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ABSTRACT 

The research focused on determining the rate of expansion of the River Magarya Channel upstream of 

Doma Bridge, Gombe Metropolis. To achieve this, data were gathered from satellite images. The collected 

data were analyzed using ArcGIS (GIS) software and simple descriptive statistics. The results obtained 

showed that the Magarya Basin covers an area of 85.74 km². In 1992, gullies covered 2.22 km², which is 3% 

of the total area. The results also show that the extent of gully erosion in 2022 covered a land area of 5.25 

km², making it 6.5% of the total land area of the Magarya Basin. It was concluded that between the years 

1992 and 2022, about 3.03 km² of land has converted to gullies due to erosion, with an average rate of 1.1 

km² every 10 years. It is recommended that there should be routine inspections of all areas in the community 

to identify possible future occurrences of gullies and decide on possible ways of controlling the effects of 

gully erosion on the basin. Additionally, farmers should adopt modern mechanized agricultural practices and 

ways of mitigating the effects of gully erosion on the basin. The study did not involve a detailed analysis of 

the economic impacts of gullies but focused on the physical and environmental impacts. The study 

recommends that further research be conducted on the economic impacts of gullies. 

Keywords: Determination, Rate, Channel Expansion, Magarya Channel, and Doma Bridge. 

 

INTRODUCTION 

River expansion poses a significant challenge in landscape degradation control (Sow, 2020) affecting 

diverse areas under varying climatic conditions (Menéndez-Duarte, et al, 2007). This phenomenon is 

particularly prevalent in man-made environments like cities and towns (Valentin, et al, 2005; Busnelli, et al, 

2006; Junior, et al, 2010; Kayembe and Wolff, 2015; Lopanza, et al, 2020). The urbanization process, a 

result of human pressure and environmental perturbations, intensifies river erosion issues (De Geeter, et al, 

2023). Settlement structures, alterations in catchment hydrology, and increased sediment deposition 

contribute significantly to riverine erosion (Ilombe, et al, 2021). Notably, the interplay of natural events and 

anthropogenic factors influence river expansion process (Junior, et al, 2010; Rahmati, et al, 2022). 

Urbanization in developing countries, including Nigeria, exacerbates environmental challenges (Angel, et 

al, 2011; Tumwesigye, et al, 2021). Uncontrolled urbanization in tropical regions which is associated with 

escalating impervious surfaces (Karolien, et al, 2012; Sikuzani, et al, 2018) leads to increased watershed 

runoff (Adediji, et al, 2013; Rodrigues, et al, 2022). Uncontrolled urbanization trend in Nigeria contributes 

to the rise in riverine erosion impacting cities and urban centers (Ilombe, et al, 2021) hindering sustainable 
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development (Moeyersons, et al, 2015). 

Various regions, from Spain to Brazil, Ethiopia, India, and South Africa, have explored the connection 

between land use land cover change (LULC) and river expansion (Nyssen, et al, 2006; Galang, et al, 2007; 

Lesschen, et al, 2007; Jahantihi and Pessarakli, 2011; De Oliveira, et al, 2020; Podwojewski, et al, 2020). 

LULC emerges as a pivotal factor influencing gully formation, expansion, or retreat (Lesschen, et al, 2007). 

Changes in LULC, particularly forest conversion to agricultural lands, accelerate erosion, especially under 

factors like slope and rainfall (Morgan and Mngomezulu, 2003). Seasonal variations in gully erosion 

parameters add complexity to understanding the association between environmental data, soil erosion 

susceptibility, and land uses in Landscape Resource Management (LRM). 

Understanding the drivers and rates of channel size change is important for managing river systems and 

their impacts on human activities and ecosystems (Junior, et al, 2010 ; Rahmati, et al, 2022). Several 

studies have been conducted in investigating the change in size of river channels using different methods 

and scales. One study by Magilligan, et al (2014) investigated the changes in channel width of the 

Connecticut River in North-Eastern United States over a period of 250 years. They found that the river had 

widened by an average of 1.3 meters per year in the lower reaches, primarily due to changes in land use and 

channel management practices. Another study by Czuba and Foufoula-Georgiou (2014) examined the 

temporal and spatial variability of channel width and sinuosity of the Minnesota River in Mid-Western 

United States using a combination of remote sensing and field data. They found that the river channel had 

narrowed by an average of 0.7 meters per year over a period of 70 years, primarily due to changes in 

sediment supply and channelization. A more recent study by Smith, et al, (2020) investigated the spatial and 

temporal changes in channel width and depth of the Mekong River in South-East Asia using satellite 

imagery and hydraulic modeling. The study found that the river channel had widened by an average of 1.3 

meters per year over the past 30 years, primarily due to changes in sediment supply and hydropower 

development. 

