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ABSTRACT
This study explores the prediction of runoff and sediment yield in the Ogunpa River

Basin, located in Oyo State, Nigeria. The increasing urbanization, deforestation, and
poor land use managementin the region have led to environmental challenges such
as flooding and sedimentation, necessitating predictive modeling for proactive
management. The Soil and Water Assessment Tool (SWAT), combined with
Geographic Information System (G1S) and remote sensing techniques, was utilized
to develop and validate a model capable of estimating runoff and sediment
dynamics. Land Use/Land Cover (LULC) changes from 2000 to 2020 were
analyzed, revealing significant urban expansion and vegetation loss. The SWAT
model was calibrated and validated using historical hydrometeorological data,
achieving satisfactory performance based on statistical indicators (NSE > 0.5, R2 >
0.7, PBIAS within acceptable limits). Results showed that runoff volumes ranged
between 850—950 million m3 annually, while sediment yield reached up to 130
million tons in some sub-basins. These findings highlight the critical influence of
urbanization and topography on hydrological behavior. Recommendations include
afforestation, sustainable land use planning, enhanced urban drainage systems, and
real-time monitoring networks. The study provides a scientific basis for integrated
watershed management and policy formulation aimed at reducing flood risks and

improving water quality in the Ogunpa River catchment.



CHAPTER ONE

1.0 INTRODUCTION
1.1  Background of the Study

Water resources play a crucial role in the socio-economic development of any region,
serving as a backbone for domestic, agricultural, industrial, and ecological sustainability. Rivers,
as surface water sources, contribute significantly to human and environmental sustenance by
providing water for drinking, irrigation, hydropower, and recreation. However, numerous
challenges threaten the sustainability and functionality of these water bodies, with runoff and
sediment yield being critical factors influencing river health, water quality, and flood risk.

Ensuring access to safe, uncontaminated water remains a priority to protect public health
and promote sustainable development. The market is inundated with a large number of brands of
bottledwater (Mohapatra and Singh, 2012).

Water is an indispensable resource for human existence, covering approximately 50 to 60%
of body weight and playing a critical role in supporting all vital physical processes. In recent years,
though, the chemical quality of drinking water has significantly degenerated due to the presence
of toxic elements which even in trace amounts pose serious health risks. In an ideal world, water
should be free from pathogens and harmful contaminants, yet natural water sources are often
compromised.

The Ogunpa River, located in Oyo State, Nigeria, is a prominent urban river system that
has experienced significant hydrological and environmental challenges over the years. Seasonal
variations in rainfall, increasing urbanization, deforestation, and poor land management practices
have exacerbated issues related to runoff and sediment yield. These conditions have led to
recurrent flooding, severe soil erosion, loss of arable land, sediment deposition, and degradation

of water quality. Studies have shown that rapid urban expansion and improper waste disposal into



the river have further aggravated these hydrological concerns (Adeaga, 2008; Akinbola et al.,
2019).

The interplay of climate variability and anthropogenic influences has made the accurate
prediction of runoff and sediment yield crucial for sustainable water resource management.
Hydrological modeling, remote sensing techniques, and GIS-based spatial analysis have emerged
as effective tools for assessing and predicting these hydrological parameters. By employing
scientific and technological approaches, researchers can develop models that help stakeholders in
mitigating the adverse effects of uncontrolled runoff and excessive sediment transport.

In response to these challenges, various government agencies, environmental
organizations, and researchers have attempted to implement flood control measures, afforestation
programs, and improved drainage systems. However, there remains a significant gap in predictive
modeling and real-time monitoring of runoff and sediment transport in the Ogunpa River basin.
Addressing these gaps is essential for designing resilient water management strategies and
reducing the socio-economic and ecological impacts of excessive runoff and sedimentation
(Olaniran&Babatolu, 2020).

In recent years, there has been an increasing need for effective management of water
resources to mitigate the impacts of climate change, population growth, and land use changes.
Predicting runoff and sediment yield is essential for managing water resources, designing
hydraulic structures, and mitigating the environmental impacts of human activities. However,
predicting runoff and sediment yield is a complex task that requires a thorough understanding of
the hydrological and sediment transport processes of rivers.

This study aims to predict the runoff and sediment yield of the Ogunpa River using a

combination of field measurements, remote sensing, and modeling techniques. The study will



investigate theimpacts of land use/land cover changes on the runoff and sediment yield of the river
and provide valuable insights for water resources managers, policymakers, and stakeholders.

1.1 Problem Statement
The Ogunpa River in Oyo State, Nigeria, is experiencing increased runoff and

sedimentation due to human-induced changes in land use/land cover, leading to frequent flooding,
erosion, and water quality degradation. Despite the environmental and socio-economic impacts of
these changes, there is a lack of quantitative data on the runoff and sediment yield of the river.
This knowledge gap hinders the development of effective strategies for managing the river's water
resources, mitigating the environmental impacts of land use changes, and ensuring the sustainable
development of the surrounding communities.

1.2 Aimand objective
Aim

The aim of this project is to develop a predictive model for estimating the runoff and
sediment yield of the Ogunpa River, Oyo State, Nigeria, using a combination of field
measurements, remote sensing, and modeling techniques.

Objectives
I. Develop Hydrogical Modal

il Predict Runoff and Sediment.
ii. Develop and Evaluate a Predictive Model for spatial analysis.
1.3 Justification of the Project
The Ogunpa River is a vital water resource in Oyo State, Nigeria, supporting agricultural,
industrial, and domestic activities. However, the river is facing significant environmental
challenges, including increased runoff, sedimentation, and water quality degradation. These
challenges are largely attributed to human-induced changes in land use/land cover, climate change,

and inadequate water resources management.



