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Abstract

The work examined urban flood intricacies and Implications in Uyo Capital City, Akwa Ibom State,
Nigeria with a view to reducing negative flood related scenario that is detrimental to sustainable urban
environment. To achieve this, seven flood sites were identified with different depths of drains in the study
area. Therefore, flood intricacies are facilitated by natural consequences which further is provoked by
anthropogenic parameters such as; road without drains 19.1%, heavy and prolonged rainfall 24.6%,
topography 10.2%, dumping of wastes in gutter 13.2%, urban surface characteristics with high cemented
surfaces 6%, houses built on watershed 6.2% amongst others. The study pinpoints that flood dynamics
is multifaceted with dire consequences on the wholesomeness of Uyo Capital City in terms of loss of
lives and properties, disrupted communication routes, and other social impacts. The work recommended
that sensitization of residents on human components of flood scenario with appropriate town planning
laws must be put in place. Above all, Uyo Capital City must make waste evacuation and management
internalized amongst residents for sustainable urban space.
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Introduction

Over the years, the world has witnessed several notable disasters scenario which have
caused large fatalities lately. Consequently, this has resulted in devastating economic losses
with intensification in environmental degradation. The most significant impact experienced
so far in flood impacted domain of Akwa Ibom State and elsewhere. This scenario is mostly
felt at community level with dire consequences [1]. Floods are among the most devastating
natural disasters in the world, claiming more lives and causing damage to properties than any
other natural phenomena, with widespread negative scenarios [2]. Statistically, every year
approximately 100 million people are affected by episodes of flooding globally. Developing
countries especially in the African continent are vulnerable due to the weakness of state
infrastructure and absence of implementation of town planning policies guiding flood disaster
reduction and prevention. Nigeria is one of the most disaster-prone countries in Africa, and
floods are the most common and recurring natural disaster, with high frequency, severity,
and dire consequences [3]. The increase in flood scenarios is orchestrated by varied human
activities that interfere with watershed [4].

Urban flooding is an overflow of water that inundates land. This usually occurs due to the
volume of water exceeding infiltration capacity, resulting in some water flowing outside of
the normal drainages [5]. Floods are among the most felt natural scenarios, impacting upon
human lives, and causing severe economic damage throughout the globe [6]. Overtime, flood
risks vary in intensity and frequency globally [7] due to rapid accumulation of runoff after
heavy rainfall with discharges reaching a maximum level significantly. The occurrence of
flooding in cities is intensified with a high percentage of cemented surfaces as urbanization
increased with high proportion of fatalities and casualties [8]. The potential for flood casualties
and damage is also increasing in many regions due to the social and economic development,
which imply pressure on land-use, e.g., through urbanization and high standard of living.
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Urban floods are from extreme meteorological events like heavy
rainfall causing overflow with far-reaching effects on people and
the environment. Flood is accumulation of excess water which rises
to overflow land that is not normally submerged [9]. According to
Disaster Management Support Group (DMSG, 2001), flooding is
one of the most devastating natural hazards in the world, leading
to significant economic and social damages than any other natural
phenomenon put together. Extensive damages, both in terms of loss
of lives and properties, have been recorded globally. In India, 125
people were Kkilled and over 12 million people were displaced in
the 2007 flood disaster that hit Bihar, Uttar Pradesh, and Assam
province [7]. African countries have not been left out in this global
flood experience. In 2001, the central provinces of Mozambique
were hit by flood disaster that affected 554,000 people and resulted
in 113 deaths. In Nigeria, devastating flood scenarios can be dated
back to 1963 in Ibadan city, Oyo State, when Ogunpa River was
over-flown with negative environmental impact. Since then, the
occurrence of floods has spread nationwide especially 2012 flood
in Nigeria. More than half of the 36 States in Nigeria have been hit
by one form of flood or another. The states that have been badly
affected by floods in the country include Kano, Niger, Jigawa,
Kaduna, Adamawa, Benue, Kogi and other states in the southern
parts of Nigeria especially 2012 flood.

