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ABSTRACT 

To delineate flood risk zones in Abakaliki Local Government Area, a hydrological model 

(modified rational model) was integrated into the GIS environment by the arithmetic overlay 

operation method, using operators such as addition and division. The results show that the 

delineated areas however experienced same rainfall intensity of 414.2 mm/hr yet the flood 

intensities of these areas differ. For instance, the very high flood risk zone covers about 22.8 

percent of the study area while the low risk zone covers about 44.3 percent. And the potential 

areas likely to experience periodic floods with a given input of rainfall are mostly below 40m 

elevation. This study analyzed time series land use/land cover imageries (1986-2016) and 30 

years rainfall data to examine land use/ land cover changes and rainfall variability as 

underlying causes for flood risk hazards on downstream community. The LULC change detection 

showed that out of the four identified land use classes (Forest, Agricultural lands, Bare lands, 

and Settlements), only settlements changed significantly (5% to 12%). The available rainfall 

record for 30-year period of 1986 to 2016 was analyzed to examine the trends of rainfall in the 

study area and to provide evidence of climate change. Time series graph was constructed to 

illustrate the changing trends within the months and years. Statistical analysis was performed 

and the result shows low monthly precipitation changes throughout the years under study. When 

the standard deviation values are examined, it is observed that the standard deviation values of 

most months (March, April, May, June, July, August, September and October) are lower than the 

mean values of these months indicating that the deviation from the normal distribution is not 

significant. Qualitative validation of the modeling results obtained through focus group 

discussions (FGDs) with local communities and experts shows that the flood modeling method 

accurately classified most communities deemed to be highly susceptible to flood hazard. 
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1. INTRODUCTION 

There is no doubt that West Africa is prone to frequent floods due to high variability in rainfall 

patterns, geographic location and general low elevations. In the last three decades, the sub-region 

has witnessed a dramatic increase in flood events, with severe impacts on livelihoods, food 

security, ecological systems and properties worth millions of dollar (Armah et al, 2010. Cited in 

Asare-Kyei et al, 2015). 

In 2007, for example, a series of anomalous abundant rainfall events caused severe floods in 

West Africa and other parts of Sub-Saharan Africa which affected more than 1.5 million people 

and resulted in the destruction of farm lands, loss of personal effects, destruction of 

infrastructure, outbreak of epidemic diseases and the loss of human lives (Braman et al, 2013). 

Similar floods in 2009 affected an estimated 940,000 people across twelve countries in West 

Africa, killing about 193 people and destroying properties worth $152 million (UN OCHA, 

2009). In northern Ghana, the impacts of these floods were exacerbated by the spillage of the 

Bagre dam in neighboring Burkina Faso (Forkuo, 2011). In 2012, flooding along the river Niger, 

which is the principal river in West Africa, resulted in the death of 81 and 137 people in Niger 

and Nigeria, respectively, while displacing more than 600,000 people (IRIN, 2014). In 2017, 

several cases of severe flood events were reported in different parts of Nigeria and other West 

African countries. 

The inter-governmental panel on climate change (IPCC) 5th assessment report (AR5) described 

West Africa as a hotspot for climate change. According to IPCC AR5, a temperature of 3–6 °C 

above the late 20th century baseline has a “very likely” prediction in this region and the 

projection is expected to occur one or two decades earlier in West Africa than at the global time . 

The frequency of occurrence of extreme events is expected to increase. There is also medium 
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confidence that projected increase in extreme rainfall will “contribute to increases in rain-

generated local flooding”. This situation will have dire consequences for the sub-region’s 

agricultural sector and food security (IPCC, 2014). With the issue of climate change in view, 

extreme hazards events and the continuous growing exposures through urbanization are expected 

to increase the level of vulnerability in many cities in the world, Nigeria inclusive (IPCC, 2014). 

Despite the major impact of floods on the livelihoods of the people living in this region, few 

attempts have been made to delineate the boundaries of flood intensity at the community level 

and to identify areas most at risk of flooding (Daniel A.K et al, 2015). Mapping flood prone 

zones is an important first step in the proper management of future flooding events. Flood hazard 

maps depict areas (extent and depth) that may be at risk of flooding under extreme rainfall 

conditions (e.g., above normal rainfall). These maps have proven useful around the world, 

especially in the developed countries and have: (a) assisted in the early identification of 

populations and elements at risk; (b) served as a guide in spatial planning in order to avoid 

development in flood prone areas; (c) served as information base for implementation of a flood 

insurance scheme and (d) raised awareness among the public concerning flood prone areas (De 

Moel, 2009). 

The use of flood hazard maps for managing flood disasters in West Africa is virtually non-

existent. Disaster managers have for many years relied on traditional methods such as 

watermarks on buildings, local knowledge and media reports to identify possible affected areas 

during flood events. Lack of proper records on historical flood events, coupled with logistical 

and financial challenges have often resulted in a poor preparedness and response to flooding 

events (Nyarko, 2002). 
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Government at all levels, non-governmental organizations (NGOs) and international bodies have, 

in recent years, introduced various initiatives, including flood hazard mapping, aimed at 

improving disaster management in the sub-region. For example, the World Health Organization 

(WHO) has produced flood hazard maps at national scale for most countries in Sub-Saharan 

Africa (Morjani, 2011). Other initiatives have also produced climate change hotspot maps at 

national, continental and global scales, which show regions that are particularly vulnerable to 

current and future climate change impacts (Sherbinin, 2014). However, these products suffer the 

limitation that they are only useful at the national, continental or global scales, and, thus, are of 

limited use and applicability at the local scale (e.g., district or community level) where small 

settlements are mostly the worst affected flood areas. Some researchers have reported the use of 

seasonal climate forecasts by international bodies (e.g., Red Cross and Red Crescent Society) to 

manage disasters in the sub-region. However, these forecasts are limited to specific years, and 

are unable to provide information on specific geographical locations that may be at risk of 

flooding. Other papers reviewed the vulnerability of some West African cities (e.g., Bobo-

Dioulasso, Burkina Faso and Saint-Louis, Senegal) in the light of climate change, but made no 

efforts at mapping the spatial limits of the flood risk areas (Daniel A.K et al, 2015). 

Development of flood hazard maps at the local level/scale (e.g., sub-district and community) can 

achieve a better targeting of rural communities that are vulnerable to floods than the 

national/global maps that currently exist. Unfortunately, local level flood hazard maps are rare in 

West Africa. Some of the few that exist also lack the needed spatial variability (i.e., within the 

unit of mapping) required for an effective management of flood events (Daniel A.K et al, 2015). 

Flood nature, intensity and frequency of occurrence are better understood through mapping and 

simulating of both the already occurred and potential flood hazards. They are essentially useful 
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for assessment of the level of risk (knowing the affected people and properties), providing early 

warning in case of future reoccurrence and hydraulic design, especially for potential flood 

management and disaster risk reduction (Akinola et al, 2015). 

 Although little researches have been conducted in this area based on the existing literatures, 

some Nigerian scholars have, however, conducted researches on flood mapping in Nigeria, with 

most of them using remote sensing data aided by Geographic Information Systems (GIS). While 

it is absolutely important to apply remote sensing data and GIS tools, most researches on flood 

mapping in Nigeria lack certain fundamental principles in hydrological modeling and prediction 

which can be incorporated into flood simulation and mapping in the country for more accurate 

results.  

This research work will explore the application of geographic information system (GIS) and 

some hydrologic models in flood zone mapping especially for data scarce environment or 

community level. 

1.1 Problem Statement  

Valuable lives and properties worth millions of dollars are lost each year due to floods in 

Nigeria. The socio-economic impacts of flooding in different parts of the country are devastating 

(NIHSA, 2014).The Nigerian Hydrological Services Agency (NIHSA) in 2014 listed Abakaliki, 

Ebonyi State among the moderate flood risk areas in the country. Abakaliki is popularly known 

for rice (Olivia sativa) farming in Nigeria because of the availability of large expanse of swampy 

areas in the region favourable for rice production. 

 Every year, farmers lose significant quantities of their farm produce due to inundation of crop 

fields by seasonal floods. This is probably because they lack proper information on the spatial 
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extent of flood occurrences in that part of the country based on rainfall variability and other 

factors.  

 Unfortunately, community level flood hazard maps are very rare in the country. Some of the few 

that exist also lack the needed spatial variability (i.e., within the unit of mapping) required for an 

effective management of flood events. 

Despite the regular recurrence of flood hazards and the huge risks associated with them, it 

appears that not much works have been done presently on effective management and adaptation 

to the flood hazards and also on the preparation for potential future hazards. 

1.2 Justification 

Development of flood hazard maps at the community level can achieve a better targeting of rural 

communities that are vulnerable to floods than the national/global maps that currently exist. This 

suggests the need for a more detailed community level flood risk mapping to guide risk 

preparedness and effective mitigation strategies at local level. This project is therefore set out to 

conduct community level flood risk mapping that will inform decision makers and communities 

regarding mitigation strategies such as early planting, upland rice farming as well as the use of 

early maturing species. The detailed maps would also aid drainage engineers in their future 

designs of drainage systems and other developmental projects for the study area. 

1.3 Objectives of the Study 

The main motivation for the study is to develop community level detailed flood hazard map at a 

fine spatial resolution that could allow for accurate delineation of flood hot spots at the 

community levels in Nigeria. 
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1.4 Specific Objectives 

The following specific objectives were used to accomplish the main objective: 

(i)To delineate the study area into sub-catchments in a GIS environment and determine whether 

the catchments are within a hydrological homogeneous region. 

(ii) To examine land use land cover changes and rainfall variability as underlying causes for 

flood risk hazards on downstream community. 

 (iii) To develop the relation between the drainage basin characteristics (drainage area) and mean 

annual flood using runoff data of the catchments in the study area. 

(iv) To integrate these data with simple hydrologic models in ArcGIS environment and prepare 

detailed flood risk mapping as a tool for early warning, risk preparedness and to put in place 

adequate response mechanism. 
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2. LITERATURE REVIEW 

2.1 Flood Hazards/Disaster and Risks In Relation To Climate Change 

Flooding is unarguably a weather-related hazard that is most widespread around the world. It can 

occur virtually anywhere. A flood could be defined as water overflowing onto land that usually is 

dry (Doswell 2003). Flooding is often thought of as a result of heavy rainfall, but floods can arise 

in a number of ways that are not directly related to ongoing weather events. Thus, a complete 

description of flooding must include processes that may have little or nothing to do with 

meteorological events (Doswell 2003). Nevertheless, it is clear that in some ultimate sense, the 

water that is involved in flooding has fallen as precipitation at some time, perhaps long ago. The 

origins of flooding, therefore, ultimately lie in atmospheric processes creating precipitation, no 

matter what specific event causes the flooding. 

