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Abstract

The prevalence of unwholesome land use practices and population pressure
exacerbates soil loss which is worsening the problem of sedimentation of the
Kubanni dam. This study was conducted at the Kubanni drainage basin cover-
ing a spatial area of 56.7 Km? in Samaru, Zaria, Nigeria to estimate annual soil
loss using the RUSLE model. Satellite images of Landsat OLI for December
2014, 2016, 2018, February, July and November 2022; soil data, rainfall data
from 2010 to 2022, and DEM of 30-meter resolution were utilized for the study.
All factors of the RUSLE model were calculated for the basin using assembled
data. The erosivity (R-factor) was discovered to be 553.437 MJ-mm-ha "-h"-yr ..
The average erodibility (K-factor) value was 0.1 Mg-h-h-ha™MJ"mm".yr~".
The Slope Length and Steepness factor (LS-factor) in the basin ranged between
0% and 13.47%. The Crop Management Factor (C-factor) values were obtained
from a rescaling of the NDVI values derived for the study area and ranged from
0.26 to 0.55. Support practice (P-factors) were computed from the prevalent
tillage practice in the basin and ranged from 0.27 to 0.40. The soil loss amount
for the Kubanni basin was found to be 28441.482 tons-ha™'-yr™!, while the an-
nual soil loss for the entire Kubanni drainage basin was found to be 49780.257
tons-yr~'. The study has demonstrated the viability of coupling RUSLE model
and Remote Sensing and Geographic Information System (GIS) techniques for
the estimation of soil loss in the Kubanni drainage basin.

Keywords

Soil Loss, Watershed, Erosivity (R-Factor), Erodibility (K-Factor),
Cover Management Factor (C-Factor), Slope Length and Steepness Factor
(LS-Factor), Support Practice Factor (P-Factor)

DOI: 10.4236/gep.2024.1211010 Nov. 27, 2024 173

Journal of Geoscience and Environment Protection


https://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2024.1211010
https://www.scirp.org/
https://doi.org/10.4236/gep.2024.1211010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

K. O. Ezenwa et al.

1. Introduction

Soil erosion from fluvial processes causes soil removal and sediment generation
which engenders sedimentation of water courses and dams. It is a natural process
that exacerbates land degradation, loss of soil fertility, and siltation of impound-
ment reservoirs, thereby diminishing crop yield, depreciating the safety and stor-
age capacity of the dams and compounding soil conservation and environmental
management problems (Anees et al., 2018; Wang et al., 2018). Despite its unique-
ness as a physical feature of geomorphologic and hydrologic significance, the
drainage basin is beset with environmental challenges such as soil loss. Horton
(1932), recognized the drainage basin as a fundamental geomorphological unit
which is frequently used as the primary landscape unit for hydrological, water
supply and ecological investigations and for land management activities. The wa-
tershed plays a dominant role in the development of landforms and therefore, the
study of drainage basin has a great significance in geomorphological studies (Ra-
haman et al., 2015). Given its disposition as a fluvial cum geomorphologic entity,
the drainage basin is thus a fundamental unit upon which soil loss investigations
can be based. Soil erosion assessment for sustainable development of watershed is
a world-wide concern for landuse planners (Balasubramani et al., 2015). The im-
pact of rainfall on a drainage basin triggers processes which result in channel ero-
sion and soil loss. The abuse of the drainage basin/watershed landscape by anthro-
pogenic interference promotes degradation which aggravates soil erosion and soil
loss, thereby accelerating sedimentation of water courses and impoundment res-
ervoirs. Soil loss is facilitated by the composite influences of climatic and physio-
graphic factors. The climatic factors which affect soil loss include rainfall inten-
sity, rainfall duration, rainfall distribution and direction of prevailing wind in a
drainage basin. In the same vein, the physiographic factors which influence sur-
face runoff are size, shape, slope of drainage basin, land use and soil type. Since
watershed forms a natural boundary to focus on all the effects of downbhill runoff
such as soil loss and sediment yield, a systematic assessment of soil erosion within
the watershed would provide reliable information to draw strategies for sustaina-
ble development of watershed resources (Balasubramani, et al., 2015). Drainage
basin studies which aim at ensuring sustainable management and development of
drainage basin resources have attracted the attention of researchers (Yildirim &
Erkal, 2013; Kamaludin et al., 2013; De Carvalho et al., 2014; Kumar et al., 2014;
Biswas & Pani, 2015; Ezenwa et al., 2022a; Ezenwa et al., 2022b; Ahmad et al.,
2024). Many models and methods have been employed to assess soil erosion in
watersheds (Ezenwa et al., 2023). These models vary from simple to complex and
differ in their need for data input and their ability to predict soil erosion by water
(Chadli, 2016). For instance, the work of Iguisi (1996) on soil loss investigations
using USLE model focused on only two sub basins of the Kubanni drainage basin
near Zaria, Nigeria, whereas the Kubanni drainage basin is made up of four sub
basins namely: Goruba, Maigamo, Tukurwa and Malmo sub basins (Ezenwa et
al., 2022a; Ezenwa et al., 2022b; Ezenwa et al., 2023). The curiosity therefore is

