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Abstract

Soil erosion is an important part of land ecological change and global environmental change.  
In southern China, the red soil hilly area is a region with serious soil erosion and water and soil loss. 
In this study, the spatial distribution of soil erosion and its change induced by land use types were 
obtained with the spatial operation analysis technology of a geographic information system and the 
revised universal soil loss equation model (RUSLE). The results show that soil erosion is most very 
lightly eroded in the study area as a whole, and has a wide yet relatively concentrated distribution, 
namely spatial aggregation distribution. The average soil erosion rate is the highest in Zhenghe County, 
followed by Wuyishan City, Shunchang County and Changting County, and relatively low in other 
counties. Further analysis on soil erosion under different land use types shows that erosion is more 
serious in unused land, orchard, dry land and rural settlements, and less severe in grassland, urban land, 
woodland and paddy field. This can be explained by the differences in vegetation cover, soil and water 
conservation measures, and the degree of human disturbance under different land use patterns.
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Introduction

Soil erosion by water is an important part of land 
ecological change and global environmental change 
[1]. Considered as a multi-factor, multi-level and multi-
scale geo-scientific problem, soil erosion by water has 
major adverse effects on agricultural productivity and 
the sustainable use of surface water resources [2]. 
Strengthening the prevention and control of soil erosion 
is a fundamental guarantee to improve the quality of 
a regional ecological environment. At the same time, 
land use and land cover (LULC), as a comprehensive 
representation of human activities, not only profoundly 
affects the activities of vegetation litter, residues 
and soil microorganisms, but also causes differences 
in soil nutrient distribution and soil and water loss 
degree, thus changing the distribution, migration and 
translocation of carbon, nitrogen and phosphorus 
nutrients in soil, organisms and water [3-6]. In a 
sense, quantitative comparative analysis of soil erosion 
with the corresponding land use types can help to 
formulate more scientific and reasonable water and soil 
conservation and non-point source control measures in 
a watershed, and guide the optimization and adjustment 
of land use and agricultural structures. In addition, such 
analysis also provides information for simulating the 
output of large-scale non-point source pollution [7-9].

The soil erosion process and mechanism have been 
a hotspot in global research. To develop optimal soil 
erosion management plans, researchers worldwide have 
established a variety of soil erosion assessment methods 
in the past decades, including the universal soil loss 
equation (USLE) [10], the water erosion prediction 
project (WEPP) [11], the revised universal soil loss 
equation (RUSLE) [12], the European soil erosion 
model (EUROSEM) [13], the Chinese soil loss equation 
(CSLE) [14], and many others [15-16]. The study of soil 

erosion has evolved from empirical model to physical 
model, and from qualitative estimate to quantitative 
study [4-5]. Soil conservation actions over large 
areas are expensive and need to be targeted to obtain 
maximum benefit for least cost. With the development 
of remote sensing (RS), geographic information system 
(GIS) and computer image processing technology, it 
is possible to extract soil erosion factors quickly and 
accurately for regional soil erosion analysis and to 
update them in real time [5, 17-20].

Soil erosion continues to represent a major 
environmental issue in China. This is especially so in 
southern China, where the red soil hilly region is an 
area with serious soil erosion and water and soil loss. In 
recent years, many studies have been done on the law of 
soil and water loss, influencing factors, allowable loss, 
control measures and effects in the hilly region of red 
soil in southern China [21-23]. However, many fewer 
studies have reported the quantitative prediction of soil 
and water loss and the difference of soil erosion under 
many different land use types in the southern China red 
soil hilly regions at the large watershed scale. 

The upstream watershed of the Minjiang River 
is not only a water source protection area with 
heavy precipitation and sufficient water resources, 
but also a key forest area in Fujian Province. It has 
typical characteristics of the red soil hilly region in 
southern China [4, 8, 24]. Soil erosion by water is a 
major agent of land degradation in this study area 
because of its steep slope and intense washout under 
heavy precipitation. However, no systematic studies 
with quantitative statistics have been done in the basin 
on soil erosion of different land use types. Based on GIS 
and RS technology, this study quantitatively evaluates 
the soil erosion in the upper Minjiang River basin by 
using the RUSLE model, and analyses the status of soil 
erosion and its response to land use types. The purpose 

Fig. 1. Distribution of administrative divisions in the upstream watershed of the Minjiang River.
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of this study is to provide a decision-making basis and 
practical cases for water and soil conservation and 
ecological environmental protection in the basin, and to 
achieve good water resources, water ecology and water 
environment.

