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ABSTRACT
A flood is an overflow of water that submerges land that is usually dry. Flooding may occur as an
overflow of water from water bodies, such as river, lake or ocean, in which the water overtops or
breaks levees, resulting in some of that water escaping its usual boundaries, or it may occur due to
_____________________________________________________________________________________________________
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an accumulation of rain water on saturated ground in an area. To find out the most vulnerable
communities, the Digital Elevation Model (DEM) and location data of selected communities were
used. The Image Re-class and Map Overlay were performed on QGIS software to identify
communities that are most affected. The result shows that the region has no river channel that
discharge excess water easily. It also shows that four, out of twelve settlements were located at the
high risk zone. The settlements are Uniport, Omuoda, Omuahunwo and Okparagwa. It was
recommended that the high risk zone in the area should be provided with artificial water channel
that will contain and convey surface sun-off to a nearby stream. The local authority should relocate
the affected settlements to a safer zone.

Keywords: Flooding; Ikwerre; Vulnerability; DEM; GIS; remote sensing, Settlement.
different magnitude of flooding. The states that
witness the flooding between July and August,
2021 include Lagos, Bauci, Kano, Jigawa, Kebbi,
Sokoto,
Rivers,
Cross
River,
Akwa
Ibom, Anambra, Ebonyi, Enugu, Ekiti, Oyo and
Osun.

1. INTRODUCTION
Floods are among the most devastating natural
hazards in the world, claiming more lives and
causing more property damage than any other
natural phenomena [1-7]. Floods are one of the
greatest challenges to weather prediction [8] [9].
Flooding is an overflow of a body of water that
inundates land. This usually occurs due to the
volume of water within a body of water, such as a
lake or river, exceeding the total capacity of the
body, resulting in some water flowing outside of
the normal boundaries of the body. It can also
occur in rivers. When the strength of the river is
so high, it flows right out of the river channel.
Flooding is an anticipated hazard in the coastal
regions and when it occurs, it leaves loss and
damage at its wake giving rise to disasters. The
need for investing and mitigate measures can
never be over-emphasized as the presence and
adherence to control measures, both structural
and non-structural is key in avoiding loss and
damage of properties [10] Floods are part of the
Earth’s natural hydrologic cycle. Sometimes the
hydrologic cycle got out of balance, sending
more water to an area than it can normally
handle. The result is a flood [11]. Cases of
flooding in Nigeria have been frequently reported
particularly in the wet season. This phenomenon
mainly affects places within the floodplain of the
major rivers and their tributaries as usually been
predicted by the Nigeria Meteorological Agency
(NiMet). For example, in the year 2020, NiMet
predicted that heavy rainfall may result in
flooding, which could disrupt traffic, delay
construction activities, and weaken or wash out
the soil and culverts that support roads, tunnels,
and bridges. The riverine flooding mostly occurs
at the lower altitude around waterways as
described by De Risi et al., [12].

Flood events and impacts in recent times have
arguably been unprecedented and affected the
lives of hundreds of millions of people across the
world. These impacts have been shared by both
developed and developing countries (DCs) with
rapid urban expansion taking place in many
flood-prone areas. Concerns for flooding and the
associated human impacts are clearly of global
significance, especially when allied with the fears
of climatic change and associated changes in
rainfall events and sea level rise [13]. The rapidly
growing urban environments in many areas
correspond with a lack of urban planning
strategies, the deterioration and lack of capacity
of urban drainage infrastructure and an
increased rate of development on floodplains
[14-15]. Additionally, the increasing densities of
populations (particularly in the urban areas of
most DCs such as Nigeria), alongside the poor
level of awareness and the limited efforts of
many stakeholders towards flood risk reduction
are critical issues undermining possible efforts
towards addressing the hazard [16-18].
According to Umeuduji [19] flood are naturally
events which mainly happen when catchments
receive unusually high amount of water, say from
rainfall or snowmelt depending on the
environment.

