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Abstract

Soil erosion is one of the most critical eco-environmental issues in the Poyang Lake basin, China. The purpose of
this study is to discover the spatial pattern of soil erosion, and predict soil loss and sediment yield, and evaluate soil
loss impacts on main reservoirs by using Universal Soil Loss Equation (USLE), GIS and Remote Sensing (RS).
Firstly, five erosion factors including rainfall erosivity (R), soil erodibility (K), topographic factor (LS), cover and
management factor(C), and conservation supporting practice factor (P) were calculated and analyzed, respectively.
Secondly, annual soil erosion and its spatial distribution were evaluated, and sediment yield was subsequently
predicted. Next, soil erosion was classified into five erosion categories according to Industry Standard of Water
Resources of China. Then, the relationship among soil erosion, landform and land use and land cover (LULC) were
analyzed. Finally, the influence of soil erosion on main reservoirs in the basin were assessed. The result showed
that:

28.3% of the total watershed area appears soil loss; the average annual soil loss amount is approximate 2.7 x
107 t; soil erosion modulus ranged from 0 to 394.8 t/haly, with a mean value of 1.82 t/haly.

71.7% of the watershed area are undergoing minimal erosion, primarily appear in surrounding the lake area, both
sides of river valley and plains of five main rivers; 24.1% of the watershed area are undergoing low erosion, mainly
found in the west, east, central hilly and mountain areas; 3.4% of the watershed area was observed moderate soil
erosion; 0.83% of the watershed area are undergoing high, very high and extreme soil erosion, which located in the
northeastern and northwestern corner, and the upstream of the Ganjiang river and Fuhe river sub-watershed.

Low and moderate soil erosion most frequently occurred at the plains and hills zone in this basin.

Soil loss happens on needleleaved forest, rainfed croplands and shrub land use type are greater than that of
other LULC types; soil erosion modulus descends on the different land use types, orderly by bare lands, grass lands,
shrub lands, rainfed croplands, needleleaved forest, spares vegetation, broadleaved deciduous forest, artificial
surface, irrigated croplands and water bodies.

Present main reservoirs are undergoing a big threat from the upstream sediment load, especially as the Qiyi,
Da’ao, Qixing and Tuolin reservoir.
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Introduction

Soil erosion is one of the most critical environmental issues because
of its adverse economic and ecological influence [1]. Water erosion is
the main category of soil erosion, and it removes valuable top soil
which is the most productive part of the soil profile for agricultural
purpose. The loss of top soil results in lower yield and higher
production costs. Moreover, soil erosion leads to the deposition of
sedimentation in downstream river channels; further raise a riverbed;
pollute natural water bodies and reduce a storage capacity of
reservoirs. Soil erosion greatly aggravates the risk of floodwater,

drought and landslide, and causes the degeneration of eco-
environments [2,3].

In fact, soil erosion has become one of the most crucial eco-
environmental issues in China [4]. According to results of the 2nd
national soil erosion remote sensing survey, the area of soil loss was
3.56 x 105 Km? in 2003, accounting for 37.1% of the total land area of
China, in which the area of water erosion reached at 1.65 x 10® Km?,
accounting for 46.3% of the total soil erosion area [5]. The overall
situation of soil loss is difficult to be controlled at the current
developing stage in China. Eco-environment damage often happen
after temporarily controls soil erosion in many regions of China. While
the conditions of soil erosion were improved in some key management
districts, there was overall deterioration [6].
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Poyang Lake (2822-29°45N, 11547-116'45E) is the largest
freshwater lake in China. Its water quality is high, and the lake and its
surroundings provide rich wetland resources. It has been listed as a
hotspot area of biodiversity protection of the International Wetlands.
Therefore, the ecological and geographic location of Poyang Lake is
significant in China [6]. It has become a national strategy for
protecting regional eco-environment and water quality since 2009.
However, soil erosion has been the most critical eco-environment
problem in the basin [7,8], Soil erosion situation has obviously
changed in the basin due to intensive human activity and climate
change in the past half-century. For example, in the 1950s, the area of
soil loss was 6.78% of the total land area; in the 1970s, the figure was
14.79%; in the end of the 1980s, it was 28.35%; in the 1990s, it was
21.1% [9]. In the 2000s, the total area of soil loss is about 3.35 x 10*
Km?, accounting for 20.03% of the total land area [10]. Therefore, the
soil erosion problem of the basin has attracted attention of many
researchers and some research results concerning soil erosion have
been published. Zou et al. [11] assessed the soil erosion risk of the
Poyang Lake basin based on Principle Component Analysis and GIS.
Shi et al. [9] analyzed the historical and current situation of soil
erosion, summarized the characteristic, types and pattern of soil
erosion, and analyzed the causes and impact factors of soil loss. Ma et
al. [11] reported the spatio-temporal distribution characteristics of
rainfall erosivity by using daily precipitation data of 16 meteorological
stations during 1957-2008, Mann-Kendall non-parameter test, radial
basis functions, statistical interpolation methods and GIS. Fan et al.
[12] investigated the influence of land use change on soil erosion
across the basin under the help of GIS, RS, and GPS, and quantified the
spatial relationship between land use change and soil erosion through
using the transitional matrix of land use change and the soil erosion
intensity index. Lu et al. [13] estimated the amount of soil erosion in
the basin using USLE, GIS and remote sensing, and calculated the five
erosion factors value of USLE model, and compared the pattern of soil
erosion between 199 and 200. Yuan et al. [14] indicated the risk of soil
erosion in the basin based on USLE and GIS, calculated erosion impact
factors in USLE model, and revealed the spatial pattern of soil erosion
risk. The mentioned above studies can help people better understand
the soil erosion issue in the Poyang Lake basin. Few of above studies,
however, analyzed sediment yield of the basin and the influence of soil
loss on main reservoirs. Therefore, this study first assessed soil loss
impact on main reservoirs of the Poyang Lake basin, it would be a
good reference to future construction of reservoirs, and is helpful to
protect regional eco-environment in Poyang Lake basin.