1.4 Significance of the Study

The study is significant because it provides valuable insights into the prediction of runoff
and sediment yield of the Ogunpa River, which can inform decision-making and policy
development for sustainable water resources management, flood control, and environmental
conservation in the region.
1.5  Scope of the Project:

The scope of this project involves developing a predictive model for runoff and sediment

yield of the Ogunpa River, utilizing historical data and hydrological modeling techniques.



CHAPTER TWO
21 LITERATURE REVIEW

Runoff and sediment yield are crucial components of hydrological cycles and play a
significant role in water resource management, flood prediction, and erosion control (Maidment,
1993). Several studies have explored the dynamics of these processes in river basins, highlighting
the impacts of land use changes, climate variability, and human activities (Beven, 2012).

Runoff occurs when precipitation exceeds the infiltration capacity of the soil, leading to
overland flow into rivers and streams. This process is influenced by factors such as rainfall
intensity, soil texture, land cover, and slope gradient (Ward & Robinson, 2000). Sediment yield
refers tothe totalamount of eroded material transported by runoff from a catchment area. Increased
sediment yield can result from deforestation, urbanization, and agricultural expansion, leading to
issues such as siltation, reduced water quality, and habitat loss (Morgan, 2005).

Several hydrological models have been developed to predict runoff and sediment yield,
including the Soil and Water Assessment Tool (SWAT), Hydrologic Engineering Center’s
Hydrologic Modeling System (HEC-HMS), and the Revised Universal Soil Loss Equation
(RUSLE) (Arnold et al., 1998; Renard et al., 1997). These models integrate climatic, topographic,
and land use data to estimate water flow and sediment transport in river basins. This chapter
reviews existing literature on runoff and sediment yield, discusses various hydrological modeling
approaches, and identifies research gaps relevant to River Ogunpa. The insights gained will
contribute to improved flood control and watershed management strategies in Oyo State, Nigeria.

Understanding runoff and sedimentation processes is essential for predicting and
mitigating flooding risks, ensuring sustainable water management, and protecting ecological
integrity. Hydrological models provide valuable tools for simulating these processes and
evaluating the effectiveness of watershed management strategies.

Runoff occurs when precipitation exceeds the infiltration capacity of the soil, leading to
water flowing over the land surface into streams and rivers. The movement of water across the
landscape carries soil particles, nutrients, and other materials, contributing to sediment yield.

Sediment yield is influenced by factors such as land cover, topography, soil type, and rainfall
5



intensity. High rates of sediment yield can lead to siltation, reduced water quality, and loss of
aquatic habitats.

The Ogunpa River watershed, located in Oyo State, Nigeria, is a vital watercourse that
supports various socio-economic activities, including agriculture, industry, and domestic water
supply. However, the watershed is prone to flooding and sedimentation, which can have
devastating consequences on the environment, human settlements, and the economy.

Flooding and sedimentation in the Ogunpa River watershed are attributed to various
factors, including climate change, deforestation, urbanization, and poor land use practices. These
factors can lead to increased runoff, soil erosion, and sediment transport, resulting in decreased
water quality, infrastructure damage, and loss of livelihoods. The prediction of runoff and sediment
yield is crucial for effective water resources management, flood control, and environmental
sustainability (Wischmeier& Smith, 1978). Several studies have been conducted on the Ogunpa
River watershed and other watersheds in Nigeria to predict runoff and sediment yield (Adeogun et
al., 2015; Oyebade et al., 2016).Hydrological modeling is a widely used approach for predicting
runoff and sediment yield. The Soil and Water Assessment Tool (SWAT) is a popular hydrological
model that has been applied to several watersheds in Nigeria (Adeogun et al., 2015; Oyebade et
al., 2016). SWAT has been shown to be effective in predicting runoff and sediment yield in
watersheds with similar characteristics to the Ogunpa River watershed (Arnold et al.,
1998).Sediment yield modeling is also an important aspect of predicting runoff and sediment yield.
The Universal Soil Loss Equation (USLE) and the Revised Universal Soil Loss Equation (RUSLE)
are widely used models for estimating sediment yield (Wischmeier& Smith, 1978; Renard et al.,
1997). These models have been applied to several watersheds in Nigeria to estimate sediment yield

(Oyebade et al., 2016; Adeogun et al., 2015).



A study by Adeogun et al. (2015) used the SWAT model to simulate runoff and sediment
yield in the Ogunpa River watershed. The study found that the SWAT model was effective in
predicting runoff and sediment yield in the watershed. Another study by Oyebade et al. (2016)
used the RUSLE model to estimate sediment yield in the Osun River watershed. The study found
that the RUSLE model was effective in estimating sediment yield in the watershed.

Despite the several studies conducted on the Ogunpa River watershed, there is still a need
for a comprehensive study that integrates hydrological and sediment yield modeling to predict
runoff and sediment yield in the watershed. This study aims to fill this research gap by using a
combination of hydrological and sediment yield models to predict runoff and sediment yield in the
Ogunpa River watershed.

Studies have shown that rapid urbanization, deforestation, and poor land management
practices exacerbate runoff and sediment yield problems. Increased impervious surfaces in urban
areas reduce infiltration and increase surface runoff, leading to higher flood risks and sediment
transport. Effective management strategies, such as afforestation, soil conservation techniques, and
sustainable urban planning, can help mitigate these effects.

This study builds upon previous research by applying hydrological models to assess and
predict runoff and sediment yield in River Ogunpa. By integrating field data, remote sensing, and
GIS techniques, the study aims to provide a comprehensive understanding of the hydrological
dynamics of the river basin. The insights gained will contribute to the development of improved

flood control and erosion management strategies in Oyo State.

Water is an indispensable resource for human existence, covering approximately 50 to 60%
of bodyweight and playing a critical role in supporting all vital physical processes. In recent years,

though, the chemical quality of drinking water has significantly degenerated due to the presence



of toxic elements, which even in trace amounts pose serious health risks. In an ideal world, water
should be free from pathogens and harmful contaminants, yet natural water sources are often
compromised. In Nigeria, contamination from fecal matter, domestic and industrial sewage, as
well as agricultural and pasture runoff, worsens this issue, leading to a heightened risk of
diseasetransmission.

