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The urban watershed of Obibia River is rapidly being degraded owing to
pressures from increasing population and associated land-use changes.
Erosion, an aspect of land degradation, has often been assumed to be costly and
catastrophic due to the inability to accurately detect its occurrence at the early
stages to initiate conservation measures. This study aims to apply revised
universal soil loss equation (RUSLE), remote sensing, and geographic
information system (GIS) to accurately detect incipient soil erosion hazards in
Obibia River watershed. The multi-source data for RUSLE was based on erosion
factors of rainfall erosivity (R), soil erodibility (K), slope length and steepness
(LS), and the vegetation (C) combined within a GIS environment. The erosion
hazard map indicated erosion categories were: very low (55.1% <20 t ha-1 yr-1),
low (31.3% 21-82 t ha-1 yr-1), medium (9.4% 82-243 t ha-1 yr-1), high (3% 234543 t ha-1 yr-1); and extreme (1.2% >543 t ha-1 yr-1). Most extreme forms of
erosion occurred in undulating landscapes near river bodies. The entire erosion
categories require urgent management considerations except for the low
categorization. The data can be relied upon for hydro-soil erosion
identification, management, and control.

1. Introduction
Soil erosion ranked highly among the critical environmental problems of the 21st century. It is responsible for yield
declines, deterioration of soil functions, and increased hydro-geological vulnerabilities of communities [1-3]. The
physical conditions that lead to erosion are variations in rainfall and vulnerability to frequent extreme flooding or
drought and other factors [4][5]. On the other hand, human population growth, climate change due to fossil fuel
consumption, loss of biodiversity due to deforestation, the adverse effects of technology adoption, ill-suited
government policies, and weak conservation bodies are largely contributing to sustained soil erosion occurrences
[6][7].

Nowadays, the Obibia watershed of Anambra, Nigeria, is witnessing rapid urban development, especially in the mid
and bottommost section of the basin, where significant towns such as Awka and Mbaukwu are located [8].
Furthermore, the fast urban development in the area is associated with the increase in paved areas along with the
destruction of vegetation and blockage of watercourses. The high predisposition of this watershed to flood incidents
has been reported [8], which is often accompanied by soil losses. Such losses result in gullies when runoff depths
increase. At this stage, soil erosion can pose a serious challenge for land users and managers. Therefore, it is necessary
to detect soil erosion and control it before it reaches a more critical stage.
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Researchers have made several attempts to understand the nature of soil erosion in Southeastern Nigeria using runoff
plots [9], erosion pins, and models [10][11]. In terms of modeling, the revised universal soil loss equation (RUSLE) has
shown promising results in detecting erosion-prone areas within Anambra State. Such models might assist in
identifying the more prone areas within the erosion risk zones, and this understanding could be a more accurate and
cost-effective way for soil erosion prediction and appropriate control.

RUSLE is an empirical model applied in many regions of the world to detect sheet and inter-rill erosion [12]. Its
usefulness spans data-limited areas, and its capability is enhanced when combined with remote sensing in a GIS
environment. Previously, USLE/RUSLE erosion predictions were comparable to on-ground or actual erosion hazards
within southern Nigeria [10][12]. However, the studies attempting to address soil erosion in the Southeastern region
at a watershed scale are still scarce [13].

Since a watershed-scale approach will aid in assessing soil loss and the consistent prioritization of critical erosion
areas, the current study aimed to investigate the potential of RUSLE, remote sensing, and GIS in detailed mapping of
soil erosion hazards within the Obibia watershed. The results of this study will help authorities take appropriate soil
and water conservation action to minimize soil loss in target areas within the watershed. It will also serve as a vital
tool for policymakers, soil scientists, geographers, and land users

2. Materials and Methods
2.1. Study area

Figure 1. The study area of Obibia River watershed, Anambra, Nigeria, and its general location