DOI: 10.4236/gep.2024.1211010

174 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2024.1211010

K. O. Ezenwa et al.

whether the findings of Iguisi (1996) can be extrapolated to represent soil loss
profile of the entire Kubanni basin. The idea of using Iguisi (1996) soil loss find-
ings as being representative enough for the entire Kubanni drainage basin is alien
to the culture of empiricism of scientific investigations. Thus, in line with the re-
quirements of a scientific inquiry which is empiricism, it is important to investi-
gate soil loss profile of the entire Kubanni basin as a precursor to effective man-
agement of the resources incumbent in the Kubanni drainage basin. Besides, the
utilization of a more recent data to investigate soil loss in the basin will provide a
more up to date soil loss status of the Kubanni drainage basin. Although signifi-
cant success has been recorded in the geospatial implementation of the RUSLE
model for soil loss estimation in other study areas in Nigeria (Fagbohun et al.,
2016; Thlakma et al., 2018; Olorunfemi et al., 2020), the applicability and viability
or otherwise of RUSLE model cannot be ascertained for the Kubanni drainage
basin as there is no empirical study to arrive at that judgement. This study will
therefore resolve the curiosity and uncertainty surrounding the applicability and
viability or otherwise of utilizing geospatial tools in the implementation of RUSLE

model for soil loss estimation in the Kubanni drainage basin.

1.1. Study Objective

The goal of this study is to estimate the amount of annual soil loss in the Kubanni
drainage basin using the RUSLE model. The achievement of this goal entails de-
termining in GIS environment the Erosivity factor (R-Factor), erodibility factor
(K-Factor), Cover Management Factor (C-Factor), slope length and steepness fac-
tor (LS-Factor), and Support Practice Factor (P-Factor) for the Kubanni drainage

basin.

1.2. The Study Area

The study site is situated in the Kubanni drainage basin in Zaria and occupies an
area of landscape defined by Latitudes 11°05'30” N to 11°10'30” N and Longitudes
7°35'15" to 7°38'45"E. Taking its source from Kampaji Hill in Shika, near Zaria,
Kubanni river dissects the study site and flows in a southeast direction through
Ahmadu Bello University Main Campus, Samaru to empty into an impoundment
reservoir—the Kubanni dam. The map of the study area is shown in (Figure 1).
Geologically, Zaria is underlain by differential pre-cambrian basement complex
formation which comprises igneous and metamorphic rocks (Wright & Mc Curry,
1970). The study site which is the upper Kubanni is developed on the old granite
while the downstream of the dam, the channel is incised into superficial materials
and deeply weathered gneiss (Ololobou, 1982). With the summits of the residual
hills of Kufena and Kampaji at 820 m and 708 m respectively above sea level, the
Kubanni drainage basin which is our study area is characteristically enmeshed be-
tween these two prominent landmark features (Iguisi, 1996). The drainage system
of the Kubanni river traces four tributaries upstream of the Kubanni impound-

