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Abstract

One of the most frequent environmental risks to the communities in Jalingo Local Government Area of
Taraba State is flooding. This paper quantified the key variables of flood vulnerability and the spatial
map of flood vulnerability was prepared through an Analytical Hierarchy Process (AHP) method based
on GIS. Spatial data sets (elevation, slope, rainfall, drainage density, land use, soil type, flow
accumulation, and population density, which is a demographic exposure measure) were then obtained
and processed. The reclassification of each criterion and the weighting of each criterion were carried out
with the pairwise comparison method according to the relative contribution of the criterion to flood
susceptibility. The Flood Vulnerability Index (FVI) was developed by the use of Weighted Sum overlay
in ArcGIS. The pairwise comparison was used to reclassify each criterion and gives it a weight based
on its relative contribution to the susceptibility to floods. The results showed that there were significant
spatial differences in the flood risk of the study area. Areas with high vulnerability were mostly located
in the low built up regions of Jalingo town and in areas of bare soil near river streams. They occur in
areas with low slopes and low infiltration rates, which increase the likelihood of water pooling in the
event of intense rains. On the other hand, the hilly region which are elevated, steep and thickly vegetated
had low flood potential. It is inferred that topography, land cover and human activities are important
factors in determining flood vulnerability in Jalingo. The vulnerability map obtained is a valuable tool
in land use planning, flood mitigation measures and disaster preparedness within the locality.
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INTRODUCTION

Most of the time, a flood is a sudden or excessive overflow of a large mass of water that is not
normally submerged on the land (Daniel and Udo, 2021). It is a severe weather phenomenon
that can be naturally brought about by increased global temperatures, leading to a heavy
downpour, thermal expansion of the ocean and glacier melting, consequently leading to an
increase in the sea level, and hence water flooding the coastal areas. Flooding leads to damage
to plants and animals such as human beings, buildings, and infrastructure (Ikechukwu, 2015).
The accessible literature has indicated that flooding is rather common in Nigeria (Abashiya et
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al., 2017; Nkeki et al., 2013; Onuigbo et al., 2017; Adewuyi et al., 2014; Komolafe et al., 2015;
Elum and Lawan, 2022). In the current literature, poor planning policy implementation,
obstruction of streams and channels by careless waste disposal practices and human actions
within floodplains are the causes of flooding in Nigeria (Musa et al., 2019; Mfon et al., 2022;
Evan et al., 2022; Arazi and Adedeji, 2025).

Even though there are a few studies that have explored flood vulnerability in Nigerian cities,
such as Lagos (Adelekan and Asiyanbi, 2016), Port Harcourt (Echendu, 2021), and Makurdi
(Ornguze et al., 2024), these studies have mostly been done in coastal and southern areas. This
geographical bias has created a significant gap in the research in the dynamics of floods in the
Middle Belt area of Nigeria where Jalingo is located.

Available studies concerning the flooding issues in Jalingo show that there are quite a number
of constraints. Oruonye (2013) hydrological model did not take into account such important
socioeconomic vulnerability factors, and flood cases were reported in Taraba State Emergency
Management Agency (SEMA) (2020-2023) without the use of powerful spatial analysis tools.
This negligence is especially concerning since the evaluation of the flood risk is not completed
without combined consideration of both environmental features of the physical environment
and human susceptibility in the framework of a geospatial approach (Muhammad et al., 2020).
This paper addresses these gaps by creating a GIS model of flood vulnerability based on the
Analytical Hierarchy Process (AHP) to rank physical-environmental factors in addition to
population density as a demographic factor.

The purpose of the research is to identify and comment on the main problems that impact the
vulnerability to floods in Jalingo and, specifically, the contribution that the environmental and
anthropogenic factors have. It also aims at developing a flood vulnerability model in GIS
based on Analytical Hierarchy Process (AHP) methods and assessing and mapping flood
prone areas in Jalingo in regard to AHP weighted parameters to facilitate sound flood risk
control and management.

METHODOLOGY

Study Area

The capital city of Taraba State is Jalingo which is situated between the latitude 8°47'00"-
9°01'00"N and the longitude 11°09'00"-11°30'00"E (Figure 1). The study area measures an
approximated land area of approximately 195km?2. The region has a yearly rainfall of between
1,200 mm to 2,029 mm. The Landscape comprises of rolling hills, river valleys and large
floodplains particularly along the Benue River and its tributaries. The residents are majorly
involved in agriculture, civil service, and trade.
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Figure 1: Map of the Study Area in Jalingo LGA.

