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ABSTRACT

Flooding is one of the most damaging disasters worldwide, and natural and human activities influence it. It
has caused destruction and loss of lives and properties, which calls for spatial scope and mitigation methods
for a better understanding. This research aims to map and identify flood risk regions in Minna, Niger State,
using a multi-criteria decision-making tool — the Analytical Hierarchy Process (AHP) and Geographic
Information System (GIS). The AHP is the foundation for the study in determining and integrating the
weighted percentage of flood criteria within the ArcGIS interface. The criteria considered for this research
include Elevation, Topographic Wetness Index (TWI), Slope, Precipitation, Drainage Density, Soil Type,
Proximity to River, and Land Use Land Cover (LULC). The resultant AHP flood risk map shows that 22.25%
of the study area is at high and very high risk of flooding, 53.7% has a moderate susceptibility level, while
24.05% is at low and very low risk of flooding. Low slopes, high drainage density, and built-up regions are
observed to be characteristic of these communities, which are at a very high risk of flooding. The result of
the analysis urges the authorities in Minna, Niger State, to devise appropriate plans for potential floods in
the future, such as proper maintenance of the drainage system and creating awareness of flood risk.

Keywords: Minna, AHP, Flood risk regions, driving criteria, Environmental issues.

1.0 INTRODUCTION

Natural disasters pose significant risks to lives and property. The ability of a community to respond to
emergencies is put to the ultimate test during such disasters (March 2002). Millions of people are affected
by the consequences of these events, resulting in high death tolls, severe financial impacts, and community
displacement (Beth et al., 2017). The increasing frequency and severity of natural disasters, such as flooding,
are closely linked to climate change. Factors such as heavy rainfall and river overflow have made these
events more common due to shifts in the climate. The significant consequences of these disasters on societies

and economies, as noted by Nadeem et al. (2022), include the destruction of infrastructure and property, loss
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of life, and an increased prevalence of poverty and hunger. Ifiok et al. (2022) emphasised the fact that these
disasters may cause the extinction of species, highlighting the intricate consequences of climate-induced
events such as flooding. Musa et al. (2015) analysed the causes of flooding in Minna, with the primary goal
of proposing solutions to mitigate the adverse effects along the pathways of River Suka. It was reported that
the continuous flooding along the banks of the River Suka is primarily due to human activities, including

construction in flood-prone areas, inadequate drainage systems, and alterations to the landscape of the region.

The impact of flooding is a global phenomenon, and Minna, in Niger State, is also affected. Researchers have
utilised Geographic Information Systems (GIS) to map flood-prone areas worldwide, helping governmental
agencies responsible for disaster management to make informed decisions regarding flood preparedness and
response. In some regions significantly threatened by floods, survival becomes increasingly difficult,
prompting mass migration of residents to already densely populated areas. This migration exacerbates
challenges such as poverty and a rising dependency rate, making these issues critical and deserving of serious
attention. According to Peduzzi et al. (2009), over 800 million people reside in flood-prone areas, and the
frequency of floods in recent years has reached unprecedented levels, exposing 70 million people to flooding
annually. A catastrophic flooding in Nigeria in March 2012 resulted in over 430 fatalities, 566,466 displaced
individuals, and an inundated area measuring more than 4,701 km? (Agada & Nirupama, 2015). In another
study, Ajumobi et al. (2022) assessed the consequences of the 2022 flooding in Nigeria, highlighting severe
impacts on property, water, facilities, agriculture, and health. Generally, Nigeria has experienced floods of
varying magnitudes over the years. The National Emergency Management Agency (NEMA) announced in
January 2023 that flooding is anticipated in the country, underscoring the urgent need for preparedness

against potential flood events.

Currently, there is a pressing need to gain a deeper understanding of the factors contributing to flood risk and
vulnerability in Minna, Niger State, Nigeria. A systematic approach is essential for identifying and modelling
these factors; moreover, they are multifaceted, and the quest for multicriteria evaluation (MCE)/multicriteria
decision-making (MCDM) is important. According to Adzandeh et al. (2024), Balogun et al. (2020), and
Hamid-Mosaku et al. (2017), among the various available MCE methods, the Analytical Hierarchy Process
(AHP) has been chosen for its simplicity and effectiveness in ranking factors based on their importance.
Therefore, the modelling was done within a Geographic Information System (GIS) environment using the
AHP approach. As part of the study, various human activities were examined, such as urban development
and changes in land use, as well as the socio-economic impacts of flooding on the communities in Minna.

