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ABSTRACT

Erosion susceptibility studies on a basin scale is critical to integrated water resources planning of a river basin.
Rapid urbanization, uncontrolled deforestation and overgrazing have made these studies even more important for
development of strategies for soil conservation and land management in river basins. In this study, maps were
developed to describe the spatial susceptibility to soil erosion within the Owena River basin using the RUSLE
model. The parameters of the model include rainfall erosivity factor, soil erodibility factor, slope steepness and
length factor, cover management factor and support practice factor. Rainfall erosivity was high in the southern and
coastal parts of the river basin (RB) but had little erosion severity impact due to low slope steepness and length
factor, and low cover management factor that characterized most of the RB. These low values were due to the flat
topography of the basin and that 89% of the basin is of dense vegetation landscape. The soil erodibility range for the
RB was low to moderate. The predominant soil erosion rate estimated was 0 — 10 ton/ha/yr and it covered 97% of
the RB. This range implies that soil loss due to water erosion in the basin was low to moderate. However, low to
moderate soil erosion susceptibility degrades agricultural topsoil in long-term, underscoring the need for sustainable
land use and agricultural practices. High to severe erosion rates affected 1, 646 hectares of the RB and was mostly
in grass lands and urban areas of the RB. This is attributed to rapid urbanization, which increased runoff and its
erosive force, and overgrazed grasslands, which are more vulnerable to erosion due to vegetation loss. The annual
soil loss for the whole RB is 5.5 tons/ha/yr while the total the annual soil loss from the RB was calculated as 38, 316
tons. This study has provided important information on parts of the RB needing targeted soil conservation and land
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management applications.
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INTRODUCTION

Soil erosion especially water erosion depletes the fertile
organic top soil thereby reducing the nutrients available
for plant growth. The loss of arable lands is exacerbated
by increasing population in Nigeria that relies on the
limited fertile land (Nnanguma, 2025).These losses have
threatened livelihood and increased migration. Soil erosion
in Nigeria particularly in parts with high intensity rainfall
and deforestation, have grave implications on food
security, water resources and infrastructure (Samuel et al.,
2025). Worldwide, between 25 and 40 billion tons of
fertile top soil is eroded yearly (Montanarella, 2015;
Opeyemi et al., 2019; Hajisheko et al., 2025). Increase in
flood vulnerability on degraded lands is another challenge
of erosion of top soil due to depletion of available storage
capacity of the soil. Risk of flooding is also high because
of erosion of top soil that is rich in organic matter. Organic
matter has high water retention capacity (Eurostat, 2025).
The largest reservoir for carbon are found in tropical soils
and disruption of this storage, increases the greenhouse

gases and therefore impacts on the climate (Zhou et al.,
2019; Lense et al., 2020). 75% - 85% carbon content of
the eroded soil is at risk of being lost due to release of
carbon to the atmosphere during erosion processes
(Eurostat, 2025). Climate change has been known to cause
increase rainfall intensity and floods in southern parts of
Nigeria. Therefore, there is need to address these problems
in order to develop resilience to climate change,
improvement of food security and promotion economic
growth (Mesele et al., 2025).

Owena river basin has two multipurpose dams for
water supply, irrigation and hydropower. The reservoirs of
these dams are at risk of excessive sediment deposition.
Soil erosion and sediment deposition will cause loss of
storage capacity of reservoirs. Globally, reservoirs storage
capacity is predicted to be lost at a rate of 0.5% to 1% of
its original capacity annually (Wisser et al., 2013,
Minchev et al., 2025). Sedimentation in reservoir due to
soil erosion has serious environmental and economic
consequences.
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Deforestation for urbanization, agriculture or mining
activities has been the major cause of land degradation and
vulnerability of lands to soil erosion. Globally, an annual
mean area of 10 million hectares is lost to deforestation in
tropical forests (Ritchie, 2021). Tropical parts of Africa
have seen a surge in deforestation due to expansion of
agricultural activities (Francispillai and Chapman, 2025).
Deforestation involves cutting down of plants that anchors
the soil with their roots. The plants leaves in dense
vegetation, including the fallen decayed ones provides
protective cover to impacts of raindrop and surface runoff.
According to Chen et al. (2012) and Li et al. (2025), plant
root provide tensile strength to compact the soil.
Exacerbation of soil erosion should be prevented by soil
and water conservation methods, good crop management
practices and sensitization techniques to prevent bad
cropping techniques (Okorafor et al., 2017).