ment reservoir which is located at Ahmadu Bello University main campus,
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Samaru, Zaria. The Kubanni drainage basin landscape and its network is shown
in Figure 1. From the perspective of geomorphology, Zaria landscape is charac-
terized by thorough and deep chemical weathering which has developed thick lat-
eritic regolith of varying degrees of induration (Bello, 1973). The study area is
characterized by strong seasonality in rainfall and temperature distributions
(Oladipo, 1985). Seasonality in climatic conditions is caused by the oscillation
over the study area of two air masses, the Maritime Tropical Air Mass (MTS) and
the Continental Tropical Air Mass (CTS). The natural vegetation of the study
area belongs to the northern Guinea savanna type which has been altered by
human activities such as deforestation, construction, overgrazing, amongst oth-
ers (Aminu & Jaiyeoba, 2015). The dominant tree species found in the Zaria re-
gion are the Isoberlinia doka, Terminalia avicennioides, Stereospermum kunthi-
anum, Nauclea latifolia, Annona senegalensis and Dichrostachys cinerea (Jack-
son, 1970). Most of the soils have a sandy loam texture (Jaiyeoba, 1995). The soil
of the Kubanni drainage basin - our study area is mainly sandy-clayey-loam with

poor infiltration capacity because of the high clay content (Iguisi, 1997).

MAPOF NIGERIASHOWING KADUNAAND ZARIA MAPOF NIGERIA SHOWING KUBANNI DRAINAGE BASIN
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Figure 1. Kubanni drainage basin in Zaria Kaduna State, Nigeria.

2. Study Methods

The data utilized for soil loss estimation in the Kubanni drainge basin were ob-
tained from both primary and secondary sources. Rainfall data of 13 years’ period
(2010-2022) were obtained from the Institute of Agricultural Research, Ahmadu
Bello University, Zaria. Soil data for the study was obtained from results of labor-
atory test conducted on soil samples obtained from the study site. The soil samples
were obtained with soil auger at intervals of 1000 meters in the study area. The

secondary data were obtained from: 1) Landsat OLI images (189/82) of December
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2014, December 2016, December 2018, February, July and November 2022. 2)
Shuttle Radar Topographic Mission (SRTM) Digital Elevation Model (DEM) with
a spatial resolution of 30 m. The data were processed using the maximum likeli-
hood classification technique of supervised image classification. The average soil
loss (A) in the Kubanni drainage basin per unit area per year (ton-ha™'-yr™) was
quantified using the RUSLE model in GIS environment. The RUSLE is a model
devised by (Wischmeier & Smith, 1978) is expressed as follows:

A=RxKxLSxCxP (1)

where, A is the computed average soil loss over a period selected for R, usually on yearly
basis (ton-ha™.yr™); Ris the rainfall-runoff erosivity factor (MJ-mm-hah™yr); K'is
the soil erodibility factor (Mg-h-MJ™':\mm™); LS is the slope length (Z) and slope
gradient () factor (dimensionless); Cis the crop management factor (dimension-
less, ranging between 0 and 0.5); and Pis the support practice factor (dimension-
less, ranging between 0 and 1). The quantitative evaluation of soil loss by RUSLE
is based on its component factors corresponding to each of the parameters of the
equation. In this study, GIS plays a major role in the preparation of the thematic

layers related to the estimation of the soil loss in the Kubanni drainage basin.

