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INTRODUCTION

Soil erosion is a form of soil degradation involving detach-
ment, transportation, sedimentation and deposition of soil
particles from one place to another by the dynamic force
and activity of erosive agents. The erosive agents include
water, ice (glaciers), snow, air (wind), plants, animals and
humans. Erosion is, at times, divided into water erosion,
glacial erosion, snow erosion, wind or aeolian erosion,
zoogenic erosion and anthropogenic erosion according to
the causative agent (Apollo et al. 2018). Wind and water
are the main agents of soil erosion; high winds knock out
loose soil, mainly from level or mountainous topography,
and energy exerted on the soil by falling and run water
over the surface also detaches and transports soil particles
(Kouli et al. 2009). Soil erosion has attracted global research
attention as various ecological and environmental problems
such as soil fertility loss, land degradation, drainage and
river siltation substantially evolve from its occurrence
(Anees et al. 2018; Wang et al. 2018). It equally reduces
reservoir capacity and negatively affects aquatic habitats,
hydrologic systems and quality of water downstream as
sediments are usually attached with nutrients, toxic chemi-
cals and metals (Kouli et al. 2009; Zhang et al. 2009; Kim
2014; Lamyaa ef al. 2018). Soil erosion processes also
enhance the chance of flood risk as a result of the induce-
ment by rainfall (Ouyang & Bartholic 2001; Adewumi
et al. 2017). Soil erosion is a natural phenomenon which
causes adverse economic and environmental impressions
across the globe (Kouli et al. 2009; Zhang et al. 2009).
However, certain human activities such as overexploitation
of land resources have accelerated the erosion processes in
many parts of the world. In general, the prominence of
soil degradation is dependent upon some natural and
anthropogenic elements that favour the initiation and the
advancement of soil erosion. These elements are categorized
into: quasi-static factors (infiltration, erodibility and mor-
phology) and temporally variable factors (vegetation cover,
land wuse, rainfall intensity and agricultural practices)
(Roose & Lelong 1976; Vrieling 2005; Boukheir et al. 2006;
Bouhadeb et al. 2018). Hence, soil erosion is also regarded
as a spatio-temporal land degrading phenomenon with sig-
nificant adverse impacts in many countries (Fistikoglu &
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Harmancioglu 2002; Hoyos 2005; Pandey et al. 2009;
Prasannakumar et al. 2012).

In Anambra State of Nigeria, water erosion is the
leading cause of soil degradation, with varying intensities
across the state. Anambra State has a varied geography,
geology and geomorphology, with a wide range of land-use
systems. The state is also intensely influenced by soil attri-
tion, sediment transport and land degradation. Significant
soil erosion developments in the state comprise rill, sheet
and gully formations. The existence of gullies across the
state has not only resulted in the loss of agricultural lands
but also led to inadequate land for sustainable infrastruc-
tures. With regards to the presumed increasing risk of soil
erosion and its pervasiveness, it is important to quantify
soil loss and delineate degraded areas to help in effective
decision-making and conservation planning.