Materials and Methods

Study Area

Minjiang River is the “mother river” of Fujian 
Province. It has a total length of 562 km and a 
watershed area of 60992 km2, which accounts for 62.5% 
of Fujian’s land area. The Minjiang River is divided 
into upper, middle and lower reaches by the boundaries 
at Nanping City and Shuikou Town, respectively. The 
upstream area covers 22 counties and cities (Fig. 1) 
and accounts for nearly 70% of the whole basin area. 
With an annual average rainfall of over 2000 mm,  
the upstream area has an annual average runoff of 
1056.7 mm, and a total runoff accounting for about 75% 

of the total water volume in Minjiang River. Therefore, 
it is not surprising that the upstream watershed has 
a great impact on the ecological environment in 
the Minjiang River Basin and Fujian Province. The 
upstream basin is a typical hilly landform in southern 
China. Mountainous and hilly areas account for more 
than 80% of the land area. In the winding valleys and 
small inter-mountain basins, the terrain is complex and 
the soil is mainly zonal red soil.

Research Model

The soil erosion rate (A) is calculated with the 
RUSLE model, which has been applied to regions 
with different conditions all over the world, including 
mountainous regions, forests, rangelands, badlands, and 
heterogeneous areas [16, 25, 26]. The model estimates 
soil erosion as the linear product of five factors (R, K, 
Ls, C, and P), which represent the catchment’s climatic, 
pedological, topographic, land cover, and anthropogenic 
characteristics [16, 27]. RUSLE can be expressed as 
follows:

SA R K L C P= × × × ×

…where A stands for the soil erosion rate (t·(hm2·a)-1), 
R is the rainfall erosion factor (MJ·mm·( hm2·h·a) -1), 
K is the soil erodibility factor (t·h·(MJ·mm)-1), LS is 
the topography factor (which includes slope length and 
steepness factor), C is the cover management factor, 
and P is the support and conservation practice factor. 
Among the parameters, LS, C, and P are dimensionless.

Data Sources

The research data are from Landsat-8 satellite image 
data of 2015 (resolution: 30 m), digital elevation data 
DEM for Google earth (resolution: 4 m), vector map 
of soil type in Fujian Province, and rainfall data and 
related data of soil and water conservation from 2000 to 
2015 in the study area.

Pre-processing of remote sensing image uses ENVI 
5.2 software for image fusion, mosaic, clipping and 
other steps. The land use of the upstream watershed 
of the Minjiang was obtained by remote sensing 
interpretation, and classified into 11 categories 
according to the classification system of land use and 
cover classification of the Chinese Academy of Sciences 
(Fig. 2) by supervised classification operation. The 
land area percentage of woodland (natural and planted 

Fig. 2. Distribution of land use type in the upstream watershed 
of the Minjiang River.

Table 1. Soil erosion intensity classification criteria.

Erosion degree A (t·km-2·a-1) Erosion grade A (t·km-2·a-1)

Very lightly eroded <500 Strongly eroded 5000~8000

Lightly eroded 500~2500 Very strongly eroded >8000

Moderately eroded 2500~5000
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forests with canopy density of more than 30%), sparse 
woodland (forest with canopy density of less than 
30%) and grassland is 47.28%, 15.78% and 14.55%, 
respectively. Paddy field, dry land and orchard are 
with less area percentages of 11.79%, 5.11% and 3.70%, 
respectively. The total area percentage of all other land 
use types combined is less than 1%.

Evaluation and Classification

According to previous studies [28], the area with 
severe erosion (>15000 t·km-2·a-1) is very small in 

the Minjiang River Basin. In the study area, the 
classification standard for soil erosion is determined 
to be in five levels according to average annual 
erosion (A) (detailed in Table 1), with reference to the 
“Classification and Classification Standard for Soil 
Erosion” (SL190-96) issued by the Ministry of Water 
Resources of China.