This analysis aims to provide necessary and adequate mitigation strategies.
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Among the objectives of this study are to assess the vulnerable flood risk areas in Minna and create flood
risk and vulnerability maps in Minna using the Analytical Hierarchy Process and GIS. Various driving factors
were evaluated from diverse sources, whilst mitigation strategies that can assist governmental and non-
governmental agencies in enhancing emergency response and flood management initiatives were proposed.
Therefore, the remaining sections of the manuscript are arranged as follows: a review of flooding-related
studies and approaches adopted is presented in Section 2. The methodology is provided in Section 3. The

results and discussion are presented in Section 4, while Section 5 concludes the discussion.

2.0 LITERATURE REVIEW

Flood affects most countries globally and is considered one of the most devastating and frequently occurring
natural hazards (Komolafe et al., 2015; World Bank Group, 2019), thus necessitating the quest for proactive
flood hazard mapping and risk management and mitigation for sustainable economic and urban development
strategies (Bouchikhi et al., 2025; Loukili et al., 2025). On the one hand, flooding occurs when water
overflows onto previously dry land, indicating that the amount of rainfall the land can absorb has been
exceeded (Nwachukwu et al., 2018). Flooding occurs when rivers experience exceptionally high flows,
causing water overflow into floodplains or areas beyond the main river channels (Raghunath, 2006). The risk
associated with floods is determined by their likelihood and the potential extent of damage, which can include
loss of life and property within the affected communities (Henry, 2006). Therefore, floods can also serve as

indicators of the overall quality of an environment (Ifiok et al., 2022).

Nigeria has experienced frequent and severe flooding, particularly in the last few years (Bamidele and
Badiora, 2019). Notable incidents with attendant worst scenarios occurred in 2012, 2018, and 2022 - 2024
(Konwea, 2012; Nigeria Hydrological Services Agency, 2020; Okwuashi & Jibunor, 2021; Ayanlade &
Omojola, 2022; Dada & Adekoya, 2023). These disasters affected at least 32 out of the 36 States in Nigeria.
The floods were mainly caused by prolonged heavy rainfall in various regions and the release of excess water
from the Lagdo Dam in Cameroon (Nura and Alison, 2023). Additionally, inadequate policy planning and
implementation, blockages of waterways, and activities by residents in flood-prone areas also contributed to
the flooding in Nigeria (Ekpoh et al., 2015). These floods have significantly impacted the country's

environment and economy (Ifiok et al., 2022).

2.1 Causes and Effects of Flooding

Over the years, various researchers have offered insights into the causes of flooding. In their review of flood
risk in Nigeria, Komolafe et al. (2015) observed that the floods in Nigeria are primarily caused by a high
level of vulnerability among residents and a lack of coping capacity. Nkwunonwo et al. (2015), in their study

45



UNILAG JOURNAL OF TRANSPORT AND LOGISTICS, VOL. 2 (1) 2025 pp. 43-65

on flooding and flood risk reduction in Nigeria, concluded that major contributing factors include rapid
population growth, poor urban planning, and an increase in both the frequency and intensity of rainfall. ,
Olajuyigbe et al. (2012) in assessing the flood hazards in Mile 12, Lagos State, noted that recurring floods
pose significant risks to the local economy and ecology. The study identified several causes, including
frequent heavy rainfall, water discharged from the Oyan Dam in the nearby Ogun State, obstruction of
drainage channels by debris and other materials, narrow river channels, and construction activities along
floodplains. Their research methodology included administering questionnaires, interviewing relevant
government officials, and conducting participatory observations. Other causes, according to Magami et al.
(2014) include dam failures, overflowing rivers, poor channel maintenance, neglect of advisories from the

Nigerian Meteorological Agency (NIMET), and insufficient evaluation of settlements in flood-prone areas.

