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Abstract 

Soil erosion constitutes one of the most serious environmental threats affecting land productivity, ecosystem 

stability, and rural livelihoods across semi-arid Nigeria. This study assessed the effects of soil erosion on the Biu Plateau, 

Borno State, and identified the management strategies adopted to mitigate its impacts. A combination of Geographic 

Information System (GIS) and Remote Sensing (RS) techniques was applied to model erosion susceptibility using the 

Revised Universal Soil Loss Equation (RUSLE) framework. Spatial layers representing rainfall erosivity (R), soil 

erodibility (K), slope length and steepness (LS), land cover (C), and conservation practices (P) were generated, analyzed, 

and integrated to produce an erosion risk map. The results revealed that approximately 42% of the Biu Plateau area 

exhibits moderate to high erosion susceptibility, while 18% is classified as severe to very severe. The most affected zones 

correspond to steep slopes and deforested or intensively farmed areas. The effects of erosion include reduced soil 

fertility, sedimentation of rivers and reservoirs, infrastructure damage, and declining agricultural productivity. Mitigation 

measures observed in the region include contour farming, agroforestry, stone bunds, vegetative cover restoration, and 

community-based land management practices. The study concludes that GIS and RS tools provide valuable insights for 

spatially targeted erosion control planning. It recommends integrating scientific modeling with local knowledge, 

enforcing land-use policies, and promoting sustainable land management practices to enhance soil conservation and 

reduce environmental degradation in the Biu Plateau region. 
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Introduction  

Background to the Study 

Soil erosion is a global environmental challenge, significantly impacting agriculture, water resources, and ecosystem 

sustainability. On the Biu Plateau in Borno State, Nigeria, the combination of natural and anthropogenic factors has 

heightened erosion risks, leading to land degradation and loss of arable land. The plateau’s unique terrain, characterized 

by steep slopes and shallow soils, amplifies erosion, particularly during the rainy season, when intense rainfall dislodges 

topsoil and fosters rapid runoff (Ali et al., 2021; Ogundele et al., 2019). This situation necessitates comprehensive 

studies to assess and model soil erosion susceptibility in the region. 

Erosion processes are influenced by climatic variables, especially rainfall erosivity. The high intensity of rainfall 

in Northern Nigeria, including the Biu Plateau, contributes significantly to the detachment and transportation of soil 

particles. Research by Usman et al. (2020) highlights the vulnerability of semi-arid regions to water-induced erosion due 

to prolonged dry spells followed by torrential rains. Such climatic patterns, coupled with sparse vegetation, exacerbate 

the erosion susceptibility of the plateau. The role of topography cannot be overlooked in assessing erosion dynamics. 

Slope steepness and length significantly influence runoff velocity and soil displacement. Studies have shown that the Biu 

Plateau’s rugged terrain predisposes it to gully and sheet erosion, leading to severe land degradation (Oyinlola et al., 

2020; Ishaku et al., 2019). The absence of terraces and other slope-stabilizing structures worsens the situation, 

underscoring the need for targeted conservation strategies. 

Human activities, including deforestation, overgrazing, and unsustainable farming practices, further accelerate 

soil erosion. These activities reduce vegetation cover, leaving the soil vulnerable to erosive forces. Daramola et al., 

(2017) found that agricultural expansion in Northern Nigeria often prioritizes immediate productivity over long-term soil 

health, contributing to erosion and desertification. On the Biu Plateau, these practices have led to reduced soil fertility 

and diminished agricultural outputs, threatening food security. Policy support is equally vital in addressing the challenges 

of soil erosion. Effective land-use regulations and incentives for adopting conservation practices can significantly reduce 

erosion risks. Okonkwo et al., (2018) advocated for government-led initiatives, such as afforestation programs and 

erosion control structures, to complement community efforts. 

Erosion modeling on the Biu Plateau must also consider the potential of traditional knowledge in mitigating soil 

loss. Local practices, such as contour farming and the use of organic mulch, have been effective in reducing runoff and 

enhancing soil fertility (Ogundele et al., 2019). Integrating these practices with modern technologies can yield 

sustainable solutions tailored to the region's needs. The lack of adequate data on soil erosion in the Biu Plateau poses a 

challenge for comprehensive modeling and intervention. Ishaku et al., (2019) noted that data gaps often limit the 

accuracy of predictive models, emphasizing the need for continuous monitoring and data collection. Collaboration 

between researchers, policymakers, and local communities is crucial for overcoming this limitation. 