Igwe et al. (2017) reviewed major soil erosion models
and grouped them into observational, theoretical, and scale
based models. Empirical models such Universal Soil Loss
Equation and Revised Universal Soil Loss Equation
(RUSLE) models are based on statistical data, and are
simple, but limited to specific conditions (Igwe et al.,
2017). The development of remotely sensed data and
Geographic Information System (GIS) has seen a surge in
creation of erosion based model that relies on physical
factors driving erosion in a RB. RUSLE model is one of
such erosion models and it depends on factors such
rainfall, soil type, land use and land cover (LULC) and
soil conservation practices. RUSLE model is a simple
model with ubiquitous internal process that relates input
and output very well, and has good compatibility with GIS
(Olorunfemi et al., 2020; Kebede et al., 2021; Kumar et
al., 2022). The model integrates remotely sensed data of
topography and LULC, and physical data of rainfall and
soil texture in GIS to estimate soil losses. The model have
small and large scale applications (Kebede et al., 2021;
Kumar et al., 2022) and the parameters of the model
include rainfall erosivity, soil erodibility, slope steepness
and length, cover management and support practices. In
south-eastern Nigeria, Ajibade et al. (2020) studied the
soil erosion susceptibility in Anambra state using RUSLE
model. Their findings show that most of the state had low
susceptibility to erosion while 7% of the state had erosion
susceptibility of medium to high. In the north-central part
of the country, Ugese et al. (2022) investigated erosion of
soil due water by adopting the integration of RUSLE and
remotely sensed data. Their findings indicate that rainfall
erosivity, and slope steepness and length factor were the
most sensitive parameters influencing erosion and that
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while most of the basin (95.3%) had very low
susceptibility to erosion, 0.12 % of the basin had extreme
susceptibility. Eremen et al. (2025) using RUSLE studied
the soil loss in Ikpoba-Okha local government area; an
urban area under Benin - Owena River Basin Authority.
Their findings showed very severe annual soil erosion of
rates of 74.9 tons/ha.

Given the increasing severity of soil erosion in the
Owena River Basin (RB), particularly in areas
characterized by elevated erosion risk, there is an urgent
need for developing targeted soil conservation strategies.
Effective and tailored interventions will not only mitigate
erosion impacts but also contribute to the sustainable
management of land resources critical for the local
ecosystem and agricultural practices. To address this
pressing issue, this study aims to create a detailed erosion
susceptibility map that elucidates the geo-spatial
variability of the basin's vulnerability to water erosion.
Utilizing RUSLE in conjunction with GIS, this research
processes a combination of remotely sensed data and
topographic features of the Owena RB. Specifically, slope
steepness and length parameters are derived from precise
topographic analyses, while rainfall erosivity and soil
erodibility factors are extracted from relevant physical
datasets. Furthermore, the cover management factor and
support practices factor are informed by meticulously
analyzed remotely-sensed LULC data. This
comprehensive approach not only enhances the accuracy
of the susceptibility map but also establishes a robust
framework for informing future soil management
strategies in the basin, ensuring that interventions are both
evidence-based and context-specific.

MATERIALS AND METHODS

Description of study area

Owena RB cover an area of 6910.3 km? with average
and river bed slope of 5.6% and 2.3% respectively. The
basin lies within latitude 4°45°0” and 5°30°0” East, and
longitude 5°55°0” and 7°45°0” North. The RB elevation
varies from 1065 m at highest level in EKkiti state to 7 m
above sea level at the lowest level in Ondo state. Owena
RB as shown in Figure 1 drains five states in Nigeria and
they include Osun, Ondo, EKkiti, Edo and Delta states.
Most of the RB drains Ondo state with part of the state
capital of Akure within the basin. The urban and semi-
urban centers in of the RB are Akure, Ondo, Ore, Owena,
Igbara Oke and Okitipupa. The river is a 4" order stream.
The LULC of the basin is predominantly dense forest and
grassland. The dense tropical rain forest is mostly located
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in the south and central regions of the basins. Recent
studies has that there has been a significant reduction in
forrested area due to logging and expansion of agricultural
activities (Adepoju et al., 2018; Akinbobola et al., 2022).
Grass lands are more widespread in the Northern parts of
the RB and in fallow previously cultivated areas. This
LULC classification has seen expansion (Adepoju et al.,
2018) due to overgrazing and deforestation, Other LULC
types include farmands and built-up areas. Farmlands are
predominant in the north and central parts of the RB and
includes mixed cropping fields and plantations such as
cocoa and oil palm (Popoola et al., 2020). Built-up areas
has seen rapid expasion in recent times with encroachment
into forrested and grassland LULC. The expansion has
been as a result of population growth and infrastructural
development (Oyinloye and Oloukoi, 2016; Akinbobola et

