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Regional soil erosion risk assessment in Hai Basin
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Abstract: Based on the experience of factors selection and integration for soil erosion monitoring, which were used in USLE, we
evaluated the soil erosion risk in the Hai Basin and analyzed its spatial distribution under the support of RS and GIS. The results show
that soil erosion risk in the mountainous area is remarkably higher than that in the plains area. In different mountain regions, soil
erosion risk was highest in the Taihang Mountain area, lowest in the Beisanhe Mountain area, and the upstream of the Yongdinghe
River has a level between them. Low soil erosion risk is located mainly in the plains area of gradients less than 5°, medium and
higher risk are situated mostly in the areas with a gradient between 8° and 15° or 15° and 25°, which accounts for 65% of the total.
The percentage of high soil erosion risk area increased as the slope gradient increased. Paddy fields have a lower soil erosion risk,
and scrublands and grasslands are the primary land-use types with medium and high soil erosion risks, accounting for approximately
59.67%. In the future, water and soil conservation experts should focus on high soil erosion risk areas in order to create effective
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preventive measures.
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1 INTRODUCTION

For a long time, with the joint influence of natural factors (e.g.,
concentrated rainfall, steep topography, loosen soil, and low vegetation
coverage) and social factors (e.g., large population intensity, reclamation
on steep slopes, indiscriminate felling, and overgrazing), soil erosion
already has become one of the most serious environmental issues in
the Hai Basin (Ma, 2002).

Understanding the current soil erosion status is necessary for
determining the scientific steps to take that will prevent soil ero-
sion and to evaluate water and soil conservation effects objectively.
Many efforts have been made to map soil erosion at different scales
and in different regions around the world, which can be divided
into qualitative and quantitative methods. Erosion models, which
describe soil erosion process and result in quantitative outcomes,
were adopted world-wide. The drawbacks of erosion models are
the fixed data requirements, the fact that models are developed for
a certain region, scale, and specific processes, and the difficulty in
validating results (Vrieling, et al., 2008). However, for local water
and soil conservation agencies, getting an indication of the spatial
distribution of erosion is enough in some cases, such as in con-
servation prioritization. Soil erosion risk, which usually indicates
the relative probability that erosion will occur in one location as
compared to other locations in the region mapped, can depict soil
erosion intensity differences. Therefore, carrying out soil erosion
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risk assessment has important practical significance at the regional
scale, as well as identifying the spatial differences of soil erosion
risk, which can be used to allocate scarce conservation resources
and to develop policies and regulations.

Supported by the remote sensing (RS) and GIS techniques,
soil erosion controlling factors were quantitatively determined at
the regional scale, and then soil risk assessment in the Hai Basin
was conducted in order to understand the current soil erosion risk
spatial distribution and to provide the decision-making support for

local administrative agencies.

2 STUDY AREA

The Hai Basin is located west of the Bohai Sea and east of the
Taihang Mountain area, with the Yellow River as its southern border
and the Mongolian Plateau as the northern border (Fig. 1). The study
area is the Hai Basin, whose total area is 232000 km®, excluding
the Luanhe River and the Tuhai River. The topography of the region
consists mainly of a mountainous area in the north and west, which
accounts for 58.37% of the total area, and plains in the south and
east. The climate generally is characterized as a temperate zone
with East Asia monsoon weather and annual average rainfall of 539
mm. Most of the rainfall occurs during the flood season from June
to September.

In the area around Beijing and Tianjin, the Hai Basin has the
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specific feature of a large population and insufficient farmland
areas, which has lead to reclamation on steep slopes to different
extents. At the same time, most of the mountainous area has a thin
layer of topsoil and low vegetation coverage. Combined adverse
natural and social factors lead to severe soil erosion in the Hai Ba-
sin. Based on the national second soil erosion survey, a 105500 km’
area had experienced soil erosion in the Hai Basin by the end of the
20th century, which accounts for 33.2% of the total basin. Water
erosion is the dominant soil erosion type, with an area of 987200
km’, accounting for 94% of the total soil erosion area (Ma, 2002).
Therefore, the status of soil erosion in the Hai Basin is serious,
which is a grave threat to sustainable development of Hai Basin.