Floods cause damage through the immense power of moving water and through the deposition of 

dirt and debris when floodwaters finally recede. People who have not experienced a flood may 

have little or no appreciation for the dangers of moving water. According to Doswell (2003), the 

energy of moving water goes up as the square of its speed; when the speed doubles, the energy 

associated with it increases by a factor of four. Flooding is typically coupled to water moving 

faster than normal, in part because of the weight of an increased amount of water upstream, 

leading to an increase in the pressure gradient that drives the flow. In most cases, the damage 

potential of the flood is magnified by the debris that the waters carry such as trees, vehicles, 

boulders, buildings, etc. When the waters move fast enough, they can sweep away all before 

them, leaving behind scenes of terrible destruction. 

The effect of the water itself can be devastating on structures and on the objects within them: 

books, furniture, photographs, electronic equipment, and so on can be damaged simply by being 
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immersed in water, even if they are not directly damaged by the water movement. Moreover, 

floodwaters typically contain suspended silt and potentially toxic microorganisms and dissolved 

chemicals (Doswell- 2003). This means that floods usually compromise drinking water supplies, 

resulting in short-term shortages of potable water, with the additional long-term costs in restoring 

drinking water service to the residents of a flooded area. The mud and debris left behind when 

floodwaters recede can be costly to clean up and also represent a health hazard, especially when 

there are decomposing bodies of drowned wild and domestic animals in the debris. In some 

situations, floods drive wild animals (including invertebrates of all sorts) from their normal 

habitats into human habitations near and within the flooded areas, which can create various 

problems, especially when the animals are venomous or aggressive. 

One of the keys to understanding flood risk is to know the nature and or type(s) of flood 

occurring in the area. There are several different kinds of flood, and each one bears a different 

impact in terms of how it occurs, the damage it causes, and how it is forecasted. Below are 

overviews on three common types of flood. 

Coastal (surge flood) 

A coastal flood occurs in areas that lie on the coast of a sea, ocean, or other large body of open 

water. It is typically the result of extreme tidal conditions caused by severe weather. Storm surge 

produced when high winds from hurricanes and other storms push water onshore is the leading 

cause of coastal flooding. The severity of a coastal flood is determined by several factors, 

including the strength, size, speed, and direction of the storm. The onshore and offshore 

topography also plays an important role. 

 

http://www.intermap.com/software/insitepro/understanding-flood-risk
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Fluvial (River Flood) 

Fluvial or riverine flooding, occurs when excessive rainfall over an extended period of time 

causes a river to exceed its capacity. The damage from a river flood can be widespread as the 

overflow affects smaller rivers downstream, often causing dams and dikes to break and swamp 

nearby areas. There are two main types of riverine flooding: Overbank flooding occurs when 

water raises overflows over the edges of a river or stream. This is the most common and can 

occur in any size channel — from small streams to huge rivers. Flash flooding is characterized 

by an intense, high velocity torrent of water that occurs in an existing river channel with little to 

no notice. Flash floods are very dangerous and destructive not only because of the force of the 

water, but also the hurtling debris that is often swept up in the flow. 

Pluvial (Surface Flood) 

A pluvial, or surface water flood, is caused when heavy rainfall creates a flood event 

independent of an overflowing water body. One of the most common misconceptions about flood 

risk is that one must be located near a body of water to be at risk. Pluvial flooding debunks that 

myth, as it can happen in any urban area — even higher elevation areas that lie above coastal and 

river floodplains. 

2.1.1 Floods as a Disaster 

Floods are among the most devastating natural disasters in the world, claiming more lives and 

causing more property damage than any other natural phenomena. In Nigeria, though not leading 

in terms of claiming lives, flood affects and displaces more people than any other disaster; it also 

causes more damage to properties. At least 20% of the population in Nigeria is at risk from one 

form of flooding or another (Nwaubani, 1991). 
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Flooding is the most common of all environmental hazards and it regularly claims over 20,000 

lives per year and adversely affects around 75 million people world-wide (Smith, 1996). Floods 

cause about one third of all deaths, one third of all injuries and one third of all damage from 

natural disasters (Askew, 1999). 

In Nigeria, the pattern is similar with the rest of the world. Flooding in various parts of the 

country have forced millions of people out of their homes, destroyed prime farm lands, disrupted 

businesses, polluted water resources and increased the risks of diseases (Baiye, 1988; Akinyemi, 

1990; Edward-Adebiyi, 1997). 

2.1.2 Floods and Climate Change 

As the globe warms, flooding could become a more widespread problem. Warm air holds more 

moisture than cool air, so the heaviest precipitation events could become heavier as air 

temperatures tick upward. Climate change models predict that severe weather will continue to 

intensify in the decades to come. These models suggest that global flood risk may increase as the 

world gets warmer; a study found that large increases in the frequency of floods in eastern 

Africa, Southeast Asia, parts of India and parts of the Andes are expected under climate change 

(Yukiko et al, 2013). 

2.2 Major Flood Incidents in Nigeria 

In Nigeria, flood accounts for the highest occurring natural hazards, with great consequences on 

life and property (Aderogba, 2012). Causes of flood are both natural and anthropogenic; the 

natural causes include heavy rainstorm and ocean surge along the coast while the human causes 

are as a result of burst water main pipes, lack of effective drainage systems, dam failure and 

spills. Flood in Nigeria is becoming a yearly events; it occurs in the form of coastal flood, river 

http://www.nature.com/nclimate/journal/v3/n9/full/nclimate1911.html
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flood, flash floods and urban flood. In the last decades for instance, many states and cities have 

witnessed unusual and devastating flood disasters, which undermined the government’s 

capability to prevent such disasters. 

 Devastating flood events in Nigeria can be dated back to 1963 in Ibadan city, when Ogunpa 

River was over-flown causing loss of lives and property. These hazardous events reoccurred in 

1978, 1980 and 2011, with estimated damages and deaths of over 30 billion Nigerian Naira and 

100 people respectively, thus making Ogunpa River nationally and internationally famous 

(Adegbola and Jolayemi, 2012; Agbola et al., 2012). Between 2011 and 2012 alone, Lagos state 

recorded at least 8 major floods with more than 30 deaths and many damages to properties 

(Komolafe et al., 2014). 

The worst and most recent of all the flood events that caused a huge devastation across the 

geopolitical zones in the country was the July, 2012 flood event. The flood which occurred in at 

least 30 states out of the 36 states of the country as a result of very heavy rainfalls that caused a 

lot of damages both to lives and properties (UNCHA, 2012). According to the National 

Emergency Management Agency (NEMA, 2012), flood affected 30 States out of 36 states of the 

federation; 7 million people were affected in these States, 597 476 houses were destroyed, 2.3 

million displaced and 363 death reported. Farmlands, biodiversity were adversely impacted upon 

and other means of livelihood were destroyed. The country lost about 500,000 barrels of crude 

oil which affected the economic activities in the country. The seriousness of the flooding was 

attributed to a combination of two events: very heavy local rainfall and the release of excess 

water from the Lagdo Dam in nearby Cameroon. 

http://www.vanguardngr.com/2012/08/disaster-from-cameroon-excess-water-from-lagdo-dam-kills-15-in-kano/


 

12 

 

 Comprehensive post disaster needs assessment conducted from November 2012 to March 2013 

with the support of the World Bank and Global Facility for Disaster Reduction and Recovery, 

United Nations, Development partners and relevant Ministries, Departments and Agencies put 

the estimated total value of infrastructure destroyed, damages and economic activities losses at 

US$16.9bn (The Punch Newspaper of May, 27th 2013).  

Floods history in Nigeria has been so devastating. The effects of flooding are linked to poverty, 

lack of knowledge, low livelihood sources, lack of insurance, weak institutions and problems 

with emergency response and early warning preparation.  

2.3 Causes of Flood hazards 

Flooding occurs when the volume of water resulting from precipitation enters a given basin or 

sub-basin area and it’s unable to be discharged quickly enough through a particular outlet. As a 

result, the water level rises until peak stage is reached and flooding occurs.  The elements of an 

area and the time of concentration are important factors affecting flooding. The enormous masses 

of water producing flooding cannot be decreased because most aquifers cannot accept such water 

within a short period of time and evaporation will not occur overnight. This has led to vast areas 

of lands inundated each time floods occur (Duivendijk, 1999). 

Flooding has been widespread and severe because of the absence of drainage and sanitation 

services which the government is expected to provide (Konadu-Agyeman, 2001). Overtopping or 

breaching of embankments or storage structures such as dams also generates floods of high 

magnitudes. 
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2.4 Flood Causal Factors 

2.4.1 Land Use/Land Cover Changes in relation to flood hazards 

In order to understand the effect of land use/land cover change on the hydrologic regime of the 

Madarsu basin in Iran Panahi et al., (2010), analyzed MODIS images and observed that runoff 

was 10 times higher after 40 years, due to agricultural lands increase and a decrease in forests 

and rangelands. Descheemaeker et al. (2006) studied the runoff-generating rainfall threshold and 

found a positive correlation with total vegetation cover: runoff was negligible when vegetation 

cover exceeds 65%, and it was dependent on soil organic matter, soil bulk density, litter cover, 

and slope gradient. Investigating how land use was changed, Gholami et al. (2009), found that 

urban and road network development intensified runoff generation and flooding hazard within an 

Iranian forest area during the last 40 years. Results indicated an increased influence of urban 

development on the volume and peak discharge in sub-basin areas, which had considerable 

impervious surface development. 

While it appears clear that land use is linked to flood risk, it is still important to define how land 

use might impact flood trends. Pattison and Lane (2011) made a detailed analysis of the 

connection between land-use and flood increase. They asserted that the exact relationship 

between land management and flooding risk is more complex, inasmuch as it depends upon local 

catchment characteristics, the spatio-temporal sequencing of extreme rainfall events, and the 

structure of the river catchment. However, it is necessary to analyze the ways in which land use 

management might influence flood generation. According to Lane et al., (2007), flooding is 

thought to be a consequence of the effect of land cover management on the partitioning of 

rainfall between runoff and subsurface flow, the watershed storage effect during a rainfall event, 

and the way water is transferred from hill-slopes to the river network. It is a commonplace to 
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think that change in land use due to anthropogenic action results in increased flood frequency 

and severity.  