Heavy rainfall, alongside inadequate drainage systems on roads and the obstruction of flood channels by
refuse dumps, significantly contributes to flooding disasters in Uyo, Akwa Ibom State, Nigeria (Evans et al.,
2017). Nnodim and Ezekiel (2020) investigated the impact of chronic flooding on the livelihoods of rural
residents in the Orashi region of Rivers State. The causes of flooding identified include prolonged periods of
heavy rainfall, river overflow, and the continuous release of excess water from reservoirs. In the work of
Tabiri (2015), four main causes were identified as reasons for persistent flooding in the Accra metropolis,
Ghana, which are: negligence, poor planning, structures obstructing waterways, and inadequate waste
disposal. ,Nwigwe and Embargo (2014) echoed the findings by Tabiri regarding flooding in Nigeria, adding
that collapsed dams and the topography of certain areas also contribute to the flooding issues.

Flooding, due to its devastating nature, has significant negative effects on the livelihoods of individuals
(Ejem and Ben-Enukora, 2025; Eteh et al., 2025; Jega et al., 2025; Sun et al., 2024). Literature on the impact
of flooding indicates that households are losing lives and property. Saleem et al. (2013) conducted a study
on Muzaffargah - a flood-prone district in Punjab, a case study to analyse the impact of floods on livelihoods
and food security in the area. The researchers conducted interviews with 120 flood victims to gather data.
The study found that agriculture was the main income source; however, floods severely damaged vital natural
resources, including land, irrigation systems, orchards, and livestock, resulting in decreased income for the
community. Consequently, the population faced food shortages and food insecurity, as many were forced to
consume contaminated goods, particularly water. This disaster ultimately delayed the recovery and
prosperity of farmers by several years. Ani et al. (2020) also emphasised the fact that floods significantly
affect the livelihoods of people and the environment. Similarly, Ojikpong et al. (2016), in their assessment
of flood risks in residential neighbourhoods of the Calabar metropolis, found that flooding leads to loss of

life and property, and the destruction of socio-economic activities. The study noted that the extent of loss
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and destruction is influenced by factors such as the timing of the flood, the condition of drainage systems,
and the location of river encroachments. Okeleye et al. (2016) assessed the impact of flood disasters on the
livelihoods of farmers in the Oke Ogun region of Oyo State. They collected information through focused
group discussions, structured questionnaires, in-depth interviews, and portable GPS technology. The findings
from this study revealed that farmers are highly vulnerable to flooding due to its significant effects on their
farmland. Most farmers have limited coping mechanisms because they lack access to insurance and reliable

early warning systems for floods.

In Ejem and Ben-Enukora (2025), the differential effects of 2022 flood events on men and women were
examined and in relation to the devastating destruction of farms, loss of income, health challenges, and longer
recovery periods for marginalised groups. Moreover, Eteh et al. (2025), assessed the increasing flood
frequency from 2018 to 2024 and severity that threatens infrastructure, agriculture, and local livelihoods
downstream, highlighting loss of farmland and disruption in ecosystem services, based on machine learning
and geospatial techniques. The influence of crop production and income among smallholder farmers was
investigated in Jega et al. (2025), revealing a statistically significant negative impact on the livelihoods of

the farmers and the community.

Also, Nnodim and Ezekiel (2020) examined the effects of flooding in a catchment area of Rivers State,
Nigeria. The analysis focused on the impacts of floods on both crop and fish farming. The study emphasised
that flooding has several detrimental effects on agriculture, including the submergence of farmlands,
destruction of crops and irrigation systems, and loss of harvested produce. In fish farming, flooding can
spread infections that lead to fish diseases, contaminate rivers and streams, and result in the death of fish and
other aquatic animals. Ifiok et al. (2022) researched the causes and effects of flooding in Nigeria, noting that
floods stem from natural and human activities. The outcomes of this study supported the fact that natural
causes of floods include topography, soil type, and extreme rainfall. Human activities contributing to
flooding involve inadequate environmental planning and monitoring, housing development in flood-prone
areas, deforestation, poorly managed construction that clogs drains, improper waste disposal practices, and
government negligence in developing and implementing effective policies at all levels.

2.2 Hierarchical Framework and Paired Comparison

The Analytical Hierarchy Process (AHP) is a multicriteria decision-making (MCDM) technique that helps

in prioritising, organising, and structuring preferences (Hamid-Mosaku et al. 2017). This method aids in

comparing various options and making informed decisions based on both qualitative and quantitative factors.