3 DATA AND METHOD
3.1 Base data

The soil erosion controlling factors, which include rainfall,
topography, vegetation, and soil characteristics, were collected in
order to carry out soil erosion risk assessment at the region scale in
the Hai Basin. The following datasets were collected:

(1) Rainfall data was downloaded from the China Meteorological
Data Sharing Service System. This information includes monthly
average rainfall data from 580 rain gauge stations in and around the
Hai Basin from 2000 to 2008.

(2) Soil data was from the national second soil survey. This
information includes soil types, soil mechanical composition, and
soil organic matter content grid data, with a grid size of 2 km.

(3) Topography data was from SRTM DEM data, with a resolution
of 90 m. This information was used to compute slope gradient and
slope length.

(4) As NDVI is a good indicator of vegetation, the MODIS
NDVI dataset from 2001 to 2008 was used in the study. The spatial

resolution was 1 km, and the time interval was 16 days.

(5) Land use data, a key factor to soil erosion, was from the
Data Center for Resources and Environmental Sciences, CAS. It
was produced based on 250 m MODIS data from 2005, with a scale
of 1:250000.

3.2 Methods for soil erosion risk assessment

Soil erosion risk is the qualitative expression of soil erosion
rate, which places emphasis on intensity differences for different
regions. In this sense, the methods of soil erosion risk assessment
at the regional scale at least should be adaptable, objective and feasible
at the region scale. The universal soil loss equation (USLE) is one
of the least data-demanding erosion models. The USLE and its
modified version (RUSLE: Renard, ef al., 1997) already have been
used worldwide in different spatial scales and different environ-
ments (Jurgens & Fander, 1993; Van der Knijff, ez al., 2000; Ma, et
al., 2003). Although the equation has many shortcomings and limi-
tations, such as being extrapolated from an empirical model, scale
differences, and finiteness of considered soil erosion processes, it is
used widely because of its relative simplicity and robustness. It also
represents a standardized approach.

The factors used in the equation are objective, acquirable at the
regional scale, and indicative of soil erosion controlling factors.
Therefore, this equation is especially suitable for soil erosion risk
assessment at the regional scale. We have evaluated the average
soil erosion risk in the Hai Basin since 2000, based on the factor
selection experience of USLE. The basic form of the USLE is as
follows.

A=RXKXLSXC*P e
where 4 stands for estimated soil loss (t/(hm™a)), R is the rainfall
and erodibility index (MJ'mm/ (hm*h-a)), K is the soil erodibility
factor (thm”h/(MJ'mm-hm?)), LS is the topographic factor (unitless),
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C is the cropping factor (unitless), and P is the conservation prac-
tice factor (unitless). The key to applying USLE is to determine the
value of every factor in the equation. How to generate the map of
every factor using RS and GIS technology is the key step in this
study.

3.3 USLE factors calculation
3.3.1 Rainfall erosivity index (R)

Rainfall erosivity index (R) is a kinetic index which assesses
soil detachment and transportation caused by rainfall, and reflects
the potential capacity of rainfall to cause erosion. Based on the
availability of rainfall data, we calculated average rainfall erosivity
from 2000 to 2008 using monthly average rainfall and an empirical
equation as follows (Wang, et al., 1995):

12 PZ
R—Z{1.735x10(1.5x1g B —0.818]} @)

i=1

where P; stands for monthly average rainfall, P stands for yearly
average rainfall, and the unit of rainfall erosivity is the metric unit,
MJ'mm/(hm*ha).

Average monthly and yearly rainfall data of different periods
were calculated using the monthly rainfall data for the Hai Basin.
Then an average precipitation spatial distribution map of every
month and every year was interpolated using the Kriging interpolation
method. Finally, the average rainfall erosivity index (R) was calculated
based on Eq. 2 (Fig. 3(a)).