al., 2018). The basin lies over the basement complex made
up of migmatite-gneiss complex, metasediments/mata-
igneous rocks and pan African older granitods (Aladejena
and Fagbonhun, 2019). The average annual rainfall depth
and evapotranspiration of 6640 mm and 4622.8 mm
respectively (Okpara et al., 2006). The RB is characterized
by two seasons namely the wet and dry season. The wet
season has duration of 7 months; beginning in April and
ending in October. The dry season begins in November
and ends in March lasting for 5 months. The yearly mean
range for temperature and humidity are 24°C - 33°C and
60% — 80% respectively (Ikhile et al., 2015). Farming is
the main occupation of the population within Owena RB;
crops cultivated include cocoa, maize, cassava, banana,
plantain, oil palm and yam.
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Figure 1. Study area map of Owena river Basin
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Data collection

In this study, the Maximum Likelihood Classification
type of supervised classification was adopted for LULC
mapping. LULC data were extracted from the operational
land imager of Landsat 8. The 2021 images were sourced
from the website of United States Geological Survey’s
earth explorer. USGS automatically preprocesses with
LaSRC for atmospheric correction to convert top-of-
atmosphere to surface reflectance. Image quality
assessment was achieved using CFMask to flag and mask
cloud and cloud shadows with spectral and thermal data.
The least cloud cover filter was used to reduce cloud-
prone images upfront. Soil data were sourced from the
2023 global soil map of FAO Harmonized Soil World
Map. The soil data are provided at 250 m resolution at a
standard depth of 0 — 30 cm). The administrative shape file
for Nigeria and its states were extracted from the Global
Administrative Area map. Slope steepness and length
factor were generated from the 2021 Shuttle Radar
Topographic Mission (SRTM) DEM data on 30 m
resolution. Rainfall erosivity factor data was downloaded
from European Soil Database center.

Parameters of RUSLE model

RUSLE model categorizes the RB into different
erosion susceptibility classes. This is achieved by utilizing
GIS to process and analyzes spatial data of rainfall
erosivity maps, DEM, soil and LULC maps (Ashiagbor et
al., 2013). The yearly mean soil loss for each erosion
susceptibility class is estimated by uploading the
parameters’ maps into Arc Map in ArcGIS as layers. The
soil loss is estimated with Raster Calculator in ArcGIS
using the RUSLE in equation 1 below:

A=RxKxLSxCxP (1)

A is the potential annual average soil loss, R is the
Rainfall erosivity factor, K is the soil erodibility factor, LS
is the slope length and steepness factor, C is the cover
management factor and P is the support practice factor.

Rainfall erosivity factor (R-factor)

The R-factor is the capacity of rainfall to initiate water
erosion of the soil (Samuel et al., 2025), R-factor is the
product of 30-minute rainfall intensity and the rainfall’s
kinetic energy (Kumar et al., 2022). The velocity of
raindrops impact on soils and the distribution of its size
influence the value of R-factor. The higher the R-factor
values, the more the effect of rainfall on erosion of soil.
Gelagay and Minale (2016) developed the R-factor
equation described in equation 2:
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R=-8.12+(0.562x 1) (2)
where R describes the erosivity (MJ/ha/mm/hr.yr) and
I is the mean yearly rainfall (mm).