The study area lies within latitudes 6º4ꞌ30ꞌꞌ and 6º15ꞌ30ꞌꞌ N and longitudes 7º1ꞌ00ꞌꞌ and 7º8ꞌ00ꞌꞌ E of Southeastern
Nigeria. It has a land area of 95.955 km2 and includes multiple towns such as Awka and Agulu (Fig. 1). The elevation of
the area is between 43 – 298 m. Geologically, the watershed is comprised mainly of the Imo Clay Shale and the BendeAmeki Formation. The Imo Clay Shale also covers parts of Kogi State, while the Bende-Ameki formation covers most of
7
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the south and west of the watershed [8]. The soils are mainly reddish sands, and the area falls within the humid
tropical climate (Koppen’s Awi climate) with an annual rainfall of about 1500 mm – 3000 mm [14]. The dry and wet
weather condition prevails in the area. The months of March to October are mainly the wet season, while the period
from November to April is usually classified as the dry season. During the wet season, the temperature varies from
23ºC to 26ºC, and the winds are predominant southwest [15][16]. The dry season temperature ranges from 26ºC to
35ºC, with February-April being the hottest period of the year [10][14]. The waterbodies branch off in a dendritic
pattern, and the fourth-order basin has a total stream length of 102.25 km [8]. The high rainfall, size, and drainage
pattern of the basin possess hydrological risks such as flooding. Much of the vegetation was extensively deforested,
and the land was put to other uses such as agriculture and urban development, leaving the area with thinner
vegetation except for streams, river channels, and lakes sides [15]. Hence the tropical rainforest vegetation is fast
adjusting to derived savannah vegetation, and the process is amplified by climate change and soil erosion.

2.2. Data pre-processing

The 30 m Digital Elevation Model (DEM) acquired from Shuttle Radar Topographic Mission (SRTM) (1-arc second)
resolution data was retrieved from the OpenTopography website (https://opentopography.org/). The data was
processed using the Hydrologic analysis of the ArcGIS 10.4 Spatial Analyst tool to delineate and extract the stream
network and the watershed area.

2.3. The RUSLE model factors

The RUSLE is a popularly adopted mathematical model that uses data from multiple sources (Fig. 2) as input for
depicting soil loss over an area. The combination of the inputs is commonly expressed in the Universal Soil Loss
Equation (USLE) [17]. The soil loss is a product of five environmental factors (Equation 1):
A = R×K×(LS)×C×P

(1)

Where A is the mean annual soil loss (t ha-1 yr-1), R is the rainfall factor or rainfall erosivity factor (MJ mm ha-1 h-1 yr-1),
K is the soil erodibility factor (t ha h MJ-1 mm-1), L is the slope length factor (unitless), S is the slope steepness factor
(unitless), C is the cover and management factor (unitless), and P is the support practice factor (unitless).
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Figure 2. The methodological framework for soil erosion estimation using RUSLE model
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Rainfall erosivity factor (R)
The rainfall erosivity factor (R-factor) summarizes the energy value of rainfall events over time [17]. The rainfall
erosivity can alter in response to the variability of rainfall patterns (intensity, frequency, and distribution). In this
study, the rainfall data used were raw monthly rainfall data of 20 years (1998-2017) acquired from the Nigerian
Meteorological Agency (NIMET) and scrutinized for errors and consistency. The R-factor over the study area was
assumed to be uniform. In the absence of an autographic rain gauge for determining rainfall intensity EI30, modified
Fournier’s index (MFI) (Equation 2), developed from the Fournier index (FI) [18][19], was used.
12
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Where, MFI – modified Fournier index;
Pi – monthly total precipitation (mm);
P – annual total precipitation (mm)

The equation for West Africa (Equation 3)
𝑅𝑅 = 5.44𝑀𝑀𝑀𝑀𝑀𝑀 − 416

(3)

Where, R is the rainfall erosivity factor (MJ mm·ha−1 y r −1)

MFI is the modified Fournier index
Soil erodibility (K)

