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Abstract: A recent conversion of the grasslands to cropland degrading the soil quality (SQ), and
impacting the soil erosion and crop productivity in the West Corn Belt (WCB) of the USA. The current
study was conducted to estimate the spatial distribution of soil erosion at Big Sioux River (BSR)
watershed scale using the Geographical Information System (GIS)-enabled Revised Universal Soil
Loss Equation (RUSLE). Spatial data such as weather, a digital elevation model (DEM), land use
maps and soils were used for assessment of soil erosion was downloaded from the easily available
online sources. Data showed that about 7% of grassland acreage reduced from 2008 (24%) to 2015
(17%), whereas, about 7.4% of cropland acreage increased from 2008 (64.6%) to 2015 (72%) in the
BSR watershed. This grassland conversion to cropland increased the soil erosion (estimated using
the RUSLE model) from 12.2 T ha−1 year−1 in 2008 to 14.8 T ha−1 year−1 in 2015. The present study
concludes that grassland conversion to cropland in the BSR watershed increased the soil erosion,
therefore, management practices essential to be applied to reduce the erosion risk and various other
ecosystem services.

Keywords: digital soil mapping; artificial neural network; geographical information systems; soil
erosion; grasslands; croplands

1. Introduction

A recent land use change (LUC) in the West Corn Belt (WCB) region of USA poses a threat to
grasslands [1] that play a significant role in climate regulation, water and soil conservation, and
biodiversity maintenance. Grassland conversion to cropland increases soil erosion and degrades soil
quality (SQ). Soil erosion has been identified as one of the biggest challenges to the environment
globally [2,3]. It not only degrades soil structure but also increases the loss of organic matter, reduces
soil depth and nutrient elements [4,5]. The shift from grasslands to cropland has scaled up due to the

Soil Syst. 2019, 3, 43; doi:10.3390/soilsystems3030043 www.mdpi.com/journal/soilsystems

http://www.mdpi.com/journal/soilsystems
http://www.mdpi.com
https://orcid.org/0000-0002-4620-6624
https://orcid.org/0000-0001-7209-0744
http://www.mdpi.com/2571-8789/3/3/43?type=check_update&version=1
http://dx.doi.org/10.3390/soilsystems3030043
http://www.mdpi.com/journal/soilsystems


Soil Syst. 2019, 3, 43 2 of 15

increase in the return prices of soybean (Glycine max) and corn (Zea mays), as the demand of biofuel
feedstock has been increased in the WCB region of USA [1]. These row crops (corn and soybean),
converted from grasslands require intensive soil disturbance which led to the highest amount of soil
organic carbon (SOC) and soil losses. Furthermore, an increase in greenhouse gas (GHG) emissions has
also been estimated with the LUC for the biofuels, thereby, reducing the biodiversity in the U.S. corn
and soybean fields by about 60% [6]. The cropland change consequently affects carbon dynamics [7].

Land use conversion strongly impacts the loss of SOC and influences the global climate change. [8].
Further, this depleted SOC has been exacerbated by the increasing demands for food, biomass and
ethanol production, and affects climatic change due to increases in C fluxes, and global warming. In the
Midwest region, it is predicted around 6 million metric tons of N fertilizer and over 100,000 metric
tons of pesticides are spread over the crop fields [9], which subsequently degrade the SQ and impair
the water quality of the streams. Soil erosion in agricultural lands is one of the main reasons of land
degradation and water quality decline in the USA [10,11]. Row crops converted from grassland in
the WCB region uses conventional tillage practices, such as, moldboard plowing which contributed
significantly to erosion [12]. Therefore, an accurate estimation of soil erosion with the change in land
use is very important.

Soil erosion from row crops depends on various factors such as surface roughness, rainfall
intensity, slope, and soil type [3,13]. Surface roughness which is created by leaving crop residue on the
ground reduces the velocity of overland flow and reduces soil loss. It is a hard mission to assess the
impacts of various soil factors under different cropping systems and climatic conditions on soil loss
and productivity. Therefore, different empirical and mechanistic models were established to predict
the soil loss [3]. An empirical model, the Universal Soil Loss Equation (USLE), was developed in 1930s
by the National Runoff and Soil Loss Data Center and culminating in Agriculture Handbook 537 [14]
to estimate the annual soil loss. In the current study, we have estimated the soil erosion potential using
the GIS and RUSLE [15,16].