In the course of estimating soil loss and promoting
optimum soil protection practices, many researchers
have established and employed various models. Major soil
erosion models that have been used in regional scale evalu-
ation include Universal Soil Loss Equation (USLE) or
Revised Universal Soil Loss Equation (RUSLE), Watershed
Erosion Prediction Project (WEPP), Agricultural Non-Point
Source model (AGNPS), Areal Non-point Source Water-
shed Environment Response Simulation (ANSWERS)
model, Limburg Soil Erosion Model (LISEM), European
Soil Erosion Model (EUROSEM), Soil Erosion Model for
Mediterranean Regions (SEMMED), Soil and Water Assess-
ment Tool (SWAT), Simulator for Water Resources in Rural
Basins (SWRRB), Morgan-Morgan-Finney Model (MMFM)
and Chemical Runoff and Erosion from Agricultural
Management System Model (CREAMS). Moreover, Mosavi
et al. (2018) reviewed the encouraging results already
documented for the implementation of the commonly
known machine learning methods such as artificial neural
networks (ANNs), support vector machines (SVM), support
vector regression (SVR), adaptive neuro-fuzzy inference
system (ANFIS), wavelet-based neural network (WNN)
and decision trees (DTs). They also stated that there
should be important research and investigation for further
development and advancement. The above-mentioned
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models have their specific characteristics and application
scopes (Boggs et al. 2001; Lu et al. 2004; Dabral et al
2008; Tian et al. 2009; Prasannakumar et al. 2012). Among
the stated models, USLE and its derivatives Revised USLE
(RUSLE) and Modified USLE (MUSLE), are highly
employed practical models owing to their minimum statistics,
computation necessities (Lal 2001; Merritt et al. 2003; Lim
et al. 2005; Erdogan ef al. 2007; Xu et al. 2008; Zhang et al.
2009) and compatibility with GIS (Lu et al. 2004; Jasrotia &
Singh 2006; Dabral et al. 2008; Kouli et al. 2009; Pandey
et al. 2009; Bonilla et al. 2010; Prasannakumar ef al. 2012).
The USLE and RUSLE standards evaluate mean yearly
gross loss as a role of rainfall energy (Zhang ef al. 2009).
Angima et al. (2003) concluded that USLE or RUSLE equally
give the spatial heterogeneity of soil loss that is very practic-
able for both economic and improved precision in many
regions (Prasannakumar et al. 2012).

Numerous researchers have applied and established the
fact that the integration of remote sensing and GIS technol-
ogy with the USLE/RUSLE method makes soil erosion
assessment easier, with improved results on the evaluation
and estimation of soil erosion at various locations (Boggs
et al. 2001; Lu et al. 2004; Dabral et al. 2008; Agarwal
et al. 2016). Saini et al. (2015) affirmed that the integration
of RS, GIS and RUSLE effectively estimate soil erosion on
a cell-by-cell basis. Digital elevation model (DEM) in the
GIS environment helps in generating and processing the
key soil erosion modelling input data (terrain, slope, gradi-
ent and slope length), while multitemporal RS data
(satellite imageries) help in providing information con-
nected with land use and land cover dynamics. As soil is
an important resource for the economy of Nigeria,
especially in terms of food security, the application of effec-
tive management and conservation measures to check
further soil erosion is necessary. This will, in no small
measure, forestall further depreciation in the soil fertility
with expected significant improvement in agricultural prac-
tices and productivity. Therefore, the specific objectives of
the present study were to integrate the RUSLE model and
GIS technique to assess erosion risk and hotspots in Anam-
bra State; and to develop soil erosion intensity maps for the
state, which could be useful for decision-making and sustain-
able land conservation management.
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MATERIALS AND METHODS
Description of study area

Anambra is one of the five states of the south-east region
of Nigeria with Awka as the administrative capital, while
Onitsha, Nnewi and Ekwulobia are the major commercial
hubs. The name Anambra is an anglicized form of the fun-
damental ‘Oma Mbala’, the local term for the Anambra
River, which is an offshoot of the River Niger. The west
is bordered by Delta State, on the east by Enugu State,
on the south by Imo State and Rivers State, and on the
north by Kogi State. It lies about 6°20’ north of the equator
and 7°10’ east of the Greenwich Meridian. The state is
situated at an elevation of 112 m above sea level (Figure 1).
Anambra State covers a land area of about 4,416 km? and
has a population of about 4,182,022 (Ejikeme et al. 2017).
It has a tropical climate with two distinctive seasons: a
wet or rainy season from March to October and a some-
what dry season from November to February. Also,
Anambra State has an average annual temperature and
rainfall of 25.9 °C and 1,386 mm, respectively, with rela-
tively high humidity ranging between 65 and 80%
through the year. The warmest month is usually March,
with an average temperature of 28.1 °C, while the coldest
month is August with an average of 24.2 °C. The month of
January is the driest with about 8 mm of rainfall, while
September has the peak rainfall with an average of
about 279 mm. The five main rivers and their tributaries
that drain Anambra State are River Niger, Anambra
River, Mamu/Ezu River, Idemili River and Ulasi River.
Other smaller perennial streams in the state are Oyi,
Nkisi and Obizi. The geological formation of the place
contributes to the erosion progression as there exist vul-
nerable sandy formations that are more susceptible to
erosion and other environmental problems (Ofomata
1981; Fagbohun et al. 2016; Ejikeme et al. 2017). In general,
the south-east region of Nigeria lies within Awka-Orlu
uplands and Enugu-Awgu-Okigwe escarpment where
gully erosion is a common problem, reducing the avail-
ability of land resources. Anambra State lies within the
dip section of the east facing scarp slopes of the Awka-
Orlu landscape (Ejikeme et al. 2017).
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Figure 1 | Map of the study area location.