Results and Discussion

Calculation and Spatial Distribution 
of Soil Erosion

Calculation and Results of Each Factor

The factor of rainfall erosivitiy (R) represents the 
ability of raindrops and rainfall-induced runoff to erode 
soil [25,26]. The value of R was calculated based on 
the precipitation information of the Minjiang River 
basin from 2000 to 2015. The calculation method was 
adopted because of the data availability and the wide 
application of the method [10, 29]. Below is the formula 
for calculation:
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…where R is the parameter for rainfall erosivity 
(MJ·mm·( hm2·h·a) -1), Pi represents the average monthly 
rainfall (mm) for each month of the year, and P is the 
average annual rainfall (mm) over a certain time interval 
(Fig. 3a). The distribution of R is shown in Fig. 3b).

Soil erodibility (K), which has important influence on 
the accuracy of soil loss prediction, is a critical factor in 
the universal soil loss equation (USLE) and the models 
modified from it [6, 25, 26]. This factor represents the 
effect of inherent soil properties on erosion processes 
and rates, and affects sediment delivery to streams and 
needs to be appropriately quantified and interpolated as 
a fundamental geographic variable for implementing 
suitable catchment management and conservation 
practices [16, 29]. Determined by the soil types and 
closely related to soil texture and soil organic matter 
content, K factor indicates the sensitivity of soil to 
rainfall erosion and the runoff magnitude and runoff 
rate by precipitation. Therefore, soil properties in the 
studied area (Fig. 4a) are usually used to estimate the 
values of K. According to the field investigation and 
previous research results, the K values of various soil 
types in the basin are determined on a comprehensive 
basis. The K values of the main soil types are  
shown in Table 2. Based on the vector data of soil 
types in the study area, the K value in Table 2 was  
assigned to obtain the spatial distribution map of K 
value (Fig. 4b).

The topographic factor (LS) is an important 
hydraulic factor of soil erosion. Ls is a highly sensitive 

Fig. 3. Diagrams of rainfall and R values in the upstream 
watershed of the Minjiang River; a) Rainfall diagram, b) R 
diagram.
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factor and represents the influencing degree of 
topographic conditions on hydraulic erosion [16, 26]. 
Generally, topographic factors mainly include slope and 
slope length factors in order to reflect their contribution 
to soil erosion. In the upstream Minjiang watershed, 
many mountainous areas are with >20° slopes [24, 

28]. Therefore, the slopes cannot be quantified by the 
slope factor formula of the U.S. general soil erosion 
equation (applicable for an area with a maximum slope 
of 15 degrees) [6, 30]. Instead, the empirical formula 
developed in the Fujian area is used for the calculation 
[28, 31]:

Fig. 4. Diagrams of soil types and K in the upstream watershed of the Minjiang River; a) Soil types diagram, b) K diagram.
Note: Soil types 1: Dark yellow-brown soil, 2: Lime soil, 3: Black calcareous soil, 4: Purple soil, 5: Acid purple soil, 6: Acid lithic soil, 
7: Rhogosol, 8: Acid rhogosol, 9: Mountain meadow soil, 10: Paddy soil, 11: Waterloggogenic paddy soil, 12: Percogenic paddy soil, 
13: Gleyed paddy soil, 14: Red earth, 15: Yellow-red soil, 16: Red loam soil, 17: Yellow earth, 18: Loamy soil, 19: Lake or reservoir, 20: 
Rivers, 21: Sandbank.

Table 2. K values for the main soil types in the studied watershed.

No. Soil type K value No. Soil type K value

1 Dark yellow-brown soil 0.163 12 Percogenic paddy soil 0.188

2 Lime soil 0.216 13 Gleyed paddy soil 0.180

3 Black calcareous soil 0.202 14 Red soil 0.199

4 Purple soil 0.213 15 Yellow-red soil 0.188

5 Acid purple soil 0.205 16 Red earth soil 0.193

6 Acid lithic soil 0.183 17 Yellow soil 0.158

7 Rhogosol 0.185 18 Yellow earth soil 0.171

8 Acid rhogosol 0.180 19 Lake or reservoir 0

9 Mountain meadow soil 0.214 20 Rivers 0

10 Paddy soil 0.185 21 Sandbank 0

11 Waterloggogenic paddy soil 0.187
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0.35 0.660.08SL λ θ= ⋅ ⋅

…where λ is the slope length (m) and θ is the slope angle 
(°).

Specifically, the slope and slope length data were 
extracted based on the slope map and slope direction 
map generated by the DEM elevation model (Fig. 5a) 
and the 3D hydrological analysis function of ArcGIS. 
The maps were grid size 30 ×30 m after grid pixel 
conversion to ensure the spatial accuracy of remote 
sensing data monitoring. Finally, the image of slope and 
slope length was superimposed, and the terrain factor 
LS calculated is shown in Fig. 5b).