For predicting the average annual soil loss using RUSLE method, six grid-based maps (i.e., rainfall
erosivity, soil erodibility, length-slope, vegetation cover, and soil conservation practices) are simply
multiplied [14]. Of six factors, the concept of soil erodibility (K factor) and how to predict such
a complex parameter has always been a challenging issue [3,17–20]. There are several types of
conventional methods to measure/predict K factor including measurement by scouring, measuring
soil physiochemical properties, plot experiment and rainfall simulation, [21] but most of them are
time-consuming, expensive, and labor work [22]. Furthermore, in the previous researches K factor
commonly calculated from soil properties such as soil texture, soil organic matter, soil structure, and
soil permeability class [18], by plot data [14], or by using chroplet maps. Since the knowledge of
the spatial patterns of K factor is vital, digital soil mapping (DSM) techniques based on the scorpan
model [23] are promising approaches to overcome some limitations arising from the chroplet maps.
This technique has progressed rapidly in the field of soil science and precision agriculture in the past
decade [24] and has been successfully applied to predict different soil properties and soil classes [25,26].
To best of our knowledge, less research has been carried out to examine the potential of DSM for the
spatial prediction of K factor [3], with the notable exception of Yang et al. [27].

The present study based on the hypothesis that conversion of grassland to cropland can degrade
the soil structure and can increase the soil erosion. Consequently, the current study was carried out to
estimate the soil erosion at a watershed scale which is located within the WCB region. The specific goal
of the study was to predict the spatial distribution of soil erosion after the conversion of grassland to
cropland at the watershed using the GIS-enabled RUSLE technique. Importantly, in the current study
K factor was digitally predicted for the whole study area using digital soil mapping (DSM) techniques.
To achieve the goal, we firstly trained an artificial neural network (ANN) using the point-based K
factor data and grid-based ancillary data (i.e., terrain attributes and remote sensing data). Then, the
trained ANN model was implemented to predict K factor for the whole study area.
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2. Materials and Methods

2.1. Study Area

The Big Sioux River (BSR) watershed covering an area of 21,033 km2 is located in the eastern
part of South Dakota, the USA (Figure 1). At the study watershed, the mean annual temperature is
7.6 ◦C that maximum and minimum of temperature occurred in July and January −7.3 and 22.7 ◦C,
respectively. The majority of the BSR watershed has low elevation varies from 334 to 641 m. This
relatively flat landscape watershed is primarily dominated by cropland (72%), followed by grassland,
urban, water, and wetland. Corn and soybean are major crops of the region, covering around 62% of
the total watershed area. Pasture and hay also contribute a significant portion of land use during the
growing season. Spring wheat, winter wheat, and oats are the other main crops and cover a small
portion (4.5%) of the watershed. Dominant soils are developed on Dakota Sandstone, Granerous Shale,
Precambrian Sioux Quartzite, Carlile Shale, Greenhorn Limestone, Pierre Shale and Niobrara Chalk,
and consist a heterogeneous mixture of sand, silt, clay, and gravel. Largely covered by loamy glacial till
mollisol with low potential-runoff under thoroughly wet conditions, the BSR watershed soils majorly
belongs to hydrological soil group ‘B’ having moderate infiltration rates [28].
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Figure 1. The location of the watershed in Northern Great Plains of USA. (Sources: satellite image from
Google TM Earth, 2018).

2.2. RUSLE Model Soil Erosion Calculation

Revised Universal Soil Loss Equation (RUSLE) [16] was used to predict the mean annual soil
loss at the BSR watershed. The erosion plot and rainfall simulator experiments by composing of the
following factors were used to develop this equation:

A = [R] × [K] × [LS] × [C] × [P] (1)

where A is the mean soil loss (T ha−1 year−1), R is the rainfall erosivity factor (MJ mm ha−1 h−1 year−1),
K is the soil erodibility factor (t h MJ−1 mm−1), LS is the topographic factors (L, slope length and S, slope
steepness; dimensionless), C is the vegetation cover (dimensionless), and P is the soil conservation
practices (dimensionless). In this study, three long-term scenarios were used for predicting soil erosion
that include: 2008, 2010 and 2015 assuming constant rainfall erosivity (R) and estimated R from
Regional Climate models [29]. These long-term scenarios will be used for grasslands and row crops
separately for 2008, 2010 and 2015 years and the difference in soil erosion will give an estimate of the
potential change in erosion that occurred due to grasslands conversion into croplands. Khanal et al. [6]
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predicted soil loss using the RUSLE with the change in biofuel production for the USA, however,
C factor used by these researchers is questionable since the value of C depends on the number of
cultivation years. Therefore, at present research, land use change (LUC) from 2008 through 2015 were
extracted from National Agricultural Statistics Service (NASS)-Cropland Data Layer (CDL) and C
factor values used based on years after the conversion of row crops from grasslands. All the parameters
in RUSLE were considered to be spatially constant for every 30-m grid within the digital elevation
model (DEM), and mean soil loss (A; T ha−1 year−1) calculated by multiplying all the parameters of
Equation (1). Data sources used for soil erosion prediction are explained in the next sections. Land
cover data for 2008, 2010 and 2015 were converted to raster format and resampled for 30-m resolution
using ArcGIS10x version to create a business as usual (BAU) map. The relative erosion maps were
extrapolated for 2008, 2010, 2015 periods.