Soil erodibility factor (K-factor)

K-factor describes the soil quality to resist detachment
and transportation by water (Tian, et al., 2024). The
qualities include soil texture, structure and permeability
(Ganasri and Ramesh, 2016; Marcinkowski et al., 2022;
Salvacion, 2023). They also include organic matter and
stone content of soil. The combination of these soil
qualities determines the K-factor value. Higher K-factor
values imply higher soil susceptibility to erosion while
low K-factor depict low vulnerability to erosion. Well
graded soils and soils rich in organic matter have low K-
factor due to increased permeability and infiltration of soil.
Clay soil or stony soils have low soil erodibillity values
due to their capacity to resist detachment from raindrops
or surface runoff. Texture is therefore the quality in soil
that reduces susceptibility to erosion (MSM, 2025).
Typical K-factor range 0.02 for low erodibility and 0.69
for extremely high soil erodibility (Mitchell, and
Bubenzer, 1981; Goldman et al., 1986; Yarbroug, 2014).
Ganasri and Ramesh (2016) described soil erodibility
factor as expressed in equation 3

K =27.66 x m** x 107 x (12 — a) + (0.0043 x (b —
2)) +(0.003 x (¢ — 3)) 3)

where K is the erodibility factor (in tons.hr/MJ. mm);
m is the product of the summation of silt content in % and
very fine sand in %, and the complement of the clay
content (%); a is the amount of organic matter in %; b
shows the extent of soil structure and c is the permeability
of the soil profile. The soil texture, organic matter content,
permeability and structure were derived from the soil data
of Harmonized Soil World Database (HWSD).

Slope steepness and length factor (LS-factor)

Topography of a landscape defines the LS-factor of a
RB and critically impacts on the pattern and variability of
soil erosion (Akhila and Pramada, 2025). The LS-factor
estimates the joint effect of slope steepness and slope
length on the susceptibility of a landscape to erosion. It is
the product of slope gradient and slope length. The LS-
factor is estimated relative to a standard landscape of 9%
and 22.13 m length (Mckague, 2023). This factor
development is however limited to slopes of less than 50%
gradient (Schmidt et al., 2019). Landscapes with steeper
slopes are more susceptible to erosion due increases flow
velocity and consequent increase kinetic energy of surface
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runoff to detach and transport soil particles. The erosion
severities of steep slopes are exacerbated by lengthy
slopes (Das et al, 2021). LS-factor has dimensionless unit
and are calculated using the DEM and GIS software.

Cover management factor (C-factor)

C-factor quantifies the impact of LULC on erosion.
The factor shows the influence of crop and land
management practices on severity of erosion by runoff
(Renard, 1997; Schmitt et al., 2018). C-factor describes
the loss of soil from a standard vegetative landscape to
loss of soil from a bare landscape and has a values ranging
between 0 and 1 (Wischimeier and Smith, 1978; Olivera et
al., 2015; Almagro et al., 2019). 0 — 0.025 are C-factor
values range for low erosion risk LULC of forested lands,
wetlands and water bodies while C-factor value range of
between 0.025 and 1 describe parts of the RB that have
LULC of farmlands, open grasslands and built-up areas. It
is a dimensionless unit and calculated using the DEM and
GIS software.

Support practice factor (P-factor)

The P-factor is the RUSLE parameter that assesses
the impact of soil conservative practices on soil erosion.
These practices which include strip cropping, terracing
and contour farming impedes flow thereby reducing runoff
velocity and causing sediment deposit (JRC, 2025). P-
factor relates the erosion of soil for a specific conservative
practice to the conventional tilling method. It has value
range of O -1 with lower values indicating effective
conservative practices. The factor has a dimensionless
unit.

RESULTS AND DISCUSSION

Rainfall erosivity

Figure 2 show that rainfall erosivity increases
southward due to rainfall intensity increase towards the
coast of Atlantic ocean. In the northern part of the RB, low
R-factor values range of 5,376 — 6,731 MJ/ha/mm/hr.yr
were estimated. These areas experience less frequent
rainfall events with less rainfall intensity. Compared with
northern parts the rainfall intensity and frequency are
higher central parts In the these parts of RB, there were
two R-factor ranges of 7,860 — 9,667 MJ/ha/mm/hr.yr and
8629 — 9701 MJ/ha/mm/hr.yr. These ranges represent
moderate to slightly high rainfall erosivity.. The southern
parts (especially areas bordering the Atlantic Ocean)
experience high intensity and long duration rainfall
compared to the northern and central parts hence the very
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high R-factor values of 9701 — 11.296 MJ/ha/mm/hr.yr
and 11,296 — 14,975 MJ/ha/mm/hr.yr. Rainfall erosivity
factor is the most active driver of erosion (Zhu et al.,
2024) therefore susceptibility to soil erosion is highest in
the southern parts because of very high R-factor calculated
for these parts. Since rainfall erosivity is the key driver of
soil erosion (Abd-Elbasit et al., 2011, Pardini et al., 2017;
Dong et al, 2025), understanding the geographic
distribution of rainfall erosivity can guide watershed
management initiatives, prioritize regions for intervention,
and inform local agricultural practices to mitigate soil loss,
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Figure 2. Rainfall erosivity factor map of Owena River
Basin

