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Abstract: Climate change and human activities are the major factors affecting runoff and sediment
load. We analyzed the inter-annual variation trends of the annual rainfall, air temperature, runoff and
sediment load in the Xihe River Basin from 1969–2015. Pettitt’s test and the Soil and Water Assessment
Tool (SWAT) model were used to detect sudden changes in hydro-meteorological variables and
simulate the basin hydrological cycle, respectively. According to the simulation results, we explored
spatial distribution of soil erosion in the watershed by utilizing ArcGIS10.0, analyzed the average
soil erosion modulus by different types of land use, and quantified the contributions of climate
change and human activities to runoff and sediment load in changes. The results showed that:
(1) From 1969–2015, both rainfall and air temperature increased, and air temperature increased
significantly (p < 0.01) at 0.326 ◦C/10 a (annual). Runoff and sediment load decreased, and sediment
load decreased significantly (p < 0.01) at 1.63 × 105 t/10 a. In 1988, air temperature experienced
a sudden increased and sediment load decreased. (2) For runoff, R2 and Nash and Sutcliffe efficiency
coefficient (Ens) were 0.92 and 0.91 during the calibration period and 0.90 and 0.87 during the
validation period, for sediment load, R2 and Ens were 0.60 and 0.55 during the calibration period
and 0.70 and 0.69 during the validation period, meeting the model’s applicability requirements.
(3) Soil erosion was worse in the upper basin than other regions, and highest in cultivated land.
Climate change exacerbates runoff and sediment load with overall contribution to the total change
of −26.54% and −8.8%, respectively. Human activities decreased runoff and sediment load with
overall contribution to the total change of 126.54% and 108.8% respectively. The variation of runoff
and sediment load in the Xihe River Basin is largely caused by human activities.
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1. Introduction

Soil erosion can be differentiated into natural erosion, which is a geographical phenomenon
affecting the surface of the Earth, and human activities-accelerated erosion. The speed of soil erosion
arising from human activities significantly exceeds the rate of soil formation. Soil erosion leads
to the loss of soil nutrients, decline in soil fertility [1], deterioration of the ecological environment,
and changes to the ecological landscape [2]. Soil erosion can also result in the accumulation of
sediment in river channels, rising of river beds, sediment accumulation in reservoirs, and increased
risk of flooding [3]. The dangers of soil erosion are compelling, and it is among the most significant
global environmental concerns [4,5]. Scholars have conducted extensive research in various regions
around the world with the aim of distinguishing the factors that influence soil erosion and developing
new control methods [6–14]. The Soil and Water Assessment Tool (SWAT) [15,16] is a large-scale
watershed hydrological model developed by the Agricultural Research Center of the US Department
of Agriculture. The model contains three sub-models, namely the hydrological process, soil erosion,
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and pollution load and can simulate runoff and sediment load, nonpoint source pollution, and pesticide
diffusion [17]. The tool is widely applied today in studying the water and sediment simulation and
soil erosion of the basin [18–23]. Using the SWAT model, Wu et al. [24] quantified the impacts of
climate change and human activities on runoff and sediment in the Yanhe River Basin and found that
climate change and human activities are the main factors affecting runoff and sediment, respectively.
Alighalehbabakhani et al. [25] used the SWAT model to evaluate sediment accumulation rates within
the Lake Rockwell and Ballville reservoirs and concluded that sediment accumulation efficiency
is closely related to the characteristics of the inflow, reservoir inflow time, and reservoir size. Yen
et al. [26] built the Arroyo Colorado watershed SWAT model and studied the effects of the four
different sediment transport functions to predict sediment. They demonstrated that without complete
observation data, four sediment transport equations might produce similar sediment yield and the
default model might not necessarily simulate the best results. At present quantitatively distinguish the
effects of climate change and human activities on runoff and soil erosion has attracted much attention
from scholars and identifying the impacts of each factor has important applications value in controlling
soil erosion [27].