2.2.1. Rainfall Erosivity Factor (R)

The interaction between the kinetic energy of raindrops and soil surface reflects by the rainfall
erosivity factor (R), and it depends on the amount of precipitation in a certain time period [14]. In this
study, we have used the monthly rainfall data of 8 years (2008 to 2015) from the 93 rain gauge stations
(Figure 2) in and around the study watershed area. Ordinary kriging technique was implemented in
order to interpolate the average monthly rainfall [3]. Then, R factor was calculated using the rainfall
maps and the modified Fournier index (Equation (2)) and models (Equations (3) and (4)) defined by
Renard and Freimund [30]:

F =

∑12
i=1 p2

i∑12
i=1 p

(2)

R = 0.07397F1.847, when F < 55 mm (3)

R = 95.77− 6.081F + 0.4770F2, when F ≥ 55 mm (4)

where F is the modified Fournier index, R is the rainfall erosivity factor, Pi is the monthly precipitation
(mm), and P is the yearly precipitation (mm).Soil Syst. 2019, 3, x FOR PEER REVIEW 5 of 16 

 

 
Figure 2. The spatial distribution of rain gauge stations, soil samples, DEM and land use maps for 
2008, 2010 and 2015 in the watershed located in Northern Great Plains of USA. 

2.2.2. Soil Erodibility (K) 

The value of K depends on the soil properties and is defined by quantifying of soil loss under a 
standard unit plot condition [3,13,14]. K factor data for 200 soil samples (Figure 2) in the BSR 
watershed were downloaded from Soil Survey Geographic Data (SSURGO). The summary statistics 
of the related basic soil information to K factor in the study area is presented in Table 1. We then used 
artificial neural networks (ANN) to correlate value of K (point data) with ancillary variables (grid 
data) according to the scorpan framework [23] in order to generate K gridded map across the study 
area with spatial resolution of 30 × 30 m. 

The digital soil mapping (DSM) relies on the scorpan spatial prediction function [23]: 𝑆 = 𝑓(𝑠, 𝑐, 𝑜, 𝑟, 𝑝, 𝑎, 𝑛) + 𝑒 (5) 

where S is a soil property (e.g., Soil erodibility), f is a function (e.g., ANN) and scorpan factors are 
soil, climate, organisms, relief, parent materials, age and spatial position, respectively; and where e 
is the error. In the current study, based on the understanding of the factors which may affect soil 
erodibility distribution and availability of such ancillary data [31], two kinds of ancillary variables 
listed in Table 1 were used. These ancillary data included terrain attributes and remote sensing data. 
Specifically, a total of 10 terrain attributes extracted from a preprocessed SRTM DEM (Shuttle Radar 
Topography Mission Digital Elevation Model) using Saga GIS software [32]. A total of 10 remote 
sensing indices extracted from Landsat 8 Operational Land Imager (OLI) images. The digital numbers 

Figure 2. Cont.



Soil Syst. 2019, 3, 43 5 of 15

Soil Syst. 2019, 3, x FOR PEER REVIEW 5 of 16 

 

 
Figure 2. The spatial distribution of rain gauge stations, soil samples, DEM and land use maps for 
2008, 2010 and 2015 in the watershed located in Northern Great Plains of USA. 

2.2.2. Soil Erodibility (K) 

The value of K depends on the soil properties and is defined by quantifying of soil loss under a 
standard unit plot condition [3,13,14]. K factor data for 200 soil samples (Figure 2) in the BSR 
watershed were downloaded from Soil Survey Geographic Data (SSURGO). The summary statistics 
of the related basic soil information to K factor in the study area is presented in Table 1. We then used 
artificial neural networks (ANN) to correlate value of K (point data) with ancillary variables (grid 
data) according to the scorpan framework [23] in order to generate K gridded map across the study 
area with spatial resolution of 30 × 30 m. 