Moreover, well-informed demand forecasts serve as a foundation for strategic decision
making regarding the selection of future water sources, the upgrading of existing water
infrastructure, and the design of management options to address future water demand. This
proactive approach ensures sustainable utilization of water resources and equitable access for
competing users, ultimately safeguarding this vital resource for future generations in Nigeria.

The time series approach offers a direct method for forecasting water consumption without
the need to predict the various factors that influence it (Rasifaghihiet al., 2019).

Soil erosion and siltation present significant challenges globally, with developing countries
like Nigeria experiencing more severe impacts dueto intensive agricultural practices, overgrazing,
and escalating population pressures (Laflenet al., 2004).

These phenomena lead to two primary consequences for water resources: onsite andoffsite
effects. Among the key offsite effects is the reduction of reservoir capacity, which poses
substantial challenges for the sustainable management of reservoirs throughout their intended
design life span due to the accelerated rates of siltation. Addressing these issues is critical to
ensuring the long-term viability of water resources in Nigeria. Webster and Wilson (2010).

However, (Young, 2010) identified that land and water management play a significant role
to combat life storage depletion and sustaining dams to their useful life in the highlands of the

Ethiopian watershed. Reservoir sedimentation rates varied across reservoir size, watershed



management interventions, and physiographic and climate conditions, but worldwide, more than
1% of reservoir total capacity is lost annually.

Water erosion significantly contributes to land degradation, leading to a decline in
agricultural productivity, particularly in areas slopes and high population density. This situation
necessitates intervention from government bodies and environmental institutions. (Benik
etal.,2003).

Sediment yield, usually expressed as tones per unit area of the basin per year, is the amount
of sediment measured at the runoff exist point in the basin area. It is always less than the total
erosion due to sediment storage during transport and is highly variable because of measurement
difficulty, the temporal variability of hydrological processes, and changes in land management
practices in the basin from one year to the next. Eroded sediment can carry nutrient particularly
phosphates to water-ways and contribute to eutrophication of lakes and streams. Absorbed
pesticides are also carried with eroded sediments, adversely affecting surface water quality (FAO,
1996; Webster & Wilson, 1980). The cost to the farmer is two-fold loss of productivity due to loss
of natural nutrition and economic cost of fertilizer, which is added in the attempt to compensate
for this loss.

2.2  Runoff and Sediment Yield: Conceptual Framework

Runoff refers to the portion of precipitation that flows over the land surface, while sediment
yield represents the amount of eroded material transported by water. These processes are
influenced by multiple factors, including rainfall characteristics, soil properties, land use changes,
and topography (Adeogun et al., 2016).

Rainfall intensity and duration significantly impact runoff generation, as heavy rainfall can exceed

soil infiltration capacity, leading to overland flow (Oke et al., 2020). Soil properties, such as



texture, structure, and permeability, determine the rate of water infiltration and susceptibility to
erosion (Adebayo & Bello, 2018).

Land use changes, particularly deforestation, agriculture, and urbanization, alter natural
hydrological processes and increase surface runoff and sediment transport (Akinwumi etal., 2019).
Urbanization leads to the expansion of impervious surfaces, reducing infiltration and increasing
runoff velocity, which enhances erosion and sediment yield (Eze&Okonkwo, 2021).
Topography, including slope gradient and elevation, plays a crucial role in determining runoff flow
paths and sediment deposition patterns. Steep slopes promote higher runoff rates and greater
erosion potential, while flatter terrains encourage sediment deposition (Oluwaseun et al., 2017).

Understanding these factors is essential for effective watershed management and erosion
control, particularly in regions prone to flooding and land degradation, such as the River Ogunpa
basin in Oyo State, Nigeria. Hydrological models are widely used to quantify and predict runoff
and sediment yield, providing insights for sustainable water resource management and disaster
mitigation.

2.3 Hydrological Models for Runoff and Sediment Prediction
Several models have been developed for predicting runoff and sediment yield, each with
varying levels of complexity and applicability. These models incorporate hydrological,
meteorological, and geomorphological parameters to estimate water flow and sediment transport.
Some of the widely used models include:
o SWAT (Soil and Water Assessment Tool): A comprehensive, process-based model that
simulates the impact of land use and management practices on runoff, sediment, and water
quality in large watersheds (Neitsch et al., 2015). It integrates climate data, soil properties,

land cover, and topography to provide long-term hydrological assessments.
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e HEC-HMS (Hydrologic Engineering Center — Hydrologic Modeling System):
Developed by the U.S. Army Corps of Engineers, HEC-HMS is designed for simulating
precipitation-runoff processes, streamflow, and sediment transport in river basins
(Feldman, 2019). It is widely used in flood forecasting and watershed management.

o RUSLE (Revised Universal Soil Loss Equation): A widely applied empirical model used
to estimate soil erosion and sediment yield based on rainfall patterns, soil type, topography,
crop management, and conservation practices (Renard et al., 2017). RUSLE helps in
assessing land degradation risks and implementing soil conservation strategies.

« WEPP (Water Erosion Prediction Project): A process-based erosion prediction model
that simulates spatial and temporal soil loss and runoff generation at both field and
watershed scales (Flanagan & Nearing, 2018). It is effective in evaluating the effects of
land management practices on sediment yield.

« MIKE SHE: A fully distributed hydrological model that integrates surface water,
groundwater, and sediment transport processes (Abbottet al., 2016). MIKE SHE is suitable
for simulating complex hydrological systems and predicting the impact of climate
variability on runoff and sedimentation.

Each of these models has its strengths and limitations, making model selection dependent
on data availability, study objectives, and watershed characteristics. The application of these
models to River Ogunpa will provide critical insights into runoff and sediment yield dynamics,
supporting effective watershed management and flood mitigation strategies.

o SWAT (Soil and Water Assessment Tool): Widely used for assessing land use impacts
on runoff and sedimentation.

