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ABSTRACT 

The most frequent natural hazards and the most costly in terms of property damage in study area is Flood. 

The purpose of this work is to use Geographic Information Systems (GIS) Hydrological tools to model and 

map flood event in Ifo Local Government Area of Ogun state, Nigeria using Shuttle Radar Topographic 

Mission (SRTM) data and land use maps as input data layers. In this research, flood inundation depth is 

calculated with GIS in order to understand the temporal, spatial scale and transition. Flood inundation map 

and 3D views of the hydrological modelling results are provided for a better understanding of the severity of 

flooding in the location. It is recommended that the processed data from this study be used as input for future 

research and the development of flood warning systems for the area. It will also be a base study for future 

research when rainfall data will be available. 
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INTRODUCTION 

Flooding has always been a serious and growing 
challenge especially to the people of Ifo Local 
Government Area of Ogun State. This has claimed 
so many lives and properties as disposal of refuse 
into drains have blocked the passage surface run off, 
building on flood plains, coupled with ruggedness of 
the terrain and continuous inflow of migrants from 
Lagos city who have come to settle down in the 
town for livelihood. Over time some causes of 
flooding in most urban areas have been due to 
increase in population, blockage of channels as a 
result of bad waste disposal as well as human 
activities at flood plains (Olayinka and Irivbogbe, 
2017). Against the backdrop of demographic growth, 
urbanization trends and climate change, the causes 

of floods are shifting and their impacts are 
accelerating (Jha et al, 2012).  

“Flood risk” can bear different definitions as it refers 
to natural disasters, depending on their adverse 
impacts on humans, lives, and the economy 
(Mahsaet al, 2012). However, flood risk can be 
discussed in terms of two elements: hazard and 
vulnerability (Dang et al, 2010). 

Several attempts have been made to tackle flood 
issues in different parts of the world, but there 
seemed not to be a specific headway yet especially 
in Nigeria. These attempts have been approached 
from the academic points of view, literature reviews 
as well from environmental perspectives.  
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One approach in this regard is the „SurgeWatch‟ 
v2.0 database that systematically documents and 
assesses the consequences of historical flood events, 
where a variety of „soft‟ data such as journal papers, 
newspapers, weather reports, and social media are 
integrated. SurgeWatch2.0 identifies 329 flooding 
events from 1915 to 2016, a more than fivefold 
increase compared to the 59 events in v1.0. 
Moreover, each flood event is now ranked using a 
multi-level categorization based on inundation, 
transport disruption, costs, and fatalities: from 1 
(Nuisance) to 6 (Disaster). For the 53 most severe 
events ranked Category 3 and above, an 
accompanying event description based upon the 
Source-Pathway-Receptor-Consequence framework 
was produced. (Ivan, et al., 2017). 

In another development in which data-based flood 
modeling methods was used. Its purpose is to gain a 
deeper understanding of complex, poorly-defined 
environmental systems. The Data-Based Mechanistic 
methodology is employed in the data-based 
modeling procedure for structure identification and 
parameter estimation of a data-based model (DBM, 
in transfer function forms). 

In a similar approach to the data based mechanistic, 
theory based flood modeling, a Recursive Prediction 
Error algorithm is modified and engaged in 
estimating time-varying parameters and detecting 
structural change for the theory-based model (TBM, 

in ordinary differential forms). Two concepts from 
linear processes in control system engineering, time 
constant and steady-state gain, are then examined in 
a synthesis of the two types of model in the 
parameter space spanned by these two lumped 
parameters. 

The above methods are tied to the data availability, 
objectives of the flood vulnerability study as well as 

the desired results to be obtained. In this present 
study, the need to carry out a flood risk mapping 
using Digital Elevation Model (DEM) raster based 
calculations will reveal the areas that are highly 
prone to flooding. 

THEORY OF FLOOD MODEL 

Flood models are designed to simulate the surface 
runoff response of river basins to precipitation by 
representing the basins as an interconnected system 
of hydrologic and hydraulic components (HEC-1, 
1998).   