By establishing a multilevel hierarchy of criteria and alternatives, AHP systematically evaluates the elements

to determine their relative significance in achieving the primary objective. It simplifies the preference-rating
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process through pairwise comparisons, which contributes to greater consistency in judgment (Rebollo et al.,
2016; Hamid-Mosaku et al., 2017; Balogun et al., 2020; Adzandeh et al., 2024).

AHP employs hierarchical frameworks to illustrate the problem and subsequently establish preferences for
various options through user judgment. This method relies on paired comparisons to derive these priorities.
The hierarchical framework consists of three levels: level one, which represents the overall goal is the Flood
Risk Assessment, level two, which comprises the criteria is the flood hazard and flood vulnerability, and
level three, which relates to the elements for each criterion. The elements are valued for paired comparisons

on a scale from 1 (equal importance) to 9 (extreme importance) as presented in Table 1.

Table 1: Fundamental scale for pairwise comparison

_Inten5|ty of Definition Explanation

importance

1 Equal importance  Two elements contribute equally to the objective

3 Moderate Experience and judgment slightly favour one
importance element over another

5 Strong Experience and judgment strongly favour one
Importance element over another

v Very strong One element is favoured very strongly over
importance another, its dominance is demonstrated in practice

9 Extreme The evidence favouring one element over another
importance is of the highest possible order of affirmation

2,4,6,8 can be used to express intermediate values

The pairwise comparisons are made by expressing the judgments of the experts in the form of an n-by-n
positive reciprocal decision matrix A, having elements [xij]; where x;; = 1 (i.e., the diagonal elements are

equal to 1, thus, representing an element being compared to itself). Other elements are represented based on
comparisons between two criteria. If the criterion on the column is preferred to that on the row, the inverse

of the rating is taken. This ensures consistency in the matrix construction. Thus, x;; = 1/ji forall i,j=
1, ...., n, such that, the principal eigenvalue of A is A,,,4.

The Consistency Ratio (CR) is obtained by dividing the Consistency Index (CI) by a Random Index (RI), as
shown in Equation 1. Cl is calculated using Equation 2 (Alonso and Lamata, 2006; Hamid-Mosaku et al.,
2024).

Consistency Index
1)

Consistency Ratio (CR) =

Random Index

Amax—n (2)

Consistency Index (C.1) =

n-—1

where n is the number of criteria

Amax = Average of Consistency Measure
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Amax 15 Used to calculate the consistency index; based on the condition that A,,,, = n, with equality if and
only if A'is consistent. Also, A represents the biggest eigenvalue for the pairwise comparison matrix.

On the other hand, the Random Index (RI) represents the consistency index of a randomly generated
reciprocal matrix value generated by Saaty (1980) based on the number of criteria. The average values for
orders from 1- 15 matrices generated as in Table 2, and for a sample size of up to 100 (Brent et al., 2007;
Saaty, 1980). If CR is less than 10%, then the matrix can be considered as having an acceptable consistency.

Table 2 RI (n) values (Brent et al., 2007; Saaty, 1980)

n 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl 05799 0.8921 1.1159 1236 1.3322 1.3952 14537 1488 1512 15356 1.5571 15714 1.5831

2.3 AHP and GIS Method of Flood Assessment

The Geographic Information System (GIS) is a valuable tool for capturing, storing, analysing, managing,
and visualising spatial or geographic data. In the context of flood mapping, GIS provides researchers with a
framework to identify areas vulnerable to flooding. This tool combines spatial data with analytical
capabilities, facilitating the identification and characterisation of regions at risk. GIS is globally recognised
for its contribution to disaster preparedness. Researchers often emphasise its importance in providing
spatially explicit information that assists policymakers in developing effective strategies to mitigate flood
risks (Aichi et al., 2024; Burayu et al., 2023; Mohammed et al., 2024). In addition, GIS-based models help
foster community resilience by promoting public awareness and enhancing understanding of the extent of

potential hazards.