Research Design

This paper used a mixed method of both quantitative analysis and geospatial analysis to
determine the extent of flood vulnerability in Jalingo LGA. The methodology follows a
systematic sequence of three processes namely: data collection, data processing and data
analysis. The study employs descriptive and analytical designs to determine the factors
affecting the occurrence of floods with literature reviews and field validation, uses Analytical
Hierarchy Process (AHP) to weight the criteria and comes up with GIS vulnerability models.
This holistic system guarantees strict and evidence-based evaluation and remains have a
practical use in city planning.

Data Type and Sources

The information that was used in this study was gathered from both primary and secondary
sources (Table 1). The products were all projected to a common coordinate system, i.e. WGS
1984 UTM Zone 32N and resampled to a common cell resolution to be analyzed.
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Table 1: Data Type and Sources

Data Types

Sources

Description

Digital Elevation Model
(DEM)

Density of drainage
systems and closeness
to drainage systems

The USGS Earth Explorer platform
provided ALOS PALSAR DEM with
the spatial resolution of 12.5 m.

These data were based on a Digital
Elevation Model (DEM) based on
hydrological processing and
complemented by satellite data

FAO Soil Grids, Harmonised World

Topography is determined by elevation and
slope whereby low-cleared regions and sharp
slopes have a great effect on water movement
and storage

Demographic exposure was approximated
using population density as the proxy, which
would mean the intensity of people who are
at risk of occurrence of floods. They imply
that an increase in population density is a
sign of higher susceptibility to flood risks
Capacity of infiltration influences; clayey soils

Soil type are that whose infiltration is low, and surface

Soil Database (HWSD) runoff is high
Land use Land Cover Imperv1ou§ surfaces (?ullt—up areas) augment
Landsat 8/9 run-off whilst vegetation (forests) augments
(LULC) o
infiltration
Nigerian Meteorological Agency Ra;?fatll gaiti ft}llla f lil: pa?frgyrdlsflb;ltiidt;;
Rainfall Data (NiMET) and CHIRPS Precipitation ~ PC cct Ratinaiiis e primary preciptiating

Dat factor, and the intensity and duration of
ata rainfall are the key factors
SEMA, NEMA, news articles, field

GPS coordinates.

Location of events of
historical floods

Areas of previous floods that were used to
appraise the accuracy of the model

Data Preparation and Data Collection

The primary data was collected using field survey on GPS and expert questionnaires to
analyze AHP. The sources of secondary data are Sentinel-2A imagery, ALOS PALSAR DEM,
NiMet rainfall, FAO soil, NPC population and Taraba SEMA flood. All data were handled in
ArcGIS 10.8 by geo-referencing, digitizing, and converting format. The important aspects of
floods like slope, elevation and drainage density were created through proper GIS algorithms.

Flood Vulnerability Index (FVI)
Using the weighted linear combination (WLC) technique, the Flood Vulnerability Index (FVI)
was computed as follows: (Malczewski, 1999; Eastman, 2012):

FVI =) (Wi xXi)
Where: Wi = weight of every criterion.
Xi = standardized value of raster of each criterion.
The created FVI map was also categorized into three (Low, Moderate, Higher) using Natural
Breaks (Jenks) method.

Weight Determination by Analytical Hierarchy Process (AHP).

The importance of the flood conditioning factors used in this study was established using the
Analytical Hierarchy Process (AHP). AHP is a multi-criteria decision tool that allows the
process of assessment of numerous variables systematically within pair-wise comparisons.
The process includes formulating the decision problem as a hierarchy and making pair-wise
comparisons between criteria and generating normalized weights according to their relative
significance. A comparison matrix with a pairwise comparison was developed based on Saaty
fundamental scale and where the values between 1 and 9 are used to signify the relative
importance of one factor above the other. The criteria that have been chosen are elevation,
slope, drainage density, soil type, land use/land cover, rainfall, flow accumulation, and
population density.
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Table 2: Pairwise Comparison Matrix for Flood Vulnerability Factors in Jalingo

I Elevatio Drainag . Land Rainfal Flow . Populatio
Criteria n Slope e Soil Use/Lan 1 Accumulatio 1 Densi
Density d Cover n ty
Elevation 1 2 3 4 5 6 7 8
Slope 1/2 1 2 3 4 5 6 7
Drainage
Density 1/3 1/2 1 2 3 4 5 6
Soil 1/4 1/3 1/2 1 2 3 4 5
Land
Use/Land 1/5 1/4 1/3 1/2 1 2 3 4
Cover
Rainfall 1/6 1/5 1/4 1/3 1/2 1 2 3
Flow
Accumulation 1/7 1/6 1/5 1/4 1/3 1/2 1 2
Population 1
Density 1/8 1/7 1/6 1/5 1/4 1/3 /2 1

The normalized weights of each factor were derived from the pairwise comparison matrix by
computing the principal eigenvector. To assess the reliability of the judgments, the
Consistency Index (CI) and Consistency Ratio (CR) were calculated. The CR value obtained
in this study is 0.02, which is below the acceptable threshold of 0.1, indicating that the pairwise
comparisons are consistent and the derived weights are reliable

RESULTS AND DISCUSSION
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Figure 2: Jalingo LGA Elevation Map.

