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Abstract. Mastering the spatiotemporal evolution tendency of soil erosion and its influencing factors is of 

great significance for optimizing regional soil and water conservation measures, ensuring sustainable 

development. This study calculated the soil erosion modulus and investigated the spatiotemporal 

dynamics of soil erosion intensity in the Dianchi Lake basin of China during the 1999-2014 period based 

on the revised universal soil loss equation (RUSLE) model and geographic information system (GIS) and 

remote sensing (RS) techniques. The results showed that the soil erosion in the Dianchi Lake basin has 

been improved in the past fifteen years, and the erosion area is shrinking continuously, but the unit 

erosion intensity is increasing, indicating that local area erosion is still serious. The analysis results show 

that soil erosion can easily occur of cultivated lands with slopes of 8-25° and a vegetation coverage in 

0%-45% forestland. The area of intensity of soil erosion exhibited a decreasing trend, indicating a gradual 

improvement in the situation of soil erosion. However, the soil erosion phenomenon in cultivated land, 

forest land and bare land with a slope of 8-25° and a vegetation coverage of 45% or less is severely. This 

study provides a theoretical foundation and methodological reference for research on soil erosion and its 

influencing factors in similar highlands Lake basin. 

Keywords: soil erosion, RUSLE, geographic information system, spatial relationship, erosion factor, 

highland lakes 

Introduction 

Soil erosion is a global environmental problem, which can cause issues such as land 

degradation, declines in soil fertility and quality, and deterioration of the ecological 

environment (Montgomeryet al., 2007; Lal, 2003). During soil erosion, large amounts 

of slope sediment are scoured, transported, and deposited into rivers and lakes, resulting 

in sedimentation of these water bodies, weakening the flood discharge capacity of 

riverbeds and increasing the risk of flood disasters (Gao and Cao, 2011). Additionally, 

large amounts of soil nutrients such as nitrogen, phosphorus, and potassium are lost, 

resulting in land infertility, water eutrophication, and ecological imbalances, severely 

restricting the sustainable development of society, the economy, and environment 

(Hartanto et al., 2003; Pimentel et al., 1995). China has vast amounts of land and yet 

suffers from relatively severe soil erosion. According to the second national remote 

sensing survey of soil erosion, soil and water loss comprised 37.42% of China’s total 

land area. In this scenario, the economic loss caused by soil and water loss can no 

longer be understated. 

The traditional method of soil erosion survey is time-consuming and long-term, and 

it is almost impossible to determine the amount of soil erosion in the medium-scale 

basin. The Universal Soil Loss Equation (USLE) has been widely used in soil erosion 

related research because of its simple calculation method, low data volume and versatile 

results. The model is an empirical model which is derived from the inductive statistics 

of soil erosion and runoff observations from the US Department of Agriculture (USDA) 
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using more than 10,000 runoff plots (Wischmerie and Smith, 1965). However, due to 

the limitations of the USLE model, the US Department of Agriculture organized 

scientists to improve the model in 1985, and in 1992 a revised version of the Universal 

Soil Loss Equation (RUSLE) was issued (Fu et al., 2011; Kinnellet al., 2010). The 

RUSLE model involves a wide range of areas, considers multiple natural influence 

factors, and has a simple form and a straightforward calculation method (Angima et al., 

2003). Therefore, the model has strong practicability and has been widely used in soil 

erosion evaluation by scholars, institutions and government departments at home and 

abroad. Since the 1980s, with the rapid development of spatial information technology, 

RS and GIS have been widely used in soil erosion assessment (Peng et al., 2018). RS is 

mainly used for the collection and extraction of soil erosion information. GIS is mainly 

used for the management and analysis of erosion data and the calculation of impact 

factors. The integration of RUSLE model with GIS and RS technology can 

quantitatively analyze the spatial and temporal changes of soil erosion in the basin and 

the relationship between soil erosion and impact factors (Zhu et al., 2015). Alexakiset 

al. (2013), Xin et al. (2009), Zha et al. (2015), Lin et al. (2011) evaluated the 

evolutionary trend of the temporal and spatial patterns of erosion areas by integrating of 

the RUSLE model with GIS. Slope, land use type, vegetation coverage and soil 

erodibility factors are important factors affecting soil erosion. Therefore, it is necessary 

to explore their relationship with soil erosion. Vijithet al. (2012), Kinnell et al. (2014, 

