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ABSTRACT 
 
Ability to forecast flood disasters and their impact is an important approach to 
facilitate efficient monitoring and management of any devastating effect of 
flooding. The study is in this direction as it identified areas susceptible to 
flooding in a vulnerable region in Nigeria. Causes of previous flood events were 
examined and the vulnerability of people’s livelihood was examined to provide 
framework for efficient response and management. We integrated the use of 
satellites imageries (Landsat Thematic Mapper (TM) 1991), Landsat Enhanced 
Thematic Mapper (ETM+) 2002 and SPOT 5 2009), rainfall data (1986 to 2010), 
and fieldwork coupled with socio-economic survey for the investigation. The 
images were processed, and analyzed using ArcGIS 9.3 for the landuse / 
landcover change analysis. The results were subsequently coupled with the 
climate and socio-economic survey data for the flood impact assessment. A 
Digital Elevation Model was used for terrain analysis while findings from the 
fieldwork were used to ground- truth the results from the analysis of the satellite 
data. The study showed significant correlation (p<0.05) between land use 
dynamics and risk disaster in the study area. Low lying (225 to 270 m) areas 
with high population density were vulnerable to flood hazards because of poor 
environmental practices. About 30.62% of the study area is vulnerable to flood 
disaster. The study concluded that vulnerability to flooding in the study area was 
more related to unsustainable environmental practices, including poor 
sanitation, poor drainage and unplanned settlements, rather than excess rainfall. 
Vulnerability to the effect of flood disaster will be significantly reduced by 
sustainable sanitation practices and efficient urban planning.   
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INTRODUCTION 
 
It has been established that the factors for increased flood 
hazard are several and correlated. The Intergovernmental 
Panel on Climate Change (IPCC) (2007) revealed that the 
potential climate changes are expected to cause a rise in 
the frequency as well as, the intensity of rainfall, which 
may lead to more widespread and severe natural disaster.  
On this note, Keiler et al. (2010) showed some scientific 
evidence of an increase in mean precipitation and 
precipitation intensity, which implies that extreme flood 
events might become more frequent.   

Mitchell (2003) was of the opinion that without taking 
climate change into account an increase of flood disasters 
in Europe may be expected.   

On the other hand, accelerated urbanization especially 
built-up areas that are spreading across Africa and 
increasing much in rural-urban migration due to droughts, 
demographic processes and globalization are playing a 
role in increasing society's exposure to weather and 
climate-related damage through factors such as 
deforestation, housing developments in areas vulnerable 
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to flooding and other environmental risks (Rain et al., 
2011; European Environment Agency Report, 2012; 
Gyekye, 2013).  It has been established that floods cause 
about one third of all deaths, one third of all injuries and 
one third of all damage from natural disasters (Askew, 
1999). Olorunfemi (2011) was of the opinion that social, 
economic, political, cultural and historical processes 
influence how flood hazards affect people in varying 
degrees and differing intensities. Zevenbergen et al. (2008) 
revealed that the challenge of addressing urban floods and 
reducing urban flood vulnerability received little attention. 
This is partly because in the traditional flood management 
approach, responses to mitigate urban fluvial and coastal 
flood risks have often been set outside the realm of the 
urban system because responses at the city level were 
predominantly passive, using robust solutions such as 
urban defenses and increasing the capacity of major 
culverts (Oke, 2013).  

In a developing country like Nigeria, more people are 
living in unhealthy areas as a result of poverty and poor 
governance which are aggravating the effect of natural 
disasters, and its consequences (Adeoye et al., 2009; 
Olorunfemi, 2011; Oke, 2013). A vicious spiral of poverty-
natural disaster vulnerability was created (UN report, 
2005). In other words, disasters occur when hazards and 
vulnerable systems intersect (Milly et al., 2002). Over the 
years, flood incidences in Osogbo showed that certain 
areas are more vulnerable to flooding disaster. The impact 
of inundation and antecedent flooding called for serious 
attention to flooding.   Therefore, concentrated action is 
needed by all the stakeholders to avoid severe impacts on 
human life and property. According to Steinberg (2006), 
the assistances and aids on the disaster mitigation in the 
developing countries should be operated from a 
multidisciplinary perspective including sociology, 
economics, agriculture, environmental studies, science, 
engineering, and education. Therefore, in order to have an 
effective tool available for information on flood risk, as 
well as a valuable basis for priority setting and further 
technical, financial and political decisions regarding flood 
risk mitigation and management, it is necessary to 
establish flood risk maps which show the potential 
adverse consequences associated with different flood 
scenarios in the study area. Therefore, the thrust of this 
paper is to identify areas susceptible to flooding in a 
vulnerable region in Nigeria.  
 
