
        KASU ENVIRONMENTAL SCIENCE JOURNAL (KESJ)   

18 
Kaduna Environmental Science Journal (KESJ), Vol.5, Iss..1, August 2025 

 

KASU Environmental Science Journal (KESJ) ISSN: 2734-2751 

Volume 5, Issue 1, August 2025            © Faculty of Environmental Science, Kaduna State University  

 

 

ASSESSMENT OF GROUNDWATER POTENTIAL ZONES USING GIS AND AHP 

TECHNIQUES IN OSOGBO, OSUN STATE, NIGERIA 

 

Oluwafunmilola M. SAJUYIGBE1, Yekeen I. BALOGUN2, and Ezekiel S. 

OLUWABUNMI3, 
1,2,3Department of Geography, Kwara State College of Education, Oro, 

Kwara State, Nigeria. 

Corresponding author email: oyelowofunmilola12@gmail.com 

 

                                                            ABSTRACT 

Purpose: Globally, groundwater is a crucial resource for human survival. Supporting diverse 

anthropogenic activities such as agriculture, domestic use, industrial use, and recreational 

use. for a sustainable groundwater supply, there is a need to identify areas with high and low 

groundwater prospects.  

Design/methodology/approach: This study utilized the combination of Remote Sensing (RS), 

Geographic Information System (GIS), and Analytic Hierarchy Process (AHP) techniques to 

delineate groundwater potential zones (GWPZ) in Osogbo, Osun State, Nigeria. Thematic 

maps for groundwater influencing factors were generated using Remote Sensing and GIS 

techniques. Weight was assigned to each groundwater influencing factors in accordance to 

their importance using AHP approach. The combined thematic maps in ArcGIS generated a 

groundwater potential zones map. 

Findings: The results showed that most high and moderate groundwater potential areas were 

found in the central and eastern parts of the study area and are the most viable for groundwater 

exploitation in the study area. The map showed the needed information and the zones were 

classified into five categories: very low GWPZ is 4.7km2 (3.3%), low GWPZ is 28.2km2 

(19.8%), moderate GWPZ is 74.9km2 (52.5%), High GWPZ is 34.8km2 (24.4%), and very high 

GWPZ is 0.1km2 (0.1%).  

Research limitations/Implications: This study relied on secondary datasets which may not 

fully capture real-time variations in groundwater dynamic. And extensive validation of the 

groundwater potential zones could not be carried out due to limited boreholes yield records. 

Practical Implications: It is recommended that delineation of groundwater potential zones 

should be adopted to provide scientific basis for stakeholders, agencies and policy makers to 

ensure Osogbo Metropolis secure reliable freshwater reserves and minimized unnecessary 

drilling in low-yield areas and reducing financial losses associated with failed boreholes. 

Originality/value: This study revealed efficient and effective techniques for delineating and 

mapping groundwater potential zones for planning, decision-making for optimal utilization of 

groundwater and water resources management in Osogbo Metropolis. 
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1.0 INTRODUCTION 

 

Water is a crucial resource in sustaining life on earth and a means of livelihood for man for 

various anthropogenic activities (Garcia,2024). Ground water is a natural resource hidden 

beneath the Earth’s surface, and it is an important part of the hydrological cycle, recharged and 

replenished through precipitation, and abstracted through wells and boreholes (Brands et al., 

2017; Diriba et al., 2024). Groundwater is an essential resource for freshwater supply that is 

safe and reliable for anthropogenic activities (Mukherjee et al., 2024). Several factors influence 

the occurrence and distribution of groundwater in an area, which are drainage density, slope, 

soil characteristics, geology, lineament, rainfall, landuse/landcover (Zewdie et al., 2024). 

 

Uneven spatial distribution of groundwater poses a significant problem affecting water usage 

by man, and this is attributed to different environmental factors influencing its distribution. An 

exponential rise in human population exerted more demand for clean and safe water for various 

anthropogenic activities such as industrial use, domestic use, and agricultural activities 

(Vikova, 2022; Murray, 2023). Many wells and borewells have been drilled without a detailed 

hydrogeological investigation of areas for good and poor groundwater potential. Ray et al., 

(2022) opined that to ensure sustainable groundwater management, identifying groundwater 

potential zones is essential for optimal water resources utilization and prevention of over-

extraction of groundwater, which can exacerbate the water scarcity problem. It is of vital 

importance to map out groundwater potential zones for proper planning and exploitation of 

groundwater to prevent wastage from overexploitation and sudden dryness of wells and 

borewells (Abshishank et al., 2020).  

