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Abstract

Understanding hydrological characteristics and drainage patterns is essential for informed
watershed management and sustainable land use planning. This study investigates the impact
of land use and land cover (LULC) changes between 2017 and 2023 on hydrological
characteristics and drainage density in urban and semi-urban areas of Abia State,
Southeastern Nigeria. The primary aim is to analyze how LULC changes affect hydrological
characteristics and drainage density in selected Local Government Areas (LGAS) in Abia State.
The study utilizes satellite imagery, LULC data, and Shuttle Radar Topography Mission
(SRTM) elevation data obtained from the United States Geological Survey (USGS) Earth
Explorer platform. The LULC classification was performed using supervised classification
techniques, while the SRTM DEM data were processed to derive slope and drainage density.
Change detection analysis was used to compare LULC maps from 2017 and 2023, and
drainage density was calculated using the total length of streams and rivers divided by the area
of the basin. The results reveal significant LULC changes over the six-year period, with a
notable reduction in forested areas and an increase in built-up and agricultural land. The
spatial analysis showed higher drainage densities in urban centers compared to rural areas,
indicating increased surface runoff and reduced infiltration in urbanized zones. The reduction
in forest cover and expansion of impervious surfaces due to urbanization have altered the
hydrological characteristics of the region. High drainage densities in urban areas lead to
increased runoff, posing risks of erosion and flooding. Conversely, rural areas with lower
drainage densities exhibit better infiltration and groundwater recharge capabilities. These
findings underscore the need for sustainable urban planning and effective watershed
management practices. The study highlights the critical impact of LULC changes on
hydrological characteristics and drainage density in Abia State. The findings provide valuable
insights for policymakers and urban planners to implement strategies that mitigate negative
environmental impacts and promote sustainable land use practices. This study is one of the
first to comprehensively analyze the impact of recent LULC changes on hydrological
characteristics and drainage patterns in urban and semi-urban areas of Abia State using
remote sensing and GIS technologies. The integration of high-resolution satellite imagery and
DEM data offers a detailed assessment, contributing to better understanding and management
of the region’s water resources and land use dynamics.
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1. Introduction

Land use and land cover (LULC) changes significantly influence hydrological characteristics
and drainage patterns, particularly in rapidly developing regions. The impact of such changes
is profound in areas experiencing rapid urbanization and agricultural expansion, which often
lead to alterations in natural landscapes and hydrological cycles (Nnaji et al., 2021). Land use
refers to the human utilization of land, encompassing agriculture, forestry, urban development,
and other activities, while land cover denotes the physical surface characteristics, including
vegetation, water bodies, and artificial structures (Arowolo et al., 2018). LULC changes
involve transitions from one type to another, driven by socio-economic, political, and
environmental factors. In the context of Abia State, these changes are predominantly influenced
by population growth, urban expansion, agricultural practices, and infrastructural development
(Mashi et al., 2021).

Rapid urbanization leads to the conversion of natural landscapes, such as forests and wetlands,
into built-up areas, reducing the availability of permeable surfaces. This change impacts
hydrological processes by increasing surface runoff, reducing groundwater recharge, and
altering the drainage density of the area. Similarly, agricultural expansion often results in
deforestation and soil degradation, further influencing the region's hydrology (ljioma, 2021).

Hydrological characteristics include various components of the water cycle, such as
precipitation, infiltration, surface runoff, and evapotranspiration. These components are
interconnected and influence the availability and movement of water within a watershed.
Changes in LULC can significantly alter these hydrological processes (Nnaji et al., 2021).
Increased impervious surfaces in urban areas lead to higher surface runoff and reduced
infiltration, while deforestation can decrease evapotranspiration and increase soil erosion.

Drainage density, defined as the total length of streams and rivers per unit area, is a crucial
parameter in hydrology. It reflects the efficiency of drainage networks in transporting water
across a landscape. High drainage density is often associated with increased surface runoff and
potential for erosion, while low drainage density indicates better infiltration and groundwater
recharge (ldrees et al., 2022). LULC changes can modify drainage patterns by altering the
natural flow of water, leading to changes in drainage density.

Abia State, located in southeastern Nigeria, is characterized by a diverse landscape that
includes urban centers, semi-urban areas, agricultural lands, forests, and wetlands. The state
experiences a tropical climate with distinct wet and dry seasons, influencing its hydrological
regime. The population of Abia State has been growing rapidly, leading to increased demand
for land and resources (Sampson et al., 2020). Urban centers such as Umuahia and Aba have
expanded significantly, encroaching on surrounding natural landscapes and altering the region's
hydrology.