Floods are natural phenomena, but they become a cause for
serious concern when they exceed the coping capacities of affected
communities, damaging lives and property. Globally floods are
the most frequently occurring destructive natural event affecting
both rural and urban settlements [10]. Flood damages refer to all
varieties of harm caused by flooding. It encompasses a wide range
of harmful effects on humans, their health and belonging on public
infrastructure, cultural heritage, ecological system, industrial
production and the competitive strength of the affected economy.
Flood damages differ occasionally but are mostly categorized
firstly into direct and indirect damages and secondly, tangible,
and intangible damages. Flood damage covers all varieties of
harms which relate to the immediate physical contact of flood
water to human property, and the environment. This includes for
example damage to buildings, economic assets, loss of farm crops
and livestock in agriculture, loss of human life, immediate health
impacts and loss of ecological goods. Indirect flood damages are
caused by disruption of physical and economic linkages and the
extra costs of emergency and other actions taken to prevent flood
damage and other losses. But damages which can be specified
in monetary terms such as loss of production are called tangible
damages and those that cannot be valued in monetary terms such
as casualties, health effects and damages to ecological goods which
are not traded in the market are far more difficult to assess in
monetary terms.

The aim of the study is to examine urban flood dynamics and
its implication in Uyo Capital City, Akwa Ibom State. However, the
specific objectives to guide the work include.

A.  Identifying the factors causing floods in Uyo Capital City.

B. Mapping out flood vulnerable areas within Uyo Capital
City.

C. Examining the dynamic parameters of flood incidence in
the study area.

D. Assessing the impact of the flood incidence on socio-
economic activities of the area.

E.  Suggesting remedial measures to urban flood incidence in
Uyo, Akwa Ibom State.

Literature Review
Urban flood dynamic scenario

Urban flooding has featured in local and international fora
indicating the severity of the problem in recent time. The current
trend and future scenarios of urban flooding rests on concrete
scientific collaboration by researchers globally. This therefore
demands urgent attention to reduce negative tendencies from
multifaceted urban dimensions. Urbanization with attendant

conversion of agricultural land, natural vegetation and
singlehandedly to built-up environments with high construction
on natural drainages make vulnerable areas risk-driven over time.
In addition to population growth and the ongoing accumulation
of valuable assets, both the frequency and magnitude of floods
due to climate change scenarios are expected to increase in the
future, therefore aggravating the existing flood risk in urban areas.
This scenario implies that urban areas in particular suffer from a
comparatively high flood risk due to high population and density,
multiple economic activities and many infrastructure and property
values, which in turn interferes with the natural infiltration

processes due to cemented surfaces.

Urban flooding is a common problem every year in many cities
across Nigeria, but the impacts of flooding are poorly documented
and portrayed. There is no consistent set of statistics at a local or
national level that can be used to compare the impacts of flooding
across cities, and reports that focus on particular flood events are
often incomplete [11]. However, the inability of city authorities
to control urban development is a major factor contributing to
increased exposure to flood hazards and risk. Existing regulations
on town planning by state government discourage development
on marginal lands and watershed to reduce flood incidences.
However, despite these incentives and regulations, large numbers
of buildings and other structures have been built and are still being
built on drainage paths, floodplains, and close to watersheds. For
instance, in Lagos, the total economic losses due to flooding across
the state have been estimated at USD 4 billion per year, which is
4.1% of the state’s GDP or 1.0% of national GDP [12]. In Ibadan (Oyo
State), average annual losses due to flooding have been estimated
at USD 105.3 million per year [13]. Between 2000 and 2015, floods
are estimated to have killed 129 people, destroyed 3,102 homes,
and damaged 9,112 homes [14]. In Calabar (Cross River State), and
Makurdi (Benue State), flooding is an annual occurrence but very
little information is available about the impacts of flooding, apart
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from limited evidence about the impacts of a few specific flood
events. The evidence base for flood impacts, risks, and mitigation
efforts at the city level in Nigeria is limited, and much of the
information available is low quality, inconsistent, or outdated with
scientific barriers.