 

 Mapping of groundwater potential zone enhance the prediction of potential groundwater areas. 

Remote sensing, Geographic Information System, and Analytical Hierarchy Process (AHP) 

method have been utilized by several researchers, hydrologists, and hydrogeologist to achieve 

sustainable and effective groundwater management (Abdulmutallib et al., 2024). This study 

utilizes a combination of Geographic Information System (GIS), Remote Sensing (RS) and 

Analytical Hierarchy Process (AHP) techniques proposed by Saaty (1980) utilizing data from 

these parameters (geological data, precipitation data, climatic data, landuse data, topographic 

data etc.) to generate thematic maps which are combined to produce groundwater potential 

zones map. This spurred this study to investigate and map out groundwater potentiality zones 

in Osogbo, Osun State, Nigeria, using GIS and Remote Sensing Techniques  

i. to generate thematic maps of groundwater influencing factors 

ii. weighing each of the thematic map of groundwater influencing factors using analytical 

hierarchy process (AHP); and as well as to 

iii. identify and map zones of groundwater potential in the study area 

 

2.0 LITERATURE REVIEW 

 

The integration of GIS and AHP techniques has become a robust methodology in assessment 

of groundwater potential zone. It effectively combines spatial data and expert-driven 

weightings to produce insightful maps for sustainable water management. GIS handles the 

spatial processing of multiple thematic layers, while AHP provides a structured decision-

making framework via pairwise comparisons and prioritization of factors (Yacob et al., 2025). 

Several major thematic layers such as geology, slope, drainage density, landuse/landcover, 

lineament density, soil type, rainfall, topographic wetness index, and topographic roughness 

index have been utilized in studies to understand their influence in groundwater occurrence and 

recharge (Rajesh et al., 2021; Opoku et al., 2024). These layers are reclassified and assigned 
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weights based on their relative importance, typically established via Saaty’s scale in AHP 

(Arumugam et al., 2023). 

A review of literature of several research studies on groundwater potential using integration of 

remote sensing and GIS with AHP techniques in delineation of groundwater potential zones 

and proffer valuable insights into effective water resources management. These researches 

include; assessment of groundwater potential zones in Lafia, Nasarawa State (Ifediegwu, 

2022); Groundwater potential zones mapping using remote sensing and GIS in Zaria, Kaduna 

State (Sani et al., 2016); Delineation of groundwater potential zones in Obudu basement terrain 

of Cross River (Ebong et al., 2023); Groundwater mapping in Ado Ekiti, Ekiti State (Okoli et 

al., 2019); Assessment of groundwater potential zones in Oke Ero, Kwara State (Agboola, 

2021); Delineation of groundwater potential zones using an integrated GIS and remote sensing 

approach in Minna, Niger State (Fagoroyo et al., 2018);  Delineation of groundwater potential 

zones in the crystalline basement terrain (Fashae et al., 2014); A combined GIS, remote sensing 

and geophysical methods for GWPZ (Ogungbade et al., 2021) and others. Ahmed et al., (2022) 

integrated Geographic Information System, Remote Sensing, and Analytical Hierarchy 

Approach to study the influence of geology, slope gradient, drainage density, lineament 

density, rainfall distribution, land use and landcover, geomorphology, and soil type on 

groundwater potential zone in Enugu Metropolis, Nigeria. Ajayi et al. (2022) also integrated 

geospatial techniques and the analytical hierarchy process to delineate groundwater potential 

zones in Bosso, Niger State, Nigeria.  

Lack of in-depth details investigation of hydrogeological characteristics of an area before 

digging wells and drilling boreholes can lead to wells and boreholes drying up within a short 

period or give low yield of water supply. Thus, waste of time and resources in digging or 

drilling wells and boreholes. 