The state's topography varies from low-lying coastal areas to higher elevations inland,
contributing to diverse hydrological characteristics. The presence of rivers and streams, along
with varying soil types and vegetation cover, adds to the complexity of the region's hydrology
(Sampson et al., 2020). Understanding the impact of LULC changes on hydrological
characteristics and drainage density in this diverse landscape is essential for effective water
resource management and sustainable development.
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Numerous studies include Aghsaei et al. (2020), Woldesenbet et al. (2017), Gashaw et al.
(2018) have investigated the relationship between LULC changes and hydrological
characteristics worldwide. These studies include Luo et al. (2020), Dogan and Karpuzcu
(2021), have demonstrated that urbanization, deforestation, and agricultural expansion
significantly impact hydrological processes and drainage patterns.

Urbanization increases impervious surfaces, leading to higher surface runoff and reduced
infiltration. This change can result in increased flood risk, reduced groundwater recharge, and
altered streamflow patterns. Studies have shown that urban areas exhibit higher peak discharges
during storm events, leading to increased flood hazards (Pasquier et al., 2022).

Deforestation reduces vegetation cover, leading to increased soil erosion and reduced
evapotranspiration. This change can increase surface runoff and sediment transport, impacting
water quality and streamflow dynamics. Research has shown that deforested areas have higher
runoff coefficients and greater variability in streamflow (Gelmini et al., 2022). Agricultural
practices, including irrigation and land clearing, can significantly alter hydrological processes.
Irrigation increases water consumption, potentially reducing streamflow and groundwater
levels. Land clearing for agriculture can increase surface runoff and sediment yield, impacting
water quality and aquatic ecosystems.

Remote sensing (RS) and Geographic Information Systems (GIS) are powerful tools for
analyzing LULC changes and their impacts on hydrological characteristics. RS involves the
acquisition of information about the Earth's surface using satellite or airborne sensors,
providing data on land cover, vegetation, water bodies, and other features (Okoli et al., 2024).
GIS is a spatial analysis tool that integrates and analyzes geospatial data, enabling the
visualization and interpretation of spatial patterns and relationships.

RS data, such as satellite imagery, can be used to classify land cover types and monitor changes
over time. Techniques such as supervised classification and change detection allow for the
identification and quantification of LULC transitions. High-resolution imagery provides
detailed information on urban development, vegetation cover, and water bodies, facilitating
accurate LULC mapping.

GIS is used to analyze spatial data and model hydrological processes. DEMs derived from RS
data provide information on terrain characteristics, including slope and elevation, which are
crucial for hydrological modeling (Akaolisa et al., 2023). GIS tools can delineate watersheds,
analyze drainage networks, and calculate hydrological parameters such as drainage density,
runoff coefficients, and streamflow. These analyses help in understanding the impact of LULC
changes on hydrological characteristics.

The theoretical framework for this study is based on the hydrological cycle and the principles
of watershed management. The hydrological cycle describes the continuous movement of
water within the Earth's atmosphere, surface, and subsurface. Key components of the
hydrological cycle include precipitation, infiltration, surface runoff, evapotranspiration, and
groundwater flow. These components are influenced by land cover and land use practices.

Watershed management involves the planning and implementation of strategies to manage land
and water resources within a watershed. Effective watershed management aims to balance
ecological, social, and economic needs while maintaining the health of the watershed
(Sadhwani et al., 2022). Understanding the impact of LULC changes on hydrological
characteristics and drainage patterns is essential for informed watershed management and
sustainable land use planning. The aim of this study is to analyze the impact of land use and
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land cover (LULC) changes between 2017 and 2023 on the hydrological characteristics and
drainage density in urban and semi-urban areas of Abia State, Southeastern Nigeria. This
analysis will utilize satellite imagery, LULC data, and SRTM elevation

2. Location and Geology of the Study area

The study area encompasses several Local Government Areas (LGAs) in Abia State,
southeastern Nigeria, specifically Aba North, Aba South, Oboma Ngwa, Osisioma Ngwa,
Ugwunagbo, Ukwa East, and Ukwa West. These LGAS represent a mix of urban and rural
landscapes, contributing to a diverse socio-economic and environmental profile. Aba North
and Aba South are primarily urban, forming the metropolitan hub of Aba, a major commercial
and industrial city. Oboma Ngwa, Osisioma Ngwa, and Ugwunagbo are peri-urban areas,
exhibiting characteristics of both urban and rural settings. Ukwa East and Ukwa West are
predominantly rural, with extensive agricultural lands and less densely populated areas.

