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Abstract  

Floods are among the most devastating natural disasters in the world, claiming lives and 

causing property damage. In Nigeria, flood affects many urban centres with damages to life 

and properties. This paper investigates flood vulnerability in Lokoja town, Nigeria, by 

making use of Remote sensing and Geographic Information Systems to generate 

topographical information of the contour, the digital elevation model, the slope and urban 

growth over time in order to produce flood vulnerability map. Analysis of Landsat images 

of the study area showed steady increase in the built-up area between 1990 and 2019. Most 

of this growth is located in marginal developable areas on flood plains. The flood 

vulnerability map indicated that most of the land that is highly to moderately vulnerable to 

flooding is located in the low-lying areas along the River Niger at Nataco, Felele, Kabawa, 

Adankolo, Gadumo, Abuja -Lokoja road, IBB way, Ganaja-Ajaokuta road and along other 

streams while Mount Patti axis and Zango are not vulnerable. The result indicated that the 

factors contributing to increasing rate of flooding in Lokoja urban area were the expansion 

of the built-up area into the flood plains, low relief, and non-compliance with building and 

environmental regulations and the release of excess water from dams on the upper courses 

of the rivers rather than increased rainfall. The study made recommendations for the river 

basin management beyond Lokoja. In addition, suggestion was made for environmental 

regulation and management, and the resettlement of the population in vulnerable 

neighbourhoods.  
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Introduction 

Flooding is one of the most common 

natural hazards particularly in river 

valleys, low-lying areas, and in recent 

time urban settlements (Smith, 2001). 

Rapid rate of population growth and 

improperly planned urban development, 

occasioning the extension of development 

into low-lying area constitutes challenges 

to ensuring safety and security of lives and 

property in Lokoja, especially with the 

persistence of flooding during the raining 

season. Most of this growth is located in 

marginal developable areas on flood 

plains. In addition, the development of 

official and residential estates along the 
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River Niger is a major problem that 

circumvents basic environmental 

principles which should be adopted in 

planning riverine towns and cities 

(Adelakun, 2009). Elsewhere, in the 

world, such areas are best developed for 

gardens, parks, hotels, malls, swimming 

pools and other less frequented facilities. 

The bank of the River Niger is at present 

site of extensive housing and commercial 

development. Yet the Intergovernmental 

Panel on Climate Change (IPCC) Third 

Assessment Report (2001) concluded that 

climate change is most likely to have 

important impacts on settlements in 

coastal or riverine areas especially where 

urbanisation is rapid alongside economies 

dependent on climate sensitive resources.  

Vulnerability assessments have been 

recognized as being crucial to disaster 

management and are conducted to 

understand potential for loss, focusing on 

nature of the hazard and who and what are 

exposed (Cutter et al., 2001). Identifying 

vulnerability is important for the 

development of mitigation strategies and 

adaptation policies necessary for 

sustainable development (Vogel and 

O’Brien, 2004). Vulnerability mapping 

can help guide flood plain zoning which 

like other non-structural flood control 

measures, are usually given less attention 

by environmental managers (Faisal et al., 

2000). It would appear most studies on 

vulnerability to floods and other hazards, 

including those of Wu et al. (2002) and 

Muller et al. (2011) were carried outside 

sub-Saharan Africa.  

Geographic Information System (GIS) 

is an important tool for mapping spatial 

distribution of exposure and vulnerability. 

It facilitates input, storage, management, 

analysis, integration, and output of spatial 

data which can help real time decision 

making and strategic planning for 

effective risk management and hazard 

preparedness particularly for 

meteorological and flood hazards (Chau et 

al., 2013). GIS can be used in assessing 

flood impacts and as a tool that can assist 

flood plain managers in identifying flood 

prone areas, helping also in real time 

monitoring, early warning and quick 

damage assessment of flood disasters. 

Thus, this study utilizes GIS techniques in 

mapping flood vulnerability in order to 

determine appropriate measures for 

mitigation.   