2018) and Hu et al. (2018) compared the differences in soil erosion on different slopes 

based on soil erosion models. The study of land use and soil erosion focuses on the 

extent to which land cover types and their effects have an impact on soil erosion 

intensity (Li et al., 2014; Manojlovic et al., 2017; Mondal et al., 2015; Xiao et al., 2015; 

Zokaib and Naser, 2011). The increase in vegetation coverage can effectively slow 

down the occurrence of soil erosion. The research in this area mainly focuses on the 

relationship between the change of coverage and erosion, and the study of erosion under 

different coverage conditions of different rainfall (Jian et al., 2016; Yan et al., 2013; 

Yao et al., 2018; Zhou et al., 2006). Soil erodibility is an important indicator for 

assessing soil sensitivity to erosion and an important parameter for soil erosion 

prediction. Since this factor is closely related to the physical and chemical properties of 

the soil and the rainfall erosion intensity, many studies have focused on the 

determination of soil erodibility values under different rainfall conditions in different 

regions (Panagos et al., 2012; Saygin et al., 2017; Wang et al., 2013). 

The Dianchi Lake basin is the most densely populated area in Yunnan Province of 

China, characterized by a high level of human activities and economic development. In 

recent years, rapid development and urbanization have resulted in the continuous 

deterioration of water quality in the Dianchi Lake basin, where soil erosion has emerged 

as a primary source of pollution. It is necessary to analyze the soil erosion trend in the 

lake basin from the perspective of spatial variation, and identify the significance of the 

effects of various factors on soil erosion. Such work can provide decision-making 

support for pollution prevention and control measures as well as sustainable urban 

development in the Dianchi Lake basin area. 

Based on the above reasons, RUSLE model was selected and used in this study by 

integrating with GIS and RS to analyse the spatial variation of soil erosion and its 

influencing factors in the Dianchi Lake basin, China, over the 1999-2014 period. The 

objectives of this present were: (1) to reveal the spatiotemporal changes of soil erosion; 

(2) to find major influencing factors on soil erosion in the study area. 
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Materials and methods 

Study sites 

The Dianchi Lake basin is located in the middle of the Yunnan, China (Fig. 1). It is 

located in the watershed of the Yangtze River, the Pearl River and the Honghe River. 

The geographical coordinates are 24°28′-25°28′N, 102°30′-103°00′E. The drainage area 

is 2,920 km2, the hilly area is relatively large, accounting for 69.5% of the total area; the 

plains and basins account for 20.2% of the total area; the Dianchi Lake water body 

accounts for 10.3%. 

 

 

Figure 1. Location of Dianchi basin, Yunnan, China 

 

 

Data source 

The data used in this study include: (1) Daily rainfall data of five monitoring points 

(Kunming Station, Taihuashan Station, Jinning Station, Yuming Station, Chenggong 

Station) in Dianchi basin in 1999, 2005 and 2014; (2) Remote sensing image data 

includes: LandsatTM images on December 25, 1999, March 01, 2005, and November 

25, 2014; (3) Digital elevation model (DEM) data in Dianchi basin with spatial 

resolution of 30 m; (4) Soil data, Dianchi basin 1:25 Million soil type data. 

 

Soil erosion model 

The RUSLE comprehensively reflects the effects of natural factors and human 

activities on soil erosion using five factors, namely rainfall erosivity factor, soil 
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erodibility factor, topographic factor, vegetation cover factor, and soil and water 

conservation practice factor. Among the factors, rainfall erosivity is a dynamic factor of 

soil erosion. The soil erodibility factor reflects the difficulty level of soil erosion caused 

by rainfall (Wang et al., 2018; Wen et al., 2013). Topographic factors affect the 

formation and development of surface vegetation thus controlling the movement state 

and direction of surface runoff (Wang et al., 2018). The vegetation cover factor as well 

as the soil and water conservation practice factor affect the distribution of surface 

vegetation and the level of human activities, thereby directly or indirectly affecting the 

occurrence and development of soil erosion (Miao et al., 2012). This model is expressed 

as follows: 

 

 = * * * *A R K LS C P  (Eq.1) 

 

where A is the annual average erosion modulus (t·hm-2·a-1); R is the rainfall erosivity 

factor (MJ·mm·hm-2·h-1·a-1); K is the soil erodibility factor (t·hm2·h·hm-2·MJ-1·mm-1); L 

is the slope length factor; S is the slope steepness factor; C is the vegetation coverage 

and management factor; P is the soil and water conservation measure factor. Among 

them, L, S, C, and P are all dimensionless. 