The geographical coordinates of the study area range approximately from 5.1031°N to
5.5524°N latitude and 7.2714°E to 7.6286°E longitude as shown in Figure 1. This region is
strategically located with good accessibility due to its network of major roads, including the
Enugu-Port Harcourt Expressway and the Aba-Owerri Road, facilitating movement of goods
and people. The presence of the railway line and proximity to the commercial seaport in Port
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Figure 1: Map of Nigeria, Abia state and study area

The relief of the study area is characterized by gentle undulating terrain with elevations ranging
from about 50 meters to 150 meters above sea level. The topography slopes generally towards
the south and southwest, influencing the direction of surface runoff and drainage patterns. This
relatively flat landscape facilitates agricultural activities but also poses challenges for drainage
in densely populated urban areas like Aba.

The drainage system in the study area is well-defined, with several rivers and streams
traversing the landscape. Major rivers include the Aba River, Imo River, and Azumini Blue
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River, which play significant roles in the hydrology of the region. The Aba River, in particular,
flows through the heart of the urban areas, impacting both water supply and waste management.
Drainage density varies across the study area, with higher densities in the urban centers due to
extensive surface runoff from impervious surfaces, and lower densities in rural areas where
natural infiltration is more prevalent. The hydrology is influenced by the interplay of natural
and anthropogenic factors, including urban development and agricultural practices.

The climate of the study area is classified as tropical rainforest, characterized by high
temperatures, significant rainfall, and high humidity throughout the year. The region
experiences two distinct seasons: the wet season (April to October) and the dry season
(November to March). Annual rainfall averages between 2000 mm and 2500 mm, with the
peak occurring in June and September. Temperatures range from 22°C to 32°C, with little
variation throughout the year.

Vegetation in the study area reflects the tropical rainforest climate, with dense, lush forests in
rural areas and fragmented patches of green spaces in urban centers. The rural LGAS,
particularly Ukwa East and Ukwa West, retain extensive forest cover, supporting biodiversity
and traditional agricultural practices. These areas are characterized by a mix of primary and
secondary forests, farmlands, and wetlands.

In contrast, urban and peri-urban LGAs like Aba North, Aba South, and Osisioma Ngwa have
seen significant vegetation loss due to urbanization and infrastructural development. Green
spaces are limited to parks, gardens, and roadside vegetation, highlighting the need for urban
greening initiatives to mitigate environmental degradation.

The geological composition of the study area is part of the Niger Delta Basin, characterized by
sedimentary rock formations. The primary geological formations include the Benin Formation,
the Ogwashi-Asaba Formation, and the Ameki Formation. These formations consist mainly of
sandstones, siltstones, claystones, and shales, with occasional lignite seams.

The Benin Formation, which is prevalent in the region, is composed predominantly of coarse-
grained sands and gravels, providing good aquifer properties and supporting groundwater
extraction for domestic and agricultural use. The Ogwashi-Asaba Formation, consisting of
alternating layers of sandstones, clays, and lignite, also contributes to the area's hydrogeology.
The Ameki Formation, found in some parts of the study area, is characterized by fossiliferous
claystones and siltstones, indicating a marine depositional environment. This geological
diversity influences soil types, groundwater availability, and natural resource distribution in
the region.

In rural LGAs like Ukwa East and Ukwa West, the geological formations support fertile soils
for agriculture, while in urban LGAs like Aba North and Aba South, the geological properties
impact construction activities and infrastructure development. Understanding the geology of
the area is crucial for sustainable land use planning, water resource management, and
mitigating geological hazards such as erosion and landslides.

3. Methodology

3.1 Data Acquisition

This study aims to analyze the spatial distribution of slope and drainage density, along with the
land use/land cover (LULC) changes over six years in selected Local Government Areas
(LGAS) of Abia State, Nigeria, using remote sensing (RS) and GIS technologies. The goal is
to assess the geological and environmental impacts of these changes to aid in effective land
management and planning. VVarious spatial and non-spatial data were acquired for this purpose,
as summarized in Table 1.