2.4.2 Climate Change and Climate Variability in Terms of Rainfall Pattern 

Climate change is inevitably resulting in changes in climate variability and in the frequency, 

intensity, spatial extent, duration, and timing of extreme weather and climate events 

(IPCC, 2012). The impact of flood disaster has been on the rise globally, owing to climate 

change that results in irregular weather patterns and affecting all aspects of the hydrological 

cycle including evaporation, precipitation, rainfall runoff and discharge, resulting in more 

frequent and intense flooding. With this trend on the rise as global mean surface temperature 

increases to the warmest ever, effective flood management is needed to curtail flood menace now 

and in the future (Hansen et al., 2016). 

Climate driven flood disasters compromise the ability of government to accomplish specific 

suitable development goals, essentially affecting people living in vulnerable locations, impacting 

the livelihood and socio-economic activities, disrupting infrastructure, destroying agricultural 

produce, impacting health adversely and the loss of lives (Apata et al., 2009). 

Rainfall pattern in Nigeria (1978 to 2007) suggests that rainstorms are getting more intense. The 

data show that there are fewer rainy days, yet the total yearly amounts of rainfall have not 

changed much from previous decades (Andrew and Nelson, 2017). This means that more rain is 

falling on the days that there is rain, which in turn means that rain storms in the city are getting 

more intense, increasing the threat of flooding. 

The southern ecological zone of Nigeria largely known for high rainfall is currently confronted 

by irregularity in the rainfall pattern, while Guinea savannah is experiencing gradually increase 

http://onlinelibrary.wiley.com/doi/10.1111/gcb.12581/full#gcb12581-bib-0037
http://www.academicjournals.org/article/article1380875532_Obot%20et%20al.pdf
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in temperature. The Northern zone takes the threat of desert encroachment at a very fast rate of 

30 hectares per year, occasioned by fast reduction in the amount of surface water, flora and fauna 

resources on land (FME, 2004; Obioha E., 2008).  

2.6 Concepts of Disasters and Hazards 

Standards Australia (2000) defines a hazard as “A source of potential harm or a situation with a 

potential to cause loss”. Environmental events become hazardous once they threaten to affect 

society and/or the environment adversely. Physical events such as a volcanic eruption, that do 

not affect human beings are natural phenomena but are not natural hazards. A hazardous event 

that causes unacceptably large numbers of fatalities and/or overwhelming property damage is a 

natural disaster. In areas where there are no human interests, natural phenomena do not constitute 

hazards nor do they result in disasters. 

Majority of hazards have return periods on a human time-scale. Examples are five-year flood, 

fifty-year flood and a hundred year flood. This reflects a statistical measure of how often a 

hazard event of a given magnitude and intensity will occur. The frequency is measured in terms 

of a hazard’s recurrence interval. For example, a recurrence interval of 100 years for a flood 

suggests that in any year, a flood of that magnitude has a 1% chance of occurring. Such extreme 

events have very low frequencies but very high magnitudes in terms of destructive capacity. This 

means that an event considered being a hundred year flood would cause severe damage 

compared to a five-year flood (Burton & Kates, 1978). 

Although humans can do little or nothing to change the incidence or intensity of most natural 

phenomena, they have an important role to play in ensuring that natural events are not converted 

into disasters by their own actions. 
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2.7 Concepts of Risks and Vulnerability 

Vulnerability refers to inherent characteristics of an element which determine its potential to be 

harmed (Sarewitz et al. 2003, UN/ISDR., 2004a). It is the susceptibility or level of proneness of 

an element (individual, property or environment) to the negative impacts of hazards. Generally, 

an element at risk of being harmed is the more vulnerable, the more it is exposed to a hazard and 

the more it is susceptible to its forces and impacts.  

Vulnerability as a critical dimension of poverty refers to defenselessness and insecurity (Idowu, 

2011). With the increasing number of settlements within flood high risk rating area worldwide, 

the number of people at risk or vulnerable to flood hazards is likely to increase. Any increase in 

disasters, whether large or small, will threaten development.  

More so, vulnerability can be associated with the flood characteristics i.e. capabilities regarding 

matter fluxes (debris, sediment), water depth, flow velocity, temporal and spatial dynamics and 

other substances (e.g. toxic) substances with varying impacts on elements. Vulnerability of 

elements requires information analysis regarding specified factors of element-at-risk indicators, 

exposure indicators and susceptibility indicators. Factors affecting a property or an 

environment’s resilience or the adaptive capacity to the impact of flood hazards make it 

susceptible or exposed to flood. It further depends on both the type of flood event and the 

constitution.  

Communities located within watershed along or close to the River plain system terrain such as 

Abakaliki metropolis are mostly under threat of constant flooding menace. Severity of damage 

by flood hazards depends on the vulnerability of exposed elements and flood characteristics. 
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Interestingly, most settlements of the world are within river floodplain threshold or are at the 

high risk factor rating thereby being vulnerable.  

Disasters when they occur usually result in pains and huge losses to the economy making the 

positive impacts insignificant and in most cases it is always difficult to quantify the actual cost of 

damages and recovery. For the less privileged or vulnerable communities or groups, some of the 

impacts are very direct and can have knock-on effects. They are the most vulnerable socially, 

economically and physically to the impacts of extreme events and, to the impact of adverse 

environmental tendencies resulting from climate change such as flood. Research has shown that 

about 85% of households vulnerable to flooding live in developing countries and as a result, such 

countries experience the majority of flood-related deaths (ProAct Network 2008, IPU/ISDR, 

2010). One of the countries that rank high among such vulnerable countries is Nigeria (ISDR and 

World Bank 2009).  

A case of flood disaster such as the one that occurred in most cities in Nigeria including the 

study area in July-October, 2012 actually destroyed several years of developmental efforts, 

(Shamonda, 2013). There were loss of lives and livelihoods, destruction of public utilities and 

disruption in the smooth functioning of the system that renders fear and uncertainties among the 

populace. In addition, there was damage to the environment, financial loss, and diversion of 

resources, epidemics, migration, food shortages and displacement of the people.  

The devastation caused by floods is exacerbated by low level of awareness of flood incursion 

spatial area. Floods cannot be totally avoided and their occurrence is on the increase due to 

climate change. If the capacity for assessing climate variability, impacts and vulnerability of an 

area to climate change is not there, countries are limited in their ability to plan adaptation 
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measures and adapt effectively (UNFCCC, 2008). Vulnerability assessment which many regions 

of the world have commenced becomes the way forward.  

2.8 Resilience and Coping Capacities 

Resilience has become a useful concept in the study of environmental hazards. The term 

“resilience” first originated from the ecological discipline. Holling (1973) defines resilience as “a 

measure of the ability of these systems to absorb change of state variables, driving variables and 

parameters and still persist”. This concept focuses on the capacity of an ecological system to 

absorb changes but still maintain its core function. 

 Flood risk managers define resilience as “the ability of the system to recover from floods” 

(Bruijn 2004). In a social system, Adger et al. (2002) define social resilience as “the ability of a 

system to absorb external changes and stress, while maintaining the sustainability of their 

livelihoods”. A system in this context may be a region, a community, a household, an economic 

sector, a business, a population group, or an ecological system (Brooks 2003). Buckle (2006) 

refers to resilience as the “capacity to withstand loss”. Norris et al. (2008) define resilience as “a 

process linking a set of adaptive capacities to a positive trajectory of functioning and adaptation 

after a disturbance”. 

 Recently, the concept of resilience has been seen in a linked social and ecological system (Folke 

et al. 1998, Adger 2000, Folke 2006). The resilience concept is concerned with the capacity for 

renewal, reorganization and development (Folke 2006); creativity (Adger 2000, Maguire and 

Hagan2007), and transformation in a social-ecological system (Walker et al. 2004) and capacity 

to maintain its identity (Cumming et al. 2005). 
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Although there are various definitions of resilience from different disciplines, three common 

properties of resilience dominate in resilience literature (Carpenter et al. 2001). The first property 

is about the speed of recovery at which a system can recover after disturbance. So, natural hazard 

researchers attempt to observe the speed of recovery after disasters as a measure of resilience 

(Bruijn 2004). The second is the magnitude of a disturbance relative to a threshold that can be 

absorbed before a system changes its structure by changing the processes and variables that 

control it (Colding et al. 2003). The final property is about the capacity to learn from and to 

create new things from disturbance, and to transform (Folke et al. 2002, Berkes and Seixas 

2005).  

Therefore, the conventional approach to measure resilience as the speed of recovery may not 

capture its full dimensions. Resilience of the system is dependent on several factors such as 

demographic, social, cultural, economic, political, type of natural hazards, and geographical 

setting of the place (Gaillard 2007). However, these factors may vary at different levels of 

analysis (Buckle 2006). At the household level, access to agricultural land, diversity of income 

sources and good housing quality create essential resources for households to cope with annual 

flood events in Bangladesh and climate change in the coastal province of Vietnam (Adger 1999, 

Brouwer et al. 2007). Learning to live with change and uncertainty, nurturing learning and 

adapting, and creating opportunities for self-organization were found as the important factors for 

enhancing household resilience in the Cambodian context (Marschke and Berkes 2006). 

 Marshall and Marshall (2007) identified four perceived factors that contribute to conceptualizing 

resilience at the individual level: (1) perception of risk associated with change, (2) perception of 

ability to learn, plan and self-organize, (3) perception of the ability to cope, and (4) level of 

interest in changes in an Australian context. 
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At the community level, Norris et al. (2008) identified four primary sets of capacities that 

enhance community resilience, including economic development, social capital, information and 

communication, and community competence. Economic development refers to economic growth, 

stability of livelihoods, and equal distribution of resources within the population (Adger 1999). 

Social capital refers to networks of social supports, bonding within community, bridging 

between communities, and networking between communities and government bodies (Adger 

2003, Pelling and High 2005, Mathbor 2007). Information and communication refer to the 

system and infrastructure for informing the public because people need accurate information 

about danger and behavioral options for them to act quickly. Community competence is about 

the capacity of the community to learn, work together flexibly, and solve problems creatively. 

 These contributing factors should be measurable in the practical context. Most researchers 

attempt to define the concept of resilience; very little research operationalizes it in practice. 

Cumming et al. (2005) noted that resilience is a multidimensional concept, so it is difficult to 

operationalize in practice. Coping with this problem, they develop a “surrogate approach” as an 

indirect way of measuring resilience (Carpenter et al. 2005). 

Marschke and Berkes (2006) adopted the surrogate approach to operationalize resilience from 

livelihood perspectives in rural Cambodian villages using a subjective well-being approach. 