The digital soil mapping (DSM) relies on the scorpan spatial prediction function [23]: 𝑆 = 𝑓(𝑠, 𝑐, 𝑜, 𝑟, 𝑝, 𝑎, 𝑛) + 𝑒 (5) 

where S is a soil property (e.g., Soil erodibility), f is a function (e.g., ANN) and scorpan factors are 
soil, climate, organisms, relief, parent materials, age and spatial position, respectively; and where e 
is the error. In the current study, based on the understanding of the factors which may affect soil 
erodibility distribution and availability of such ancillary data [31], two kinds of ancillary variables 
listed in Table 1 were used. These ancillary data included terrain attributes and remote sensing data. 
Specifically, a total of 10 terrain attributes extracted from a preprocessed SRTM DEM (Shuttle Radar 
Topography Mission Digital Elevation Model) using Saga GIS software [32]. A total of 10 remote 
sensing indices extracted from Landsat 8 Operational Land Imager (OLI) images. The digital numbers 

Figure 2. The spatial distribution of rain gauge stations, soil samples, DEM and land use maps for 2008,
2010 and 2015 in the watershed located in Northern Great Plains of USA.

2.2.2. Soil Erodibility (K)

The value of K depends on the soil properties and is defined by quantifying of soil loss under a
standard unit plot condition [3,13,14]. K factor data for 200 soil samples (Figure 2) in the BSR watershed
were downloaded from Soil Survey Geographic Data (SSURGO). The summary statistics of the related
basic soil information to K factor in the study area is presented in Table 1. We then used artificial neural
networks (ANN) to correlate value of K (point data) with ancillary variables (grid data) according to
the scorpan framework [23] in order to generate K gridded map across the study area with spatial
resolution of 30 × 30 m.

Table 1. Summary statistic of basic soil properties for the watershed in Northern Great Plains of USA.

Soil Property Min † Max Average CV Q25 Q50 Q75

SOM (%) 1.11 13.45 4.54 33.30 3.62 4.40 5.13
Clay (%) 3.98 46.03 28.09 23.42 24.24 28.93 32.15
Silt (%) 4.07 70.90 51.44 23.73 45.84 54.50 60.32

Sand (%) 0.87 91.94 20.46 83.19 7.70 14.45 30.12
BD (g/cm−3) 1.11 1.63 1.33 7.01 1.27 1.32 1.37

† Min: minimum; Max: maximum; CV: coefficient of variation; Q25, Q50, and Q75 refer to the 25% quartile, median
and 75% quartile; SOM: soil organic matter; BD: bulk density.

The digital soil mapping (DSM) relies on the scorpan spatial prediction function [23]:

S = f (s, c, o, r, p, a, n) + e (5)

where S is a soil property (e.g., Soil erodibility), f is a function (e.g., ANN) and scorpan factors are soil,
climate, organisms, relief, parent materials, age and spatial position, respectively; and where e is the
error. In the current study, based on the understanding of the factors which may affect soil erodibility
distribution and availability of such ancillary data [31], two kinds of ancillary variables listed in Table 1
were used. These ancillary data included terrain attributes and remote sensing data. Specifically, a total
of 10 terrain attributes extracted from a preprocessed SRTM DEM (Shuttle Radar Topography Mission
Digital Elevation Model) using Saga GIS software [32]. A total of 10 remote sensing indices extracted
from Landsat 8 Operational Land Imager (OLI) images. The digital numbers (DN) of each spectral
band of OLI were calibrated to satellite radiances and then atmospheric correction was performed
using the dark-object subtraction (DOS) technique [33]. Here, we calculated the median values of DN
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of 1584 remote sensed images obtained from 2008 to 2010 (summer season) which were consistent with
the soil sampling date.

2.2.3. Topographic Factor (LS)

Topographic factor (LS) represents a ratio of soil loss for a unit area at a specific site in comparison
with that under a standard unit plot condition [3,14,34]. At present research, for watershed scale
erosion modelling, a DEM with 30 by 30-m resolution (Figure 2) was applied to estimate LS factor in
GIS environment base on the following equation [35]:

LS = (m + 1)
(

U
L0

)m(
sinβ
S0

)n

(6)

where LS is a topographic factor, U (m2 m−1) upslope contributing area per unit width as a proxy for
discharge, U = flow accumulation × cell size, L0: length of the unit plot (22.1 m), S0: slope of unit plot
(0.09), β slope, m (sheet) and n (rill) depend on the prevailing type of erosion (m = 0.4 to 0.6) and n
(1.0 to 1.3). A detail information about LS factor calculation for RUSLE can be found in [3,35].