 

Rainfall erosivity factor 

The rainfall erosivity factor R refers to the potential ability of rainfall to cause soil 

erosion and is related to the intensity, duration, raindrop size, raindrop velocity, and 

amount of rainfall (Nyssen et al., 2005). Zhang et al. compared the results of rainfall 

erosivity from different types of representative rainfall data, indicating that the 

calculation of mean annual erosivity based on daily rainfall yielded the highest accuracy 

(Zhang and Jin, 2003). In the present study, the rainfall erosivity model was constructed 

based on daily rainfall data using the following equation: 
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7.189121.586  −=  (Eq.4) 

 

In Equation 2, Mi is rainfall erosivity in the i-th half month (MJ·mm·hm-2·h-1·a-1), 

K is the number of days in thei-th half month, Dj is the erosive daily rainfall on the j-

th day in the i-th half month (daily rainfall ≧12 mm; otherwise Dj = 0), and α and β 

are two model parameters to be determined by Equation 2. In Equation3, Pd12 and Py12 

are the daily and yearly averages of ≧12 mm daily rainfall, respectively. According to 

these equations, daily rainfall erosivity data at monitoring points in the Dianchi Lake 

basin were calculated for three study years, using the 1999, 2005, and 2014 data from 

five weather stations in the lake basin. The spatial distribution of rainfall erosivity 

across the lake basin was then calculated by spatial interpolation using the ArcGIS 

tool (Fig. 2). 
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Figure 2. Rainfall erosivity distribution map of Dianchi Lake basin. (a) 1999, (b) 2005 and (c) 

2014 

 

 

Soil erodibility factor 

In the present study, the soil erodibility factor K was calculated using the erosion 

productivity impact calculator (EPIC) of Wischmeier and Smith (1971), which is 

expressed as follows: 
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 (Eq.5) 

 

where SAD, SIL, CLA, and C are the sand, silt, clay, and organic carbon contents, 

respectively (unit: %). The K values in the Dianchi Lake basin were calculated by 

querying the “Records of Yunnan Soil Species” in combination with the soil 

distribution map of Yunnan Province. The spatial distribution map of the K values was 

obtained using the ArcGIS (Fig. 3a). 

 

Slope length and steepness factor 

The slope length factor L and slope steepness factor S affect the formation and 

erosion level of surface runoff, reflect the topographic features, and play a relatively 

important role in soil erosion among topographic indicators. Thus, the slope length and 

steepness factor (LS) is an external factor that must be considered for soil erosion as it 

determines the accuracy and reliability of the soil erosion study. In this study, the LS 

factor was calculated using the equation proposed by Liu et al. (2000). The slope length 

factor L is calculated as follows: 
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 ( / 22.13)mL h=  (Eq.6) 

 

where L is the slope length factor, h is the slope length value, and m is the slope length 

index. The value of m is as follows: 
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 (Eq.7) 

 

where θ is the slope value. 

The S factor is the ratio of soil loss per unit area at any slope to that at the slope of a 

standard plot, provided all other conditions are identical. Slope is a relatively stable 

parameter. In this study, the slope steepness factor algorithm of McCool for gentle 

slopes was combined with the slope steepness factor equation of Liu et al. (Liu et al., 

2000; Mccool et al., 1987). for steep slopes to calculate the S factor as follows: 

 

 

10.8sin 0.03 5

16.8sin 0.5 5 10

21.9sin 0.96 10

 
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 

+  
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 (Eq.8) 

 

The spatial distribution map of the LS factor (Fig. 3b) was obtained based on 

calculations using a combination of Equations 6-8. 