3.3.2  Soil erodibility factor

The factor K is defined as the amount of eroded soil per unit
area cost by unit rainfall erosivity, which reflects different soils’
erosion rates when other factors that influence erosion are constant.
The physical properties of soil, such as texture, size, and stability
of the structure, clay type, permeability, organic matter content,
and soil thickness, affect soil erosion rates. Many researchers have
studied soil erodibility factor estimation, but a method proposed by
Wischmeier, a calculation method in EPIC, and an equation estab-
lished by Shirazi, et al. are the most representative (Zhang, et al.,
2007).

The selection of different calculation methods depends on the
availability of soil property data. Based on the national second soil
investigation data, K was calculated using the same method as William,
et al. in the EPIC model (USDA, 1990):

K = {0.2+0.3exp[0.0256SAN(1—SIL/100)]} x
[ SIL ]0.3><
CLA+SIL

Lo_ 0.25C y
T Crexp(3.72-2.95C)

0.7SN'
{1‘0_ SN +exp(75.51+22.9SN|)] A

where C stands for soil organic carbon content, SAN is sand con-
tent, SIL is silt content, CLA is clay content, and SN,=1-S4N/100.
In addition, K (calculated using the method mentioned above) was
modified based on the research by Zhang so as to be consistent
with the practical situation of China. The modified equation is as
follows.

K=-0.013 83+0.515 75K ; 4)
The distribution of factor K in the Hai Basin is as seen in Fig. 3(b).
3.3.3  The slope length and steepness factor (LS)

The impact of topography on soil erosion is concentrated on
slope length and steepness. Therefore, slope length and steepness
typically are used to estimate the influence of topography on soil
erosion, which are both accelerators of rainfall erosivity. The LS
factor was calculated with improved slope length factor and slope
steepness factor based on the procedure proposed by Wischmeier
and Smith. The equation is as follows:

L=(/22.13) (5)
where L stands for the slope length factor, 4 is horizon slope length,
and m is the exponent related to slope length. Slope length is determined
through the calculation of upslope drainage area. The two equations

are expressed as follows:
m=B/(1+B)
B=(sin6/0.0896)/[3.0(sin®)"*+0.56]

(6)

A=D/cosO=Flow Accumulation*xCell Size @)
where 6 stands for slope steepness, D is slope length in pixel scale,
and Cell Size is the size of pixel.

The equation used to calculate slope steepness factors depends
on the steepness of the slope; namely, for a gentle slope, we used
the equation proposed by McCool; for a steep slope, we used the
equation proposed by Liu Baoyuan. The equations are combined
below (McCool, et al., 1989; Liu Baoyuan, ef al., 1994):

10.8sina +0.03
S§=416.8sina —0.5 5°<a<10° (8)
21.9sina —0.96 a=10°

a<5°

where S stands for slope steepness factor, and a is slope steepness.
The spatial distribution of the LS factor in the Hai Basin is shown
in Fig.3 (c).

3.3.4 Cropping and management factor (C)

The cropping and management factor (C) for the USLE is
defined as the ratio of soil loss from land cropped under specific
conditions to the corresponding loss from clean-tilled, continuous
fallow, which acts as an inhibitor to erosivity. The cropping and
management factor (C) is an important factor in the USLE model
and is used to control soil erosion intensity. Due to its variability
and large amplitude of variations, it becomes a factor that is dif-
ficult to calculate quantitatively. The calculation of the C factor at
the regional scale usually relies on a lookup table and is defined in
terms of land use. This method, however, can not accommodate the
difference in land use; neither can it reflect the differences such as
vegetation condition or tillage measures brought by phenophase.
In this study, C was determined using the form of NDVI proposed
by Jones. The average C factor from 2000 to 2008 in the Hai Basin
was calculated based on coarse resolution NDVI data.
C =ex (—(1 x—(NDVI)i ) 9)
e B~ (NDVI),
where a and f are the parameters deciding the shape of the
curve. Many applications suggest that the ideal results were ac-
quired when o=2 and f=1. Even though some questions exist in
the C calculation with the vegetation index, this method is one
of the simplest and most practical to obtain C at the regional
scale. The average NDVI of the flood season (from June to Oc-