Future research should focus on refining erosion models to incorporate the effects of climate change, land use 

dynamics, and socio-economic factors. Innovative technologies, such as drone mapping and machine learning, hold 

promise for enhancing the accuracy of erosion assessments (Kari et al., 2021). These advancements can provide 

actionable insights for sustainable land management. 

 

Statement of the Problem 
Soil erosion has emerged as a critical environmental challenge worldwide, with particularly severe 

consequences in regions like the Biu Plateau in northeastern Nigeria. This area, characterized by fragile soils, steep 

topography, and increasing human activity, faces accelerated rates of erosion. The loss of fertile topsoil has a cascading 

effect on agricultural productivity, directly impacting food security and the livelihoods of communities dependent on 

farming (Lal, 2019). Despite its significance, there is insufficient localized research to address soil erosion’s specific 

causes and effects on the Biu Plateau. 

Human activities, such as deforestation and unsustainable agricultural practices, exacerbate the natural 

vulnerabilities of the Biu Plateau. Large-scale clearing of vegetation for farming and grazing has left soils exposed, 

leading to higher rates of surface runoff and erosion. The lack of awareness and implementation of effective soil 

conservation strategies further aggravates this problem, leaving vast areas of the plateau unproductive and degraded 

(Panagos et al., 2015). 

      Climate variability intensifies the susceptibility of the Biu Plateau to soil erosion. The area experiences erratic 

rainfall patterns that include heavy downpours, which create runoff that washes away valuable topsoil. Additionally, the 

growing effects of climate change have led to prolonged dry spells alternating with intense rainfall, conditions that 

heighten soil erosion risks. Without adaptive management strategies, the plateau is increasingly vulnerable to 

environmental degradation (Rahman et al., 2020). There is also a critical knowledge gap in mapping and predicting areas 

most susceptible to erosion on the Biu Plateau. Existing soil erosion models, such as the Universal Soil Loss Equation 

(USLE), are often applied generically and do not consider the plateau’s unique geographical and socio-economic 

characteristics. This lack of tailored approaches makes it difficult to design effective mitigation measures or prioritize 

areas for intervention (Boardman and Poesen, 2017). 

Socio-economic consequences further complicate the issue. As soil erosion reduces land productivity, farmers 

are forced to expand cultivation into marginal lands, accelerating deforestation and ecosystem loss. This cycle creates a 
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feedback loop of degradation and poverty, with long-term consequences for both the environment and the livelihoods of 

local communities. The displacement of communities due to land unavailability also contributes to rural-urban migration, 

placing additional pressure on urban centers (Montgomery, 2017). 

Finally, the limited integration of policy frameworks and stakeholder involvement hinders effective responses to soil 

erosion. Governmental and non-governmental efforts in soil conservation are often fragmented, lacking the coordination 

necessary for large-scale impact. This policy vacuum, combined with insufficient community engagement, means that 

soil erosion continues to threaten the environmental sustainability and socio-economic stability of the Biu Plateau 

(WOCAT, 2020). 

 

Aim and Objectives 

This study aims at evaluating and modeling of susceptibility to soil erosion on the Biu plateau, Borno state 

Nigeria. 

The specific objectives are to; 

i. To map out areas susceptible to soil erosion on the Biu plateau. 

ii. Examine the factors that determine susceptibility to soil erosion on the Biu plateau. 

iii. Determine the effects of soil erosion in the Biu plateau region. 

iv. Identify the management strategies used in mitigating soil erosion susceptibility. 

 

Research Questions 

i. What are the areas more susceptible to erosion on the Biu plateau? 

ii. What is the most influential factor that determines susceptibility of soil erosion on the Biu plateau? 

iii. What are the effects of soil erosion in the Biu plateau region? 

iv. Which is the appropriate and effect management strategies address soil erosion Biu plateau? 

 

Literature Review 

Soil erosion, a natural process accelerated by anthropogenic activities, has been extensively studied due to its 

environmental and socio-economic implications. It refers to the detachment, transport, and deposition of soil particles by 

agents such as water, wind, and gravity. Studies by Montgomery (2017) and Lal (2019) emphasize that while soil erosion 

is a global phenomenon, its effects are particularly severe in areas with fragile ecosystems, such as sub-Saharan Africa. 