2.1. Rainfall Erosivity (R-Factor)

The R-factor is the total storm energy (£) times the maximum 30-min intensity
(14,) denoted as EI usually expressed as the rainfall erosion index (Renard et al,,
1997). The R-factor is usually computed in accordance with (Wischmeier &
Smith, 1978). Rainfall intensity for a particular increment of rainfall event (i, ) is

usually computed using the relation:

. AV
i =—" 2
S 2)

where At is duration of the increment over which rainfall intensity is usually
considered to be constant in hours (h), AV, equals depth of rain falling (mm)
during the increment. Rainfall energy per unit depth of rainfall e, is usually

computed using the relation:

e, =0.29[1-0.72exp(-0.05i, ) | (3)

where e, has units of megajoules per hectare per millimeter of rain (MJ-ha™-mm™),
and i, is rainfall intensity (mm-h™) (Brown & Foster, 1987). The total storm ki-
netic energy (£) was computed using the relation:

E=YeAV, 4

r=1

where €, is the rainfall energy per unit depth of rainfall per unit area in mega-
joules per hectare per millimeter (MJ-ha™:\mm™), and AV, is the depth of rain-
fall in millimeters (mm) for the rth increment of the storm (Brown & Foster, 1987).
The average annual rainfall and runoff erosivity factor (R) (MJ-ha*-mm"yr™) is the

average of the (EI) computed values. The R-Factor is mathematically defined as:
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R=2315(E) (1), ®
Nalia j

where Eis the total storm kinetic energy (MJ-ha™), I, is the maximum 30 min
rainfall intensity (mm-ha™), jis the index of the number of years used to obtain
the average, kis an index of the number of storms in each year, 2 is the number
of years used to obtain the average (R) and m is the number of storms in each year
(Renard & Freidmund, 1994). At the study site, daily rainfall totals for 13 years
(2010-2022) were collected by the Institute of Agricultural Research, Ahmadu
Bello University, Zaria, Nigeria without in-situ rain gages. A relationship which
was developed by (Roose, 1976) was applied to determine the R-factor. Thus, the
R-factor for the Kubanni drainage basin landscape was computed using the rela-

tion:

R=(0.5+0.05)P (6)

where (P) is average annual rainfall records in millimeters. This R-factor value
was then integrated into the RUSLE model in GIS domain to estimate annual soil

loss for the Kubanni drainage basin catchment.

2.2. Soil Erodibility (K-Factor)

Soil Erodibility K-factor was obtained using relevant soil properties in accordance
with the procedure outlined by El-Swaify and Dangler (1976) for tropical soils.
The procedure uses the benchmark of percent-modified silt (0.002 - 0.1 mm), per-
cent modified sand (0.1 - 2 mm), base saturation, percent unstable aggregates, and
percent very fine sand. The units of the determined K-factor was quoted in ton
acre h [hundreds of acre ft tonf in]™". The result was therefore divided by 7.59 to
obtain the equivalent value in SI units of Mg h MJ™":mm™ (Renard et al., 1997).
The values obtained from the measured soil properties were used to determine K-

factor using the following equation:

K =-0.03970+0.00311X, +0.00043X, +0.00185X,

7
+0.00258X, +0.00823 X, @

where X is percent unstable aggregates < 0.250 mm, X; is the product of the per-
cent of silt (0.002 - 0.01 mm) and sand (0.1 - 2 mm) present in the sample, X; is
percent base saturation of the soil, X; is percent silt present (0.002 - 0.050 mm),
and X; is percent sand in the soil (0.1 - 2 mm). The percent organic carbon (OC)
was determined following the modified Walkley-Black method, a procedure de-
scribed in extant literature (Anderson & Ingram, 1993). The Cation Exchange Ca-
pacity (CEC) was determined following the ammonium saturation method which
is a procedures described by (Anderson & Ingram, 1993). Percentage sand, silt
and clay content in the soil and particle size distribution were determined by the
Bouyoucas hydrometer method (Bouyoucos, 1962). The K-factor values were
subsequently divided by 7.59 to obtain the equivalent value in SI units of
Mg-h-MJ™mm™ (Renard et al., 1997).
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2.3. Slope Length and Steepness (LS-Factor)