To evaluate soil loss and to develop optimal soil erosion
management plans, many soil erosion models, such as Universal Soil
Loss Equation (USLE) [15], Soil and Water Assessment Tool (SWAT)
(Arnold et al.), Water Erosion Prediction Project (WEPP) [16], and
European Soil Erosion Model (EUROSEM) [17,18], have been
developed and used over the years. These soil erosion models can be
divided into two types according models inner running mechanism:
empirically and physically. Because the latter require many input
parameters and are not well verified, empirically based models are
more popular in soil erosion estimation [18]. Compared to other
empirically based models, USLE is the most prevalent method for
assessing soil loss because its input data are easier available and the
model is relatively easy to use [18,19]. It can predict the long-term,
average annual erosion rate on a field slope [15]. Besides, GIS makes
soil erosion evaluation cost-efficient and visual its spatial distribution
feasible. Thus, USLE and its adapted versions have been widely applied

to worldwide soil erosion assessment in GIS environment

[13,14,20-22].

This paper took the Poyang Lake basin as a case, focusing on the
qualitative assessment and spatial pattern of soil erosion and its impact
on main reservoirs. Five soil erosion factors were calculated and
analyzed in GIS environment, annual soil loss and its spatial
distribution were descriptive; Soil erosion was classified into five
intensity categories, and soil loss amount and its pattern on different
landform, LULC, and the upstream sediment yield of reservoirs were
calculated and analyzed. The research results is helpful to identify soil
erosion critical zone and allow the development of site-specific erosion
management measures in high erosion risk areas to enhance
environmental protection of the Poyang Lake basin in the future.

Materials and Methods

Study area

The Poyang Lake basin (24°29-30°3’N, 113°42°-118°36’E) is located
at the middle reaches and southern bank of the Yangtze River (Figure
1). The northern Poyang Lake basin is an area of low elevation and
contains the Poyang Lake. Mountains surround northern lowland
region, and the five major rivers flow into Poyang Lake, including the
Gangjiang, Fuhe, Xinjiang, Raohe and Xiushui River. They drain
through the Hukou hydrological station into the Yangtze River, the
biggest river in China, and thus form an integral Poyang Lake
catchment system [23]. The total drainage area of the basin is 1.62 x
105 Km?, accounting for 9% of the area of the Yangtze River basin and
96.85% of the land area of Jiangxi Province [24]. The topography in the
basin is complex, including mountains, hills, alluvial plains, water
bodies, etc. The basin is mainly composed of eight land use types, such
as forest, cropland, plantation, grassland, water body, wetlands, built-
up and barren land. The soil types of the basin include Red earths,
Paddy soils, Yellow earths, Purplish soils, and other small soil groups.
The basin belongs to the subtropical monsoon climate zone and has a
temperate and humid climate with abundant sunlight. The annual
average temperature is 17.9 and the amount of areal average annual
precipitation is 1400-1800 mm, of which 50% mainly concentrate in
April-June. Monthly precipitation of the basin increases rapidly from
January to June and then decreases sharply. The spatio-temporal
distribution of rainfall and runoff in the basin is very uneven, and
obviously changes within the annual and inter annual scale, which
exhibits distinctly seasonality and regionality. The floodwater and
drought disasters of the basin appear frequently [25].
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Figure 1: Location of the study area and meteorological stations.

Methods

USLE quantitatively estimates soil erosion by the following
empirical equation [15]:

A=RXKXLXSXCXP (1)

Where, A is the potential long term annual soil loss per unit area (t
ha'l), R is the rainfall and runoff erosivity factor (M] mm ha™!), K is
soil erodibility factor (t ha h ha'lJm™), L is slope length factor, S is
slope steepness factor, C is cover and management factor, and P is
conservation supporting practice factor, L, S, C, and P are all
dimensionless.

We only selected the most suitable formulas to calculate USLE
model various erosion factors. We mainly considered data availability
and feasibility when selecting the formulas for several reasons: 1) the
Poyang Lake basin is a large scale, and some observational data are
often hard to obtain; 2) the terrain of the basin is complex, accessibility
is poor, and it is unrealistic to conduct many field experiments for
obtaining model parameters.

Rainfall erosivity factor (R)

The rainfall is a direct driving factor, and it is also the prerequisite
condition of soil erosion. The rainfall erosivity factor (R) quantifies the
effect of rainfall impact and reflects the amount and rate of runoff
associated with precipitation events [22]. The R factor was derived
according to the modified Fournier index due to the lack of daily
rainfall intensity records. This index is used widely to estimate the R
factor through monthly rainfall data [13,26-28]; it is determined by the
ratio between monthly and annual precipitation. Rainfall data was
obtained from the China Meteorological Data Sharing Service System
(http://cdc.nmic.cn/). Long-term monthly rainfall data covering 1960
to 2008 at 17 rain gauge stations in the basin are used to calculate the R
factor by the formula recommended by Arnoldus [18]:

12 (p?
417x Y =
i=1| P

R, =

—152 (2)

Where, p; is the monthly average rainfall (mm) for the month i, p is
the annual average rainfall (mm) and R ; represents the annual average

rainfall erosivity R value. The rainfall erosivity map was derived by the
Inverse Distance Weighting (IDW) interpolation method in ArcGIS 10

because the influence of rainfall erosivity decreases as distance
increases away from the rainfall gauge stations.