China is one of the countries with the most serious soil erosion in the world. The soil erosion
types are various, and the erosion process is complex. It mainly occurs in the Loess Plateau of the
middle and upper reaches of the Yellow River, the hilly areas in the middle and upper reaches of the
Yangtze River, and the Northeast Plain area. According to the second national remote sensing survey
of soil erosion in 2001, the area of water and wind erosion in China is 3.569 million km2, accounting for
37% of the land area. These phenomena seriously affect China’s ecological environment construction,
hindering social and economic development.

The continuously increasing population of the basin and the rapid development of companies
such as Benxi Steel Group and Bei Steel Group along the Xihe River have increased domestic as well
as industrial and agricultural water use, resulting in a reduction of runoff in the basin. In addition,
the accelerated urbanization rate has increased the urban land area, the ground is hardened and the
soil is not easily eroded. From 2006–2008, the Nanfen District of the Xihe River Basin implemented
numerous control measures including automation of dams, flood dikes, and dredging, therefore
sediment discharge from the upper stream into the channel was intercepted and cleared, resulting in
a significant reduction in sediment load [28]. The Nanfen tailings pool has also achieved ecological
benefits. The forest surface has increased, effectively decreased runoff and soil erosion in the tailings
reservoir area. In 2012, to restore the natural environment of the Xihe River Basin, the Nanfen District
implemented the “Blue Water Project” for Xihe River and its tributaries, including river closure
and protection. A land area of 1299 ha of land was preserved, and 264 ha of forest were planted,
which effectively reduced soil erosion and sediment transported downstream.

The overall objective of this study is to investigate changes in runoff and sediment load from
climatic change and human activities in Xihe River Basin of Northeast China. The primary objectives
are: (1) to identify abrupt change points in annual hydro-meteorological series from 1969–2015; (2) to
apply a SWAT model in the Xihe River Basin; (3) to evaluate the impacts of climate change and
human activities on runoff and soil erosion. The results can provide valuable reference information for
controlling soil erosion in this basin.

2. Materials and Methods

2.1. Research Area Overview

The Xihe River Basin is in the eastern region of Liaoning Province (China), centered in Benxi City
and is a tributary of the Taizihe River, which is located between 40◦47′–41◦16′ N and 123◦32′–123◦59′ E.
The diagram of the research area is shown in Figure 1. Its source lies in Fengcheng County, Dandong
City, Liaoning Province and the basin has a total area of 1047 km2. It is the main source of water
for industrial, agricultural, and residential consumption in Benxi City. The area is dominated by
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mountains ranging from 75 to 1157 m a.s.l (above sea level). The characteristic of the area is high lands
in the east and south, and low lands in the center and northwest. The east belongs to the Changbai
Mountains. The region is in the semi-humid and semi-arid monsoon climate zones. The months
with the highest and lowest temperature are July and January respectively, with an annual average
temperature and annual rainfall of 8.4 ◦C and 772.18 mm, respectively. There are five types of land
uses in the basin: woodland, cultivated land, towns, water areas, and unused land. The soil types are
Calcaric Regosols, Haplic Phaeozem, Haplic Luvisols, Gleyic Luvisol, and Eutric Cambisols.

Figure 1. Research Area Overview.

2.2. Data Sources and Research Methodology

2.2.1. Data Sources

SWAT requires topographical, land use, soil, and meteorological inputs. Thematic layers and
climatic data were developed using the sources specified in Table 1. The land use map and soil map
are shown in Figure 2.

Table 1. Input data of Soil and Water Assessment Tool (SWAT) model in the Xihe River Basin.