Erosion leads to loss of arable land, reduced agricultural productivity, and sedimentation in water bodies, creating 

widespread ecological and economic challenges. 

 

Factors Contributing to Soil Erosion 

The determinants of soil erosion include climatic conditions, soil properties, topography, vegetation cover, and 

human activities. According to Panagos et al., (2015), intense rainfall events are a primary driver of water erosion, 

especially in regions with steep slopes and poor vegetation cover. The interplay of these factors varies by region, 

necessitating localized studies to understand and mitigate erosion effectively. 

 

i. Climatic Factors 

Climate plays a central role in soil erosion, primarily through rainfall and wind. Heavy rainfall, particularly 

when concentrated over short periods, can detach soil particles and lead to runoff, as observed by Panagos et al., (2015) 

in Mediterranean environments. Rainfall intensity and frequency determine the kinetic energy available to dislodge soil 

particles, a process exacerbated in regions prone to torrential rains like Nigeria's southeastern states (Amangabara and 

Onyinyechi, 2021). Wind, another climatic agent, causes erosion in arid and semi-arid areas, as noted by Ravi et al., 

(2020), with strong gusts transporting fine soil particles over vast distances. 

 

ii. Soil Properties 

The intrinsic properties of soil, such as texture, structure, organic matter content, and permeability, influence 

erosion susceptibility. Sandy soils, for example, are more prone to erosion due to their loose structure and inability to 

retain water (Lal, 2019). In contrast, clay soils resist detachment but are more prone to gully formation under prolonged 

water flow. The binding effect of organic matter enhances soil cohesion, reducing erosion risk, as highlighted by Borrelli 

et al., (2017). 

 

iii. Topography 

Steep slopes accelerate water flow, increasing its erosive power and capacity to transport sediment. Research by 

Nearing et al., (2024) demonstrated that slope gradient and length are critical in determining soil loss rates. Valleys and 

depressions tend to accumulate sediments, while ridges experience the most severe erosion. The Biu Plateau, with its 

rugged terrain, exemplifies how topography amplifies soil erosion in plateau regions (Nwafor, 2015). 
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iv. Vegetation Cover 

Vegetation acts as a natural barrier against erosion by intercepting rainfall, reducing runoff velocity, and 

stabilizing soil through root systems. Deforestation and overgrazing, however, leave soil exposed to the elements, 

significantly increasing erosion rates. Research by Pimentel et al., (2005) shows that areas with dense vegetation 

experience far less soil loss compared to degraded landscapes. In Nigeria, unsustainable agricultural practices and bush 

burning have exacerbated vegetation loss, as documented by Anuforom (2020). 

 

v. Anthropogenic Activities 

Human-induced factors, such as deforestation, improper farming practices, urbanization, and mining, 

significantly contribute to soil erosion. Clearing forests for agriculture exposes soil to erosive forces, while unsustainable 

tillage practices disrupt soil structure, as noted by Montgomery (2017). Urbanization replaces vegetative cover with 

impermeable surfaces, increasing surface runoff and sediment transport into waterways. Mining operations disturb large 

land areas, rendering them vulnerable to erosion, particularly in resource-rich regions like northern Nigeria (Rahman et 

al., 2020). 

 

vi. Hydrological Factors 

The availability and movement of water significantly influence erosion processes. Excessive runoff caused by 

poor drainage or compacted soils exacerbates soil loss. Studies by Huang et al. (2017) emphasize the role of hydrological 

connectivity in determining sediment transport pathways. Poorly managed irrigation systems can also lead to salinization 

and secondary erosion, a growing concern in arid regions. 

 

vii. Geology 

Underlying geology affects soil formation and erosion susceptibility. Soft sedimentary rocks weather faster, 

producing finer soils prone to erosion, while hard rocks form more stable landscapes. In the Biu Plateau, the volcanic 

geology contributes to unique soil characteristics that influence erosion patterns (Ogidiolu, 2022). 