Table 1: Data table
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Data Type Source Provider
Satellite Imagery Earth Explorer United States Geological Survey (USGS)
LULC Data Earth Explorer United States Geological Survey (USGS)

SRTM Elevation Data Earth Explorer United States Geological Survey (USGS)
The primary data sources include high-resolution satellite imagery obtained from the USGS
Earth Explorer platform, which provides a detailed view of the LULC changes over the selected
time period. Historical LULC data were also sourced from the USGS, providing classifications
of land into various categories such as agricultural land, forests, urban areas, and water bodies.
Shuttle Radar Topography Mission (SRTM) elevation data were obtained to provide a Digital
Elevation Model (DEM) of the study area, which is critical for analyzing the terrain, including
slope and drainage density. Additional data, such as administrative boundaries, hydrological
features, and geological maps, were obtained from local government sources and previous
studies to support the analysis.
3.2 Data Processing
The data processing phase involved several steps to prepare the acquired data for analysis.
ArcGIS, a comprehensive GIS software suite, was used for spatial data manipulation and
analysis.
3.2.1 LULC Classification
The preprocessed satellite images were classified into different LULC categories using
supervised classification techniques. Training samples representing various land cover types
(e.g., vegetation, water, urban areas) were collected, and a maximum likelihood classifier was
applied to classify the images. The classification accuracy was assessed using ground truth data
and accuracy metrics such as the Kappa coefficient.
3.2.2 DEM Processing
The SRTM DEM data were processed to derive slope and drainage density. The slope was
calculated using the slope tool in ArcGIS, which computes the maximum rate of change in
elevation for each DEM cell. Drainage density was calculated by delineating the drainage
network from the DEM using the hydrology toolset in ArcGIS, which includes flow direction,
flow accumulation, and stream network delineation.
3.2.3 Change Detection
To analyze the changes in LULC over the six-year period, a change detection analysis was
performed. The classified LULC maps for 2017 and 2023 were compared using post-
classification comparison techniques. This involved overlaying the LULC maps and
identifying areas of change, quantified as the difference in the extent of each land cover type
between the two years.
33 Data Analysis
The data analysis phase involved integrating the processed data to assess the spatial distribution
of slope, drainage density, and LULC changes, and their geological and environmental impacts.
Several analytical techniques and equations were employed to achieve this.
3.3.1 Drainage Density Analysis
Drainage density (D,) was calculated using the drainage network delineated from the DEM. It

was computed as:
L

Dd = Z 1
where L is the total length of streams and rivers, and A is the area of the basin. High drainage
density indicates a high potential for surface runoff and erosion, while low drainage density
suggests better infiltration and groundwater recharge.

3.3.2 LULC Change Analysis
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The LULC change analysis involved quantifying the extent of changes in different land cover
types between 2017 and 2023. The changes were assessed using the following equation:
ALULC = LULC,yy3 — LULCy4; 2
where LULC,y,3 and LULC,,4, represent the areas of each land cover type in 2023 and 2017,
respectively. The changes were visualized using maps and statistical summaries to identify
trends and patterns in land use dynamics.
34 Geological and Environmental Impact Assessment
The impacts of slope, drainage density, and LULC changes on the geology and environment
were assessed by integrating the spatial data. Areas with steep slopes and high drainage density
were identified as prone to erosion and landslides. Changes in LULC were correlated with
alterations in hydrological patterns, such as increased runoff in urbanized areas and reduced
infiltration in deforested regions. The assessment provided insights into the environmental
consequences of land use changes, such as habitat loss, soil degradation, and water quality
deterioration.
The integration of remote sensing and GIS technologies enabled a comprehensive analysis of
the spatial distribution of slope, drainage density, and LULC changes in the selected LGASs of
Abia State. The findings from this study will inform effective land management and planning
strategies to mitigate geological and environmental impacts, ensuring sustainable development
in the region.
This study highlights the critical need for continuous monitoring and assessment of land use
changes, especially in rapidly urbanizing regions. The methodologies and findings provide a
valuable framework for similar studies in other regions, contributing to a broader
understanding of the impacts of land use dynamics on geological and environmental systems.
4. Results and Discussion
4.1 Drainage Density and Area
The study area was analyzed for its drainage density distribution across different regions, with
the results summarized in Table 1. Drainage density, a critical geological parameter, indicates
the total length of all streams and rivers in a drainage basin divided by the total area of the
basin. It reflects the interaction between precipitation and the landscape, and its values can
indicate the potential for surface runoff, soil erosion, and overall watershed health.
Table 1: Drainage Density of the study area

Area (Km?) Drainage Density (km/km?)

146.1782  0-66.33

305.5348  66.33 - 132.67

201.3937 132.67 - 199.01

38.6349 199.01 - 265.35

2.5222 265.35 - 331.69
The distribution of drainage density across the study area reveals significant variations,
particularly between the southern and northern parts. The southern part of the study area
exhibits higher drainage densities compared to the northern part, which is indicative of
differing geological characteristics as shown in Figure 2.
The northern region, characterized by lower drainage densities ranging from 0 to 66.33 km/km?
and 66.33 to 132.67 km/km?, covers areas of 146.1782 km2 and 305.5348 km? respectively.
These lower drainage densities suggest relatively flat terrain with fewer streams and rivers,
indicative of more permeable soil and higher infiltration rates. This results in lower surface
runoff potential and a greater capacity for groundwater recharge. The geological composition
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of this region likely includes porous materials that facilitate water infiltration, making it
suitable for agricultural activities that depend on soil moisture.