Soil erodibility factor (K)

The sensitivity of soil agent to erosion is called as soil erodibility
factor K. This factor indicates vulnerability of soil to detachment and
transport driven by raindrops and runoff and is defined as the rate of
soil loss per the rainfall erosion index unit as measured on a standard
plot [15]. It is a mathematic function of the percentage of silt, coarse
sand, soil structure, permeability of soil and the percentage of organic
matter. The K factor is based on the soil types. It is not easy to directly
measure the K value of soil in the basin because of the influence of
research scale and financial cost. This study determined the K value by
the 1:4,000,000 scale soil map of the Poyang Lake basin that comes
from the Second National Soil Survey of China in 1995, which was
provided by the Institute of Soil Science, Chinese Academy of Sciences,
using the values suggested by Yu et al. [29] and Lu et al. [13]. The K
value map was obtained by assigning these values to the soil map. Eight
groups of soil type and the K values are shown in Table 1.

Soil types K value (t ha h ha'' MJ"' mm)
Red earths 0.030
Red earths soils 0.029
Yellow earths 0.025
Yellow-brown earths 0.028
Purplish soils 0.045
Paddy soils 0.054
Limestone soils 0.022
Water body 0.000

Table 1: Soil types and their K values.

Topographic factor (LS)

The topographic factor LS reflects the combined effect of length (L)
and steepness (S) of the slope. The amount of soil erosion increases as
the slope length and steepness increases. USLE represents the
combined effects of rill and inter-rill erosion. Rill erosion is mainly
caused by surface runoff and increases in a downslope direction
because the runoff increases in this direction. Inter-rill erosion is
caused primarily by raindrop impact. Therefore, the L factor is greater
for those conditions where rill erosion tends to be greater than inter-
rill erosion. Erosion increases with slope steepness (S), in contrast to
the L factor representing the effects of slope length (L), the USLE
makes no differentiation between rill and inter-rill erosion in the S
factor which computes the effect of slope steepness on soil loss [21].
The DEM has been commonly used to derive topographic
characteristics. The LS factor is usually calculated together using DEM
as inputting into the equation suggested by Moore and Burch [30,31]
as:

LS = (Flow accumulation X Cell size/22.13)0'4 3)
x (sin 0/0.0896) 13

Where, LS is the topographical factor, flow accumulation denotes
the accumulated upslope contributing area for a given cell. The cell size
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is 90 m in this study and @ is the slope angle in degrees. As USLE is
only used to access rill and inter-rill erosion, it is necessary to set the
upper limitation of slope length. In this study, the upper limitation of
slope length was set as 180 m (two cell size) which means rill erosion
happens in 180 m slope length. The flow accumulation grid was
revised to calculate the LS factor values by the upper limitation of slope
length. Shuttle Radar Topography Mission (SRTM) DEM data version
4.1 (http://srtm.csi.cgiar.org/, Nov. 25, 2008) was used to calculate the
LS factor [32].

Cover and management factor (C)

Vegetation cover protects soil by dissipating the raindrop energy
before reaching the soil surface. The cover and management factor C
represents the effect of soil disturbing activities, plants, crop sequence
and the productivity level, soil cover and subsurface bio-mass on soil
erosion. It is defined as the ratio of soil loss from crop land under
specified conditions to the corresponding clean-tilled continuous
fallow [15]. The value of C depends on vegetation type, stage of growth
and cover percentage [33]. Higher values of the C factor indicate no
cover effect and soil loss comparable to that from a tilled bare fallow,
while lower C value means a very strong cover effect resulting in no
erosion [34]. The C value was determined by land cover type (Table 2),
referring the values suggested by Lu et al. [13], Yu et al. [29] and Zhu
[22]. The LULC data was derived from Globcover 2009 dataset version
2.3 (http://maps.elie.ucl.ac.be/geoportail/), Global Land Cover Project
of Europe Space Agency (ESA), with a cell size of 300 m. In this study,
the land use classes were allocated C values without considering
influence of seasonal variance and vegetation growth stage.

LULC types C value
Irrigated croplands 0.088
Rainfed croplands 0.31
Broadleaved deciduous forest 0.003
Needle leaved forest 0.017
Shrub lands 0.069
Grass lands 0.05
Spares vegetation 0.18
Artificial surface 0.01
Bare areas 1
Water bodies 0

Table 2: C values for different LULC types.

Conservation supporting practice factor (P)

The conservation supporting practice factor P is defined as the ratio
of soil loss with a support practice like contouring, strip-cropping, or
terracing to that with straight-row farming up and down the slope
[15]. The values of the P factor ranges from 0 to 1, in which the high
value is assigned to areas with no conservation practices; the low
values correspond to plantation areas with strip and contour cropping.
P factor value was thought to be the most difficult factor to determine
and was the least reliable factor in the USLE input factors [35],
especially in a large spatial scale. Therefore, this study determined the

P value by the slope, LULC data of the study area (Table 3), and using
the values recommended by Lu et al. [13], Yu et al. [29] and Li et al.
[27]. The slope map (%) was prepared by DEM and it was merged with
LULC data using overlay analysis in ArcGIS. The P value was then
assigned to the merged classes of the different slope ranges. This study
used LULC data in 2009 with slope to obtain the P factor because it is
hard to calculate the long-term average land use pattern.

