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Abstract. The Loess Plateau in the northern Shaanxi Province is one of the areas with serious soil erosion 

in China. Affected by the implementation of the Grain for Green project, land use types and vegetation 

status have changed considerably. To assess the impacts of these changes on soil erosion has important 

theoretical and practical significance. Taking the Wuding River Basin and Luohe River Basin in northern 

Shaanxi as examples, land use data, normalized difference vegetation index, and daily rainfall data, as 

well as digital elevation model, soil type data, combined with the revised universal soil loss equation, the 

change of the soil erosion modulus were analyzed. The results showed that: (1) the implementation of the 

Grain for Green project has promoted the conversion of farmland to grassland and forest land 

(concentrated in 2000-2005). In 2000-2014, the change rate of land use and NDVI in the areas with a 

slope ≥ 25° were higher than those areas with a slope < 25° and across the entire basin. Affected by this, 

the change rate of the soil erosion modulus difference value at areas with a slope ≥ 25° was higher than 
that at areas with a slope < 25°. (2) The soil erosion modulus of both basins increased from 2000 to 2014. 

Without considering the impact of changed precipitation, the soil erosion modulus of both basins showed 

a decreasing. This proves that the implementation of the GGP, converting farmland into forest land and 

grassland, has improved the vegetation coverage and reduced soil erosion. 

Keywords: RUSLE, rainfall, vegetation, slope, northern Shaanxi Province 

Introduction 

Soil erosion is a worldwide eco-environmental problem and has a close relationship 

with agricultural production (Montgomery, 2007). As one of the main soil erosion 

regions in China and the world, the Loess Plateau is affected by the terrain, soil, 

precipitation, surface vegetation cover, and human activities. To reduce soil erosion, the 

Chinese government has formulated and implemented the Grain for Green project 

(GGP), which aims to reduce the soil erosion via improving the vegetation cover. 

Combined with the check-dam project built in the 1970s, soil erosion on the Loess 

Plateau will be comprehensively managed. 

The GGP is an important environmental construction and restoration project in China 

and involves 1,897 administrative units at the national level, in 25 provinces and 

autonomous regions across the country. The Loess Plateau is a key area for 

implementing the GGP and has drawn considerable attention from scholars (Sun et al., 

2013; Jiao et al., 2014). Soil erosion has been studied from the micro-slope scale to the 

whole Loess Plateau, and slope soil erosion research discussed the effects of land use 

change on soil surface roughness, soil organic matter, and slope micro-topography 
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evolution on soil erosion (Hu et al., 2014; Liu et al., 2014; Li et al., 2015, 2017). Studies 

on channel soil erosion focus on the role of the check-dam construction in the 

ecological environment as well as socio-economic, water, and sediment reduction 

effects in the basin (Wang et al., 2014a; Feng et al., 2016; Zhao et al., 2017). Soil 

erosion in small watersheds has been studied, as well as the effects of land cover change 

on soil erosion and ecological and economic sustainability (Zhao et al., 2014; Zhang et 

al., 2016; Dong et al., 2017). The change of soil erosion in the basins before and after 

the implementation of the GGP also has been analyzed (Wang et al., 2014b; Liu et al., 

2015; Li et al., 2016). Overall, studies on the Loess Plateau focus on climate change, 

vegetation change, and soil erosion change scenarios, with potential governance 

prospects (Gao et al., 2016; Xie et al., 2016; Gao et al., 2017; Jiang et al., 2018). 

At the core area of the Loess Plateau in northern Shaanxi, a hilly-gully area, the 

implementation of the GGP has played an important role in the improvement of the 

regional ecological environment. The impact of GGP implementation on soil erosion is 

the key evaluation content, with a large number of reports. However, comparative 

analyses of multiple basins are scarce. The Wuding River and the Luohe River are the 

major rivers on the Loess Plateau in northern Shaanxi. Solid knowledge on the impacts 

of the GGP on different basins in terms of soil erosion would be used for assess the 

effectiveness and direction of future implementations. 

Materials and methods 

Study sites 

The Wuding River Basin (WDRB) and Luohe River Basin (LHRB) were selected as 

study sites (Fig. 1). The two basins are located in the areas Yulin and Yan’an, on the 

Loess Plateau, in the northern part of the province Shaanxi, China (LPNSC). The area is 

the core area of the Loess Plateau, with a complex topography and severe soil erosion. 

