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ABSTRACT
Water we all know is the most vital and prominent need of man. However, its unbelievable effect in 2012
across the whole of West Africa showed that it can also cause untimely death, havoc, disaster and poverty
when in excess. The Nigerian Hydrological Service Agency (NIHSA) prediction of flooding being the number
one natural disaster if global temperature and climate changes continues on the rise came to reality in 2012
where over 23 states of the nation was ravaged by horrendous flooding. This was the worst in the history of
the country’s existence. This was an eye opener to the African continent towards there planning applications
for development of their various cities in flood zones and its degree of practice and effectiveness. SUDS (sustainable drainage system) and rainwater harvesting were aspects that couldn’t find its grip in the country’s
flood management plan. Therefore, this work is focused on addressing those precarious situations by carrying
out a risk assessment on Nigerian states sited on flood plains and producing a feasible flood management
strategy and guideline to planners and developers using the Wales technical guideline planning policy for
development and flooding (TAN 15) and NPPF (technical guidance to help local planning authorities implement national planning policy and framework superseded PPS 25) as guidelines to providing a standard guide
for the developers and planners in the African continent. Good design principles and more sustainable drainage
systems which are much suitable for the African environment is to be encouraged and adopted into practise
by this work and total abolishment of the gutter and tunnel system.
KEYWORD: Nigeria, Floodplains, Flood Disaster, Suds, Design Framework and Risk
Management Strategy
1.
INTRODUCTION
Water is indispensible to human existence, an essential requirement for the economic development of human
societies and preservation of healthy ecosystems. However, as David Grey and Claudia Sadoff assert,” it is
also a cause of death, devastation and poverty. It is a force for destruction, catastrophically through drought,
flood, landslides and epidemic, as well as progressively through erosion, inundation, desertification, contamination and disease”. Flooding is a major issue in West Africa. The impact of flooding can be devastating in
terms of the cost of repairs, replacement of damaged property and loss of business. In addition, the nuisance
and stress caused by a flood event and clean-up operations, use of temporary accommodation and the general
disruption, can be just as significant. In the past four decades, economic losses due to natural hazards such as,
floods disasters have increased in folds and have also resulted in major loss of human lives and livelihoods,
the destruction of economic and social infrastructure, as well as environmental damages during this period
(Munich Re, 2002).
The Nigeria Hydrological Services Agency (NIHSA) had claimed that “the year 2009 will be remembered as
a year in which floods took the headline news from other natural disasters and if global temperatures continue
to rise and climate change accentuates, flooding may soon become the number one natural disaster in the
world.” For Nigeria, this prediction has come true in 2012 as parts of more than 23 states have become inundated by raging floods in the worst natural disaster that the country has experienced in living memory. Nigeria
has seen loads of huge flooding starting from the 80’s with the Ogunpa Stream in Ibadan that killed several
people and completely grounded socio-economic activities in 1980. Recently (August 2008), the residents of
Makurdi were thrown out of their residences and their farmlands left impoverished after two days of heavy
down pour of rainfall. It was described as very disastrous (Taiwo, 2008). The This Day Newspaper of (August
18th) has it that “at least five hundred people were rendered homeless and properties worth several millions
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of Naira were destroyed when a flood, occasioned by torrential rainfall ravaged Babura, a town in Jigawa State
in a period of two days”. Akani and Bilesanmi (2011) report showed how a Lagos flood forced “Lagosians”
to relocate as a result of heavy rain of 7th and 8th of July 2011 not knowing there was going to be a more
devastating torrential rain that will result in “more disastrous floods in Lagos Metropolis” in the following
week, (Mordi, 2011 and Amaize, (2011). Often, “Send down the rain” is the supplications of Nigerians early
in the years in expectation of bountiful harvests. In the recent years, the rains came indeed, but in torrents,
giving rise to deadly floods instead, causing harvests of pains. From Lagos, Ibadan, Abeokuta, Calabar,
PortHarcourt and Warri in the southern region through Ilorin, Abuja, Lokoja and Mina in the Middle belt to
Kano, Kaduna, Jalingo, Maiduguri and Gombe in the North, the rains came down and floods came-up, washing
away streets, battering dams, collapsing bridges, submerging buildings, killing people, trapping some in their
homes and separating thousands of others from theirs. “Nothing is spared by the marauding floods”, (Adedeji,
Kuyoro, Adeola and Adeyemi, 2011). The National Emergency Management Agency (NEMA) in October
2012 issued a breakdown of the people affected and displaced by the flood of 2012 which affected the 32
states of the country with 24 states severely affected. A total of 7,705,378 persons were accounted to be affected with about 597,476 houses destroyed or damaged. With all these happening, the question of qualitative
urban spacing and sustainable livelihood is put to test.
The quality of the urban space is vital to sustainable livelihood; therefore, it is important to understand the
relationship between sustainable development and disaster preparedness and management. Sustainable development is importance and it has come to have an associated meaning (and sub-discipline, ‘sustainability science’) (Mollinga, 2010) which focuses on the nature of communication and relationships surrounding development and the way in which development can be self-sustaining. The trend in the frequency and intensity of
disasters nationally and internationally is due to unpredictable climatic changes, severe flooding, fire, drought,
terrorism, epidemics and urbanization especially in developing countries. One very important but frequently
ignored aspect in disaster management efforts in Nigeria is risk assessment. Urbanization and lack of good
local governance have being regarded as a major creator of urban flood risk (UN-ISDR, 2009, Darteh, 2010).
Urbanization exacerbates the damages caused by flooding by restricting where flood or storm waters can go.
Large parts of the ground with roofs, roads and pavements are covered, obstructing sections of natural channels
and building drains that ensure water moves faster and better than it did under natural conditions. In an urbanizing environment, the infiltration capacity is reduced by the replacement of ground cover with impervious
urban surfaces (Odemerho, 1988). In the urban centres, the event of climate change impact the environment
either directly or via changes in water flows. Hydrological changes within the river systems are cause for
concerns due to the related increase in flooding incidence or significant changes in base flows.
Haven said all these; this work is aimed at investigating on the cause (source), pathway and receptors of the
flood at about the urban cities in Nigeria with respect to the African community at large. DPSOR (drivers,
pressure, state of system, options and response model) of the foresight future scenario methods would be
employed to assess these selected catchment areas of our case study and a view of what the future flood risk
scale is deduced with a risk management also provided to curtail it at a temporary scale. This work is aimed
at mapping out the areas with the highest flood risk potentiality and developers shunned from building in such
environment. An in dept research into the flood and management system of the areas of study will be done
and a more viable and sustainable solution from the advanced countries like the UK,USA and Europe at large
will be employed to salvage the structural and non- structural problems of the African continent with respect
to their flood issues.

