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Abstract  
This study assessed the influence of land use and 

land cover (LULC) changes on sediment yield 

within the River Mu catchment in Benue State, 

Nigeria, over a 42-year period from 1982 to 2024. 

Utilizing Geospatial techniques including remote 

sensing data from Landsat imagery and Shuttle 

Radar Topographic Mission (SRTM), combined 

with GIS spatial analysis and the Revised Universal 

Soil Loss Equation (RUSLE), the research 

quantified changes in LULC and linked these to 

sediment production patterns. Results indicate 

significant expansion in cultivated lands: increase 

change rate of 29.66% with annual change rate of 

0.71%, increased built-up areas with 3.06% with 

annual change rate of 0.07%, accompanied by 

decreases in natural vegetation at a rate of -27.95%, 

corresponding to an annual decrease of -0.67%, 

along with reductions in forest cover at a rate of -

2.43%, with an annual decrease of -0.06% These 

changes contribute to increased soil exposure, 

amplified surface runoff, and enhanced sediment 

detachment and transport. Slope gradient analysis 

shows moderate to steep slopes in the upper and 

middle catchments facilitating erosion, while flat 

lower catchments act as depositional zones. 

Vegetation health assessed through NDVI reveals 

the vulnerability of large parts of the basin due to 

sparse or degraded vegetation cover. Overall, land 

use intensification and vegetation loss are identified 

as key drivers of sediment yield increase, posing 

challenges for watershed management and 

sustainable land use in the region.  The study 

concludes that River Mu catchment has undergone 

significant land use and land cover changes, which 

greatly affects sediment yield in the study area. The 

study recommends sustainable land management 

practices such as reforestation, agroforestry, soil 

conservation, regulation of mining to mitigate these 

risks and protect the catchment's ecological health. 
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I. INTRODUCTION 
Land use and land cover (LULC) changes 

critically influence hydrological processes, soil 

erosion, and sediment yield in river basins globally 

by altering the land surface characteristics that 

control how precipitation interacts with soil and 

vegetation. These modifications affect the volume 

and velocity of surface runoff, soil stability, and 

sediment transport dynamics (Abua et al., 2023). 

Specifically, sediment yield is the mass of sediment 

transported from a catchment to downstream water 

bodies is highly dependent on LULC because 

changes in vegetation cover and land use practices 

regulate soil exposure and erosion susceptibility. 

When land is cleared or converted to intensive 

agricultural use, the protective vegetative cover is 

reduced, exposing bare soils that are more 

vulnerable to detachment and transport by rainfall 

and surface runoff. This leads to increased soil 

erosion and higher sediment yields due to decreased 

soil cohesion and lack of physical barriers to 

sediment movement (Abua et al., 2023; Ade, 2014). 

Conversely, vegetated surfaces help to intercept 

rainfall, increase infiltration, and stabilize soil 

through root systems, which reduces surface runoff 

and traps sediments, lowering sediment yield. 

The impact of LULC on hydrology and 

sediment yield is further intensified by factors such 

as “deforestation, urbanization, and agricultural 

expansion”. Forest loss leads to decreased 

infiltration capacity, resulting in increased surface 

runoff and peak flow rates that exacerbate soil 
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erosion and sediment delivery to waterways. Studies 

reveal that LULC changes over time correspond 

with increased sediment yield especially during 

periods of high precipitation, with peak sediment 

transport occurring in rainy seasons (Bihonegn, 

2023). Moreover, sedimentation from elevated 

sediment yield impairs water infrastructure such as 

reservoirs and dams, reducing their capacity and 

functionality, which has serious implications for 

water supply, hydropower generation, and flood 

management (Bihonegn, 2023). 

In the Nigerian context, sediment yield and 

watershed erosion present significant environmental 

and socio-economic challenges, particularly as they 

impact water quality, reservoir capacity, aquatic 

ecosystems, and flood vulnerability downstream 

(Iorchir, 2018; Vambe, 2021). These challenges are 

especially pronounced in the River Mu catchment in 

Benue State, a notable sub-basin within the lower 

Benue River system. This catchment exemplifies a 

heterogeneous landscape marked by diverse land 

uses, including agriculture, residential settlements, 

and remnants of natural vegetation, all of which 

influence soil erosion and sediment transport 

processes. 

The River Mu basin, which covers 

approximately 1,259.26 square kilometers, is 

characterized by a dendritic drainage system with 

morphometric attributes indicating a generally 

gentle slope, elongated basin shape, and relatively 

high infiltration capacity with low runoff potential 

(Ade, 2014; Iorchir, 2018; and Ocheri et al., 2024). 