The dominant vegetation types are temperate forest, temperate grassland, and temperate 

desert, from south to north. Due to the long history of human activities, the surface in 

other regions is dominated by artificial vegetation, except for the forest vegetation in the 

south. The climate is characterized as temperate continental monsoon climate, with hot 

and rainy summers and cold and dry winters. The inherent characteristics of loess and 

the undulating surface conditions, as well as the concentrated precipitation in summer 

and autumn, lead to serious soil erosion in the region. 

The Wuding River is the first tributary of the Yellow River. It is located in the 

northern part of the LPNSC and is mainly distributed in the territory of Yulin. The 

northwestern part of the basin is flat and sandy and belongs to the southern margin of 

the Mu Us Desert, while the southwestern part contains the source of the Wuding River 

and has a higher elevation; similar to the southeastern part, it is a hilly-gully region. The 

WDRB is the key basin for soil erosion control on the Loess Plateau. Since the 1970s, 

more than 10,000 check dams have been built in the basin, with the aim to treat channel 

soil erosion. Slope vegetation restoration and construction approaches have been 

adopted since 1999. Large areas of sloping farmland have been turned into forest land 

and grassland via the GGP implementation, with major land use changes, resulting in 

improved slope vegetation coverage and increased ecological value; in addition, annual 

runoff and sediment erosion also decreased. 

The Luohe River is mainly located in the area around Yan’an, in the southern part of 

the LPNSC. It flows into the Weihe River and is a secondary tributary of the Yellow 
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River. The vegetation cover in the LHRB is high, and temperate steppe and forest areas 

are distributed in the northwestern and southern regions of the basin, respectively. As a 

consequence of GGP implementation, land use in the basin has undergone considerable 

changes. Compared with the Yanhe River Basin, which is also located in the LPNSC, 

studies on the Wuding River and the Luohe River are scarce. This paper, therefore, 

focused on the WDRB and LHRB, analyzing temporal and spatial changes in soil 

erosion with the implementation of the GGP. 

 

 

Figure 1. Study sites and the distribution of meteorological stations 

 

 

Data 

The research data included the following: (1) daily rainfall data, obtained from 11 

meteorological stations in and around the basin from 2000 to 2014 (Fig. 1), were 

provided by the China Meteorological Data Network (http://data.cma.cn); the stations 

were Yulin, Dingbian, Wuqi, Hengshan, Suide, Yan’an, Hequ, Xingxian, Luochuan, 

Huanxian, and Yaozhou; (2) ASTER DEM (Digital Elevation Model) data of 30 m 

resolution, collected from the National Science Data Mirroring Website of the 

Computer Network Information Center, Chinese Academy of Science 

(http://www.gscloud.cn); (3) soil type distribution, using a 1:50,000 map; (4) 250 m 

resolution and 16d synthesized Normalized Difference Vegetation Index (NDVI) from 

the Moderate Resolution Imaging Spectroradiometer (MODIS) from 2000 to 2014, 

downloaded from http://lpdaac.usgs.gov; (5) land use data for the province Shaanxi for 

the years 2000, 2005, and 2010, at a scale of 1:100,000, collected from the “Remote 

Sensing Survey and Assessment of the Ten Years of National Ecological Environment 

Change (2000-2010)”. All data were resampled to 30-m resolution for calculation and 

statistical analysis. 
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Methods 

The Revised Universal Soil Loss Equation (RUSLE) is a mature and widely used 

calculation method of the soil erosion modulus, using the following formula (Eq. 1; 

Renard et al., 1991): 

 

 A R K L S C P       (Eq.1) 

 

where 

A is the soil erosion modulus, t/(km
2
·a); 

R is the rainfall erosivity factor, (MJ·mm)/(hm
2
·h·a); 

K is the soil erodibility factor; 

L is the slope length factor; 

S is the slope factor; 

C is the vegetation cover factor; and 

P is the soil and water conservation factor. 