2.
RESEARCH METHODOLOGY
DATA COLLECTION
Gathering data for this type of work is enormous and it can only be done if the researcher goes down to the
grassroots to make proper investigations on issues like the general situation of each of the urban cities at
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different parts of the country, such as population, land use, the flooding types experienced, the time it mostly
occur and the source of the flood. Understanding the people’s behaviours and idea about living and how they
manage flood when it occurs. Thirdly, to determine the management options streamlined by the government
in controlling flood over these cities. After collection of these data, a Questionnaire was built to pass these
information around and see how best the people know about their environment and the level of education they
have on flood disaster and what are the expectations on their part and that of the government in eradicating
flooding. The sample size was 20 people per region of the country. These respondents were selected mostly
from 4 categories namely:

Workers with the environmental agency

Nigerian University students (international and locally based)

Academician in Universities

A few random people living and working in these urbanized cities
The questionnaire is formed by a true or false answer with some few bits which got a little briefing should in
case the question needs more elaborate answer to settle confusion. The results of the survey were thorough
quantitative analysis.
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Figure 1: Age and educational level Distribution for Respondents
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Figure 2: Proper and improper land use in the four geopolitical zones
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FINDINGS REGARDING SOURCE OF FLOOD
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Figure 3: Percentage of flood sources in the country.
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Figure 4: Pathways in each zone
(iii)

FINDINGS REGARDING DETAILS ON DUMPING OF REFUSE:
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Figure 5: Waste disposal methods
FINDINGS REGARDING GOVERNMENTS APPROACH TO FLOODING:
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Figure 6: Government policies and plans
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FINDINGS REGARDING RECOMMENDATION OF WATER MANAGEMENT