As we move towards the southern part of the study area, the drainage densities increase
significantly. The region with drainage densities between 132.67 and 199.01 km/km? spans an
area of 201.3937 km2. This intermediate level of drainage density suggests a more balanced
interaction between surface runoff and infiltration. The geological formation here may include
a mix of permeable and impermeable layers, leading to moderate runoff and erosion rates.
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Figure 2:

Further south, the drainage density rises to 199.01 - 265.35 km/km? over an area of 38.6349
kmz2, and reaches an extreme of 265.35 - 331.69 km/km?2 over the smallest area of 2.5222 km2.
These higher densities indicate regions with numerous streams and high runoff potential,
possibly due to steeper slopes or less permeable soils. The geological features of these areas
likely include more resistant rock formations or compacted soils that reduce infiltration,
resulting in increased surface runoff and higher erosion rates.

The spatial variation in drainage density across the study area suggests a complex interplay
between topography, soil characteristics, and underlying geology. The higher drainage densities
in the southern part point towards a landscape with steeper slopes and less permeable soils,
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while the northern part's lower densities suggest flatter terrain and more permeable soils (Sadiq
etal., 2021).

The southern regions with higher drainage density are likely influenced by tectonic activities
that create steeper slopes and more resistant rock formations. These geological features
contribute to higher runoff and erosion rates, necessitating effective soil conservation practices
to manage erosion and maintain land stability (John et al., 2021). In contrast, the northern
regions with lower drainage densities may be underlain by more stable geological formations
with less tectonic influence, resulting in flatter terrain and better conditions for groundwater
recharge.

The implications of these findings are significant for land use planning and water resource
management. Regions with higher drainage density require focused conservation efforts to
mitigate soil erosion and manage surface runoff. This can include practices such as terracing,
contour plowing, and the establishment of riparian buffers. Additionally, constructing check
dams, rainwater harvesting systems, and proper drainage channels can help manage runoff and
reduce the risk of flooding in these areas.

4.2 Land Use and Land Cover (LULC) Analysis 2017

The study of Land Use and Land Cover (LULC) types in the study area for the year 2017
reveals diverse land use patterns, as summarized in Table 2 and illustrated in Figure 3. The
analysis highlights the extent of different LULC types, which are critical for understanding the
environmental and geological characteristics of the region.

Table 2: Land Use and Land Cover (LULC) Types and Corresponding Areas in 2017

LULC Type Area (Km?)
Water 3.76543
Trees 584.755301
Flooded vegetation 0.116536
Crops 1.750771
Built Area 95.834714
Bare ground 0.114219
Rangeland 7.906222

Trees dominate the landscape, covering an area of 584.755301 km2. This extensive forest cover
is significant from a geological perspective, as it indicates a stable ecosystem with a well-
developed soil profile. Forests play a crucial role in soil conservation, water retention, and
carbon sequestration. The presence of such a large forested area suggests that the region has a
robust natural resource base, which can support biodiversity and contribute to ecological
balance.

Built areas account for 95.834714 km?, reflecting the extent of urbanization within the study
area. The geological implications of extensive built-up areas include changes in natural
drainage patterns, increased surface runoff, and potential risks of soil erosion and flooding.
Urban areas tend to replace natural vegetation with impervious surfaces such as roads and
buildings, which can significantly alter the hydrological cycle. Effective urban planning and
the implementation of green infrastructure are essential to mitigate these impacts.

Water bodies cover 3.76543 km?, which is relatively small but vital for the region's hydrology.
Water bodies, including rivers, lakes, and reservoirs, play a crucial role in groundwater
recharge, flood control, and providing habitats for aquatic life. The geological setting around
these water bodies needs careful management to prevent pollution and maintain water quality.
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Flooded vegetation, covering an area of 0.116536 kmz, indicates regions that are seasonally or
permanently inundated. These areas are critical for maintaining hydrological balance and
supporting unique ecosystems. Geologically, flooded areas can influence sediment deposition
and soil fertility, which are important for agricultural productivity.