1.1 Causes of Flooding
Over the past 2 decades, the causes of flooding
in Nigeria have received significant attention in
the literature [20] [16] [21-26]. Debates arising
from the literature indicate that Port-Harcourt,
Lagos as well as other states, floods are mainly
the consequences of climate-change-induced

According to Flood list Africa, the NiMet 2021
flood prediction becomes true due to the fact that
most of the states mentioned have now witness
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short-duration high-intensity or long-duration-lowintensity rainfall [27]. This is unsurprising
considering that climate change has arguably
influenced regional precipitation patterns in
recent history. Odjugo [28], concluded that there
are now more high-intensity short-duration
rainfall events and more low-intensity longduration rainfall events than there were 3 years
ago. Other factors have also been investigated
with reference to the causes of these floods in
Port Harcourt and Lagos. These include the
topography of the area, land use (LU) and land
cover (LC) modifications, and influence of canals,
lagoons, and beaches [23] [29-30]. Other factors
considered are urbanization and population
growth, poor urban planning, and poor
environmental
management
and
the
indiscriminate disposal of solid waste [31] [21]. It
is also suggested that tidal and co-tidal
influences and frequent incursion from the
Atlantic into the lowlands during heavy storms
also play important roles [32].

(31,113),
Kebbi
(94,991),
Kogi
(118,
199), Kwara (41,680) and Niger (51,719) [36]
[33].

1.2 Frequency of the Occurrence and
Impacts
Flooding and flood risk management are issues
of grave significance in Port Harcourt and Lagos
[23, 29]. It is clear from previous studies [25] [37]
[22], that flooding in the area can be devastating,
affecting hundreds of thousands of people and
causing considerable economic damage. A
typical example is the July 2012 flooding event,
which affected approximately 5 thousand
people and resulted in about 25 deaths. The
direct economic losses resulting from the
event total led about 50 billion Nigerian naira
(i.e. USD 250 million). Public utilities
including road networks, bridges, and schools
were destroyed. In addition, houses collapsed,
private
homes
were
submerged,
and
several cars were swept away by flood water [38]
[39].

Umeuduji [19] postulate that under normal
circumstances, ocean currents usually wash the
coastlines, but some violent disturbances (such
as earthquakes or vulcanicity) in the ocean can
generate devastating tsunamis or hurricanes that
can hit and flood the coastal environment. Also,
when precipitation proceeds at a rate that
exceeds infiltration and surface evacuation,
water will automatically accumulate on the land
surface hence leading to flooding .In several
continental plains or area with less pronounced
slopes excessive rainfall has always generated
flooding. Abdullahi et al., [33] reported that flood
of 2012 is a major environmental event in Nigeria
since its independence. The floods began in
early July, killed 137 people and displaced over
120,000 people nationwide [34] [33]. Similarly,
the 2013 report of 2012 flooding stated that
Floods are the most common and recurring
disaster in Nigeria. The frequency, severity, and
spread of these floods are increasing. Beginning
in July 2012, heavy rains struck the entire
country. The impact of the 2012 flooding was
very high in terms of human, material, and
production loss, with 363 people killed, 5,851
injured, 3,891,314 affected, and 3,871,53
displaced [35]. According to Nigeria’s National
Emergency Management Agency (NEMA),
nearly half a million people have been affected
by 2018 flooding in 8 states of the country. At
least 108 people have died in the flooding,
with a further 192 injured. The affected
states include Anambra (64,331 people affected),
Benue
(2,201),
Delta
(37,017),
Edo

These factors global climate change, poor urban
planning, urbanization anthropogenic activities,
seem to influence the occurrence of the hazard
and the exposure of elements at risk. However,
in relation to the vulnerabilities of social systems
to flooding in the area, the development of slum
settlements and poor perception of flooding
among local communities, urban residents and
the general public are critical factors [40] [41] [20]
[30] [42] [43].
To date, flooding is characterized by severe
consequences, high raise concerns about a lack
of early warning and evacuation systems.
Impacts from flooding compounded by population
density and the upward trends of urban growth in
the area [29]. Also, flood water depth, inundation
extent and duration as well as water flow velocity
play contributory roles. The general impacts
(such as displacement from homes, mortality,
physical injuries, disruption of economic
activities, destruction of urban infrastructure, and
submergence of buildings) that relate to social
systems directly have been extensively
considered in the literature [44] [45] [29] [46].
However, there are reports that Lagos flooding
causes severe additional impacts including the
loss of social values, spread of vector-borne
diseases, as well as air and water pollution [47]
[46] [48].
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education has
catastrophes.