However, they only explore the well-being of households and communities in a qualitative 

manner; they do not attempt to quantify resilience indicators at a household level. It is argued 

that well-being is what people think and feel about their life or subjective wellbeing (Copestake 

and Camfield 2009). The subjective wellbeing approach was widely accepted in poverty and 

livelihood studies in developing countries (Narayan et al. 2000). However, little is known about 

different dimensions of households’ resilience to floods in a real “living with floods” context.  
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2.9 Hydrological Models 

According to (UNESCO, 1985), mathematical models have taken over the most important tasks 

in problem solving in hydrology. The catchment hydrologic models have been developed for 

many different reasons and therefore have many different forms. However, they are designed, 

generally, to meet one of the two primary objectives. One objective of catchment modeling is to 

gain a better understanding of the hydrologic phenomena operating in a catchment and of how 

changes in the catchment may affect these phenomena. Another objective of catchment modeling 

is the generation of synthetic sequences of hydrologic data for facility design or for use in 

forecasting. 

A model is a simplified representation of a complex system. Consequently, a model always 

describes the basic and most important components of a complex system, or as pointed out by 

Dooge (1977), a model involves similarity without identity and it simulates some, but not all the 

characteristics of the prototype system. The development and application of hydrological models 

have gone through a long time period, dating back to the 19th
 

century. The origins of rainfall-

runoff modeling in the broad sense can be found in the middle of the 19th century arising in 

response to three types of engineering problems: (1) urban sewer design, (2) land reclamation 

drainage systems design, and (3) reservoir spillway design. In all three problems the design 

discharge was the major parameter of interest. The concept of the rational method for 

determining flood peak discharge from measurements of rainfall depths owes its origins to 

Mulvaney (1850), an Irish engineer who was concerned with land drainage.  

This research work is primarily concerned with the application of hydrologic models for flood 

risk zone mapping. Therefore, this section of literature focuses on the method(s) suitable for 

estimating runoffs from precipitation. A hydrologic model is needed to estimate quantitatively 
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the run-off volume in each sub-basin of the study area using rainfall data and other parameters. 

For the purpose of this work, the modified rational model was selected because it is suitable for a 

homogeneous area.  

2.9.1 Lumped Hydrological Models 

Hydrological models can be classified into two major types, lumped and distributed. Lumped 

models were developed since the 1960s (Crawford & Lindsey, 1966). They consider the 

catchment or sub-catchments as an undivided entity and use lumped values of input variables and 

parameters. Lumped models are attractive as compared to the more complex detailed physically 

based distributed models because they are easier to operate and require less and usually easily 

accessible data. The lumped models have been developed for and are very good at describing 

runoff generation and overall water balances. They however fail to provide fine sub-area details 

of water flows and soil moisture storages. Lumped models are important hydrological tools that 

can capture dominant basin dynamics while remaining computationally efficient. An important 

feature of this model is that their parameters are not directly measured and must be inferred or 

calibrated from observed historical data. An example of the lumped hydrological models is the 

rational model. 

2.10 Geographic Information System (GIS) 

Geographic information system (GIS) is a system of hardware, software and procedures designed 

to support the capture, management, manipulation, analysis, modeling and display of spatially 

referenced data for solving complex planning and management problems (Rhind,1989). GIS uses 

advanced analytical tools to explore at a scientific level the spatial relationships, patterns and 

processes of cultural, biological, demographic, economic, geographic and physical phenomena. 
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GIS functions include; capturing of data, storing data, data analysis, query, data visualization and 

output of information. 

2.10.1 Why Use Geographic Information System 

Using GIS helps to integrate spatial and other kinds of information into a single system. It offers 

a consistent framework for analyzing geographical data. By putting maps and other kinds of 

spatial information into digital form, GIS allows the manipulation and display of geographical 

knowledge in new and exciting ways. GIS makes connections between activities based on 

geographic proximity. Looking at data geographically often suggest new insights and 

explanations to results.  

The earth Observation satellites provide comprehensive, synoptic and multi-temporal coverage 

of large areas in real time and at frequent intervals and, thus, have become valuable for 

continuous monitoring of atmospheric as well as surface parameters related to flood. Satellites, 

by virtue of their remote sensing and data transmission capabilities to provide comprehensive 

multi-date and multi-spectral information on dynamic phenomena covering very large as well as 

small river basins, have been found to be admirably suited for mapping/monitoring and studying 

(i) flood inundated and drainage congested areas, (ii) extent of damages to crops, structures etc. 

(iii) river configuration, silt deposits, shoals etc. and vulnerable areas of bank erosion (iv) 

watershed characteristics and land cover/land use in command areas and (v) hydrological and 

meteorological data transmission from data collection platforms. 

The flooded areas, which extend to several thousands of square kilometers, could be mapped 

very effectively using the satellite data. They are also useful in delineating the boundaries of 

flood prone zones. Digital analysis of satellite data can detect changes on the sections of the 
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inundated flood plains as well as in water quality. The multi temporal data from satellites are 

proved to be very valuable in the identification of the site ideal for taking up structural measures 

to control floods. 
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3. MATERIAL AND METHOD 

3.1 Description of Study Area 

3.1.1 Location 

The study area is located in Abakaliki local government area which is one of the 13 local 

government areas in Ebonyi State, Southeastern Nigeria (figure 1). 

 

Figure 1: Map of the study area 

Ebonyi State is a mainland south-eastern state of Nigeria located within the partially modified 

low rain forest and wooded/grassland derived savannah. The state lies approximately within 
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Longitude 7°30' and 8°30'E and Latitude 5°40' and 6°45'N, situated within the Warm-Humid 

Equatorial climatic belt.  

3.1.2 Climate  

The area is characterized by high relative humidity of about 71-75% and surface temperature of 

about 26° to 31ºC. The mean temperature in the hottest period of February to April is about 

30.40C. The rainy season begins between February 26th and March 11th and ends between 

November 8th and November 18th. Average length of rainy season is between 92-250 days in a 

year. The annual rainfall varies between 1400mm in the Northern part of the state to 2250mm in 

the Southern part (FDALR 1985).  

3.1.3 Geology  

Ebonyi State falls within the Asu-River Geologic Group (Lower Cretaceous), Eze-Aku shale 

formation and Nkporo Formations. The State is made up mainly of hydromorphic soils which 

consist of reddish brown gravely and pale coloured clayey soil, shallow in depth, and of shale 

parent material. The topography is largely a table land; highest point 162m and lowest 15m 

above sea level (Ogbodo, 2013).  

3.1.4 Hydrology and Ecosystem  

The state lies within the Cross River Drainage Basin. Major rivers in the state are the Eastern and 

Western Ebonyi Rivers which are tributaries of Cross River. All other rivers and streams are 

tributaries of these two Ebonyi Rivers. Existence of groundwater in parts of the state varies and 

is seriously influenced by the local geology (Ogbodo, 2013).  
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Ebonyi State is located within the partially modified lowland tropical rain forest and wooded 

grassland derived savannah. It has a total forest reserve of about 1478.98 hectares. Total area 

presently occupied by forest is about 646.96 hectares (Ogbodo, 2013).  

3.1.5 Demography  

Abakaliki is both the capital of Ebonyi State as well as a Local Government Area in the state. 

This LGA is occupied by Igbos and had a population projection of 194,100 in 2016 with 

population density of about 339.2/Km2 (NPC, 2006). Abakaliki Local Government Area 

occupies the eastern axis of Ebonyi state, covering a land area of about 584Km2. It shares 

borders with Ikwo, Ezza north, Ezza South, and Izzi Local Government Areas. The Local 

Government Area has 14 political wards. 

3.1.6 Land Use  

The inhabitants depend mainly on primary economic activities. Approximately 85% of the state 

population depends on agriculture for their livelihood. The agricultural production include: 

livestock and crops produced at both subsistence and export levels. Major crops for national and 

international markets are Rice, cassava and yam.  

3.2. Research Design and Data Sources 

Primary data 

(1) Focused group discussion (FGD) with farmers in the various communities, local 

administration and experts in flood management. 

(2) The Advanced Space borne Thermal Emission and Reflection Radiometer (ASTER) Global 

Digital Elevation Model (GDEM) developed jointly by the Japanese Ministry of Economy, 
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Trade and Industry (METI) and the United States National Aeronautics and Space 

Administration (NASA).  

(3) Land Use/Land Cover (LULC), Soil Type and Texture and Rainfall data (30yrs).  

(4) Field surveys 

Secondary Data 

1) Topographic map of Ebonyi State covering the study area. 

2) Shape files of the administrative boundary and settlements for the study area. 

3) Available data on past recorded flooding incidents in the area. 

Hardware and Software 

 (1) ArcGIS 10.3  

(2) ArcHydro extension 

 (3) GPS Device 

This study involves two research elements – hydrological modeling to map flood risk zones; and 

focus group discussions (FGDs) with local communities to assess their perception on flooding in 

the area.  Two flood modeling approaches were combined to map the spatial extent of flood 

hazard areas at community level in the study area. These approaches include: 

(1) The rational hydrological model and  

(2) Arithmetic overlay operation  

First, a modified version of the rational hydrological model as described by Nyarko (2002) and 

Asare-Kyei et al, (2015) was used to estimate the runoff of the respective catchments based on 

rainfall intensity, the area of sub-catchments and a runoff coefficient. Thereafter, the arithmetic 
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overlay operation was adopted in a GIS environment to integrate the output of the hydrological 

model with other flood causal factors such as topography (DEM) to determine a flood intensity 

map for the study area. Flood prone zones were eventually defined through a reclassification of 

the flood intensity map to derive the Flood Prone Index (FPI) which determines the flood prone 

zones of the area. 

The methodological approach that was employed in this research work is diagrammatically 

summarized in Figure 2 as described by Asare-Kyei et al. (2015). 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 df relational-rule-based flood assessment 

As first step, the approach involves retrieving data values from all flood causal factors and then 

calculating peak runoff rates using the rational model. The causal factors (i.e., covariates) for 
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Figure 2: Modified modeling flow diagram for relational-rule-based flood assessment Asare-Kyei et al. 
(2015). 
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flood are land cover/land use, soil type and soil texture, slope, elevation, rainfall and drainage 

area (Morjani, 2011).  

3.2.1 Determination of Peak Runoff Using the Rational Model 

The rational model (Mannaerts, 1996; Viessman and Lewis, 1996) belongs to the group of 

lumped hydrological models which treats the unit of analysis (normally at a catchment or sub-

catchment level) as a single element whose hydrological parameters (e.g., rainfall) are 

considered as average values. The model is given by the equation: 

Qp =0.28×C× I × A…………………………. (1)  Where, 

Qp = Peak runoff rate (m3/sec) 

C = Runoff coefficient (-) 

I = Rainfall intensity (mm/hr) 

A = Drainage area (km2) 

The factor “0.28” is required to convert the original units in North American system (i.e., cubic 

feet per second (cfs) to an international system such as cubic meters per second (m3/s). In urban 

areas, the drainage system usually consists of sub-basin areas of different surface characteristics. 