3.0 AREA OF THE STUDY 

     
   Figure 1: The study area 

 

The study area (figure 1), Osogbo is the capital of Osun State in the Southwestern region of 

Nigeria. This area lies within latitude 7046” N and 7048” N and between longitude 4031” E and 
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4035” E. The geology is a Precambrian basement complex, and the dominant basement rocks 

in the study area are schist and migmatites (Tijani and Onodera, 2009). The landscape is over 

500m above sea level and is drained by the major river in the area Osun River and its tributaries 

(Olaniran, 2000). Osogbo climate by Koppen’s Aw classification is within the tropical climate 

of two distinctive seasons dry and wet seasons. The study area experiences an average annual 

temperature of 26.10C with average annual rainfall of 1241mm with the wet season, starts in 

March and ends in October. The dry season begins in the month of November till February 

(Olajire et al., 2018). The prominent commercial activities carried out in the study area are 

buying and selling, while farming is the main traditional occupation of the inhabitants due to 

the favorable tropical climate (Gasu et al., 2020). 

 

4.0 METHODOLOGY 

This study utilized geospatial technologies (Remote Sensing, Geographic Information 

Systems) and the Analytical Hierarchy approach to investigate and map Groundwater Potential 

Zones (GWPZ). Thematic maps of geology, rainfall, slope, lineament, land use and land cover 

change, drainage density, and topographic wetness index were produced. They were 

incorporated into ArcGIS 10.8 and superimposed using weighted overlay analysis to create 

groundwater potential zones. 

 

4.1. DATA ACQUISITION 

Table 1: Data types and sources 

S/N Data types Source Resolution Purpose  

1 Landsat 9 

satellite 

image of 

2021 

 

USGS 

(https://earthexplorer.usgs.gov/) 

Path=190 

Row =055  

Land Use/Land Cover 

2 SRTM 

DEM 

USGS 

(https://earthexplorer.usgs.gov/) 

30 m Slope, Elevation, 

Lineament TRI, TPI, 

TWI and Drainage 

 

3 Geology 

Map 

Nigerian Geological Survey 

Agency 

1:50,000 Geology thematic 

layer 

 

4 Rainfall 

data 

Nigeria Metrological Agency, 

Osogbo 

 Rainfall/Precipitation 

 

 

5 Soil World digital soil map  Soil map 

 

Source: Author’s compilation, 2024  

 

4.2 THEMATIC MAPS PREPARATION 

In this study, supervised classification was used to classify the land use characteristics of 

Osogbo Metropolis into water body, forest, grassland/shrubs, built-up areas, and bare land. 

This was done on a Landsat 9 satellite image of 2023 in ArcMap 10.8. The supervised 

classification is the essential tool used for extracting quantitative information from remotely 

sensed image data. Using this method, the analyst has sufficient known pixels to generate 

representative parameters for each class of interest. The first step after the preprocessing of the 

image is to select the training site. The trained site was saved as a signature. Once trained, the 

classifier is then used to attach labels to all the image pixels according to the trained parameters. 
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The quality of a supervised classification depends on the quality of the training sites. The most 

commonly used supervised classification is maximum likelihood classification which was 

adopted in this study. Digital Elevation Model (DEM) of Osogbo Metropolis from Shuttle 

Radar Topography Mission (SRTM) acquired from USGS was imported into ArcGIS 10.8 to 

produce the slope map using the spatial analyst tool’s function. The slope map produced was 

reclassified according to the criteria evaluation for slope, as it affects groundwater.  

 

The conventional geological map of Osogbo Metropolis was scanned, imported into ArcGIS, 

and geo-referenced. On-screen manual digitization was carried out on the paper geology map 

imported into ArcGIS to produce the geological map of Osogbo Metropolis. The lineament 

map for this study was extracted from the Digital Elevation Model (DEM) of the area by 

producing the hill shade of the area to enhance the feature extraction at various Azimuth and 

Altitude ratios (315:45, 200:50, 150:65 and 100:60) in ArcGIS 10.8. According to Adaviruku 

and Oyatayo (2023), this approach enhances the satellite image for lineament extraction. This 

was followed by manual digitization of the lineaments. The line density function of the spatial 

analyst tools was then used to produce the lineament density map from the lineament. Rainfall 

is directly proportional to groundwater potentiality.  