1.3 Flood Hazard
In terms of both magnitude and severity of
floods, resulting hazards or effects have been
broadly classified as primary, secondary, tertiary
or long –term. Primary are physical structures set
up by man, secondary aspect are disruptive
effects of flooding on human settlements and
economic activities, and the tertiary impacts are
graded into time.

been

disrupted

by

flood

1.4 Climate Change and Flooding
According to United States Environmental
Protection Agency, Climate change may cause
river floods to become larger or more frequent
than they used to be in some places, yet become
smaller and less frequent in other places. As
warmer temperatures cause more water to
evaporate from the land and oceans, changes in
the size and frequency of heavy precipitation
events may in turn affect the size and frequency
of river flooding. The Quartz Africa reported that
the first factor aggravating flooding is climate
change, which has been shown to contribute to
more extreme storms and rainfall. Another factor
contributing to flooding in cities is that Nigeria
has experienced rapid urban growth and
planning is poor. Similarly, Agbonkhese et al.,
[50] confirmed that climate change, coupled with
other factors have been traced to be the causes
flood in Nigeria. Other factors include poor
planning, poor governance, poor drainage
facilities, lack of proper environmental planning
and management strategies, among others.

Olajuyigbeet al., [46] report that flood hazard
increases city-wide poverty as a result of the
farmlands which are destroyed and essential
services which are often interrupted. Adelekan
[47,48] investigated these impacts using four
poor urban communities in Lagos as case
studies and identified three significant scales:
individual, household, and community. At the
individual scale, the reluctance of friends and
family to visit one another while in flooded
houses affects social relationships. This has
broad adverse implications on community
lifestyle and further compounds depression
among flood victims in Lagos. Food insecurity is
equally an important issue at this scale as food
items stored in individual homes are often lost
during flooding. In addition, there can be
numerous health impacts including chronic skin
infections from exposure to contaminated
environmental systems and increased effects on
those with an already poor health history.

1.5 Use of Geographic Information
System in Monitoring Floods
Finlayson, 2016 defined vulnerability as “the
degree to which a flood is sensitive to and unable
to adapt to or moderate the consequences of
climate change and other (anthropocentric)
pressures on its ecological character” and
comprised two major components, namely the
sensitivity of the system and its adaptive capacity
or resilience. Sensitivity was defined as “the
degree to which a flood is affected, either
adversely or beneficially, by climate-related
stimuli” and adaptive capacity as “the ability of a
flood to adjust to climate change, to take
advantage of opportunities, or to cope with or
moderate the consequences.” By bringing
together various methods and approaches, a
general framework for flood vulnerability
assessment was developed, comprising the
following elements:

Household and community scales of impacts are
mainly indicated by the secondary effects of
flooding in Lagos. Household impacts include
deterioration of building quality, intrusion of
contaminated water into apartments, lack of good
drinking water, and loss or damage to household
properties including sanitation facilities. The
community impacts include an unclean
environment, disruption of movement, and
damage to public utilities. Urgent needs arise
where community schools were flooded and
schooling for children has been interrupted. This
is an important issue within the context of human
development. In many other DCs where it is also
applicable, community leaders and the local
authorities have often instigated measures to
ensure that children’s schooling is not interrupted
despite the magnitude of flooding. In Bangladesh
for example, a strategy known as “floating
schools” in which classrooms are constructed on
boats is being put in place during flooding [49].
This enables provision of uninterrupted education
for children who have been impacted and whose

(i) Establishing the status of the biophysical
and social components of the flood,
including present and recent pressures;
(ii) Determining the sensitivity and adaptive
capacity of the ecological and social
components of the flood to multiple
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pressures and developing plausible
futures;
(iii) developing responses to ensure these
future can be achieved; and
(iv) Monitoring and adaptive management to
reach the desired outcomes.

Remote Sensing and GIS techniques. These
techniques lessens an orderly bias in data
assembly and large extents of land can be
controlled and monitored at a look. The choice of
this area for this study was due to the recurrent
riverine flood events that damage infrastructure,
buildings, farmland and causes displacement to
people and home. The purpose of this study will
be achieved through the following objectives: to
track record of the prior flooding in the area; to
obtain elevation data from remote sensing;
identify geospatial locations of the communities
using GPS; to survey the relationship between
the two data using Geographical Information
Systems. Findings in this research will identify
Flood-prone areas in the Ikwerre Local
Government area with the view to sensitize the
public to be at alert and local authorities to take
measures to mitigate the destructive effects of
flood menace in the study area.