LULC types Slope/% P value
Water bodies 0~330 0
Irrigated croplands 0~330 0.05
0~5 0.11
5~10 0.12
10~20 0.14
Arable lands 20~30 0.19
30~50 0.25
>50 0.33
Forest lands 0~330 0.8
Others 0~330 1

Table 3: P values for different LULC types and slope range.

Data Preprocessing

Applying mentioned above methods, all the data were calculated
using the Raster Calculator tool in the ArcGIS 10.1. The spatial
resolution and coordinate system of the factor layers were consistent
with the original data. After generating five impact factor layers, we
resampled them into a cell size with 300 x 300 m in a uniform
coordinate system, and the quantitative output of annual soil erosion
was computed by multiplying the R, K, LS, C and P factors in
ArcGIS10.1. The classification of soil erosion intensity was obtained by
the reclassify function in the spatial analysis toolset of ArcGIS.

Results

USLE model accuracy evaluation

The sediment delivery ratio (SDR) method was used to verify the
accuracy of USLE model output. The ratio of sediment delivered at a
given location in the stream system to the gross erosion from the
drainage area above that location is the sediment delivery ratio for that
drainage area [15]. SDR is the ratio of sediment yield to the total soil
loss. The equation may be expressed in non-dimensional terms as:

SDR=S,/T (4)

Where, S, is the sediment yield at the watershed outlet or point of
interest, and T is the total soil loss defined as the total eroded sediment
on the areas eroding above the watershed outlet or point of interest. In
this study, we assume that gully and channel erosion is negligible, and
the gross soil loss is equal to the output of USLE model. By using the
average annual sediment data observed by hydrological stations, and
multiplying USLE model output by the SDR as simulated sediment
yield, we calculated absolute error and relative error to evaluate the
accuracy of soil erosion data from the USLE model output (Table 4).
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Sediment yield (104 tly)

ID | Name Sun et al. [6]| Min et al. [36]| Luo et al. [37]
1956-2005 1956-2005 1956-2008

1 | Waizhou 918 916 880

2 | Lijiadu 146 143 140

3 | Meigang 216 212 204

4 | Hushan 37 99 56

5 | Wanjiabu 36 80 36

6 | Poyang lake area | - 239 -

Table 4: Observed sediment yield of five main hydrological stations.

We analyzed and evaluated the annual sediment yield of the five
main hydrological stations from references in Sun et al. [7], Min et al.
[36] and Luo et al. [37]. It can be seen that the latter data time series is
longer than the former two and matches with the study (Table 4); thus,
background data was collected from Luo et al. [37]. In addition, there
are few research studies on SDR about the Poyang lake basin. Jing et al.
[38] illustrated the average SDR value is 0.54 in the Ganjiang, a largest
sub-watershed of the Poyang Lake basin, and there is no clear-cut
correlation among sediment yield, soil erosion amount, SDR and
watershed area [39]. After considering these reasons, we used 0.54 as
an average SDR value for the study area.

As can be seen in Figure 4, the simulated sediment yield is greater
than the observed sediment yield at the main four hydrological
stations except the Waizhou station. In fact, in references of Sun et al.
[6] and Luo et al. [36], the actual drainage area of Hushan hydrological
station is only 6374 Km?, not including Changjiang river drainage area,
and the actual drainage area of the Wanjiabu hydrological station is
only 3548 Km?, not including the main stream drainage area with the
largest reservoir, Tuolin, in the Poyang Lake area; so we consider that
the observed sediment yield of both Hushan and Wanjiabu stations is
far less than the actual annual sediment yield.

According to the observations mentioned above, and to consider
data reliability, three main hydrological stations (Waizhou, Lijiadu and
Meigang), where sediment yield data was observed from 1956 to 2008,
were selected for the accuracy evaluation. The results of accuracy
evaluation showed that absolute error and relative error is -2.51 x 10° t
and -28.5% at Waizhou, 4.0 x 10* t and 3.1% at Lijiadu, and 4.0 x 10° ¢t
and 19.7% at Meigang, respectively. The average relative error is 17.1%
(Table 4). Thus, it was considered that the average annual soil erosion

was properly simulated, and the result of USLE model simulation is
reliable.

USLE factors analysis

The annual R value ranged from 456.6 to 722.3 with a mean of 585.7
MJ mm ha’l; the standard deviation is 58.8. The spatial distribution of
R values over the basin is shown in Figure 2(a); the R value generally
increased from the southwest to the northeast of this area. Lower R
values were primarily distributed in the southwest, and higher R values
were mainly distributed in the northeast and the northern corner. In
comparison, the average R values was generally distributed in the
central part. These trends were mainly dependent on the spatial
distribution features of the long-term average annual precipitation.

There are eight main soil groups in the study area, and the largest
soil group is Red earths. Red earths is widely distributed in the whole
basin, and accounting for 40% of the study area. The second largest soil
group is Red earth soils, mainly located in the center, southwest, and
northeastern corner of the study area, and accounting for 24% of the
study area. Paddy soils is the third largest soil group, mainly located at
both surrounding the lake area and both banks of five main rivers,
accounting for 21% of the study area. 15% of the study area is
comprised of other soil groups, including Yellow earths, Purplish soils,
Yellow-brown earths, and Limestone soils. The K factor ranges from 0
to 0.054 (t ha h ha'!J"'m™). Spatial distribution of the K factor (Figure
2(b)) decreased radiating from the lake area to the surrounding
mountain area. Its distribution is generally correlated with the
variation of terrain, with the higher K value appear at the lake area and
river valley plains, and the lower K value happen at the mountain area.