A flood model is a computer program that simulates 
watershed precipitation-runoff process; precipitation 
runoff, channel routing, reservoir routing, diversion 
and hydrograph combinations that are used to 
estimate hydrographs at various locations.  The 
model capabilities include automatic parameter 
estimation and flood damage analysis. 

STUDY AREA  

This work investigates areas at risk to flood in Ifo 
Local Government Area of Ogun state, Nigeria 
(Figure 1). The Local Government covers an area of 
about 521 square kilometers and lies within the 
geographical coordinates of 18

o
 15' to 19

o
 55'N 

latitudes and 83
o
 20' to 84

o
 20'E longitudes with an 

estimated population of 164,486and total number of 
house hold of 41,997 according to 2006 National 
Population Census figure. The temperature variation 
in the plains of the basin is between 10

o
C to 430C. It 

is bounded in the North and South by Ewekoro 
Local Government and Ado-Odo/Ota Local 
Government respectively. It also shares boundaries 
with Obafemi/Owode Local Government and Lagos 
State in the Eastern part while it is bordered in the 
West by Egbado South Local Government. 
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Transportation in the area is majorly land i.e railway 
and motor ways (Figure 1). Due to its narrow shape, 
undulated terrain and other characteristics of the 
catchment, the runoff time is limited and flash floods 
frequently affect the area. The total catchment area 
of the basins is 10,830 km2.The mean annual 
rainfalls of the study area is 1280 mm. The soil types 

in the basin are: mixed red and black, yellow, red 
sandy soils, coastal soils and some forest soils. The 
land use in the area is majorly characterized by 
scattered cultivation, residential and commercial 
(built up) areas (Figure 2). The type of flood in the 
study area is categorized as fluvial and 
hydrogeological.

 

    

 

FIGURE 1:  THE STUDY AREA 
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FIGURE 2: LAND USE MAP OF STUDY AREA 

METHODOLOGY 

Several flood risk management methods exists 

which can be adopted in estimating flood hazards 

and their impacts thus reducing the resultant 

destruction of lives and properties. Flood risk 

estimation requires careful consideration of factors 

such as watershed size, topography, land use, the 

types and characteristics of storms that produce 

rainfall and flooding in the region, location and types 

of buildings and other assets prone to damages 

(World Bank, 2016). A number of methods have 

been used in the past for the assessment of flood viz: 

remote sensing techniques, geographic information 

systems (GIS) techniques, combined methods 

(GIS—machine learning, GIS—modeling—

simulation), modeling and simulation, statistical 

analysis, machine learning methods, comparison, 

survey and interviews, evaluation methods, and 

statistical and mathematical methods (Diaconu, 

Costache, & Popa, 2021).  

Remote sensing uses reflected and emitted radiations 

from satellite imageries to detect and monitor the 

physical characteristics of flood plains by supplying 

flood plain topographic data to support the flood 

assessment. 

Geographic Information Systems (GIS) are 

successfully used to visualize the extent of flooding 

and also to analyze the flood maps to produce flood 

damage estimation maps and flood risk map (Demir 

& Kisi, 2016). GIS spatial statistics technique are 

being introduced to investigate global regional risk 

pattern, as well as to identify local risk hot spots 

(Cai, Fan, & Yang , 2021). Flood risk assessment is 

possible with the use of machine learning (ML) 

techniques due to their ability to capture 

relationships among factors causing the flood. 

Machine learning methods have the potential to 

improve accuracy as well as reduce calculating time 

and model development cost (Wagenaar, et al., 

2020). Machine learning is applied to remote sensing 
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data to estimate exposure and on social media data to 

improve flood response (Wagenaar, et al., 2020). 

This present study combines GIS techniques with 

modelling and simulation. 

DATA ACQUISITION  

Implementation of the GIS model for the study 

requires collection of spatial data such as a digital 

elevation model, soil map and land Use/land Cover 

map in order to define the catchment boundary and 

the various physiological characteristics of the study 

area. The digital elevation model (DEM) was 

acquired from Shuttle Radar Tropical Mission 

(SRTM, 2008) with a spatial resolution of 30 m.  