Gombe Metropolis, where much of Magarya river basin is situated, is characterized by a semi-arid climate 

and fragile geology. Its fragile nature, coupled with moderate slopes, intense seasonal rainfall, and high 

population and livestock densities is the potential cause for huge soil erosion and land degradation (Auwal 

and Wanah 2023). The basin is an area of high socio-economic importance but highly affected by water 

stress, recurrent drought, flooding, and erosion. Understanding the hydro-geomorphology of the drainage 

basin plays an indispensable role in solving these problems. However, researches related to this issue are 

limited. Mbaya and Haruna (2012) undertook assessment of gully erosion in Gombe Town. Their findings 

show deeper incisions in the upstream and mid-stream with wider beds which have restricted infrastructural 

development. The study ignored the rate at which these features developed. Building on this, Auwal and 

Wanah (2023) subsequently undertook a study on morphometric analysis of Magarya Catchment using GIS 

and Remote Sensing. Their research focused on periodizing erosion prone sub watersheds and ignored the 

rate at which the channel was expanding. 

Therefore, this study contributes to fill the gap of anthropogenic pressure on land by evaluating the channel 

erosion rate in an urban watershed located in the tropical region. Since watershed is considered as a basic 

scale for development planning (Rodrigues, et al, 2022). In this study, it was assumed that using satellite 

images would make it possible to track the river expansion process occurring at the watershed, and the 

changes in the river evolution and susceptibility. The objectives of this study are to (i) quantify changes in 

land use classes from 1992 to 2022, (ii) evaluate the rate of expansion of the channel for 30 years. 

 

STUDY AREA 

The Magarya drainage basin is situated within the confines of Gombe Metropolis, nestled within Gombe 
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State. It occupies a geographical expanse defined by the coordinates of Latitudes 10° 11' 59” N to 10° 20' 

02” N and Longitudes 11° 06' 01” E to 11° 16' 58” E. Geographically, this region boasts a relatively uniform 

topography, featuring a gently sloping terrain that inclines towards the east, ranging from elevations of 640 

meters to 320 meters above sea level. The geological composition of the area is characterized by sedimentary 

rock formations, with sandstone as prominent component. These sedimentary strata, dating back to the late 

Cretaceous period, have left their indelible marks on the area’s topography, resulting in a dissected landscape 

shaped by stream incision (Ahmad & Wanah, 2023). 

 

Figure 1: River Magarya Drainage Basin 

Source; ArcGIS 2023 

MATERIAL AND METHOD 

In assessing land use and land cover in Magarya watershed, Sentinel 2A, Landsat 7 TM, and Landsat 8 

TIR/OLI satellite images were employed. To minimize variability related to image-taking periods, all 

images used were captured between June and August each year. Pre-processing, including radiometric and 

geometric corrections, was crucial in transforming the image data into an interpretable format (Vicente- 

Serrano, et al, 2008). Landsat 7 TM and 8 OLI/TIR, with a Worldwide Reference System (WRS) row and 

path of 173 and 062, respectively, were utilized. Geo-referencing and transformation enabled interpretation 

of earth surface attributes. Following image preparation, layer stacking grouped bands together, enhanced 

spectral information. Image enhancement improved overall interpretability before conducting image 

classification. 

Considering the cloud cover around the watershed in June and August, the study focused on four years for 

land use and land cover (LULC) evaluation: 1992, 2002, 2012, and 2022. Five classes were considered: 

“Bare Land, Buildup, Farmland, Vegetation, and Gullies”. Post-classification analysis, incorporating the 

confusion matrix, overall accuracy, and Kappa index, validated the classification (Foody, 2020). 