2.2.4. Crop Management (C)

This factor indicates the effects of plants, soil cover and soil biomass on erosion. C factor represents
the ratio of soil loss for a unit area at a specific site in comparison with that under clean-tilled
continuous-fallow conditions [3,14,16,34]. To determine C factor values for the watershed scale, land
use-land cover maps (Figure 2) of the study area were downloaded and then converted to C factor
according to RUSLE guide tables [34]. Furthermore, in the current research, to determine temporal
variation of C factor and soil erosion from 2008 to 2015, we computed C factor from three land use/land
cover maps extracted from the NASS dataset with a 5- year intervals (Figure 2).

2.2.5. Conservation Support Practice (P)

The P factor represents the ratio of soil loss for a unit area with a given erosion control method
compared to soil under the same conditions without any erosion control measures [3,14,34]. The value of
P factor ranges from 0 to 1 (i.e., 0 indicates good conservation practice and 1 indicates poor conservation
practice). At present research, P was set equal to one like the other published literatures [36–39] across
the watershed because there is no erosion-control works in the basin for preventing soil erosion.

2.3. Soil Erosion Risk Assessment

After prediction of mean soil loss by multiplying the raster data ([R] × [K] × [LS] × [C] × [P]),
we classified the soil erosion risk according to the criteria defined by [40] (if soil loss (T ha−1 year−1)
is <5, 5–25, 25–50, 50–80, 80–150, and >150 then erosion risk is classified as very low, low, moderate,
severe, very severe, and extremely severe, respectively). Here, soil loss classification was done by
fuzzy class membership; the estimated soil loss of each pixel is allocated to different classes according
to a membership function [41,42]. In this study, we applied Triangular-shaped membership function
(Figure 3).
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3. Results and Discussion

3.1. Rainfall Erosivity (R)

One of the most important factors contributing to soil erosion is rainfall erosivity and hence it is
very important in modeling and predicting soil erosion [43]. Therefore, to depict the spatial distribution
of soil erosion, the spatial distribution of R factor is often used as input of the spatial models to predict
soil erosion. The spatial distribution of R factor showed that the R factor value ranges from 450 to
712 MJ mm ha−1 h−1 year−1 with the highest value occurred in the southern part of the region and the
lowest in the northern region (Figure 4). There is a general consistency between R factor distribution
and the annual rainfall distribution in the study area (Figures 2 and 4). Similarly, the distribution of R
values across a watershed in Jordan vary consistently with annual precipitation [44]. Also, a positive
relationship between rainfall intensity and amount with soil loss has been reported [45].Soil Syst. 2019, 3, x FOR PEER REVIEW 8 of 16 
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3.2. Soil Erodibility (K)

Soil erodibility is one of the most important input in models used for modeling and prediction
soil erosion [46]. Therefore, the spatial distribution of soil erodibility is of great importance to model,
map and control soil erosion [47]. Figure 4 shows the spatial distribution of soil erodibility conducted
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using a most common type of ANN, three-layer perceptron, by correlating point-based K factor and
raster-based ancillary variables. The number of nodes in the first and last layers corresponds to the
number of independent (20 neurons = ancillary layers listed in Table 2) and dependent variables (one
neuron = K factor). We used a trial-and-error strategy based on the 10-fold cross-validation to find
the most suitable structure of ANN [48,49]. Therefore, we trained ANNs with the combination of the
number of neurons from 2 to 20 (Figure 5). The best results were obtained when we used 5 nodes in
the hidden layer (i.e., nRMSE = 0.07 ± 0.009 and R2 = 0.71 ± 0.03). These results indicated the overall
acceptance performance of ANN for K factor prediction through digital soil mapping framework in
the current study [25,31,48,50].

Table 2. Ancillary data used to predict soil erodibility (K) factor.

Ancillary Data Attribute

Terrain attributes
Elevation (E), mid-slope position (MSP), slope (SL), catchments area (CA), plane
curvature (PlC), profile curvature (PrC), valley depth (VD), catchment slope (CS),
wetness index (WI), aspect (AS).