Data acquisition

Landsat imagery

Landsat 8 imagery that covers Anambra State was acquired
from the United States Geological Survey (USGS) website.
The Landsat imagery was pre-processed for compatibility
with the GIS software. This imagery was used to generate
the land use and land cover map. Landsat 8 is an American
Earth surveillance digital satellite introduced on February
11, 2013. It is the eighth satellite in the Landsat platform
and the seventh to reach the flight path fruitfully. It was
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initially named the Landsat Data Continuity Mission
(LDCM). It is a collaboration between the National Aero-
nautics and Space Administration (NASA) and the USGS.
NASA Goddard Space Flight Center helped in providing
development, mission systems engineering and acquisition
of the launch vehicle while the USGS provided develop-
ment of the ground systems and will conduct ongoing
mission operations. These data are required for the develop-
ment of spatial distribution maps of cover and management
practice (C-factor) and support practice components
(P-factor) required for the computation of soil loss in the
study area.
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Digital elevation model (DEM)

SRTM imagery for Anambra region was downloaded from
the Global Land Cover Facility (GLCF) website. The
SRTM was used as the DEM input data for the slope
length and slope steepness factor as factors for soil erosion
assessment. The SRTM is a universal investigation effort
that acquired digital elevation models on a near-global
measure from 56° S to 60° N to generate wide-ranging
high-resolution digital geographical facts of the terrain
before the ASTER GDEM was issued in 2009. The SRTM
comprised a specifically reformed locating system that hov-
ered on board the space shuttle Endeavour during the
February 2000, 11-day STS-99 mission, established on the
older Spaceborne Imaging Radar-C/X-band Synthetic Aper-
ture Radar (SIR-C/X-SAR) which was formerly used on the
shuttle in 1994. The DEM data are required for the compu-
tation of length-slope (LS) factor and development of its
spatial distribution map for the study area.

Digital soil data

Soil information for Anambra State was acquired from the
Harmonized World Soil Database (HWSD) viewer. The
facts were pre-processed to a layout that can be employed
for the investigation by means of ArcGIS software. The stat-
istics were converted to digital form and then transformed
to a raster arrangement. The digital soil raster data were
used for the computation and development of a soil erodibil-
ity (K) factor map in the study area. The HWSD is the result
of a collaboration between the Food Agriculture Organization
(FAO) with the International Institute for Applied Systems
Analysis (ITASA), ISRIC-World Soil Information, Institute
of Soil Science, Chinese Academy of Sciences (ISSCAS)
and the Joint Research Centre of the European Commission
(JRC). The HWSD is of direct use in the background of the
Climate Change Convention (CCC) and the Kyoto Protocol
for soil carbon measurements and for the FAO/IIASA
Global Agro-ecological Assessment studies, for which
HWSD was primarily established. For sustainability in agri-
cultural production, biodiversity and bio-energy demand, the
HWSD is an efficient tool for providing scientific information
for both domestic and transnational policymakers. The
HWSD is a 30 arc-second raster databank consisting of
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more than 1,600 diverse soil mapping entities that joins pre-
sent provincial and national updates of soil facts globally
with the data encompassed in the FAO-UNESCO (United
Nation Educational, Scientific and Cultural Organization)
World Soil Map scale of 1:5,000,000. The ensuing raster data-
bank comprises 21,600 rows and 43,200 columns, which are
connected to harmonize soil physical science facts. The appli-
cation of a consistent arrangement grants the connection of
the characteristic facts with the raster record to show or
query the arrangement as regarding the soil components
and description of nominated soil parameters such as pH,
water storage capacity, soil depth, organic carbon, cation
exchange capacity of the soil, proportion of clay, total replace-
able nutrients, lime and gypsum contents, sodium exchange
percentage, salinity and texture. Generally, low resolution
digital data including soil data have been adopted in many
studies with considerably good results, as reported in the
literature. However, high-resolution data would show sub-
stantial spatial diversity in the resulting soil erosion risk
map (Drzewiecki et al. 2014).