 

 

Figure 3. The distribution of slope length factor (LS) and soil erodibility factor (K) in Dianchi 

Lake basin. (a) LS and (b) K 
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Vegetation cover and management factor 

In this study, the C factor in the Dianchi Lake basin was estimated using the 

calculation model established by Cai et al. (Chong, 2000): 

 

 

1 0

0.6508 0.3436lg 0 78.3%

0 78.3%

C c

C c c

C c

= 


= −  
 = 

 (Eq.9) 

 

where C is the vegetation cover and management factor and c is the vegetation 

coverage. First, the c value was extracted using remote sensing images. Then, the spatial 

distribution map of the C value (Fig. 4) was obtained through calculation using the 

ArcGIS software according to Equation 9. 

 

 

Figure 4. The distribution of vegetation coverage and management factors (C) in Dianchi Lake 

basin. (a) 1999, (b) 2005 and (c) 2014 

 

 

Soil and water conservation practice factor 

The soil and water conservation practice factor P is the proportion of the soil loss 

under specific practice in the corresponding soil loss under no conservation practice, 

ranging between 0 and 1 (Renard et al., 1997). P value of 0 indicates that soil and water 

conservation practices are well implemented in a region where erosion is unlikely to 

occur. P value of 1 indicates no implementation of any soil and water conservation 

practices. The conservation practices are generally of cultivation and engineering types. 

Common conservation practices include strip tillage and contour tillage, whereas 

engineering practices include building terraces, establishing drainage practices, and 

returning cropland to forests. According to existing studies, the P value was determined 

in the present study based on the land use situation and the soil and water conservation 

practices implemented in the lake basin area (Zhao et al., 2007). Specifically, the P 

value in the lake basin was obtained using a combination of land use/cover types and 

soil and water conservation practices implemented in the Dianchi Lake basin (Table 1). 
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Table 1. The P value of soil and water conservation measures factor in Dianchi basin 

Land use/land cover Water Cropland Forest land Bare land Construction land Grass land 

P value 0 0.59 1.0 1.0 0 1.0 

Results 

Spatial distribution of the influence factors 

As can be seen from Figure 2, significant consistency can be witnessed in the spatial 

distribution of rainfall erosivity factor (R) during the studied period. The areas with the 

strongest and weakest rainfall erosions are located on the northwestern and eastern 

shores of Dianchi Lake, respectively. On the whole, rainfall erosion in the north of the 

basin is remarkably stronger than that in the south. According to Figure 3a, the slope 

length and steepness factor (LS) is distributed in a pattern that is low in the center and 

high in the surroundings. And in Figure 3b, the area with the largest soil erodibility 

factor (K) is located in the north and eastern edge of the basin; and the area with the 

lowest value is basically located in the south of the basin. Besides, the vegetation cover 

and management factor (C) is fluctuated between 0 and 0.65 (as shown in Fig. 4). The 

area with high values is mainly located at the higher elevation at the northern and 

southern ends of the basin, while the area with low values is at the main urban area of 

Kunming in the middle of the basin. And the scope of the low-value area has been 

continuously extended due to the massive increase in the impermeable surface with the 

acceleration of urbanization from 1999 to 2014. 

 

Classification of soil erosion in the basin 

The above-mentioned maps were subjected to overlay analysis using the ArcGIS grid 

calculator to obtain the soil erosion modulus in the study area for the three years of 1999, 

2005, and 2014. The soil erosion intensity map of the lake basin (Fig. 5) was generated 

based on classification following the “Standard for Classification and Grading of Soil 

Erosion (SL90-2007)” enacted in 2007 by the Ministry of Water Resources of China. 

Figure 5 shows that in all three stages, most of the study area is yellow with a small 

erosion modulus between 0 and 500 t/(km2·a), which belongs to a tiny erosion area 

according to the erosion standard enacted by the Ministry of Water Resources of China. 

Green areas representing an erosion modulus of 500-2,500 t/(km2·a) and purple 

representing an erosion modulus of 2,500-5,000 t/(km2·a) were prevalent in the 

remaining parts of the study area, denoting slight and moderate erosion areas, 

respectively. Only a small proportion of the study area is depicted in red, indicating 

severe erosion. With regard to spatial distribution, tiny erosion areas were primarily 

distributed in the main city district of Kunming in the northern basin and Jinning 

County in the southern basin. Slight and moderate erosion classes exhibited a staggered 

distribution in the northern, southern, and eastern basins, being especially concentrated 

in the northernmost and southernmost parts. Severe erosion was sporadically distributed 

in a very small proportion of the lake basin area. 