LI Xiaosong, et al.: Regional soil erosion risk assessment in Hai Basin 375

tober) in the corresponding time range was calculated first, and
then the C factor distribution map was produced using Eq. 9, as
shown in Fig. 3(d).
3.3.5 Conservation practices factor

The conservation practices factor is defined as the ratio between
the soil losses expected for a certain soil conservation practice and
that of up-and-down slope plowing (Liu, et al., 2001). At present,
the value of the P factor in runoff plots typically is determined by
experimental observation. However, determining the related parameters
is difficult through the experiments at the regional scale. Land use/

land cover can reflect the differences of conservation to some extent,
so the value of P usually is appointed according to land use types.
In this study, the value of P was determined by referring to the
research results of Cai, ef al. in combination with local land use
and farming activities (Table 1). Land use data was provided by the
Data Center for Resources and Environmental Sciences Chinese
Academy of Sciences with a map scale of 1: 250000, which was
drafted based on MODIS data. These data were taken as average
conditions of conservation factor P from 2000 to 2008 in the Hai
Basin (Fig. 3(e)).

Table 1 P Value of different land use types

Land use type ~ Paddy field Dryland  Woodland Sparse woodland ~ Other forestry ~Shrub land ~ Water areas Urban settlement Bare rock
P value 0.01 0.4 1 1 0.7 1 0 0 0
3.4 Soil erosion risk assessment
When calculating different soil erosion control factors, some 150 000 25
differences exist in the spatial scale due to the different data re-
sources. Firstly, the layers mentioned before were transformed into 100000 |10
the same grid size (1 km x1 km) and projected into uniform coordinate
system, and then all factors were multiplied to obtain the soil erosion
map. Even though the quantitative result was acquired, we conduct- 50000 = |5
ed the qualitative classification based on the histogram (Fig. 2) and
other research results (Ouyang & Pan, 2006; Li, et al., 2010), when 0
considering the scale differences and the application objective. 0 91.71 183.43 27514 366.85

Through the classification, the different soil erosion risk grades that
describe relative probability were acquired. Subsequently, the soil
erosion risk differences in different regions were analyzed using the
statistical analysis. The erosion modulus threshold of the different
grades and areas of different grades are shown in Table 2.

Fig.2 Soil erosion modulus histogram in Hai Basin

Table 2 Soil erosion risk rate and statistics for the Hai Basin

Erosion modulus /(t-hm > -a™") Soil erosion risk rate Area /km’ Percentage /%
0—5 Very low 159079 69.13
5—10 Low 50025 21.74
10—25 Medium 19534 8.49
>25 High 1480 0.64

4 RESULTS AND ANALYSIS
4.1 Spatial distribution of soil erosion risk

The soil erosion risk grade distribution in the Hai Basin is shown
in Fig. 3f. Four grade classes from very low to high exist in the Hai
Basin. To illustrate the soil erosion risk distribution in detail, the soil
erosion risk grade map was analyzed by overlaying it with three levels
of the Hai Basin. A distinct boundary between the mountainous areas
and the plains areas could be seen. The soil erosion risk grade in the
plains areas is very low. However, the soil erosion risk grade in the
mountainous area increase clearly. By and large, the soil erosion risk in
the Beisanhe mountainous area clearly is lower than in other mountain-
ous areas, which indicates better prevention of soil erosion in the upstream
of the Miyun Reservoir to some extent.

In order to analyze the differences in the soil erosion risk of
mountainous areas, we firstly analyzed the soil erosion risk distribution

of six three-level mountainous regions by statistics. The results are

shown in Table 3: high soil erosion risk area’s distribution differs
in different three-level mountainous regions, from high to low they
are listed as the Zhangweihe mountainous area (426 km?), the Zi-
yahe mountainous area (347 km®), the Daginghe mountainous
area (230 km?), the section between the Cetian Reservoir and Sanjiadian
(217 km®), upstream of the Cetian Reservoir in the Yongdinghe
River (59 km®) and the Beisanhe mountainous area (28 km®). This
indicates that high soil erosion risk exists in the Zhangweihe moun-
tainous area, the Ziyahe mountainous area, the Daqinghe moun-
tainous area, and the section between the Cetian Reservoir and
Sanjiadian in Yongdinghe, more attention should be paid to these
regions in the future. Besides, based on the percentage of medi-
um and above soil erosion risk, the Daqinghe mountainous area
has the highest soil erosion risk, with a percentage of 21.45%.
Moreover, the area of low soil erosion risk exceeds very low
risks by 2519 km®. The Ziyahe mountainous area and the Zhang-

weihe mountainous area take second place, with percentages of
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Table 3 Area statistic of mountainous region soil erosion risks in Hai Basin