In such cases, the rational formula becomes; 

 

𝑄𝑝 = 𝐾𝐼∑𝐶𝑗𝐴𝑗𝑚
𝑗=1  

Where “m” is the number of sub-basins within the basin and K is the conversion factor. 
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The model operates on a number of assumptions including   (1) the entire unit of analysis is 

considered as a single unit; (2) rainfall is uniformly distributed over the drainage area; (3) 

predicted peak runoff has the same probability of occurrence (return period) as the used rainfall 

intensity (I); and (4) the runoff coefficient (C) is constant during the rain storm.  

The strength of this model lies in its simplicity and the ease of application. Consequently, it has 

been widely used to calculate peak surface runoff rate for the design of a variety of drainage 

structures and study area modeling and flood hazard mapping (Nyarko, 2002).The rational model 

converts rainfall in a catchment into runoff by determining the product of the rainfall intensity in 

the catchment and its area, reduced by a runoff coefficient (C, between 0 and 1), which is a 

function of the soil type, land cover and slope in the study catchment. The runoff coefficient 

provides an estimation of how much water (rainfall) is lost due to infiltration (soil texture), 

interception and evapo-transpiration (land cover). Thus, the runoff coefficient of a catchment can 

be considered as the fraction of rainfall that actually becomes storm water runoff. Accurate 

determination of this parameter is, therefore, vital to the successful implementation of this 

method.  

3.2.1.1 Limitations of the Rational Method 

Important factors that determine the magnitude of flood such as antecedent moisture conditions, 

spatial and temporal rainfall variations are not covered by the rational method. 

The rational method assumes homogeneous characteristics for the watershed area. Therefore 

another method is most appropriate when heterogeneity exists in the watershed or catchment 

under consideration. The rational method is adequate for peak runoff estimation as a result not 

concerned with other parts of the hydrograph after peak is reached for a particular design storm. 
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Table 1: Sub-catchment Discharges based on August 2016 Rainfall 

Sub-
catchments 

Area(Km2

) 
Runoff 
coefficient(
C) 

Rainfall 
(mm) 

Rainfall 
intensity(mm/hr) 

Discharge 
(m3/s) 

Igbegu 0.0007 0.95 414.2 414.2 0.072 
Ajaa 5.82 0.6 414.2 414.2 404.99 
Ndiegu 10.85 0.52 414.2 414.2 654.33 
Upper 
Iyiokwu 

8.83 0.78 414.2 414.2 798.77 

Ohachikwe 5.39 0.4 414.2 414.2 250.04 
Obiegu Ibom 10.99 0.43 414.2 414.2 548.06 

Iyiokwu River 73.65 0.5 414.2 414.2 4270.82 
Upper Ebonyi 47.70 0.52 414.2 414.2 2876.67 

Okpuituma 10.25 0.45 414.2 414.2 534.94 
Idda 5.03 0.6 414.2 414.2 350.02 

Ezza Abia 0.001 0.6 414.2 414.2 0.07 
Agbaje 16.32 0.78 414.2 414.2 1476.32 

Opamana 6.54 0.52 414.2 414.2 394.41 

Agalegu 7.47 0.78 414.2 414.2 675.75 
Enyigba 5.38 0.54 414.2 414.2 336.93 
Ebonyi River 221.95 0.6 414.2 414.2 15444.52 
Amachara 12.67 0.54 414.2 414.2 793.48 
 

3.2.2 Flood Causal Factors and Retrieval Methods 

In this study, spatial layers of land use and land cover, soil classification and DEM were 

analyzed to accurately determine the runoff co-efficient prior to the implementation of Equation 

(1). The sections below describe in details the sources and the methods used to derive each of the 

datasets and the preliminary processing conducted. 

3.2.2.1 Land Use/Land Cover (LULC) 

There is a direct relationship between land cover and hydrological parameters of interception, 

infiltration, runoff and concentration which ultimately influence flooding incidence in the 

catchment (Nyarko, 2002).The type of LULC in an area influences how much rainfall infiltrates 

into the soil and how much of it becomes runoff as overland flow. Impervious surfaces such as 
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concretes have runoff coefficients approaching one while surfaces with vegetation to intercept 

rainfall and promote water infiltration have lower runoff coefficients (McCuen, 1998). For this 

study, LULC maps were generated by classifying moderate spatial resolution (30m) multi-

temporal Landsat images which were downloaded from USGS website and processed prior to 

analysis. . The land use and cover data were generated for three periods namely, 1986, 1996 and 

2016 exploring changes in the land use and cover type over time. Table1 shows details of the 

images analyzed and their acquisition dates. 

Table 2: Satellite imageries used and their acquisition dates 

Year Satellite Data Used Acquisition Date 

(dd/mm/yyyy) 

1986 Landsat 05 19/12/1986 
1996 Landsat 04 07/01/1996 
2016 Landsat 08 20/01/2016 
 

The different bands of the Landsat imagery were combined in ArcGIS environment to form a 

composite and the composites were further processed into mosaic raster for each of the satellite 

data prior to analysis. Supervised classification was conducted on the Landsat imageries to reveal 

four broad LULC classes after training samples and signatures were created (using training 

sample manager), saved and imported in ArcGIS environment. These classes were: (1) 

agricultural land; (2) forest; (3) bare land; and (4) settlements. Training and validation data for 

these classes were obtained from field campaigns conducted between December, 2017 and 

March, 2018 coupled with the author’s personal knowledge of the study area. Training and 

validation samples for the classification were generated by overlaying the training and validation 

data (polygons) on the time-series satellite images and extracting the corresponding values. 
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3.2.2.2 Digital Elevation Model (DEM) 

In this study, the Advanced Space-borne Thermal Emission and Reflection Radiometer (ASTER) 

Global Digital Elevation Model (GDEM) which is concurrently distributed from the Ministry of 

Economy, Trade, and Industry (METI) Earth Remote Sensing Data Analysis Center (ERSDAC) 

in Japan and the National Aeronautics and Space Administration (NASA) Earth Observing 

System (EOS) Data Information System (EOSDIS) Land Processes (LP) Distributed Active 

Archive Center (DAAC) in the United States was used to conduct the hydrological analysis and 

to derive the sub-catchment map for the study area. The ASTER GDEM Version 2 data are 

posted on a 1 arc-second (approximately 30-m at the equator) grid and referenced to the 1984 

World Geodetic System (WGS84)/1996 Earth Gravitational Model (EGM96) geoid and was 

downloaded in GeoTIFF format from USGS earth-explorer. The data has a vertical accuracy of 

17m at 95% confidence level, and a horizontal resolution on the order of 75-m. 

3.2.2.2.1 Delineation of Sub-catchments 

The watershed for the study area was delineated by clicking on the spatial analyst tools in 

ArcGIS environment after all the sinks had been filled to remove small imperfections. The filled 

DEM layer was maintained and used later for the integration of peak runoff and elevation to 

determine runoff concentration at different elevations. The Hydrology tool was expanded to 

perform various hydrological analyses such as flow direction, flow accumulation, stream order, 

stream to feature and subsequently sub-basin determination. The sub-basins which were 

generated in a raster format were immediately converted to polygon by clicking on the 

conversion tool under spatial analyst tools. The conversion of the raster basin into polygon was 

necessary in order to calculate the areas of the sub-basins and also to build the attribute table in 
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the ArcGIS environment. Figure 3 depicts the various processes that were followed to delineate 

the watershed for the study area.  

In this study, the delineation of the study area into sub-catchments was based on DEM and river 

channel systems. Using this approach, the study area was delineated into 17 sub-catchments. The 

largest of this sub-catchment is the Ebonyi River drain (Figure1), named after Ebonyi river 

which is well known for causing many of the floods in the area. Other prominent sub-catchments 

are the Iyiokwu drain and Upper Ebonyi river drain. These sub-catchments have streams which 

are tributaries to Ebonyi River and are also significantly exposed to floods. 

 

Figure 3: Model builder for Watershed Delineation 
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3.2.2.2.2 Development of Peak Runoff Map 

Within each sub-catchment, more than one land cover type and slope exist. In order to find 

representative runoff coefficients within a given sub-catchment, average values were determined 

based on the different LULC types. The classical application of the rational model treats the 

entire catchment as a single unit and thus, does not lead to spatial variability of the runoff and for 

that matter, flood risk within catchment. In this study, however, the study area catchment was 

delineated into sub-catchments and was used as the unit of analysis to ensure spatially explicit 

assessment of flood risk. This was required because the key purpose of this study is to explore 

methods to derive community level flood risk in a data scarce environment. Therefore, the 

rational model was operationalized in a way that meets the objective of the study.  

Based on Table3, which specifies a runoff coefficient for a particular LULC type, the average 

values of runoff coefficient for each sub-catchment were computed based on the number of 

LULC that occur in each sub-catchment. Knowing the runoff coefficients (C), rainfall Intensity 

(I), and areas (A) of each of the sub-catchment within the study area, the discharges (Qp) for each 

sub-catchment likely to cause flooding is obtained. 

Table 3: Rational Method Runoff Coefficients 

Categories Range of runoff  coefficient (C) 

Forest 0.059-0.2 
Concrete/Asphalt 0.8-0.95 
Farmland 0.05-0.3 
Neighborhood 0.5-0.7 
City 0.7-0.95 

Source: Lindeburg, M. R. (1994).  
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3.2.3. Soil Type and Texture 

The important role played by soil type and texture in influencing water infiltration, runoff and 

flood susceptibility was studied by Nyarko, (2002) and Todini et al.(2004).  The result of that 

study shows that soils with a high clay content do not allow very much infiltration and thus have 

relatively high runoff coefficients, while soils with high sand content have higher infiltration 

rates and low runoff coefficients. The texture of a soil influences its erodability, water retention 

capacity, crust formation and aggregate stability. The amount of water available for runoff is thus 

a function of both soil texture and structure (GEPA, 2012). The Natural Resource Conservation 

Service of the United States has classified four broad hydrological soil groups that provide useful 

information in determining study area runoff coefficients. Classification into any of these groups 

can either be on the basis of a description regarding soil texture or measured infiltration rates 

(Bengston, 2010).  