Over the years, researchers have integrated the Analytic Hierarchy Process (AHP) and Geographic
Information Systems (GIS) to map areas vulnerable to flooding. Chukwu et al. (2022) employed GIS and
AHP methods to assess flood risks in Ethiope, Delta State. They utilised seven GIS elements as criteria,
which were weighted and normalised to eliminate bias in judgments. These criteria were instrumental to
generating flood hazard and flood vulnerability maps. The flood hazard map was based on physical and
hydrological factors, including slope, drainage, soil types, and rainfall. In contrast, the flood vulnerability
map incorporated anthropogenic variables such as population density, drainage systems, and land use/land
cover (LULC). By combining these two maps, the researchers created an overall flood vulnerability map for
the study area, categorising regions from very low susceptibility to very high susceptibility to flooding. The
findings indicated that communities at high and very high risk of floods typically exhibit characteristics, such

as low slopes, high drainage densities, proximity to rivers, and inadequate drainage systems. Conversely,
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areas with high slopes, dense forests, low drainage densities, minimal rainfall, and effective drainage systems

have an extremely low likelihood of flooding.

Aydin and Birincioglu (2022) analysed flood hazards in the Bitlis province of Turkey using Geographic
Information Systems (GI1S) and the Analytic Hierarchy Process (AHP). It was found that the southwest region
of the research area poses a significant flood danger due to high precipitation and stream density. However,
the risk is mainly confined to areas surrounding low-elevation streams, owing to the region's harsh terrain
and steep slopes. In contrast, the northern areas experience a milder flood risk that extends over a larger
region, attributed to average precipitation and comparatively lower slopes. The most dangerous zones are
identified as densely populated urban areas. Additionally, regions with low stream density and high
elevations were determined to be low-risk areas for flooding.

Danumah et al. (2016) utilised multi-criteria analysis and GIS to analyse and map flood-prone areas in
Abidjan. The study revealed that eight out of thirteen municipalities in the district are at risk of flooding. The
various criteria used within the ArcGIS interface are slope, land use, population density, drainage density,
soil type, Isohyet, and sewage system density. The resulting AHP flood risk map indicated that 34% of the
study area has high or very high flood risk. Their research demonstrates the validity and significant

contribution of geoinformation approaches to evaluating natural disasters.

Waseem et al. (2023) assessed the flood hazards, vulnerabilities, and risks in the Shebelle River Basin (SRB)
in southern Somalia using the Analytical Hierarchy Process (AHP) and Geographic Information Systems
(GIS) using seven significant factors: elevation, slope, drainage density, distance to the river, rainfall, soil
type, and geology to create the flood hazard maps. Additionally, they used Global Man-Made Impervious
Surface (GMIS), population density, distance to roads, land use/land cover (LULC), and the extent of human-
built area settlements (HBASE) to develop the flood vulnerability map. Finally, they produced a flood risk
map by integrating the flood hazard and vulnerability maps.

Amen et al. (2023) conducted a study to identify flood-prone areas in Duhok, located in the Kurdistan Region
of Iraq, using GIS techniques combined with the Analytical Hierarchy Process (AHP). The Flood Hazard
Index (FHI) was evaluated by assigning relative weights to 12 factors, including elevation, slope, proximity
to rivers, rainfall, and land use. Other parameters considered were land cover, soil type, lithology,
topographic roughness, wetness indices, aspect, sediment transport index, and stream power index. These
weighted parameters were used to generate a flood susceptibility map, categorising the region into zones
with varying flood risk, from very low to very high. The results indicated that 44.72 km? of Duhok City is at
a very high risk of flooding.
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Shawky and Hassan (2023) researched flash flood susceptibility zonation in the Sinai Peninsula, located in
the north-eastern part of Egypt, based on GIS and the AHP. The relative weights of nine geographical factors
based on their relevance to flash flood occurrence were determined and used to create a flood risk map for
the study area. The map indicated that 21% of the evaluated region faces a very high or high risk of flash
flooding, 19.8% has a moderate risk, and 59.2% falls under very low or low risk. A GIS and AHP framework
were adopted to identify suitable shelter locations in Ubon Ratchathani flood-prone areas in Thailand
(Tiangtrong et al. 2925). Meanwhile, Rathod and Ukey (2025), identified twelve factors that contributed to
the GIS-AHP flood susceptibility mapping of the Savitri and Vashishti River Basins, Western Maharashtra.