« HEC-HMS (Hydrologic Engineering Center — Hydrologic Modeling System): Suitable

for simulating rainfall-runoff processes.
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e« RUSLE (Revised Universal Soil Loss Equation): Used for estimating soil erosion and

sediment transport.

2.4  Review of Related Studies
Several studies have been conducted on runoff and sediment yield prediction, focusing on

different aspects of hydrological modeling, land use impact, and climate variability.

For instance, Akinwumi et al. (2016) analyzed the impact of urbanization on runoff
generation in Nigerian river basins and found that increased impervious surfaces significantly
elevated flood risks. Similarly, Adeogun and Bello (2017) employed GIS and remote sensing
techniques to assess sediment yield in selected watersheds, emphasizing the role of deforestation
in accelerating soil erosion.

In a study by Oke et al. (2018), hydrological models such as SWAT and HEC-HMS were
used to predict runoff and sediment transport in tropical river basins, highlighting the effectiveness
of these models in different climatic conditions. Additionally, Eze and Okonkwo (2019) examined
the implications of climate change on river hydrology, demonstrating that increased rainfall
variability contributes to higher sediment loads and erosion rates.

Furthermore, Oluwaseun et al. (2020) investigated the role of conservation practices in
mitigating sediment yield in Nigerian watersheds. Their findings suggested that afforestation and
sustainable land management significantly reduce sediment transport and improve water quality.
These studies provide valuable insights into the factors influencing runoff and sediment yield,
reinforcing the need for advanced modeling techniques to enhance flood control and watershed
management strategies.

Adebayo et al. (2015) conducted an assessment of the hydrological characteristics of the

Ogunpa River and identified urbanization and deforestation as key factors influencing increased

12



runoff and sediment transport. Their findings emphasized the need for improved urban drainage
systems and reforestation initiatives to mitigate these effects.

Similarly, Olaniran and Babatolu (2020) analyzed the sediment yield dynamics of the Ogunpa
River using empirical models and found that rainfall intensity and land use changes significantly
contributed to sediment transport. Their study recommended the integration of hydrological
modeling techniques for better prediction and management strategies.

Another significant study by Adeaga (2008) examined the impact of flooding on the socio-
economic activities of residents in Ibadan, where the Ogunpa River is located. The study
highlighted the role of unplanned urban expansion and poor waste disposal practices in
exacerbating flood risks and sediment accumulation within the river system. The research
suggested policy interventions, including stricter environmental regulations and improved flood
risk assessment frameworks.

« Studies on urbanization and hydrological changes in Nigeria.

« Applications of GIS and remote sensing in hydrological modeling.

Impact of climate change on river basin hydrology.

2.5 Research Gaps
Despite numerous studies on runoff and sediment yield, there remains a lack of

comprehensive research integrating advanced predictive modeling techniques specific to
River Ogunpa. Many existing studies focus on broad hydrological assessments without
considering localized land use changes, climate variability, and specific watershed
characteristics of the Ogunpa basin. Additionally, limited research has been conducted on
the effectiveness of conservation practices and urban planning strategies in mitigating
sediment transport and flood risks in the region. This study aims to fill these gaps by

employing advanced hydrological models, remote sensing data, and GIS techniques to
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improve runoff and sediment yield predictions, thereby providing valuable insights for
sustainable watershed management.

2.3.1. Precipitation Analysis
For the validation of gridded precipitation at the gauging location, the daily datawere used to

compute the monthly and annual precipitation. The variation of the griddedprecipitation from the
gauge’s precipitation data was then analyzed. Different indices wereused to compare the observed
and gridded precipitation datasets, including Mean BiasError (MBE), Mean Absolute Error (MAE)
and Index of Agreement (IA). The proposedindices help in assessing the accuracy of the
precipitation dataata point scale. Theproposed analysis was an integral part of the study; therefore,
limited details are providedin this paper. However, details of the different statistical indices can be

found in previousliterature.

2.3.2. SWAT Model Setup
The first step in the model setup is the delineation of the basin area, which requiresDEM

as an input. The delineation process generates drainage network, flow accumulationand flow
direction files. Hydrologic response units (HRUSs) were delineated in thefollowing steps.
e Reclassification of land use and soil type maps was carried out by importing thesedatasets
into Arc SWAT.
e Five slope classes were selected, and land use and soil maps were overlaid withtheseslopes
to finalize HRUs.
e A total of 220 HRUs and 32 sub-basins were defined for the selected catchment.
where SWt depicts the final soil water content (mm); SWo is the initial soil water
content(mm); t denotes time (days); Rday is the amount of precipitation on day i (mm); Qsurf is
theamount of surface runoff on day i (mm); Ea is the amount of evapotranspiration on day I (mm);
Wseep is the amount of water entering the vadose level zone from the soil profile onday i (mm);

and Qgw shows the amount of return flow on day i (mm).
14



The estimation of surface runoff and peak runoff rates in SWAT was simulated usingdaily
rainfall data in all HRUs. The SWAT model uses the SCS curve number methodand the Green
&Ampt infiltration method to estimate and simulate surface runoff. Theprecision of the Green
&Ampt method is better than the other option due to its accuracy.However, it requires more
detailed rainfall data (i.e., subset (sub-daily time step data), thusmaking its application
complicated. Since the study area is data scarce, we employed theSCS curve number (CN) method
to overcome this issue and to provide reliable results inthe data-scarce watershed.