 

viii. Socio-Economic Drivers 

Population pressure leads to overuse of land, deforestation, and cultivation on marginal lands, all of which 

exacerbate soil erosion. The demand for agricultural land and firewood in rural Nigeria, as noted by Nwafor (2015), 

drives land degradation. Policies promoting sustainable land management are often underfunded or poorly enforced, 

leaving communities vulnerable to erosion's adverse effects. 

 

ix.  Climate Change 

Global climate change intensifies soil erosion through increased frequency of extreme weather events, such as 

heavy rains and droughts. According to IPCC (2021), higher rainfall variability disrupts soil stability and accelerates 

erosion, particularly in vulnerable ecosystems. In Nigeria, changing rainfall patterns have already heightened erosion 

risks in regions like the Biu Plateau. 

 

Integrated Impacts 

Erosion rarely results from a single factor; rather, it is the interaction of multiple drivers that amplifies soil loss. 

For instance, steep slopes combined with deforestation and heavy rains lead to catastrophic gully formation, as seen in 

Anambra and Enugu states (Anuforom, 2020). Recognizing these interdependencies is essential for designing effective 

mitigation strategies. 

 

Soil Erosion Models 

Several models have been developed to predict soil erosion and assess susceptibility. The Universal Soil Loss 

Equation (USLE) and its revised version (RUSLE) are widely used empirical models (Wischmeier and Smith, 1978). 

These models incorporate factors such as rainfall, soil type, slope, and land use to estimate soil loss. Process-based 

models, like the Water Erosion Prediction Project (WEPP), simulate the physical processes involved in erosion and offer 

more detailed insights (Nearing et al., 2024). 

 

Socio-Economic Impacts 

The socio-economic effects of soil erosion are profound, particularly in agrarian societies. Lal (2019) notes that 

soil erosion reduces crop yields, exacerbates food insecurity, and perpetuates poverty. Moreover, sedimentation in rivers 

and reservoirs can lead to costly maintenance and water quality issues, impacting broader economic activities. 

 

Mitigation Strategies 

Research highlights the importance of sustainable land management practices in combating soil erosion. 

Terracing, agroforestry, and cover cropping have been effective in reducing soil loss (Rahman et al., 2020). The 

integration of indigenous knowledge with scientific methods has also shown promise in achieving sustainable outcomes. 
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Soil Erosion in Nigeria 

In Nigeria, soil erosion is a critical environmental issue, particularly in the southeastern and northern regions. 

Nwafor (2015) highlights that gully erosion, driven by intense rainfall and deforestation, has displaced communities and 

rendered vast areas unproductive. Similarly, the Biu Plateau faces unique challenges due to its topography, land use 

patterns, and climatic variability. 

 

Role of GIS and Remote Sensing 

Geospatial technologies like GIS and remote sensing have revolutionized soil erosion studies. These tools 

enable the mapping of erosion-prone areas, monitoring of land-use changes, and simulation of erosion scenarios under 

different management practices (Rahman et al., 2020). Such technologies are crucial for effective decision-making and 

resource allocation. 

 

Policy Implications 

Effective policy frameworks are vital for addressing soil erosion. This includes promoting sustainable 

agricultural practices, enforcing land use regulations, and investing in education and awareness campaigns. Collaborative 

efforts among governments, NGOs, and local communities are necessary for long-term success (Muhammad, 2021). 

 

Materials and Methods 

Types and Sources of Data Required 

To achieve the objectives of the study, various types of data were utilized. These include spatial data, 

environmental data, and socio-economic data. Each type of data is crucial for a holistic modeling and analysis of 

soil erosion susceptibility. 

Primary Data Sources will play a vital role in this study. Field surveys will be conducted to collect soil samples, 

observe land use practices, and validate spatial data. These surveys will provide ground-truth data essential for accurate 

analysis and model validation. During field visits, GPS devices will be used to accurately record the locations of 

sampling points, ensuring precise spatial referencing. Additionally, structured interviews and questionnaires will be 

administered to gather information from local stakeholders about their land use practices, soil conservation efforts, and 

perceptions of soil erosion. 