The LS-factor is one of the factor in the RUSLE model which compiles the influ-
ence of topography on soil loss RUSLE model. The combined slope length and
slope steepness factors in RUSLE represent the ratio of soil loss on a given slope
length and steepness to soil loss from a slope that has a slope length of 72.6 feet
and a steepness of 9% where all other conditions are the same (McCool et al.,
1987). The LS-factor for the Kubanni drainage basin was extracted from DEM
with ArcHydro tool within ArcGIS 10.1 environment. The GIS operation returned
raster derivatives such as flow direction, flow accumulation and slope map which
were used as input data for the generation of LS-factor raster map. The LS-factor
for the Kubanni drainage basin landscape was computed in line with Morgan
(2005). The computation of the LS-factor followed the relation:

Ls =2 (0.065+0.0455 +0.006582) (8)
2213

where xis the slope length (m) and sis the slope gradient in percent and n is the
slope length exponent. The value of 1 was varied in accordance with the steepness
of the slope. Values were assigned to represent slope length exponent in commen-
surate measure to the degree of steepness of a given slope as indicated by
(Wischmeier & Smith, 1978). The map algebra which is a function of the Spatial
Analyst tool in ArcGIS 10.1 was used in the implementation of the formula for the

LS-factor computation.

2.4. Cover Management Factor (C-Factor)

The C-factor which represents the effect of plants, ground cover, soil biomass, and
soil disturbing activities on erosion (Renard et al., 1997) expresses the ratio of soil
loss from land cropped under specific conditions to the corresponding loss from
tilled, continuous fallow condition (Wischmeier & Smith, 1978; Risse et al., 1993).
The C-factor for the Kubanni drainage basin was obtained from Landsat image
scenes of the study area. The C-factor values of the land use classes were extracted
from the Landsat satellite images using the relation for the NDVI which is ex-
pressed by the relationship:

| NIR —-RED

NDVI = ———
NIR +RED

&)

where NIR is surface spectral reflectance in the near infrared band and RED is
surface spectral in the infrared band. In accordance with Durigon et al. (2014), the
extraction of C-factor for the Kubanni basin landscape was based on NDVI rescal-
ing method suitable for application in tropical regions. Thus, Durigon et al. (2014)
proposed the relation below which was adopted for the determination of C-factor
in our study area.

_ —NDVI+1

Co >

(10)

A C-factor raster map of the study area was created from GIS operations
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integrating the C-factor values and classified raster images of the Kubanni drain-
age basin. The raster images were classified using maximum likelihood classifica-

tion technique and depicting five land use classes.

2.5. Support Practice Factor (P-Factor)

The support practice factor embodies all the soil erosion management attributes
prevalent in the Kubanni drainage basin landscape. It represents the effects of
those practices such as contouring, strip cropping, terracing, etc. that contribute
to the prevention of soil from eroding by reducing the rate of water runoff (Par-
veen & Kumar, 2012). The P-factor for the landscape of the study area was deter-
mined cognizant of the prevalence of strip cropping farming practice in the Ku-
banni basin landscape and slope (Shin, 1999). The flowchart of the RUSLE model

implementation in GIS environment is shown in Figure 2.

Erosivity Isoerodent Map
f{lnterpolation/Crigging]—b l
Soil Data Soil Erodibility

'I 1 TIN/Conversion f :_KF

Slope/Length

(o }— LS/

Annual Soil Loss/
Total Soil Loss

(ot A [

Conservation Practice

Published Tables

Cover Management
Landsat OLI Land Cover NDVI Factor

Figure 2. Flowchart for the implementation of RUSLE model for soil loss estimation.

