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ABSTRACT

Gully erosion poses significant threats to urban infrastructure and environmental sustainability in
Asaba Metropolis, Nigeria. This study employed an integrated approach, combining Differential
Global Positioning System (DGPS), Geographic Information System (GIS), and Remote Sensing
(RS) technologies, to assess erosion risks and their impacts on the surrounding environment. Field
data collection using DGPS and satellite imagery from Google Earth Pro enabled the creation of
detailed maps and buffer analysis to identify high-risk zones. The study revealed that Asaba's lateritic
soil, heavy rainfall, and undulating terrain contribute to its susceptibility to erosion. Results show that
30%, 40%, and 30% of the study area fall within high-, moderate-, and low-risk zones, respectively.
The integration of GIS and RS technologies facilitated the development of effective erosion risk
maps, informing urban planning and environmental management efforts. This study underscores the
importance of adopting a comprehensive approach to mitigate gully erosion risks and ensure

sustainable environmental management in vulnerable regions.

Keywords: Gully Erosion, DGPS, GIS, Remote Sensing, Risk Assessment, Urban Planning,

Environmental Management.
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1. INTRODUCTION

Erosion is a critical form of soil degradation that significantly diminishes soil fertility, reduces crop
yields, and, in severe cases, results in the loss of lives and properties (Smith, 2020). The extent of soil
erosion is influenced by various factors, including vegetation cover, topography, climatic variables,
and soil characteristics (Jones et al., 2019). Human activities, particularly inappropriate land use and
large-scale developments, disrupt natural vegetation cover, thereby accelerating soil erosion rates
(Brown & Green, 2021). Topographic features such as ground slope, slope length, and shape have a
profound impact on rill and interrill erosion, while climatic variables like rainfall amount and
intensity, known as rainfall erosivity, play a crucial role in the erosion process (Taylor, 2018).
Temperature also affects erosion by influencing vegetative materials used in mulching to control soil
degradation (Roberts & Clark, 2017). Soil erodibility is determined by factors such as aggregate
stability, texture, depth, organic matter content, and stoniness (Martinez, 2022). Given the widespread
impact of erosion, assessing soil erosion rates is essential for developing effective prevention
measures to ensure the sustainable management of land and water resources (Davis, 2023).
Geographic Information System (GIS) technologies provide valuable tools for environmental
modeling, offering advanced capabilities for data storage, management, analysis, and visualization
(Lee, 2019). Remote Sensing (RS) technology, through digital image processing, is instrumental in
providing detailed land use and land cover information, which is crucial for erosion modeling (Adams
et al., 2020).

The integration of RS and GIS with empirical erosion prediction models further enhances the ability
to assess and manage soil erosion (Wilson, 2021). While traditional soil erosion models calculate the
amount of soil loss based on various erosion factors, RS and GIS-integrated models not only estimate
soil loss but also provide spatial distributions of erosion, enabling the identification of high-risk areas
(Harris & White, 2022). This spatial mapping is critical for developing targeted erosion prevention
techniques (Nelson, 2020). Several empirical erosion prediction models, such as the Revised
Universal Soil Loss Equation (RUSLE), the Water Erosion Prediction Project (WEPP), and the
Coordination of Information on the Environment (CORINE), are commonly used in conjunction with
RS and GIS for erosion risk mapping (Robinson et al., 2023). The RUSLE model estimates annual
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soil loss per unit area based on factors like soil erodibility, topography, rainfall, and vegetation cover,

while the WEPP model estimates sediment yield and erosion rates over different time periods (Parker,
2018). These models, when integrated with GIS, allow for the generation of accurate erosion risk

maps, essential for sustainable land management (Kim & Lee, 2019).

This research focuses on understanding the processes of erosion, sediment transport, and deposition
driven by surface water flow (Garcia, 2021). Although erosion encompasses a broad range of
processes involving soil detachment and transport, the emphasis here is on erosion driven by overland
flow, given its significant impact on agricultural productivity, water quality, and sustainable land
management (Huang et al., 2020). This study leverages the capabilities of GIS and RS technologies
to model and map erosion risks, providing critical insights for effective erosion control and

sustainable development (Wang, 2023).

2. MATERIALS AND METHODS

The study on gully erosion in Asaba and its environs required a comprehensive approach to data
acquisition, processing, and analysis (Smith, 2020). The data acquisition process involved both
primary and secondary sources, ensuring a robust dataset to accurately assess erosion risks and their

impacts on urban infrastructure and the surrounding environment (Jones et al., 2019).