Soil erodibility

K-factor values reflect inherent soil qualities such as
texture, structure, permeability, and content of organic
matter. Soils with high K-factor are highly susceptible to
erosion (Dumedah et al, 2019; Sodeke et al., 2025). Figure
3a show the soil types variability across the RB while
Figure 3b shows that the K-factor spatial distribution in the
RB. Table 1 summarizes the soil types correlation with the
K-factor values.The soil types include loamy sand in the
northern tip and south-central parts of the RB. Sandy clay
loam soils are found in the north-central area of the basin
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while loam soils are found in the southern parts of the RB.
The K-factor values ranges from 0.04 tons.hr/MJ.mm in
the north to 0.34 tons.hr/MJ.mm in the southern part of
Owena RB. The loamy soils have K-factor values varying
from 0.04 in the north to 0.21 in the south-central parts
(low to moderate soil erodobility). The wide range is due
to variation in the organic matter, silt and sand content of
the loamy sand. Sandy clay loam soil in the RB has a low
to moderate soil erodibility (0.049 — 0.2 tons.hr/MJ. mm).
The variability relies on the content of silt in the soil. High
silt content within the soil increases K-factor value (Keya
et al., 2025) thereby increasing susceptibility of a RB to
soil erosion. The loam soils in southern have moderate
erodibility rates of 0.21 - 0.34 tons.hr/MJ.mm. The
combination of very high R-factor and moderate K-factor
values can dispose this area to high susceptibility to
erosion. Loam soil types especially in areas with high silt
content in the southparts of the RB are highly predisposed
to soil erosion due to very high rainfall amounts in these
parts. Deforesation and overgrazing in these areas should
be discourage to prevent land dergration,

Table 1. Summary of Soil types Correlation with K-factor values
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Figure 3. a) Soil classification map for Owena river
Basin; b) Soil erodibility factor map for Owena river
Basin.

Soil type K-factor (tons.hr/MJmm)  Basin location Remark
Low to moderate soil erodibility. Wide range

Loamy-sand 0.04-0.21 South-central and Northerntip  due to variation in organic matter, silt and
sand content.

Sandy-clay-loam 0.049-0.2 North and North-central Low to mode_rate soil erodibility. Variability
depends on silt content.

Loam 0.21-0.34 South Moderate erodibility rates

Slope length and steepness

The LS-factor reflects steepness of a slope and how
water accumulates and flows over the slope. Both features
strongly influence the velocity and erosive force of runoff
(Nur et al, 2025). The value range of 0 — 0.06178 is the
predominant LS-factor over the entire Owena RB. The
areas with this LS-factor have a topography of gentle
slopes and short slope lengths, suggesting low runoff
velocity and minimal contribution to soil erosion. Erosion
susceptibility in these parts has very low contribution of
the LS-factor. The LS-factor values of 0.06178 — 0.4324
are scattered in the RB but clustered in parts of the north
and central regions of the RB. This range indicates
moderate gradients and slope lengths, leading to a
moderate contribution to erosion susceptibility. LS-factor
values of 0.4325 — 1.236 are also scattered across the
watershed but in localized pockets and often
corresponding to slightly steeper or longer slope areas.
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While most of the terrain contributes little soil erosion in
the RB, there are notable pockets with moderate to high
LS-factor values, especially in the north and central parts.
Erosion will be accerelated with the combined impact of
high R-factor and C-factor on LS-factor values especially
in urban areas in the central parts of the RB— Ondo and
Ore towns — with high rainfall intensity.