These physical characteristics influence how rainfall 

translates into surface runoff and sediment 

mobilization. Soil conditions within the basin are 

typified by loamy and slightly acidic entisols 

derived from the Precambrian basement complex, 

with a transition from sandy topsoil to clayey 

subsoil, which distinctly affects erosion 

susceptibility and sediment yield patterns. 

Previous research has focused 

predominantly on morphometric analysis of the 

basin and identification of key erosion drivers such 

as soil texture, rainfall intensity, slope gradient, and 

land management practices, confirming their critical 

roles in sediment discharge (Ade, 2014; Iorchir, 

2018; Ocheri et al., 2024). For example, steep slopes 

and intense rainfall events amplify surface runoff 

velocity, facilitating soil particle detachment and 

transit into river channels. Likewise, land use 

practices such as conventional farming can 

exacerbate soil exposure and reduce surface 

protection, thereby increasing sediment yield. 

Despite these valuable insights, there 

remains a scarcity of detailed, dynamic studies 

explicitly examining how temporal land use and 

land cover (LULC) changes within the River Mu 

catchment modify sediment generation and 

transport. Given the increasing pressures from 

agricultural expansion, urban sprawl, and 

deforestation, understanding the evolving spatial 

distribution of land cover types is essential for 

predicting sediment flux and informing watershed 

management strategies. Shifts from vegetated cover 

to bare or built-up surfaces are anticipated to elevate 

sediment export due to heightened surface runoff 

and reduced interception capacity, but site-specific 

quantifications in this catchment are limited. 

Furthermore, the sedimentation impact is 

multifaceted, posing threats to water quality by 

increasing turbidity and contaminant loads, 

accelerating reservoir siltation that diminishes water 

storage and hydropower potential, and degrading 

aquatic habitats vital for biodiversity and fisheries. 

These consequences, combined with increased flood 

risks downstream, underscore the urgency of 

comprehensive LULC-sediment dynamics research 

tailored to the River Mu watershed. 

The ongoing transformation of land use in 

the River Mu catchment, driven by expanding 

agricultural activities, urban growth, and 

deforestation, alters hydrological responses and 

sediment delivery patterns, thereby necessitating a 

comprehensive understanding of these linkages for 

effective watershed and sediment control. Changes 

such as the removal of vegetation cover for farming 

or settlement expose soils to enhanced erosion, 

while urbanization increases impervious surfaces, 

affecting infiltration and runoff dynamics (Vambe, 

2021; Ocheri et al., 2024). In light of these 

considerations, this study aims to assess the impact 

of land use and land cover changes on sediment 

yield within the River Mu catchment. Filling this 

knowledge gap offers crucial insights for 

policymakers and land managers to develop 

sustainable land use strategies, mitigate sediment-

related environmental degradation, and improve 

watershed management practices in this important 

Nigerian river basin. 

 

II. MATERIALS AND METHODS 

The Study Area 

River Mu is a tributary of river Benue. 

River Mu drainage basin is located between latitude 

70 45’and 80 00’N, and longitude 80 28’ and 80 32’E 

as shown in figure 1. River Mu takes its source from 

Gboko highland (Apine Village) in Gboko Local 

Government Area of Benue State and flow through 

South Western part of Benue State where it empties 
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its water into River Benue in Makurdi Local 

Government Area of Benue State.  The River basin 

is estimated to have a total area of 156km2 (Ministry 

of water resources Makurdi, 2010) as cited in Ade 

(2014).  

 
Figure 1: Location of River Mu 

 
The soils of the area are typical entisols. 

The soils are loamy, slightly acidic in reaction, less 

leached with very high base saturation derived from 

basement complex rocks. The uniform forms of 

soils are either sandy or clayed; the gradation forms 

are usually a gradual shift from sandy surface soil to 

more clayed sub-soil, while the duplex display an 

abrupt transition from sandy or loamy surface soil to 

compact sub soil kaolinite clay. A most common 

feature of this soil is the movement of clay within 

the profile, a process which tends to produce a 

sandy surface soil rather low in organic matter, 

cation exchange capacity and is unconsolidated, a 

compact sub soil where they have illuviated (Ade, 

2014; and Iorchir, 2018). The area is found within 

the Benue flood plain, with gentle slopes, undulating 

and punctuated by few elevated lands above its 

surrounding within the Mu drainage basin area. The 

Gboko hills are located within the Benue trough and 

are granitic in nature with elevations of about 400-

650 meters above sea level and high altitude makes 

many rivers to take their sources from Gboko hills 

and flow in different directions (Ministry of water 

resources, 2010). River Mu, takes its source from 

Gboko highlands and flow through the South 

Western Benue where it empties its water into River 

Benue. River Mu has many tributaries such as; Ngo, 

Ahum, Atseen, Bisagu. Adebe and Vue. Human 

activities are mainly agriculture, producing crops 

like rice, maize, cassava, and yam, often using 

slash-and-burn methods that expose soil to erosion 

risks, worsened by land clearing and surface runoff. 