Soil erodibility (K-factor) is the response of soil to rainwater. Soil response to the eroding force depends on the
physical, chemical, structural, and hydrologic characteristics [20][21]. The FAO Harmonized World Soil Database
(HWSD) version 1.2 [22] provided soil data which included classes and attribute values. The downloaded soil image
file is a raster in Band Interleaved by Line (BIL) format, containing an attribute database. Textural class, cation
exchange capacity of soil, clay fractions, granulometry, sodium exchange percentage, water storage capacity, organic
carbon, pH, soil depth, salinity, and gypsum contents are contained. A hand-held global positioning system (GPS) was
used for ground-truthing between May 2019 and July 2019. The digital soil map was imported into ArcGIS 10.4
environment and read. K-factor was calculated using equations 4-9 proposed by Williams [23]
𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 × 𝑓𝑓𝑓𝑓𝑓𝑓 − 𝑠𝑠𝑠𝑠 × 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 × 𝑓𝑓ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 = 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 = 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 × 0.1317
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(9)

fcsand: a factor that equates low soil erodibility to soils with high coarse sand contents and high values to soils with
minute sand
fci-si: a factor that equates low erodibility to soils with high clay to silt ratios
forgc: a soil erodibility factor based on its organic carbon content
9
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fhisa: a soil erodibility factor based on its sandiness

ms: sand fraction content (particles with a diameter of 0.5 to 2 mm diameter) (%)
msilt: silt fraction content (particles with a diameter of 0.002 to 0.05 mm) (%)
mc: clay fraction content (particles <0.002 mm in diameter) (%)
orgC: organic carbon fraction content (%)

Slope length (L) and steepness (S) factors
The LS-factor represents the influence of topography on soil erosion. Sub-factor L is the slope length. The original field
slope length was 72.6 foot (22.1 m). Sub-factor S is the slope steepness representing the effect of slope steepness on
erosion. Soil loss increases more rapidly with slope steepness than with slope length. In the present study, DEM with a
spatial resolution of 30 m acquired from the OpenTopography website (https://opentopography.org/) was combined
with an approach developed by [24] (Equation 10) in ArcGIS 10.4 for LS-factor estimation.
LS= (𝛌𝛌/22.13) 0.4 × (0.01745 Sin Ɵ /0.0896)1.4 ×1.4

(10)

Where:

𝛌𝛌= Flow Accumulation × Cell resolution (DEM)
Ɵ: Slope angle in degree

Areas with flow accumulation greater than 0.5 ha were excluded from LS factor estimation and considered to
constitute drainage channels.
Crop management factor (C)

Crop Management Factor (C-factor) is the factor of vegetation cover, cropping systems, and land use, which impact
runoff and erosion rates and is estimated based on satellite images. A cloud-free Landsat 8 OLI/TR image of 1st
February 2018 (path 189, row 56) was downloaded from the website https://earthexplorer.usgs.gov. The image
acquired was subsequently used to determine the Normalized Difference Vegetation Index (NDVI). The equation for
NDVI is given by:
NDVI = (B5 + B4) / (B5 – B4)

(11)

Where B4 and B5 stand for Bands 4 and 5 in Landsat electromagnetic spectrum, respectively.
The regression equation used in this study was based on [25], which is given as:
C = 0.431 – 0.805 NDVI

(12)

Support practice (P)

Support practice factor (P) is the effect of conservation practices
that affect soil loss compared with soil loss under up and
downhill cultivation [20]. Contouring, terracing, cross slope
cultivation, and strip cropping can reduce the impact of runoff
and consequently minimize soil erosion. The P-factor was
determined using data proposed by Korea Institute of
Construction Technology for three support practices based on a
study in South Korea [26]. Contouring was the predominant
support practice in the area. Hence, the slope map was assigned
equivalent values (Table 1). The slope data were reclassified in
ArcGIS 10.4.
10