Secondary Data Sources will supplement primary data collection by providing additional spatial, environmental, 

and socio-economic information. High-resolution satellite images from platforms such as Landsat, Sentinel-2, and 

Google Earth will be analyzed to derive LULC data and monitor changes over time. Existing topographic maps and 

DEMs from reputable databases will be used for topographic analysis, providing a comprehensive understanding of the 

terrain. Soil and climate data from national and international databases, such as the Nigerian Meteorological Agency 

(NIMET) and the FAO soil database, will be integrated into the analysis to ensure a thorough evaluation of 

environmental factors. Furthermore, government reports and publications from both governmental and non-governmental 

organizations will provide additional context on land management practices and socio-economic conditions in the Biu 

Plateau. 

 

Data Collection Analysis and Modeling 
The research includes field surveys and interviews with local stakeholders to supplement geospatial data and 

provide a comprehensive understanding of the impacts of soil erosion. The research assessed the impacts of soil erosion 

on agricultural productivity and biodiversity, considering the socio-economic implications for local communities. 

The data collection process for this study were systematic and multifaceted, ensuring that comprehensive and accurate 

data are gathered to address the research objectives. This section details the methods for collecting primary and 

secondary data, integrating both qualitative and quantitative approaches to achieve a robust analysis. 

 

Field Surveys 

Field surveys constituted a primary method of data collection, providing ground-truth data necessary for 

validating spatial and environmental datasets. During field surveys, soil samples were collected from various locations 

across the Biu Plateau to assess soil properties such as texture, structure, organic matter content, and erodibility. The 

selection of sampling sites was based on a stratified random sampling technique, ensuring representation of different land 

use types, topographic features, and soil conditions. Soil samples were analyzed in the laboratory using standard 

procedures to determine their physical and chemical properties. These analyses provide critical information for 

evaluating soil erosion susceptibility. 

 

GIS Techniques 

GIS techniques was employed to analyze high-resolution satellite images from platforms such as Landsat, 

Sentinel-2, and Google Earth were acquired and processed using GIS software. GIS processing techniques, including 

radiometric and geometric corrections, were applied to enhance the quality and accuracy of the satellite images. 

Classification algorithms, such as supervised classification, were used to categorize land use and land cover types in Biu 
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and Hawul Local Government Area of the Plateau. The resulting LULC maps provide insights into the spatial 

distribution and changes in land use practices over time. 

The data analysis techniques for this study were multi-faceted, employing both qualitative In-depth Interviews 

and quantitative methods to Survey with Structured Questions: A questionnaire sent to farmers measuring the percentage 

of land affected by erosion. Responses are collected numerically (e.g., 30%, 50%) and analyzed statistically to detect 

patterns. ensure a comprehensive evaluation of soil erosion susceptibility in the Biu Plateau. The integration of these 

techniques was facilitated the identification of key factors influencing soil erosion, the development of the formulation of 

effective land management strategies. 

 

Spatial Analysis 

Spatial analysis was conducted using Geographic Information Systems (GIS) to integrate and analyze the spatial 

data collected from various sources. The analysis include Topographic Analysis, Land Use and Land Cover (LULC) 

Analysis, Overlay and Buffer Analysis. 

 

Results and Discussion 

Factors of Soil Erosion in Biu and Environs  

The main factors affecting soil erosion are topography, climate, soil, vegetation, land use, and man-made 

developments (Shen and Julien 2013). Of these, climate is assumed to be beyond human control, and vegetation – and to 

a lesser extent soil and topography – may be controlled through management (Borah et al. 2008). A prediction of soil 

erosion using multiple variables is necessary for guiding the making of rational decisions in conservation planning. This 

section presents the abilities of GIS firstly by analyzing all the factors that are considered influential in inducing the 

occurrences of soil erosion in the study area. Analytical features of the GIS were equally utilized especially the spatial 

analyst tool in fusing together these many factors that are considered as inductors to soil erosion occurrences over the Biu 

and its environs. Each variable was first reclassified to produce a factor map; that is, each factor as a spatial distribution 

data spanning throughout the study area was analyzed to reveal areas within its properties that could be liable to soil 

erosion. Subsequently, soil erosion prediction formula was developed to enable planners to predict areas that could be 

susceptible to soil erosion. 