Obtaining the necessary information to undertake
an effective assessment may not be
straightforward given the paucity of spatial and
temporal data, at appropriate scales, as a time
series to determine the present condition and
trends in the condition of a flood and its
sensitivity and adaptive capacity. It is expected
that in many instances the assessment will be an
iterative process based on qualitative or
subjective information and updated or improved
as more information becomes available [51-52].
Therefore, monitoring of the flood system in the
areas vulnerable to flood and also to provide
flood vulnerability map in the metropolis has
become very vital to the socio-economic
development of the region and in doing this,
Geographic Information System (GIS) is believed
to be very important in generating such maps
through rigorous spatial analysis [53-54] viewed
GIS as a tool for storing, manipulating and
displaying large quantities of geographic
information in a micro-computer. He stressed
further that the geographic data which is stored
describes objects from the real world in terms of
their position on the earth with respect to a
known coordinate system, their attributes which
are unrelated to their positions and their spatial
interrelations with objects around them. GIS has
the ability to quickly manipulate, analyze, display
geographic data and also retrieve the existing
data and compare if necessary in order to predict
what is likely to happen in the future [53]. GIS is
any system that captures, stores, analyze,
manages, and present data that are linked to
location. In Port Harcourt, extensive studies on
flood like [55] [53] [56] had been carried out
using conventional methods but the application
of GIS in monitoring flooding seems to be
deficient. GIS as a useful and important
technique to monitor flood. The proper
monitoring and forecasting of flood will help in
the proper allocation of the urban land use and to
a greater extent give warnings to the flood prone
areas in the cities which help to reduce the havoc
or lost caused by flood.

2. MATERIALS AND METHODS
2.1 The Study Area
Ikwerre local government area is one of the
twenty three local government area in Rivers
State, and one of the major ethnic group in
the Niger Delta. Ikwerre local government is the
mother of Ikwerre ethnic nationality. The local
government area is rich with land and natural
resources, such as land, soil, vegetation, water,
coal, petroleum, gas, animals, wildlife, air, wind
and atmosphere, clay, sand and gravel [57]. The
population of the area therefore increases on a
daily basis. It has an average of 2.8% growth
rate per annum which puts the population of the
Local Government Area as at 2006 to be
189,726 people [58]. The local government area
has its headquarters at Isiokpo the ancient
kingdom of Ikwerre Nation.
The study area is bounded by Obio/Akpor (local
government area) to the south, Etche to the
east, Emohua to the west and Imo State to the
north (see Fig. 1). Ikwerre Local government
area lies between latitudes 4°58’ 33”N and
longitudes 6°53' 21’’E. The local government
2
area covers 530 km (1,380sq mi) [59]. The
study area communities is drained by rivers and
creeks known as ”Otamini River, Ntawogba
creek and New Calabar River” with other
distributaries of rivers network. Ikwerre local
government area enjoy tropical hot monsoon
climate as a result of her latitudinal position. The
daily tropical monsoon climate is characterized
by heavy rainfall and high temperature all year

In this study, Ikwerre LGA and its environs was
designated to demonstrate an in-depth study to
detect communities and their environs that are
most susceptible to recurrent flooding using
50
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round [57]. The Communities experiences
lengthy and heavy rainfall season and very short
dry season. Rainfall in the study area is heavy
and more persistent as a result of the strong
influence of the southwest trade wind. Her rainfall
is almost predictable and follows sequence of
increase towards the month of July-August
before decreasing in the month of November February [57]. Rainfall is at its peak in July and
September with a little dry season occurring in
August, although the period of the break has
been fluctuating in recent times. The study area
experience a double maximum rainfall occurs
between July and August. Although there might
be rain during the months of December, January
and February, most of the rains received are
unreliable a spotty [60] [57] There is no year the
length of rainy season is about 272 days. Rainfall
in Ikwerre occurs over a long duration of usually
between 2-4 hours and it is high intensity [60]

[57].Temperature on the other hand is high and
fairly constant throughout the year in Ikwerre.
February is the warmest of all the months of the
year with an average temperature of 32°C at
noon, the month of July is the oldest. Like Port
Harcourt metropolis, mean annual temperature in
0
the study is based 28 C while the mean daily
0
maximum temperature is about 30 C. The
months of February, March and April records the
highest mean maximum temperature. The
maximum temperature also exhibits the same
sequence [60] [57]. In addition to these, the study
area experiences a seasonal variation in relative
humidity. This is mainly due to the seasonal
variation in the amount of isolation receives.
Relative humidity is high in Ikwerre with mean
annual figure of about 80%. The rainy season
month records the highest value. These months
are very cloudy due to the strong presence of the
south westerly wind [61, 57].

Fig. 1. Ikwerre L.G.A showing the communities
Source: River State Ministry of Lands and Survey, 2019
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ranges between 10 and 40 meters (ASL). This
shows that the variation between the lowest and
the highest locations in the study area is narrow
(30 meters). The entire region has no definite
river channel that take away surface water from
the area. This makes most of the region liable to
flash-flood. The contours on Fig. 3 confirmed that
the sampled settlement were located between 20
and 30 meters (ASL).