Figure 1 shows the elevation map of the study area. Elevation ranges
from -22 m to 2108 m, the average elevation is 1075 m. As can be seen
in Figure 2(c), the LS factor value varies from 0 to 40.72, with a mean
value of 3.70. The areas with higher LS values are generally located in
the mountain areas and the areas with lower LS values is in the lake
area and river valley plains.

The C values map (Figure 2(d)) was produced from LULC data in
2009. The C values ranged from 0 to 1. The lower C values are found in
the mountain areas, where the majority of land is covered by forest.
The higher C values are found around the lake area and river valley
plains.

The P values map (Figure 2(e)) was prepare from the LULC data
and the slope map. The P values ranges from 0 to 1. The lower P values
are found around the lake area and river valley plains, and the higher P
values are observed in mountain areas.
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Figure 2: USLE factors: (a) R; (b) K; (c) LS; (d) C; (e) P in the Poyang Lake basin.

Average annual soil erosion and sediment yield area and the minimum soil erosion modulus is 0 t/ha/y which
occurred on water bodies. The pattern of the soil erosion modulus
shows that it increases radiately from the Poyang lake area to
surrounding the mountain area, the most serious soil erosion occurred
primarily in the northeast and northwest, and the upstream area of
Ganjiang and Fuhe River (Figure 3 (a)).

The annual soil erosion was estimated by incorporating all erosion
impact factors. The results show that the amount of the average annual
soil loss is 2663 x 10* t/y and the average annual sediment yield which
fed into the Poyang Lake is 1436 x 10* t/y (Table 5). The mean soil
erosion modulus is 1.82 t/ha/y for the whole basin, the maximum soil
erosion modulus is 394.8 t/ha/y, which located at the northeast of the

No. | Sub- Hydrological | Area (ha) Area | Mean soil| Max soil | Soil loss| Soil Simulated | Observed | Absolute | Relative
watershed | stations (%) erosion erosion (10%tly) erosion | sediment sediment | error (104| error (%)
modulus | modulus Area (%) | yield (10%| yield (10%| tly)
(t/haly) (t/haly) tly) tly)
1 Ganjiang Waizhou 8094800 50.1 1.44 259.8 1168 43.9 631 880 -251 -28.5
2 Fuhe Lijiadu 1581100 9.8 1.69 165.4 267 10 144 140 4 3.1
3 Xinjiang Meigang 1553500 9.6 2.91 394.8 452 17 244 204 40 19.7
4 Raohe Hushan 1486000 3.9 1.78 274. 265 10 143 56 - -
8
5 Xiushui Wanjiabu 1446200 2.2 2.16 181.4 312 1.7 169 36 - -
6 Poyang Lake | - 2058500 244 0.96 167.1 198 7.4 107 - - -
Total - 16220000 | 100 - - 2663 100 1436 1316 - -

Note: Sub-watershed area was extracted from SRTM DEM by hydrological analysis method in ArcGIS. The value of SDR is 0.54 for the whole
basin. The shade data were used to verify USLE model.
Table 5: Soil erosion amount of USLE output and Observed sediment yield for accuracy evaluation.
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Figure 4: Soil erosion and sediment yield in each sub-watershed.

From the perspective of sub-watershed (Figure 5 and Table 5), the
largest mean soil erosion modulus occurred at Xinjiang sub-watershed,
reaching 2.91 t/ha/y; the amount of soil loss is 452 x 10% t/y,
accounting for 17.0% of the total amount of soil loss (Figure 5(b));
sediment yield is 244 x 10* t/y at Xinjiang sub-watershed. The second
largest mean soil erosion modulus occurred at Xiushui sub-watershed,
reaching 2.16 t/ha/y; the amount of soil loss is 312 x 10% t/y,
accounting for 11.7% of the total amount of soil loss (Figure 5(b));
sediment yield is 169 x 10* t/y at Xiushui sub-watershed. The largest
amount of soil loss occurred at Ganjiang sub-watershed, reaching 1168
x 10* t/y, accounting for 43.9% of the total amount of soil loss (Figure
5(b)), and sediment yield is 631 x 10* t/y; but its soil erosion modulus
is only 1.44 t/ha/y. For Fuhe sub-watershed, Raohe sub-watershed and
Poyang lake area, their mean soil erosion modulus is 1.69, 1.78 and
0.96, respectively; the amount of soil erosion and sediment yield is 267
x 10* t/y and 144 x 10* t/y, 265 x 10* t/y and 143 x 10* t/y, 198 x 10*
t/y and 107 x 10* t/y, respectively; their proportion of the total soil loss
is 10.0%, 10.0% and 7.4% (Figure 5(b)), respectively.

el Lot Aracnal (1)

R EEEE

Figure 5: (a) Soil erosion modulus and annual soil loss amount in
each sub-watershed; (b) proportion of soil loss in each sub-
watershed.