Data Type Data Input Accuracy Data Source

Spatial data
Digital Elevation Model (DEM) 30 m

Geospatial Data Cloud.
http://www.gscloud.cn/

16 August 2017

Land use map 30 m Geospatial Data Cloud Remote
Sensing Map

Soil type map 1000 m Harmonized World Soil
Database, HWSD

Meteorological data Precipitation, Temperature,
Wind, Solar radiation, Humidity

Daily
1969–2015

China Meteorological Data
Center. http://data.cma.cn/

2 October 2017
Hydrological data Runoff, Sediment Daily Hydrological Yearbook

Soil data Soil moisture density, Effective
water content 1969–2015 Harmonized World Soil

Database, HWSD

http://www.gscloud.cn/
http://data.cma.cn/
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Figure 2. Land use map (a) and Soil map (b).

2.2.2. Analysis of the Changed Characteristics of Hydro-Meteorological Elements

In this study, linear regression analysis and the Pettitt sudden change point detection method [29]
were used to analyze the inter-annual variation trends and sudden changes in rainfall, air temperature,
runoff, and sediment load in the Xihe River Basin from 1969–2015. The Pettitt sudden change
detection method is a non-parametric test that can quantify the statistically significant level of change
points while varying the hydrological and meteorological factors, which has been widely used by
scholars [30–32]. This method uses the Mann–Whitney statistical function Ut,N, and considers the
samples x1, x2, . . . , xt and xt+1, . . . , xN to be independently and identically distributed. N represents
the sample size. Ut,N is calculated as:

Ut,N = Ut−1,N +
N

∑
i=1

sgn(xt − xi)(t = 2, . . . , N) (1)

If time t is satisfied by kt = max1≤t<N |Ut,N | then t represents a sudden change point and the
formula for the significant level of p of the change point is as follows:

p = 2 exp(
−6k2

t
N3 + N2 ) (2)

If p ≤ 0.05 then the detected variations are considered statistically significant.
According to the sudden change analysis, the time series of runoff and sediment load from

1969–2015 were divided into two periods. The period prior to the sudden change was considered
as ‘the baseline period’ and used as the calibration period. The period after the sudden change was
considered as ‘the impacted period’ and used as the validation period [33–35].

2.2.3. SWAT Model Set Up

The SWAT model is a physically based distributed model that can evaluate the impact of land
management practices on water resources, sediments and agricultural chemical yields in large and
complex basins. The major components of SWAT include climate, hydrology, sediment movement, crop
growth, nutrient cycling and agricultural management. SWAT model divide the basin into numerous
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sub-basins based on topography, and then further subdivided into a series of Hydrologic Response
Units (HRU) with unique soil, land cover and slope characteristics [16].

In this study, we chose the Soil Conservation Service curve number (SCS-CN) procedure
that SWAT model provides [36] to estimate surface runoff. SWAT calculates the peak runoff rate
using a modified rational method. The potential evapotranspiration is estimated by using the
Penman–Monteith method [37]. It is calculated by the following formula:

λE =
∆ · (Hnet − G) + ρair · Cp · (eo

z − ez)/ra

∆ + γ · (1 + rc
ra
)

(3)

where λE is latent heat flux density (MJ/( m2·d)); E is evaporation rate (mm/d); ∆ is saturation
vapor pressure-the slope of the temperature curve; Hnet is net radiation (MJ/( m2·d)); G is ground
heat flux density (MJ/( m2·d)); ρair is air density (kg/m3); Cp is specific heat at fixed air pressure
(MJ/kg ·◦C); eo

z is saturated vapor pressure at z height (kPa); ez is the vapor pressure at z height (kPa);
γ is psychrometric constant (kPa/◦C); rc is the impedance of the vegetation canopy (s/m); ra is the
diffusion impedance of the air layer (s/m).

The SWAT model uses the Modified Universal Soil Loss Equation (MUSLE) to simulate sediment
yield [38]. Sediment transport is a function of deposition and degradation, which are determined through
comparing the sediment concentration and maximum sediment concentration [39]. Further details of
hydrological and sediment transport processes can be found in the SWAT Theoretical Documentation [39].