The soil erosion rate is also greatly affected by 
vegetation cover, land cover and land use significantly 
[14, 16, 29]. The vegetation cover and management 

(C) factor accounts for the change of land use type 
and reflects the influence of vegetation cover on soil 
erosion. Specifically, the C value represents the ratio 
of soil erosion under existing land cover conditions to 
that of the base soil (under standard conditions without 
any vegetation cover). Higher and denser vegetation 
cover results in reduced soil loss [25, 26]. In the area 
without vegetation cover, the C factor has a value of 1.0, 
suggesting that the area is prone to erosion; in the area 
well protected by vegetation cover, the C value is 0.001, 
which means it is not easy to erode; in the area with 
maximum vegetation function, the C value is 0, meaning 
that no erosion occurs. The study area is located in 
the northern forest area of Fujian Province, where the 
vegetation coverage rate is above 78.3% and erosion 
hardly occurs [22, 28, 31]. Here the C value is obtained 
(Table 2) by combining the spatial distribution of land 

Fig. 5. Diagrams of altitude and LS in the upstream watershed of the Minjiang River; a) Altitude diagram, b) LS diagram.

Table 3. Values of C and P for different land use types in the studied watershed.

No. Land use types C value P value No. Land use types C value P value

1 Paddy field 0.18 0.01 7 Urban land 0.20 1

2 Dry land 0.31 0.35 8 Rural settlements 0.30 1

3 Woodland 0.035 0.20 9 Other construction land 0.23 1

4 Sparse woodland 0.017 1 10 Unused land 0.06 1

5 Orchard 0.03 0.35 11 Waters 0 0

6 Grassland 0.05 1
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use types with relevant data, regional characteristics 
and expert advice. The spatial distribution of C value 
is determined (Fig. 6a) with the map of land use types 
(Fig. 2) and the corresponding C values (Table 3).

The P value is the ratio of the soil erosion amount 
under specific support and conservation practices  
to that of cultivated plots along slopes without any 

protection measures, and has a range of 0-1 [16, 29]. 
Typically the support and conservation practices 
include terracing, contour tillage, and permanent 
barriers or strips, which all can significantly 
decrease erosion risk by reducing the runoff effect 
through altering drainage patterns and the runoff 
velocity and concentration. The P values are 0 in 
the case of perfect conservation practices which 
completely prevent soil erosion, whereas a value of  
1 represents the scenario without conservation practice. 
The P values for different land use types are detailed 
in Table 2. The spatial distribution of P value is drawn 
(Fig. 6b) by combining the map of land use types  
(Fig. 2) with their corresponding P values (Table 3).

Spatial distribution of Soil Erosion

Using ArcGIS software, the annual soil erosion 
is calculated following the RUSLE formula with  
the modeled distribution of each soil erosion factor. 
Fig. 7 shows the spatial distribution of A value, which 
falls into different grades defined by the classification 
standard (Table 1). In the study area, the very lightly 
eroded area has a percentage of 89.56% of total area,  
the lightly eroded area accounts for 9.36%, and 
very limited areas are moderately eroded (0.87%) or 
worse (0.21%). According to a previous study, the 
percentage of area with very lightly eroded, lightly 
eroded, moderately eroded and strongly eroded in the 
upstream watershed of the Minjiang River is 89.91%, 
4.76%, 2.34% and 2.99%, respectively [31]. In contrast, 
in recent years the lightly eroded area has increased 
significantly (the increased area accounts for 4.60% 
of the total studied area, increasing to 1.97 times of  
the original lightly eroded area), while the area of very 
lightly eroded, moderately eroded and strongly eroded 
has decreased. The results show that, on the one hand, 
due to the increase of urbanization and the impact of 
human activities in the Upper Minjiang River Basin,  
the original natural vegetation in the study area is 
mostly destroyed, and the remaining area is less than 
10% of the original (compare to the study result from 
Yu et al. [31]), and distributed in the remote areas of 
mountains, the area with very lightly eroded has 
decreased, while the lightly eroded area has increased. 
Obviously, human activity and related land use change 
are the primary cause of accelerated soil erosion [7].  
On the other hand, with the continuous development 
of soil erosion protection practices such as closure, 
prohibition, afforestation, grass planting, and 
construction of a retaining wall, slag dam and other 
works, areas with moderate and worse erosion have 
also declined. Previous studies have shown that most 
unprotected slopes face stability problems due to 
erosion, and the soil conservation measures under 
different land use can increasing the stiffness of the 
soil surface and decrease both effective upslope eroded 
area and sediment transport capacity in varying degrees  
[32, 33]. 