Crops occupy 1.750771 kmz, reflecting the agricultural activities in the region. Agriculture has
a direct impact on soil health and requires careful management to prevent degradation. The
small area under cultivation suggests limited agricultural expansion, which could be due to soil
constraints or land use policies aimed at preserving natural landscapes.

Bare ground, accounting for 0.114219 km?, represents areas with little to no vegetation cover.
These areas are particularly susceptible to erosion, especially during heavy rainfall events. The
geological stability of these regions needs to be assessed to implement appropriate soil
conservation measures.

Rangelands cover 7.906222 kmz, supporting grazing and livestock activities. Rangelands play
a significant role in maintaining soil structure and fertility. However, overgrazing can lead to
soil compaction and erosion, which necessitates sustainable grazing practices to preserve soil
health and productivity.
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Figure 3: Spatial Distribution of Land Use and Land Cover (LULC) Types in the Study Area
for 2017
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The analysis of LULC types also reveals that Aba South, as a rural area, is more populated
within the study area. This population density in rural regions like Aba South has significant
implications for land use and resource management. Higher population density can lead to
increased demand for land, water, and other natural resources, which may exert pressure on the
local environment.

The diverse land cover types reflect the varying geological and ecological conditions across
the study area. The extensive forest cover suggests regions with favorable soil and climatic
conditions for tree growth, whereas the presence of built-up areas indicates zones of urban
expansion and development. Water bodies and flooded vegetation highlight the importance of
managing hydrological systems to prevent issues such as waterlogging and pollution (Akinola
etal., 2021). Cropland and rangeland areas underscore the need for sustainable agricultural and
grazing practices to maintain soil health and productivity.

The dominance of trees (584.755301 km?) and built-up areas (95.834714 km?) highlights the
dual focus of the region on conservation and development. The relatively small areas of water
bodies, flooded vegetation, and bare ground emphasize the need for targeted geological and
environmental management strategies. Sustainable management practices are crucial for
maintaining the ecological balance and ensuring the long-term viability of natural resources.
4.3 Land Use and Land Cover (LULC) Analysis for 2023

The Land Use and Land Cover (LULC) analysis for the year 2023 provides a comprehensive
overview of the spatial distribution and extent of different land cover types in the study area,
as summarized in Table 3 and illustrated in Figure 4. This analysis is critical for understanding
the geological characteristics, environmental dynamics, and anthropogenic impacts in the

region.
Table 3: Land Use and Land Cover (LULC) Types and Corresponding Areas in 2023
LULC Type Area (Km?)
Water 4.50008
Trees 487.749451
Flooded vegetation 0.316989
Crops 6.904555
Built Area 154.081325
Bare ground 0.006505
Rangeland 40.676751

The analysis reveals significant changes in land use patterns compared to previous years,
reflecting dynamic environmental processes and human activities. Trees remain a dominant
land cover type, occupying 487.749451 km2. However, there is a noticeable reduction in
forested areas, which may be attributed to deforestation and land conversion for other uses.
The loss of forest cover has profound geological implications, including increased soil erosion,
reduced carbon sequestration, and altered microclimates. Forests play a crucial role in
maintaining soil stability and hydrological cycles; thus, their reduction can lead to adverse
environmental effects.

Built areas have expanded significantly to cover 154.081325 kmz2. This expansion indicates
urban growth and development, which often result in increased impervious surfaces, altered
natural drainage patterns, and potential risks of flooding and soil erosion. The geological
impact of urbanization includes changes in groundwater recharge rates, increased surface
runoff, and the potential for land subsidence. Effective urban planning and the incorporation
of green infrastructure are essential to mitigate these impacts and promote sustainable urban
growth.
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Water bodies now cover 4.50008 kmz, an increase from previous assessments. This expansion
may result from natural changes in the hydrological cycle, such as increased rainfall or human
activities like the creation of artificial lakes and reservoirs. Water bodies are critical for
maintaining regional hydrology, supporting biodiversity, and providing resources for human
use. Geologically, the presence of water bodies influences sediment deposition, soil moisture
levels, and groundwater recharge. Protecting these water resources from pollution and over-
extraction is vital for sustaining their ecological and geological functions.
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Figure 4: Spatial Distribution of Land Use and Land Cover (LULC) Types in the Study Area
for 2023

Flooded vegetation, covering 0.316989 km2, highlights areas that are seasonally or
permanently inundated. These areas are essential for maintaining hydrological balance,
supporting unique ecosystems, and influencing sediment and nutrient dynamics. The presence
of flooded vegetation indicates areas with high water tables or poor drainage, which can impact
soil development and stability. Managing these regions involves ensuring that water flow and
quality are maintained to support both ecological and geological health.