We used the ArcSWAT 2009 interface to establish and parameterize the model. First, we chose
a threshold drainage area of 22.13 km2, which is recommended by SWAT model, to delineate the basin.
And the basin was divided into 27 sub-basins. Furthermore 960 HRUs were generated according to the
thresholds of land use (0%), soil type (0%), and slope class (0%), respectively. The HWSD database provides
partial physical attribute data for the soil, the effective field water content (SOL_AWC) and other attributes
were calculated using the soil water characteristic software “SPAW”. The minimum infiltration rate was
calculated according to the empirical formula introduced in literature [40], and the soil erosion factor
USLE_K was calculated according to the basic principle of SWAT [39]. Finally, we set up the SWAT model
using daily meteorological data from 1969–2015, and calibrated the parameters using runoff and sediment
load data of the baseline period, therefore the natural rainfall-runoff process was simulated.

2.2.4. Model Sensitivity Analysis, Calibration and Validation

There are many parameters in SWAT model that affect the results of runoff and sediment load
simulations. In order to select the main parameters to improve the usability of the model, the sensitivity
analysis of the parameters should be carried out first. We use the sequential uncertainty fitting
algorithm (SUFI-2) algorithm [41] in SWAT-CUP 2012 to carry out sensitivity analysis. The ‘baseline
period’ was used as the calibration period, and the ‘impacted period’ was used as the validation period.
The model performance was assessed by the coefficient of determination (R2) and Nash and Sutcliffe
efficiency coefficient (Ens) [42]. R2 is the square of the correlation coefficient, and the closer it is to 1,
the higher the degree of agreement between the simulated value and the observed value is. Ens is
a statistical measure that determines the relative magnitude of the residual variance compared to the
measured data variance, and the closer it is to 1, the closer the simulated value is to the observed value.
When R2 ≥ 0.6 and Ens ≥ 0.5, the simulation results may be deemed satisfactory [43].

2.2.5. Quantitative Analysis of the Effects of Climate Change and Human Activities on Runoff and
Sediment load

Runoff and sediment load are simultaneously affected by climate change and human activities,
the total changes in runoff and sediment load is the difference between the baseline period and the
impacted period of the observed value, and was calculated as follows:

∆Qt = Qv −Qb (4)
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where ∆Qt represents total change, while Qv and Qb represent the observed annual average values of
the baseline period and the impacted period, respectively. Change in total runoff and sediment load
can be separated into climate change and human activities, as follows:

∆Qt = ∆Qc + ∆Qh (5)

where ∆Qc represents hydrological changes attributable to climate change, and ∆Qh represents
hydrological changes attributable to human activities, calculated as follows:

∆Qc = Qvs −Qbs (6)

where Qvs represents the SWAT model simulated baseline period average annual values, and Qbs
represents the SWAT model simulated impacted period annual average values. The difference
between Qvs and Qbs represents the amount of runoff and sediment load attributable to climate
change. According to Equation (5), the difference between ∆Qt and ∆Qc is the amount of change
attributable to human activities. The percent contributions of change in runoff and sediment load
attributable to climate change and human activities can be calculated as follows:

Pc =
∆Qc

∆Qt
× 100% (7)

Ph =
∆Qh
∆Qt

× 100% (8)

3. Results

3.1. Temporal Trends and Sudden Changes Analysis of Hydrological and Meteorological Variables

3.1.1. Inter-Annual Variation Trends in Hydrological and Meteorological Variables

The variation trends of annual precipitation, temperature, runoff, and sediment load in the
Xihe River Basin from 1969–2015 can be found in Figure 3a,d. In the basin, the annual precipitation
showed an insignificant increasing trend and the annual runoff showed an insignificant decreasing
trend. The annual average precipitation and runoff was 772.18 mm and 3.16 × 108 m3, respectively.
The average annual temperature was 8.4 ◦C and annual temperature showed a significantly increasing
trend (p < 0.01) at a rate of 0.326 ◦C/10 a. The annual average sediment load was 5.02 × 105 t and
annual sediment load showed a significantly decreasing trend (p < 0.01) at a rate of 1.63 × 105 t/10 a.