Some of the causal factors of flood disasters in Nigeria include
land inundation from heavy rainfall, climate change, and blockage
of drainages with refuse, construction of buildings across drainages,
inadequate drainage networks, and population increase in urban
areas. These factors do not act independently and flood disasters
usually occur from a combination of several of them. The high-
risk potential of floods in particular may be related to their rapid
occurrence and spatial dispersion of the areas which is impacted
by these floods. In flood prone areas, runoff rates often far exceed
those of other areas due to the rapid response of the catchments
to intense rainfall, modulated by soil moisture and soil hydraulic
properties. The small spatial and temporal scales of floods, relative
to the sampling characteristics of conventional rain and discharge
measurement networks, make also these events particularly
difficult to observe and predict [8].

Changes in the urban environment and storm intensity produce
higher flows that exceed the capacity of small culverts aligned in a
few road intersections designed in Uyo Capital City. Although such
structures can be adequate when designed, their capacity now
turns out to be inadequate and thereby cause overflows onto the
roads creating new water paths and flood the rapidly growing built-
up areas. In developing countries, inadequate maintenance of the
drainage channels, and debris and solid waste disposed into such
drainage systems help accentuate the situation. The rainfall runoff
process, however, is highly complex, non-linear, and temporally
and spatially varying because of the variability of the terrain and
climate attributes. Seasonally, Uyo capital city and perhaps many
parts of Akwa Ibom State are faced with flooding to the extent that
damage is caused to human lives and other properties, whenever
rain occurs. Due to the topography of the state capital, rainwater
overflows the drainage thereby causing devastating floods in the
state capital. For the past years, a large portion of settlements,
agricultural lands and other landed properties are always flooded
after torrential rains. This has brought a lot of difficulties and
untold hardship to the affected victims in flood prone zones lately.

Materials and Methods
The study area

Uyo Capital city, Akwa Ibom State, Nigeria consists of all
the areas within a radius of 10 kilometers measured from Ibom
connection (a major roundabout at the heart of the city). It was
demarcated by Uyo Capital City Development Authority law, CAP
136 of 1988. The city limit incorporates parts of nearby LGAs, such

as Itu, Uruan, Ikono, Nsit Ibom, Ibiono Ibom and Ibesikpo Asutan.
Uyo Capital City doubles as the municipal council headquarters of
Uyo Local Government Area (LGA) as well as the capital of Akwa
Ibom State (Ofem, and Udida,2014). The city became the State
capital on September 23, 1987 following the creation of Akwa Ibom
State from erstwhile Cross River State, Calabar.

Uyo Capital City lies between latitudes 4°58” and 5°04’'N and
longitudes 7°51" and 8°01’E. It is bounded in the north by Ikono,
Itu and Ibiono Ibom L.G.As. In the East, it shares a boundary with
Uruan LGA, while in the south it borders with Ibesikpo Asutan
and Nsit Ibom L.G.A.s (Figure 1). Uyo Capital city is situated on an
average elevation of 60.96 meters above sea level (Njungbwen,
2011). The city covers an area of about 214.31 square kilometers
and is one of the fastest growing cities in Nigeria. The city can be
accessed by road via the Abak road, Nwaniba road, Calabar-Itu road
and Aka-Nung Udoe road, Ikot Ekpene road and Oron road (Figure
2).