 

The groundwater potential of a place is high if the rainfall is high and it is low if the rainfall is 

low (Mahalingam, 2014). For this study, the rainfall data for 23 years (2000-2023) was 

obtained in comma-separated value format, which was imported into the ArcGIS environment 

to produce the rainfall map using the interpolation method through the Ordinary Kriging 

technique. The Ordinary Kriging technique assumes that the expected value of the interpolation 

is an unknown constant. In areas where fossil groundwater is available, rainfall may not 

indicate groundwater potential, but it will indicate the sustainability of groundwater 

exploitation and can be used to estimate optimum water extraction levels (Castilloetet al., 

2022). The drainage map of Osogbo Metropolis was extracted from the Digital Elevation 

Model (DEM) of the area by filling the DEM, followed by flow direction determination and 

flow accumulation. The resulting flow accumulation was used to extract the drainages using 

the expression “value>500”, which implied any drainage greater than 500m in length should 

be extracted. The extracted drainages were converted to a polyline, which was later converted 

to line density as the drainage density of the study area within the ArcGIS environment. The 

soil map of the area was acquired from the World Digital Soil Map. Topographic Wetness 

Index (TWI), Topographic Position Index (TPI), and Topographic Roughness Index (TRI). The 

TWI, TPI and TRI we created using Focal Statistics in the ArcGIS environment. 

 

4.3 DETERMINATION OF THE GROUNDWATER POTENTIAL ZONES IN THE 

STUDY AREA 

 

This was achieved by integrating the thematic maps of individual criteria. The different factors 

influencing groundwater occurrence were weighted using the Analytical Hierarchy Process 

(AHP). The AHP uses pairwise comparison to calculate weight based on the influence each 

criterion has on the occurrence of groundwater. The weighting was done by assessing the 

relative weight of criteria on a scale of 1 to 9, 1 means equal importance and 9 means extremely 

important. This is done to make decisions of their impact on groundwater occurrence, the 

criteria with the highest weight value have very high influence while the criteria with the lowest 

weight value have low influence (Saaty, 1980; Saaty, 1988). The thematic map of individual 

criteria was reclassified using the weight values calculated using the AHP pairwise comparison, 

and the reclassification was done with ArcGIS software. 
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The reclassified maps of each factor were overlaid using the weighted overlay in the ArcGIS 

environment to produce the Groundwater Potential Zone (GWPZ) of Osogbo Metropolis using 

equation 1. The thematic maps to be integrated were weighted. The Ground Water Potential 

Zones produced were categorized into 3 zones which are regions of low, moderate and high 

groundwater availability. 

 

5.0 PRESENTATION AND DISCUSSION OF RESULTS 

 

5.1 FACTORS INFLUENCING GROUNDWATER POTENTIAL 

5.1.1 Geology of Osogbo Metropolis 

The study area is underlain by the Basement Complex. The geologic units that covered the 

study area include Schist, Banded Gneiss, Undifferentiated schist amphibolite, 

Undifferentiated older granite, and Pegmatite. The Schist covers a spatial extent of 48.5 km2 

representing 34% of the total study area. Banded Gneiss covers 22.9 km2 (16%), 

Undifferentiated schist amphibolite (5.3%), undifferentiated older granite and Pegmatite 

(12.3%), and pegmatite (32.3%) respectively (Table 2). Fashae et al. (2014) pointed out that 

usually, massive unfractured lithologic units in the Basement Complex setting have little 

influence on groundwater availability except in cases with secondary porosity through the 

development of weathered overburden and fractured bedrock units, which form potential 

groundwater zones. 