3. Results and Discussion
3.1. Rainfall Erosivity (R-Factor)

The average annual rainfall distribution of the Kubanni drainage basin over a pe-
riod of 13 years is shown in Figure 3. The pattern of rainfall distribution in the

basin is reflective of the pattern of distribution of R-factor across the basin
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landscape. The R-factor values for the Kubanni drainage basin varies between
599.253 MJ-mm-ha™h yr! and 507.62 MJ-mm-ha *h~'-yr~! while the average R-
factor value was 553.437 MJ-mm-ha™"-h~'-yr~". It is evident from Figure 3 that the
highest erosivity value was recorded in the central stretch of the basin running
from the North of the Kubanni drainage basin to the Southwestern part. This in-
dicates that the central part of the basin can be characterized as the area of high
rainfall compared to the downstream area where the Kubanni dam islocated. Such
variation has implications in the estimation of soil erosion as the rate of soil loss
increases with increase in rainfall amounts and increase in basin slope steepness.
Thus, rate of soil erosion on the upstream district contribute the highest amount
of annual soil loss in the basin. Although the erosivity values of the Kubanni drain-
age basin was found to be less than the global average of 2190 MJ-mm-ha *ht-yr™
(Panagos et al., 2017), the amount of soil loss contributed by R-factor is signifi-
cant. The studies of Ahmad et al. (2024) reported R-factor values ranging from
560.93 MJ-mm-ha -h*yr! to 342.68 MJ-mm-ha™"-h *.yr !, Despite reporting R-
factor values which are higher than that of this study, Ahmad et al. (2024) collab-
orated the notion that R-factor plays a key role in soil loss and sedimentation of
water courses as well as reservoirs. The output R-factor map (Isoerodent Map) of

the Kubanni drainage basin is shown in Figure 3.

3.2. Soil Erodibility (K-Factor)

The K-factor of the Kubanni drainage basin is depicted on a K-factor map shown
in Figure 4. As can be seen in Figure 4, the K-factor values for the Kubanni drain-
age basin varied from 0.07 Mg-ha-h-ha™.MJ":mm™" (0.535 ton acre h [hundreds
of acre ft tonf in]™!) to 0.13 Mg-h-h-ha™-MJmm™ (1.0 ton acre h [hundreds of
acre ft tonf in]™'). A comparison of the K-factor value of the Kubanni drainage
basin vs-a-vis the K-factor values reported by Angima et al. (2003) reveals some
similarity. The shared similarity between the K-factor values derived for this study
and that of Angima et al. (2003) is attributable to the fact that the determination
of K-factor for tropical soils incorporate input data such as unstable soil aggre-
gates, modified silt, sand, and the corresponding base saturation (El-Swaify &
Dangler, 1976). The derived K-factor values for this study also coincides with the
benchmark values of (Wischmeier & Smith, 1978) K-nomograph which is 0.018
Mg-h-h-ha™MJ*mm™ (0.14 ton acre h [hundreds of acre ft tonf in]™). The K-
factor values of the K nomograph is applicable to tropical soils that have kaolinite
as the dominant clay mineral (Wischmeier & Smith, 1978). The average K-fac-
tor value for the Kubanni drainage basin was found to be 0.1 Mg-h-h-ha™-M]J-
Lmm™"yr . The results of this study is indicative of the dominance of sandy loam
soil in the Kubanni basin. The sandy loam soil falls under HSG A. Parts of the
Kubanni basin is equally prevalent with loam soil, although sandy loam soil has

preponderance over other soil types in the drainage basin.

3.3. Slope Length and Steepness (LS-Factor)

The LS-factor of the Kubanni drainage basin which was obtained from the DEM
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of the study area is summarized in Table 1. As shown in Table 1, the study found
that the slope of the Kubanni drainage basin ranged from 0% to 13.47%. The LS
value was estimated using slope contributing area approaches and it ranged from
0 to 49.4 which correspond to the topography factor of the study area as depicted
in the LS-factor map for the Kubanni drainage basin shown in Figure 5. The dis-
tribution of the slope values as evident in Table 1 is in perfect agreement with
(Wischmeier & Smith, 1978). The LS-factor map is shown in Figure 5.