Fig. 6. Diagrams of C and P in the upstream watershed of the 
Minjiang River; a) C diagram, b) P diagram.
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Overall, the soil erosion in the study area  
shows a wide yet relatively concentrated distribution, 
namely the spatial aggregation distribution from  
Fig. 7. To provide scientific data for the prevention 
and control measures of soil erosion, the area of 
micro-erosion is neglected, and the distribution of 
soil erosion in different counties and cities is further 
analyzed (Table 4). Among all counties and cities, soil 
erosion at the moderate or higher degrees is the largest 
in Zhenghe County and Wuyishan City, reaching 
692.27 and 511.45 t·km-2·a-1, respectively. Followed 
by Shunchang and Changting counties, which have 

erosion rates of 429.92 and 442.30 t·km-2·a-1, respectively. 
All the other counties and cities are less than  
400 t·km-2·a-1. Jianyang City has the least amount 
of soil erosion (137.83 t·km-2·a-1). Obviously, the 
soil erosion rate has large spatial variations, and 
exhibits great differences in different topographic and 
geomorphological locations, soil properties, vegetation 
cover and land use types – especially in hilly and 
mountainous basins in southern China [6, 7]. Among 
different counties of the study area, the average annual 
soil erosion amount of Zhenghe and Wuyishan exceeds 
the allowable annual soil erosion index (<500 t·km-2·a-1) 
in the hilly area of southern China, and far exceeds 
the allowable soil erosion amount (<200 t·km-2·a-1) 
according to the weathering rate of granite in Fujian 
Province as proposed by Ruan Fushui [34]. Therefore, 
the prevention and control of soil erosion should be 
carried out in the study area.

Response of Soil Erosion to Different 
Land Use Types

Nowadays, soil erosion interlocked with land 
use changes has become one of the most important 
environmental issues in developing countries [35]. 
Previous studies have shown that land use has become 
the main influencing factor in explaining the dynamic 
soil erosion and sediment delivery [32, 36]. To better 
quantify the soil erosion intensity of different land use 
types, the average soil erosion rate of different land 
use types was further analyzed in the study area. Such 
analysis was conducted based on the spatial distribution 
of land use types and the spatial overlap of soil erosion 
(Fig. 7) in the upstream watershed of the Minjiang 
River (Fig. 2). The average soil erosion of different land 
use types were quantified by using the ArcGIS platform 
(Table 5).

Comparing soil erosion based on land use types 
(Table 5), we find a significant difference for different 
land use types in the study area, indicating that land 
use plays an important role in soil erosion. The order 
of average annual soil erosion amount in different land 

Fig. 7. Distribution of average soil erosion in the upstream 
watershed of the Minjiang River.

Table 4. Average annual soil erosion of counties and cities in the studied watershed.

Counties Erosion rate
(t·km-2·a-1) Counties Erosion rate

(t·km-2·a-1) Counties Erosion rate
(t·km-2·a-1)

Pucheng 381.70 Shunchang 429.92 Changting 442.30

Songxi 312.25 Yanping 363.31 Liancheng 401.95

Zhenghe 692.27 Jianning 303.14 Yong’an 405.15

Wuyishan 511.45 Taining 410.34 Mingxi 230.77

Jianyang 137.83 Jiangle 355.60 Sanyuan 353.62

Jian’ou 382.32 Ninghua 213.01 Meilie 338.10

Guangze 286.45 Qingliu 290.44 Shaxian 381.29

Shaowu 390.68
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use types was as follows: unused land>orchard>dry 
land>rural settlements>grassland>other construction 
land>urban land>sparsewoodland>woodland>pad
dy field. This is related to comprehensive factors 
of vegetation cover, soil erosion resistance, soil and 
water conservation measures and artificial disturbance 
intensity under different land use types. Among 
different land use types, paddy fields are protected  
by ridges and with the lowest soil erosion rate (the 
average value is 48.71 t·km-2·a-1); the surface soil of 
woodland (forest land) and grassland is well resistant 
to soil erosion due to vegetation cover and root 
distribution; other land use types have strong catchment 
capacity and are more prone to soil erosion. 