M. B. Omar et al., DUJOPAS 12 (1e): 368-382, 2026

372



GIS Based Flood Vulnerability Modelling Using Analytical Hierarchy Process Techniques in Jalingo Local
Government Area, Taraba State

The greatest contributor identified to have effect on the flood susceptibility of Jalingo was the
elevation. The areas more prone were the low-lying ones especially along the Benue River
floodplains, as well as the ones around the seasonal drainages systems. This is in line with
Ouma and Tateishi (2014) and Tehrany et al. (2013), who found that the low terrains have high
likelihood of flood inundation because of the accumulation of water and poor drainage
features. The reasoning is that the low-lying lands possess natural capacity to accumulate
water and retain it over extended durations and consequently become overwhelmed easily at
the time of massive downpours (Figure 2).
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Figure 3: Slope Map of Jalingo LGA.

The slope is also a major determinant of the degree of vulnerability to floods in the area.
Jalingo has a topography that is gently rolling with slope values of 0° to 10° prevailing in most
parts of the region. It was discovered that areas that had slopes that were gentle or almost flat
had a high potential of floods due to slow movement of the runoff resulting in stagnant and
stagnant water. This observation coincides with the results of other studies like Pradhan
(2009) and Bora et al. (2018), who found low slope gradients as a significant cause of flood
vulnerability (Figure 3).
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Figure 4: Drainage Density Map of Jalingo LGA.

The drainage density was also a significant factor that contributed to the susceptibility of
floods in the study area. Drainage channels that are well spaced have high chances of
underscoring surface water especially during rainy seasons. This was coupled with a high
drainage density in Jalingo particularly in the regions near the natural river channels and
artificial drainage systems which led to the overflow of streams and seasonal watercourses
during peak rainy seasons. This observation is supported by the study conducted by Sanyal
and Lu (2004) and Tehrany et al. (2014) in which it was stated that the density of drainage can
affect the nature of floods. On the other hand, regions that had inadequate drainage density
had a more diffused water flow and less concentration (Figure 4).
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Figure 5: Soil Type Map of the Jalingo LGA.
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The type of soil also contributed to different levels of flood susceptibility. Lithosols and Ferric
Luvisols prevail in the Jalingo area. Lithosols were also found to be high in flood vulnerability
as they are shallow and have a low infiltration capacity thus, augmenting surface runoff. On
the contrary, Ferric Luvisols are more permeable and can be infiltrated more, which
minimizes the surface water retention and the possibility of flooding. Similar results were
obtained by FAO (2015) and Nachappa et al. (2020), who mentioned soil permeability as a
central factor of flood vulnerability (Figure 5).
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Figure 6: Land Use Land cover map of Jalingo LGA.

The patterns of land use and land cover were also a great contributor to the flood vulnerability
as a result of human alterations in the natural environment. Developments or residential
neighborhoods, commercial centers, and pavements were considered to be highly susceptible
since neither concrete nor asphalt surfaces can absorb water and therefore augment surface
runoffs. The observation conforms to the works of Miller and Hutchins (2017) and Fivash,
(2024), who highlighted the influence of urbanization on flood risk. Moderate vulnerability
was associated with bare land because vegetation cover is minimal which minimally
decreases run off and increases infiltration (Figure 6).
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Figure 7: Rainfall Map of LGA Jalingo.

Another significant cause of floods in the study area is rainfall intensity. Jalingo has an average
annual rainfall of between 1,664mm to 2,029mm with the highest level of rain received during
the summer months (July to September). Existence of a strong relationship between high
rainfall areas and high frequency of floods highlighted the value of strong precipitations in
tilled up natural and artificial drainage systems. This observation is consistent with the reports
by Adelekan (2010) and Olanrewaju et al. (2019) that cited rainfall intensity as one of the major
causes of flooding in the Nigerian cities (Figure 7).
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Figure 8: Flow Accumulation Map Jalingo LGA.
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Flow accumulation analysis also found out locations where runoff will normally converge,
say valley depressions and riverbanks. These natural drainage ways work well when the
amount of runoff is minimal but become overwhelmed when the amount of runoff is high
hence resulting to flooding. The values of the high flow accumulation were recorded in the
seasonal streams flowing through settlements and hence these areas were very vulnerable.
This will coincide with the conclusions that were reported by Tehrany et al. (2014), who stated
that flow accumulation is one of the most important indicators of flood-prone areas (Figure
8).
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Figure 9: Jalingo LGA Population Map.