Precipitation data

Gridded rainfall data for Anambra State from 1985 to 2015
were acquired from Era-Interim. The data were averaged, to
calculate the climatic rainfall over Anambra State. The
gridded rainfall data were interpolated to show the spatial dis-
tribution of rainfall over the state. This is required for the
computation of the erosivity factor (R-factor) and establish-
ment of spatial rainfall erosivity distribution in the study area.

Method

Universal soil loss equation (USLE) model

The USLE is a practical soil loss model which was originally
established in the 1960s by Wischmeier and Smith of the
United States Department of Agriculture as a field scale
model (Kim 2014). It was, however, reworked in 1997 for
more accurate results from the assessment of the various rel-
evant parameters (Renard ef al. 1997). Kim (2014) concludes
that the erosion statistics gathered using the RUSLE give a
supplementary accurate long-standing average represen-
tation. The model considers the influences of geophysical
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and land cover elements to evaluate the possible yearly soil
loss from an area of land (Uddin ef al. 2016). In order to evalu-
ate the soil loss of the study area, these factors were assessed
and the meteorological data, soil data, remote sensing data
and DEM acquired by the integration of the RUSLE model
with the GIS technique to obtain more accurate results.
The soil loss (A) per unit area per year (ton/ha/yr) was com-
puted via RUSLE expressed with Equation (1) as stated:

A=RxKXLSxCxP (1)

where A is the computed mean soil loss by water erosion
(ton/ha/yr), R is the rainfall-runoff erosivity component (M]
mmha 'h lyr 1), K is the soil erodibility factor ton ha hr
ha ' MJ 'mm™?, L is the slope length component (dimen-
sionless), S is the slope steepness component
(dimensionless), C is the cover and management practice
component (dimensionless) and P is the support practice
component (dimensionless).

Digital data such as Landsat imagery, DEM and digital
soil data were obtained from the archive of USGS. These
data were obtained through remote sensing technology for
the area under consideration and archived by USGS for
retrieval by users. GIS software (ArcGIS) was used for pro-
cessing (pre and post) these digital data in order to extract
useful information from them such as LS-factor from the

DEM, K-factor from the digital soil map, C-factor and P-

DATA SOURCES BIOPHYSICAL FACTORS
RAINFALL Erosivity
DATA factors, R
DIGITAL Erodibility
SOIL DATA factors, K
DIGITAL Slope-length
ELEVATION factors, LS
MODEL. | “—//43——— /S =
LANDSAT Coves
DATA management
factors, C
LANDSAT Supporting
DATA Practice factors,
P

Figure 2 | Methodological flowchart for the implementation of USLE.
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factor from the Landsat imagery and R-factor from the rain-
fall data. In ArcGIS environment, these factors were
integrated and processed for the computation of soil loss
using Equation (1). The methodological flowchart for the
implementation of USLE model is presented in Figure 2.