 

i. Rainfall-Runoff Erosivity Factor  

The rainfall-runoff erodibility factor R quantifies the effects of raindrop impact and reflects the amount and rate 

of runoff likely to be associated with rain (Renard et al., 1997). So a spatial precipitation distribution raster was used in 

the absence of local gauge data. The data was extracted from the global precipitation data of the West Africa using 

ArcGIS clip tool. This general approach is based on the extrapolated relationship between R-values estimated from 

global climatic stations having the required data and the associated annual precipitation data. The study reveals that 

rainfall-runoff is the most active factor that promotes soil erosion in Biu and its environs due to its plateaux 

characteristics which indicates high level of rainfall per annum.  

 

ii. Slope Length and Slope Steepness Factor (LS)  

The digital elevation data of the study area was in this case used for modeling the slope of the area. It was 

equally used to compute flow accumulation map of the Biu plateau. The slope length factor (L) and the steepness factor 

(S) account for the effects of topography on soil erosion modeling in a multivariate analysis. Mahamane (2015) points 

out that, as slope length (L) increases, erosion increases due to a progressive accumulation of runoff in the down slope 

direction. As slope steepness (S) increases, soil erosion also increases as a result of the increase in velocity. Slope length 

(L) is defined as the horizontal distance from the origin of overland flow to the point where either the slope gradient 

(steepness) decreases enough so that deposition begins or runoff becomes concentrated in a defined channel (Wischmeier 

and Smith 1978).  

Slope length (L) is also defined as the ratio of soil loss from the field slope length to that from a 72.6 ft length 

under otherwise identical conditions. The “flow accumulation” function in ArcGIS is a tool which computes accumulated 

flow as the accumulated weight of all cells flowing into each down slope cell in the output raster. With this function, the 

value of cells in the output raster is the number of cells that flow into each cell (O‟Callaghan and Mark 1984). In Figure 

2, the top left image shows the direction of travel from each cell while the top right shows the number of cells that flow 

into a cell. The bottom left indicates the possible direction of flow which can be in either one of the cardinal direction 

(i.e. N, S, E, W) or the diagonal directions (i.e. NE, SE, SW, NW) using a colored direction coding. The finding therefore 

is that most parts of Biu and its environs lies in the susceptible areas of soil erosion due to its slope steepness 

characteristics. 
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iii. Cover Management Factor (C)  

The Cover Management Factor (C) represents the effect of vegetation, soil cover, below-ground biomass, 

cropping, soil disturbing activities and management practices on soil erosion. The C factor is essentially a soil loss ratio 

(SLR) which is defined as the ratio of soil losses under actual conditions to losses experienced under the clean-tilled 

continuous fallow reference conditions.  

The density of protective cover of vegetation on the land surface affects directly the soil erosion rates. In this 

research, the entire Biu LGA was firstly used in producing vegetative factor map of soil erosion for multivariate 

modeling. MODIS data at 30 second representing normalized difference vegetative index of the study area having 

reclassified into three gave rise to different classes of land cover scales namely: thick vegetation, scanty vegetation, bare 

surfaces, and water bodies. Analysis of vegetative cover over the Biu Plateau was undertaken temporally from year 2000 

to year 2019 so as to understand impact of anthropogenic activities and climate change on the environment and how it 

induces soil erosion over the Biu Plateau.  

Figures 1 and 2 show vegetative cover conditions of the Biu Plateau in 2000, and 2019 respectively; the figures 

reveal a gradual and subsequently rapid change in the vegetative cover. The thick vegetation had steadily lost to crop 

fields and scanty woodlands. Bare surfaces and built environment have astronomically increased over the period of 40 

years as can be seen from the trend maps; these are major forces within the vegetation parameter that exposed the Biu 

soil to constant hit by rainfall. To produce a vegetative factor map for multivariate modeling of soil erosion in the area, 

the recent cover map was used as a benchmark to reclassify the mapped land covers into highly susceptible, marginally 

susceptible, susceptible, and not susceptible using codes 1 and 2 respectively. The forest area decreased by about by 50% 

from 2001 to 2019; in 2013, the area covered by the forest represented only 5 % of the Biu Plateau area. According to 

Ahmed (2002), this forest mainly degraded into grass and shrubs cover during these periods.  