Classification was deemed reliable when the Kappa index exceeded 0.70 (70%). The results, presented as a 

confusion matrix, were visualized through an alluvial plot to illustrate areas gained or lost for each class. 

Percentages of each class relative to the whole watershed area and specific class areas were also provided. 
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RESULTS 

Results obtained from land use and land cover change, after analyzing classified images from 1992 to 2022, 

are presented in Figures 2 to 5 which show five LULC types and their distribution across the Magarya 

watershed. 

Land classes of the Magarya catchment in 1992 

River Magarya Basin covers an area of 85.74 km² in 1992 as shown in Table 1. Out of the total land area, 

the channel covered 2.22 km² of the surface area. Of the remaining area, 15.43 km² was built-up, 17.41 km² 

was covered by farmland, 26.85 km² was bare land, and 23.80 km² was covered by vegetation. Therefore, 

the total area covered by the channel as of 1992 was 2.22 km², which is 3 percent of the total area covered 

by the channel thirty (30) years ago (1992). Figure 2 shows the gully erosion sites in the Magarya Basin in 

1992. 

Table 1: Land classes of Magarya catchment in 1992 
 

LULC Classes Area (km2) Percentage (%) 

Bare land 26.85 31 

Built-Up 15.43 18 

Farmland 23.85 20 

Vegetation 17.41 28 

Gully 2.22 3 

Total 85.74 100.00 

Source: field survey 2023 

 

Figure 2. Land classes of Magarya catchment in 1992 

Source; ArcGIS 10.3, 2023 
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Land classes of Magarya catchment in 2002 

In 2002, River Magarya catchment covered an area of 85.74 km² as shown in Table 2. Out of the total area, 

the channel covered 4.22 km² of the surface area. Of the remaining area, 20.44 km² was built-up, 17.92 km² 

was covered by farmland, 35.86 km² was bare land, and 7.81 km² was covered by vegetation. Therefore, the 

total area covered by the channel as at 2002 was 4.22 km² which is 5% of the total area covered by the 

catchment twenty (20) years ago. 

Table 2: Land classes of Magarya catchment in 2002 
 

LULC Classes Area (km2) Percentage (%) 

Bare land 35.86 42 

Built-Up 20.44 24 

Farmland 17.92 21 

Vegetation 7.81 9 

Gully 4.22 5 

Total 85.74 100.00 

Source: field survey 2023 

 

Figure 3: Land classes of Magarya catchment in 2002 

Source; ArcGIS 10.3, 2023. 

Land classes of Magarya catchment in 2012 

In 2012, the area covered by River Magarya catchment remained the same (85.74 km²) as shown in Table 3. 
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Out of the total area, the channel covered 5.12 km² of the surface area. Of the remaining area, 23.54 km² 

was built-up area, 16.92 km² was covered by farmland, 33.86 km² was bare land and vegetation covered 

6.81 km². Therefore, the total area covered by gullies as of 2012 was 5.12 km², which is 6% of the total area 

covered by catchment ten (10) years ago (2012). 

Table 3: Land classes of Magarya catchment in2012 
 

LULC Classes Area (km2) Percentage (%) 

Bare land 33.86 39 

Built-Up 23.54 27 

Farmland 16.92 20 

Vegetation 6.81 8 

Gully 5.12 6 

Total 85.74 100.00 

Source: field survey 2023 

 
 

Figure 4: Land classes of Magarya catchment in 2012 

Source; ArcGIS 10.3, 2023. 

Land classes of Magarya catchment in 2022 

The results obtained from the research reveal that the present extent of gully erosion (Table 4) covered a 

http://www.rsisinternational.org/


Page 1196 

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS |Volume VIII Issue V May 2024 

www.rsisinternational.org 

 

 

 
 

land area of 6.25 km², while 25.44 km² of land was built-up, 14.52 km² was farmland, 31.76 km² was bare 

land, and 8.81 km² was covered by vegetation. Therefore, the total land area covered by the channel in 2022 

was 6.52 km², making it 6.5% of the total land area of the Magarya Basin. Figure 5 shows the gully erosion 

sites in the Magarya Basin in 2022. 