Classification and evaluation of soil erosion intensity

Based on the average annual soil erosion modulus, the study area
was classified into 5 erosion intensity categories (Figure 3(b) and Table
6). The classification was based on the Standard of Classification and
Gradation of Soil Erosion, Industry Standard of Water Resource (SL
190-2007), issued by the Ministry of Water Resource of China in 2008.
As can be seen in the Table 6, more than 70% land area was observed
to have minimal soil erosion (71.7%), where soil erosion modulus is
less than 5 t/ha/y; Minimal soil loss area is 1164.5 x 10* ha, and the
amount of annual soil loss is 473 x 10* t, accounting for 17.8% of the
total soil loss in the study area, which were mostly found around the
lake area, river valleys and both banks of five main rivers. As the study
area are divided into the Red Soil and Hills Erosion Category Area of
the Southern China, and soil loss tolerance in this region is 5 t/haly,
once more than this figure would be considered as soil erosion; Thus,
the minimal soil erosion area in the study is under a soil loss tolerance.

Erosion Cl?ss!fication Soil loss| Area Annual  soil

class Criteria area (10*| affected loss amount| %
(t/haly) ha) (%) (104 t)

Minimal <5 1164.5 7.7 473 17.8

Low 5-25 390.2 241 1051 395

Moderate | 25-50 54.9 34 662 24.9

High 50-80 9 0.6 266 10

Very High | 80-150 2.8 0.2 155 5.8

Extreme | >150 0.5 0 55 2.1

Table 6: Classes of soil erosion.

In reverse, the soil loss area accounted for 28.3% of the whole land
area, including from low to extreme soil erosion classes. 24.1% land
area was low class soil erosion, primarily found in the west, east, and
central hilly and mountains areas, with annual soil loss of 1051 x 10% ¢,
accounting for 39.5% of the total soil loss in the study area. It is an
overriding soil erosion class in the soil loss area. Moderate soil erosion
was estimated for 3.4% of the study area, with annual soil loss of 662 x
10, accounting for 24.9% of the total soil loss. Low and moderate class
soil erosion are two main categories, and more than 60% of the total
soil loss amount (64.4%) comes from low and moderate soil erosion.
Approximately only 0.8% of the study, 12.3 x 10a land area, was
estimated to undergo high, very high and extreme erosion, with annual
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soil loss of 476 x 10* t, accounting for 17.9% of the total soil erosion
amount.

Soil erosion assessment on different landform types

Landforms play a crucial role in a process of soil erosion. Landforms
of the study area were classified into 4 main types by elevation and
relative elevation (Table 7), such as plains (53.08%), hills (34.04%),
middle mountains (11.57%) and high mountains (1.31%). Landform
classification standard can be seen in Table 7. Soil erosion appearing in
the plains includes most of minimal erosion (43.45%), low erosion
(7.89%), moderate erosion (1.40%) and erosion from high to extreme
(0.33%). In addition, soil erosion occurring in hills area include
minimal erosion (22.01%), low erosion (10.27%), moderate erosion
(1.40%), and erosion from high to extreme (0.37%). Soil erosion in

middle mountain area include minimal erosion (5.74%), low erosion
(5.29%), moderate erosion (0.5%) and erosion form high to extreme
(0.05%). Soil erosion proportion in high mountain area is very low at
each erosion category. In addition, the mean soil erosion modulus on
different landform shows that plains have low soil erosion modulus,
only 1.32 t/ha/y; soil erosion modulus in hills area is 2.21 t/ha/y; soil
erosion modulus in middle mountains is 2.46 t/ha/y, and soil erosion
modulus in high mountains reaches 3.30 t/ha/y. Plains and hills are
most frequently soil loss zone, accounting for 39.3% and 42.2% of the
total soil loss amount in the basin, respectively. Soil loss amount
appearing in middle mountains areas accounted for 16.0% of the total
soil loss amount, and even less (2.4%) soil loss occurred in high
mountain areas.

. Soil Mean soil
. Relative . .
Landform Elevation . erosion erosion . o Sum of area per
elevation Soil loss area (%) o
type (m) (m) amount modulus landform (%)
(%) (t/haly)
Minimal Low Moderate High X?g?: Extreme
Plains <200 <50 39.3 1.32 43.45 7.89 1.4 0.25 0.07 0.01 53.08
Hills 200-500 50-200 42.2 2.21 22.01 10.27 1.4 0.26 0.09 0.02 34.04
Middle
) 500-1000 >200 16 2.46 5.74 5.29 0.5 0.04 0.01 0.002 11.57
mountains
High ) >1000 >200 24 3.3 0.51 0.7 0.1 0.01 0.002 | 0.0004 1.31
mountains
Sum of area
per  erosion 71.7 3.4 0.56 0.17 100
class (%) - - 2414 0.03
Table 7: Soil erosion assessment on different landform types.
Soil erosion assessment on different LULC types Rainfed 484.6 299 | 826 31 217
. . croplands
As can be seen in Table 8, rainfed croplands, needle leaved forest, P
broadleaved deciduous forest and shrub land are the main LULC types | Broadleaved | 395.63 244 106 4 0.27
in the study area, accounting for 29.9%, 29.2%, 24.4% and 11.5% of the | deciduous
total study area, respectively, with annual soil loss of 826 x 10, 897 x | forest
10, 106 x 10* t and 727 x 10* t, respectively; and the proportion of soil | Needieleave | 473.81 202 | 897 337 1.89
loss amount is 31.0%, 33.7%, 4.0% and 27.3%, respectively. Thus, | d forest
rainfed croplands, needle leaved forest and shrub land had the
uppermost soil loss amount with large proportion of land area among Shrub lands | 186.82 s 727 273 3.89
all LULC types. The amount of soil loss on irrigated croplands, spares | Grasslands | 24.14 15 97 3.6 4.02
vegetation, artificial surface, and water bodies is close or equal to 0;
and soil loss amount on bare areas is 8 t/y. In addition, soil erosion | Spares 0.01 0 0 0 0.92
modulus on different LULC types descend in the order by bare lands, vegetation
grass lands, shrub lands, rainfed croplands, needle leaved forest, spares | apificial 6.14 0.4 1 0 0.15
vegetation, broadleaved deciduous forest, artificial surface, irrigated | surface
croplands, and water bodies.
Bare areas | 0.64 0 8 0.3 12.99
LULC types AreAa Aorea Annl._lal soil | Soil loss | Soil ) Water 403 25 0 0 0
(10%a) (%) erosion percent erosion bodies
amount(10%t) | (%) modulus
(t/haly)
) Table 8: The amount and area proportion soil erosion on different
Irrigated 9.92 0.6 1 0 0.09 LULC
croplands types.
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Table 9 showed that low erosion mainly come from needle leaved
forest (14.71%), shrub land (5.33%), and rainfed croplands (3.65%);
moderate erosion primarily come from shrub land (1.68%) and rainfed
croplands (1.27%); erosion form high to extreme come from rainfed
croplands (0.66%), shrub land(0.08%) and grass land (0.01%). In
addition, broadleaved deciduous forest, rainfed croplands, needle
leaved forest and shrub land are the main contribution to minimal
erosion. Overall, effective soil and water conservation measures should
be adopted or strengthen on three LULC types: needle leaved forest,
shrub land, and rainfed croplands.