 

Rainfall erosivity factor (R) 

The R factor is the indicator for evaluating the impact of rainfall on soil separation 

and transportation. Annual rainfall erosivity is calculated (Eqs. 2, 3 and 4) using daily 

rainfall data as proposed in Zhang et al. (2002, 2003) and Xie et al. (2000): 
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7.189121.586a b  (Eq.3) 

 

 
1 1

12 120.8363 18.144 24.455d yb D D     (Eq.4) 

where 

Ri is the rainfall erosivity in the i year (MJ·mm)/(hm
2
·h·a); 

Dj is the erosive rainfall on the jth day, mm; 

n is the total time of erosive rainfall in a year, d; 

Dd12 is the multi-year average daily rainfall of daily rainfall ≥ 12 mm/d, mm; 

Dy12 is the multi-year average annual rainfall of daily rainfall ≥ 12 mm/d, mm; and 

a and b are the model parameters. 

 

Soil erodibility factor (K) 

The K factor is the indicator to evaluate soil erosion probability when rainfall 

erosivity has occurred. The calculated method has been proposed by Sharpley and 

Williams (1990), using Equation 5: 

 

 
0.3{0.2 0.3exp[0.0256 (1 /100)]} ( / ( )) [1.0 0.25 (

exp(3.72 2.95 )] {1.0 0.7 / [ exp( 5.51 22.9 )]}

K M F F F M T T

T   

      

     
 (Eq.5) 

 

where 

M is the mass fraction of sand, %; 
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F is the mass fraction of silt, %; 

N is the mass fraction of clay, %; 

T is the mass fraction of soil organic carbon, %; and 

Δ = 1-M/100; 

The K value is needed to use the international system units through multiplication by 

0.1317. 

 

Topographical factor (LS) 

Slope length and slope (LS) are the topographical factors mainly reflecting the effects 

of topography on soil erosion. The formulae are expressed as follows (Eqs. 6, 7, 8, 9 

and 10; Moore and Wilson, 1992; Liu et al., 1994; Renard et al., 1997): 

 

 ( / 22.13)L   (Eq.6) 
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 (Eq.7) 

 

 
0.8(sin / 0.0896) / [3.0 (sin ) 0.56]      (Eq.8) 

 

 

10.8sin 0.03, 9%

16.8sin 0.50,9% 14%

21.9sin 0.96, 14%
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 (Eq.9) 

 

 LS L S   (Eq.10) 

 

where 

λ is the slope length, calculated using the hydrological analysis module in the ArcMap 

on the basis of 30 m resolution DEM; 

α is the slope length index; 

θ is the slope in %, obtained by the surface analysis tool in ArcMap and based on 30 m 

DEM; 

The LS value is calculated by multiplying L by the S value, according to the Equations 

6, 7, 8 and 9. 

 

Vegetation cover factor (C) 

The C factor is the vegetation index, which is calculated based on MODIS NDVI 

data; the formula is expressed as follows (Eqs. 11 and 12; Li and Zheng, 2012): 

 

 0.18 0.131A MNDVI NDVI    (Eq.11) 

 

 exp[ ]A

A

NDVI
C c

d NDVI
  


 (Eq.12) 

where 

The c value is 2, and the d value is 1; 



Wang: Impacts of the Grain for Green project on soil erosion: a case study in the Wuding River and Luohe River basins in the 

Shaanxi Province of China 

- 4170 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):4165-4181. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1604_41654181 

 2018, ALÖKI Kft., Budapest, Hungary 

NDVIA and NDVIM represent the AVHRR (Advanced Very High Resolution 

Radiometer) NDVI and MODIS NDVI data, respectively. 

 

Soil and water conservation factor (P) 

Use the calculation method (Eq. 13) proposed by Lufafa et al. (2002): 

 

 0.2 0.03P    (Eq.13) 

 

The results of the soil erosion modulus and various factors in the WDRB and LHRB 

in LPNSC were calculated using RUSLE (Fig. 2). 

 

 

Figure 2. Results of soil erosion modulation and its factors in the Wuding River Basin and 
Luohe River Basin. The maps present average values (2000 to 2014) for rainfall erosivity (R; 

(MJ·mm)/(hm·h·a)), vegetation cover factor (C), and soil erosion modulus (A; t/(km
2
·a)) 
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Results 

Impacts of GGP implementation on land use and NDVI change 

Land use and NDVI change 

The main land use types in the WDRB were grassland, farmland, and idle land. 