Uyo Capital City is under the influence of two important air
masses which include: Tropical Maritime (mT) and Tropical
Intercontinental (cT) air masses. These air masses determine
the seasons in the area. It is located within the tropics hence,
experiences tropical/equatorial climate. Uyo Capital City has two
distinct seasons which include rainy and dry seasons. The rainy
season lasts between March and October; and enjoys bimodal
peaks of rainfall in July and September, with occurrence of a short
dry spell in August referred to as August Break. The dry season on
the other is short and lasts from November to February. During
this period, the area is influenced by cT air mass that is associated
with dry and dusty wind (Inyang, 2000). Sometimes, the harmattan
period lasts for only a few weeks between December and January.
This is usually advantageous to the farmers because it is congenial
for harvesting and the storage of food crop. The mean annual rainfall
of Uyo is 2316mm (Inyang, 2000; Ekanem, 2010). Temperature is
relatively high in Uyo throughout the year; with the mean annual
temperatures of about 26-28 °C. The relative humidity varies from
about 75% to 95% with the highest and lowest values in July and
January respectively.

The 2019 human population of Uyo Capital city as projected
from the 2006 National Population Commission (NPC) figures
of 356,964 using an acceptable growth rate of 3.4 percent was
496,537. Uyo is a fast-growing city with a lot of infrastructural
development especially in the area of transportation and urban
renewal. The closest airports to the city include the Akwa Ibom
International Airport at Okobo and Margaret Ekpo International
Airport at Calabar. It has an intensive internal network of roads
such as the IBB Way, Atiku Abubakar Avenue, Udo Udoma Avenue,
Nsikak Eduok Avenue, Edet Akpan Avenue, Stadium and Idoro
roads respectively.
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Figure 2: Uyo capital city showing settlements.
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Research Methods

Data on the socio-economic status of residents, factors
causing flooding, dynamic parameters of flood incidence and
impact of flooding was obtained from structured questionnaires
in flood prone streets (Table 1). Altogether 430 questionnaires
(96.5%) were distributed accordingly to obtain response in flood
hazardous scenarios and its effect on resident and socio-economic
development was used in one-way Anova and Chi-square.

Table 1: Sampled Population based on the number of buildings.

The satellite imagery of the selected streets was used in
selecting the sampled population, buildings that are within 100m
from the flood sites were counted and used to represent the study.
In each of the affected buildings, one person (the household head)
was selected as a representation for the study. In each street, 20% of
the buildings constitute the sampled population. Thus, the number
of respondents in each of the selected flood street is summarized
(Figure 3 & 4) (Table 2).

S/N Name of Street Number of Building Sampled population
1 IBB Avenue 104 52
2 Atiku Abubakar 211 105
3 Esuene Street 106 53
4 Udo Eduok 142 71
5 Nkemba 98 49
6 Udoette 112 56
7 Urua Ekpa 87 44
TOTAL 860 430

Source: Satellite Imagery of Uyo (2021).
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Figure 3: Age distribution of respondents.
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Figure 4: Occupation of respondents.

Table 2: Marital Status of Respondents.

Marital Status Frequency %
Single 148 35.7
Married 185 44.6

Divorced 4 1
Widow 78 18.8
Total 415 100

Demographic characteristics of respondents

Gender of Respondents had 51.81% for
female (Figure 5) (Table 3).

Figure 6 shows that flooding mostly occurs only when there is

high intensity of rainfall. Consequently, 173

Table 3: Educational status of respondents.

agree that flooding occurs when there is high rainfall intensity.
Similarly, 125 (30.15) of respondents agree that flooding occurs
during the peak of raining season (June, July and September). Only
89.4% insist that flooding occurs whenever it rains while 19.8%

male and 48.2% for

attribute it to prolong rainstorms.

respondents (41.7%)

Status Frequency %

No formal education 16 3.9
FSLC 43 10.4
Primary 96 23.1
Secondary 147 35.4
Tertiary 113 27.2
Total 415 100
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Plate 2: Flood site along Eniong Street

Plate 3: Destruction of Buildings by Flood
along Atiku.

Plate 4: Nkemba Streets flood site.