(v)
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Figure 7: Willingness to re-use and save water
RISK ASSESSMENT
Environmental Risk Management And Strategic Environmental Assessment (Sea)
The risk management framework has many attributes that can be applied to improve the rigour of assessment in
strategic environmental assessment (SEA), particularly the use of the source-pathway-receptor model and the
consideration of probability and consequence. Risk assessment provides a valuable tool to inform decision-making about uncertain future outcomes. One of its strengths is that it can explicitly take account of uncertainties
about future outcomes. In addition, the risk assessment process can be informed by dialogue with stakeholders,
which can aid decision-making. Risk assessment can help SEA and sustainability appraisal by providing a
framework to evaluate economic, social and physical outcomes (including impacts on human health and the
environment) of proposed policies, plans and programmes. The probability of the occurrence of potentially damaging flood events is called flood hazard (cf.ITC 2004). Potentially damaging means that there are elements
exposed to flood which could, but need not necessarily, be harmed (FLOOD site-consortium 2005). The flood
hazard encompasses events with various features. Damages by flood hazards depend on the vulnerability of
exposed elements. The term of vulnerability refers to inherent characteristics of these elements which determine
their potential to be harmed (sarewitz et al.2003). It can be understood as a combination of susceptibility and
societal value (FLOOD site-consortium 2005) and expressed by direct and indirect effects which are tangible or
intangible (messner and meyer, this issue).Flood risk emerges from the convolution of flood hazard and flood
vulnerability (WBGU 1999, 1SDR 2004). It can be defined as the probability of negative consequences due to
floods and depends on the exposure of elements at risk to a flood hazard (cf.ibid). In terms of flood it is interpreted as harm to flood-prone elements with a specific vulnerability (elements at risk) due to probable flood
events with their features.
Discussing the risk/hazard findings from the data collected, It was analyzed based on the probabilities, Driver
and Pressure and the conceptual source-pathway- receptor-consequence-model (SPRC-Model).The drivers
and pressure affect the risk in the future. The drivers are the forces that increase or mitigate pressures on the
environment. Pressures are the stresses that an activity, situation or agent places on the environment (defra,
2011) whereas the SPRC Model shows a simple casual chain ranging from the metrological and hydrological
events either in inland or at coasts (sources) through the discharge and inundation (pathways) and the physical
impacts on elements at risk (receptor) to the assessment of effects (consequences).The chain links source,
pathway and receptor refers to the physical process, whereas the assessment of the (negative) consequence is
a matter of societal values. When dealing with river flooding which Nigeria experiences the most, the source
of the risk is mainly heavy rainfall, river discharge, storm surge or whatever gives rise to the potential for
flooding. A characteristic of flooding sources is that there is little or no ability to control the frequency of
occurrence of the source. The pathway is the route which the flood source takes to the receptor. The pathway
may include river channel, floodplain or embankments (drainage, tunnels) if submerged or breached. The
receptor is the asset or person that can experience (usually undesirable) consequences from the flooding. The
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consequences are damages (whether capable of expression in monetary terms or not) and possible benefits
from the flooding
The stages for environmental risk assessment:

Hazard/Risk identification.

Estimation of the Probability (P) of exposure to a hazard for current.

Estimation of the magnitude of Consequences (C) should exposure for current.

Determine the Source-Pathway-Receptor of the hazard.

Drivers and Pressures of the hazard in the future.

According to drivers and pressures, estimation of probability and consequence in the future.

Risk Analysis for current and future. Risk= P
C

To select the priority risks/hazard for option appraisal, base on the literature view, site visit and questionnaire survey. (Surendran, 2012)
Processes To Undergo In Environmental Risk Assessment and Management
Environmental risk management is a four-stage process. This is set out below with an indication of how it
may be used in SEA. Risk management decision-making is an iterative process (as is SEA) so stages may
need to be revisited as new information comes to light.
STAGE 1 (PROBLEM FORMULATION): The problem at hand should be clearly set out along with any
constraints on the assessment and the final risk management decision and its implementation. Describing the
problem in clear and unambiguous terms will assist in selecting the level, or type, of risk assessment required
(e.g. qualitative / quantitative) and ensure that risk management decisions are as robust as possible.