Affected by the implementation of the GGP, land use in the basin underwent major 

changes between 2000 and 2010. In general, the areas of farmland and idle land 

decreased, while other land use types increased. The large reduction in farmland area 

and the large increase in grassland area indicate that a large amount of farmland was 

turned into grassland. In addition, the farmland area decreased, while grassland areas 

increased between 2000 and 2005; the changes were higher than those between 2005 

and 2010, indicating that in the WDRB, the impact of GGP implementation on land use 

change was concentrated in the years between 2000 and 2005 (Fig. 3a). Despite the 

largest reduction and increase in farmland and grassland areas, respectively, between 

2000 and 2010, construction land also increased, namely by 162.18%. This reflects the 

ongoing and considerable growth of the urban area as well as of industrial and mining 

land (Fig. 3b). 

The main land use types in the LHRB were forest land, grassland, and farmland. As a 

consequence of the implementation of the GGP between 2000 and 2010, farmland areas 

declined mostly, while grassland areas considerably increased, followed by forested 

land. Such changes were concentrated in the period 2000-2005, while between 2005 and 

2010, only slight changes occurred (Fig. 3c). Adhering to the main objectives of the 

GGP, farmland areas were transformed into forests and grasslands. Compared with the 

year 2000, 19.52% of the farmland was reduced in 2010, while construction land 

increased more than forest and grassland, reaching 39.58% (Fig. 3d). 

The impact of GGP implementation on land use changes was concentrated between 

2000 and 2005, resulting in a large reduction in farmland and a large increase in 

grassland. However, there was a lower forest land area in the WDRB, and the farmland 

was converted into grassland, while in the LHRB, farmland was mainly converted into 

the forest. Furthermore, in the WDRB, the construction land increased more than in the 

LHRB, reflecting the economic and social development. 

The NDVI is an important indicator of the level of surface vegetation. The vegetation 

in the WDRB was dominated by temperature grassland, and that in the LHRB was 

dominated by temperature forest. The NDVI value was higher in the LHRB compared 

to the WDRB. However, affected by the implementation of the GGP, the average annual 

NDVI of the WDRB increased from 0.3103 to 0.5038 (61.38%) from 2000 to 2014, 

while the NDVI in the LHRB increased from 0.6052 to 0.7233 (19.52%) in the same 

period; both trends were linear. The growth rates were 0.0128/a and 0.0083/a, 

respectively, above the significance level of 0.001, which indicates that the NDVI in the 

two basins will continue to increase (Fig.3e). 

 

Land use and NDVI change at different slopes 

Areas with a slope ≥ 25° were the main objectives in the GGP implementation. 

Changes in land use and NDVI in regions < 25° and ≥ 25° were calculated, and the 

effects of the implementation of the GGP were compared. The results are shown in 

Figure 4. 
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Figure 3. The area of land use change, change rate compared between year 2000 and 2010, 

and change trend of annual average NDVI from 2000 to 2014 in the Wuding River Basin and 

Luohe River Basin. Figure (a) and (b) show the areas of land use change in different periods for 

Wuding River Basin during 2000-2010 and the percentage of change area compared with 2000, 
respectively. Figure (c) and (d) show the areas of land use change in different periods for Luohe 

River Basin during 2000-2010 and the percentage of change area compared with 2000, 

respectively. Figure (e) shows the annual average NDVI change trend for Wuding River Basin 
and Luohe River Basin from 2000 to 2014 

 

 

Land use change at different slopes can also cause changes in NDVI. In the WDRB, 

the NDVI value of the area with slopes ≥ 25° was higher than that of the area with 

slopes < 25°. The NDVI of both regions showed a linear increase from 2000 to 2014, 

with linear growth rates of 0.0157/a and 0.0127/a, respectively. These results indicate 

that the growth rate of NDVI in areas ≥ 25° was higher than that in areas < 25°, and the 

NDVI in the two regions is expected to continue to increase in the future (Fig. 4e). The 

situation in the LHRB was similar to that in the WDRB. The NDVI value in the ≥ 25° 



Wang: Impacts of the Grain for Green project on soil erosion: a case study in the Wuding River and Luohe River basins in the 

Shaanxi Province of China 

- 4173 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):4165-4181. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1604_41654181 

 2018, ALÖKI Kft., Budapest, Hungary 

region was higher than that in the < 25° region, and all showed a linear increase; linear 

growth rates were 0.0078/a and 0.0084/a, respectively. Based on these results, we 

assume that the NDVI growth rate in areas < 25° was higher than that in areas ≥ 25°, 

which may be related to the better vegetation coverage in the LHRB and the effects of 