There are studies incorporating MCDM with GIS, remote sensing, geomatics, and hydrological modelling
using different machine learning and deep learning classifiers. In Loukili et al. (2025), the evaluation of the
performance of Sentinel-1, Sentinel-2, and Landsat satellite data for flood detection was carried out within
the Google Earth Engine platform, using Random Forest (RF) and Minimum Distance (MD) classifiers.
Babati et al. (2025) examined the application of machine learning in coastal flooding, with different ML
classifiers. Novel flood inventory sampling strategies were adopted based on ML for the susceptibility flood
mapping (Long et al, 2025).

The literature reviewed demonstrated the effectiveness of GIS and AHP in assessing flood risk areas and
producing reliable results, but there is a paucity of such for the case of Minna. Therefore, this study aims to
fill this research gap by providing a comprehensive flood risk map for Minna, Niger State, that could help

mitigate flood hazards, where such a map is currently lacking.

3.0 RESEARCH METHODOLOGY
3.1 Study Area

The scope of this research is Minna, Niger State, Nigeria, which is located between latitude 9° 36'22"N and
longitude 6° 33'l 5"E. It consists of two local governments — Bosso and Chanchaga Local Government Areas
(Figure 1). It is located in the North Central Geopolitical Zone of Nigeria and covers an area of around 6,789
sg km (Daniyan and Muhammed, 2018). It is in a tropical climate region characterised by two seasons in a
year, the wet and dry seasons. The annual rainfall usually lasts between May and October. The dry season
lasts between October and March.
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Figure 1: Geographic Map of the Study Area
3.2 Datasets

The datasets utilised in this research consist of a diverse range of geographical, hydrological and
demographical Information pertinent to Minna, Niger State. They include Administrative Map, Digital
Elevation Map (DEM), Topographic Wetness Index (TWI), Slope, Precipitation, Land Use/ Land Cover
(LULC), Proximity to River, Drainage Density, and Soil Type. The dataset is gathered from various sources
and serves as the foundation for AHP and GIS methodologies used in conducting the research. Table 3

presents the data types and their corresponding sources.

Table 3; Data and data source

S/IN  Dataset Source

1 Administrative Map diva-gis.org

2 DEM earthexplorer.usgs.gov

3 TWI ArcGIS toolbox (Raster Calculator)

4 Slope ArcGIS toolbox (Spatial Analyst Tools — Surface — Slope)

5 Precipitation Crudata.uea.ac.uk

6 LULC Earthexplorer.usgs.gov

7 Proximity to the river ArcGIS toolbox (Spatial Analyst Tools — Distance —
Euclidean Distance)

8 Soil Type Fao.org/soils-portal/data-hub/soil-maps-and-

databases/faounesco-soil-map-of-the-world/en/
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3.3 Analytical Hierarchy Process (AHP)
3.3.1 Expert Opinions

Experts in the field of hydrology, disaster management and environmental science were identified. Their
extensive knowledge and experience on flood assessment were utilised to perform the pairwise comparison

of selected criteria by comparing each criterion to determine their relative importance.

3.3.2 Development of Pairwise Comparison Matrix
The pairwise comparison matrix is developed by comparing the relative importance of criteria to each other.
An 8 x 8 matrix was constructed with all selected alternatives forming its rows and columns. The matrix was

then filled based on the rating from the paired comparison between the various criteria.

3.3.3 Development of Normalisation Matrix

The normalisation of the pairwise matrix is a crucial step that aims at matrix consistency and is
mathematically suitable for deriving meaningful priorities. Normalisation can be attained by dividing each
element in a column of the pairwise comparison matrix by the sum of elements in that column. This process
ensures the adjustment of each value within each column to properly represent its relative importance,

thereby enabling a consistent comparison across the criteria.

3.3.4 Checking the Consistency Ratio
Checking the consistency ratio is a pivotal step to ensure the reliability of the ratings made during paired

comparison.

3.4 Geographic Information System

3.4.1 Terrain Analysis

The Digital Elevation Model was utilised in generating the Slope, Topographic Wetness Index and Drainage
Density of the study area. These factors help to understand the terrain, flow pattern, and drainage

characteristics, influencing flood behaviour.