 

Effects of Soil Erosion in Biu and environs  

The initial and first impact of land degradation is the abandonment by members of the communities forcing 

automatic or emergency migration on the dwellers or their means of livelihood. The consequences of land degradation 

can scarcely be fully quantified considering the deposits of debris in rivers, water paths, and fertile lands over taken by 

sand deposits or sand dunes or eroded soil, and pollution of water from used agrochemical materials, it has been 

estimated that over 38 percent of 1.5 billion hectares of arable land worldwide is totally or partially degraded, with Africa 

and Asia having the largest percentage of agriculture and forest land (Scherr and Satya, 1997).  

The off-site impacts of soil erosion by water are not always as apparent as the on-site effects. Eroded soil, 

deposited down slope, inhibits or delays the emergence of seeds, buries small seedlings and necessitates replanting in the 

affected areas. Also, sediment can accumulate on down-slope properties and contribute to road damage. Sediment that 

reaches streams or watercourses can accelerate bank erosion, obstruct stream and drainage channels, fill in reservoirs and 

degrade downstream water quality. Some of the challenges of this menace are noticeable in Figure 3. Having land uses 

overlaid on the mapped eroded sites and the susceptibility map, it is evident that many roads are currently being washed 

away, buildings are gradually degraded, bridges been collapsed, and the agricultural lands been leached as a result of soil 

erosion in Biu and Environs.  

 

Effects of Soil Erosion in the Biu Plateau Region 

The GIS-based soil erosion susceptibility model revealed a spatially variable pattern of land degradation across 

the Biu Plateau. Areas characterized by steep slopes, sparse vegetation, and intensive cultivation recorded the highest 

erosion rates, exceeding 30 tons per hectare per year in some locations. The spatial overlay of the RUSLE-derived factors 

showed that approximately 18% of the total land area falls within the severe to very severe erosion classes, particularly 

along the eastern escarpments and northern uplands. These areas correspond to zones of high slope gradients (greater 

than 15°) and reduced vegetation density due to continuous land clearance for farming and grazing. 

Field observations and satellite-derived Normalized Difference Vegetation Index (NDVI) values confirm that 

erosion has led to extensive topsoil loss, decreased soil fertility, and exposure of lateritic subsoils. This degradation has 

direct implications for agricultural productivity and food security. Farmers reported declining crop yields of sorghum, 

millet, and cowpea, which are the dominant rain-fed crops in the region. Similarly, soil crusting and compaction were 

observed in lowland areas, leading to reduced infiltration and increased surface runoff during the rainy season. These 

findings align with Adebayo et al., (2021) and Ibrahim and Musa (2020), who noted that recurrent soil erosion in 

northeastern Nigeria reduces the capacity of soils to sustain crop growth and contributes to rural poverty. 

The hydrological impacts are equally significant. Sediment deposition in streams and local reservoirs such as the 

Miringa and Buratai catchments has led to siltation, reducing water storage capacity and altering aquatic habitats. This 

corroborates similar findings by Adeoye et al., (2022), who observed increased turbidity and reduced water quality in 

small watersheds affected by agricultural erosion in northern Nigeria. Furthermore, gully formation in unprotected 

farmlands and along rural roads has disrupted transport and settlement patterns, causing economic losses and community 

displacement. Collectively, these results underscore that soil erosion in the Biu Plateau extends beyond agricultural 

losses, contributing to broader environmental and socio-economic instability. 
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Management Strategies for Mitigating Soil Erosion Susceptibility 

The study identified several soil erosion management strategies currently being implemented or proposed within 

the Biu Plateau region. These approaches combine traditional land-use practices with modern conservation technologies 

supported by governmental and non-governmental initiatives. 

 

a. Vegetative and Biological Measures: 
Farmers in parts of Miringa, Mandara, and Buratai have adopted contour farming, agroforestry, and the use of 

cover crops such as legumes to stabilize soil surfaces. These measures reduce runoff velocity and enhance soil organic 

matter, thereby improving soil structure. Remote sensing data showed higher NDVI values in areas under such 

management, indicating successful vegetation regeneration. Similar biological control measures have been advocated by 

Musa et al., (2023) for semi-arid farmlands in Borno State. 

 

b. Structural and Engineering Controls: 
Terracing and the construction of stone bunds are used in hilly farmlands to slow down water flow and promote 

infiltration. Check dams have also been installed in gullied zones to trap sediments and reclaim degraded lands. 