The land use land cover map of the area was 

digitized from 2016 Google earth image covering the 

area. Global Positioning System (GPS) coordinates 

of flood prone locations (a total of 46 locations) in 

the study area.   

DATA PROCESSING 

The data processing involved the following:  

i. The GPS positions for all locations prone to 

flooding were acquired from the field and a 

database was created for them. 

ii. DEM preprocessing was carried out using 

ArcGIS such as basins, catchment, watershed 

boundaries and pour points. 

iii. The land use map acquired was vectorized from 

2016 Google earth image using ArcGIS 10.2  

iv. A criteria selection process was carried out and 

they were selected based on their relevance to 

the study. These criteria are considered to be 

indicators or factors that influence flooding. Four 

factors were considered in this study and they are 

given as follows:   

a) Elevation 

b) Flow direction 

c) Flow accumulation 

d) Stream order 

e) Land use  

v. Thematic raster maps were produced for 

thesefactors using the   Reclassification method 

as provided in the ArcGIS environment. 

RIVER NETWORK MODEL DEVELOPMENT  

A river network a composition of all paths of rivers 

created by the tributaries of a main river in an area. 

The river network model mimics the existing river 

network so that influence of external agents such as 

rain, sedimentation, erosional process etc. and the 

flow of the river itself can be studied. To achieve 

this, the watershed boundary was delineated first 

using ArcGIS model builder (figure 3) and 

supplementary information, such as municipal 

drainage maps from ESRI‟s shapefile were imported 

to obtain an accurate depiction of the basin's extent. 

The basin model was created using the ArcGIS 

extension of HEC-GeoHMS. The basin is segmented 

into One hundred and fifty one sub-basins to 

determine the number and types of stream network 

components to be used in the model. Each sub-basin 

is intended to represent an area of the watershed 

which, on the average, has the same 

hydraulic/hydrologic properties. The sub-basins and 

their components are then linked together to 

represent the connectivity of the river basin. 
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FIGURE 3: MODEL FOR PREPROCESSING THE DEM 

CATCHMENT DELINEATION 

A healthy watershed supports the quality of humans 

and wild lives living in the area. In this study, 

watersheds are divided into discrete land and 

channel segments. This helps in analyzing the 

behavior of watershed in the area. 

HEC-GeoHMS in ArcGIS 10.2 was used to 

delineate the catchment area (figure 4) after which 

different sub-basins and river networks were created 

(figure 5). The raw DEM was pre-processed prior to 

the delineation of watershed boundary. This is to 

ensure that a well-defined watershed and river 

network are obtained. Catchment delineation uses 

advanced GIS functions to segment watersheds into 

several hydrologically connected sub-watersheds 

(figure 6). The number of sub-watersheds and the 

stream network that was created depended upon the 

threshold value of the area provided by during 

watershed delineation (Waikhom & Manoj, 2015).
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FIGURE 4: DEM AND CATCHMENTS 

 

FIGURE 5: DEM EMBEDDED WITH DRAINAGE NETWORK OF THE STUDY AREA 

: 

FIGURE 6: HYDROLOGICALLY CONNECTED WATERSHEDS IN THE STUDY AREA 
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RESULTS AND DISCUSSION 

Flood hazard and intensity layers were overlaid. 
Consequently, the extent of the flood inundation was 

obtained and the final flood risk map for the sub 
water sheds were determined (Figure 7). 

 

 
FIGURE 7: FLOOD RISK MAP SHOWING HIGH, MEDIUM AND LOW RISK AREAS 

The Flood inundation map is required to understand 

the effects of flooding in a particular area and on 

important structures such as roadways, railways, 

streets, buildings and airport. Flood inundation map 

provides important information, like depth and 

spatial extent of flooded zones, required by the 

municipal authorities to inform the citizens about the 

major flood prone areas and adopt appropriate flood 

management strategies. 