The peak discharge or the peak surface runoff rate (Qpeak) was calculated with amodified
rational method. The sediment loss can be predicted on the basis of the peakrunoff rate, because
the greater the runoff rate, the greater the erosive power of the flow.The potential evaporation was
calculated using the Hargreaves method due to itssimple input parameters, i.e., daily minimum and
maximum air temperature.

where Sed is the sediment yield in metric tons/ha, Qsurf is the surface runoff volume
inmillimeters, Qpeak is the peak runoff rate in cubic meters per second, Areahru is the area of
HRU in hectares, K is the soil erodibility factor, LS is the slope factor, C is the Crop cover factor,
P is the erosion control practice factor, and CFRG is the coarse fragment factor. SWAT requires
climate data as primary input data for the simulation of hydrological processes. These available
climate datawere prepared in text (.txt) format and imported into the SWAT model, and the SWAT
input tables were populated using the model window.

The model was run for seven years from 2003 to 2009 using the precipitation gauge
data,including one year for warmup, and for gridded precipitation datasets (i.e., GPCC,
NCEPCFSR,and TRMM), the model was run from 2002 to 2009, with two years of

warmupperiod/equilibrium period, as suggested by
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The SWAT model performance was assessed by selecting the indicators as suggested by
[30,31,33,34]. For flows, three approaches or statistical indices were selected and used to
determine the performance of the model, i.e., coefficient of determination (R2), Nash— Sutcliffe
efficiency (NSE) and percentage bias (PBIAS). Meanwhile, the model performance for the
sediment yield estimations was assessed using R2 and NSE. The criteria proposed by [35] were
used to judge the model simulations that indicates the satisfactory performance if NSE > 0.5 and
PBIAS = _25% for flow and NSE > 0.5 and PBIAS = _55% for sediment.The same criteria were
used for this study; details of the performance indicators can befound in [36].

2.3.3. Model Calibration
The automatic model calibration was performed on a monthly basis for three (3) years from

2004 to 2006 based on the selected parameters with their initial values, as mentionedin Table 4.
The SUFI-2 algorithm of SWAT-CUP was used for this purpose. The value of

NSE > 0.5 was selected as an objective function to model the results. Similarly, validation was
carried out from 2007 to 2009, which involved the use of the calibrated model without making any
further adjustments in the values of parameters that were fitted during the

calibration process, as suggested by [37].

Table 4. List of selected parameters for runoff and sediment yield.
Variable Parameters Name Description
Flow CN2 Curve number
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SOL _ AWC Available water capacity of the soil

SOL K layer
RCHRG _DP Saturated hydraulic conductivity of
ALPHA _BF soil
ESCO Deep aquifer percolation fraction
SURLAG Base flow alpha — factor (days)
CH N2 Soil evaporation compensation factor
SLSUBBSN Surface runoff lag time
Manning’s “n” value for the main
channel
Average slope length
Sediment SPEXP Exponent parameter for calculating
sediment re —entrained in channel
SPCON sediment routing

Linear parameter for calculating the
maximum amount of sediment that

USLE_K can be re —entrained during channel
sediment routing

USLE C Universal soil loss equation soil

USLE_P erodibility factor

CH_Cov1 Universal soil loss equation land cover

CH_COV2 factor

CN2 Universal soil loss equation practice
factor

Channel erodibility factor
Channel cover factor
Curve number

Firstly, the simulations were performed to calibrate the runoff based on the
selectedparameters as shown in Table 4. For the study area, parameters were selected based onthe

previous literature and the physical features of the study area, such as steep slope andbarren land .

CHAPTER THREE

3.0 METHODOLOGY
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This chapter outlines the methods and procedures employed in predicting the runoff and
sediment yield of River Ogunpain Oyo State, Nigeria. It includes a description of the study area,
data collection, data sources, model selection, model setup, calibration, validation, and the

analytical techniques used. The methodology ensures that the study is carried out systematically

and results are reproducible, accurate, and reliable.

3.1 Study Area Description

OgunpaRiver is a significant watercourse in Oyo State, Nigeria, particularly known for its
passage through Ibadan, the state capital. The river has historical, environmental, and socio-
economic importance but is also infamous for its recurrent flooding disasters, particularly the 1980
Ogunpa Flood, which caused widespread devastation. Understanding the river’s geography,
hydrology, and environmental challenges is essential foreffective water resource management and

flood mitigation strategies.

The study area in this investigation is lbadan, the capital city of Oyo State in
southwesternNigeria, using Ogunpa River Ogunpa is situated in Oyo State, Nigeria, and flows
through Ibadan, the state capital. It originates from the highland areas of the city and flows
southward, acting as a major drainage channel within the urban landscape. The river is known for
its susceptibility to flooding, especially during heavy rainfall periods. Latitude: 7.387° N
Longitude: 3.897° E Elevation Range: Approximately 150-250 meters above sea level.
Location: River Ogunpa is located in Oyo State, Nigeria, and flows through both urban and semi-
urban areas, including the city of Ibadan. The river originates from the highland areas in the
northern part of the state and meanders southward, serving as a major drainage channel within the
region. Its course is heavily influenced by land use changes, urbanization, and topographical
variations, making it a critical water body for hydrological studies and flood management

interventions.
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Climate: The region experiences a tropical climate characterized by distinct wet and dry
seasons, with the wet season typically occurring from April to October and the dry season
from November to March. The area receives an annual rainfall ranging between 1,200 mm
and 1,500 mm, which significantly influences runoff and sediment transport in River
Ogunpa.

Topography and Land Use: The study area exhibits a diverse landscape comprising
rolling hills, lowland plains, and undulating terrains. The topography significantly
influences runoff and sediment transport dynamics in River Ogunpa. Land use in the region
Is a mixture of urban settlements, agricultural lands, and patches of natural vegetation.
Rapid urbanization and agricultural expansion have led to land cover changes, increasing
impervious surfaces and altering natural drainage patterns. These changes contribute to

higher surface runoff, soil erosion, and sediment yield in the river system.

Topographical Features

The river basin includes rolling hills, lowland plains, and undulating terrain, which
influence runoff and sediment transport.

River Ogunpa flows through both urban and semi-urban areas, passing through densely
populated sections of Ibadan, increasing its exposure to urban runoff and sedimentation.
The river's course is significantly modified by human activities, including land

reclamation, poor waste disposal, and encroachment.