The main problem with urban flooding 

is that vulnerability and fatality is high as 

many residents of highly populated areas 

are exposed to water prone diseases 

(Pradhan, 2009). In Lokoja town, flooding 

has been a major and recurrent 

environmental problem with wide ranging 

environmental and socio-economic effects 

that endangers human live. Some of these 

effects include: damage to transport 

infrastructure which can disrupt 

transportation, communication and other 

economic activities; damage to property 

and surface water pollution and the 

problems have so far been difficult to 

mitigate. Particularly, mitigation 

strategies are far from adequate, if at all 

they are implemented. There appears to be 

little work on flood risk and vulnerability 

in Lokoja. The most recent attempt by 

Aderoju et al. (2014) only described 

incidence of flooding in Kogi state using 

proximity to the river and slope 

information to produce a flood 

vulnerability map at the State level. 

However, this work goes a step further by 

not just producing a flood vulnerability 

map for Lokoja town, but also assessing 

the contribution of urban expansion, river 

basin management and rainfall to flooding 
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in Lokoja urban area. This will be 

especially crucial in flood management in 

the study area and other flood prone 

settlements, as structural mitigation 

measures only are inadequate.  

The study was aimed at providing 

information on areas where people, 

natural environment and built 

environment are at risk of flooding based 

on topographic considerations, using GIS 

tools. In addition, the study assessed 

contributions of climate (rainfall) and 

topography to flooding in the study area.  

Study Area 
Lokoja town is located between 

Latitude 7º45′ N - 7º51′ N and Longitude 

6º41′ E - 6º45′ E, in Kogi State, North 

Central Nigeria (Figure 1). It is found at 

the middle course of the Niger River, at its 

confluence with the Benue River. The 

climate is tropical continental, 

characterized by average annual rainfall 

amount of 1159mm, and a mean annual 

temperature of about 27.7oC. The rainy 

season lasts from April to October while 

the dry season last from November to 

March. River flooding is common in the 

study area during the wet season and at its 

peak in September. The terrain of the area 

comprises dissected undulating plains on 

the one hand, and lofty hill masses on the 

other. The plains are studded with residual 

hills of different sizes and shapes, and 

vary from relatively flat-plain over the 

floodplains of the Niger River to rolling 

/undulating over the foot slopes of hills 

like Mount Patti and Agbaja hill. The hills 

are tall and massive with their tips being 

irregular and narrower outwards towards 

the main valleys. Being the capital of Kogi 

State, Lokoja had a population of 195,261 

in the 2006 Population Census (FGN, 

2007). At a growth of about 2.6%, the 

population of Lokoja in 2020 was about 

303,481. The above characteristics make 

the study area vulnerable to flooding and 

therefore predisposes an increasing 

number of the population to flood- related 

risks. 
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Fig. 1: Lokoja: Study Area. 

Source: Adapted from the Topographical Map of Lokoja, 2012 

 

Materials and Method 
This study utilised Landsat and 

SRTM/ASTER DEM satellite 

data/imageries of 1990, 1999, 2009 and 

2019 with a spectral resolution of 

30metres from the United State 

Geological Survey (USGS).  Also, METI 

AIST Data Archive system (MADAS) and 

Open Topography sites were utilised for 

this study. Geographic Information 

System Analysis for this work utilised; 

ArcMap 10.5, ERDAS imagine, QGIS 

2.18 and Microsoft package for data 

enhancement, analysis and management. 

The Google Earth pro was used to 

generate points of the polygon of the study 

area while GPS visualizer was used for the 

elevation. Furthermore, points were 

interpolated using Spatial Analyst tool by 

IDW and ArcMap 10.5 to produce DEM 

and the Contour respectively for the 

periods. 