 

Spatiotemporal dynamics of soil erosion 

According to the statistic results of soil erosion in the lake basin (Table 2), tiny and 

slight erosion classes were prevalent in the Dianchi Lake basin. Areas of tiny and slight 
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erosion exhibited an increasing trend during the 1999-2014 period, increasing from 

87.05% to 91.3% of the lake basin area. Areas of moderate and severe erosion 

amounted to a small proportion of the study area, decreasing from 12.95% to 8.72% 

over the 15-year period. Despite the small proportion of moderate and severe erosion 

areas and the declining trend over time, these two erosion classes contributed a large 

proportion to total soil erosion, with each contributing more than 42%. Considering the 

entire Dianchi Lake basin, soil erosion was markedly inhibited over the 15-year period 

and the erosion area decreased considerably, although prominent erosion persisted in 

local areas. 

 

 

Figure 5. Spatial distribution of soil erosion intensity. (a) 1999, (b) 2005 and (c) 2014 

 

 
Table 2. Soil erosion intensity statistics in Dianchi Lake basin 

Erosion 

intensity 

Mean 

erosion 

modulus 

(t·km-2·a-1) 

1999 2005 2014 

Erosion 

area 

(km2) 

Contribution 

rate 

(%) 

Area 

ratio 

(%) 

Erosion 

area 

(km2) 

Contribution 

rate 

(%) 

Area 

ratio 

(%) 

Erosion 

area 

(km2) 

Contribution 

rate 

(%) 

Area 

ratio 

(%) 

Tiny 

erosion 
 < 500 1853.82 28.32 72.31 2056.23 35.59 80.21 2111.21 35.00 82.37 

Slight 

erosion 
500~2500 378.07 21.14 14.74 281.14 21.64 10.97 228.77 17.26 8.91 

Moderate 

erosion 
2500~5000 331.72 50.52 12.94 226.29 42.77 8.82 223.68 47.74 8.72 

Severe 
erosion 

 > 5000 0.05 0.02 0.01 0 0 0 0 0 0 

Discussion 

Soil erosion and slope 

Soil erosion was highly related to the slope. Slope was extracted using the ArcGIS 

software based on DEM data in this study, divided into six classes according to the “Soil 

Erosion Classification and Grading Standard (SL90-2007)”. Maps of slope class and soil 
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loss were subjected to spatial overlap analysis to acquire the relationship between slope 

and soil loss during the three years 1999, 2005, and 2014 (Table 3). Concerning soil loss, 

areas with a slope of 8-25° accounted for more than 52%, the largest proportion, of the 

total soil loss in the basin. Theoretically, the higher the slope is, the stronger the rainfall 

erosion kinetic energy will be and the more serious the erosion will be (Liu et al., 1994; 

Wang, 1998; Berger et al., 2010; Zhao et al., 2015). However, this study found that soil 

loss presented a prominent decreasing trend when the slope is more than 25°. An overlay 

analysis of the erosion data of different slopes and high-resolution satellite remote sensing 

images revealed that areas with a slope greater than 25° had high vegetation coverage, 

with slope cropland in a small area and karst rock surface in local areas reducing the 

occurrence of soil erosion to a large extent. This phenomenon of weakening of erosion 

intensity with increasing slope due to changes in land cover has been verified by many 

scholars (Bochet et al., 2009; Zhou et al., 2014). 

 
Table 3. Different slope and soil erosion statistics in Dianchi Lake basin 

Slope 

(°) 

1999 2005 2014 

Area 

(km2) 

Soil erosion 

loss (104 t·a-1) 

Contribution 

rate (%) 

Area 

(km2) 

Soil erosion 

loss (104 t·a-1) 

Contribution 

rate (%) 

Area 

(km2) 

Soil erosion 

loss (104 t·a-1) 

Contribution 

rate (%) 

0~5 761.71 24.18 17.96 766.15 13.39 13.09 767.92 10.76 11.14 

5~8 217.04 15.88 11.79 213.23 9.83 9.61 214.66 9.3 9.63 

8~15 494.15 35.03 26.01 486.7 24.63 24.08 488.23 24.44 25.31 

15~25 586.28 34.63 25.71 590.87 29.75 29.08 592.93 28.69 29.71 

25~35 354.91 18.06 13.41 345.59 17.44 17.05 347.39 16.65 17.24 

 > 35 143.08 6.89 5.12 154.63 7.25 7.09 146.04 6.74 6.98 

 

 

Soil erosion and land use type 

Land use is one of the most important factors affecting regional soil erosion. This 

factor affects soil erosion by altering vegetation cover on the land surface, physical and 

chemical soil properties, runoff characteristics, and regional climate conditions. 