Crops have expanded to cover 6.904555 km?, indicating an increase in agricultural activities.
Agriculture directly impacts soil health through practices such as tilling, irrigation, and the use
of agrochemicals. Sustainable agricultural practices are necessary to prevent soil degradation,
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enhance fertility, and maintain productivity. The increase in cropland suggests a greater
demand for food production, which must be balanced with soil conservation strategies to ensure
long-term agricultural viability.

Bare ground has decreased to 0.006505 km?, indicating a reduction in areas with little to no
vegetation cover. Bare ground is highly susceptible to erosion, especially during heavy rainfall
events. The reduction in bare ground suggests that either vegetation has naturally regenerated,
or land use practices have been altered to reduce erosion risks. From a geological perspective,
maintaining vegetative cover is crucial for soil conservation and preventing land degradation.
Rangeland, now covering 40.676751 km2, supports grazing and livestock activities.
Rangelands play a significant role in maintaining soil structure and fertility through the natural
processes of grazing and nutrient cycling. However, overgrazing can lead to soil compaction,
reduced vegetation cover, and increased erosion. Sustainable grazing practices are essential to
maintain the health and productivity of rangelands.

The analysis also reveals that Aba South, as a rural area, remains more populated within the
study area. This higher population density in rural regions like Aba South has significant
implications for land use and resource management. Increased population density can lead to
greater demand for land, water, and other natural resources, exerting pressure on the local
environment and necessitating effective management strategies.

The diverse land cover types reflect the varying geological and ecological conditions across
the study area. The reduction in forest cover and the expansion of built areas and cropland
indicate significant changes in land use practices and human activities. Water bodies and
flooded vegetation emphasize the importance of managing hydrological systems, while the
presence of rangeland underscores the need for sustainable grazing practices. The dominance
of trees and the significant expansion of built-up areas highlight the dual focus of the region
on conservation and development (Hasselerharm et al., 2021). The increase in water bodies,
cropland, and rangeland areas emphasizes the need for targeted geological and environmental
management strategies to balance ecological health and human needs.

4.4. Implications of LULC Changes on Hydrological Characteristics and Drainage
Density in Abia State (2017-2023)

The study aims to analyze the impact of land use and land cover (LULC) changes between
2017 and 2023 on the hydrological characteristics and drainage density in urban and semi-
urban areas of Abia State, Southeastern Nigeria. This analysis utilizes satellite imagery, LULC
data, and SRTM elevation to draw insights into these changes.

The LULC data for 2017 and 2023 reveals significant shifts in land use patterns, which have
profound implications on the region's hydrology and drainage density.

In 2017, the study area was predominantly covered by trees (584.755301 km?), with significant
areas of built-up land (95.834714 km?), water bodies (3.76543 km?), crops (1.750771 km?),
and rangeland (7.906222 km?). By 2023, there was a marked decrease in tree cover to
487.749451 km? and a notable increase in built-up areas to 154.081325 kmz2. Additionally,
water bodies expanded to 4.50008 km?, cropland increased to 6.904555 kmz?, and rangeland
grew substantially to 40.676751 kmz2. Flooded vegetation also saw an increase from 0.116536
km2 to 0.316989 km?, while bare ground decreased significantly from 0.114219 km? to
0.006505 km?.

These changes in LULC types can be correlated with alterations in drainage density across the
study area. In regions where drainage density is low (0 - 66.33 km/km?), such as the 146.1782
km? area, the increase in built-up areas and reduction in tree cover likely contribute to increased
surface runoff and decreased infiltration. Urbanization, characterized by impervious surfaces,
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reduces the natural absorption of rainwater, leading to higher runoff volumes and potential
flooding. The expansion of built-up areas from 95.834714 km? to 154.081325 km? exacerbates
these effects, particularly in semi-urban regions where drainage systems may not be adequately
developed to handle increased runoff.

In areas with moderate drainage density (66.33 - 132.67 km/km2 and 132.67 - 199.01 km/km?2),
encompassing 305.5348 km? and 201.3937 km? respectively, the increase in cropland from
1.750771 km? to 6.904555 km?2 and the expansion of rangeland from 7.906222 km2 to
40.676751 km? indicate significant land use changes. Agricultural activities and grazing can
lead to soil compaction, reduced infiltration, and increased erosion. These activities, combined
with the reduction in tree cover, likely impact the hydrological balance by increasing surface
runoff and altering the natural drainage patterns.