This study used the 1km resolution soil map from the Harmonized World Soil Database (HWSD) 

version 1.2 produced in 2012 by the International Institute for Applied System Analysis (IIASA). 

The HWSD is an image file linked to a comprehensive attribute database in Microsoft Access. 

This attribute information includes soil mapping units, soil texture for top and sub soils and 

several other soil properties. Details about this database can be found in FAO, 2009. Based on 

the soil texture attribute information, the extracted soil map of the study areas (figure 4) was 

reclassified into the four main soil hydrological groups (A to D) defined by the United States 

Soil Conservation Service (USDA, 2007). 
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Table 4: Soil textural classes for the study area (0-30m depth) 

 
Soil type 

Sand
% 

Silt% Clay
% 

Textural 
Class 

BD 
(kg/dm3) 

Gravel 
Content
% 

pH 
(H2O) 

CEC 
(Clay) 
cmo/kg 

BS  

Nitisol 
(NT) 

44 33 23 SCL 1.35 11 4.9 20 51 

Acrisol 
(AC) 

78 12 10 SL 1.52 4 6.2 28 72 

Gleysol 
(GL) 

38 40 22 Loam 1.33 4 5.8 35 82  

Cambisol 
(CM) 

52 25 23 SCL  
 

1.31 1 4.7 16 39 

C = Clay; SC = Sandy clay; SL = Sandy Loam; SCL = Snadyclay loam; BS = Base Saturation 

 

Table 5: 2016 Meteorological Data for Abakaliki 
 

 

Month of the 
Year 

Mean mx 
(oC) 

Mean mn 
(oC) 

Average 
RH 
(%) 

Average 
RR 
(mm) 

No of 
Raining 
days 

January 35.7 24.5 57 0 0 
February 36.5 25.2 61 0.2 1 
March 35.6 25.0 65 0.5 2 
April 34.9 25.1 72 4.5 5 
May 34.2 23.7 74 13.6 13 
June 32.3 23.8 76 12.3 11 
July 31.2 23.2 81 20.8 17 
August 30.0 22.5 83 21.8 19 
September 30.5 22.3 82 14.9 15 
October 32.2 21.2 78 14.9 8 
November 35.4 24.6 68 0.2 1 
December 35.7 23.1 56 0 0 
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Figure 4: Map showing Soil Textural Classes in Ebonyi State 
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3.2.4. Rainfall Data  

Rainfall data for this work is from the Nigeria Meteorological Agency (NIMET). 30 years (1986-

2016) monthly rainfall data of Enugu meteorological station was used for this study. 2005 data 

was not available. Data for 2016 which was also used for peak runoff determination was gotten 

from the CAS campus (Abakaliki) NIMET synoptic station. 

In order to study the climate variability for the study area, in terms of rainfall pattern, the 30 

years rainfall data was subjected to statistical analysis using Microsoft excel to assess any 

significant difference in the mean annual rainfall within the years under study. The statistical 

analysis was used to determine the measures of central tendency (mean, range, etc.) and 

dispersion (S.D., CV, etc.). For identifying the trend in the rainfall data, the statistical analysis of 

linear regression was used. The equation of linear regression line is given by 𝑌 = 𝑎 + 𝑏𝑋, where 𝑋 is the independent variable and 𝑌 is the dependent variable. The slope line is 𝑏 and 𝑎 is the 

intercept (value of 𝑌 when𝑋 = 0). The slope of regression describes the trend whether positive or 

negative. In this study dependent variable 𝑌 is rainfall and independent variable 𝑋 is year. The 

summary of the rainfall data statistical analysis is as presented in the tables below. 

 

 

 

 

 

 

 

 

 



 

41 

 

Figure 5: Maps showing Runoff Concentration and Flood Risk Areas 
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Table 6: Shows statistical summary of monthly rainfall data (1986-2016) 

 

Table 7: Summary Output of regression analysis  

PARAMETE
RS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mean 2.86 6.41 26.10 62.06 144.40 177.39 262.33 244.05 247.47 109.89 9.53 3.35 
Standard 

Error 0.65 1.09 2.19 4.36 11.40 6.71 11.93 8.42 10.72 5.29 1.47 0.67 
Median 1.35 7.00 25.20 60.00 113.50 168.10 251.70 245.80 230.00 108.30 11.00 2.50 

Standard 
Deviation 3.62 6.08 12.19 24.29 63.48 37.34 66.42 46.89 59.66 29.43 8.17 3.72 
Sample 

Variance 13.11 36.95 
148.5

7 589.84 
4029.2

1 
1394.4

2 
4411.9

1 
2198.3

8 
3559.9

0 866.01 66.71 13.86 
Kurtosis 2.69 -1.54 -0.81 0.95 1.63 1.75 2.76 5.16 0.89 3.16 -0.73 1.62 

Skewness 1.48 0.17 -0.10 0.70 1.59 1.24 1.40 1.83 1.02 1.31 0.22 1.34 
Range 15.00 17.00 45.80 108.30 216.90 147.50 317.60 236.00 234.30 142.40 28.30 14.50 

Minimum 0.00 0.00 1.00 22.50 84.40 131.40 156.00 178.10 153.80 65.40 0.00 0.00 
Maximum 15.00 17.00 46.80 130.80 301.30 278.90 473.60 414.10 388.10 207.80 28.30 14.50 

Sum 88.75 
198.8

3 
809.0

8 
1923.7

9 
4476.3

3 
5498.9

8 
8132.2

6 
7565.6

6 
7671.4

6 
3406.5

4 
295.4

7 
103.8

3 
Count 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 

Confidence 
Level 

(95.0%) 1.33 2.23 4.47 8.91 23.28 13.70 24.36 17.20 21.89 10.79 3.00 1.37 
CV 1.26 0.94 0.46 0.39 0.43 0.21 0.25 0.19 0.24 0.26 0.85 1.11 

Regression Statistics 

       
Multiple R 

0.0194132
03 

       
R Square 

0.0003768
72 

       
Adjusted R 
Square 

-
0.0023248

12 
       

Standard Error 
71.578147

55 
       Observations 372 
       

         ANOVA 
        

  df SS MS F 

Significanc

e F 

   
Regression 1 714.694947 

714.69494
7 

0.1394953
73 

0.70899709
8 

   
Residual 370 

1895669.54
7 

5123.4312
07 

     
Total 371 

1896384.24
2       

   
         

  

Coefficient

s 

Standard 

Error t Stat P-value Lower 95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 
105.84482

28 
7.43729767

1 
14.231623

83 
5.81367E-

37 
91.2201489

4 
120.4694

97 
91.220148

94 
120.46949

66 

t 
0.0129073

81 
0.03455876

7 
0.3734907

94 
0.7089970

98 

-
0.05504884

6 
0.080863

61 

-
0.0550488

46 
0.0808636

09 
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3.3. GIS Model for the Study 

The Geographic Information System Model (Figure 2) that was adopted and modified for 

analysis is the Modeling Flow based on the Relational Rule used by (Asare-Kyei et al, 2015). 

The model identifies four (4) main stages that could be used for flood risk zoning or assessment 

as follows: 

1. The generation of various thematic maps of the area of study, using satellite images, 

topographic map and field observation and measurements. 

2. The incorporation of the thematic data into the Geographic Information System Model 

(GISM) and creation of attribute tables of each theme. 

3. The use of arithmetic overlay operation (addition and division) to help integrate the 

hydrological model into the geographic information system model.  

4. The generation of flood risk hazard map for the area under investigation. 

3.3.1. Model integration 

An arithmetic overlay method was used to combine DEM and discharge map within geographic 

information system model to determine flood risk areas. Operators such as addition and division 

were used in the combination procedure. The essence of using the arithmetic overlay method is 

that possibilities exist for the derivation and examination of spatial patterns caused by 

interactions of one map with the other. Secondly, the rule also provides the possibility of 

restricting areas on the output map according to a binary map that act as a mask (Nyarko, 2002). 

The arithmetic overlay method involves two main stages: 
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1. The first stage involves the determination of runoff concentrations within various segments 

over the landscape. 

Χ + Υ = Ζ ct…………………………………………… (2) 

2. The second stage is estimation of values that can be used to infer potential areas that are likely 

to be in flood with any storm event. 

𝑋+𝑌𝑋 = 𝑍𝐹𝑅𝐴 ………………………………………. (3) 

Where: 

X (m) is the Digital Elevation Model 

Y (m3/Sec) represents total discharge 

Zct (m
3/Sec/m) is the runoff concentration at various elevations 

ZFRA is the value for flood risk areas. 

3.3.2. Flood Prone Areas zoning 

 The peak runoff and elevation layers were combined using arithmetic overlay method to 

produce the flood hazard intensity map at different elevations. Equations (2 & 3) were 

implemented in ArcGIS to achieve this. In order to make the map easily understandable, a 

reclassification was performed to define five flood hazard intensity levels/categories: very high, 

high, moderate, very low and low risk zones. The natural breaks reclassification method in 

ESRI’s ArcGIS was used for this purpose. The natural breaks (jenks) classification algorithm 

finds data break points between classes depending on the natural patterns in which the data are 

clustered. Class break points are set where there are relatively huge jumps in the data values 
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(Asare-Kyei et al, 2015). The result shows different areas that experience different intensity of 

flood. 

3.4 The Focus Group Discussions  

The basic objective of focus group discussions (FGDs) is to obtain facts and opinions about 

flooding from key informants in the sub-watersheds. This generated primary data by directly 

talking to people at community level so as to get very reliable and accurate information on the 

extent of flooding in the areas. 

As this study also focuses on the possible mitigation and adaptive preparedness of communities 

that are at high risk of floods, Focus Group Discussions (FGDs) were used as a form of 

participatory GIS to validate the output of the modeling result. Open ended questions were 

formulated under four major thematic areas, namely; Flood risk, coping strategies, management 

and sustainability. Questions (see Appendix1 ) were developed with direction and input from my 

advisor and were designed to cover a range of issues such as perceptions on what government 

could do and what the community could do to lessen the effects of flooding.  The FGDs were 

conducted across the sub-catchments in the communities identified as prone to repeated flooding 

in the study area. In selecting the participants for the FGDs, individuals who had lived in the area 

in the last 10 years were targeted for the study, including those from different socio-cultural and 

economic groups; including men and women, youths, traders, farmers, and house owners among 

others.  

Three focus group discussions were held in each of the high risk communities, giving a total of 

18 FGDs, capturing their experiences in flood disasters and exposures to flood hazards. Each 

focus group discussion comprised of three to eight people most of who were between the ages of 
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25-45 and farmers above 45 years of age and in all, 40 people participated. Participants were 

included into this qualitative study mainly based on their knowledge of and familiarity with the 

study area, and regularity of participating in community based activities including disaster risk 

reduction initiatives.  