Expanding built-up areas with poor drainage 

systems amplify surface runoff, increasing soil 

erosion risk, indicating a need for better runoff 

control measures in the basin. 

 

III. METHODS 

The method for collecting data on land 

use/land cover involved the use of Geospatial 

techniques. Two types of data; remote sensing data 

and topographic map of the study area was used. 

The Landsat imagery dataset was sourced from the 

Earth explorer platform from United States 

Geological Surveys (USGS). A topographic map of 

Benue State was used as a guiding map for 

extraction of study area satellite images for 

processing. Changes in land cover was measured 

using time series of remotely sensed data (Landsat 

TM, ETM and OLI). Dry season images of the four 

data sets was acquired from November to March in 

order to reduce the effects of clouds that are 

prevalent during the rainy season.  Ancillary data 

include the ground truth data for the LU/LC classes. 

The ground truth data was in the form of reference 

points collected using Geographical Positioning 

System (GPS), high resolution Google earth images 
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were used to aid in classification and overall 

accuracy assessment of the classification results. 

In order to identify the changes in land use, 

satellites images were classified to produce the land 

use/land cover maps where their physical and 

quantitative extents were obtained. This was to 

enable the determination of information on built-up 

area, agricultural land and vegetation coverage. All 

images were processed accordingly before further 

use. This involved pre-processing and classification. 

Pre-processing which involved geometric 

corrections and removing all distortions in positions 

and radiometric corrections which removed 

distortions resulting from reflection was carried out. 

A subset of the study area was extracted from the 

large image. These were carried out using ArcGIS 

10.5 software. 

Image pixels were grouped into different land uses 

as outlined in the classification scheme through a 

process called classification. A supervised 

classification method was used because of its high 

accuracy. This was carried out using ArcGIS 10.5 

software. The classification scheme is shown in 

Table 1. 

 

Table 1:  Land use/land cover classification scheme 

S/No. Land Use/ Land Cover Type Interpretation 

 

1 

 

Built-up Area 

 

Villages, Urban Areas, Open Spaces/Recreational Areas, 

Commercial Areas, Institutional Areas 

2 Natural Vegetation  Shrub/Grassland, Forest cover, Riparian Vegetation  

3 Forest  Forest cover, Riparian Vegetation 

4 

 

5 

6 

Agricultural lands 

 

Water bodies 

Bare surfaces  

 

Actively Cultivated Lands, Uncultivated Farm Lands, 

Rainfed Agricultural Lands and Irrigation Agricultural 

Lands 

River, ponds and lakes 

Ground surface without grasses, devegetated lands and bare 

rocky surfaces   

 
 
Determination of the extent and rate of changes 

that have taken place in land use/land cover in 

the Study Area 

Calculations of changes that have taken 

place in the land uses were performed by calculating 

the area (Km²) of each land use in their respective 

years using ArcGIS 10.5. These figures were copied 

and taken to a Microsoft Excel environment for 

further calculations. 

Calculating the extent and rate of changes involved 

the three following steps: 

i. Calculating the magnitude of 

change 

ii. Percentage of change 

iii. Calculating the annual rate of 

change. 

Magnitude of change 

Calculating the magnitude of change 

involved subtracting the area of the beginning year 

from that of the end year as shown in the equation 

presented in equation 1. 

C = 𝐸 − 𝐵…………… . . … . (1) 
Where;  

C = Change 

E = Area of the End year 

B = Area of the Beginning year 

Percentage change  

Percentage change was calculated by 

subtracting the beginning year from the end year 

divided by the beginning year and multiplied by 100 

as shown in equation 2. 

%𝐶 = (
𝐸 − 𝐵

𝐵
)100……………… . . (2) 

Where  

%C = Percentage Change,  

E = Area of the End year,  

B = Area of the Begin year 

Annual rate of change 

In calculating the annual rate of change, the 

change (the difference between the two years) was 

divided by the number of study years as shown in 

equation 3. 

𝐴𝑅𝑂𝐶 = (
𝐸 − 𝐵

𝑁
)…………… . . (3) 

Where  
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AROC = Annual Rate of Change 

 E = Area of the End year 

 B = Area of the Begin year  

N = Number of the Study years 

 

IV. Results and Discussion 

4.1Land use/Land cover change along River Mu 

Land use/land cover plays important role in 

erodibility and sediment yield in any geographical 

entity. For this study, land use/land cover change 

has been focused on built up areas (settlements), 

water bodies, cultivated lands (agricultural lands), 

bare surfaces, forested areas and natural vegetation 

for 42 years (1982-2024). The land use/land cover is 

shown in figure 2, and 3 and the area statistics of 

land use/land cover change is shown in Table 1. 