Topographical information; contour 

and the digital elevation model were 

generated and superimposed with the 

relief and built-up areas to produce the 

urban growth map. The areas of 

successive growth of the built-up area 
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were delineated by overlay of the digitized 

images to get the built-up areas for the 

four-time period. Grid interpolation and 

Triangulated Irregular Network (TIN) was 

carried out resulting to digital elevation 

model (DEM) from which slope map was 

created. The slope and the DEM were 

reclassified into percentage and metre 

values and in colour ramp respectively for 

better interpretation. The flood 

vulnerability map was produced using the 

DEM. This was used to detect areas where 

topography is simultaneously low slope 

and low elevation over the built-up area. 

The output map results to the flood 

vulnerability map indicating non-

vulnerable, less vulnerable and highly 

vulnerable area. 

Monthly total rainfall from 1990-2019 

derived from the Nigerian Meteorological 

Agency (Nimet) was applied in this 

research. The Rainfall dataset was 

analysed using line graph in order to 

understand rainfall trends and to compare 

them with indices of flood vulnerability.  

 

 

 Results and Discussion 

Urban Expansion 
The digitised image shows the growth 

that have occurred in the study area over 

the period 1990 to 2019 (Figure 2). Prior 

to 1990, the built-up area was confined 

almost exclusively to the valley between 

the Mount Patti and the River Niger. There 

was less development in the higher 

elevation areas of the hill ranges because 

of the steep slopes and high risk of 

landslides/rockfalls. Since 2009, the built-

up area has increased and expanded to 

newer areas in the fringe; at cross-roads, 

and along highways; extending to the 

suburban settlements of Ganaja, Felele 

and Zango, thereby fusing the settlements 

into one continuous built-up area. The 

resulting growth map shows growth was 

more during the 2009/2019 period and 

most of the growth occurred on the Zango-

Okene road (west of the city) followed by 

Ganaja-Ajaokuta road (south of the city). 

The spread of Lokoja to these axes could 

be attributed to the location of 

development of new residential areas built 

by both the state government and private 

individuals. Unfortunately, much of the 

new developments have been 

concentrated in the floodplains and wet 

lands in Nataco, Ganaja and Felele, once 

considered unsuitable for development 

because of the technical difficulties and 

greater costs of urban expansion into hill 

ranges. This has subjected these areas to 

risk of flooding regularly whenever Rivers 

Niger and Meme overflow their banks. 

This pattern of urban growth can be 

attributable mainly to lack of planning and 

regulation by the urban development 

board. The result is a development pattern 

that is similar to what Newman and 

Kenworthy (1991) regard as being 

unfavourable to sustainable development. 
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Fig. 2: Growth of Lokoja: 1990-2019 

 

Rainfall and Topography 
Analysis of rainfall data presented in 

figure 3 shows average annual rainfall was 

between 1000mm to about 1768mm 

during the period. This result is 

characteristic of tropical continental 

environment. Rainfall appears to be less 

variable since 2011 compared with the 

period of 1991 and 2006. Generally, 

rainfall seems to be decreasing since 2011, 

and this could be attributed to regional 

drivers of climate variability like El Niño 

and land use changes (Hulme et al., 2001, 

Lambin et al., 2001). Unfortunately, 

flooding was highest and destructive in the 
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area in 2012 even when the annual rainfall 

total was just 1384.3mm. 

Flooding has been occurring with 

devastating effects on an annual basis 

since then. Flood levels measured in the 

area have ranged between 48m, 45m, 46m 

and 47m above sea level in 2012, 2015, 

2019 and 2020 respectively. From the 

flood events, not all flooding in recent 

times could be attributed to excessive 

rainfall. This raises the suspicion that 

other factors such as urbanization and 

anthropogenic activities may be 

responsible for the flooding in the study 

area. For instance, the excessive flooding 

of 2012 was attributed to the release of 

water from Lagdo Dam in Cameroon into 

River Benue, and Shiroro and Kainji dams 

into River Niger (Aderoju et al., 2014).  