Table 1. Support practice (P) factor values based
on slope gradients of croplands [26]

Slope

Contouring

Stripping

Terracing

11.3-17.6

0.8

0.4

0.16

0-7

7-11.3

17.6-26.8
<26.8

0.55
0.6

0.9
1

0.27
0.3

0.45
0.5

0.1

0.12

0.18
0.2
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3. Results and Discussion
3.1. RUSLE factors spatial distribution
The calculated R-factor of the watershed for 20 years was an average of 1,155.05 MJ mm ha-1 h-1 year-1. The K-values
obtained for the study area ranged from 0.13-0.17. The LS-factor values ranged from 0-14, while the C-factor values
ranged from 0.21-0.39. The higher NDVI values of the C-factor imply a greater likelihood of soil erosion due to poor
land cover management, while the lower NDVI values are encountered in forest with better land cover management.
The P-factor values ranged between 0.55 and 1. Values tending to zero indicate improved conservation practices,
while values toward 1 indicate a decline in conservation support systems (Fig. 3).

Figure 3. Spatial distribution of (A) Soil erodibility (K-factor) (B) Slope length and slope steepness (LSfactor) (C) Vegetation (C-factor), and (D) Support practice (P-factor) in Obibia River watershed
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3.2. Soil loss estimation
Table 2. Categorization of erosion risk zones
Soil loss is obtained from multiplying the five environmental factors:
rainfall, erodibility, vegetation cover, slope, and support practices. The
Erosion rate
Percentage in
Risk
results of the current study showed the presence of an extreme soil loss
(t ha-1 yr-1)
the study area
of 543 t ha-1 yr-1 (Table 2). [10][11] reported values similar to those
<21
Very low
55.1
obtained in this study under a similar environment using the RUSLE
21 – 82
Low
31.3
model. The variations in the results may be due to data, methodology,
82 – 243
Medium
9.4
and scale employed by authors in various parts of Southeastern
243 – 543
High
3
>543
Extreme
1.2
Nigeria. However, this study and previous results have consistently
been above the soil loss tolerances of 5-10 t ha-1 yr-1 [17]. The
reclassified map (Fig. 4) shows five categories of erosion risk based on the calculated output. These categories are
namely: very low erosion risk (55.1%), low erosion risk (31.3%), medium erosion risk (9.4%), high erosion risk (3%),
and 1.2% extreme erosion risk. A similar 91%, 7%, and 2% for low, medium, and high soil erosion risk, respectively,
was reported for the entire Anambra State [27]. The northeastern, central, and southeastern parts of the watershed,
where rapid urbanization and population growth took place around Mbaukwu, Nise, Enugwu-ukwu, Amawbia, Nibo,
and Awka locations had the most vulnerability to extreme and high erosion risks. Field checks revealed that the areas
had steep slopes and corresponded with extremely gullied and river-silted areas. In fact, an overlap between the areas
with high LS-factor (Fig. 3 B) and medium-extreme erosion risk zones (Fig. 4) can be noticed. The impact of slope
factor on soil erosion in areas with low vegetation cover has been reported by [27][28]. Therefore, a well-tailored
erosion conservation plan should consider slope steepness reduction as a critical factor in soil erosion management in
the watershed. Furthermore, community-based soil erosion management programs should be prioritized to better
address the problem of slope reduction at the farm level, preventing the escalation of soil erosion.

Figure 4. Erosion risk map of Obibia River watershed
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4. Conclusion
Soil loss in the Obibia watershed was quantified and mapped by integrating the RUSLE in a GIS environment. The
result obtained in this study implies that the watershed is under different categories of erosion risks. Sustainable
development programs of the watershed should focus on proper land use, slope length reduction, adoption of green
infrastructures, adequate water channeling, and removal of obstructions from drainage channels in low to extreme
erosion risk zones. Appropriate soil and water conservation programs should also form part of developmental efforts
in this rapidly urbanized watershed.
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