Analysis of the general background information obtained from the participants indicates that they 

have all lived in the communities for at least 10 years. At the end of each session, GPS points 

were taken and were used for validation of the flood hazard index (FHI). Key informant 

interviews were also held with some experts at the Ebonyi state ministry of environment, Lands 

and Survey as well as Ebonyi state university on the extent of flooding, possible causes and 

government intervention. 

3.4.1 FGDs Data Analysis  

Focus group discussions phone-recordings were transcribed and put through several phases of 

analysis. A preliminary analysis was conducted in order to get a general sense of the data and 

reflect on its meaning. Next, a more detailed analysis was performed and data was divided into 

segments or units that reflected specific thoughts, attitudes, and experiences of participants. At 

the conclusion of this process of analysis a list of topics was generated, and the topics were 

compiled into categories that were labeled as key findings. Data from across all focus groups was 

again analyzed so it could be organized into these categories. Then these categories or key 

findings were analyzed to determine the interconnectedness of issues that may have given rise to 

the categories. 

It is important to note that the major issues identified in this study and discussed below emerged 

in all focus groups and were raised by participants across the visited communities. Additionally, 
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there were high levels of agreement about these issues and significant consistency in how the 

issues were talked about among groups. The key findings include overall perception on: 

 The extent of flooding problem in the area 

 The frequency of the problem 

 Impacts on livelihood of the people 

 Government intervention 

 Coping strategies 

 Mitigation measures 
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4. RESULT AND DISCUSSION 

4.1 Land use/Land cover Changes (1986-2016) 

Figure6 presents the classification of the study area in terms of Land use/Land cover changes 

over the years. The classification revealed four broad LULC classes including: (1) agricultural 

land (2) forest (3) bare land (4) settlements. Change detection analysis was performed on each of 

the time series imageries and the results are presented in Table8. In 1986, 41.07Km2 (4,107 ha) 

which is about 7.7% of the study area were covered by forest, 389.19Km2 (38,919 ha) or about 

72.6% of the study area were covered by Agricultural land, 78.6Km2 (7,860 ha) or about 14.7% 

of the study area were Bare land, while 27.3Km2 (2,730 ha) or about 5.1% of the study area were 

covered by Settlements. In 1996, 35.3Km2 (3,530 ha) which is about 6.5% of the study area were 

covered by forest, 411.3Km2 (41,130 ha) or about 76.7% of the study area were covered by 

Agricultural land, 51.9Km2 (5,190 ha) or about 9.7% of the study area were Bare land, while 

37.7Km2 (3,770 ha) or about 7% of the study area were covered by Settlements. In 2016, 

37.2Km2 (3,720 ha) which is about 6.9% of the study area were covered by forest, 380.9Km2 

(38,090 ha) or about 71% of the study area were covered by Agricultural land, 53Km2 (5,300 ha) 

or about 9.9% of the study area were Bare land, while 65.1Km2 (6,510 ha) or about 12.1% of the 

study area were covered by Settlements. 

It is pertinent to mention that part of the study area became a state capital in 1996 which led to 

rapid increase in population. From the result of LULC change detection, it can be seen that 

between 1986 and 1996, forest and bare land areas decreased by 1.2% and 5% respectively while 

agricultural land and settlement (built-up area) increased by 4.1% and 1.9% respectively. This 

shows that forest and bare land areas have been converted to either agricultural land or 

settlements during this period. 
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Again, between 1996 and 2016, forest area increased by 0.4% probably due to government 

intervention via afforestation. During this period, agricultural land decreased by 5.7% while 

settlements (built-up areas) and bare land areas increased by 5.1% and 0.2% respectively. This 

increase in areas covered by settlement and bare land between 1996 and 2016 could be attributed 

to high influx of people to the state capital. 

This finding shows that there have been changes in the various LULC (Forest, Agricultural 

lands, bare lands and Settlements) from 1986-2016. However, only settlements (built up areas) 

show significant change from what it used to be over the years (1986 to 2016). This indicates 

that there is poor correlation between LULCC and flooding in the area. 

Table 8: Land Use/Land Cover Change Detection (1986-2016) for study area watershed 

LULC 

Classes 

        1986           1996           2016 

Area(km2) % Area(km2) % Area(km2) %  

Forest land 41.07 7.66 35.31 6.59 37.20 
6.94 

Agricultural 

land 

389.19 

72.59 

411.30 

76.71 

380.91 

71.05 
Bare land 78.62 14.66 51.88 9.68 52.97 

9.88 
Settlements 27.26 5.08 37.67 7.02 65.06 

12.13 
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Figure 6: Maps showing LULC Classification (1986-2016) for study area  
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4.2. Rainfall Data Analysis 

The result of rainfall data analysis shows low monthly precipitation changes throughout the years 

under study. When the standard deviation values are examined, it is observed that the standard 

deviation values of most months (March, April, May, June, July, August, September and 

October) are lower than the mean values of these months (See Table 6). This relation between 

the standard deviation and the mean values indicates that the deviation from the normal 

distribution is not significant. This fact is especially supported by the coefficients of variation of 

these months which are less than one or close to zero. This shows that, in the study area, the 

precipitation values are not much different from the mean values. The fact that the coefficients of 

variation (CV) values are so low is an indication that there is little or no variability in rainfall 

pattern in the study area for the years under investigation. The lower the coefficient of variation 

of rainfall amount in any month, the lower the variability and the greater the dependability 

(Nyatuame et al, 2014). Coefficient of variation values less than 0.5 shows lower variability from 

the mean.  

Considering the coefficient of variation, August shows the minimum variation from year to year, 

compared to the rest of the months. However, since the coefficients of variation of each of the 

eight months (March–October) are less than 0.5, the changes of precipitation from year to year in 

these months are generally low. July is the month with the highest mean monthly rainfall of 

262.33mm followed by September with 247.47 mm. The above mentioned months traditionally 

fall within the peak season which usually records high rainfall. The month with the lowest 

rainfall is January (2.86 mm) followed by December (3.3 mm) 

The result of the linear regression trend analysis is as presented in Table 7. In this trend test, 

trend of monthly rainfall for 30 years has been computed. The linear trend line of the mean 
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annual rainfall revealed upward and downward trends in the rainfall data for the study area. 

However, the trends are not statistically significant. This argument is buttressed by the 𝑃 value of 

the linear regression analysis being greater than 𝛼 = 0.05. Also, the moving average as shown in 

Fig8 demonstrates that there is no significant deviation from the mean annual rainfall. This 

finding agrees with the findings of Andrew and Nelson, 2017. High rainfall intensity in the 

months of July and September (peak rainy season) correlate to flooding in the study area. 

 

Figure 7: Shows the Time Series Plot and the Moving Average of Annual Rainfall 

It is evident from the results that there is no significant detectable effect of climate change on 

both the annual and monthly trend of rainfall in the study area. 

4.3. Soil Type and Property 

The result of the soil classification revealed that the study area is predominantly Nitisols (NT) 

(See Table4 and figure4). According to the Natural Resource Conservation Service of the United 
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States, Nitisols (NT) falls under the hydrological soil group “C” which is characterized as shown 

in table 9 below.   

Table 9: Hydrological Soil Groups 

Soil Groups Infiltration Rate (in/hr) Description Relative Runoff 
Potential 

A >30 Sand, Loamy Sand Low 

B 0.15-30 Sandy loam, Loam Moderate 

C 0.05-0.15 Silt Loam, Sandy Clay Loam High 
D 0.0-0.05 Clay loam, Silt clay loam, 

Sandy clay & Clay 
Very high 

Source: Soil conservation service (SCS) 

This result shows that the soil properties in the study area influence high runoff generation which 

can ultimately lead to flooding. 

4.4. Peak Runoff Analysis 

Map of the peak runoff rates in cubic meters per second (m3/s) was produced for the study area 

and it shows the distribution of runoff within all the sub-catchments in the area studied. This map 

is presented in Figure 8. Table 1 presents the total amount of peak runoff generated within the 

various sub-catchments. The Ebonyi river sub-catchment generates the highest amount of runoff 

in excess of 15444.52m3/s whilst the lowest amount was generated in the Ezza Abia sub-

catchment with an amount of 0.07 m3/s. High runoff is positively correlated with increased 

susceptibility of flood hazards. As reported in Islam and Sado, 2000; Todini et al. 2004, there is 

a direct relationship between hydrological parameters of interception, infiltration, runoff 

concentration and flooding. Although there is little or no documented data available at the 

community level in the study area, key informant interview with experts and local authorities 

during the field work shows that the Ebonyi river and  Iyiokwu river sub-catchment record more 
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flood events and more people suffer from flood impacts than other sub-catchments in the study 

area. 

Figure 8: Map showing the Areas and Discharges of Sub-catchments 
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4.5. Digital Elevation Model (DEM) of the Sub-catchments 

High elevation values are concentrated in the upper Ebonyi River; upper Iyiokwu River and Ezza 

Abia sub-catchments while lower Ebonyi River, Iyiokwu River and Obiagu Ibom records very 

low elevation (Figure 10). Indeed in the southernmost part of the Ebonyi River, a low elevation 

of 15 m above sea level is found. From the peak runoff map, Ebonyi river sub-catchment 

accordingly records high runoff generation. This area is therefore expected to fall in the category 

of high flood intensity zone in the Flood hazard Index (FHI). 
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Figure 9: Showing the Elevations of the various Sub-catchments 

  

4.6. Flood Hazard Intensity Levels and Flood Hazard Index 

By overlaying the peak runoff map with the digital elevation model (DEM), the flood hazard 

intensity map was produced. This map was then reclassified using the Natural Break (Jenks) 

method into five classes to produce the Flood Hazard Index (FHI). The index ranges from 1 

(very low flood hazard intensity) to 5 (very high flood hazard intensity). In Figure 11 below, the 

final Flood Hazard Index is represented in a graduated colour map. The very high flood hazard 

intensity zone is concentrated in Ebonyi river sub-catchment. As indicated in Sections 4.4 and 
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4.5, this sub-catchment has the highest runoff of 15444.52m3/s and also has the lowest elevation 

of about 15m above sea level. Consequently, greater percentage of the sub-catchment falls into 

the very high flood hazard zone. From Table 10, less than half of the study area (32.8%) falls in 

the two high flood hazard intensity zones of very high and high. This result correlates with the 

findings of Nigeria hydrological services agency and the National Erosion and Watershed 

Management Project (NEWMAP). 