Water bodies ‘ 2.49 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘

Table 9: Soil erosion classes assessment on different LULC types.

Sediment loads in main reservoirs of the Poyang Lake basin

To analyze and evaluate the possible sediment load of the main
reservoirs, we listed geographic location of main reservoirs (Figure 6)
and their basic information (Table 10), and multiplied the average
annual soil loss by SDR to calculate the annual upstream sediment

yield of the reservoirs. The SDR used the value suggested by Jing et al
Soil erosion classes (%) .. . . .
[37], the minimum SDR value is 0.5, the maximum SDR value is 0.9,
LULC types Minimal | Low | Moderate | High | Very | Extrem| 2and the mean SDR value is 0.7. In addition, we assumed all the
high | e sediment would be trapped by the reservoirs, with no sediment
rriqated land 0.61 0 0 0 0 o moving downstream of it. As can be seen in Table 10 and Figure 7,
rri croplan . . . .
gate plands there are 4 reservoirs whose capacity is larger than 5.0 x 10 m?, and
Rainfed croplands 24.07 365 | 1.27 046 | 017 | 0.03 they are Tuolin, Wan'an, Shangyoujiang and Hongmen, respectively;
the mean annual sediment load entering above reservoirs is 171.4 x 10*
(B’ro_a‘;:lleavefd . 2444 1003 | O 0 0 0 t, 402.2 x 10* t, 36.6 x 10* t and 34.2 x 10, respectively; the maximum
eciduous rores . . .
annual sediment load entering each reservoir reaches 220.3 x 10% t,
Needleleaved forest | 14.47 14.71 | 0.13 0 0 0 517.1 x 10 t, 36.6 x 10 and 43.9 x 10*t, respectively. Sediment load in
the Wanan reservoir is the largest one among all above reservoirs
Shrub lands 447 533 | 168 0.08 | 0 0 because of its large upstream drainage area. Other six reservoirs whose
; 8 m3 ; 8 m3
Grass lands 077 041 |03 001 | o 0 capz)iaty ranges from 0.83 x 1.0 m (C?ongchal?zhuyl) to 2.76 x 10° m
(Daao), and upstream sediment yield varies from 2.0 x 10* t
Spares vegetation 0 0 0 0 0 0 (Gongchanzhuyi) to 8.7 x 10 (Qiyi). On average, 677.2 x 10% t
Artificial surf 037 0ot o o o o sediment, at least 483.7 x 10* t and 870.7 x 10* t at most flow into the
ITicial surrace . . . .
above 10 reservoirs yearly. These sediment shorten the life span of
Bare areas 0.02 0.01 | 0.01 0 0 0 reservoirs. On the other side, they decrease sediment flowing
downstream into the Poyang Lake.
Construct Reservoir Upstream ggift;?:gilon Upstream
ID Name Location X-cor Y-cor " capacity Drainage soil loss | Sediment yield (104 tly)
Time (10°md) | Area(ha) | MOUUS | (qoeqy)
(t/haly)
Min. Max. Mean
1 Tuolin Xiushui 115.34 29.28 1958-1985 | 50.17 941516 2.6 2448 122.4 220.3 171.4
2 Sheshang Ganjiang 114.25 27.37 1969-1981 1.43 47326 2.05 9.7 4.9 8.7 6.8
" " 1958-1961,
3 Wan'an Ganjiang 114.95 26.24 11.16 3246030 1.77 574.5 287.3 517.1 402.2
1978-1996
4 Shangyoujiang Ganjiang 114.35 25.83 1955-1957 | 7.21 1.85 52.3 26.2 471 36.6
5 Shangyou Ganjiang 115.08 28.54 1958-1959 1.35 14781 2.4 3.5 1.8 3.2 2.5
6 Qixing Xinjiang 118.34 28.16 1985-1991 1 20810 3.1 6.5 3.2 5.8 4.5
7 Qiyi Xinjiang 118.24 28.83 1958-1960 | 2.49 31864 3.88 12.4 6.2 11.1 8.7

Table 10: The basic information of main reservoirs and simulated annual soil loss and sediment yield in the upstream of each reservoir.
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Figure 7: The soil loss amount, soil erosion modulus, the minimum,
maximum and mean sediment yield of upstream drainage area of
each reservoir.