3.4.2 Data Reclassification

Integrating the Reclassify toolbox in ArcGIS to categorise data into distinctive classes helps in simplifying
data to aid in the assessment and prioritisation of flood-vulnerable areas. Through this process, thematic data
were classified into five specific classes ranging from low to extreme vulnerability. The Reclassify toolbox
was utilised to define and assign values to these classes, offering a clear and interpretable representation of

vulnerability gradients within the study area.
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3.4.3 Mapping of Flood Risks
A flood risk map is developed by combining hazard and vulnerability indices. This approach is commonly

applied to various natural hazards and follows Equation 3:
Risk = Hazard Index X Vulnerability Index 3

In this study, weights generated using AHP were assigned to the different criteria based on their relative
influence and contribution to the flood in the study area. The Weight overlay tool in ArcGIS was employed
to combine multiple thematic layers, incorporating the assigned weight to create a composite index
representing flood vulnerability. This process facilitated the generation of a single map showing varying
vulnerability levels across the study area and providing a clear and detailed visual representation. This will
enable decision makers to identify and prioritise areas for targeted intervention and mitigation strategies

based on the degree of vulnerability.

4.0 RESULTS AND DISCUSSION

4.1 Expert Opinion

The expert judgment helped in the final selection of the criteria used for this study. These criteria are:
topographic wetness index (TWI), elevation, slope, precipitation, LULC, soil type, drainage density, and

proximity to river.

4.2 Hierarchical Framework and Paired Comparison

The selected criteria for assessment of the vulnerability of the study area to flood were combined to form the
pairwise matrix in Table 4, while Table 5 presents the normalised version. The flood map, which depends on
the eight criteria, was developed using the degree of influence of each criterion from the paired comparison
matrix. After summing up the weighted values from all contributing criteria, the final flood susceptibility
map was generated with a Consistency Ratio of 0.075, and is less than 0.1 as Saaty (1980) proposed,

validating its reliability. Table 6 presents the computed consistency ratio.

Table 4: Pairwise Comparison Matrix

TWI Elevation Slope Precipitation LUL Soil Drainage  Proximity
C Type Density to river
TWI 1 1 1 1 3 5 1 2
Elevation 1 1 1 1 2 1 1 1/3
Slope 1 1 1 1 3 3 172 1/3
Precipitation 1 1 1 1 3 5 2 1
LULC 1/3 172 1/3 1/3 1 3 1/3 1
Soil Type 1/5 1 1/3 1/5 1/3 1 1/5 1/3
Drainage Density 1 1 2 172 3 5 1 1
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Proximity to 12 3 3 1 1 3 1 1
river

Table 5: Normalised Matrix

c 5 o . g B
— = © = ) e o 2 %, -
S g 5} 5 5 E c2 Ef =¥
- & 8 = F 88 T 3
o o ‘=
&)
TWI 0.17 0.11 0.1 0.17 0.18 0.19 0.14 0.29 16.9
Elevation 0.17 0.11 0.1 0.17 0.12 0.04 0.14 0.05 11
Slope 0.17 0.11 0.1 0.17 0.18 0.12 0.07 0.05 12
Precipitation 0.17 0.11 0.1 0.17 0.18 0.19 0.28 0.14 17
LULC 0.06 0.05 0.03 0.06 0.06 0.12 0.05 0.14 7
Soil Type 0.03 0.11 0.03 0.03 0.02 0.04 0.03 0.05 4
Drainage 0.17 041 021 008 018 019 014 014 15
Density
Proximity to 0.08 0.32 031 017 006  0.12 014 014 17
river
Table 6: Consistency Ratio
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TWI 1 1 1 1 3 5 1 2 1.34 0.17 8.65
Elevation 1 1 1 1 2 1 1 1/3 0.89 011 8.70
Slope 1 1 1 1 3 3 1/2 13 096 0.12 8.60
Precipitation 1 1 1 1 3 5 2 1 134 0.17 8.53
LULC 1/3 1/2 1/3 1/3 1 3 1/3 1 0.56 0.07 8.83
Soil Type 1/5 1 13 15 13 1 1/5 1/3 034 004 920
Drainage Density 1 1 2 1/2 3 5 1 1 122 0.15 8.90
Proximity to river 1/2 3 3 1 1 3 1 1 134 0.17 8.56
Consistency Index 0.105
Random Index 141
Consistency Ratio 0.075