Table 4: Land classes of Magarya catchment in2012 
 

LULC Classes Area (km2) Percentage (%) 

Bare land 31.76 37 

Built-Up 25.44 30 

Farmland 14.52 17 

Vegetation 8.81 9.5 

Gully 6.25 6.5 

Total 85.74 100.00 

Source: field survey 2023 

 
 

Figure 5: Land classes of Magarya catchment in 2022 

Source; ArcGIS 10.3, 2023 

Rate of Expansion of River Magarya channel 

The rate of expansion of a river channel can vary widely depending on various factors such as geology, 
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climate, land use, and human activities. Several studies have been conducted to understand the factors 

influencing channel expansion and to quantify its rate, as noted in the works of Kondolf, et al, (2003); 

Hooke, et al, (2007); Guo, et al, (2016); Perks, et al, (2018); Lopes, et al, (2019) and Wu, et al, (2021). It is 

important to consider these factors in managing river systems and mitigating their impacts on human 

activities and ecosystems (Lopes, et al, 2019). 

Upon considering the present extent of Magarya Channel, it is evident that from 1992 to 2022 (30-year 

interval), erosion sites in the Magarya Channel increased from 3% in 1992 to 5% in 2002, 6% in 2012 and 

6.5% in 2022, resulting in a total expansion rate of 3.5%. This percentage (3.5%) represents 3.3 km², 

equivalent to an average of 1.10 km² (for every 10 years or 0.11 km² every year) of land lost to erosion. The 

implication of this is that the expansion of the channel hampers human economic activities in the basin in 

several ways, including the high cost of constructing structural facilities such as roads, bridges and houses 

(Auwal and Wanah, 2023). The cause of the channel’s expansion due to erosion was the continued clearance 

of vegetation for residential and agricultural activities, exposing the soils to denudational processes, making 

the unconsolidated soil loose and unprotected thereby facilitating erosional activities. Additionally, 

impermeable surfaces in residential areas attributed to zinc-coated roofs, cemented surfaces, and tarred 

roads have concentrated surface runoff thereby further expanding the channel (Magilligan, et al, 2014). 

 
 

Figure 6: LULC from 1992 to 2022 

Source: Authors’ Compilations 2023 

DISCUSSION 

Dynamic changes in terms of LULC in Magarya watershed 

This study unveils dynamic changes in LULC within the Magarya watershed of Gombe Metropolis. The 

transformation is evident in the conversion of farmlands and vegetation cover predominantly into built-up 

areas, with other areas either being cleared for fuel wood or left barren (Tables 1-4 and Figures 2-5). These 
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dynamic LULC changes are influenced by various factors, categorized as direct or indirect (Geist and 

Lambin, 2002) often stemming from social and economic development (Wu, 2018). 

Factors such as agricultural activities, wood and Non-Timber Forest Products (NTFP) extraction, urban 

infrastructure, and livestock extension are primary drivers of LULC changes in Magarya watershed. 

Additionally, political, economic, and demographic factors, particularly socio-cultural elements, contribute 

to these transformations (Auwal and Wanah, 2023). Over a period of five years (2015 to 2019), there has 

been an extension of agricultural land, bare soil, and settlements driven by rapid population growth and 

projects aimed at enhancing productivity (Mutabazi, 2013). The consequences of these dynamics include 

long-term loss of soil fertility, increased soil erosion, reduced biological diversity, hydrological changes, 

and modification of local climatic conditions (Egeru, et al, 2010). Inappropriate land use, recognized as a 

key driver of land degradation and climate change, is exacerbated by human activities and natural processes 

(Frankl, et al, 2013; Mekonnen and Hoekstra, 2016). 

Expansion of land under cultivation for subsistence farming is driven by population demands and policy 

changes in land tenure and settlement rights (Houghton, 1991). This expansion exerts pressure on watershed 

natural resources, coupled with poor farm management impacting soil quality and productivity in North- 

Eastern Nigeria (Heri-Kazi, 2020). The resulting pressure on land, lack of water retention and removal of 

vegetation contribute to crop failure, low productivity and food insecurity in the region. Despite dwindling 

productivity, insufficient action has been taken by stakeholders and decision-makers. Farmers and 

watershed actors’ knowledge and understanding of the issue necessitated integrated action and involvement 

of other stakeholders to address the problem effectively (Moges and Holden, 2007; Moges and Holden, 

2009). 