 
MATERIALS AND METHODS  
 
Study area 
 
The study area lies between 7°42’N and 7°50’N and 4°30’E 
and 4°36ʹE and has an elevation of over 500 m above sea 
level. According to the National Population Commission 
(NPC) (2006) the population of Osogbo is 288,455 and 
covers an area of approximately, 144 km2. It is about 190 

km/120 miles northwest of Lagos. Following the creation 
of Osogbo in 1991, it assumed the status of a State capital 
with two Local Government Areas which are Osogbo and 
Olorunda. Over the years, it has witnessed tremendous 
growth due to the influx of people from other towns and 
villages, thus, giving it the status of a twin city (Jiboye, 
2004). The climate of the study area is a tropical 
hinterland type with mean annual temperature of about 
27°C. It experiences two climatic seasons (dry season 
between November and early March and a wet season 
between late March and early November) with mean 
annual rainfall of 1000 to 1250 mm. The climate is 
controlled by two prevailing air masses, the tropical 
maritime (mT) and the tropical continental (cT).  The area 
is drained by Osun and Ogbagbaa Rivers. The drainage 
system of Osun River rises in Oke-Mesi ridge, about 5 km 
North of Effon-Alaiye on the border between Oyo and 
Ondo States of Nigeria, and flows North through the 
Itawure gap before winding its way Westwards through 
Osogbo and Ede and Southwards to enter Lagos lagoon 
about 8 km east of Epe  in Lagos State. Osun River is a 1st 
order stream.  

Geologically, the study area lies largely within the 
Precambrian Basement Complex of South-western Nigeria, 
and belongs to the Pan African mobile belt east of West 
African Craton (Adejuwon et al., 1983). It falls within the 
lowland tropical rain forest vegetation most of which had 
since given way to secondary forest and derived savannah. 
Soil distribution reflects both the climatic conditions and 
geological structure of the area. The soil in and around 
Osogbo is fairly deep and rich and primarily derived from 
coarse and granite rocks. 
 
Data collection and analysis 
 
Both primary and secondary data were utilized for this 
study. The primary data include ground control points 
where coordinates were established with the aid of Global 
Positioning System (GPS) receiver to correct the geometry 
of the images to real world coordinate system. Two sets of 
questionnaire were administered: the first set of 
questionnaires (250) was provided to household heads in 
the areas vulnerable to flood focusing on socio-economic 
characteristic, impacts of flood risk disaster, perception 
and the coping strategies adopted. The second 
questionnaire (50) was provided to the staffs of agencies 
responsible for flood disaster risk reduction using the key 
informant interview (KII) focusing on the history, 
experience, impact and the institution strategies during 
and after flood disaster. Secondary data sources include 
1962 topographic map of Osogbo on scale 1:50,000 and a 
set of multidated satellite images of the area which include 
Landsat 5 TM 1991, Landsat 7 ETM+ 2002 and Spot 5 
(2009), a Digital Elevation Model (DEM) and rainfall data 
covering 24 years from 1986 to 2010. The satellite images 
were overlaid, interpolated and then imported to Arc GIS 
9.3 environment. Supervised classification was performed 
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Table 1. Land use /land cover classification in the study area. 
 

Land use/Land cover 1986 Area in hectares (%) 2002 Area in hectares (%) 2009 Area in hectares (%) 

Unclassified cover 302.45 (0.95) 269.38 (0.85) 389.74 (1.23) 

Vegetation cover 16879.51 (53.26) 10806. 85 (34.10) 8720.09 (27.52) 

Built up area 5387.61(17.01) 12933.36 (40.81) 15963.55 (50.37) 

Open area 9122.06 (28.78) 7682.04 (24.24) 6618.25 (20.88) 

Total 31691.63 (100.00) 31691.63 (100.00) 31691.63 (100.00) 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. DEM of the study area showing the river channels. 

 
 
to obtain the land use pattern and relief features. The 
Digital Elevation Model (DEM) was used for terrain 
analysis. The data collected were analyzed using 
descriptive statistics and geospatial techniques. 
 
 
RESULTS AND DISCUSSION 
 
Change detection analysis  
 
It is evident from Table 1 that the periods between 1986 
and 2009 witnessed a downward trend in the rate of 
vegetation land cover while built up area witnessed an 
upward trend in the same period of time. For instance, 
vegetal cover decreased from 53.26% in 1986 to 34.10% 
in 2002 and 27.52% in 2009 while built up area increased 
from 17.01% in 1986 to 40.81% in 2002 and 50.37% in 
2009. The reason for this was the change in status to State 

capital which led to influx of population in the study area. 
The implication of the decrease in vegetation cover and 
increase in built up impervious area was the reduced rate 
of infiltration and an increased volume of water run-off. All 
these were an indication of increased flood risk in the 
study area.    
 