GGP implementation (Fig. 4f). 
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Figure 4. Area, rate of land use change, and change trend of NDVI at different slopes between 

2000 and 2014 in the Wuding River Basin and Luohe River Basin. Figure (a) and (b) show the 

areas of land use change in different periods for Wuding River Basin during 2000-2010 and the 
percentage of change area compared with 2000, respectively. Figure (c) and (d) show the areas 

of land use change in different periods for Luohe River Basin during 2000-2010 and the 

percentage of change area compared with 2000, respectively. Figure e and (f) show the annual 
average NDVI change trend for Wuding River Basin and Luohe River Basin from 2000 to 2014, 

respectively 
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Soil erosion modulus change at different slopes 

The soil erosion modulus at different slopes as well as the anomalies for each year 

were calculated (Fig. 5). The annual average soil erosion modulus for both sites from 

2000 to 2014 at a slope < 25° was lower than that of the slope ≥ 25°. Annual average 

soil erosion modulus in the area of < 25° in the WDRB was only 277.26 t/(km
2
·a), 

while that in the ≥ 25° region was 4,362.99 t/(km
2
·a). In the LHRB, the annual average 

soil erosion modulus in the < 25° region was 1,335.96 t/(km
2
·a), while in the region 

≥ 25°, this value was 5,109.25 t/(km
2
·a). Based on the results, the slope of an area had a 

impact on land use change. However, for any area, the slope was fixed and relatively 

small. The vegetation attached to the slope surface was affected by climatic changes and 

human activities, such as GGP implementation. 

The decrease in farmland and the increase in grassland and forest land were 

concentrated in 2000-2005. Given the changes in land use and soil erosion modulus at 

different slopes (Figs. 4 and 5), the soil erosion modulus of the WDRB from 2000 to 

2007 (except for 2001) was lower than the average value from 2000 to 2014, while after 

2008 (except for 2010), the soil erosion modulus increased and was higher than the 

multi-year average value (Fig. 5a). This can be explained by the relatively sparse 

precipitation in the WDRB in 2000-2005 and affected by the implementation of the 

GGP. The surface vegetation coverage increased and the soil erosion modulus 

decreased; but under extreme precipitation in the following period, the soil erosion 

modulus increased (Wang et al., 2014c, d). 

Vegetation coverage in the LHRB was relatively high, especially in the southeast of 

the basin. Therefore, GGP implementation further increased the level of vegetation 

cover in the basin and caused the decline of the soil erosion modulus. The soil erosion 

modulus anomalies for most years were negative from 2000 to 2014, which indicated 

that the inter-annual precipitation variability increased, resulting in an extremely high 

soil modulus. Therefore, the mean value from 2000 to 2014 also increased, and most of 

the year’s anomalies showed a negative value (Fig. 5b). 
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Figure 5. Differences between annual soil erosion modulus and the average value between 
2000 and 2014 at different slopes in the Wuding River Basin and Luohe River Basin 

 

 

Temporal and spatial changes of soil erosion modulus 

Annual sediment transport data of the Baijiachuan hydrological station in the WDRB 

and the Zhuangtou hydrological station in the LHRB were obtained by the Yellow River 

Water Resource and Sediment Bulletin. The multi-year average soil erosion modulus of 
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the WDRB in LPNSC, from 2000 to 2014, was 457.90 t/(km
2
·a), slightly higher than 

the average soil erosion modulus of 419.30 t/(km
2
·a) measured by the Baijiachuan 

hydrological station, while the soil erosion modulus in the LHRB was 1,843 t/(km
2
·a), 

slightly lower than the 2,150 t/(km
2
·a) measured by the Zhuangtou hydrological station. 

The estimated soil erosion modulus was higher in the WDRB in LPNSC, while in the 

LHRB, the estimated values were lower; however, the overall difference was relatively 

low. 

 

Temporal changes 

Soil erosion in LPNSC is serious, but there are obvious differences in soil erosion 

levels between the different watersheds. Figure 6 showed that, in general, the soil 

erosion modulus in the LHRB was higher than that in the WDRB, and the multi-year 

average soil erosion modulus was different. This mainly reflects the dominant role of 

precipitation in the soil erosion process. The LHRB is located in the southern part of the 

northern Shaanxi Province, and annual precipitation is higher than that in the WDRB in 

the northern part of the northern Shaanxi Province. Moreover, the climatic conditions 

and the vegetation coverage in the LHRB are relatively better than those in the WDRB. 