Rainfall and runoff factor (R-factor)

The R-Afactor denotes the influence of energy and rainfall
intensity (Kunta & Carosio 2007). Rainfall intensity, dur-
ation and potential are known to have great influence on
rainfall-runoff erosivity. The rainfall-runoff erosivity factor
is the enduring yearly average of the effect of rainfall kinetic
energy (KE) in MJ ha~! and the concentrated rainfall inten-
sity in 30 minutes measured in mm ha~! (Wischmeier &
Smith 1978; Renard & Friedmund 1994). The best appropri-
ate demonstration of the erosivity of precipitation is an
index centred on K.E. of the rain. The R-factor can be eval-
uated using various methods proposed by early researchers.
Some of the methods are:

R=9.28xP — 8838 @)

Average yearly erosivity (KE > 25); P is the average
yearly rainfall;

R= 0.276><P><130 (3)

\ =
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Average yearly Elsy; P is the average yearly rainfall
(Morgan 1994);

R=0.5xP (in US unit) ©)
R =0.5xPx1.73 (in metric unit) 5)
R =385+0.35xPr (6)

Pr denotes the average yearly rainfall (mm/yr) (Lee &
Lee 2006).

In this study, Equation (5) was used for the determi-
nation of the R-value as it has been found to work well in
tropical regions. Therefore, every grid cell of the average
yearly rainfall was considered using the third equation to
get the R-value via ArcGIS. The mean annual precipitation
surface was applied to compute the R-factor by the spatial
analyst section of the ArcGIS.

Soil erodibility (K-factor)

The soil erodibility factor K is a measure of the intrinsic
susceptibility of any given soil to soil erosion. Precisely,
the susceptibility of any soil to erosion is controlled by
the particle size distribution, organic matter content, struc-
ture and permeability (i.e., duration and degree of
waterlogging) of such soil (Renard ef al. 1997). In this
study, these characteristics were used for calculating the
K-factor. The erodibility value of each soil group was deter-
mined using Equation (7) suggested by Wischmeier &

Smith (1978):

K =[27.66m'* x 1078 x (12 — a)] 4 [0.0043 x (b — 2)]
+10.0033 x (c — 3)] ™)

where K is the soil erodibility factor ton ha hr ha ' MJ*
mm!; m is the (silt % +sand %) x (100 — clay %), a is
the % organic matter; b is the structure code: (1) very struc-
tured or particulate, (2) fairly structured, (3) slightly
structured, and (4) solid; ¢ is the profile permeability
code: (1) rapid, (2) moderate to rapid, (3) moderate, (4)

moderate to slow, (5) slow and (6) very slow.
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Slope length and slope steepness factors (LS)

The topographical aspect comprises dual sub-divisions:
slope gradient and slope length factors. The L- and S-factors
delineate the topographic erosion vulnerability of a particu-
lar location. They were calculated from the DEM. The DEM
was made by digitizing the contours of the topographic chart
of the location of study. The L- and S-factors were evaluated
with the help of the filled DEM and were introduced in
Equation (8) to create the topographic factor network.

LS = (L/22)°3(0.065 + 0.45S + 0.0065S2) (8)

where L = (X/22.13) A m;x is the slope length (in m); m is 0.5
for slope >5%, 0.4 for slope within the range of 3-5%, 0.3 for
slope within the range of 1-3% and 0.2 for slope <1% and L
is the slope length factor; S = (0.43 4 0.30s + 0.043s?)/6.613,
where s is the gradient (%) and S is the slope gradient factor.

Cover and management (C-factor)

The cover and management factor represents the ratio of
soil erosion experienced with a specified crop to that experi-
enced on a base soil (Morgan 1994). Land use sorts in the
location were allotted C-factor standards established on
their degree of canopy cover, fall height and ground cover.
The land use atlas of Anambra was utilized for the analysis
of the C-value. The C-factor was verified for every land use
and land cover category from values for comparable land
cover types given by Wischmeier & Smith (1978). The cover-
age grid was changed afterwards, and the re-class system
was employed in ArcINFO9 to assign a conforming
C-value to the individual land use classes as stated by
Wischmeier & Smith (1978).

Support practice (P-factor)

The P-factor is the degree of the usefulness of land manage-
ment customs designed to reduce soil loss in a given area of
land. Contour ploughing, strip cropping, terracing, etc. are
the most common land management practices (May &
Place 2005). P-values range from 0 to 1. On this scale, 0 rep-
resents an appropriate man-made erosion-resistant facility
while 1 denotes no man-made erosion-resistant facility.
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The P-factor values in the place were obtained by field
surveillance.

