pattern for Taowan station as a result of innovative trend test.

50

100

150

50 100 150
0

200

400

600

0 200 400 600

0

200

400

600

800

0 200 400 600 800
0

100

200

300

400

0 100 200 300 400

0 250 500 750 1000 1250 1500
0

250

500

750

1000

1250

1500

0
0

Spring

Low

Summer

Se
co

nd
 h

al
f o

f p
re

ci
pi

ta
tio

n

First half of precipitation

M
ed

iu
m

High

Autumn Winter

Figure 12: The precipitation pattern for Baitu station as a result of innovative trend test.



12 Advances in Meteorology

0
10
20
30
40

0 10 20 30 40
0

75
150
225
300
375

75 150 225 300 375

0

75

150

225

300

0 75 150 225 300
0

50

100

150

200

50 100 150 200

0

100

200

300

400

500

600

700

0 100 200 500 600 700

Spring Summer

Autumn Winter
Low

M
ed

iu
m

High

Se
co

nd
 h

al
f o

f r
un

off

First half of runoff

0

0

Figure 13: The runoff pattern for Dongwan station as a result of innovative trend test.

0
20
40
60
80

100
120
140
160
180

1 2 3 4 5 6 7 8 9 10 11 12

Pr
ec

ip
ita

tio
n 

(m
m

)

(Month)

Prechange
Postchange

Figure 14: Monthly precipitation for the prechange period and
postchange period.

0
5

10
15
20
25
30
35
40
45

1 2 3 4 5 6 7 8 9 10 11 12

Ru
no

ff 
(m

m
)

(Month)

Prechange
Postchange

Figure 15:Monthly runoff for the prechange period and postchange
period.

0
100
200
300
400
500
600
700

500 600 700 800 900 1000 1100 1200 1300

A
nn

ua
l r

un
off

 (m
m

)

Annual precipitation (mm)

Postchange period
Prechange period

Linear (postchange period)
Linear (prechange period)

P < 0.05

R2 = 0.78

y = 0.6663x − 302.9

P < 0.05
R2 = 0.84

y = 0.7521x − 345.42

Figure 16: Correlation between precipitation and runoff for
prechange period and postchange period.

slope = 0.29
slope = 0.25

0

2000

4000

6000

8000

10000

12000

0 5000 10000 15000 20000 25000 30000

Ru
no

ff 
(m

m
)

Rainfall (mm)

1985

y = 0.2914x + 202.17

P < 0.05

P < 0.05

y = 0.2544x + 733.94

Figure 17: Double mass curve of annual precipitation and runoff.



Advances in Meteorology 13

1990 2000

2010

N

Land use
Forest land
Grass land
Water

Urban land
Others
Agriculture land
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land increases from 4.26% to 5.26%; meanwhile other uses
of land type and water body also increased. During 2000–
2010, the area of urban land increased from 4.57% to 5.26%,
while it was only 4.2% during 1990–2000. The agriculture
land decreased from 45.95% to 45.82% in the first period.
Meanwhile urban land increased by 4.26% to 5.26% in the
whole study period (Figures 18 and 19). The land surface
change in basin suggested that agriculture land has decreased
in the 21st century, accompanied with the fast urbanization
process and serious desertification.

For the Dongwan basin, the precipitation elasticity and
simple linear regression method provided consistent results.
Similar results were found for the Chaohe River [40]. Similar
results were also found in some earlier studies in another area
of China [20, 21].

4. Discussions

In this study, two different approaches, that is, linear regres-
sion and precipitation elasticity methods, have been used
to assess the impacts of the precipitation and land surface
changes on runoff. In a comparison of the two approaches,
the precipitation elasticitymethod is relatively simple and can
be easily applied to other areas, and it gives a natural runoff
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Figure 19: Variations in land cover of Yihe River basin during the
study period.

change with lesser data and parameters. The simple linear
regression method, on the other hand, is a statistical method.
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These two approaches were applied independently at
the same time scale and showed highly consistent results.
The main outcomes of this study agree with the finding of
other studies [3, 6, 39, 41]. Yao et al. [23] found that there
was an increase in land surface change after 1990 with a
reduction in the runoff. Wang et al. [42] concluded that
climate change was themain driving force for runoff decrease
in midregion of the Yellow River. Over the decades, runoff
due to human activities has continuously increased from
11% to 44%. The land surface change increased due to the
start of the project “Conservation of Cropland to Forest
and Grassland Program (CCFGP),” which increased the area
from 0.09(104 hm2) to 3.41(104 hm2) from 2000 to 2009 [43].
The construction of Dragon Island National Forest Park and
other tourist activities has reduced the runoff of the basin
[23].

Uncertainty arises from the assumption of the method
that precipitation and land surface changes are independent
of each other [22]. The precipitation variability and land
surface changes are strongly related to each other and cannot
be separable. The uncertainty may still exist, which overesti-
mates or underestimates the runoff.Therefore, both methods
have some uncertainty on the results to a certain extent. The
further studies should be needed in the future to improve the
quantitative estimation of precipitation variability and land
surface impact on runoff with considering the uncertain-
ties.

5. Conclusions

It is important to quantify the impacts of precipitation
variability and land surface changes on runoff in the Yihe
River basin. This study investigates the characteristics of
changes in precipitation and runoff, during 1961–2011, in the
Yihe River basin. Downward trends were found for precip-
itation and runoff using new method, that is, innovative
trend pattern. Runoff series in the study area presented
greater decline compared with the precipitation time series.
An abrupt change in runoff can be found in 1985. The
consistent results from precipitation elasticity and linear
regression methods to quantify the impacts of precipitation
variability and land surface changes in runoff were identified.
Precipitation variability comprised up to 56.38 and 67.68% of
the difference in annual runoff between the two periods by
the two methods, that is, precipitation elasticity and linear
regression, indicating that precipitation variability played
main driving force in the runoff decrease. The role of land
surface changes is increasing during the recent decades in
runoff reduction due to the rapid growth of urbanization.
The results obtained in this study would provide more
evidence and useful reference for water resources planning
and management in this region.
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