Figure 3. Cont.
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Figure 3. Inter-annual variation trend of the annual (a) precipitation, (b) temperature, (c) runoff and
(d) sediment load from 1969–2015 in the Xihe River Basin.

3.1.2. Hydrological and Meteorological Variables Sudden Changes Analysis

The results of the Pettitt sudden changes analysis of annual precipitation, temperature, runoff,
and sediment load in the Xihe River Basin from 1969–2015 can be found in Figure 4a–b. The results
showed no sudden changes in precipitation and runoff. The results of the temperature tests |Ut,N|
showed that the largest year was 1988 (p < 0.01). Prior to the change point, the annual average temperature
was 7.88 ◦C, and afterwards it was 8.78 ◦C. Following the change point, the annual average temperature
increased by 11.56%. Sediment load in 1988 also experienced a sudden change (p < 0.05). Prior to the
change point, the annual average sediment load was 7.89 × 105 t and after the change point was 3.75 ×
105 t. After the change point, the annual average sediment load decreased by 52.47%. To study the effects
of climate change and human activities on runoff and sediment load, the study period was divided into
two periods, the baseline period 1971–1987 and the impacted period 1988–2015.

Figure 4. Results of sudden changes in annual (a) precipitation, (b) temperature, (c) runoff and (d)
sediment load from 1969–2015 in the Xihe River Basin.



Water 2018, 10, 1085 8 of 14

3.2. SWAT Model Simulation Results

The results of parameters sensitivity analysis for runoff and sediment load are showed in
Table 2. The most sensitive parameters for runoff and sediment load are the base flow alpha
factor (ALPHA_BF) and sediment movement linear compensation coefficient (SPCON), respectively.
What needs illustration is that the final range of USLE_P is 0.56–1; this corresponds to the farming
practices in the Xihe River Basin. In this watershed, the cultivated land is mainly distributed along the
river. Contour tillage with conservative farming methods is most common.

Table 2. Parameters sensitivity analysis results in the Xihe River Basin.

Parameter Name
and Document Type Parameter Description Process Rank Beg.

Range
End

Range

v__ALPHA_BF.gw Base flow α coefficient

Runoff

1 0.0~1.0 −0.13~0.62

r__CN2.mgt Runoff curve parameter 6 −0.2~0.2 −0.06~0.23

v__SLSUBBSN.hru Average grade length 9 10~150 14.03~22.41

v__ESCO.hru Soil evaporation
coefficient 4 0.0~1.0 0.06~0.69

r__SOL_K().sol Saturated water
conductivity coefficient 10 0.0~25 0.88~2.66

r__SOL_Z().sol Soil depth 8 −0.5~0.5 0.10~0.31

v__CH_K2.rte River effective water
conductivity coefficient 2 −0.01~150 47.97~144.52

v__RCHRG_DP.gw Water table permeation 3 0.0~1.0 0.26~0.79

v__EPCO.hru Material transpiration
coefficient 5 0.0~1.0 0.37~1.12

v__BIOMIX.mgt Biological mix efficiency
coefficient 7 0.0~1.0 0.03~0.68

v__SPCON.bsn
Sediment movement
linear compensation

coefficient
Sediment load

1 0.0001~0.01 0.0057~0.0097

v__CH_COV2.rte River coverage
coefficient 2 0.0~1.0 0.63~1.00

v__SPEXP.bsn Sediment movement
index coefficient 4 0.0~1.5 1.20~1.42

v__CH_ERODMO().rte River erosion coefficient 3 0.0~1.0 0.75~1.00

v__USLE_P.mgt
Water and land

conservation measure
factors

5 0.0~1.0 0.56~1.00

Notes: Beg. Range shows beginning range. .gw shows groundwater hydrology; .rte shows river hydrology;
.hru shows HRU conventional data entry; .mgt shows HRU management; .sol shows soil data entry; .bsn shows
conventional basin parameters; v shows parameter changes by the specified value; r shows parameter changes by
the original value, 1+ specified value.