RESULTS AND DISCUSSION
Rainfall-runoff erosivity (R-factor)

The rainfall erosivity factor (R) characterizes the likelihood
of soil attrition by the effect of precipitation (Renard et al.
1997; Kayet ef al. 2018). The R-factor reveals the influence
of precipitation concentration on soil loss, and necessitates
comprehensive, unceasing rainfall statistics for its compu-
tation (Wischmeier & Smith 1978). The state has a rainy
season which starts in March and ends in October with
peak rainfall of about 279 mm in September. The average
annual rainfall of Anambra State is about 1,386 mm. ERA-
Interim precipitation data for 1985-2015 were acquired for
Anambra State. The average precipitation was calculated

State for the 30-year period ranges from 315 to 428 mm.
The Rfactor in the same period was 2.72682-3.70812
MJ mm ha ! hr~! yr~!. The calculated average precipitation
value was fitted into the R-factor formula in Equation (9)
(Roose 1975):

R =0.5xPx1.73 (in metric unit) 9)

The R-factor for the study area was computed and
ranges between 2.73 and 3.71 and this represents the
rainfall regime. The rainfall erosivity of the study area
generally increases from the central region to the southern
part of the state with the highest occurrence in the south-
western part. It should be noted that the rainfall erosivity
increases as the mean annual rainfall increases due to the
occurrence of more erosive and high-intensity rainfall.
Figure 3 depicts the R-factor for Anambra State. Thus, the
rapid changes in climate could influence the degree of soil

for a 30-year period. The average precipitation in Anambra erosion.
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Figure 3 | Spatial distribution of erosivity (R) for Anambra State.
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Soil erodibility factor (K)

The K-factor is the soil erosion level per erosion index
division aimed at an identified soil as considered on a stan-
dard scheme, which is well-defined as a 72.6 ft (22.1 m) span
of unvarying 9% gradient in unceasing clean-tilled fallow
(Sahaar 2013). Soil erodibility aspect measures susceptibility
of the soil constituent part or outward constituents to con-
veyance in addition to disengagement by means of rainfall
volume and runoff contribution. K-factor accounts for the
influences of soil properties on soil loss for the duration of
rainstorm happenings on highlands (Renard et al. 1997).
K-factor is collectively influenced by rainfall, runoff and
infiltration (Sahaar 2013). K-factor measures the unified
nature of a soil type and its opposition to extrication and
conveyance as a result of rainwater effect as well as shear
forces of flow across land. The amount of energy needed
to extricate and convey soils varies with the soil type
(Tirkey et al. 2013). Soil has low erodibility if the silt content
is low, regardless of corresponding high content in sand and
clay fractions (Emeribeole & Iheaturu 2015). The K-factor
formula is as shown in Equation (10):

K =[27.66m""* x 1078 x (12 — a)] + [0.0043 x (b — 2)]
+10.0033 x (c — 3)] (10)

where K is the soil erodibility factor ton ha hr ha ' MJ~*
mm~'; m is the (silt % + sand %) x (100 — clay %); a is the
% organic matter; b is the structure code: (1) very structured
or particulate, (2) fairly structured, (3) slightly structured and
(4) solid; c is the profile permeability code: (1) rapid, (2)
moderate to rapid, (3) moderate, (4) moderate to slow, (5)
slow and (6) very slow.

From the digital soil map of the study area, three differ-
ent soil types with different characteristics were identified.
The erodibility characteristics of the existing soils in the
study area varied with the range of K-factor values of
0.05-0.80tonhahrha 'MJ'mm~!. As the Kfactor
values approach 1, it indicates the soil has higher suscepti-
bility to erosion and as the K-factor values are close to 0,
it indicates the soil has erosion resistance capacity. Clay
and silt contents of soils significantly affect the K-factor
too. Hence, Dystric Nitosols spanning from the central to
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Table 1 | Soil properties and soil erodibility (K) factor for Anambra State

sand silt clay organic matter

Soil type (%) (%) (%) (%) K-factor
Dystric Nitosols 76 13 11 0.61 0.8
Calcaric Fluvisols 49 32 19 1.1 0.05
Gleysols 38 40 22 1.27 0.06