Another factor that was established to affect the vulnerability to floods is population density
that exposes and predisposes the risk to greater harm. Concentrated buildings, paved
surfaces, and human activities located in flood-prone areas created more serious effects due
to high population in the area. Poor quality of buildings and lack of drainage infrastructure
were particularly disastrous to informal settlements. Douglas et al. (2008) and UN-Habitat
(2016) also made similar decisions, attributing the risk of floods to the high population density
and informal urban development (Figure 9).
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Figure 10: Map of Jalingo LGA Flood Vulnerability.

The last Flood Vulnerability Index (FVI) map (Figure 10) categorized Jalingo into three areas
that include low, moderate, and high-vulnerability. The low vulnerability zones were the hilly
regions in the north and south which were densely covered with vegetation, whereas the low
area in the central region of Jalingo was the low vulnerability area due to low elevation and
slopes. These results are in line with other studies that sampled the same in Nigeria (Allafta
and Opp, 2021; Mallo et al., 2021) and are also actively supported by other studies like those
by Ajibade et al. (2013) and Dan'umma et al. (2020) which highlight the leading role of
topography and land use in flood risk. The vulnerability level experienced in urban centers is
a pointer of the consequences of unplanned urbanization and poor drainage systems. The
AHP-GIS technique turned out to be an effective multi-criteria analysis technique that can be
implemented in other flood-prone areas.

Table 3: Classes of flood vulnerability.

Class  Description Vulnerability Level General Characteristics

1 Low Least vulnerable High elevation, steep slopes, vegetated cover

2 Moderate Average vulnerability Transitional land cover and moderate slopes

3 High Extremely vulnerable Low elevation, near river channels, dense settlements

and bare land

Source: Adapted from Purwanto et al. (2024) and Odoh and Nwokeabia (2024).

Model Validation

The flood vulnerability model was tested by its reliability and accuracy using the observed
flood occurrence data to validate it. This was done by use of historical flood records obtained
through the concerned agencies and recorded flood prone areas in Jalingo. The validation was
done by overlay of the recorded locations of floods and the generated flood vulnerability map
to estimate the level of spatial agreement.
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The findings of the validation reveal that a large percentage of the witnessed flood incidence
lies within the region categorized under high and moderate vulnerability zone. This spatial
correspondence shows that the model is competent in both determining the areas highly
susceptible to flooding and also provides a clear picture of the flood risk distribution in the
area of study.

Moreover, the fact that the model output has a high correspondence to the known flood liable
areas indicates the strength of the AHP-GIS method, as adopted in this research study. The
use of several factors in the process of conditioning such as the topography, hydrology, and
land use increases the predictive ability of the model.

Even though the performance is satisfactory, it is to be noted that the validation is made using
available historical data, which likely fails to measure all the flood occurrences. Despite that,
the findings furnish adequate observations that the model is valid and applicable in flood
risks evaluation and spatial planning in Jalingo.

CONCLUSION

The findings of this research shows that interactions between terrain features, hydrological
processes, and activities of people determine the level of flood vulnerability in Jalingo.
Elevation and slope were also discovered as the most influential factors since low elevation
and low slope facilitate the formation of water pools and diminish the effect of drainage. The
use of land and the type of soil also contributed significantly with the built-up and bare soil
surfaces facilitating runoffs whereas vegetated surfaces decreased the chance of floods. Flood
vulnerable zone mapping is an invaluable tool that can be used by the policy makers, physical
planners, emergency manager and the community stakeholders in making environmental
management decisions, disaster preparedness decisions and land wuse zoning. The
combination of the geospatial technologies and environmental evaluation contributes to the
pro-active flood management strategies and not reactionary crisis management in the study.

Study Limitation

Although this research offers a strong evaluation of the flood vulnerability in Jalingo LGA
according to physical-environmental standards, some limitations are to be considered. As a
proxy of demographic exposure, population density was used, but socioeconomic
vulnerability comprises many aspects beyond population concentration (such as income
levels, the quality of housing, educational level, age distribution, and access to early warning
and emergency services). The current analysis failed to include these factors because of the
limitation in the availability of data at the local government level. As a result, it is necessary
to take the Flood Vulnerability Index (FVI) below as consideration of physical-environmental
exposure and demographic exposure, but not a full-fledged socioeconomic exposure.

Recommendations

A Dbetter combination of socioeconomic indicators (poverty rates, building materials,
dependency ratios, and institutional accessibility) should be incorporated in future research
to create more comprehensive flood vulnerability assessment. Also, primary household
survey data would be gathered and this would allow a more intricate view of adaptive
capacity and risk perception among the communities exposed to floods in Jalingo.
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