According to the results of sudden change analysis, 1969–1987 and 1986–2015 were considered as
the calibration and validation periods. The preheating period for both the calibration and validation
periods was 2 years, and the runoff was calibrated first, followed by sediment load. The R2 and
Ens of the runoff simulation in the calibration period were 0.92 and 0.91, respectively, while the
corresponding values of the validation period were 0.90 and 0.87 with high simulation accuracy.
The R2 and Ens for sediment load simulation in the calibration period were 0.60 and 0.55, respectively,
the corresponding values of the validation period were 0.70 and 0.69, which simulation effect are
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satisfactory. The comparison of the simulated and observed values of the runoff and sediment load is
shown in Figure 5a,b.

Figure 5. (a) runoff and (b) sediment load calibration and validation periods simulation results at Xihe
River Basin during the period 1971–2015..

3.3. Xihe River Basin Soil Erosion Conditions

Figure 6 shows the spatial distribution of annual average soil erosion modulus in the Xihe River
Basin. The study area lies in the northeast black soil region. According to the Classification Standard
for Soil Erosion SL 190-2007 [44], the allowable soil loss in the region is 200 t/(km2·a). Soil erosion
modulus under 200 t/(km2·a) is classified as micro erosion, and soil erosion modulus between 200
and 2500 t/(km2·a) is classified as mild erosion. As can be seen in Figure 6, only sub-basin regions
1, 2, 5, 7, 9, and 15 are within the allowable range of soil erosion and have an area of 279.063 km2,
occupying 25.23% of the study area. Other areas of sub-basin experience more erosion, representing an
area of 826.937 km2, occupying 74.77% of the study area. Furthermore, the most severe soil erosion
is in sub-basin region 19 in the Xihe River Basin, which has an average soil erosion modulus of
595.4 t/(km2·a). Overall, the upper part of the basin has a higher erosion rate than the lower part.
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Figure 6. Soil erosion modulus spatial distribution in the Xihe River Basin.

Table 3 shows the annual average soil erosion volume and modulus by types of land use.
Cultivated land exhibited the highest levels of erosion, 3.6561 × 105 t, followed by forest land,
and lastly grassland. The highest levels of soil erosion modulus are also exhibited by cultivated
land, 1856.56 t/(km2·a), followed by grassland, then urban land, unused land and lastly forest land.

Table 3. Xihe River Basin soil erosion by types land use.

Land Use Type Area/km2 Soil Erosion
Volume/104 t

Average Soil Erosion
Modulus (t·km−2·a−1)

Cultivated land 194.5 36.11 1856.56
Forest land 865.06 1.11 12.83
Grassland 2.78 0.0099 35.61

Unused land 7.3 0.0158 21.64
Urban land 22.04 0.0633 28.72

Water 14.32 - -

3.4. Effects of Climate Change and Human Activities on Runoff and Sediment Load

Table 4 shows the contributions of climate change and human activities on runoff and sediment
load. Compared to the baseline period, annual average runoff decreased by 29.95 m3/s in the impact
period. Climate change contributed an increase of 7.95 m3/s accounting for −26.54% of the total
change, and human activities contributed a decrease of 37.9 m3/s accounting for 126.54% of the total
change. Annual average sediment load decreased by 4.1 × 105 t in the impact period, to which climate
change and human activities contributed an increase of 0.36 × 105 t (−8.8% of the total) and a decrease
of 4.45 × 105 t (108.8% of the total), respectively. The overall decrease in runoff and sediment load can
be attributed to human factors, which exceeded the effect of climate change and may be considered
a main factor impacting the hydrological cycle of the Xihe River Basin.
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Table 4. Relative contributions of climate change and human activities to runoff and sediment load.