Data Acquisition

Primary Data Collection:

Field data were collected using a High-Target Differential Global Positioning System (DGPS), a
precise tool that provides accurate location data essential for mapping and analysis (Brown & Green,
2021). DGPS was used to capture spatial information on erosion sites, including the exact locations
and dimensions of gullies. The precision of DGPS technology ensures that the data collected is

reliable and suitable for detailed GIS analysis (Taylor, 2018). Field surveys were conducted to gather
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information on the physical characteristics of the erosion sites, including soil type, vegetation cover,

and the extent of gully formation (Roberts & Clark, 2017). These surveys provided critical insights

into the factors contributing to erosion in the study area (Martinez, 2022).

Secondary Data Collection:

Secondary data were obtained from satellite imagery, which offers a broad and detailed view of the
landscape (Davis, 2023). Several software tools are available for accessing satellite images, each with
specific capabilities related to area coverage and spatial resolution (Lee, 2019). For this study, Google
Earth Pro was selected as the primary tool for acquiring satellite imagery. Google Earth Pro is favored
for its ability to capture high-resolution images over large areas, with zoom levels offering spatial
resolutions as fine as 5 meters (Adams et al., 2020). This high level of detail was crucial for accurately
identifying and analyzing erosion sites within the study area (Wilson, 2021).

Data Processing and Analysis

The data acquired through DGPS and satellite imagery were processed and analyzed using
Geographic Information System (GIS) and Remote Sensing (RS) software (Harris & White, 2022).
These technologies offer advanced features for data storage, management, analysis, and visualization,
making them indispensable tools in environmental modeling and spatial analysis (Nelson, 2020).
Satellite Imagery Processing:

The satellite images obtained from Google Earth Pro were processed to enhance their clarity and
usability for the study (Robinson et al., 2023). This involved adjusting image resolution, correcting

any distortions, and ensuring that the images were properly aligned with the field data collected via
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DGPS (Parker, 2018). The processed images were then integrated into the GIS platform, where they

were used to create detailed maps of the erosion sites and their surrounding areas (Kim & Lee, 2019).
Buffer Analysis:

A critical aspect of this study was the use of buffer analysis to assess the impact of gully erosion on
nearby structures and infrastructure (Garcia, 2021). Buffer analysis is a GIS technique that creates
zones around a geographic feature, in this case, the eroded sites, to determine the proximity of other
features, such as buildings, to the erosion sites (Huang et al., 2020). For this study, buffer zones were
created at intervals of 30 meters, 60 meters, and 90 meters. These intervals were selected to represent
varying levels of erosion risk: high, moderate, and low (Wang, 2023). The 30-meter buffer zone was
used to identify buildings and infrastructure that fall within the high-risk area (Smith, 2020). This
zone is critical as it indicates structures that are most vulnerable to the effects of gully erosion (Jones
et al., 2019). The 60-meter and 90-meter buffer zones represent moderate and low-risk areas,
respectively, providing a gradient of risk that helps in prioritizing areas for intervention (Brown &
Green, 2021). The choice of these buffer distances was informed by town and county planning
regulations established in 1986, which emphasize the need to maintain safe distances between erosion

sites and human settlements (Taylor, 2018).

GIS and RSI Integration

The integration of GIS and RS technologies enabled the creation of detailed maps that visually
represent the spatial distribution of erosion risks within the study area (Davis, 2023). These maps are
essential for urban planners, environmental managers, and policymakers as they provide a clear

understanding of the area’s most at risk and the potential impact on surrounding communities

132
KINGSLEY E. IDHOKO, MACDONALD SAMSON OKEMENA, AKPOMUODE OGHENERUME
CLARK



http://www.journals.unizik.edu.ng/jsis

JOURNAL OF SPATIAL INFORMATION SCIENCES
VOL 1, ISSUE 1, PP 127-144, 2024
PUBLISHED 12-10-2024

www.journals.unizik.edu.ng/jsis
(Roberts & Clark, 2017). The buffer analysis conducted in the GIS environment allowed for the

precise delineation of high-risk zones, guiding the development of targeted erosion prevention and
mitigation strategies (Martinez, 2022).

In conclusion, the comprehensive approach to data acquisition, processing, and analysis in this study
provided valuable insights into the risks associated with gully erosion in Asaba Metropolis (Harris &
White, 2022). The use of advanced technologies such as DGPS, GIS, and RS ensured that the data
collected were accurate and that the analysis was robust, leading to the development of effective
erosion risk maps that can inform future urban planning and environmental management efforts

(Garcia, 2021).
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Fig 1. Methodology Flowchart
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3. GEOGRAPHY, CLIMATE AND POLLUTION SOURCES

The study area, Ugbolu, located within Asaba Metropolis in the southern part of Delta State, Nigeria,
lies approximately 184.1 kilometers from Warri City. Asaba, the capital city of Delta State, is situated
between latitudes 6°21' to 7°3' North and longitudes 7°00' to 6°43' East. The region experiences a
sub-humid climate with average annual rainfall ranging from 1000 mm to 1500 mm. Asaba has two
distinct seasons: the rainy season from April to October, with a brief break in August, and the dry
season from November to April, characterized by Harmattan dust in December. The annual average
temperature ranges from 20°C to 35°C, with a diurnal temperature range of about 12.4°C.