The flood risk is dependent upon the depth of the 

flood. Results showed that Ifo LGA is categorized 

into three flood depth levels; 3m, 2m and 1m, 

(Figure 8).  This means areas with the largest depth 

(greater than or equal to 2m) are susceptible to high 

risk flood, while areas with the least depth (less than 

2m) are low risk areas (Figure 8). 
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FIGURE 8: FLOOD INUNDATION MAP SHOWING FLOOD DEPTH AND EXTENT 

The coverage area for this flood risk extent was 

calculated from the flood risk map to be 32%, 38% 

and 30% (High, Medium and Low risks) 

respectively, (Table 1 and Figure 9). The implication 

of this is that there is the tendency that the coverage 

area of the high risk zone will increase in the next 

flood year and this will have adverse effect on the 

agricultural produce from the study area as well as 

lives and properties. 

 

TABLE 1:  FLOOD RISK COVERAGE AREA 

SN Risk Coverage 

area 

(Km2) 

Coverage 

% 

1 High 167.989 32 

2 Medium 198.525 38 

3 Low 159.903 30 

 Total 526.417 100 

 

 

FIGURE 9: FLOOD RISK COVERAGE AREA 

Coverage 
(Km2), 
High, 

167.989, … 

Coverage 
(Km2), 

Medium, 
198.525, … 

Coverage 
(Km2), 
Low, 

159.903, … 

FLOOD RISK COVERAGE (km2) 

High

Medium

Low
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Flood risk maps will be used to increase awareness 
of the likelihood of flooding in the study area.  It 
will also encourage people living and working in the 
flood-prone areas to find out more about the local 
flood risk and to take appropriate action. Since the 
severity of the flood tells the level of destruction on 
the lives and properties in the study area, it becomes 

imperative to make a count of the building types that 
lie within these areas (Adewara et al, 2018). This 
will help us to know the structures that are at risk 
and the threat this poses on the lives of people and 
even the environment at large. Buildings and roads 
that fall within the inundation zones (Figures 10, 11 
and 12) are at the greatest risk during flooding. 

 

 
FIGURE 10: BUILDINGS THAT FALL WITHIN THE INUNDATION ZONE 

 
FIGURE 11: SOME OF THE FLOODED BUILDINGS IN THE STUDY AREA 
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FIGURE 12: A FLOODED ROAD IN THE STUDY AREA 

The flood inundation maps and GIS analyses serve 

to show the level of risk of flooding and the extents 

to which these areas and the people present in it are 

vulnerable. Major areas such as Anugudu, Orudu-

Olokan and Bale Akioriare highly at risk. This risk is 

attributable to the topography of the terrain and the 

hydrological characteristics of the study area. 

CONCLUSION & RECOMMENDATIONS 

Flooding as a global crisis is becoming pressing 

issues. Several attempts from different perspectives 

have been employed in its management. Its impact to 

socio-economy and livelihood calls for the inclusion 

of flood models in flood management strategies, 

hence, the use of hydrological GIS modelling tools.  

Identification of those areas at risk of flooding will 

help inform emergency responses.  For example, 

areas that are likely to require evacuation can be 

identified, and evacuation routes can be planned and 

clearly signposted so local communities are made 

aware in advance of an emergency.  The 

identification of flood risk areas will also help in the 

location of flood shelters for evacuees. The study 

showed that areas liable to high risk covers 

167.989km
2
, areas with low risk covers159.903 km

2
 

while areas with highest risk covered 198.525 km
2
. 

The implication of this is that medium risk areas will 

in the nearest future become highly risky to flood if 

adequate measures are not taken (as its coverage 

area is tending towards high risk areas.) 

Conclusively, this study has demonstrated the use of 

GIS as a step further to tackle flood issues. Based on 

the conclusion above, it is therefore recommended 

that: 

i. GIS should be adopted as a tool for flood 

planning and management in the study area and 

indeed in other administrative capacities.   

ii. Machine learning and remote sensing data 

should be integrated into GIS to estimate 

exposure and on social media data to improve 

flood response. 
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iii. Processed data from this study should be used as 

input for future research and the development 

flood warning systems for the area. 
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