Remote sensing

Blue, green, red, near infrared, shortwave IR-1, shortwave IR-2, normalized difference
vegetation index (NDVI: (Shortwave IR-1 − Near infrared)/(Shortwave IR-1 + Near
infrared)), ratio vegetation index (RVI: Shortwave IR-1/Near infrared), soil adjusted
vegetation index (SAVI: [(Shortwave IR-1 − Near infrared)/(Shortwave IR-1 + Near
infrared + L)]*(1 + L)), clay index (CI: shortwave IR-1/shortwave IR-2).
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The predicted K values ranged from 0.02 to 0.06 T ha MJ−1 mm−1 with the highest value occurred
in the south and the lowest in the north part of the area (Figure 4). If K factor values are above the
theoretically maximum of 0.1317, it might attribute to the fact of over-estimation of the DSM model for
a limited number of points. According to Rosewell and Loch [51], K factor values more than 0.06, the
case that was observed in some parts of our study, are classified as very high. The areas located in
the southern parts of the watershed were more susceptible to erosion because of their higher values
of K factor, while the northern parts had the lowest K values (Figure 4). It has been proven that K is
a result of a complex relationship between many soil properties that contribute significantly to soil
loss [3,14,17–20]. Therefore, due to the combined effects of soil properties, the map of soil erodibility
may not reflect the actual soil loss but the spatial pattern of soil erodibility could be used as a guideline
for land management and planning [52]. Therefore, the factors that govern the spatial variability of K
factor could not be described easily. Higher values of K in the southern parts of the study area could
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be partly attributed to the prominent land use type in these areas (i.e., cropland). This is mainly due
to that soil organic matter content which is usually larger in grassland compared with cropland is
negatively correlated with K factor.

3.3. Topographic Factor (LS)

The LS factor appears to be one of the most important environmental factors contributing to soil
loss. The spatial distribution of the LS factor is depicted in Figure 4. The LS factor values ranged from
0.06 to 26.0 across the study area. Most of the study area has low and moderate LS factor values. Only
limited areas (about 1%) mainly located in the south and east parts had high values of LS factor (more
than 10). Generally, as the slope length and steepness (i.e., LS factor), increase, soil loss increases due
to acceleration of runoff velocity and erosivity [44,53]. Further, the areas with LS-factor more than 10
are usually highly vulnerable to erosion [54]. Although there is an increasing trend in soil erosion with
LS-factor, it is shown that a higher slope steepness will not always results in high erosion risk [55].

3.4. Crop Management Factor (C)

One of the most important RUSLE factors which can be most easily managed to reduce soil loss is
C factor [16]. Because of temporal variability in C factor, the spatial distribution of C factors for 2008,
2010 and 2015 are presented in Figure 4. The C factor for the three years considered ranges from 0 to
0.59. The overall spatial trend in C factor for the given times is almost similar. In all three times (2008,
2010, and 2015) the northern parts tended to have the lowest C values, while the largest C values are
observed in the southern parts. The higher C factor values indicate more vulnerability to soil erosion.
The C factor values can vary from near zero for a very well-protected soil to 1.5 for the soils that are
high prone to erosion [16]. Therefore, the zero and near zero values of C for the northern parts indicate
very well-protected soils which are mainly corresponded to the grassland. The maps (Figure 4) show an
increasing trend in C factor from 2008 to 2015 which indicates a decrease in the percent of well-protected
soils with time. Results also indicate that changes in the spatial distribution of C factor from 2008 to
2015 could be partly attributed to the change in land cover/use during the considered period.

3.5. Soil Erosion Risk Assessment

Spatially and temporally variability of soil erosion and complex relationships between soil erosion
and many environmental factors have complicated soil erosion modeling [46]. Also, investigation
of the specific environmental conditions in which erosion occurs helps to prevent and control soil
erosion [17,37,39]. The layers associated with the RUSLE factors were integrated in ArcGIS environment
to produce final soil erosion map in the study area. Figure 6 shows the spatial distribution of soil
erosion in 2008, 2010 and 2015. Generally, the spatial patterns of soil erosion are similar in all three
years. Southern parts tended to have the highest and northern parts tended to have the lowest soil
erosion. According to Morgan [34], only limited areas in the north and south of our study area have
slight and very severe soil erosion respectively. Most of the remaining parts experienced a moderate
and high risk of erosion. Therefore, there is a priority for appropriate conservation measures to reduce
and control soil loss in these areas.