2.2 Methodology
2.2.1 Data collection and analysis
The Digital Elevation Model (DEM) data used in
this research was an observation by
environmental monitoring satellite called The
Shuttle Radar Topography Mission (SRTM). The
data have been enhanced to fill areas of missing
data to provide more complete digital elevation
data with a resolution of 3 arc-seconds for global
coverage. The entity ID is SRTM3N12E004V2I
downloaded
via
GloVis
(https://glovis.
usgs.gov/app). The area of interest was
windowed using IDRISI Taiga to focus on the
study area. The Google Earth Pro was used to
identify and create point data for sampled
communities within the study area (Table 1.).
The created point data and the downloaded
Digital Elevation Model (DEM) were merged
together to create a single image (map overlay)
using QGIS. This technique helps to visualize the
interaction between the communities and the
elevation. Similarly, the DEM was reformatted to
contour lines that were overlaid by community
locations data.

The Plate 1 depicts how rain water stagnates
within the community, even after an hour of
rainfall. The areas are lowlands without enough
drainage. The Plate 1 (a), (b) and (c) are
Omuoda,
Omuahunwo
and
Okparagwa
respectively.
Fig. 4 is a result of image classification where
DEM was used to grade surface area to identify
flood-prone areas. The elevation 0-20, 20-30 and
30-46 were considered high, low and safe area
respectively. The re-classed image was overlaid
by community point data and the result shows
that four communities were found to be at the
high risk zone. The communities include
Okparagwa, Omuahunwo, Omuoda and Uniport.
While six communities were located within the
low risk region, that include Omuolo, Imogu,
Igwuruta, Mbodo, Omuchi and Agbada 2. The
remaining
two
communities
were
at
the safer grounds that include Omunwei and
Omuohia.

3. RESULTS AND DISCUSSION
The DEM on Fig. 2 shows that the sampled
settlements were located between 20 and 30
meters elevation, but the entire study area

Fig. 2. Sampled communities on DEM
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Fig. 3. Sampled communities on contours

Fig. 4. Elevation classification
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Table 1. Geographical locations of the sampled communities
S/N

Sampled Communities

Latitude

01
02
03
04
05
06
07
08
09
10
11
12

Mbodo
Igwuruta
Omuoda
Omuahunwo
Okparagwa
Imogu
Omuolo
Omuohia
Omuchi
Agbada 2
Uniport
Omunwei

04 55’ 60”
0
04 57’ 34”
0
04 56’ 00”
0
04 55’ 09”
0
04 58’ 49”
0
04 59’ 05”
0
04 59’ 34”
0
04 57’ 51”
0
04 56’ 27”
0
04 56’ 04”
0
04 54’ 37”
0
04 58’ 60”

Longitude

0

0

006 57’ 00”
0
006 57’ 08”
0
006 57’ 18”
0
006 56’ 03”
0
006 53’ 10”
0
006 55’ 58”
0
006 55’ 09”
0
007 00’ 08”
0
007 00’ 31”
0
007 01’ 32”
0
006 56’ 47”
0
007 00’ 10”

Elevation in
Meters
25m
26m
23m
20m
24m
27m
28m
30m
27m
27m
21m
29m

GPS
Accuracy
3m
3m
3m
3m
3m
3m
3m
3m
3m
3m
3m
3m

Source: Author’s Field work, 2020

Plate 1. 2020 flood on the selected communities

4. CONCLUSION
TIONS

AND

recommended that the high risk zone in the area
should be provided with artificial water channel
that will contain and convey surface run-off to a
nearby
stream.
The
local
authority
should relocate the affected settlements to a
safer zone.

RECOMMENDA-

The Geographical Information System (GIS) is a
robust system that enabled researchers to
analyze spatial data and present the result in a
geographical manner. It also reduces bias to a
less significant level. The result of the analysis
shows that the entire study area has no definite
river channel that leads to flash flood whenever
heavy rains fall. It also shows that the area is
somewhat flat, with 30 meters difference
between highest and lowest elevations. The four,
out of twelve settlements were located at the
high risk zone. The settlements are Uniport,
Omuoda, Omuahunwo and Okparagwa. This
confirmed the statement of Agbonkhese et al.,
[50] that locations with inadequate drainages are
liable to flood, especially in a relatively flat
environment such as Ikwerre. It was
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