Comparative analysis on the relationship between different land use types and the 

spatial differentiation of soil erosion intensity plays a crucial role in identifying more 

reasonable land use structures and adopting rational and effective soil and water 

conservation practices. Herein, the land use types in the Dianchi Lake basin were 

divided into five classes: cropland, forestland, bare land, construction land, and 

grassland. The soil erosion area, soil erosion modulus, and annual soil loss in relation to 

different land use types during the three years of 1999, 2005, and 2014 were acquired 

using the spatial overlay function of ArcGIS (Table 4). During the 15-year period 

(1999-2014), cropland area decreased rapidly, whereas construction land and bare land 

increased sharply; forestland and grassland areas did not change markedly. Total soil 

loss decreased rapidly by approximately 26.8%, from 134.44*104 t·a-1 in 1999 to 

98.41*104 t·km-2·a-1 in 2014, indicating that cropland had a prominent effect on soil 

erosion in the Dianchi Lake basin. In terms of erosion intensity, the different land use 

types are ranked as bare land > cropland > forestland > grassland > construction land. 

Despite the small area of bare land, its mean erosion modulus was relatively high and 

exhibited rapid growth, increasing 11.9-fold over the 15 years from 1999 to 2014. The 

erosion contribution from bare land also increased from 0.6% to 9.1% over the study 

period, suggesting that bare land is a priority area that demands attention for the 

prevention and control of soil erosion in the lake basin area in the future. In particular, 
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the cropland area decreased prominently by 60%, from 843.47 km2 in 1999 to 

334.91 km2 in 2014, and total soil erosion loss was reduced by 72%. Forestland area 

generally followed a decreasing trend but with a small magnitude of decrease, i.e., only 

a 7.14% decline over the 15-year period, whereas the soil loss decreased by 12.9%, 

indicating an improvement in soil erosion mitigation on forestland. Construction land 

increased rapidly from 1999 to 2014 by three-fold in both area and related soil loss. 

However, the erosion intensity was substantially low for construction land owing to the 

special underlying structure, making it a tiny erosion area. Although the erosion area of 

grassland increased by 1.3-fold, its soil loss increased by only 13%, and the soil loss per 

unit area exhibited a decreasing trend, suggesting an improvement in soil erosion 

mitigation for grassland areas. 

 
Table 4. Different land use types and soil erosion statistics in Dianchi Lake basin 

Land use type 

1999 2005 2014 

Erosion 

area 

(km2) 

Mean 

erosion 

modulus 

(t·km-2·a-1) 

Erosion 

loss 

(104t·a-1) 

Erosion 

area 

(km2) 

Mean erosion 

modulus 

(t·km-2·a-1) 

Erosion 

loss 

(104t·a-1) 

Erosion 

area 

(km2) 

Mean 

erosion 

modulus 

(t·km-2·a-1) 

Erosion 

loss 

(104t·a-1) 

Cropland 844.47 743.17 62.68 655.36 584.93 38.33 334.93 519.42 17.40 

Forestland 1298.74 450.57 58.52 1263.15 394.96 49.89 1205.35 422.66 50.97 

Bare land 7.51 1070.05 0.80 19.49 951.59 1.85 89.74 706.22 6.34 

Construction land 225.64 178.87 4.03 421.55 156.61 6.60 680.9 183.26 12.48 

Grassland 170.98 492.08 8.41 187.79 304.89 5.72 236.42 393.67 9.50 

 

 

In summary, soil erosion under different land use is significantly different, and the 

contribution rate of different land use to soil erosion varies greatly. Among the land use 

types, the contribution rate of bare land is the largest (Cerdan et al., 2010; Guo et al., 

2013). Labriere et al. (2015) found that soil erosion in the humid tropics is dramatically 

concentrated in bare land by analyzing more than 3,600 measurement data of soil 

erosion from 55 references covering 21 countries. Since the building land is isolated 

from the surface water infiltration into the soil, soil erosion will hardly occur after the 

construction (Yang, 2019). 