High drainage density areas (199.01 - 265.35 km/km? and 265.35 - 331.69 km/km?) covering
38.6349 km? and 2.5222 kmz? respectively, are more sensitive to changes in land cover due to
their inherent geomorphological characteristics. The expansion of water bodies from 3.76543
km2 to 4.50008 km2 and the increase in flooded vegetation suggest changes in local hydrology,
possibly due to altered precipitation patterns or human interventions such as the construction
of reservoirs. These changes can influence sediment deposition, water quality, and the overall
hydrological dynamics of the region.

The reduction in forest cover and the expansion of built-up areas, cropland, and rangeland have
significant implications for the hydrological characteristics and drainage density of the study
area. Increased urbanization and agricultural activities lead to higher surface runoff, reduced
groundwater recharge, and potential for increased flooding and soil erosion (Ewane & Lee,
2020). Effective land use planning and sustainable management practices are essential to
mitigate these impacts and maintain the ecological and hydrological balance of the region

5 Conclusion

The comprehensive analysis of the study area, focusing on drainage density and land use and
land cover (LULC) changes between 2017 and 2023, reveals critical insights into the region's
hydrological characteristics and geological dynamics. The findings underscore the complex
interplay between natural processes and human activities, highlighting the need for sustainable
management practices to maintain ecological balance and support the region's development.
The study area's drainage density varies significantly, with higher densities in the southern
regions and lower densities in the northern regions. This variation indicates differing geological
characteristics, with flatter terrain and more permeable soils in the north and steeper slopes
with less permeable soils in the south. Northern regions with low drainage densities (0 - 66.33
km/km?) cover 146.1782 kmz2 and 305.5348 km?, suggesting high infiltration rates and lower
surface runoff potential. These areas are likely suitable for agriculture due to their stable
geological formations and better groundwater recharge conditions. Southern regions exhibit
higher drainage densities (132.67 - 199.01 km/km? and above), covering smaller areas of
38.6349 km? and 2.5222 km?. These areas are characterized by numerous streams, high runoff
potential, and increased erosion risks due to steeper slopes and more resistant geological
formations.

There was a significant reduction in tree cover from 584.755301 km? in 2017 to 487.749451
km2 in 2023. This decrease is likely due to deforestation and land conversion for urban and
agricultural purposes. The loss of forest cover has implications for soil stability, carbon
sequestration, and local climate regulation. Urban expansion is evident with built-up areas
increasing from 95.834714 km? in 2017 to 154.081325 km2 in 2023. This growth contributes
to increased impervious surfaces, altered drainage patterns, and higher surface runoff, leading
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to potential flooding and soil erosion. The area under crops expanded from 1.750771 km? in
2017 to 6.904555 km? in 2023. While this supports food production, it also impacts soil health
and requires sustainable agricultural practices to prevent degradation. There was a substantial
increase in rangeland from 7.906222 km? in 2017 to 40.676751 km? in 2023. Overgrazing in
these areas can lead to soil compaction and erosion, necessitating effective grazing
management. The increase in water bodies from 3.76543 km? to 4.50008 km? and flooded
vegetation from 0.116536 km?2 to 0.316989 km? reflects changes in hydrological conditions,
possibly influenced by both natural factors and human interventions such as reservoir
construction.

The changes in LULC types have profound implications for the region's hydrology and
drainage density. The reduction in forest cover and expansion of urban areas contribute to
increased surface runoff, reduced groundwater recharge, and heightened flood risks.
Agricultural expansion and rangeland growth also impact soil structure, infiltration rates, and
erosion dynamics.

In regions with low drainage density, the increase in built-up areas and reduction in tree cover
exacerbate surface runoff and decrease infiltration, highlighting the need for improved urban
planning and green infrastructure. In areas with moderate drainage density, the expansion of
cropland and rangeland necessitates sustainable agricultural and grazing practices to balance
runoff and infiltration rates.

High drainage density areas, sensitive to changes in land cover, require careful management to
maintain hydrological balance and water quality. The increase in water bodies and flooded
vegetation suggests a need for targeted interventions to manage sediment deposition and
support aquatic ecosystems.

The study highlights the significant impact of LULC changes on hydrological characteristics
and drainage density in Abia State. The reduction in forest cover, expansion of urban and
agricultural areas, and changes in water bodies underscore the need for integrated land and
water management strategies. Sustainable practices are essential to mitigate the adverse effects
of urbanization, agricultural activities, and environmental changes, ensuring the long-term
viability of the region's natural resources and ecological health. Effective land use planning,
conservation efforts, and the implementation of green infrastructure are critical to maintaining
the ecological and hydrological balance in Abia State.
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