 

 

 

Figure 2: Land use/land cover along River Mu channel 

 

Table 1: Area Statistics of land use land cover in River Mu and its environs for 42 years in 

Benue State (1982-2024). 

LULC Type 1982 2024 Magnitude change Annual magnitude 

change  

   

km2  

 

% 

 

Km2 

 

% 

 

Km2 

 

% 

 

Km2 

 

% 

Settlements 25.96 0.80 124.73 3.86 98.77 3.06 2.352 0.073 

Water bodies 45.67 1.41 45.63 1.4 -0.04 -0.01 -0.001 -0.0002 

Vegetation 1822.60 56.37 918.7 28.42 -903.9 -27.95 -21.521 -0.6655 

Forest 522.23 16.15 443.66 13.72 -78.57 -2.43 -1.8707 -0.0579 

Agricultural 

lands 

734.14 22.71 1693.13 52.37 958.99 29.66 22.83 0.706 

Bare lands 82.53 2.56 7.28 0.23 -75.25 -2.33 -1.7917 -0.0555 

Total 3233.13 100 3233.13 100     
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Figure 3:  Land use/land cover change 

Land Use and Land Cover Change 

(LULCC) analysis is critical for understanding 

environmental transformations, hydrological 

responses, and ecological sustainability within a 

watershed. The River Mu catchment has undergone 

significant LULCC between 1982 and 2024, as 

evidenced in table 1, figure 2 and 3 respectively. 

It was observe in Table 1 that the period 1982-2024 

experienced increased cultivated land from 

734.14Km² (22.71%) to 1693.13Km²  (52.37%) 

representing a change of 958.99Km² (29.66%) with 

annual rate change of 22.83Km² (0.706%) per year. 

The change observed in cultivated land was positive 

and indicating that from the year 1982 to 2024 

cultivated land increased. This showed that 

cultivated land represented 52.37% of the River Mu 

within the 15km buffer. Farming activities in the 

study area have been on the increase with effects on 

hydrological processes in the study area. This is 

because cultivated lands expose the soils to 

desiccation and direct raindrop impact which could 

enhance soil detachment and entrainment and as a 

result generate sediment when comes in contact with 

torrential rainfall. The major agricultural practices 

observed in the field around River Mu during the 

course of this research were mainly cultivation of 

grains and root crops. These agricultural activities 

especially tilling of the soil impact the environment 

in different ways. The traditional practice of slash 

and burn agriculture is still practiced in the study 

area. The clearing of land for farming exposes the 

land to direct raindrop impact especially during 

onset of rains. This enhances the dislodgement of 

loose parts of the earth which leads to erodibility, 

especially areas with unconsolidated sandy soils 

areas of light vegetal cover, mining and burnt brick 

laying on River banks as observed in the in River 

Mu buffer zone. Also, the traditional method of 

making heaps and ridges along River Mu plays 

significant role in enhancing surface runoff, when 

the heaps and ridges are made along slopes. The 

trenches in between the ridges become the source 

points for the initiation of erosion and as a result 

yield sediment. With the large size of cultivated land 

in the study area (1693.13Km²), agricultural 

practices especially farming activities have been 

observed to contribute to  soil desiccation and 

increased surface runoff downslope that influenced 

erosion in some areas such as Gungun, Orkula, in 

the middle course of the River among others; which 

in turn degrade and destroyed the farm lands.  This 

finding corroborated with that of Mahmud & Umaru 

(2018) in Bida town, Niger State, where increased 

cultivated land from 10304.280km2 in 2005 to 

11334.708km2 in 2015, with an increase of 22% 

was found to have influenced the intensity of gully 

erosion in the area. Plate 3 shows a typical method 

of making ridges in the study area.  
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Plate3: Cleared and cultivated land for crops in the middle section of the River Mu 

 
The extent and rate of change of vegetation 

cover as shown in Table 1 showed that vegetal cover 

decreased from year 1982-2024. The vegetation 

cover decreased from 1822.60Km² (56.37%) to 

918.70Km² (28.42%) depicting a change of -

903.9Km² (-27.95%) at an annual rate of -

21.521Km² (-0.6655%). The period 1982-2024 

experienced a declining change in vegetation cover 

of -21.52km2 (-0.6655%) yearly. The vegetation 

cover in the study area showed that there has been a 

high rate of loss in vegetal cover in the study area. 