3.4. Cover Management Factor (C-Factor)

The values of C-factor for the Kubanni drainage basin was found to range from
0.26 t0 0.55 as shown in Table 2. It is evident from Table 2 that the C-factor values
for built up area, water body, vegetation, farmland and bare land were discovered
to be 0.41, 0.55, 0.26, 0.35 and 0.40 respectively. The finding of this study with
respect to C-factor differed with previous studies especially with respect to the
land use class of water. The reasons for the variation between the C-factors of this
study and that of Hlaing et al. (2008) are accounted for by the differences in the
selected land use classes of the two study areas. While the land use classes for this
study were built up area, water body, vegetation, farmland and bare land as evi-
dent in Table 2; that of Hlaing et al. (2008) were closed forest type (0.048), opened
forest type (0.08), scrub land (0.35), grass land (0.64), agriculture land (0.45) water
body (0.00). Secondly, the C-factor derived in Hlaing et al. (2008) were general-
ized C-factor values for specified crop that does not account for crop rotations or
climate and annual rainfall distribution for the different agricultural regions of the
study area. A C-factor raster map of the study area was created from GIS opera-
tions integrating the C-factor values of the Kubanni drainage basin. The C-factor

map is shown in Figure 6.

3.5. Support Practice Factor (P-Factor)

The P-factor values for the Kubanni drainage basin is shown in Table 3. From
Table 3, is it evident that the P-factor values varied from 0 to 1; where 0 represents
very good manmade erosion resistance facility and 1 represents non manmade
erosion resistance facility. The steepness parameters of the Kubanni drainage ba-
sin slope map were categorized into defined intervals of five discreet classes. The
GIS operation for support practice factor returned a P-factor raster map. The gen-

erated P-factor map is shown in Figure 7.

3.6. RUSLE Model Implementation

The quantification of soil loss for the Kubanni drainage basin in a GIS environ-
ment returned an outcome quoted in tons per hectare per year as shown in Table
4. From Table 4, the amount of soil loss for the Kubanni basin was found to be
28441.482 tons-ha™!-yr!, while the total annual soil loss for the entire Kubanni
drainage basin was found to be 49780.257 tons-yr~". The results of this study are
in contrast to the findings of Iguisi (1996) whose study in the Kubanni basin re-
ported soil loss values which ranged from about 0.44 to 2.72 mt/ha/yr to about
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1.71 to 12.79 mt/ha/yr in sub basins 1 and 2 respectively. While the result of this
study is representative of the entire Kubanni basin, that of Iguisi (1996) was rep-
resentative of two sub basins which are but only a portion of the entire drainage
basin, and therefore could partly account for the contrast in the findings of the
two soil loss investigations. Furthermore, the differences in the methodological
approaches in the two studies could also be accountable for the differences in the
outcomes. While Iguisi (1996) adopted the USLE model in his study, this study
adopted the coupling of RUSLE model and GIS as a study technique. A further
comparison of the findings of this study with that of Amah et al. (2020) reveals a
dissimilarity. With their findings of soil loss of 1373.79 tons-yr™* for Edda-Afikpo
mesas in the lower Cross River watersheds of Nigeria, Amah et al. (2020) com-
pares contrastingly with the findings of this study. The reasons for this dissimilar-
ity of findings could be linked to the differences in the C-factors and K-factors of
the two studies. While the C-factor and K-factor of this study stood at ranges of
026 - 0.55 and 0.535054 - 1 respectively, the C-factor and K-factor of Amah et al.
(2020) stood at ranges of 0 - 0.45 and 0.027 - 0.3 respectively. The findings of this
study also contrasted with the findings of Ugese et al. (2022) who despite the cou-
pling of RUSLE model with RS and GIS techniques to investigate soil loss in a
study area located in Jos East Local Government Area of Plateau State, Nigeria,
reported soil loss which ranged from a tolerable amount of 10 tons-ha™'-yr™ to a
moderate amount of 20 - 50 tons-ha™'.yr! to a critical soil loss amount of >50
tons-ha .yr~!. The contrast in the findings of this study and that of Ugese et al.
(2022) can be attributed to the differences in the R-factors and K-factors of the
two studies. While the R-factor and K-factor of this study stood at ranges of 507.62
- 599.253 and 0.535054 - 1 respectively, the R-factor and K-factor of Ugese et al.
(2022) stood at ranges of 42.9312 - 44.2963 and 0.216 - 0.245 respectively. Overall,
The GIS based estimation of soil loss in the Kubanni drainage basin using RUSLE
model returned a soil loss map which is shown in Figure 8.
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Figure 3. Isoerodent map of Kubanni basin.
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Figure 6. C-factor map of Kubanni basin.
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Figure 8. Soil loss map of Kubanni basin.