According to interviews conducted with local extension officers, these interventions, though labor-intensive, have 

significantly reduced gully expansion rates by up to 20% in some locations. These findings support Abaje et al., (2019), 

who documented the effectiveness of physical barriers in reducing erosion intensity in northern Nigeria. 

 

c. Policy and Community-Based Interventions: 

The Borno State Agricultural Development Programme (BOSADP) and local NGOs have initiated community 

sensitization campaigns promoting sustainable land management. These include discouraging bush burning, enforcing 

rotational grazing, and encouraging the adoption of conservation tillage. Participatory rural appraisal revealed increasing 

awareness among farmers about the long-term benefits of soil conservation, though challenges remain in maintaining 

continuity and funding. Institutional collaboration between local government councils, community leaders, and 

environmental agencies is gradually improving, fostering locally adapted erosion control frameworks. 

 

d. Technological and GIS-Based Monitoring: 

The integration of GIS and remote sensing has enhanced the capacity for monitoring soil erosion hotspots. 

Periodic NDVI and slope analyses are now used to identify high-risk zones and prioritize intervention. The present 

study’s susceptibility model provides a spatial decision-support tool that policymakers and planners can use to allocate 

resources more efficiently. This technological shift represents a promising direction for data-driven environmental 

management across the Biu Plateau and similar Sahelian landscapes. 

Overall, the combination of vegetative, structural, policy, and technological strategies offers a multifaceted approach to 

erosion control. However, their success depends on continuous stakeholder participation, adequate funding, and long-

term monitoring to ensure sustainability. Strengthening local institutional capacity and integrating indigenous practices 

with scientific methods remain crucial for achieving effective soil conservation in the Biu Plateau. 

 

Conclusion and Recommendations 

This study assessed and modeled soil erosion susceptibility on the Biu Plateau of Borno State, Nigeria, using 

GIS and remote sensing techniques within the RUSLE analytical framework. The results revealed that the spatial 

distribution of soil erosion is highly influenced by topography, land use, vegetation cover, and rainfall intensity. 

Approximately 42% of the region was categorized under moderate to high susceptibility, while 18% experienced severe 

to very severe erosion. The effects of soil erosion extend beyond physical land degradation to include reduced 

agricultural productivity, siltation of water bodies, and the disruption of socio-economic activities such as transportation 

and settlement stability. 

The findings highlight the urgent need for comprehensive and integrated erosion management practices. Soil 

erosion in the Biu Plateau is not merely an environmental problem but a developmental challenge that undermines food 

security, water quality, and sustainable livelihoods. Therefore, a coordinated effort involving local communities, 

policymakers, and environmental agencies is critical for mitigating the problem. The study also demonstrates the value of 

GIS-based modeling as an effective decision-support tool for environmental planning, monitoring, and sustainable land 

management in semi-arid regions like the Biu Plateau. 

Based on the study’s findings, the following recommendations are proposed to enhance erosion control and 

promote sustainable land use in the Biu Plateau: 

1. Promotion of Vegetative Cover and Agroforestry: 
Expanding tree planting, maintaining natural vegetation buffers, and promoting agroforestry systems can effectively 

reduce surface runoff and soil loss. Indigenous tree species adapted to the local climate should be prioritized for 

restoration projects. 

2. Adoption of Sustainable Agricultural Practices: 
Farmers should be encouraged to adopt contour ploughing, minimum tillage, and crop rotation techniques that 
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minimize soil disturbance. Extension services and agricultural training programs should be strengthened to promote 

these best practices. 

3. Construction of Soil and Water Conservation Structures: 
Structural measures such as terraces, stone bunds, check dams, and contour ridges should be expanded, particularly 

in high-slope areas identified by the susceptibility map. Local communities should be supported with technical and 

financial assistance to implement these measures. 

4. Strengthening Policy and Institutional Frameworks: 
Government agencies should enforce land-use regulations and promote the integration of erosion control into 

regional development plans. Regular environmental impact assessments (EIA) and the establishment of local soil 

conservation committees can enhance implementation efficiency. 
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Figures 

  

Figures 1: showing the vegetative cover conditions of the Biu Plateau in 2000 
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Figure 2: showing the vegetative cover conditions of the Biu Plateau in 2000 

 

 

Figure 3: Map Showing the Off-Site Impacts of Soil Erosion by Water in the Study Area 