southern part of the area have the highest K-factor value
of 0.8, followed by the Gleysols existing within the north-
western and a small part of the south-western part of the
area with intermediate value of 0.06, while the Calcaric Flu-
visols spanning from the north-east to the south-eastern
region have the least K-factor value of 0.05. This shows
that the region within the Dystric Nitosols soil type is the
most susceptible county. Thus, in terms of soil erodibility
condition, the central and south-western parts are highly
vulnerable to erosion, the north-western part has moderate
vulnerability, while the eastern part is characterized as low
vulnerability to erosion. Table 1 illustrates the soil type,
properties and K-factor of every soil type in Anambra
State. Figure 4 describes a map of K-factor for each soil type.

Topography factor (LS)

L-factor is the function of slope length and S-factor is the
function for slope steepness. The two together, termed LS-
factor, are used to characterize the topographical factor
influence on soil erosion. The LS-factor takes care of the
topographic component of soil erosion of any given
location. Slope length refers to the stretch from the location
of the beginning of flow across land to either the spot the
slope declines to the level where sedimentation originates
or the spot at which runoff flows into definite waterways
(Wischmeier & Smith 1978). The slope length aspect deter-
mines the concentration of water. The greater the slope
length of an area, the more intense the flow and runoff pro-
duced (Nnabugwu & Uwadiegwu 2015; Kadam et al. 2018).
The steepness (S-factor) accounts for the influence of slope
steepness or elevation on erosion. The sharper and lengthier
the slope, the greater the soil loss hazard. In the present
study, the LS-Hfactor varied within O (flatter and lower part)
and 362 (steeper and upper part). There is dominance of
and the

higher LS-factor values within the central
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Figure 4 | Spatial distribution of soil erodibility (K) for Anambra State.

south-western part of Anambra State; this indicates that those
regions are mountainous and hilly. A few other parts with
some levels of high LS-factor would be the result of hills and
river banks. The presence of higher LS-factors in these areas
is because LS-factor values increase with slope gradient
increase. Thus, the areas with smaller LS-factor values have
less soil erosion due to this factor while the regions with
larger values would experience more soil erosion due to the
LS-actor. The joint influence of slope length and steepness
contributes to the degree of soil loss, as shown in Figure 5.

Cover management (C-factor)

The C-factor gives vital information about the effect of land
use/land cover (prime indicator of spatial impact extent) on
erosion rate as well as how land is being utilized at present
and in the future (Adewumi et al. 2016, 2017). The C-factor
indicates how flora shelter, cropping and policymaking
practices affect soil erodibility. It is the percentage of soil
erosion from a specific location with specified cover and
management to soil erosion from a standard division
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scheme (Sahaar 2013). This equally means the fraction of
soil erosion of any particular crop in relation to the soil ero-
sion under the uninterrupted bare uncultivated condition
(Renard et al. 1997). This assessment includes the influences
of cover, crop order, production degree, cropping season
length, cultivation system, residue management and the
probable temporal spreading of erosive downpours. The C-
factor shows the relationship between erosion on bare soil
and erosion observed under a cropping system. It expresses
the protection of soil by cover type and density (Farhan ef al.
2013). The C-factor was generated by means of the Normal-
ized Difference Vegetation Index (NDVI), a vegetation
health indicator, in Equation (11):

(11)

C— exp{ NDVI }

(B —NDVI)

where o and § are dimensionless limits that govern the pro-
file of the curve connecting to NDVI in addition to the
C-factor. This method gives a more appropriate result than
presuming a direct affiliation and the value of 2 was
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Figure 5 | Slope length (LS)-factor map of the study area.

designated for o, whereas 1 is for g (Van der Knijff et al.
2000). Over the study area, the C-factor values generated
vary between 0.27 (low) and 1.22 (high). C-factor values
closer to 0 show well-protected land cover and good conser-
vational practices while values in the close neighbourhood of
1 show barren land and poor conservational practices. Some
of these areas with high values are agricultural lands that are
exposed to direct rainfall during the time of crop production;
soil erosion from these areas was expected to be high due to
the exposure of the soil to first rainfall events without any
cover. Generally, higher C-factor values result in more soil
erosion and vice versa. Thus, the eastern part of Anambra
has low C-factor while the region within the north to the
southern part has higher to moderate contributions to soil
erosion in the state. Figure 6 demonstrates the C-factor.