From the perspective of sub-watershed (Tables 5 and 10), the Tuolin
is the largest reservoir in the Poyang Lake basin. Assuming SDR is
0.54, annual sediment load entering this reservoir accounted for 78.2%
of the total sediment yield of the Xiushui sub-watershed. Sediment
load entering reservoirs, including Sheshang, Wan'an, Shangyoujiang
and Shangyou accounted for 54.8% of the total sediment yield of the
Ganjiang sub-watershed. Three reservoirs, Qixing, Qiyi and Da’ao, can
absorb 6.8% of annual sediment yield of the Xinjiang sub-watershed.
The Hongmen is the largest reservoir of the Fuhe sub-watershed, and
upstream sediment yield accounted for 18.3% of sediment of the total
sub-watershed. However, sediment load entering the Gongchanzhuyi
reservoir only accounts for 1.1% of the total sediment yield in the
Raohe sub-watershed because of its small upstream control area.

In addition, among these mentioned above, of all reservoirs for
which the soil erosion modulus on upstream drainage area is larger
than 3.0 t/hal/y, located in Xinjiang sub-watershed, and they are Qiyi
(3.88 t/haly), Da’ao (3.88 t/ha/y) and Qixing (3.10 t/ha/y), respectively.
In addition, soil erosion modulus of upstream of the Tuolin reservoir
reach 2.60 t/ha/y. Thus, above four reservoirs should be more
threatened by upstream sediment.

Discussion

This case study evaluated average annual soil erosion in Poyang
Lake basin by using USLE model. The sediment yield was estimated by
applying an empirical SDR method. The spatial pattern of soil erosion
and its impact on reservoirs were finally evaluated.

The study was largely based on earlier research on soil erosion in the
Poyang Lake basin [12,22,26,28]. The spatial pattern of average annual
soil erosion was generally consistent with the findings of Lu et al. [12],
but the amount of annual soil erosion (0.27 x 10%) is far less than the
results (1.85 x 10 in 2000) of Lu et al. [12] because rainfall erosivity (R)
exhibited a significant difference when it was calculated. Furthermore,
the amount of soil erosion (0.12 x 10) in Ganjiang sub-watershed is
close to that (0.19 x 10% t) of Jing et al. [37]; However, soil erosion
modulus in Ganjiang sub-watershed is 1.44 t/ha/y in this study, but the
figure is 2.38 t/ha/y in Jing et al. [38]. In addition, the total annual
sediment load in the Poyang Lake (1438 x 10% t) is close to the results
(1689 x 10) of Min et al. [35].

The upstream sediment yield data are available for only a few
reservoirs for the basin. Thus, it was not possible to analyze sediment
load of all the reservoirs. So, a few simulated results were compared
and analyzed according to the current limited data. Sediment load on
the Tuolin reservoir (171.4 x 104 t) is close to that (155 x 10) of Li et al.
[26], but annual sediment load on Wan’an reservoir (402.2 x 10* t) is
less than that (742 x 10* t) of Sun et al. [6]. Certainly, the advantage of
the study is that it analyzed not only the current spatial pattern of soil
erosion and its impact on sediment transportation at reservoirs, but
also the way this relationship is likely to play out in the future when
additional reservoirs come into operation in the Poyang Lake basin.

This study had some limitations. Firstly, sediment transport is a very
complex process affected by many various spatio-temporal factors. We
assessed sediment yield by applying an empirical average SDR value,
but obviously this was not accurate. Secondly, we analyzed only
sediment load in each reservoir and did not take the varied deposition
capacity of the reservoirs into account. Thirdly, there are total 9,782
reservoirs on tributaries of the basin that play an important role in
intercepting sediment, but this study did not consider all of them.
Finally, the basin is undergoing gully erosion and landslides, but this
study focused on regional scale soil erosion of hill slopes, so the data
and methods were not appropriate for the analysis of gully erosion and
landslides; thus, the assessment of soil loss amount would be less than
the actual annual soil loss amount. While this study did not involve
gully erosion and landslides, future studies could do so.

Conclusions

The purposes of the study was to comprehensive analyze soil
erosion, its spatial pattern and impact on main reservoirs in the
Poyang Lake basin. A quantitative estimation based on GIS and remote
sensing was made by using USLE model. The study found below:
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Soil erosion is a serious environmental issue in the basin. The area
of soil erosion accounted for 28.3% of the total land area. Annual soil
loss amount reach 2663 x 10* t/y; the mean soil erosion modulus is
1.82 t/ha/y; annual sediment flowing into the Poyang Lake is 1436 x
10% t/y.

Soil erosion show an uneven spatial pattern; Xinjiang sub-
watershed, Xiushui sub-watershed, and the upstream area of the
Ganjiang and Fuhe River were found more serious soil erosion.

Low and moderate soil erosion are two main erosion categories,
accounting for more than 60% of the total soil loss amount, and they
primarily occurred on needleleaved forest, shrub lands and rainfed
lands three LULC types and on plains and hills two landform types.

Main reservoirs are undergoing the threat of upstream sediment,
especially reservoirs such as Qiyi, Da’ao, Qixing and Tuolin, because
high soil erosion modulus exist in above area.

We conclude that soil erosion is a serious eco-environmental
problem in the basin and that effective and appropriate soil and water
conservation measures should be adopted as early as possible. This
research is important to assist authority in decision making for layout
erosion control areas, starting regulation projects, and conduct soil
conservation measures.
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