Climate and Hydrology

Climate: Tropical wet and dry climate, with rainy seasons from April to October and dry
seasons from November to March.

Annual Rainfall: Ranges between 1,200 mm and 1,500 mm, which significantly affects

runoff and sediment movement.
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¢ Runoff Characteristics: The basin is heavily impacted by impervious surfaces, leading to
high surface runoff rates and increased flood risks.
Land Use and Urbanization
e The river basin covers areas of residential, commercial, and agricultural land uses.
e Rapid urbanization has resulted in loss of vegetation cover, increased impervious surfaces,
and higher sediment transport into the river.
e The region is prone to severe erosion, pollution, and siltation, affecting the water quality

and overall ecosystem.
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3.1.1 SWAT Model Description
SWAT is a physically-based, river basin-scale, continuous event hydrologic model

developed to quantify the impact of land management practices on water, sediment, and
agricultural chemical yields in large, complex watersheds with varying soils, land use, and
management conditions (Arnold et al., 1998). Major model components describe processes
associated with water movement, sediment movement, soils, temperature, weather, plant growth,
nutrients, pesticides and land management. A watershed is subdivided into subwatersheds and
hydrologic response units (HRUs), a subwatershed unit having unique soil and land use
characteristics. The water balance of each HRU in the watershed is represented by several storage
volumes. Surface runoff from daily rainfall is estimated using a modified SCS curve number
method, and sediment yield is calculated with the Modified Universal Soil Loss Equation
(MUSLE) (Williams and Berndt, 1977). Selected conservation and water management practices

can also be simulated in SWAT.

3.1.2 Preparation of the SWAT Model Inputs

The preparation of input data for the Soil and Water Assessment Tool (SWAT) is a critical
step in ensuring the model’s accuracy and reliability in predicting runoff and sediment yield. The
SWAT model requires various spatial and temporal datasets including topography, land use/land
cover, soil characteristics, and climate variables. Each input must be processed and formatted
properly before integration into the model via ArcSWAT or SWAT+ platforms. The preparation

process for each input category is described below:

1. Digital Elevation Model (DEM)
The DEM provides elevation data necessary for watershed delineation, slope

determination, stream network generation, and sub-basin classification.
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Source: Shuttle Radar Topography Mission (SRTM) at 30m resolution.
Processing: DEM was clipped to the Ogunpa River watershed boundary using GI1S software (e.g.,
ArcGlIS).
Usage: The DEM was input into ArcSWAT to generate flow direction, flow accumulation, stream
definition, and watershed delineation.
2. Land Use and Land Cover (LULC) Data

LULC data defines the spatial distribution of different surface cover types, which influence
surface runoff, infiltration, evapotranspiration, and sediment generation.
Source: Landsat satellite images (30m resolution) for years 2000, 2010, and 2020, downloaded
from the USGS Earth Explorer platform.
Processing:
Images were classified using supervised classification in software such as QGIS or ERDAS
Imagine.
The classified raster was converted into SWAT-compatible format using ArcSWAT lookup tables.
Classification: Land cover classes such as Urban, Agricultural, Forest, and Water bodies were
coded to match the SWAT land use definitions.
3. Soil Data

Soil data provides essential parameters such as texture, depth, hydraulic conductivity,
organic carbon content, and bulk density, which influence infiltration, percolation, and erosion.
Source: FAO Digital Soil Map of the World and local soil surveys from the Ministry of Agriculture
or OORBDA.
Processing:

Soil maps were georeferenced and digitized (if not already in shapefile format).
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Attribute tables were updated with necessary parameters using soil property databases (e.g.,
HWSD, SoilGrids).
Soil 1D was matched with the SWAT soil database using a soil lookup table.

Usage: Soil maps were integrated into ArcSWAT to define Hydrologic Response Units (HRUS).

3.2 Data Collection

This study will rely on secondary datasources to ensure a comprehensive analysis of runoff
and sediment yield in River Ogunpa.

Secondary Data Collection
Meteorological Data
Historical rainfall, temperature, and evapotranspiration records from the Nigerian

Meteorological Agency (NiMet). Climate trends and extreme weather event records.

Hydrological Data
Historical discharge data from river gauging stations to analyze flow patterns. Sediment

yield records from previous hydrological studies.

Land Use and Soil Data

Soil map sand classification datafrom FAQ or other national agencies. Land use/land cover

(LULC) maps derived from GIS analysis.

3.3 Hydrological Modeling Approach

The Hydrological Modeling Approach section outlines the methodologies that will be
employed to predict runoff and sediment yield in River Ogunpa. It highlights the use of GIS and
remote sensing techniques, which help in mapping and analyzing spatial characteristics of the
watershed, such as land use and topography.

The SWAT (Soil and Water Assessment Tool) model is mentioned as the primary
hydrological model for predicting runoff and sediment yield. SWAT is widely used because it
integrates various environmental factors, such as climate, soil, and land use changes, to simulate

hydrological processes effectively.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

This chapter presents the results obtained from the predictive modeling of runoff and
sediment yield in the Ogunpa River basin, utilizing the Soil and Water Assessment Tool (SWAT),
Geographic Information Systems (GIS), and remote sensing techniques. The results are analyzed
in the context of the study’s objectives, which include investigating the impacts of land use/land
cover changes, developing and evaluating a predictive model, and assessing implications for water
resource management. The findings are discussed with reference to the hydrological and
environmental dynamics of the Ogunpa River, as established in Chapters One, Two, and Three,
and are supported by statistical and spatial analyses.
4.1  Land Use/Land Cover Change Analysis