The River Niger with its most 

important tributary; the River Benue have 

their sources at the Fouta Djalon 

highlands, in south eastern Guinea and in 

Adamawa highlands on the northern part 

of Cameroon respectively. The water in 

the basin is partially regulated through 9 

dams (Figure 4), but which are released 

simultaneously during the peak of the 

rainy season following the build-up of 

water in the reservoirs. The above 

characteristics contributes to the 

concentration of large volumes of water at 

the confluence in Lokoja within a short 

time of release. 

Due to this, many of the residential 

areas in Lokoja town; Nataco, Gadumo, 

Adankolo which are developed on flood 

plains, are vulnerable to river flooding 

annually. The importance of this landform 

coupled with increasingly growing human 

activities like building, dumping waste on 

water ways, and excavation of sand along 

the river bank increase the risk of flood 

disaster in the town.

 
Fig. 3: Rainfall Trend in Lokoja: 1990-2019 
Source: Nigerian Meteorological Agency, 2019 

0

500

1000

1500

2000

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

Rainfall

Rainfall

mm

Ethiopian Journal of Environmental Studies and Management Volume 15 No.2, 2022 



132 

 

Fig. 4: The Rivers Niger and Benue Watershed 

Source: Adapted and modified from Wikipedia 

 

Digital Elevation Model (DEM) and 

Slope 
Elevation is one of the factors that play 

an important role in influencing the 

occurrence of urban floods and have been 

used by Nwosu et al. (2013) and Ojigi et 

al. (2013) to identify surface drainage 

pattern and delineate watershed. Lokoja is 

characterized by wide variation in 

elevation. Figure 5 indicates that the 

elevation in the area varies from 24.4m to 

50m for water bodies while the built-up 

area lies mostly between 45m to 100m 

above sea level. A closer look at the DEM 

shows certain built-up area around 

Gadumo, Ganaja, Adankolo, Kabawa and 

Nataco that are close to the River Niger 

are at the same height with the river. Just 

a 1m rise in water level can likely cause 

river flooding. The DEM also revealed 

that areas with lower elevation like 

Nataco, Kabawa, Adankolo, Gadumo and 

Ganaja are highest risk areas in river 

flooding events. Areas of higher elevation, 

that is from 92.7m and above like Crusher 

and Zango are not liable to flooding. From 

the analysis of the terrain, Lokoja town 

shows high variations in height. It ranges 

from about 4percent to about 158percent, 

representing low and high areas 

respectively, and therefore flood prone 

since run-off from areas of higher 

elevation tends to concentrate at the area 

of lower elevations (Figure.5). The high 

topography above the built-up area 

generally increases runoff. 

Slope map identifies the overall rate of 

downward movement of water. In other 
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words, the higher the elevations, the faster 

the downward flow or movement of water. 

Figure 6 indicates that low slope areas 

(0% - 21.6%) are flood prone, and less 

vulnerable to soil erosion area, owing to 

low runoff energy. Such areas include 

Adankolo, Gadumo, IBB way, Ganaja-

Ajaokuta road and Nataco. The moderate 

slope areas are less prone to flooding 

while high slope areas are flood free. 

 
Fig. 5: Digital Elevation Model of Lokoja 
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Fig. 6: Slope Outlook of Lokoja 

 

Flood Vulnerability Mapping 
Generally speaking, areas with low 

elevation and low slope are liable to flood. 

The analysis involved the use of 

composite maps including, the drainage, 

settlement/road, and topography to be able 

to effectively delineate flood vulnerability 

area. The use of composite images is 
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critical for urban studies where many 

variables of the environment are 

considered (Ishaya et al., 2009). This 

study categorised the vulnerability to 

flooding into three: highly vulnerable, less 

vulnerable and non-vulnerable. This 

classes are similar the ones used by Ojigi 

et al. (2013), Aderoju et al. (2014) and 

Nwosu et al. (2013). In Figure 7, areas in 

blue colour are highly vulnerable to flood, 

those in yellow are less vulnerable, while 

areas in lilac are non- vulnerable and 

considered to be safe. Even though the 

lower limit of the elevation of between 

75.1m to 100m is considered to be less 

vulnerable, there was no records of such 

area experiencing flooding events.  