Period Qv Qs ∆Qt ∆Qc ∆Qh Pc(%) Ph(%)

Runoff (m3/s)
Calibration 136.94 119.62 −29.95 7.95 −37.9 −26.54 126.54Validation 106.99 127.57

Sediment load (105 t)
Calibration 7.18 3.52 −4.1 0.36 −4.45 −8.8 108.8Validation 3.08 3.88

Notes: Qv shows the calibration and validation period observed values, Qs shows simulated values.

4. Discussion

Accuracy of runoff simulation of the SWAT model is better than sediment load simulation.
The same phenomenon has also been found in other studies [45,46]. In the SWAT model, runoff
and peak rate are the main input factors in estimating the sediment discharge equation, but when
SWAT model estimates runoff, precipitation intensity, frequency and duration are neglected [47],
which would lead to an underestimation of the runoff, finally, the sediment load simulation results in
large differences.

The average soil erosion modulus of the Xihe River Basin is 334.06 t/(km2·a), which is similar to
the counties and cities in Chaoyang city in the Liaoning Province, the results of which were studied by
Yi Kai et al. [48] using the RUSLE (Revised Universal Soil Loss Equation) model. However, our result is
lower than that study. The difference is not only because of the difference between climatic conditions
and human activities in these two regions, but is also related to the different methods applied. In SWAT,
soil erosion is calculated by the USLE (Universal Soil Loss Equation) model. Firstly, the USLE model
only considers the changes in rainfall erosivity factor, and does not consider other changes in related to
soil erosion, such as the vegetation coverage, the RUSLE model is more complete. Secondly, the RUSLE
model obtained parameters through observing or taking similar empirical values, such as soil and
water conservation measures factor and vegetation cover factor, without calibrating and validating.
The SWAT model selected parameters by sensitivity analysis and calibrated these parameters with
observed runoff and sediment load. Then soil erosion was calculated using the best simulated value.

The method of quantifying the contribution rate of climate change and human activities to runoff
and sediment load in changes is simple, the disadvantage of it is that it cannot reflect the changes of
runoff and sediment load caused by the changes of soil type, topography and geomorphology. During
the study period, the contribution rates of human activities to runoff and sediment load reduction
were 126.54% and 108.8%, respectively, which were far greater than the impact of climate change. This
result is similar to the Jinghe River Basin, an arid inland basin in northwest China [49]. Climate change
usually impacts runoff variation periodically and lastingly, whereas human activities impacts runoff
variation suddenly and directionally [50]. The results could be useful for understanding the variation
and driving factors for runoff and sediment load reduction in the basin.

5. Conclusions

This study analyzed the inter-annual validation trends and sudden changes in hydrological and
meteorological variables in the Xihe River Basin from 1969–2015. The SWAT model was used to
simulate the hydrological cycle and the spatial distribution characteristics of soil erosion. The study
quantified the contributions of climate change and human activities to runoff and sediment load in
changes. Which are summarized as follows:

(1) During the period 1969–2015, annual rainfall and temperature exhibited an increasing trend.
Whereas annual runoff and sediment exhibited a decreasing trend. A significant trend was
observed in the annual temperature and sediment load. In 1988, the annual temperature exhibited
a sudden increase, but sediment load showed a sudden decline.

(2) The evaluating indicators showed that the R2 and Ens of the SWAT model rose to an acceptable
level after calibration, which indicated that the hydrological cycle of the Xihe River Basin could
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be accurately simulated using the SWAT model. The simulation effect of runoff was better than
that of the sediment load.

(3) Soil erosion in the upper part of the Xihe River Basin was more serious than that of the lower
part, and the soil erosion modulus for cultivated land was highest. The contribution of human
activities to runoff and sediment load changes was greater than that of climate change. Therefore,
human activities is the primary factor that affects the hydrological cycle in the Xihe River
Basin. In addition, it should be noted that the upstream should be paid more attention. Finally,
the specific human activities that affect runoff and sediment load, as well as their modes of action,
require further study.
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