Table 2: Geology Statistics 

S/N Name Area % 

1 Schist 48.5 34.0 

2 Banded Gneiss 22.9 16.0 

3 Undifferentiated schist amphibolite, metavolcanics with pegmatites 

complex 

7.6 5.3 

4 Undifferentiated older granite, mainly porphyritic granite with 

some migmatite 

17.6 12.3 

5 Pegmatite 46.1 32.3  
Total 142.7 100.0 

 

5.1.2 Drainage density of Osogbo Metropolis 

The drainage pattern of Osogbo Metropolis is dendritic. Adendritic drainage pattern is the most 

common form and looks like the branching pattern of tree roots. It develops in regions underlain 

by homogeneous material. That is, the subsurface geology has a similar resistance to 

weathering so there is no apparent control over the direction the tributaries take. Tributaries of 

dendritic drainages merge with larger streams at an acute angle (Pidwirny, 2006). According 

to Fashaeet al. (2014), closer proximity to the drainage network means that the probability of 

finding groundwater is high, moving away from the drainage causes the groundwater potential 

to decrease. According to Shamuyarira (2017), groundwater movement is very slow, and as a 

result, at an imaginary threshold proximity to drainage, the influence of the drainage becomes 

insignificant. Moreover, the drainage pattern reflects the characteristics of surface as well as 

subsurface formation (Coblentz et al., 2014). The drainage density of the area was found to 

range between 0-5.3km2. 

 

5.1.3 Lineament and lineament density of Osogbo Metropolis 

In a basement complex like Osogbo Metropolis, the presence of lineaments and their density 

is a major determinant of groundwater recharge and occurrence. Lineaments are linear features 

that occur on the earth’s surface, distinct from the surrounding features, and reflect what the 
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unseen subsurface can be (O’Leary et al., 1976). The result of lineament analysis in Osogbo 

Metropolis showed the lineament density ranges between 0 km/km2 to 2.3 km/km2. This 

implies that for every km2 coverage, there is about 0 km to 2.3 km of lineament present. The 

denser lineament in the central region down south of Osogbo Metropolis signifies the intensity 

of rock fracturing, which is a prerequisite for the development of conduits for groundwater in 

the basement complex. The northern part of Osogbo Metropolis has less lineament density 

implying that groundwater has less potential in the area than in other areas.  

 

5.1.4 Land use and land cover of Osogbo Metropolis 

The Land use and Land Cover (LULC) of Osogbo Metropolis was classified into five classes 

namely; Water body occupying 6.62 km2 representing 4.64% of the study are, vegetation 57.74 

km2 (40.47%), farmlands 2.1km2 (1.47%), Built up 76.21 km2 (53.42%) of the study area and 

Bare surface 0.00 km (0.00%). According to Siddiket al. (2022), the long-term temporal and 

seasonal changes in LULC have a substantial influence on groundwater flow dynamics. Each 

of the classes of LULC in this study has an influence on groundwater recharge and occurrence 

in an area. For instance, the quantity of water that seeps into the soil to form groundwater 

depends on the vegetation cover, as vegetation impacts the speed of water that will move across 

a surface (Sun et al., 2017). Similarly, in built-up areas, man-made features, like pavement, 

usually inhibit infiltration. 

 

5.1.5 Rainfall map of Osogbo Metropolis 

Rainfall in Osogbo Metropolis ranges between 1,711.6 mm to 1,734.2 mm. Rainfall is the 

major source of groundwater recharge; thus, it has a great influence on groundwater 

occurrence, especially in a crystalline terrain like Osogbo Metropolis. Places of high rainfall 

have high groundwater prospects compared to places of little or no rainfall (Mahalingam, 

2014).  

 

5.1.6 Slope map of Osogbo Metropolis 

The slope in Osogbo Metropolis ranges between 0° to 24.4°. This aligns with the findings of 

Malavika (2021), who found that the slope in Patratu ranges between 0° and 20°. Slope has an 

inverse relationship with groundwater potential; high slope causes less penetration due to fast 

surface runoff while level and mild slope areas encourage minimum runoff, accordingly, 

allowing additional time to infiltrate rainwater and helping large groundwater rejuvenate 

(Balakrishnan, 2019). The slope of this study, however, in contrast to the findings of Adaviruku 

et al. (2023), who discovered that the highest slope in Okene Local Government Area, Nigeria, 

was 66.79 degree and the lowest was zero degree.  

 

5.1.7 Soil map of Osogbo Metropolis 

Soil plays a crucial role in determining the potential of groundwater resources. The 

composition, permeability, and structure of soil influence the rate of water infiltration, storage, 

and movement underground (Kresic, 2009). Soils with higher porosity and permeability allow 

for better groundwater recharge, while clay-rich soils impede groundwater flow (Fetter, 2018). 