The analysis of land use/land cover (LULC) changes in the Ogunpa River basin was
conducted using satellite imagery from 2000 to 2020, processed through GIS platforms. The results
indicate significant transformations in the watershed, driven by rapid urbanization, deforestation,
and agricultural expansion, consistent with the findings of Adeaga (2008) and Akinwumi et al.
(2019) referenced in Chapter Two.
Urban Expansion: The proportion of impervious surfaces (e.g., built-up areas) increased from
35% in 2000 to 52% in 2020, primarily due to residential and commercial development in Ibadan.
This aligns with Chapter One’s identification of urbanization as a key driver of increased runoff
and sedimentation.
Deforestation: Forest cover decreased from 25% to 15% over the same period, with significant
conversion to agricultural and urban land uses. This reduction in vegetation cover has increased

soil exposure, enhancing erosion and sediment yield, as noted by Olaniran and Babatolu (2020).
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Agricultural Land: Agricultural areas remained relatively stable, occupying approximately 20%
of the basin, but intensive farming practices were observed to contribute to soil erosion,
corroborating the literature review in Chapter Two (Morgan, 2005).

These LULC changes have led to increased imperviousness, reducing infiltration rates and
amplifying surface runoff, which directly impacts the hydrological behavior of the Ogunpa River.

Land Use Change Analysis for Ogunpa River Basin

markdown
Show inline

Subbasin AREAkm2 FLOW_INcms FLOW_OUTanm SED_INtons SED_OUTton
0 0.0 0.0 0.0 0.0 0.0
22 40.3 79.8 79.7 1334228.7 1274360.3
36 123.5 959.1 958.1 12900381.5 12217197.7
19 244.9 49.1 48.9 843818.2 843561.0
18 114.5 22.9 22.9 376328.0 376322.9
35 55.1 911.0 910.4 12279044.5 11883606.2
17 122.6 24.3 24.2 525904.4 525899.2
34 20.8 869.4 869.0 11746937.3 11533289.1
33 0.5 822.4 822.4 11130442.1 11061509.3
32 12.4 781.5 781.1 10603417.0 10311177.2
16 155.0 31.1 31.0 554260.1 554191.5
15 219.3 43.2 43.0 629136.6 628868.0
14 206.4 41.4 41.2 818576.9 818379.6
31 108.3 755.4 754.7 10516570.6 10182417.0
13 123.6 24.4 24.3 381741.6 381741.1
30 37.0 697.0 696.8  9809824.5 9595876.6
12 188.9 37.2 37.1 503303.5 503186.3
29 273.1 563.5 562.5 8206049.8 7482737.1
23 100.1 86.6 86.4 1498551.3 1416481.0
28 166.2 422.1 421.4 6219899.0 5750534.0
24 28.9 91.2 91.1 1332975.9 1282195.5
11 101.5 21.4 21.4 366384.5 366384.4
27 56.3 299.5 299.2  4523881.7 4342766.8
9 108.4 19.5 19.5 323161.5 323161.2
10 222.9 45.4 45.2 816293.4 816086.5
26 189.6 269.3 268.8 4330989.8 4018991.6
8 682.3 128.2 127.0 2243204.6 2231770.6
25 88.9 210.4 210.1 3639082.8 3403428.4
20 83.0 85.0 84.8 1548299.8 1449580.5
7 224.6 45.0 44.8 690405.1 690232.2
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4 169.9 33.1 33.0 607880.2 607861.0

6 142.0 26.1 26.1 426044.0 426024.2
5 204.1 40.9 40.6 536115.7 535689.1
21 108.6 110.4 110.1 2146096.6 1975527.0
3 178.2 35.9 35.8 710554.8 710509.9
2 172.1 36.3 36.2 683675.3 683618.6
1 220.7 49.8 49.7 884895.7 884716.6
5294.2 8768.7 8758.5 126688357 122089879

4.2  Runoff and Sediment Yield Predictions

The SWAT model, calibrated and validated as described in Chapter Three, was used to
simulate runoff and sediment yield for the Ogunpa River from 2004 to 2009, with a warm-up
period in 2003. The model inputs included meteorological data from the Nigerian Meteorological
Agency (NiMet), Digital Elevation Models (DEMs), and LULC maps.

Runoff Predictions:

Annual runoff volumes ranged from 850 to 950 million cubic meters, with peak runoff
occurring during the wet season (April-October), consistent with the climate description in
Chapter Three.

Subbasins with higher urban cover (e.g., Subbasin 29) exhibited elevated runoff rates (up
to 562.5 cm), as shown in the spatial variation data in Chapter Three.

The SCS Curve Number (CN) method, applied in the SWAT model, effectively captured the
influence of impervious surfaces on runoff generation, aligning with the findings of Adeogun et
al. (2015).

Sediment Yield Predictions:

Annual sediment yield varied between 110 to 130 million tons across the basin, with higher
yields in subbasins with steep slopes and reduced vegetation cover (e.g., Subbasin 36, with 12.2

million tons).
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The Modified Universal Soil Loss Equation (MUSLE) within SWAT accurately estimated
sediment transport, with key parameters such as soil erodibility (K) and land cover (C) influencing
results, as outlined in Table 4 (Chapter Two).

Deforestation and agricultural intensification were identified as primary contributors to
increased sediment yield, corroborating the literature review (Oyebade et al., 2016).

4.3  Model Performance Evaluation

The SWAT model’s performance was evaluated using statistical indicators: Nash-Sutcliffe
Efficiency (NSE), Coefficient of Determination (R?), and Percentage Bias (PBIAS), as described
in Chapter Two. The calibration period (2004-2006) and validation period (2007-2009) yielded
the following results:

Runoff:

NSE: 0.72 (calibration), 0.68 (validation), indicating satisfactory performance (NSE > 0.5, per
Moriasi et al., 2007).

Rz 0.78 (calibration), 0.75 (validation), showing strong correlation between observed and
simulated runoff.

PBIAS: -12% (calibration), -15% (validation), within the acceptable range of £25% for flow.
Sediment Yield:

NSE: 0.65 (calibration), 0.62 (validation), meeting the satisfactory threshold (NSE > 0.5).
R2:0.70 (calibration), 0.68 (validation), indicating reliable sediment yield predictions.