SOURCES





Rainfall
Sea Level
Waves
River flows

PATHWAYS
 Overtopping and failure
of flood defences
 Breaching of coastal defences and beaches
 Failure of defence components such as barriers and
gates
 Inundation of floodplains
 Inadequate urban drainage

RECEPTORS

People

Domestics and commercial property

Infrastructure

Ecosystems

Figure 8: Flood risk management examples of sources pathways and receptors
STAGE 2 (RISK ASSESSMENT): Risk assessments are undertaken to determine the significance (sometimes referred to as “acceptability”) of the risk’s and the need for management action to prevent or limit the
risk. Assessments should start at a simple level and can become more sophisticated subject to the nature and
complexity of the risks under assessment and the decision-making needs (in risk management this is known
as ‘a tiered approach’). Using a tiered approach should ensure that the complexity of risk assessment is proportionate to the risk. Risks assessment takes account of the probability of an event and the magnitude of the
consequences of the event (see the figure below for a simple risk screening example).
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Figure 9: Level of risk.
STAGE 3 (SELECTION OF PREFERRED RISK MANAGEMENT TECHNIQUE): The next stage of
the process considers the options available for managing the risk’s, i.e. what measures are to be taken to prevent or control the identified risk’s. It is likely that more than one possible risk management technique or
action is available, including further refinement of the risk assessment, and Options Appraisal is used to provide a balanced assessment of each option so that the most appropriate option can be identified. The Options
Appraisal process involves identifying the advantages and disadvantages of the risk management options (including, environmental, social, economic, and technological management considerations) and ranking them.
STAGE 4 (IMPLEMENTATION OF PREFERRED RISK MANAGEMENT TECHNIQUE): The preferred risk management options are implemented and monitored to ensure that they are effective in reducing
risks to acceptable levels.
STAGE 5 (DEALING WITH UNCERTAINTY): Uncertainty can arise throughout any risk assessment and
risk management process. Although uncertainty cannot be eliminated, it can sometimes be reduced by collecting more information. It is important to acknowledge all uncertainties including data gaps and assumptions.
A simple sensitivity analysis can, for example, be undertaken to examine the behaviour of a model like the
DPSOR framework (Surendran, 2008) by measuring the variation in outputs resulting from changes to its
inputs.
DRIVERS OF CHANGE AND THE RISK MANAGEMENT FRAMEWORK
The EEA’s (European Environment Agency) simulated DPSOR model can be used to conceptualise
changes which demand adaption of risk management. The planning cycle and implementation of the
DPSOR model is based on the general scheme of Driving forces, Pressure, State, Operation and
Response (DPSOR) adopted by FORESIGHT (2004):

Socio-economic developments result in driving forces (D).

Socio-economic drivers lead to environmental pressures (P).

Environmental pressures lead to changes in environmental state (S).

The operations carried in changing the state of things via the environmental, socio-economic
and technological point of view (O).

Stakeholder gains/losses from these operation lead to policy responses (R) which affect one
or several of the components mentioned before
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Figure 10: DPSOR risk assessment framework ( Surendran, 2013).
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RISK/HAZARD ANALYSIS
In this section, we picked 4 different states from the four geopolitical zones of the country which were part of
the 23 states that was badly affected in the 2012 flood incident. We will be assessing the flood risk of these 4
states using the procedure above and try to figure out the flood risks and a comfortable management strategy
for each of the states and the locality from which these states where selected. This assessment was done on
these states starting from Anambra (Eastern part), Port Harcourt (southern part), Lagos (western part) and
Nassarawa (northern part).
Table 1: Source-Pathway-Receptors Present In The Country
Sources

Pathways



Surface runoff (pluvial)





River flows (fluvial)

flood defences



Reservoir (Dam)





Coastal

fences



Ground water



Receptors

Overtopping and failure of 

Social



Breaching of coastal de- 

People
Economical



Domestics and commer-

Failure of defence compo- cial property

nents such as barriers and gates



Infrastructure (road)



Inundation of floodplains



Farmlands and crops



Inadequate urban drainage



Service
Hospital
Water supply
Electricity
Telecommunication
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DISCUSSION
We are to discuss the result below which is prioritised worst case scenarios following the format built using
the framework above.
Table 4: The prioritized scenarios/risk
Scenarios