Understanding the soil-groundwater relationship is essential for sustainable water management 

and resource conservation. Osogbo Metropolis is made up of two soil types, namely 

Sandy_Clay_Loam and Clay_Loam. The Sandy_Clay_Loam soil covered an area of about 14 

km2 which represents 9.8% of the total area found in the northern part of Osogbo Metropolis, 

while Clay_Loam occupies 128.6 km2 (90.2%), as shown in Table 3. 

 

Table 3: Soil statistics 

Soil Area % 
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Sandy_Clay_Loam 14.0 9.8 

Clay_Loam 128.6 90.2 

Total 142.7 100 

   

 

5.1.8 Topographic Position Index of Osogbo Metropolis 

The Topographic Position Index (TPI) is a useful metric for evaluating groundwater potential. 

TPI describes the relative elevation of a given location compared to its surrounding areas, 

providing insights into landscape features that influence groundwater flow and recharge. 

According to Elmahdy and Mohamed (2021) areas with low TPI values (valleys and 

depressions) had higher groundwater potential.  

In the study area, the TPI was found to range from -12.9 to 21.9. The northern part of Osogbo 

Metropolis shows low TPI, indicating the likelihood of more groundwater availability in the 

area, all other factors being equal. Integrating TPI with other hydrogeological data can help 

identify prime areas for groundwater exploration and recharge, supporting the development of 

effective strategies for groundwater utilization and conservation (Ahmed et al., 2019) 

 

5.1.9 Topographic Roughness Index of Osogbo Metropolis 

The Topographic Roughness Index (TRI) quantifies the variability in elevation within a defined 

area, providing insights into the landscape features that can influence groundwater flow and 

recharge. It is used for assessing the impact of terrain complexity on groundwater potential. 

Jasrotia et al. (2021) found that areas with lower TRI values (smoother terrain) had higher 

groundwater potential.  

In Osogbo Metropolis, the Topographic Roughness Index was found to be between 0.1 to 0.9. 

The values of TRI varied spatially across the study area, implying that on the basis of TRI, the 

whole study area has a chance of groundwater occurrence. Incorporating TRI into groundwater 

assessments can help optimize the identification of high-potential groundwater areas, leading 

to more efficient and responsible utilization of these valuable resources. 

 

5.1.10 Topographic Wetness Index of Osogbo Metropolis 

The Topographic Wetness Index (TWI) is a powerful tool for evaluating the influence of terrain 

on groundwater potential. TWI describes the tendency of a location to accumulate moisture, 

providing insights into areas with higher soil moisture and potential groundwater recharge. 

Recent studies by Elmahdy and Mohamed (2021) found that areas with high TWI values 

(indicating greater soil moisture accumulation) had higher groundwater potential.  

In Osogbo, the study area, the Topographic Wetness Index ranges from-5 to 20.1. The northerly 

side of Osogbo Metropolis is characterized by higher TWI, indicating that the northern areas 

are more likely to favor groundwater occurrence than other areas. Incorporating TWI into 

groundwater studies can help identify prime areas for targeted exploration and sustainable 

management of this vital resource. By understanding the relationship between terrain 

characteristics and groundwater potential, water resource planners can make more informed 

decisions to ensure the long-term availability and quality of groundwater supplies. 

 

5.2 DETERMINATION OF GROUNDWATERBEARINGZONES IN OSOGBO 

METROPOLIS 

 

5.2.1 Pairwise comparison of groundwater potential influencing factors 

The different factors influencing groundwater yield zones were weighted using the Analytical 

Hierarchy Process (AHP). The AHP utilizes pairwise comparison to quantify the weight value 
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and the domination of each criterion on groundwater occurrence. The weighting was done 

using a scale of 1 to 9. 1 means equal importance, 3 means moderate importance, 5 means 

strong importance, 7 means very strong importance and 9 for extremely importance (Saaty, 

1980; Saaty, 1988). The most dominant variable for groundwater yield will have the highest 

weight, and the lowest weight is the least important variable. The pairwise comparison result 

and weighting of Groundwater Controlling Factors in the study area are presented in Table 4. 