Table 1. Values for slope length exponent for LS-factor.

Slope Length Slope
Exponent (n) Gradient (%)
0.2 0-0.106
0.3 0.106 - 0.371
0.4 0.371 - 1.803
0.5 1.803 - 5.144
5>n<6 5.144 - 13.470

Source: Author’s Field Survey, 2023.
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Table 2. NDVI and C-factor for land use classes.

LULC Classes NDVI C-Factor
Built Up Area 0.19 0.41
Water Body -0.1 0.55
Vegetation 0.48 0.26
Farmland 0.3 0.35
Bare Land 0.21 0.40

Source: Author’s Field Survey, 2023.

Table 3. Support practice factor according to the types of cultivation and slope.

Slope (%) Contouring Crf)t;[igng Terracing
0.0-7.0 0.55 0.27 0.10
7.0-11.3 0.60 0.30 0.12
11.3-17.6 0.80 0.40 0.16
17.6 - 26.8 0.90 0.45 0.18

>26.8 1.00 0.50 0.20
Source: Shin (1999).
Table 4. Soil loss profile of the Kubanni drainage basin.
Scale of Soil Loss Spatial Extent Quantity
Unit Soil Loss Per Hectare 28441.482 tons-ha '.yr!
Total Soil Loss Entire Basin 49780.257 tons-yr!

Source: Author’s Field Survey, 2023.

4. Conclusion

The estimation of soil loss using RUSLE model in Idirisi Selva 12 GIS environment
returned an annual soil loss amount of 28441.482 tons-ha™"-yr' and a total soil
loss generated on an annual scale was found to be 49780.257 tons-yr*. The result
of this study satisfies the curiosity as to whether or not soil loss estimation using
USLE model in parts of the Kubanni drainage basin could approximate the soil
loss profile of the entire Kubanni drainage basin. Thus, the result of this study has
laid to rest one of the curiosities for which this study was embarked. The assump-
tion that the applicability of RUSLE model in a study area elsewhere automatically
translates to RUSLE applicability in our study area without the support of any
empirical study was incompetent and illogical. From the results of this scientific
investigation on soil loss, it is safe to assert that the coupling of RUSLE model and
GIS applications for soil loss quantification was found credible for our study area.
The erosivity factor was derived based on case situation without in-situ rain gages.
The support practice factor was obtained cognizant of the prevalence of strip crop-

ping farming practice in the Kubanni basin landscape. The erodibility factor relied
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on the soil test results while cover management factor was obtained using NDVI
rescaling approach. The running of the RUSLE model was carried out in Idrisi
Selva 12 and the performance of the model and output were found credible. The
application of RUSLE model in this study embodied improvements which accom-
modated expanded information of soil erodibility. The utilization of recent data
and modern geospatial tools in this study renders its findings on soil loss germane
and especially bequeath input data for drainage basin managers and conservation-
ists. The study found the coupling of RUSLE model with RS and GIS techniques
for soil loss investigations in our study area to be viable. Future studies of soil loss
estimation in this same study area should incorporate rainfall data obtained from

in-situ rain gages planted across the entire drainage basin.
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