This is attributed to increased agricultural activities 

in the study area especially farming activities and 

lumbering. The present total vegetal cover 

represents only 918.70km2 (28.42%) around River 

Mu drainage basin. The total vegetation coverage in 

the study area is considered low. The rapid decline 

in vegetation is attributed to anthropogenic factors 

in the study area such are farming, burning, 

lumbering, bricks laying and constructional 

activities. A good vegetal cover shields the soil from 

the impact of raindrops. It also binds the soil 

together, making it more resistant to runoff. Vegetal 

cover provides organic matter which binds soil 

particles together, slow runoff and increase 

infiltration rate.  Natural vegetation helps to bind 

loose soil on slope and it reduces the frequency of 

overland flow by encouraging infiltration. The 

removal of vegetal cover for agricultural activities 

and constructional purposes exposes the land 

surface to direct raindrop impact especially during 

high rainfall amount and intensities. The study area 

experiences rainfall intensities from light rainfall to 

extremely high rainfall intensities.  The high and 

extremely high rainfall intensities especially from 

August to October are capable of exerting intense 

energy on the earth surface, especially in areas 

where vegetal cover is limited and loose particles of 

soils will be detached and entrained downslope there 

by generating sediments. 

Cutting of trees for firewood and building 

of houses are some of the major causes of loss in 

vegetal cover over the 42 years in both urban and 

rural parts of the basin. The inhabitants of the study 

area use firewood as a major means of cooking and 

timber for roofing of houses. The increased built-up 

area as observed by the researcher implied that 

houses built especially in urban settlements of the 

study area especially in the lower course of the 

River Mu, around Tyo Mu, Airforce base were 

roofed using timber gotten from cut down trees; 

except in some rural parts of the basin that contains 

thatched houses that are not necessarily roofed with 

timber at the upper and middle course of River Mu. 

Vegetation loss in the study area therefore, was 

considered as one of the major drivers or factors of 

soil erosion and sediment yield. It was also observed 

by the researcher that the gallery forest on River Mu 

especially in the middle and lower course of the 

River were deforested and as a result during rainfall 

it affects River bed width, shoulder width and 

collapse of River banks there by increasing sediment 

yield in the river bed. This findings confirms the 

study of Udosen (2013) in his study of gully erosion 

factors and consequences in Uyo which noted that, 

deforested areas were exposed to raindrop impact 

that led to soil entrainment and transportation, 

thereby creating erosion. Plate 4 and 5shows 

excavation sites for burnt bricks that contributes to 

river bank collapse which increases sediment yield 

in River Mu lower course, and cut down tree which 

decreases vegetation cover that causes river banks 

collapse. 
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Plate4: Excavation site for burnt bricks laying in the lower course of the river at Fiidi 

 

 

 
Plate5: Evidennce of  cut down trees at Aperepe in the middle course of River Mu 

 
It is observed in Table 1 that from 1982-2024 there 

was an increased change in built-up area from 

25.96Km² (0.80%) to 124.73Km² (3.86%). Built-up 

area increased by 98.77Km² (3.06%) at a rate of 

2.352Km² (0.073%) annually. The extent of built-up 

area in the River Mu and its environs increased from 

25.96Km² in 1982 to 124.73Km² in 2024. This 

showed the extent of increase in the amount of 

pavements and roof tops that could contribute to 

surface runoff in the area. Where there is high 

percentage of pavement and roof tops that could 

impede infiltration, surface runoff may increase if 

there are no drains to contain it. However, built-up 

area represented only 3.86% of the River Mu within 

the buffer zone of 3233.13km2. The implication on 

hydrological and geomorphological processes such 

as erosion and sedimentation is that, pavements or 

concreted surfaces and roof tops are small in the 

study area and therefore their impact on surface 

runoff along concentrated channels will be minimal. 

In the urban areas along River Mu at its lower 

course such as Tyo Mu, Airforce base, Fiidi and Mu 

mouth among others housing development, 

construction of houses and drains among other 

watershed disturbances, have influence on erosion 

and sedimentation in River Mu in one way or the 

other. The creation of pavements due to housing and 

road development, have implications on the 

magnitude of runoff generated in the area. In areas 

where mining and laying of burnt brick are 

concentrated as observed in the lower course of the 

River at Fiidi and Airforce, during high rainfall 

especially from August to October the volume of 

runoff is increased their by removing 

unconsolidated particles from the mining pit, 

creating rills erosion and entraining those particles 

in the River bed as sediments.  
 

This has implication on sedimentation in 

the area, because when runoff is concentrated, and 

the velocity of runoff is increased and coming in 

contact with bare surfaces and human activities that 

make the soil dislodge and unconsolidated, soil 

erosion and sedimentation results. This situation 
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probably influenced the erosion and sedimentation 

in some parts of the urban areas along River Mu as 

observed in Tyo Mu, Airforce base, Fiidi and Mu 

mouth. These findings confirmed that of Mahmud 

&Umaru (2018) in Bida town, Niger State where it 

was observed that built-up area increased from 

12880.350km2 in 1995 to 15971.638km2 in 2015, 

with a 31% increase in built-up land; and was found 

to have influenced the gullies in Bida town over the 

years resulting from increased surface runoff 

especially in areas with limited drains.  
 