Identification of flood vulnerability hotspot and flood 
prediction 
 
Figure 1 is the DEM generated for the study area. It shows 
the basin flow in the area and how the slopes affect the 
extent and frequency of run-off which study helped 
determine the likelihood of flooding in the area. It is 
evident that the larger part of the built-up area is on the 
slope and this will acts as a blockage to the natural flow of 
the river and rain water thus, making the area more 
vulnerable to flooding. In order to show those areas that 
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Figure 2. Flood vulnerability map of the study area. 

 
 
 

Table 2. Floodable and non-floodable area. 
 

Floodable class Area (hectare) Percent (%) 

Non-floodable area 19951.00 63.06 

Floodable area 11686.52 36.94 

Total 31637.52 100.00 
 

Authors’ field survey. 

 
 
 
are more vulnerable to flood, a buffer zone was created 
within the 200 m of the stream network. The combination 
of the stream buffer zone and the DEM elevation points 
produces different flood risk zones. The overlaying of the 
settlement layer of different places in the study area within 
the risk zones shows the flood risk map within the study 
area. 

Figure 2 shows that the lower the elevation of a 
particular area and it proximity to drainage network, the 
more vulnerable the area is to flooding. It is evident from 
the reclassification of the study area that the lowest 
elevation points are towards the south western part of the 
study area with the least elevation of 225 m. The outcome 
of the analysis shows that the elevation of the study area 
increases gradually up towards the Northern part with the 
highest elevation at 405 m above sea level. Areas with 
elevation of between 225 to 270 m high above sea level 
and within the buffer area are considered to be the most 

vulnerable to water inundation in the event of sudden 
release of water or rainfall. Elevations between 270 and 
315 m are considered flood plains because they are within 
the buffer zone and can be flooded if proper drainage 
network are not observed. The elevations between 315 
and 360 m in the Northern and Eastern part of the study 
area shows less vulnerable area while elevations between 
360 and 405 m are referred to as dry land that are not 
vulnerable to flooding. It can be inferred that areas lying 
within the 200 m buffer zone and elevation of 225 to 270 
m in the south-western zone of the study were most 
vulnerable to flood hazards. 
 
Floodable and non-floodable areas in the study area 
 
Table 2 shows the spatial extent of the floodable and non-
floodable areas in the study area. Figure 2 shows the 
floodable and non-floodable area in the study location. The 
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Table 3. Age of building. 
 

Years Frequency Percent 

>50years 82 36.0 

31-50years 75 30.7 

21-30years 60 24.6 

1-20years 22 8.8 

Total 245 100 

                
Author’s field survey, 2012. 

 
 
 
black colour represent the non-floodable areas with 
63.06% (119951 ha) which is located in the north eastern 
part of the study area while the red colour couple with 
purple colour was classified as floodable areas with a 
spatial extent of 36.94% (11686.52 ha) and is located at 
the south-western part of the study area and the central 
part of the southern area. These areas are prone to 
flooding due to their water level height as obtained from 
the digital terrain model. 

Delineation of floodable and non-flooded area is 
particularly important in disaster risk reduction because it 
helped to identify hotspot areas where floods will occur; 
its consequences and what the final solution can be. It will 
also dictate the evacuation of the flood plain and provide 
effective flood warning system. Figure 2 shows that 
dryland in the study area accounts for 21951 ha (69.38%) 
which was represented by black colour prominent on the 
North-eastern part of the study area. This dry land is a low 
density area with less concentration of people.  

The purple portion represents the floodplain which 
account for 2386.44 hectare (7.54%) in areal extent. This 
area is located within the core of the study area with high 
population density and more socio-economic activities. 
These floodplains are within the floodable area of the 
study area and cover the western part of the town. 
Meanwhile, the floodplain has a spatial extent of 7300.08 
ha (23.07%) from the total coverage of the study area.  
 
Elements of risk 
 
Table 3 shows the age of the building and the material 
used for them in the study area. It was evident from the 
study that age of the buildings and the materials used are 
one of the main contributors to flood risk in the study area. 
It was discovered during the course of the study that more 
than 90% of the buildings mostly mud were built over 
twenty years ago. 8.8% are relatively new buildings, 
having been constructed or reconstructed in the last 20 
years.  The study observed that some of the building in the 
heart of the town was converted to market or commercial 
purpose. Most of these buildings are located within the 
core of the study area and characterized by lack of 
maintenance, inferior and low quality of material use and 
natural ageing. All these manifested in leakages of roof 

cover, damages to door and windows, tearing off of surface 
wall plaster and finishes.  