Rainfall ranked the highest with the weight of 27.3% meaning that in Osogbo Metropolis, 

rainfall is the most influential factor in the determination of groundwater occurrence in the 

area, followed by lineament, which ranked 9with the weight of 20.4%. The third most 

influential factor in the area is drainage density, which ranked 8 and was weighted 15.6%. A 

similar observation was reported by Adavirukuet al. (2023) who found that rainfall (39.94%) 

and lineament density (28.65%) were the major factors influencing groundwater potentiality in 

the Okene administrative area. The consistency ratio of 0.038implies that the pairwise 

comparison of the factors was consistent and acceptable. 

 

Table 4: Pairwise comparison and weighting of Groundwater Controlling Factors 

Factors Rainfall Lineament Drainage 

density 

Slope LULC Geology Soil TWI TPI TRI Weight Rank 

Rainfall 1     2     3     3     4     5     5     7     8     8     27.3% 10 

Lineament ½ 1     2     3     3     4     5     6     7     6     20.4% 9 

Drainage 

density 

 1/3 ½ 1     2     3     4     5     5     6     5     
15.6% 

8 

Slope  1/3  1/3 ½ 1     3     4     4     5     4     4     12.3% 7 

LULC ¼  1/3  1/3  1/3 1     2     3     4     3     3     7.5% 6 

Geology  1/5 ¼ ¼  1/4 ½ 1     1     3     2     2     4.7% 5 

Soil  1/5  1/5  1/5  1/4  1/3 1     1     3     2     2     4.4% 4 

TWI  1/7  1/6  1/5  1/5 ¼  1/3  1/3 1     2     2     2.9% 3 

TPI  1/8  1/7  1/6  1/4  1/3  1/2  1/2  1/2 1     1     2.4% 1 

TRI  1/8  1/6  1/5  1/4  1/3  1/2  1/2  1/2 1     1     2.5% 2 

Consistency Ratio = 0.038 (3.8%) 

 

5.2.2 Groundwater potential of Osogbo Metropolis 

The thematic map of individual criteria was reclassified using the weight values calculated 

using the AHP pairwise comparison. Reclassification was conducted by utilizing the spatial 

analyst tool in ArcGIS. Each reclassified thematic layer was overlaid using the weighted 

overlay method in ArcGIS Spatial Analyst to delineate the Groundwater Potential Zone 

(GWPZ) of Osogbo Metropolis using equation 1. The identified ground water potential zones 

were grouped into five categories which are: Very low, low, moderate, high, and very high 

groundwater potential zones. 

GWPZ = RFw + LDw + DDw +GLw + SLw + LULCw + SOw +TWIw +TRIw + 

TPIw……………….………………….. (1) 

Source: Modified after Kabeto, et al. (2022) 

Where; 

GWPZ = Groundwater Potential Zone          RF = Rainfall 

SO = Soil                                                       LD = Lineament Density 

DD = Drainage Density                                 GL = Geology 

SL = Slope                                                     LULC =Land use/Land cover 
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TWI = Topographic Wetness Index             TPI = Topographic Position Index 

TRI = Topographic Roughness Index          w = the normalized weight of each them 

The groundwater potential map of Osogbo Metropolis (Figure 2) revealed areas characterized 

with very low to low groundwater potential are mostly found in the southern part of the study 

area. These are areas with high Topographic Position Index, high Topographic Roughness 

Index, and low Topographic Wetness Index. And areas characterized by high to very high 

groundwater potential zones are found in the northern part of Osogbo Metropolis through the 

central region. These are areas with low Topographic Position Index, low Topographic 

Roughness Index, and high Topographic Wetness Index. This finding agreed with the works 

of Elmahdy and Mohamed (2021) and Jasrotia et al. (2021) who found that areas with low 

Topographic Position Index and low Topographic Roughness Index had high groundwater 

potential. 