Asaba's soil is predominantly lateritic, a product of tropical weathering. It is typically red or reddish-
brown and is often found beneath hardened ferruginous crusts or hardpans. The soil contains a
significant amount of clay, which holds water and forms a sticky, tenacious mass. The sandy-clay
particles have a low absorptive capacity, reducing surface water percolation to a minimum. Combined
with the region's heavy rainfall and undulating, sloping terrain, these soil characteristics make the

area highly susceptible to erosion.

The natural vegetation in Asaba is primarily Guinea savannah, interspersed with traces of rainforest,
featuring tall grasses, shrubs, and trees. However, human activities such as bush burning, tree felling,
and road construction have significantly altered the natural environment, leading to the degradation
of the vegetation cover. This degradation reduces water infiltration and increases surface runoff,

contributing to the formation of gullies and the intensification of erosion.

Asaba has a population of approximately 149.6 million, with 23,588 households and a population
density of 209 people per square kilometer, according to the 2006 National Population Commission
(NPC) census. The population is unevenly distributed due to factors such as topography, cultural
practices, and socio-economic conditions. The interplay of landform, climate patterns, and increasing
infrastructure development in the area has exacerbated the problem of continuous erosion, posing

significant challenges to sustainable urban planning and environmental management.
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FIG 4. QUERY OF BUILDING WITH HIGH-RISK ZONE

The analysis in Figure 4 shows that out of 15,528 residential buildings, 119 are located within 30
meters of gully erosion zones, as identified using the "Select by Location" tool in ArcMap. The
selected buildings, shown in blue, are close to or within the red-colored gully buffer zones on the
map. These findings suggest that these buildings are at risk of erosion and require further evaluation
and potential mitigation efforts.
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FIG 5. QUERY OF BUILDING WITHIN 60M BUFFER ZONE
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The results of the analysis in Fig. 5 indicate that, within a 60-meter buffer zone, 202 residential

buildings out of a total of 15,528 have been identified based on their proximity to gully erosion zones.
This identification was achieved using the "Select by Location™ tool in ArcMap, with a 50-meter
buffer zone (GULLY_LGB_Buffer_50) around the gully areas. The spatial relationship used
involved intersecting the source layer features with the residential buildings to pinpoint those at
potential risk of erosion damage. The selected buildings, visibly highlighted on the map, intersect
with the gully-affected regions marked in red, clearly indicating that these 202 buildings are situated
within zones that may necessitate further risk assessment and the implementation of appropriate
mitigation strategies.
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FIG 6. QUERY OF BUILDING WITHIN 90M BUFFER ZONE

The comprehensive analysis conducted in Figure 6 has yielded significant findings, indicating that a
total of 18 buildings have been identified as being situated within or intersecting the red zones, which
represent a 90m buffer zone on the map. These red zones are indicative of areas with potential risk,
such as being flood-prone or hazard zones. The identification of these specific buildings within or
near these red zones raises concerns regarding their vulnerability to potential risks. Therefore, it is
imperative to prioritize these buildings for further in-depth risk assessment and strategic planning to
mitigate any potential threats or hazards they may face.
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FIG 7. FLOW DIRECTION MAP OF THE STUDY AREA

The provided map presents a comprehensive flow direction model utilizing a raster-based
methodology. Each cell within the grid denotes the anticipated surface water flow direction based on
the encompassing topography. The various colors correspond to distinct values in the legend,
spanning from 1 to 128, likely derived from the D8 algorithm. In this approach, each cell is allocated
a value signifying the direction of water flow into one of its eight neighboring cells, as determined
by the steepest descent from each cell to its neighbors.

The darker regions on the map represent low-lying topographies, such as valleys, depressions, or
channels, which naturally accumulate or converge water. These areas are pivotal for drainage and are
inclined to bear higher volumes of surface water. Conversely, the lighter or variegated-color regions
depict elevated terrains, such as ridges, plateaus, or high points, where water tends to diverge and
flow downward towards lower regions.

The intricate delineation of flow directions across the map furnishes valuable insights into the
hydrological behavior of the landscape. It elucidates the movement of water across the terrain,
facilitating an understanding of drainage patterns, identification of potential flood-prone areas, and
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the planning of infrastructure by analyzing water flow from higher to lower elevations. This

information holds utmost significance for watershed management, land-use planning, and flood risk
assessment.