/km’

Soil erosion risk rating

Water Resource Three Level Region (mountainous area)

Very low Low Medium High Percentage of medium and above
Beisanhe 14453 6568 932 28 4.37%
Dagqinghe 6015 8534 3744 230 21.45%
Upstream of the Cetian Reservoir in the Yongdinghe River 10449 4697 2102 59 12.49%
The section between the Cetian Reservoir and the Sanjia- 14096 9042 3912 217 15.14%
dian in the Yongdinghe River
Ziyahe River 13602 11750 4993 347 17.40%
Zhangweihe River 12725 9126 3750 426 16.05%

17.40% and 16.05%, respectively, followed by the section between
the Cetian Reservoir and the Sanjiadian and upstream of the Cetian
Reservoir in the Yongdinghe River, with percentages of 15.14%
and 12.49%, respectively. The Beisanhe mountainous area, on the
whole, has the lowest soil erosion risk, with a percentage of only
4.37%. In summary, soil erosion risk is the lowest in the Beisanhe
mountainous area, highest in the Taihangshan mountainous area,
and upstream of the Yongdinghe River falls between these risks.

4.2 Spatial difference character analysis

4.2.1 The relationship between the soil erosion risk and slope

Slope, which is an important factor in controlling soil erosion,
directly affects the ability of runoff erosion. In order to analyze the
conditions of soil erosion risk of different steepness in the moun-

Table 4 Area statistics of soil erosion risk of different steepness

tainous areas, we divided the slopes into six levels: 0° to 5°, 5° to
8°, 8° to 15°, 15° to 25°, 25° to 35°, and >35°. After this, an overlap
analysis was conducted to determine the distribution soil erosion risk
in different slope areas (Table 4). In terms of different soil erosion risk
rating, the area of very low grade is located mainly in area slopes of
less than 5°, and the medium- and high-risk areas are situated mostly
in area slopes between 8° and 25°, which areas account for 65% of all
the medium- and high-risk areas. Regarding different slopes, the per-
centage of high-risk grade increased from 0.09% to 2.1% as the slope
increased. This indicates that the topography factor is an important
factor leading to high soil erosion risk. Therefore, in the future, water
and soil conservation should be focused on slopes between 8° and 25°
in the Hai Basin. Meanwhile, high soil erosion risk areas of steeper
regions should be given more attention.

/km’

Soil Erosion Risk Rating

Slope
Very low Low Medium High
<5° 125951 9330 2192 124
5°—8° 7418 8368 2772 135
8°—15° 11749 15959 6928 405
15°—25° 9840 12056 5743 458
25°—35° 3345 3586 1538 164
>35° 433 600 297 29

4.2.2  The relationship of soil erosion risk and land use
Analyzing the relationship between soil erosion risk and land use
would help identify the land use types which are prone to soil erosion,
which can provide support for later soil and water conservation. A
tabulated analysis was conducted by overlapping the soil erosion risk
and land use (Table 5). Based on these results, the soil erosion risk
of a paddy field generally is very low, with 98.5%, and medium- and
high-risk areas are located mostly in scrublands and grasslands, with
59.67%. Furthermore, low soil erosion risk areas are larger than very low
soil erosion risk areas, which means scrublands and grasslands are prone
to soil erosion. The next is woodlands, with 17.96%, followed by dry
land and sparse woodlots, at 10.6% and 9.6%, respectively. Therefore,

scrublands and grasslands have the highest soil erosion risk, which
should be custom controlled in the future.