Previous studies have shown that the soil erosion 
of various land use types is greatly affected by 
vegetation cover, and an increase of surface vegetation 
coverage can significantly weaken the influence of 
slope and rainfall on soil and water loss. At the same 
time, vegetation types of forest land also affect the 
occurrence of erosion: soil erosion is the least in  
broad-leaved forest, followed by plantation, economic 
forest, and that the soil loss is the most serious in 
orchard [6, 37]. The result of the present analysis  
shows that the average soil erosion of woodland  
(natural and planted forests with canopy density of 
more than 30%), sparse woodland (forest with canopy 
density of less than 30%) and grassland of studied area 
is 124.47, 398.33 and 706.21 t·km-2·a-1, respectively. 
However, due to the lack of vegetation cover, the surface 
soil of unused land is easily transported in the form of 
splash and saltation by rainfall, and forms raindrop 
splash erosion and rill erosion by surface runoff, thus 
resulting in a slope erosion several times to dozens of 
times higher [6, 32]. Therefore, unused land has the 
most serious soil erosion, with an average erosion rate 
of 2969.53 t·km-2·a-1 in a study area.

Moreover, the soil erosion of rural settlements 
(993.74 t·km-2·a-1) is often more serious than that of 
urban land (447.56 t·km-2·a-1) in the study area. The 
average soil erosion rate of the former is more than 
twice that of the latter, suggesting a buffer effect  
of economic development and population density on 
soil erosion. Existing research also shows that the  
least developed economies have been found to 

experience the highest estimates of soil erosion rates  
[7, 38]. 

It is worth noting that there are abundant tea 
gardens in the study area (northern Fujian), espetially 
Zhenghe and Wuyishan counties [24]. Long-term tea 
planting results in soil acidification in tea gardens. At 
the same time, excessive reclamation and unreasonable 
cultivation and management methods are easy to cause 
more serious soil erosion in tea gardens than in other 
gardens. Therefore, the average annual soil erosion 
(1936.88 t·km-2·a-1) in the orchard is second only to 
that in the unused land of the studied area. A previous 
study showed that soil erosion in stony/barren/unused 
land (6030 t·km-2·a-1) was higher than in tea gardens 
(1609 t·km-2·a-1) in the Kangra region of western 
Himalaya [39].

Conclusions

By applying the RUSLE model, this study produces 
the land use distribution map, the spatial distribution 
of soil erosion and its changes as affected by land 
use type in the upstream watershed of the Minjiang 
River based in the field investigation and using GIS 
technology. The results show that overall, the soil 
is only very lightly eroded in the study area, and the 
overall spatial distribution of soil erosion exhibits 
an aggregation distribution pattern. Among different 
counties and cities, Zhenghe County has the largest 
annual soil erosion, followed by Wuyishan, Shunchang 
and Changting, and all other counties and cities are 
with lower soil erosion. Among different land use 
types, the erosion of unused land, orchard, dry land 
and rural settlements is more serious, while that of 
grassland, urban land, woodland and paddy field is 
less. Such a difference is related to vegetation cover, 
soil and water conservation measures and the degree of 
human interference under different land use patterns. 
Therefore, the results of this study can help identify the 
soil erosion hot spots and conservation priority areas at 
local and regional levels.

In Fujian Province, the study area is the key forestry 
area where the original zonal broad-leaved forests  
have been replaced by artificial and secondary forests. 

Table 5. Average soil erosion of different land use types in the studied watershed.

No. Land use types Erosion rate
(t·km-2·a-1) No. Land use types Erosion rate

(t·km-2·a-1)

1 Paddy field 48.71 7 Urban land 447.56

2 Dry land 1359.25 8 Rural settlements 993.74

3 Woodland 124.47 9 Other construction land 620.44

4 Sparse woodland 398.33 10 Unused land 2969.53

5 Orchard 1936.88 11 Waters 0

6 Grassland 706.21
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The degradation of vegetation system causes a 
decreasing function of soil and water conservation, and 
results in the expansion of soil erosion area. Actually, 
the study area has great potential risk of soil erosion 
due to the mountainous and hilly landscape with large 
terrain gradient, the large rainfall and its concentrated 
temporal distribution. Therefore, it is important to 
protect the local forest ecosystem to prevent regional 
soil erosion.
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