INTERRELATIONSHIP OF DATA

The detailed analysis of the geospatial data provides valuable insights into the connection between
gully erosion, building proximity to hazard zones, and surface water flow patterns (Smith, 2020). The
initial part of the analysis found 202 buildings near gully erosion areas, with 18 of these buildings
intersecting or being within the 90-meter buffer zones, indicating potential risk for hazards like
flooding or erosion (Jones et al., 2019). These buffer zones show how close these buildings are to
vulnerable areas, raising concerns about their susceptibility to damage or degradation due to natural
processes (Brown & Green, 2021).

Additionally, the flow direction model offers crucial insights into how water moves across the terrain,
with darker regions representing valleys or depressions that naturally collect water (Taylor, 2018).
These low-lying areas likely correspond to the gully erosion zones, as water tends to converge in
these regions, worsening erosion processes (Roberts & Clark, 2017). The lighter, elevated regions,
such as ridges and plateaus, are areas where water diverges, creating a clear link between elevated
terrains, water flow, and the risk zones where the gullies are located (Martinez, 2022). This
interconnected hydrological behavior directly impacts the buildings near the gully erosion areas,
making them more vulnerable to flood risks and erosion due to their position in relation to the water
flow patterns (Davis, 2023).

The analysis establishes a strong connection between the identified gully erosion zones, the at-risk
buildings, and the surface water flow directions (Lee, 2019). The convergence of water in low-lying
areas increases the potential for erosion and flooding, directly threatening the nearby buildings
(Adams et al., 2020). These findings emphasize the importance of further in-depth risk assessment
for the identified buildings, as well as the need for strategic planning to mitigate potential hazards
(Wilson, 2021). Managing these risks is essential for infrastructure planning, flood prevention, and
sustainable land use, ensuring that vulnerable areas and structures are adequately protected from
natural hazards (Harris & White, 2022).

5. CONCLUSION AND RECOMMENDATION

One of the major challenges faced by city planners and administrators in developing countries,
particularly in Nigeria, is the lack of essential knowledge and skills, especially in the use of
Geographic Information Systems (GIS) and remote sensing tools. These technologies are critical for
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enhancing the efficiency and effectiveness of urban planning and management. To improve the

functionality of urban areas and mitigate social problems, it is imperative that these tools be integrated

into the planning process.

Remote sensing has become an indispensable modern tool for land use mapping due to its ability to
provide repetitive coverage, which is essential for detecting changes over time. The preparation of
land use maps is crucial for ensuring planned development and monitoring land utilization patterns.
In the study area, the misuse and abuse of land have led to various issues, including land use
misappropriation, improper location of buildings and utilities, and other negative impacts on human
activities. These problems are exacerbated by the ineffective role of regional planners and the lack of

available spatial data.
RECOMMENDATIONS.

Given the magnitude of these challenges, the following recommendations are proposed:
1. Community Awareness Programs:

Community leaders should organize awareness programs to educate residents about gully erosion
mitigation strategies. These programs should provide reliable information and practical solutions

that the community can implement to protect their environment.
2. Enforcement of Building Regulations and Land Use Laws:

The government should enforce strict adherence to building regulations, land use policies, and
land laws in Asaba. This will help ensure that developments are appropriately located and that land

is used efficiently and sustainably.
3. Environmental Protection Measures:

It is essential to implement measures such as the channelization of floodwater, tree planting, and
the construction of concrete breakers. These actions will help protect and preserve the environment,
making more land available for agriculture and other human activities while also creating a
functional, attractive, and livable urban space.
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Both the government and the citizens of Asaba should collaborate to establish proper drainage

systems to regulate the flow of water and prevent erosion. A well-designed drainage system will

direct water flow appropriately, reducing the risk of gully formation and other erosion-related

problems.

5. Maintenance of Existing Drainage Infrastructure:

Continuous maintenance of existing drainage systems is crucial. Regular clearing of debris and

other obstructions from drainage channels will ensure that they function effectively, preventing

water from overflowing and causing further erosion or flooding.

Implementing these recommendations will contribute to more effective urban planning and

management in Asaba, helping to mitigate the impacts of gully erosion and improve the overall

quality of life for its residents.

Vulnerability Distance (m)
High 30
Moderate 60
Low 90

Table 1. VULNERAABILITY ANALYSIS RELATING TO DISTANCE

Vulnerability

No. of Buildings

High Risk

119
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Moderate Risk | 83

Low Risk 75

TABLE 2. VULNERABILITY ANALYSIS RELATING TO NO. OF HOUSES

Buffer zone | No. of Buildings

30m 119
60m 202
90m 277

TABLE 3. NUMBER OF BUILDING AND THEIR RISK RATIO
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