 

 
Figure 2: Groundwater Potential Zones Map of Osogbo Metropolis 

 

5.2.3 Spatial Distribution of Groundwater Potential of Osogbo Metropolis 

Reclassification of the groundwater potential map resulted in five categories: very low, low, 

moderate, high, and very high groundwater potential zones, and the field calculator in ArcGIS 

version 10.8 was employed in the calculation of the area coverage of each potential zone in 

square kilometers. The area extent covered by each groundwater potential zone is shown in 

Table 5. 

 

Table 5: Area Coverage of Groundwater Potential Zones in Osogbo Metropolis 

S/N Groundwater Potential Zones Area % 

1 Very low 4.7 3.3 

2 Low 28.2 19.8 

3 Moderate 74.9 52.5 

4 High 34.8 24.4 

5 Very high 0.1 0.1  
Total 142.7 100. 

As presented in Table 5, very low potential zones cover an area of 4.7 km2 which represent 

3.3% of the total study area; low potential zones cover an area of 28.2 km2 representing 19.8%, 

moderate potential zone covers an area of 74.9 km2 representing 52.5%, the high potential 

regions cover an area of 34.8 km2 (24.4%), while very high potential zone only accounted for 

0.1% of the study area. This observation aligns with prior research of Ifediegwu et al. (2019) 
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it was observed that groundwater potential zones in Kogi Local Government Area, Kogi State 

were excellent (10.23%), good (51.35%), moderate (34.26%) and poor (4.16%).  This finding 

is however contrary to that of Rilwanu (2014), who found out that moderate GWPZs constitute 

just about 6.2% in Kano State, Northern Nigeria. The finding also corroborates the work of 

Abdulkadir (2020), who reported that about 46.25% of Ilorin Metropolis fell under a moderate 

groundwater potential zone.  

6.0 CONCLUSION AND RECOMMENDATIONS 

Geospatial techniques provide a timely and cost-effective approach for investigating and 

mapping groundwater potential zones. A thematic map of groundwater influencing factors was 

generated using Remote Sensing (RS) and Geographic Information System (GIS) and the 

weights according to their relative importance in the occurrence of groundwater were 

determine using Analytic Hierarchy Process (AHP). High weighted value showed areas with 

high prospects for groundwater, and low weighted value showed areas with low prospects for 

groundwater. Findings on ground water prospects zones revealed Osogbo Metropolis, Osun 

State is segmented into five groundwater potential categories such as very low 4.7km2 (3.3%), 

low 28.2km2 (19.8%), moderate 74.9km2 (52.5%), high 34.8km2 (24.4%) and very high 0.1km2 

(0.1%) groundwater prospects areas and rainfall, lineament concentration and drainage 

intensity were the three most significant influencing factors for groundwater presence in 

Osogbo Metropolis. In conclusion, sustainable groundwater management has been ensured 

through the following: areas with potential groundwater resources are identified, which will 

aid decision making for groundwater development and management and also provide a 

framework for assessing climate impact and human activities on groundwater resources. 

Based on the findings of this study, the following recommendations are made; 

i. To avoid the incidence of borehole failure in Osogbo Metropolis, areas delineated 

as low classification potential zones should be exploited moderately to avoid the 

groundwater depletion problem while areas with high prospects for groundwater 

should be optimally utilized. 

ii. The groundwater potential zones and thematic maps produced in this study are 

sources of vital information and database that can be updated from time to time by 

adding new information for development. 

iii. Further studies of this nature should be conducted nationwide to help water 

development agencies and stakeholders, and the results should be made available 

in the public domain so that every citizen can have information about groundwater 

at their fingertips. 

iv. It is also recommended that further studies should be conducted in Osogbo 

Metropolis to investigate the spatial variability among the existing borehole yields 

in the area and the groundwater resource potential of the area. 

7.0 LIMITATION OF THE STUDY 

This study relied on secondary datasets which may not fully capture real-time variations in 

groundwater dynamic. And extensive validation of the groundwater potential zones could not 

be carried out due to limited boreholes yield records. Important hydrogeological parameters 

such as aquifer depth and groundwater recharge rate could not be integrated due to insufficient 

data. To address these limitations the results could be improved for future studies. In spite of 

these limitations, this study provides a scientific basis for guiding borehole siting, groundwater 

exploration, and sustainable water resource management. 
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