The figure easily suggests that a 

sizeable part of the built-up area of Lokoja 

town- nearly about 25% is liable to flood. 

This suggests severe and wide-ranging 

effects on the study area. Based on GIS 

analysis, the areas liable to flood include 

Felele, Nataco, Kabawa, Adankolo, 

Lokongoma, Lokoja-Abuja Road, IBB 

way, Ganaja-Ajaokuta Road, all of which 

are close to the river channel. Virtually all 

the areas vulnerable to flood have very 

high population density. Some of the 

impacts of flooding include submergence 

of residential buildings and sections of 

roads (Figure 8), displacement of residents 

of the flooded residential areas for periods 

ranging from one to two months, and 

damage to infrastructure such as damage 

to Lokoja -Abuja road at Nataco, Ganaja-

Ajaokuta road, and IBB way. 
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Fig. 7: Flood Vulnerability Map 
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Fig. 8: Flood Scenarios in Lokoja
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Conclusion and Recommendation 

Flooding is a major potential 

environmental hazard in the Lokoja area, 

and this is likely to increase with 

urbanisation. Flood vulnerability map 

developed in Lokoja town by the 

interpolation of DEM, slope and GPS data 

shows that major areas of Lokoja town 

with the exception of Patti hill axis are 

liable to flood. From the analysis of 

rainfall data, rainfall has generally been on 

the decrease in Lokoja but flood 

occurrence over the years has been on the 

increase. It can therefore be conveniently 

assumed that much of the flooding is 

caused by some other factors rather than 

rainfall alone. Fieldwork conducted 

during this research suggests that the key 

contributing factors are topography and 

institutional failures covering such issues 

as a near-complete disregard for building, 

planning, environmental regulations and 

poor drainage basin management at the 

upper courses of the Niger and Benue 

Rivers. Other studies by Hulme et al. 

(2001) and Lambin et al. (2001) have 

emphasized social-economic factors as 

being responsible for increasing trends in 

urban flooding. This may well be the case 

in Lokoja town in addition to management 

failures.  

This study suggests for river basin 

management to reduce the flood 

vulnerability in the study area. To mitigate 

the effects of flooding, adequate attention 

needs to be paid to planning, development 

and environmental regulations, and 

redirection of development away from 

areas of low elevation that are flood prone. 

There is need to evacuate many of the 

residents of Gadumo, Ganaja, Adankolo 

and Nataco for resettlement in non-

vulnerable areas. There is also need to 

construct more dams at the lower courses 

of the rivers for temporary storage of 

excess water flow from up-stream of the 

rivers. This will help to delay the arrival of 

and reduce flood water in the study area. 

 

References 

Adelakun, I.O. (2009). Vulnerability of 

Poor Urban Coastal Communities to 

Climate Change in Lagos, Nigeria. 

In: Fifth Urban Research 

Symposium pp. 28-30.   

Aderoju, O.M., Jantiku, J., Fagbemiro, O., 

Aliyu, I., Nwadike, B.K., Ajonye, S. 

and Salman, K.S. (2014). Geospatial 

Assessment of 2012 Flood Disaster 

in Kogi State, Nigeria. IOSR 

Journal of Environmental Science, 

Toxicology and Food Technology, 

8(2): Ver.IV 74-84. 

Chau, V.N., Holland, J., Cassels, S. and 

Touhy, M. (2013). Using GIS to 

Map Impact upon Agriculture from 

Extreme Floods in Vietnam. 

Applied Geography, 41: 65-74. 

http://dx.doi.org/10.1016/j.apgeog.

2013.03.014 

Cutter, S.I., Mitchell, J.T. and Scott, M.S. 

(2001). Revealing the Vulnerability 

of People and Places: A Case Study 

of Georgetown County, South 

Carolina. Annals of the Association 

of American Geographers, 90: 713-

737. 

http://dx.doi.org/10.1111/0004-

5608.00219 

Faisal, I.M., Kabir, M.R and Naishat, A. 