It was also evident that 45% of the structures were built 
with brick cement, 28% reinforced concrete cement and 
27% with mud brick. All the buildings with mud brick 
quickly cave in during flood while the ones with brick 
cement still remained firm. In terms of building distances 
to the drainage channel, 41% of the buildings assessed 
were in a distance of 5 to 10 m to a stream or drainage 
channel, 28% are more than 15 m distance away from the 
drainage channel while only 13 and 18% are in a distance 
of 5 to 10 m and less than 5 m respectively to the drainage 
channel. It was established that the age of the building, 
quality of materials and the location of the building are 
major risk factors that tend to increase vulnerability to 
flooding disaster. However, only (58%) of the residents 
had experienced flood height of between 2 to 4 m while 
25% had experienced flood height of above 4 m in the 
study area. Furthermore, the analysis of the response of 
the stakeholders showed that there was no correspondent 
between the environmental managing agencies, rescue and 
post flood implementation agency as reviewed in the 
interviewed. Therefore, an adoptable framework for 
disaster risk reduction in flood prone areas was proposed 
to integrate contingency planning, monitoring and 
evaluation, information management and decentralization 
of resources with search and rescue in the event of flood 
disaster.   
 
Analysis of flooding perception  
 
The consequence of flooding and loss are sometimes not 
quantifiable. The loss, sadness and emotional stress felt by 
the respondent coupled with the psychological stress they 
went through at the event of flooding were examined. 
Table 4 shows the result of neighbourhood flood 
experience as part of residence perception of flooding.  The 
table shows that majority of the residence witnessed loss 
of property, valuables, damaged property and collapsed 
building in areas such as Rasco Cinema, Oke Baaale and 
Obalende of the study area. Only 37% experienced their 
building collapsed or in their neighbourhood while 36% 
witnessed several degrees of property damage ranging 
from minor to structural damages that cost them fortune 
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Table 4. Neighbourhood flood experience. 
 

Response Frequency Percent 

Property damage 88 36 

Building collapse 91 37 

Other damages 66 27 

Total 245 100 
 

Authors’ field survey. 

 
 
 

Table 5.  Analysis of flood height estimate.  
   

Height in meters Frequency Percent 

<  42 17 

2-4 142 58 

>4 61 25 

Total 245 100 
 

Authors’ field survey. 

 
 
 
to repair as revealed by the respondents. The houses 
affected by the flooding are those closed to drainage 
channel whose channel of flow was blocked. The 
implication of this is that majority of residents of the flood 
prone areas of the city does not follow the proper urban 
building code while indiscriminate building along drainage 
channel, floodplain and setback mileage were not 
observed. All these culminate to increasing vulnerability to 
flood risk disaster. It was also observed that government 
agency in-charge of urban housing and sanitation 
management are not doing enough to enforce the building 
code put in place as most of the staff interviewed 
complained of bottleneck in enforcement of the law. 
 
Analysis of estimated flood height 
 
Table 5 shows the flood height estimation carried out after 
each event for the flood prone areas in the study area. The 
table indicated that 58% of the sample building have an 
estimated flood height of between 2 to 4 m which shows 
that the flood water height is usually up to the window 
level of a bungalow and thus, its speed is capable of 
moving object on its way. Twenty-five percent of the 
respondents confirmed that the flood water experienced 
are usually above 4 m while 17% stated that the flood in 
their neighbourhood is usually below 2 m and that flood 
waters sips through the entrance door. As expected, the 
impact of a flood is strongly correlated with the depth of 
the flood water. Within the context of individual impact, 
the loss of tangible and intangible materials, the stress of 
having to vacate home and living in temporary 
accommodation are the major effect of flood depth in flood 
disaster (Werritty et al., 2007). He further stated that 

people get destabilized when being flooded by 1 m²/s. 
Werritty et al. (2007) revealed that the higher the flood 
depth, the more anxious people are. In a similar vein, 
Lekuthai and Vangvisessomjai (2002) opined that people 
are less anxious when being flooded by water depth of less 
than 0.1 m, while they are most anxious by water levels 
higher than 1 m.  
 
 
Conclusion 
 
The finding from this study brings to fore the need for a 
proactive approach that embraces an integrative risk 
management approach to flood disaster mitigation and its 
impact reduction on the residence of flood prone areas in 
the study area. The study therefore concluded that the 
incidence of flooding over the years is as a result of various 
environmental changes such as climate change that 
resulted in increased rainfall, uncontrolled and 
unregulated anthropogenic activities and morphological 
issues such as violation of urban land use, unplanned 
urbanization which have altered the natural ecosystem 
and poor materials used in building construction which 
increase risk in flood disaster.  
Therefore, adaptation of a sustainable urban development 
that integrates disaster risk policies in development plans 
should be adopted because this will go a long way in 
reducing the effect of flooding in the study area. Good 
understanding of floods relative scale and direction of 
future changes couple with best available information 
provided by constant monitoring and observation through 
remote sensing and GIS will help in minimizing future risk 
and damage costs.  
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