Therefore, the soil erosion modulus in the LHRB was higher than that in the WDRB, 

which can be attributed to the difference in precipitation. From 2000 to 2014, the soil 

modulus in the LHRB and the WDRB showed a fluctuating increase, and the linear 

increase rate of the soil erosion modulus in the LHRB was higher than that in the 

WDRB, although the linear fitting results were insignificant (P > 0.05), reflecting the 

inconsistency of the soil erosion change in both sites. 
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Figure 6. Changes in annual average soil erosion modulation in the Wuding River Basin and 

Luohe River Basin 

 

 

Spatial change process 

The linear change rate, the linear change trend, and the F test results for LHRB and 

WDRB were calculated by the linear trend method, using data from 2000 to 2014. The 

results are shown in Figure 7. 

The linear change rate of the soil erosion modulus in the WDRB from 2000 to 2014 

ranged between -230 and 1756 t/km
2 
per year; higher values were mainly distributed in 

the southeast of the basin and in the southern part of the hilly-gully area, while the 
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northwestern and western parts belong to the southern margin of the Mu Us Sandy 

Land, with low-lying land, less rainfall, less soil erosion, and a relatively small change 

rate in soil modulus (Fig. 7a). The linear change rate was higher than 0 and lower than 

0, which means that the soil erosion modulus in WDRB increased and decreased from 

2000 to 2014. The changing trend of the soil erosion modulus mainly increased, 

accounting for 99.6% of the total basin area, while decreases accounted for 0.45%, 

concentrated in the northern part of the basin (Fig. 7b). The F test results showed that 

the linear change of the soil erosion modulus in the WDRB was mainly insignificant, 

accounting for 79.3% of the total basin area, while the area with a trend of significant 

change accounted for 20.7%, concentrated in the south-east of the basin. The soil 

erosion modulus of the hilly-gully region of the Loess Plateau, located in the southeast 

of the WDRB, continues to increase, with a critical soil erosion situation (Fig. 7c). 

The linear change rate of the soil erosion modulus in the LHRB ranged between -584 

and 992 t/km
2 
per year, which was smaller than that in the WDRB; however, both rates 

are still relatively high. High values were mainly concentrated in the middle area and 

the central southwest of the watershed (Fig. 7d). The northern part of the LHRB is a 

loess hilly-gully region, which is dominated by grassland and showed serious soil 

erosion. The central and southern parts were covered by temperate forest, with a 

relatively high vegetation coverage and low soil erosion low (Fig. 2I). Overall, there 

was an increasing change, accounting for 73.3% of the total area of the basin, while the 

decreasing accounting for 26.7%, mainly in the southeastern and northern parts of the 

basin (Fig. 7e). The results of the F test showed that the linear change of the soil erosion 

modulus in the LHRB was mainly insignificant, accounting for 99.3%, while a 

significant trend was sparsely distributed along the northern margins in the basin 

(Fig. 7f). 

 

 

Figure 7. The change rate, the change trend, and the F test results of soil erosion modulation 

for Wuding River Basin and Luohe River Basin. Figure (a), (b), and (c) represent the change 

rate, the change trend, and the F test result for Wuding River Basin, respectively; Figure (d), 
(e), and (f) represent the change rate, the change trend, and the F test result for Luohe River 

Basin, respectively 
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Impacts of GGP implementation on soil erosion 

To assess the impacts of GGP implementation on soil erosion, it is assumed that the 

soil erodibility factor (K), the topography factor (LS), and the soil and water 

conservation factor (P) are fixed, while the rainfall erosivity factor (R) and the 

vegetation cover factor (C) varied over the years. In terms of the R and C factor, the 

former was not controllable, while the latter could be affected by GGP implementation. 

When R is fixed, the erosive forces in 2000 would remain unchanged from 2000 to 

2014, only the impact of the C factor (NDVI) on soil erosion would be considered. The 

results are shown in Figure 8. 
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Figure 8. Soil erosion modulus change in the entire region and areas with a slope ≥ 25 °, with 

fixed R values, and the difference between soil erosion modulus in actual and when R fixed in 

2000, from 2001 to 2014 in the Wuding River Basin and Luohe River Basin 

 

 

The soil erosion modulus in both WDRB and LHRB during 2000-2014 increased. 