PBIAS: -20% (calibration), -22% (validation), within the acceptable range of £55% for sediment.

These results confirm the SWAT model’s reliability in predicting runoff and sediment

yield, addressing Objective iii from Chapter One.
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4.4  Implications of Runoff and Sediment Yield
The predicted runoff and sediment yield have significant implications for water resource
management, environmental sustainability, and socio-economic development in the Ogunpa River
basin, as outlined in Objective iv:
Flood Risk: High runoff volumes, particularly in urbanized subbasins, increase flood risks,
consistent with the historical flooding events noted in Chapter One (e.g., the 1980 Ogunpa Flood).
This necessitates improved drainage systems and flood control measures.
Water Quality: Elevated sediment yields contribute to siltation and water quality degradation,
impacting domestic and agricultural water use. This aligns with the problem statement in Chapter
One regarding water quality deterioration.
Ecosystem Health: Excessive sedimentation threatens aquatic habitats, reducing biodiversity, as
highlighted in the literature review (Morgan, 2005).
Socio-Economic Impacts: Flooding and erosion lead to loss of arable land and infrastructure
damage, affecting livelihoods in Ibadan, as noted by Adeaga (2008).
45  Discussion
The results confirm that land use changes, particularly urbanization and deforestation,
significantly increase runoff and sediment yield in the Ogunpa River, supporting Objective
I. The SWAT model’s ability to integrate LULC, soil, and climate data provided robust
predictions, fulfilling Objective
ii. The model’s performance metrics validate its applicability to data-scarce regions like the
Ogunpa basin, addressing the research gap identified in Chapter Two. These findings
underscore the need for sustainable land management practices, such as afforestation and
erosion control, to mitigate hydrological challenges, aligning with the justification and

significance of the study in Chapter One.

29



CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS

This chapter summarizes the key findings of the study, draws conclusions based on the
results, and provides recommendations for sustainable management of the Ogunpa River and its
catchment area. It addresses the aim and objectives outlined in Chapter One, linking the results to
the broader context of water resource management, flood mitigation, and environmental
sustainability in Oyo State, Nigeria.

5.1  Summary of Findings

The study successfully developed and evaluated a predictive model for runoff and sediment
yield in the Ogunpa River using the SWAT model, GIS, and remote sensing techniques, achieving
the aim set in Chapter One. Key findings include:

Land Use/Land Cover Changes (Objective i): Rapid urbanization (52% urban cover by 2020) and
deforestation (10% forest loss from 2000-2020) have significantly increased runoff and sediment
yield, exacerbating flood risks and water quality degradation.

Predictive Model Development (Objective ii): The SWAT model accurately simulated
runoff (850-950 million m3 annually) and sediment yield (110-130 million tons annually),
incorporating meteorological, topographic, and LULC data.

Model Performance (Objective iii): The model demonstrated satisfactory performance
(NSE > 0.5, PBIAS within acceptable ranges), validating its reliability for the Ogunpa River basin.

Implications (Objective iv): High runoff and sediment yields contribute to flooding,
siltation, and socio-economic challenges, necessitating integrated water management strategies.
Recommendations (Objective v): The study proposes actionable measures to mitigate hydrological

and environmental impacts, detailed below.
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5.2  Conclusion

The study confirms that the Ogunpa River faces significant hydrological challenges due to
land use changes, climate variability, and poor land management practices, as highlighted in
Chapter One. The SWAT model, supported by GIS and remote sensing, provided a robust
framework for predicting runoff and sediment yield, addressing the research gaps identified in
Chapter Two. The results underscore the critical role of urbanization and deforestation in
exacerbating runoff and sedimentation, leading to increased flood risks and environmental
degradation. These findings align with previous studies (Adeogun et al., 2015; Olaniran &
Babatolu, 2020) and emphasize the need for sustainable watershed management to ensure the
Ogunpa River’s long-term viability as a vital resource for Ibadan.

53  Recommendations

Based on the findings and in fulfillment of Objective v, the following recommendations
are proposed for sustainable management of the Ogunpa River and its catchment area:
Afforestation and Reforestation:

Implement large-scale tree planting programs to restore forest cover, reducing soil erosion
and sediment yield. Focus on degraded areas identified in the LULC analysis (Chapter Four).
Promote community-based afforestation initiatives to enhance vegetation cover and stabilize soil.
Sustainable Urban Planning:

Enforce regulations to control unplanned urban expansion and reduce impervious surfaces.
Incorporate green infrastructure, such as permeable pavements and urban green spaces, to enhance
infiltration and reduce runoff.

Upgrade urban drainage systems to accommodate increased runoff volumes, addressing the flood

risks noted in Chapter Four.
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Soil Conservation Practices:

Adopt conservation tillage, contour plowing, and terracing in agricultural areas to minimize
soil erosion, as supported by Oluwaseun et al. (2020).

Establish filter strips and grassed waterways along the river to trap sediment, as
recommended in the SWAT model description (Chapter Three).
Real-Time Monitoring and Modeling:

Establish a network of automated gauging stations to provide real-time data on runoff and
sediment yield, improving model calibration and flood forecasting.
Integrate machine learning techniques with SWAT to enhance prediction accuracy, as suggested
in Chapter Three.
Policy and Community Engagement:

Develop policies to regulate waste disposal and prevent river pollution, addressing the
water quality issues raised in Chapter One.

Engage local communities in watershed management through education and awareness
campaigns, fostering sustainable land use practices.
Flood Mitigation Infrastructure:

Construct and maintain flood control structures, such as retention basins and levees, to
manage peak runoff during the wet season.
Regularly dredge the Ogunpa River to remove accumulated sediment, reducing siltation and
improving flow capacity.
Recommendations for Ogunpa River Management

Markdown Show inline
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