These areas are therefore required for targeted soil
conservation and land management interventions.,

Cover management

The C-factor quantifies the effect of vegetative cover,
crop types, and land management practices on rates of soil
erosion (Nur et al, 2025). It essentially quantifies how well
the land surface is protected from the erosive power of
rainfall and runoff. C-factor have a range of 0 - 1 (Sasi et
al, 2025). The LULC map in Figure 5a shows the seven
LULC classifications for the RB. Figure 5b shows C-
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factor values for the Owena RB have two major two
categories. The first category are areas with C-factor
values of 0.0236 — 0.4. This represents parts of the RB
with dense vegetation cover such as forests. Such land
surfaces absorb rainfall impact and reduce surface runoff,
thus minimizing soil erosion. These areas predominant in
the RB and are considered to have very low erosion
susceptibility and serves as natural protective barriers
against erosion. The second are areas with C-factor values
of 0.023529412 — 1. These areas are scattered mostly in
the north and north-central parts of the RB. The LULC
consist of farmlands, low vegetation areas, bare lands and
urban areas. Higher C-factor values within these areas
make them highly prone to erosion. Good Iland
management practices are essential for improving the C-

factor values. Afforestation and reforestation, controlled
and rotational grazing, conversion from annual crops to
perennial crops and mixed cropping are some of the
targeted land management strategies that reduce C-factor
values. Forested land maintains continuous ground cover,
litter layer, and root systems that stabilize soil
(Wischmeier & Smith, 1978; FAO, 2020). Controlled or
rotational grazing maintains lower C-factor in grasslands.
Perennial crops (like oil palm, cocoa, or agroforestry
systems) provide more consistent soil cover than the
annual crops thereby reducing the seasonal variability of
the C-factor. Integrating trees, shrubs, and crops provides
multi-layered canopy cover, mimicking natural forest
cover that reduces raindrop impact and improves
infiltration.

2°0'0"W 0°0'0" 2°0'0"E 4°0'0"E 6°0'0"E 8°0'0"E 10°0'0"E 12°0'0"E 14°0'0"E
1 1 1 1 | 1 1 1 1
z N N N g
£ A A A |[E
& o
o
z
= B
S o
= e
=
£ )
o] o
% %
= =
g )
o B
o o
£ z
o 5
o o
< -
Legend Legend
Owena_L Owena_s M 0 -0.06178

£ <VALUE> <VALUE> [ 0.06179 -0.4324 z
o O -52.51 M0 -0.5133 70,4325 - 1.236 =)
4 [52.52 - 245 B 0.5134-1.711 [11.237-2.718 2‘3

= [ 245.1 - 595.1 [ ]14712-3.935 [J2719-6.427

0 10 20 40KV  gmses2-968.5 0 10 20 13,936 - 7.442 0 10 20 40 KM E5428-8.463

A ——t————{ N 968.6 - 1,488 =ttt 7443 -21.81 Pt t——t—t—t— I 3.464 - 15.75

|l 1 1 1 1 1 1 1

2°0'0"W 0°0'0" 2°0'0"E 4°0'0"E 8°0'0"E 10°0'0"E 12°0'0"E 14°0'0"E

Figure 4. a) Slope length map of Owena river Basin; b) Slope steepness map of Owena river Basin; ¢) Slope steepness and

length factor map of Owena river Basin.



Obiora-Okeke, 2025

= 4°0'0"E 6°0'0"E 8°0'0"E 10°00"E =
~ 1 | 1 1 =Y
S d
S | S
=) e
=]
N
A |

- :
2 B
% S

Legend

=

g Owena_LULC1.tif 5
o LULC_Class £
©

[ wetianas

Il vater Bodies Legend

Il vroan Areas Owena_C_Factor1

Low Vegetation <VALUE>

I oense vegetation 0

[ crops / Farmiands [ 0.001 -0.0235
- 0 125 25 50 KM [E] gare Lanas 0 125 25 o T 2'22‘;’5 '1“ "
z , = T o z
;O T T T T °°
= 4°0'0"E 6°0'0"E 8°0'0"E 10°0'0"E ¥

Figure 5. a) Land use and land cover map of Owena river Basin; b) Cover management factor map of Owena river Basin.