Larger erosion risk in the southern parts could be generally attributed to the higher values
of R, K, LS and C factors in these areas. These relationships are also indicated in Table 3. Soil
erosion in 2008, 2010, and 2015 is positively correlated with R, K, LS and C factors. In line with our
findings, the relationship between RUSLE factors and soil loss has been reported in several studies.
Gholami et al. [45] showed that rainfall intensity and amount had a positive and vegetation cover had
a negative correlation with soil loss in northern Iran. Yang et al. [27] indicated that the largest soil loss
was related to the areas with the highest R and K values. In a study conducted in Catalonia in Spain,
it was revealed that an erosivity factor of 10 times greater than the annual value, resulted in a very
severe erosion value of 207 T ha−1 [53]. It is shown that the LS factor is one of the most significant
agents contributes to soil erosion (e.g., [44,56]) which represents the combined effect of slope length
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and slope steepness on soil loss. There is usually an increasing trend in soil erosion with increasing
slope length and steepness as a result of more accumulation of runoff in downslope and increasing
the velocity and erosivity of runoff [14]. C factor which represents land cover/use is one of the most
significant contributors in RUSLE model for predicting soil loss. Lower C factor values are mainly
associated with the northern parts of the study area where soil erosion is lower. This is because of that
C factor represents the protective effect of vegetative cover which is higher in the soils encountered
under grassland in the northern parts of the area.
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Table 3. Correlation coefficient of RUSLE parameters used for calculating the soil erosion at a watershed scale.

R † K LS C2008 C2010 C2015 ER2008 ER2010 ER2015

R 1
K 0.59 1
LS 0.10 0.19 1
C2008 0.27 0.25 −0.13 1
C2010 0.27 0.24 −0.12 0.70 1
C2015 0.23 0.23 −0.14 0.71 0.82 1
ER2008 0.32 0.45 0.39 0.49 0.35 0.35 1
ER2010 0.32 0.45 0.43 0.31 0.49 0.38 0.81 1
ER2015 0.30 0.44 0.43 0.31 0.38 0.45 0.81 0.89 1

† R: rainfall erosivity; K: soil erodibility factor; LS: topographic factor; ER: soil erosion in three interval years; C: crop
management factor in three interval years.

In the period of 2008 to 2015, soil erosion showed an increasing trend from 12.29 T ha−1 in 2008 to
14.53 T ha−1 in 2010 and to 14.81 T ha−1 in 2015 (Figure 7). The 2010 and 1015 soil loss values showed
2.24 (18.22%) and 2.52 (20.50%) T ha−1 year increase compared with 2008, respectively. This result
indicates an increasing rate in soil erosion on average of 2.56% per year. Our findings revealed that the
increase in soil erosion for the period of 2008 to 2010 is more abrupt than that of 2010 to 215 (Figure 7).
This indicates a rapid change in the factors contributing to soil erosion from 2008 to 2010. According
to Figure 7, the most likely factor contributing to rapid change in soil erosion is conversion of land
use/land cover over time.

Since the C factor usually changes over time, thus the temporal variability of soil erosion could
mainly be attributed to its variations. Most of C factor variations over time in our study area could be
related to the changes in land use from 2008 to 2015. As shown in Figures 2 and 7, there is an increasing
trend in the areas under cropland and a decreasing one in areas under grassland from 2008 to 2015
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which could result in more areas with higher C factor value in 2015. In comparison with 2008, the
areas under grassland decreased by 18.2 and 29.2%, while the areas under cropland increased by 10
and 11.5% in 2010 and 2015 respectively (Figure 7). An increase in C factor and thus in soil erosion
due to a decrease in vegetation cover is reported in [57]. Effects of land use/land cover on C factor is
reported in other studies (e.g., [44]).
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In agreement with our findings, change in land use/land cover in the USA during two last decades
has also been reported in other studies. A recent conversion of the LUC in the western Corn Belt area
of the USA has been receiving agricultural extensification [58], and increasing the soil degradation.
Lark et al. [59] conducted an analysis from the USDA-Cropland DataLayer (CDL) and reported that
7.3 million acres of uncultivated land was converted to croplands from 2008 to 2012. The conversion
of grasslands to corn and soybean from 2006 to 2011 in WCB was also reported by [1]. Similarly,
Johnston [60] reported that areas under corn and soybean expanded across the eastern Dakotas by 27%
during the two years from 2010 to 2012 [61].