Table 10: Proportion of Areas under various flood intensity zones 

Flood Hazard Intensity Number Flood Hazard Intensity class Percentage of study area 
1 Very high 22.8 
2 High 10.1 
3 Moderate 11.4 
4 Low 11.4 
5 Very low 44.3 
Total high and very high risk zones 32.8 
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Figure 10: Showing Flood Hazard Index and Validation with GPS coordinates 
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4.7 FGDs Key Findings 

The FGDs revealed that flooding was really an issue in the various communities visited and it 

has occurred on yearly basis. The participants agreed that flooding affects their livelihoods 

through loss of prime farm lands and property. They also claim to have received no assistance 

from the government over the years. 

The FGDs also revealed that the community members employed a range of coping strategies due 

to the floods. The most important coping strategies adopted were cultivating on higher grounds, 

shifting to higher grounds and making furrows and canals. Other coping strategies included early 

harvesting of inundated farm produce (e.g. cassava, yam etc.), venturing into new areas of 

business (e.g. trading), building of flood barriers with blocks, sandbagging of houses, rising of 

household items and following warning advice on phones from friends, radios and televisions. 

They indicated that the coping strategies were not very effective. 

The state government in collaboration with the federal government has channelized the two 

major streams (Iyiokwu and Iyiudele) which are responsible for major floods within Abakaliki 

metropolis. The channelization was done between 2013 and 2015 through the ecological fund 

and it has greatly reduced the frequency and severity of flooding within the metropolis. 

On the question of what the government and the people should do to address the problem of 

flooding, participants of the FGDs raised a number of options: 

 Early planting and use of quick maturing crops 

 Dredging of adjoining rivers 

 Building of effective bridges 

 Avoid building on water ways and indiscriminate dumping of waste in drainages. 
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5. Conclusion 

This study explored the application of simple hydrologic models and arithmetic overlay 

operations in flood risk zone mapping. The result of the study shows that less than half (32.8%) 

of the study area falls into the “very high and high flood intensity zones”.  

The study also conducted qualitative validation of the modeling results obtained through focus 

group discussions with local communities and experts and found that the flood modeling method 

accurately classified most communities deemed to be highly susceptible to flood hazard.  

Integration of these two research elements (hydrological modeling and FGDs) coupled with GIS 

and remote sensing techniques have shown the potential for accurate flood risk zone mapping. 

With this approach, flood risk of various land uses can be determined with a higher spatial 

resolution of 30 m. Such a high mapping scale could allow for accurate estimation of most flood 

risk elements and identification of flood safe havens. Other major outcomes of this study are 

detailed flood hazard map to guide mitigation interventions in the area; and data on impact of 

flood at community level.  

From the results of the linear regression analysis, there is statistically insignificant increasing 

trend in annual mean rainfall data for the study area. The mean monthly rainfall data from the 

linear regression analysis revealed upward trend in some months and downward trend in others. 

However, the results indicated statistically insignificant trend in the monthly rainfall and very 

weak correlation between rainfall and period. It is evident from the results that there is no 

significant detectable effect of climate change on both the annual and monthly trend in the study 

area. The study found that variability in rainfall over years is statistically insignificant but due to 
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accelerated land conversion into settlements (built-up area) coupled with intense rainfall at 

certain periods of the year, flood risk in the area has worsened.   

This study confirms the assertion that flooding depends on many factors, including hydrological 

parameters and morphological characteristics. The study established the fact that the soil of the 

study area is characterized by high runoff potential. This result agrees with the findings of Onwe 

et al, (2016). Based on the findings, the major drivers of flooding in this area include rainfall 

intensity, land use/land cover changes, soil properties and low elevations. 

5.1 Implications of the Study  

The results of this study can contribute to the development of community-based sustainable 

flood risk management plans that can ensure prevention, protection and preparedness for 

flood events. For example, effective community based education could help community 

members to identify agricultural areas on the map that fall within the high flood hazard zones 

and to avoid cultivating such areas during certain periods of the year especially rice farmers. This 

will translate into a reduction in the socio-economic and environmental related losses that are 

mostly associated with the occurrence of floods and enhance efforts at achieving sustainable 

development in West Africa. 

A major limitation of this work is that the hydrological model used depended upon globally 

available runoff coefficients to estimate the peak runoff values. These coefficients may not 

necessarily be exactly the same as those determined from field measurements in the study area. 

Important factors that determine the magnitude of flood such as antecedent moisture conditions 

are not covered by the rational method. Additionally, the study did not investigate the 

contribution of flood inundation statistics such as flood depth, velocity, and progression as well 



 

60 

 

as physical infrastructure which could also influence the intensity level of flooding. These are 

major areas of improvement for future research on flooding in the area. 

5.2 Recommendation 

This work recommends that policy makers and development planners can use this map to 

develop appropriate policies and rules that will limit development in flood hot spots and 

consequently reduce the effects of flooding on the livelihoods of rural small holder farmers in the 

study watersheds. 

Agricultural extension workers in the state should also step up their game in educating farmers 

on the use of early maturing species and the importance of upland rice farming. 

In this study, there was little or lack of government supportive role and absence of community 

relationship with external disaster response organizations such as the National Emergency 

Management Agency (NEMA). Therefore, it is recommend that:  

 (1) Government should support affected communities (farmers) either by compensation, 

incentives and or provision of soft loans to help build their resilience.  

(2) There should be enhancement of community relations with disaster response organizations in 

order to increase their awareness and resilience.  

 (3) There should be sustainable flood awareness campaigns/programs even in periods without 

flooding to continuously entrench the culture of resilience on the communities. 
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Appendices  

Appendix1 

Open ended questions used for focus group discussions (FGDs) 

(1) What is the extent of flooding problem in this area? 

(2) Since when has flooding been a problem in this area? 

(3) How is flooding affecting your livelihoods? 

(4) What can you say about government interventions to flood victims in this area? 

(5) What kind of support do you receive from government? 

(6) What are the coping strategies you adopt in event of flooding? 

(7) What should the government and the people do to address the problem at various levels?   

(8) How much do you rely on the preventive/mitigation measures being undertaken by your 

people? 
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Appendix 2 

30 years (1986-2016) Monthly Rainfall Data for the Study Area 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1986 5.6 15.4 44.2 44.6 90.2 131.4 234.9 178.1 215.6 93.7 14 0 

1987 0 14.7 35.2 26.3 84.4 133.3 198.7 270.1 153.8 88.9 0 0 

1988 6.7 14.8 25.2 76.6 100 164.7 250.9 257 219.1 101.8 0 8.9 

1989 0 0 18 55.8 118.3 163.3 234.1 249 281.5 118.6 0 0 

1990 4.3 0 5.3 64.5 112.8 137.7 252.6 217.1 189.5 83.7 13.7 14.5 

1991 0 11.1 34.8 98.3 191 158.6 212.8 255.9 278.5 92.7 0 2.1 

1992 0 0 31.3 66.7 135.8 136.9 216.4 213.4 217.6 66.6 16.2 0 

1993 0 7.1 38.9 52.3 112.8 161.1 297.9 234.4 274.3 65.4 19.8 5.5 

1994 9.1 0 18.4 90.2 108.8 188.4 294.8 271 234.4 128.3 11.2 0 

1995 4 0 42.1 71.6 112.4 163 221 252.1 166 108.3 16 4.3 

1996 0 14.5 41 87.1 133 168.1 203.2 251 230 106 10 3.4 

1997 3.5 0 37.3 103.8 136 185.4 401.6 193.7 202 132.4 23.8 6 

1998 4.6 0 25.9 71 122.9 162.4 285.2 224.8 211.7 105.1 12.7 3.4 

1999 3.9 12.5 21.2 53 97.5 144.7 231.8 250 229.7 170.6 12.2 0 

2000 0 0 14.9 42.4 111.7 182.6 224.8 246.8 386.7 116.5 0 0 
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2001 0 0 20.2 63.7 106.8 166.8 389.9 224.7 381.9 74.5 0 2.7 

2002 7 0 27 59.7 85.4 133.6 323.7 209.3 238.1 146.1 10.4 2.2 

2003 15 10.5 22.1 130.8 105.1 183.8 214.2 299 232.6 109.4 17.3 0 

2004 7 7 19.5 64.3 144.6 277.4 251.7 208.6 388.1 79.6 18.5 4 

2005 X X X X X X X X X X X X 

2006 0 12.4 36.1 53.3 111.4 170.1 278.5 245.8 307.5 86.5 11 2.2 

2007 0 7.4 9.6 66.1 113.5 198.3 223.1 269.4 217 98.1 14 9.6 

2008 3.3 7 27.5 39 243.9 209.6 254.6 255 227.2 117.3 0 11.2 

2009 0 0 24.5 63.6 199.7 234.4 264.1 267 309.6 124.3 0 2.5 

2010 0 10 17.4 60 88.4 187.5 295.4 224 276.5 133.8 28.3 6 

2011 0 17 10.7 33.1 301.3 206.5 234.7 346.8 287.4 123.3 0 0 

2012 3.4 9.3 11.8 38.6 141.2 211.6 427.6 200.4 225.8 115.1 14.9 3.1 

2013 7 0 43.4 58 299.7 158.3 298.6 194.3 254 207.8 0 6.5 

2014 3 7 21.6 89.6 301.3 195.2 267.8 214.1 243.5 94 11 3.5 

2015 0 8.7 46.8 24 178.2 278.9 275.7 236.5 169.4 112.4 9.5 0 

2016 0 0 1 22.5 176.8 135.3 156 414.1 223.5 119.2 0 0 

Source: Nigerian Meteorological Agency (Nimet), Enugu Synoptic Station 

X 
2005 rainfall data not captured on NIMET 
database 
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Appendix 3 

Mean Annual Rainfall for the Study Area 

S/N Year Annual 

mean 

Year Annual 

mean 

Year  Annual 

mean 

1996 Values 2006 Values 2016 Values 

1 1986 88.975 1996 103.9417 2007 102.175 
2 1987 83.7833 1997 118.7917 2008 116.3 
3 1988 102.142 1998 102.475 2009 124.1417 
4 1989 103.217 1999 102.2583 2010 110.6083 
5 1990 91.3083 2000 110.5333 2011 130.0667 
6 1991 111.317 2001 119.2667 2012 104.0667 
7 1992 91.7417 2002 103.5417 2013 127.3 
8 1993 105.792 2003 111.65 2014 120.9667 
9 1994 112.883 2004 122.525 2015 111.675 

10 1995 96.7333 2006 109.5667 2016 104.0333 
Total   987.8917   1104.55   1151.333 
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