Support practice

The P-factor measures the impact conservative
practices on soil erosion (Nanda et al., 2025). The range
for P-factor are 0 - 1.0 is assigned for very good
conservation and land management practices while 1 is
assigned for absence of these practices. The dense
vegetation LULC was assigned 0. Based on literature
(Rao, 1981; Pandey et al., 2015), 0.27 was assigned for
low vegetation since strip cropping is common practice in
the basin. Conservative practices are important for
improving the P-factor values. Strategies such as
conservative tillage (reduced or no-tillage), cover
cropping, contour farming, and crop residue management
are effective interventions for mitigating erosion risks in
agricultural lands LULC. The combined or individual
application of these measures will significantly reduce soil
erosion by lessening the impact of raindrops and
attenuating runoff peaks through increased water storage.
Legumes is an example of a cover crop that offers the dual
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benefit of ground protection and organic matter
enrichment. Its usage enhances soil structure, improve
infiltration and increases moisture retention (Blanco-
Canqui et al., 2015).

Annual soil loss estimates

The soil map in Figure 6 describes the spatial
variability of soil erosion severity across Owena RB. The
predominant soil erosion rate in the RB is 0 — 10
tons/ha/yr and it is described as low to moderate annual
soil (Eurostat, 2025). As described in Table 2 the erosion
rates of 0 — 10 ton/ha/yr covers 97% of the RB area. The
low to moderate soil loss rate is due to the gentle
topography (low LS-factor) characterizing the RB and that
89% of the RB is dense vegetation landscape (high C-
factor). The annual soil loss in the southern parts of the
RB is predominantly low despite the very high rainfall
erosivity factor and moderate soil erodibility factor. This is
also because low LS-factor and C-factor values. Table 2
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also show that annual soil erosion rates 10 — 40 tons/ha/yr
covers about 2% of the RB while annual soil loss rate of
more than 40 tons/ha/yr due to erosion affect area of 51.8
km? (1% of the RB). More than 40 tons/ha/yr soil erosion
rate is described as very severe (Eurostat, 2025) and 59%
of this erosion severity are within in the urban area and
low vegetation LULC especially in north-central parts of
the basin. 10 — 20 tons/ha/yr describes high erosion rates
and 87% of this severity impacts the low vegetation areas.
Areas around the water bodies had moderate to high
erosion rates due to steep slopes close to the rivers. This is
because slopes around water bodies usually induce high
flow accumulation and consequent high susceptibility to
erosion (Das et al., 2022). In the urban areas, erosion
severity increases from 32% for 20 — 30 ton/ha/yr annual
soil loss range to 44% in 30 — 40 ton/ha/yr annual soil loss
range. Targeted soil conservation and good land
management should be implanted in these areas to prevent
gully erosion development. The average annual soil losses
due to water erosion in Owena RB is 5.5 ton/ha while the
total annual loss from the RB is calculated as 38, 316 tons.
While the RB generally has a low susceptibility to erosion
due to its mostly forested landscape; urban areas, grass
lands with low vegetation and river banks used for farming
and grazing are exposed high erosion susceptibility.

Table 2. Annual soil erosion rates in different LULC classifications
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Crops / farmlands 104.96 2% 2.96 4% 0.60 2% 0.60 1%
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Low vegetation 348.78 5% 59.88 87% 5.32 17% 3.60 28% 14.68 28%
Urban areas 138.55 2% 1.16 2% 9.97 32% 5.38 44% 15.74 31%
Water body 13.10 0% 0.60 1% 1.16 4%
Wetlands 231 0%
Total area 6745.47 68.80 31.38 12.58 51.82
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CONCLUSION

Rainfall erosivity factor, the major driver for soil
degradation was very high in the southern coastal parts of
the RB. Soil erodibility factor was moderate for most of
the RB. The slope steepness and slope factor was
predominantly low in the RB given the flat topography of
the basin. 89% of the RB was covered with dense
vegetation hence the low cover management factor values
range of 0.0236 - 0.4. The combined effect of low LS-
factor and C-factor gave rise to the low annual mean soil
erosion loss of 5.5 ton/halyr. The annual soil loss was
estimated as 38, 316 tons. High to severe yearly soil
erosion rates was estimated in 164.6 km? of the RB.
Targeted soil conservation measures and good land
management practices need to be implemented in these
areas with high to severe erosion susceptibility.
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