When the change of rainfall erosivity was not taken into account, the soil erosion in the 

two basins was only affected by the surface vegetation changes. The soil erosion 

modulus in both basins showed decline (Fig. 8a and c). The ≥ 25° regions were the key 

areas for GGP implementation, and the soil erosion modulus at these regions also 

showed reduction (Fig. 8b and c). At areas with a slope ≥ 25°, the soil erosion modulus 

in the two basins was 9.5 times and 2.7 times higher than the total soil erosion modulus, 

respectively, which indicated that the implementation of GGP had reduced the soil 

erosion modulus by changing the surface vegetation coverage. However, it should also 

be noted that in the natural state, the soil erosion modulus increased from 2000 to 2014, 
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which means that the increase in the soil erosion modulus caused by precipitation 

changes far exceeded the reduction caused by the implementation of the GGP. 

Discussion 

Using the WDRB and LHRB as examples, the implementation of the GGP changed 

the land use types and affected the vegetation status (reflected by changes in NDVI), 

thereby reducing soil erosion. However, there are a large number of factors influencing 

soil erosion, which is a quite complex process. 

In the RUSLE model, the soil erodibility factor is mainly affected by the organic 

matter content in the soil and the mechanical composition of soil particles. The GGP 

implementation in the first stage (2000-2008) has caused obvious changes in soil 

organic matter content (Zhu et al., 2014; Xie et al., 2016). The soil erodibility factor 

changes over time, and under objective conditions, the use of a year-by-year soil 

erodibility factor to calculate the soil erosion modulus will be closer to the actual 

situation. 

Positive soil erosion modulus values in the WDRB and LHRB from 2000 to 2014 

were six and five years, respectively. However, the overall increase in soil erosion in the 

two basins indicates that severe soil erosion will occur within a few years, caused by 

heavy precipitation (Fig.9). The role of precipitation in soil erosion is obvious. The 

construction of check dams for channel treatment and the implementation of the GGP 

for slope vegetation treatment have already been performed. However, with the increase 

of the frequency of extreme precipitation caused by climate change, the changes in soil 

erosion in the basins require further research. 
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Figure 9. Precipitation and precipitation intensity change from 2000 to 2014 in the Wuding 
River Basin and Luohe River Basin 

Conclusions 

(1) The implementation of the GGP (2000-2008) promoted the conversion of 

farmland to grassland and forest land (concentrated in 2000-2005) in the WDRB and 

LHRB. In 2000-2014, the NDVI values increased by 61.38 and 19.52% in the WDRB 

and LHRB, respectively, and showed a linear increase; the change rates of land use and 

NDVI in the area with a slope ≥ 25° were higher than those in < 25° areas and 

throughout the basin. The change range of soil erosion modulus difference value at a 
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slope ≥ 25° was higher than that at a slope < 25°, and the negative value reflected the 

role of the GGP, while the positive value reflected the rainfall impact. 

(2) The soil erosion modulus values of both basins increased from 2000 to 2014, and 

the average soil erosion modulus and its growth rate in the LHRB were higher than 

those in the WDRB, which is mainly due to the difference in rainfall. The soil erosion 

modulus in both basins mainly showed an increase and areas with increase were mainly 

distributed in the southeastern region of the WDRB (20.7%), and the northern of the 

LHRB (only 0.7%). 

(3) Without considering the impact of changed precipitation, the soil erosion 

modulus of both basins from 2000 to 2014 showed a decrease; the linear decline rate of 

the soil erosion modulus in the region with a slope ≥ 25° was 9.7 and 2.5 times than that 

of the whole basin in the WDRB and LHRB, respectively. This proves that the 

implementation of the GGP, converting farmland into forest land and grassland, has 

improved the vegetation coverage (especially in areas with a slope ≥ 25°) and 

consequently reduced soil erosion. 

This paper analyzed the process by which soil erosion in the Wuding River Basin and 

Luohe River Basin in northern Shaanxi Province of China has changed based on the 

RUSLE. However, the research lacks support from measured data. Future studies should 

obtain hydrological monitoring data and compare this with the results calculated by 

RUSLE. 
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