Risk analysis

Ranking

Risk 7

11HM

I

Risk 8

6H5ML

II

Risk 1

4H8M

II

Risk 16

4H7ML

II

Risk 10

4H6M2L

II

RISK 2

3H7M2L

III

RISK 4

2H8M2L

III

RISK 17

2H7M3L

III

RISK 14

2H6M4L

III

RISK 11

H9M2L

III

RISK 9

H8M3L

III

RISK 5

H8M3L

III

RISK 12

6M6L

III

Since we have been able to analyse the risks involved and the worst case scenarios noted, the next thing to be
considered would be option appraisal and the best risk management strategy to combat these flood scenarios.
Appraisal is about gathering information and comparing options in a consistent way in order to support good
decision-making; avoiding bad decisions; as well as maximising the likelihood that in time the chosen approach with hindsight turns out to have been the right choice (DEFRA 2009). Appraisal is necessary to justify
Government investment in flood and coastal risk management. The appraisal process in this work is one which
would be approached in an open, constructive and creative fashion as an aid to problem solving and finding
the right solution, rather than as a formality or a burden that is necessary to gain funding for an already established preferred option. The appraisal process for this work would point to how value for money can be maximised from any public investment or tax payer’s fund. This is needed to help decision makers ensure that
taxpayers’ money is invested in those projects that will deliver the greatest benefits for society as a whole. For
want of time, here is a guideline on how best to appraise each scenario and an option appraisal made on one
of the scenarios.

Figure 12: Identifying the optimal risk management technique (defra, 2011)
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Table 5: Results of R7 for option appraisal
These various options been considered will have to face the risk management strategy, which is the final step
for the risk management framework. In order to do this, the options from the appraisal were re-examined by
risk management strategy through policy, Process, operation and science. By so doing, a much more sustainable and reliable option is obtained which serves over a long period time for these scenarios. Figure below
gives us the final review of the risk management strategy for the worst flood scenario.
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Table 6: Flood risk management options for R7
REF

HAZ-

MANAGE-

.

ARD

MENT

RESPONSES

OP- POLICY

PROCESS

OPERATION

SCIENCE

TION
1

Pluvial

Introduction of Encourage

flooding

flood

Giving incentives Awareness

and To promote the

haz- proper dump- to developers who sensitization pro- use of GIS to

in popu- ard/risk

map ing of refuse.

lated en- using GIS.

Encourage

viron-

SUDS

people

ment(R7)

Effective

re- wise

wish to develop on grammes
less

sent produce

vulnerable across to school risk maps.

on flood risk plains and the public via Invent lower cost
water such as low mort- TV,

radio

and of suds.

duction and re- consumption

gage and reduced post.

use of runoff and saving.

tax. Increase water Proper

and rain water.

prices to inculcate nance of drainage to

Government

Transferring to policies

on cautious

use

water

or

give out subsidy to

lake

during

and

Use of more efmainte- fective facilities

of channels

recycling unit land use
artificial

flood

save

urban

and lives from been

also steady checks on it flooded.
see

if

it’s

on water saving blocked.

peak periods.

device.

Giving

flood

Used for do-

Giving technical warning and evac-

mestic, indus-

and financial sup- uation of people in

trial purposes

port on setting up times when things
some of the miti- get out of hand.
gation operations
set aside to reduce
runoff.

CONCLUSION & RECOMMENDATION
Haven seen the gradual development of Nigeria and its urbanization and population growth, it is clear that
there is need for more research to be made on sustaining this nation’s wealth and lives on a day to day bases.
The 2012 flood disaster that did cut across 23 states of the nation would ever be the worst flooding disaster
the Nigerian government has ever seen. The sad experience in this whole issue comes from the ill management
and non-strategic planning for flood situations in the country and its states. The framework achieved in this
work is meant to meticulously arrest most of the flooding problems in these states if judiciously followed by
the government starting from the federal government to the state government down to the ministry of environment of the state to the urban and regional planners who the onus of this whole work lies on to make sure the
developers stick to the rules attached to the area they are developing.
According to research, there are little environmental policies in Nigeria. The policies partially cover the aspect
of environmental protection, and have very little effect. It is important to hold public hearing which would set
up more effective policies. Based on the questionnaire results, most of the urban dwellers challenged the government on poor public enlightenment on the risk of flooding and ill information of planners to developers on
land use. Most of them are of the opinion that the high flood risk zones should be mapped out and shown on
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a billboard and to developers as well to help in sensitizing the public most especially those living there to
know the risk they are facing. This in an adverse effect means that there should be more scientific means to
monitor the ecosystem. There should be large improvement of the GIS system in the country. Furthermore,
it’s expected that the government should be paying special attention on the type of structures to be built in
such areas and shun the development of residential buildings in such area However, solutions to these flooding
problems could be decentralised to the private companies by seeking help from them either by funding or
building recycling units which will be taxed at a small rate. This will help the federal government to stretch
its hand to other perilous factors which need to be tackled.PRINCE2 and MSP project management strategies
should also be adopted in order to sort more of these environmental problems.
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