Urbanization and town or city development contribute to LULC changes through the expansion of 

settlements at the expense of farmland, woodland, and forest (Anteneh, et al, 2018). From 1992 to 2002, the 

rapid expansion of settlements and bare soil is associated with population displacement from villages to 

Gombe Metropolis following the emergence of Gombe State in 1996 (Geenen and Mutokanyi, 2013). 

Hence, LULC changes result from the intricate interaction of political, social, economic, and biophysical 

factors (Degife, et al, 2019). 

Land use and land cover dynamics affects gullies expansion rate 

Various studies have explored the characteristics of gullies in tropical and global contexts. Jahantigh and 

Pessarakli (2011) concluded that gullies develop due to a decrease in soil surface resistance to erosion or an 

increase in erosive forces. In Dashtyari, Iran, gully formation was attributed to human activities,  

overgrazing, and intense, short-term rainfall. Notably, longer gullies were observed in flat plains. 

Agricultural activities, compounded by deforestation and local gold mining, played a significant role in 

triggering gully formation, as demonstrated by the relationship between forest cover and gully extension rate. 

Forests and trees, by providing protective cover to the soil and preventing soil erosion through root 

anchoring and raindrop impact reduction, play a crucial role in controlling gully erosion (Degife et al.,  

2019). The loss of forest and vegetation in the Magarya watershed, evident in deforestation, overgrazing, 

and over-cultivation, has compromised the soil’s structure and cohesiveness, making it more susceptible to 

erosion. 

The efficacy of woodland and forest in mitigating gully erosion has been validated by studies (Li, 1992; 

Lutete, 2019). Forests reduce runoff and sediment yields, especially on flat ridges and slopes lacking control 

measures. Boardman et al. (2003) emphasized that land degradation, manifesting as rill and gully erosion, 

coincides with grassland reduction, species diversity decline, and ground cover reduction. In regions with 

bare soil and settlements, gullies of considerable depth and surface area can develop, resulting in varying 
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expansion rates. Woodland and forest cover substantially reduce the expansion rate compared to other land 

uses. 

Despite lower retreat rates, distinctions were observed between gullies in forested areas and those in other 

land uses. The highest erosion expansion rate occurred on bare ground and settlements. The impact of land 

use and land cover dynamics as drivers, along with environmental implications, was underscored in 

Ethiopian watersheds (Degife et al., 2019). These findings align with the situation in Magarya, where urban 

infrastructure expansion, high wood demand, tree use for income generation, biophysical factors (slope and 

accessibility), population growth pressure, and land tenure policies collectively explain the observed gully 

expansion. 

 

CONCLUSION 

This study delves into the investigation of land use and land cover changes in the Magarya watershed, 

analyzing expansion rates and the factors contributing to this expansion. Over the period from 1992 to 2022, 

approximately 3.03 km² of land has transformed into gullies due to erosion, averaging 1.1 km² every 10 

years. The study reveals that gully stability in the watershed is influenced by factors such as human 

activities in proximity to the gullies, percentage and types of land cover, and contributing area. 

Consequently, preventive interventions should take these parameters into account. Despite some limitations, 

the employed methodology enhances our understanding of land use, land cover, gully characterization, and 

the impact of woodland and forest on gully expansion. Human activities emerge as significant contributors 

to gully development and overall land degradation. At the watershed scale, integrated recovery policies are 

imperative for restoring and preserving land and its productivity. Conservative practices can play a crucial 

role in preventing and mitigating gully-related issues in urban areas of Nigeria. This article serves as a 

foundational resource for initiating projects and land use planning, not only for the Magarya watershed but 

also for other areas in Gombe Metropolis sharing similar environmental conditions. The adopted 

methodology, which integrates various data sources to elucidate the relationship between land use, land 

cover changes, and gully expansion, should be expanded to encompass other watersheds across Nigeria. Site 

knowledge acquired through field visits and the use of Very High-Resolution (VHR) images were pivotal 

for digitizing and characterizing gullies at the watershed scale. 
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