Plate 5: Poor drainage svstem in Urna Ekpa

Figure 5: Dynamic characteristics of flood scenario in Uyo and Implication for wholesome environment.
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Fig. 5: Frequency of Flooding in Uyvo Capital City
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Figure 6: Frequency of flooding in Uyo capital city.

Estimated depth of flood water in Uyo capital city 7 the recession time of flooding occurs mainly between 3-6 hours
(34.2%), followed by 1-3 hours (27%). 24.6% of the respondents
indicate that it takes days for the flood water to recessed while only
3.9% of flood recessed in less than 30 minutes.

Table 4 shows that the dominant depth of flood water in the area
is at knee depth (44.3%), followed by ankle deep (21.9%), waist
depth (17.8%) and above shoulder (15.9%) respectively. In Figure

250
200
150
100

) - '
0

Heavy and Topography Qimate Durmping of waste in Urban surface
prolonged rainfall change/variability gutters characteristics/Low
infitration rates
Figure 7: Recession time of flood.
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Table 4: Depth of flood water in Uyo Capital City.

Frequency %
Ankle deep 91 219
Knee deep 184 443
Waist deep 74 17.8
Above Shoulder 66 15.9
415 100

Causes of flooding in Uyo capital city

According to respondents, heavy and prolong rainfall remains
the major causes of flooding in the area (Figure 8). This is followed
by poor drainage network, dumping of waste in gutters and

topography respectively. Others include haphazard dumping of

respectively (Figure 9) (Table 5).

solid waste, deforestation/inappropriate agricultural land use,
houses built across depressions and climate change/variability

Houses built across depressions

Urban surface characteristics/Low infiltration rates

Dumping of waste in gutters

Heavy and prolonged rainfall

Deforestation and Inappropriate agricultural land__. | INRNGT<NGNEGNE

Haphazard dumping of solid waste | N

Poor drainage network{culvets/gutters) |GGG

Climate change fvariability NN

Topography NN

o 5 10 15 20

25

30

Figure 8: Factors of flooding in Uyo capital city.

Table 5: Causes of flooding in Uyo capital city.

Causes of urban flooding Frequency %
Heavy and prolonged rainfall 236 24.6
Topography 98 10.2
Climate change/variability 48 5
Dumping of waste in gutters 127 13.2
Urban surface characteristics/Low infiltration sg 6
rates
Poor drainage network(culvets/gutters) 184 19.1
Houses built across depressions 60 6.2
Haphazard dumping of solid waste 79 8.2
Deforestation and Inappropriate agricultural
land use 71 74
Total 961 100
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Figure 9: Mapping of flood vulnerable areas in Uyo capital city.

Testing of hypothesis one: H ;: There is no significant
differences in the incidence of flooding in Uyo Capital City. The
result of the analysis yielded F value of 136.007 with 6,408 Degrees

of Freedom (df) and P-value of 0.000. However, since the P-value is

Table 6: ANOVA Table for Hypothesis One.

less than 0.05 (level of significance), it therefore implies that the Ho
is rejected which mean that there is a significant difference in the
incidence of flooding in Uyo Capital City (Table 6).

ANOVA
Flood_Incidence
Sum of Squares df Mean Square F Sig.
Between Groups 34607.98 6 5767.997 136.007 0
Within Groups 17303.11 408 42.41
Total 51911.09 414

Testing of hypothesis two: H_,: There is no significant impact
of the flood incidence on socio-economic activities in Uyo Capital
City. The hypotheses testing using Chi-Square shows 469.927 with

25 degree of freedom (df) and P-value of 0.000 (P<0.05) which

therefore implies that there is a significant impact of the flood
incidence on socio-economic activities in Uyo Capital City, AKS
(Table 7).
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Table 7: Chi-Square summary table for hypothesis two.
Chi-Square Tests
Value df Asymptotic Significance (2-sided)
Pearson Chi-Square 469.927a 25 0
Likelihood Ratio 459.076 25 0
Linear-by-Linear Association 77.614 1 0
N of Valid Cases 2482

a. 0 cells (0.0%) have expected count less than 5.

b. The minimum expected count is 36.37.