Data on forest as observed in Table 1  

showed that from 1982-2024 there was a decreased 

change in forest from 522.23Km² (16.15%) to 

443.66Km² (13.72%). Forest area decreased by -

98.57Km² (-2.43%) at a rate of -1.8707Km² (-

0.0579%) annually. A decrease in forest cover 

affects erodibility and sediment yield in River Mu 

due to its vital role in stabilizing soils, reducing 

runoff, and enhancing infiltration. Erodibility is the 

susceptibility of soil to erosion, influenced by soil 

properties and land cover. Forests act as a protective 

barrier against erosive forces like rainfall impact and 

overland flow. Tree canopies intercept raindrops, 

reducing their energy before reaching the soil. Plant 

roots bind soil particles, improving soil cohesion 

and reducing susceptibility to detachment. When 

forests are removed, soil becomes more exposed to 

rainfall and wind, increasing its erodibility. Forest 

removal leads to increased surface runoff, as 

infiltration capacity declines. Litter layers and 

undergrowth that normally trap sediment are 

reduced, allowing more particles to be washed into 

the River. Construction, logging, or agriculture 

following deforestation disturb soil, increasing loose 

material available for transport. The findings is in 

line with the submission of  Mohammed et al. 

(2024) who studied Kaduna River Basin 

demonstrated through GIS and RUSLE modelling 

that deforestation hotspots were sediment yield 

hotspots. 
 

Bare lands were also presented in Table 1 

between 1982-2024 and it showed that there was a 

decreased in bare lands from 82.53Km² (2.56%) to 

7.28Km² (0.23%). Bare lands decreased by -

75.25Km² (-2.33%) at a rate of -1.7917Km² (-

0.056%) annually. A decrease in bare lands and an 

increase in vegetation cover along River Mu have 

significant positive implications on erodibility and 

sediment yield. In contrast to forest loss, which 

typically increases erosion and sediment transport, 

reducing bare land cover helps stabilize soil, reduce 

erosion, and lower sediment delivery into river 

systems. The decreased in bare lands improved soil 

structure, as vegetation replaces bare land, root 

systems bind the soil, increasing its aggregate 

stability. Plant canopies intercept raindrops, 

lessening their erosive force on the soil surface. 

Decaying plant material enriches the soil, improving 

infiltration and resistance to erosion. In River Mu, 

especially during the rainy season, bare soils are 

highly vulnerable to sheet and rill erosion. Reducing 

bare patches would lower erodibility and enhance 

soil resilience, particularly on sloped terrain along 

the river valley. Vegetation acts as a sediment trap, 

grass and shrubs slow down overland flow, allowing 

sediments to settle before reaching the River. 

Sediment delivery into River Mu is currently 

influenced by agricultural clearance, seasonal 

exposure of lands, and unregulated sand mining. A 

decrease in bare land would directly translate into 

reduced sediment inflow, especially during peak 

rainfall months (August-October), thus reducing the 

risk of siltation, turbidity, and reservoir 

sedimentation downstream.  But in River Mu the 

decrease in bare lands of -2.33 is insignificant to 

cause that change of area coverage of 3233.13km2. 

This shows that annually the bare lands are 

decreased by -0.056% and will not have much 

impact on erodibility and sediment yield in the study 

area. The vegetation of the area is subjected into 

normalized difference vegetation index. 
 

4.2 Normalized Difference Vegetation Index 

(NDVI) 

Vegetation plays a crucial role in regulating 

sediment yield within a watershed. The presence, 

health, and density of vegetation can significantly 

influence erosion processes by stabilizing the soil 

and reducing surface runoff. To accurately assess 

the vegetation cover and its changes over time in the 

River Mu drainage basin, this study employed the 

Normalized Difference Vegetation Index (NDVI) a 

satellite derived index widely used in environmental 

monitoring and land surface analysis. The 

documented and default NDVI equation was 

adopted for this work is as follows:  

𝑁𝐷𝑉𝐼 = (
𝐼𝑅 − 𝑅

𝐼𝑅 + 𝑅
)…………… . . . (4) 

Where; 

IR = pixel values from the infrared band  

R = pixel values from the red band  

 

Satellite imagery of the catchments was used to 

generate the Normalized Difference Vegetation 

Index and substituted in an NDVI based assessment 

C factor equation. 

𝐶 = exp (
−𝛼𝑁𝐷𝑉𝐼

𝛽1 + 𝑁𝐷𝑉𝐼
)………………… . (5) 
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The map in figure 4 showed the NDVI along River Mu. 