 

Soil erosion and vegetation coverage 

In this study, vegetation coverage is indicated by the normalized difference 

vegetation index (NDVI). NDVI values were calculated based on the remote sensing 

image data of the Dianchi Lake basin. The NDVI map was overlaid with the soil 

erosion map to obtain the relationship between vegetation coverage and soil erosion 

(Table 5). During the 1999-2014 period, soil erosion correlated with vegetation 

coverage levels in the lake basin that were between 0 and 45%. The largest erosion 

contribution occurred when vegetation coverage was between 15 and 30%, and the 

maximum contribution was 66.35% in 2014. Little erosion occurred when vegetation 

coverage was 45% or higher, and there was generally no erosion when vegetation 

coverage was 60% or higher, indicating that higher vegetation coverage exerted a more 

prominent inhibiting effect on soil erosion. Thus, vegetation is an important factor in 

protecting soil against erosion. This result is consistent with the research results of 

many scholars. Zheng (2006) found that once vegetation restoration, soil erosion was 

very low in the Loess Plateau, China. And once the vegetation destroyed, soil erosion 
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increased markedly. Hou (2014) further revealed that soil erosion was not only affected 

by vegetation coverage, but also affected by vegetation diversity in the same 

distribution pattern. The reasons why vegetation plays a significant role in inhibiting 

soil erosion are as follows: (1) vegetative shoots can satisfactorily reduce the effect of 

raindrop splash on soil, whereas litter can attenuate the erosion of soil by surface runoff; 

(2) vegetative roots play a role in retaining the soil, making it difficult to be scoured and 

transported (Zhang et al., 2014). 

 
Table 5. Statistics of different vegetation coverage and soil erosion in Dianchi Lake basin 

Vegetation 

coverage (%) 

1999 2005 2014 

Erosion 

area 

(km2) 

Mean 

erosion 

modulus 

(t·km-2·a-1) 

Contribution 

rate (%) 

Erosion 

area 

(km2) 

Mean 

erosion 

modulus 

(t·km-2·a-1) 

Contribution 

rate (%) 

Erosion 

area 

(km2) 

Mean 

erosion 

modulus 

(t·km-2·a-1) 

Contribution 

rate (%) 

0~15 869.78 524.60 33.9 876.44 258.87 22.1 619.26 179.61 11.48 

15~30 1058.36 564.84 44.4 842.67 495.78 40.7 1401.30 458.10 66.35 

30~45 563.93 454.63 19.0 663.76 458.94 29.7 528.29 398.16 21.74 

45~60 68.94 517.78 2.7 162.01 441.45 7.0 12.16 340.85 0.43 

60~75 0 0 0 16.13 290.63 0.5 0 0 0 

 > 75 0 0 0 0 0 0 0 0 0 

 

 

Soil erosion and soil erodibility 

The soil erodibility factor K, an intrinsic factor of soil erosion intensity, is the 

comprehensive expression of soil erosion resistance (Zhang et al., 2011). The 

relationship between soil erosion modulus and the K factor in the Dianchi Lake basin 

was obtained using overlay analysis (Fig. 6). 

 

 

Figure 6. Soil erodibility factor and soil erosion statistics in Dianchi Lake basin 

 

 

The soil erosion modulus corresponding to various soil types differed. The brownish 

soup soil had the largest erosion modulus of 672.9 t·(km-2·a-1), which corresponded to a 

high K value of 0.10357 (t·hm2·h)/(MJ·mm·hm2), suggesting that this type of soil was 

prone to erosion. The peat swamp soil had the lowest K value of 

0.03583(t·hm2·h)/(MJ·mm·hm2), whereas the corresponding soil erosion modulus was 
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not the lowest. According to the patterns observed in Figure 6, the K value and soil 

erosion typically exhibited inconsistent trends in most soil types, except for a few soil 

types that showed consistent trends, suggesting that the K factor had a low correlation 

with soil erosion and hence it is a secondary factor affecting erosion. Theoretically, 

under the same conditions of rainfall, land use and slope, soils with high erodibility are 

more susceptible to erosion than those with low erodibility (Panagos et al., 2012; Liu et 

al., 2020). However, the way of land use indirectly affects the physical and chemical 

characteristics of soil, which leads to a certain change in soil erodibility (Panagos et al., 

2014). Therefore, it is difficult to form a consistent law between soil erosion and K 

factor in different regions due to differences in land use patterns (Raquel et al., 2007). 