5 CONCLUSION

Based on the experience of factor selection and integration of
USLE, we evaluated the soil erosion risks in the Hai Basin using
RS and GIS and drew the following conclusions:

(1) A distinct boundary clearly can be seen between the moun-
tainous areas and plains areas. Soil erosion risk is very low in plains
areas, but it increases significantly in mountainous areas. The soil

erosion risk grades of very low, low, and medium are dominant,

Table 5 Area statistics of soil erosion risks of different land uses /km’
Land Use Type Soil Erosion Risk Rate

Very low Low Medium High

Paddy fields 526 7 1 0
Dry land 87687 6746 2109 110
Woodlands 11558 9550 3503 255
Sparse woodlots 4973 4684 1859 150
Scrublands and grasslands 25886 27488 11561 842

Others 28329 1518 491 46
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while high soil erosion risks are distributed only on a local scale.

(2)From the perspective of percentage of medium and above
soil erosion risk, the Daqinghe mountainous area has the highest
soil erosion risk, with 21.45%. The Ziyahe mountainous area and
the Zhangweihe mountainous areas’ soil erosion risk were slightly
lower, with 17.40% and 16.05%, respectively, then followed by the
section between the Cetian Reservoir and Sanjiadian and upstream
of the Cetian Reservoir in the Yongdinghe River, with 15.14%
and 12.49%, respectively. The Beisanhe mountainous area, on the
whole, has the lowest soil erosion risk, with only 4.37%. Generally,
soil erosion risk is the lowest in the Beisanhe mountainous area,
highest in the Taihangshan mountainous area, and the upstream of
the Yongdinghe River is between these risks.

(3)The areas of very low grade are located mainly in flat ar-
eas where slopes are less than 5°, mediumand high-risk areas are
situated mostly in the areas where slopes are between 8° and 25°,
which accounts for 65% of all the medium and high-risk areas. The
percentage of high-risk grade increases as the slope increases.

(4)The soil erosion risk of paddy fields is very low, with 98.5%,
while high-risk areas are located mostly in scrublands and grass-
lands, which represent 59.67% of both the medium and high soil
erosion risk areas. The next is woodland, with 17.96%, followed by
dry land and sparse woodlots, with 10.6% and 9.6%, respectively.
Therefore, scrublands and grasslands have the highest soil erosion
risk, which should have customized controls in the future.

The Beisanhe mountainous area, the upstream of the
Yongdinghe and the TaiHangshan mountainous area all belong to
the national key water and soil conservation project, but with differ-
ent starting time. Among of which, the upstream of the Yongdinghe
River project started first in 1982, followed by the upstream of the
Miyun Reservoir project in 1989 and the TaiHangshan mountainous
area project in 1996 (Meng, 2004). Due to the effects of national
investments and local economy, water and soil conservation can not
be completed overnight but is a gradual process. Some differences
are found in the time and efforts of the measures in different re-
gions, which affect the soil erosion prevention projects and, in turn,
are reflected by the soil erosion risk grade. As stated in section 4.1,
the TaiHangshan mountainous area has the highest soil erosion risk
as a whole, which is caused directly by the large mountainous area,
backward economies, and the shortage of water and soil conserva-
tion. The Beishanhe mountainous area, located in the upstream
of the Miyun Reservoir, was managed later than the upstream of
the Yongdinghe River. The Miyun Reservoir, however, is the only
surface drinking water source for Beijing. Therefore, both the state
and the city of Beijing have a big investment. That may explain
why the Beisanhe mountainous area has a lower soil erosion risk
than the upstream of the Yongdinghe River as a whole.

In the future, soil and water conservation investment will in-
crease in the Hai Basin. Howerver, the soil and water conservation
methods must be scientific. With the limited resources and investments,
the answers to the following questions will serve as the basis for
scientific water and soil conservation: which kind of region is more
prone to soil erosion; what kind of land use type has the highest
soil erosion risk; and what kind of topography is most vulnerable
to serious soil erosion? The distribution map of soil erosion risk we
calculated in this study will be helpful in answering these questions
and can provide support for decision-making by officials in admin-

istrative agencies of the Hai Basin.
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