4.3 Flood Criteria Maps

The criteria maps were produced within the ArcMap 10.5 software environment, and these maps were
subsequently reclassified into five categories of vulnerability ranges (very low, low, moderate, high, and very
high) using the natural break method, classifying them based on their potential impact on flooding. The
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findings reveal that the average annual rainfall in the study area between 1981 and 2022 varies between 1132
mm and 1152 mm. The dataset was prepared using the Inverse Distance Weighted (IDW) method, which
revealed that high precipitation represents high vulnerability to flooding. The proximity to the river,
generated using the Euclidean distance toolbox, was used to show how areas located closer to rivers are more
vulnerable to flooding. During excessive rainfall, rivers might experience overtopping and inundation of

adjacent lands when they exceed their carrying capacities.

The elevation, which influences water flow and accumulation patterns, varies between 93 meters and 458
meters. Areas with low elevation serve as natural collection basins for surface water, making them highly
vulnerable. The slope ranges between 0 and 10. A 9-degree slope in the region, was used in revealing that
areas with high slope angle are more vulnerable to flooding because such area allows high runoff of rainwater

with less infiltration.

Moreover, the Land Use/Land Cover dataset that was prepared for the study area using supervised
classification, and the spatial characteristics of the region were found to be Built-up Areas, Barren Lands,
Vegetation and Water Bodies. Vegetated areas, due to their high rate of infiltration and reduced runoff, were
found to be less susceptible to floods compared to built-up areas, which are highly vulnerable, due to their

low rate of infiltration and increased runoff.

Also, the drainage density generated from the Digital Elevation Model through the spatial analyst tools ranges
between 0.9966 and 1.003 km/km?. High drainage density represents areas that are highly vulnerable to

flooding and increased flood risk, which could trigger runoff and sediment transport.
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Figure 2: Thematic Maps showing soil types, LULC, elevation, and slope
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4.4 Flood Risk Map

The flood risk map was created through a weighted overlay analysis of flood risk factors, utilising thematic
layers in the ArcMap 10.5 software. The spatial analyst tool's weighted overlay function facilitated the
analysis. The Analytical Hierarchy Process (AHP) method was used for reclassification, incorporating
weightings from eight criteria to produce the final flood susceptibility map classified into five distinct flood
risk categories: very low, low, moderate, high, and very high. The findings indicated that 2.14% of the
evaluated area is at very low risk, 21.91% at low risk, 53.7% at moderate risk, and 22.25% at high to very
high flood risk.
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5.0 Conclusion and Recommendation

This study used the AHP model and Geographic Information Systems (GIS) to assess flood susceptibility in
Minna, Niger State, Nigeria. Data was collected on eight influential criteria for flood hazard and
vulnerability, including TWI, DEM, LULC, precipitation, slope, river proximity, drainage density, and soil
type in the study area. Thematic maps were generated for each criterion using ArcGIS software.

The significance of each criterion was evaluated using the AHP model through pairwise comparisons, which
were weighted and normalised to minimise bias. A consistency ratio test was conducted, yielding a value of
0.075, which is below the 0.1 threshold suggested by Saaty for reliable judgment.
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By overlaying and combining these criteria, a flood vulnerability map was produced, showing that factors
such as low slope, high drainage density, and proximity to rivers significantly contribute to identifying areas
at elevated flood risk. The flood likelihood was expressed using five indicator classes, ranging from very low
to very high.

Given these results, this research encourages regulatory bodies to enhance drainage systems to mitigate the
impact of increased runoff resulting from river overtopping. It is essential to restrict development in flood-
prone areas, raise awareness about flood risks, and educate vulnerable communities on preparedness

measures.

Additionally, future research should explore advanced geomatics techniques, leveraging new capabilities
offered by various satellites, including those on the Google Earth Engine platform, which are not limited to
the Landsat series. Incorporating Al (machine learning and deep learning), hydrological modelling, and other
analytical multi-criteria decision-making (MCDM) methods, such as analytic network process (ANP), fuzzy
AHP, fuzzy ANP, and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS),

FTOPSIS, and structural equation modelling (SEM) will further enhance assessments of flooding drivers.
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