Conclusions 

This study investigated the situation of soil erosion and its relationship with the 

influencing factors in the Dianchi Lake basin over a 15-year period. The RUSLE model 

was integrated with remote sensing and GIS, and the remote sensing images of 1999, 

2005, and 2014 were used as data sources. The conclusions of the study are as follows: 

(1) Analysis of the spatiotemporal dynamics of soil erosion revealed that tiny and 

slight classes of soil erosion were prevalent in the Dianchi Lake basin during the 15-

year 1999-2014 period. The tiny erosion area increased over time and amounted to 

82.37% of the lake basin area in 2014, whereas the area and soil loss of light and 

moderate erosion both decreased over time. As for severe erosion, the erosion 

contribution was 0 and thus negligible in both 2005 and 2014. 

(2) Analysis of the relationship between slope and soil erosion revealed that erosion 

was primarily concentrated in areas with a slope in the range of 8-25°. The large areas 

with a slope of 0-5° were primarily comprised of urban areas, which contributed little to 

soil erosion and exhibited a decreasing trend in soil erosion over time. For areas with a 

slope greater than 25°, the soil loss gradually decreased as the slope increased. 

(3) Both soil loss and erosion intensity varied significantly between various types of 

land use. In terms of soil loss, cropland and forestland ranked the highest, which 

accounted for a decreasing proportion of soil loss over the 15 years, with a maximum of 

90% in 1999 and a minimum of 71% in 2014. Bare land, construction land, and 

grassland accounted for a considerably increasing proportion of soil loss, with a total 

erosion increase of 20% over the 15 years and the most rapid growth for bare land. As 

for erosion intensity, the five types of land use were ranked as bare 

land > cropland > forestland > grassland > construction land, exhibiting a deceasing 

trend over time. 

(4) Considering the relationship between vegetation coverage and soil erosion, 

erosion was primarily concentrated in areas where the vegetation coverage was less than 

45%. In particular, the most intense erosion occurred in areas with vegetation coverage 

of 15-30%, where the erosion contribution and erosion intensity were at their 

maximums. Little erosion occurred in areas with vegetation coverage of 45% or higher, 

and there was approximately no erosion in areas with vegetation coverage of 60% or 

higher. Given the prominent effect of vegetation on mitigating soil erosion, it is 

recommended that vegetation coverage be increased in the Dianchi Lake basin through 

various policies, including afforestation and returning cropland to forestland and 

grassland, to reduce the occurrence of erosion. 
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(5) The overlay analysis of the K factor and soil erosion modulus revealed 

considerable differences in their change trends, indicating that soil type had a limited 

effect on erosion. 

In summary, the area and intensity of soil erosion exhibited a decreasing trend in the 

Dianchi Lake basin from 1999 to 2014, indicating a gradual improvement in the 

situation of soil erosion. There was considerable spatial differentiation in the effects of 

slope, land use type, vegetation coverage, and soil erodibility on soil erosion. The slope 

effect on soil erosion was primarily concentrated in the slope range of 8-25°, whereas in 

areas with a slope greater than 25° there was a gradually decreasing trend in erosion 

with increasing slopes. In terms of different types of land use, soil erosion primarily 

occurred on cropland and forestland. However, as the cropland area decreased rapidly 

over the 15-year period, its erosion contribution also dropped significantly. Bare land 

area, however, expanded rapidly and gradually became a major source of erosion 

because of its high erosion intensity. Areas with vegetation coverage of 15-30% 

suffered from the most intense erosion, whereas little erosion occurred in areas with 

vegetation coverage of 45% or higher. 

Among the above factors, slope, soil erodibility and vegetation coverage were 

relatively stable, while land use factor was sensitive and had a greater impact on soil 

erosion. However, land use is significantly affected by human activities. So, further 

revealing the relationship between human activities factors, such as socio-economic 

characteristics and regional planning, etc., will help to understand the knowledge of soil 

erosion mechanism, which will be the focus of the next research. 
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