In line with our findings, in several other studies, the effect of land use/land cover changes on soil
erosion over time has been reported. Park et al. [62] quantitatively analyzed soil loss from 1985 to 2005
in major river basins of South Korea using RUSLE. They found an increasing trend in soil loss from
17.1 T ha−1 in 1985 to 17.4 T ha−1 in 1995 and to 20 T ha−1 in 2005 with an average rate of 0.8% per year.
Wang et al. [46] simulated soil erosion from 1989 to 1996 in Lushi basin in China and indicated that
even relatively minor land use changes had a significant effect on regional soil erosion rates. They
showed that the average erosion rate increased from 1989 to 1996 after the conversion of forest to
farmland. The results also showed that a decrease in the percentage of forested land has generally led
to an increase in the area of farmland vulnerable to erosion. de Hipt et al. [52] investigated the effect of
land use/land cover and climate change on soil erosion in south-western Burkina Faso. They revealed
that specific suspended sediment yield (SSY) shows an increasing trend from 1990 to 2030 which is
mostly attributed to land use conversion to cropland. They also suggested that the negative effects of
climate may be amplified by land use changes. Sharma et al. [63] in a watershed in Jharkhand state in
India used USLE and GIS to model the effect of land use/land cover change on soil erosion during the
period from 1989 to 2004. They found that soil erosion increased from 12.1 T ha−1 year−1 in 1989 to
13.21 T ha−1 year−1 in 2004. They attributed this increase in erosion rate to the conversion of other land
uses/covers to cropland. Quan et al. [64] modeled soil erosion changes from the late 1980s to 2000 in the
Liupan Mountain Region (China). They revealed that slightly eroded area decreased, while areas with
moderate, severe and very severe erosion risk increased. They attributed the increase in soil erosion to
cultivation on area with steep slopes, degradation of grassland and increased human activities.

Results of our modeling highlight the negative effects of the conversion of the natural vegetation
on soil erosion. The conversion of the natural ecosystem has led to increase soil erosion and decrease
water supplies [65]. It is because of that conversion results in less infiltration, higher surface runoff and
soil loss as well as lower groundwater discharge. In contrast, good vegetative cover such as in Great
Plains, by mitigating raindrop energy, reducing the velocity of runoff, improving soil structure, and
increasing water infiltration, plays a significant role in reducing soil erosion. Also, high soil structural



Soil Syst. 2019, 3, 43 12 of 15

stability in grassland leads to low K factor, and thus results in soils more resistance to erosion [66].
Moreover, the conversion of grassland to cropland could contribute to global warming in terms of
carbon sequestration. Grassland usually sequesters more carbon than cropland and thus mitigates the
effects of greenhouse gases more than cropland.

Our findings suggested that modeling using ANN combined with GIS-based on RUSLE provides
an efficient tool for estimating soil erosion risk and thus revealing areas vulnerable to soil erosion.
Our findings revealed that even during a short period (2008–2015), land use/land cover conversion
from grassland to cropland could significantly increase the erosion rate. Therefore, the conversion of
grassland to other land uses (e.g., cropland) should be minimized as much as possible. Map of the spatial
distribution of soil erosion (Figure 6) indicates an urgent need for effective soil and water conservation
measures especially for the regions with high and sever risk of erosion which are mostly located
in the southern parts. To reduce soil loss, improved cropping systems, contour farming, terracing,
minimum/zero tillage, periodic monitoring of soil erosion, and every environmental preservation
practice should be adopted in the study area. Further, environmental preservation must be considered
as prerequisite for urban development.

4. Conclusions

In the Great Plains region of the USA, a recent conversion of the grasslands to cropland impacting
the soil erosion and hence the crop productivity. The Geographic Information System-Enabled Revised
Universal Soil Loss Equation was used to estimate the soil erosion at the watershed scale in the present
study. Soil erosion in the current study was predicted for the Big Sioux River (BSR) watershed scale
using the spatial data downloaded from the easily available online sources. Data showed that about
7% of grassland acreage reduced from 24 to 17% from 2008 to 2015, whereas, about 7.4% of cropland
acreage increased from 64.6 to 72% with minimal changes in other land-use types (water, urban, forest
and barren land) for this period in the BSR watershed area. This grassland conversion to cropland
increased the soil erosion (estimated using the RUSLE model) from 12.2 T ha−1 year−1 in 2008 to
14.8 T ha−1 year−1 in 2015. The data from this study showed that the increased conversion of grassland
to cropland in the BSR watershed increasing the soil erosion, thus, conservation practices essential to
be applied to reduce the erosion risk.
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