Conservation practice (P-factor)

The P-factor considers the soil erosion compared to a par-
ticular support practice to the equivalent soil erosion with
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up and down slope tillage (Renard et al. 1997). It explains
the degree of erosion with the particular management prac-
tices carried out. Plantations prevent erosion and protect
soil loss depending on the land use and soil types (Pham
et al. 2018). Farmers tend to plough their farmlands without
engaging in soil conservation practices such as contouring,
stippling and terracing and this leads to higher P-values.
Lower P-values would be attained if conservation practices
were carried out by farmers. These practices principally
influence soil loss by altering the watercourse configur-
ation, grade or way of overland flow and by decreasing
the volume and degree of runoff (Nwakor ef al. 2015). Gen-
erally, the P-value for Anambra State was set at 1 since
there are no specified management practices used in the
region. However, because P-factor values are highly influ-
enced by slope steepness conditions, the central and
south-western parts of the study area are characterized
with higher values of P-factor; also, there is a possibility
that other areas may have P-factor values less than 1
because of existing low slope gradient.
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Figure 6 | Spatial distribution of cropping management (C) for Anambra State.

Soil loss

The soil erosion was computed by multiplying the R-factor,
K-factor, LS-factor, C-factor and P-factor. The soil loss is
often measured in ton/ha/yr. The soil erosion ranges
from 0 to 181.237 tons/ha/yr. The soil loss was categorized
as low, medium and high vulnerability. The low vulner-
ability covers an area of 4,143.62 km? (91%), the medium
vulnerability covers an area of 332.29 km? (7%) and high
vulnerability covers an area of 84.06 km? (2%). The total
area of Anambra State is 4,559.97 km?. Twelve (12) towns
and villages lie within the high vulnerability zones with
Agulu, Nanka, Oko and Ekwulobia as the most pro-
nounced towns, 13 towns and villages lie in the medium
vulnerability zones and 220 towns and villages lie in the
low vulnerability zones. The total number of towns and vil-
lages in Anambra State is 245. The soil erosion is active
from mid Anambra State towards the south. This is the
result of high erodibility factor coupled with high slope
length and steepness. Consequently, the soil is no longer
sufficiently preserved by vegetal cover, thereby laying the
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soil bare to heavy rainfall. Sustainable farming is also
greatly affected in Anambra because of the decline in soil
fertility based on the rate of soil loss. Also, the issue of
long-term agricultural productivity has become increas-
ingly pressing in this region because there is a need for
more agricultural lands with the drastic rise in population.
Figures 7 and 8 portray the soil loss and the soil erosion
vulnerability maps, respectively.

CONCLUSION

This study reported a far-reaching synopsis of the standing of
soil erosion in Anambra State and its distribution in the state
under the existing watershed conditions. The combination
of the RUSLE model and GIS is an effective means of esti-
mating the potential of soil erosion for the study area. A
combined effect of high precipitation, soil erodibility, high
slope length and steepness, and lack of soil management
practices in the central to southern part of Anambra state
has caused soil erosion to be prevalent in those areas. The
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amount of soil loss is likely to surge with time as urbaniz-
ation, agricultural practices and deforestation persist in the
region. About 91% of the state has low susceptibility to
soil attrition, 7% has medium vulnerability to soil loss and
2% has high vulnerability to soil loss. The erosion suscepti-
bility atlas achieved from this research would serve as a
relevant guide for stakeholders, policymakers and govern-
ment in erosion disaster management planning. The map
provides information for urgent erosion control measures
targeted at mitigating the impact of erosion in Anambra
State. It is recommended that similar studies be carried
out on other states/regions of south-east Nigeria at high
risk of erosion.
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