 

 

 
Figure 4: Normalized Difference Vegetation Index (NDVI) 

 
The Normalized Difference Vegetation 

Index (NDVI) as shown in figure 4 is a robust 

indicator used in remote sensing to assess vegetation 

density and vigour. In drainage basins, NDVI helps 

to identify areas with high erosion potential by 

indicating where vegetation cover is sparse or 

degraded, thereby influencing both soil erodibility 

and sediment yield (Iortyer&Igbawua, 2018).The 

NDVI map illustrates the spatial distribution of 

vegetation health and density within the River Mu 

drainage basin, based on satellite imagery analysis. 

Very Low to Low NDVI zones dominated the map, 

especially in the middle and upper course of the 

basin, including areas such as Agbenga, Bojov and 

Gbajimba among others. This indicates areas with 

sparse or degraded vegetation cover, likely due to 

agricultural activities, deforestation, or urbanization. 

Areas with moderate NDVI are scattered throughout 

the basin, indicating patches of fair vegetation 

health. This transitional state could result from 

seasonal variation in vegetation, fallow lands, or 

intermediate land uses. 

Areas of high to very high NDVI are 

relatively rare but are concentrated in the lower 

course of the basin near Makurdi and Gbajimba, as 

well as some localized patches in the Upper course 

of the River. They represent zones of dense and 

healthy vegetation. The dominance of low NDVI 

areas suggests that large portions of the River Mu 

basin are vulnerable to soil erosion, especially 

during the rainy season. Sparse vegetation offers 

little resistance to rainfall impact and surface runoff, 

which can lead to increased sediment detachment 

and transport into the river system. Agricultural 

activities in areas like Bojov, Bukem, and 

Amogichur, which show low vegetation cover, are 

likely significant contributors to sediment yield. 

Reduced vegetation cover can alter hydrological 

processes by increasing surface runoff and 

decreasing infiltration, which contributes not only to 

erosion but also to flash flooding downstream. 

Findings corroborated with that of Mohammed, 

Musa &Nwankwoala (2024) who used GIS and 

NDVI analysis in Kaduna River Basin and linked 

low vegetation zones directly to high erosion 

susceptibility paralleling patterns now observed in 

River Mu. The findings also aligned with the 

submission of Udo & Essien (2018), who 

demonstrated that loss of vegetation in small 

catchments in southern Nigeria directly 

corresponded to rising sedimentation rates and 

hydrological instability. Figure 5 shows how canopy 

and riparian vegetation  cover has declined from 

1982 to 2024 enabling rain drop impact on soil 

causing detachment, erosion and sediment yield in 

River Mu.  The canopy and riparian forest deposit of 

River Mu and its environs is shown in figure 5 and 

figure 6 shows the sediment hot spot. 
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Figure 5: Canopy and riparian forest deposit of river mu and its environs 

 

Figure 6: Sediment yield hot spot in River Mu 
 

4.3 Slope Gradient along River Mu 
Slope is one of the important factors that 

influence the rate of erosion in any geographical 

entity. Slope measurements were taken from the 

river bank to 100 metres away from the river 

channel. Slope measurement along River Mu on 

both banks is presented in table figure 7, 8 and 9. 
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Figure 7: Slope at the upper course of River Mu 
 

Information presented in table figure 7 

showed that slope inclination in the upper river 

sections on both banks. 10 sampled points were 

considered on each river bank at the upper course. 

In the upper section of the river, bank A has slope of 

3.6-5.90, while bank B has from 3.40 -5.20 and both 

banks in the upper course recorded its peak at Apine 

1.  River Bank A is characterized by a linear 

regression equation of y=−0.1648x+5.2067 while 

River Bank B showed a linear regression equation 

of y=−0.1091x+4.74 and this demonstrated that the 

upper course of the river moderate slope gradually 

decreases downslope on both banks. This showed 

that in the upper course of the river the area is 

moderately sloppy on both banks based on the 

USDA slope classification. Moderate slope nature of 

the terrain in the study area encourages erosion to 

take place combined with other factors such as 

nature of soils and rainfall intensity in the area. This 

is an erosional zone of run off production because of 

sloppy nature of the terrain.  

 
Figure 8: Slope at the middlecourse of River Mu 

 
Information presented in table figure 8 

showed that in the middle section of the river the 

area has the slope angle ranges from 2.70-3.50 on 

bank A while bank B has 2.20-4.30. The trend line 

on both banks showed that slope decreasing as the 

channel elongates down to its lower course. The 

middle course of the river on the other hand, based 

on the classification by USDA the area is undulating 

but more subtle compare to the upper course of the 

river. The undulating slope in the middle course 

combined with other factors such as high rainfall 

amount, the nature of soil, anthropogenic 

disturbances encourages erosion (erodibility) in the 

area. 
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Figure 9 Slope at the lower course of River Mu 

 
Information presented in table figure 9 

showed that in the lower section of the river on bank 

A shows slope of 00-1.40 while bank B has 0.10-1.30. 