Discussion of Findings

Having examined urban flood dynamics and its implication in
Uyo Capital City, the study identified the most vulnerable areas to
flood in Uyo Capital City such as IBB, Atiku Abubakar, Esuene Street,
Nkemba, Udoette, Urua Ekpa, among other streets. This corresponds
with the work of Ituen U et al. [15] with similar vulnerable streets
to flood disaster in Uyo Capital City. More so, heavy and prolonged
rainfall was the major factor of flooding in Uyo Capital City, followed
by topography, poor drainage network, dumping of waste in gutters,
building along water channels/depression, among others.

The hypotheses tested show that there is a significance
difference in the incidence of flood in Uyo. Based on respondent’s
perception IBB recorded the highest level of flood disaster in the
Capital City, this is followed by Atiku Abubakar, Esuene Street, Urua
Ekpa and Nkemba Street respectively. The study also noted that
some part of Uyo is flood free due to several factors especially the
topography. This simply shows that there exists a big difference
in the occurrence of flood disaster in Uyo Capital City. The second
hypothesis shows that there is a significant impact of the flood
incidence on socio-economic activities in Uyo Capital City. The
result shows that the negative impact include impacts on public
utilities, impacts on agricultural and farming activities, impacts
on household properties/equipment, disruption of economic
activities, epidemics e.g., cholera, malaria, dysentery and etc. and
loss of life, migration and displacement of people, among others.

Comparatively, this study agrees with the work of Hu et al. [16]
which investigated the impact of flooding on the Chinese economy
from the perspective of the manufacturing sector and found that
large flood events on average reduce firm outputs (measured by
labour productivity) by about 28.3% per year. It also goes in line
with Umaru et al. [17] result which showed that flooding caused
damage to household properties, vehicles, building collapse,
farmlands, etc. in Lokoja, Kogi State. This study also agrees with
Halley [18] who identifies the major cause of flood in Africa to be
inadequacy of drainage channel with indiscriminate waste dump
into existing drains.

Conclusion and Way Forward

Flood disastersis nolongeranew phenomenon with itattendant
destruction of lives and properties. Sometimes it is predictable
but to what extent the harm and destruction will occur can only

be best imagined [19-24]. Though flood occurs naturally but
human activities influence the occurrence. Disaster management,
flood abatement and erosion control require adequate priority
for prevention of hazards, sustainable development, rapid urban
growth and infrastructural development, national security,
protection of life and property [25-30]. Every strategy which will
curtail flood and erosion must be implemented to avert natural
hazard and to make sure that development efforts do not aggravate
vulnerability to those hazards in view of incessant and destructive
effects of flood and erosion tragedy globally [31-40]. The pattern of
flooding in Uyo is dynamic in nature. High level of flood disaster is
witnessed along IBB Avenue, Atiku Abubakar, Esuene Street, Urua
Ekpa, Nkemba Street among others due to factors such as heavy and
prolonged rainfall topography, poor drainage network, dumping of
waste in gutters, building along water channels/depression, among
others. The resulted in high level of economic hardship, migration
and displacement of people from their houses, among others [41-
47].

Based on the findings from this study, the way forward:

A.  Enlightenment programs through environmental
education should be organized periodically for sensitization
on the causes, effects, and possible preventive measures of

flooding.

B.  Appropriate environmental law should be put in place to
prevent indiscriminate dumping of refuse on drainage channels
as well as bringing offenders to book through creation of mobile
court to try and punish whoever abuses the environment
intentionally.

C.  There should be appropriate frameworks on good urban
governance and town planning for building regulations and
drains.

D. Tree planting in the environment is of great importance
to control flooding: rainstorms and ocean surge, tree planting
should be encouraged and there should be demolition of
structures within the flood prone areas and rivers setbacks
which obstruct free flow of water.
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