(2002). Non-Structural Flood 

Mitigation Measures for Dhaka 

City, Urban Water, 1: 145-153. 

http://dx.doi.org/10.1016/S1462-

0758(00)00004-2 

Federal Government of Nigeria (FGN) 

(2007). The National Population 

Assessment of Urban Expansion and Flood Vulnerability in Lokoja…………Ukoje & Achegbulu 



139 

 

Census. Official Gazette, Lagos, 15 

May, 2007.                

Hulme, M., Doherty, R., Nagara, T., New, 

M. and Lister, D. (2001). African 

Climate Change: 1900-2100. 

Climate Research, 17: 145-168. 

http://dx.doi.org/10.33354/cr01714

5 

IPCC Third Assessment Report (2001). 

Climate Change 2001: Synthesis 

Report. The World Bank, Cambidge 

University Press. 

https://www.ipcc.ch/site/assets/uplo

ads/2018/05/SYR.TAR.full.report 

Ishaya, S., Ifatimehin, O.O. and Abaje, 

I.B. (2009). Mapping Flood 

Vulnerable Areas in a Developing 

Urban Centre of Nigeria. Journal of 

Sustainable Development in Africa: 

11(4): 180-194. 

Lambin, E.F., Turner, B.L., Geista, H.J., 

Agbolac, S. B., Angelsend, A., 

Bruce, J.W., et.al. (2001). The 

Causes of Land-Use and Land 

Cover Change: Moving Beyond the 

Myths. Global Environmental 

Change, 11: 261-269. 

http://dx.doi.org/10.1016/S0959-

3780(01)00007-3 

Muller, A.O., Reiter, J. and Weilman, U. 

(2011). Assessment of Urban 

Vulnerability Towards Flood Using 

an Indicator Based Approach: A 

Case Study of Santiago de Chile. 

Natural Hazards and Earth Systems 

Science, 11: 2107-2123. 

http://dx.doi.org/10.5194/nhess-11-

2107-2011 

Newman, P. and Kenworthy, J. (1991). 

Sustainability and Cities: 

Overcoming Automobile 

Dependence. Island Press, 

Washington, DC. 

Nwosu, P.C., Olayinka, D.N and Nwilo, 

P.C. (2013). Generation of Flood 

Maps and Drainage Basin of 

Umueze Anam, Nigeria. Fig 

Working Week 2013. Environment 

for Sustainability Abuja, Nigeria, 6-

10 May 2013. 

Ojigi, M.L, Abdulkadir, F.I. and Aderoju, 

M.O. (2013). Geospatial Mapping 

and Analysis of the 2012 Flood 

Disaster in Central Parts of Nigeria. 

8th National GIS Symposium, 

Dammam, Saudi Arabia. April 15-

17, 2013. 

Pradhan, B. (2009). Flood Susceptible 

Mapping and Risk Area Delineation 

Using Logistic Regression, GIS and 

Remote Sensing. Journal of Spatial 

Hydrology, 1-18. 

Smith, K. (2001). Environmental Hazards: 

Assessing Risk and Reducing 

Hazards. 3rd Edition, Routledge, 

New York. 

Vogel, C. and O’Brien, K. (2004). 

Vulnerability and Global 

Environmental Change: Rhetoric 

and Reality. Information Bulletin on 

Global Environmental Change and 

Human Society, Issue NO.13. 

Environmental Change and Security 

Project and the International 

Development Research Centre 

Ottawa.  

Wu, Y.E., Yamal, B. and Fisher, A. 

(2002). Vulnerability of Coastal 

Communities to Sea Level Rise: A 

Case Study of Cape May County, 

New Jersey, USA. Climate 

Research, 22: 255-270. 

http://dx.doi.org/10.3354/cr022255 
 

 

Ethiopian Journal of Environmental Studies and Management Volume 15 No.2, 2022 