Based on USDA the slope in the lower course of the 

river the slope are flat. Both banks are flat and so 

formed a depositional zone where materials that 

moved upslope get deposited. Water accumulates 

here and widens the river channel at this point. The 

low gradient in the lower course reduces the river's 

energy to erode the riverbed and banks. This leads 

to a higher rate of sediment deposition, as the river's 

velocity decreases. The data shows a consistent 

decline in slope from Tyo Mu 1 to Fiidi, aligning 

with the natural process where sediment settles out 

as the river slows, forming features like floodplains 

or deltas near the mouth. The flat slope enables the 

accumulation of finer sediments (e.g., silt and clay) 

carried from the upper and middle courses. The flat 

slope contributes to meandering and the 

development of wide, flat channels. This can 

increase sediment yield in terms of lateral deposition 

along the banks, potentially affecting land stability 

and agricultural land use in the study area. This is in 

conformity with Ade (2014), and Iorchir (2018) 

which stated that slope is not a factor that caused 

soil erosion in the lower section of a River. The 

study therefore concludes that erosion in the upper 

and the middle section of river Mu is as a result of 

the moderately sloppy terrain combined with other 

factors such as heavy rainfall, soil properties and 

human activities (construction, bricks laying, 

farming). Figure 35 showed the DEM along River 

Mu. 
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Figure 10:  Digital Elevation Model (DEM) of River Mu 

 

Digital Elevation Model (DEM) of the 

River Mu Catchment is shown in figure 10. DEMs 

are essential tools in hydrological and 

geomorphological analyses, providing a 3D 

representation of terrain elevations which can be 

analysed to derive slope, aspect, drainage networks, 

and watershed boundaries (Burrough& McDonnell, 

1998). The upper catchment of the River Mu is 

characterized by moderate, high and very high 

slopes, indicating steep terrain. This topography 

suggests a greater potential for surface runoff, 

higher erosion risk, and rapid sediment transport. 

The findings agrees with the submission of Ocheri 

et al. (2024) who conducted a morphometric 

analysis of the River Mu sub-basin and found that 

the basin exhibits a dendritic drainage pattern with a 

bifurcation ratio of 4.62 and a drainage density of 

0.40 km/km², indicative of moderate to low runoff 

potential and a gentle slope. However, the presence 

of steep slopes in certain areas can lead to increased 

overland flow and sediment detachment, 

contributing to downstream sedimentation. 
 

The middle catchment transitions into 

moderate slopes with interspersed high slope zones, 

indicating mixed terrain with moderate erosion 

vulnerability. This variability in slope can influence 

the flow velocity and sediment transport capacity of 

the river, affecting the geomorphological processes 

within the catchment. Kassahun, et al (2024) have 

shown that areas with moderate slopes are 

susceptible to both erosion and deposition processes, 

depending on the size of materials, land use and 

vegetation cover. 
 

The lower catchment is dominated by low 

and very low slopes, characteristic of flatter 

floodplains. These areas are more prone to flooding, 

waterlogging, and sediment deposition. The gentle 

slopes facilitate the accumulation of sediments 

transported from the upper catchment, creating 

fertile lands suitable for agriculture and human 

settlements. However, the flat terrain also increases 

the risk of flood hazards, necessitating effective land 

use planning and flood management strategies. 

 

V. Conclusion 
River Mu catchment has experienced 

profound LULC changes that significantly impact 

sediment yield and erosion processes. Expansion of 

agricultural lands and urban settlements, combined 

with deforestation and reduced vegetation cover, has 

heightened soil susceptibility to erosion. The 

catchment's slope characteristics further exacerbate 

sediment mobilization upstream, resulting in 

sedimentation downstream. These trends threaten 
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water quality, agricultural productivity, and 

infrastructure, necessitating integrated watershed 

management approaches to mitigate erosion and 

sedimentation risks. The study recommends 

implementation of sustainable land management 

practices such as reforestation, agroforestry, and soil 

conservation measures. Regulation of mining, 

bricklaying, and uncontrolled urban expansion 

should be enforced. Enhancing vegetative buffers 

along riparian zones and promoting controlled 

farming techniques to minimize soil disturbance 

could substantially lower sediment detachment. 

Additionally, community awareness and 

involvement in conservation efforts, supported by 

local government policies and GIS-based 

monitoring, are essential for maintaining the 

ecological health and resilience of the catchment. 
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