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ABSTRACT

Flooding is no doubt one of the world’s most prominent and most damaging natural disaster; destroying millions of lives and properties. The continuous increase in developments and land-use changes due to population growth is increasing the vulnerability in flood-prone areas. This study therefore, examines flood vulnerability of households in coastal communities of Suleja and Tafa LGA, Niger State, using multiple flood vulnerability assessment indicators. The study adopts the descriptive and exploratory approach to research design and quantitative method.  The data used for the study were gathered from both primary and secondary sources. The sample frame for the study is 26,205 households in the communities, while a sample size of 383 households is estimated at 95% confidence level and confidence interval of 5. The respondents were selected using cluster and simple random sampling technique, from which a total of 310 questionnaires were returned completed. The data were standardised and analysed using multiple vulnerability indicator methods (MVIM) and descriptive statistics. The study established that the household’s in the study area are vulnerable from multiple dimensions (physical, economic, and social); Chechnya, community recorded a vulnerability index of (0.55), and Sabon-wuse (0.56). The vulnerability recorded in the communities is occasioned by the vulnerability experienced from the three dimensions of assessment. The study concludes that the vulnerability of households to flooding is multidimensional and requires prompt intervention. Therefore, effective development control strategies must be put in place to discourage floodplain development, while attention must also be paid to the improvement of household economic and social welfare.
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1.0
INTRODUCTION
The quantum of properties and number of lives lost to flood is only second to tornadoes as the lead natural disaster. The statistic regarding flooding in the world is quite alarming. In the last three decades, about 2.8 billion people have been affected by flood across the world, out of which about 4.5 million people were rendered homeless, 540,000 lives were lost, and about 360,000 had secure various degree of injuries. United Nations International Strategies for Disaster Reduction (UNISDR, 2016) reported that in the year 2015 alone, over 152 flood events were reported globally, leading to 3,310 deaths and affecting about 27.5 million persons. Lehmann (2015) has suggested that by the year 2030, about 54 million people worldwide will be affected by flood as more intense precipitation and increase in city growth is expected to double the rate of exposure to inundation. Van Western and Hosfstee, (2000), suggested that mitigation of flood disaster can only be successful when requisite information is obtained about the expected frequency, character, and magnitude of hazardous events in an area as well as the vulnerability of the people, buildings, infrastructures and economic activities in a potentially dangerous area. Unfortunately, this detailed knowledge is always lacking in most urban centres of the developing world especially in Nigeria. 
Increased developments, investments, and land-use a change is increasing the vulnerability in flood-prone areas, which is, in turn, increasing the trends in flood frequencies and damage. The term vulnerability does not lend itself to an easy definition, and it is evident in the multiplicity of vulnerability definition that exists across various fields of study. Khan (2017) describes vulnerability as a condition that predisposes a community to the impact of hazards.  The International Strategy Disaster Reduction (UN/ISDR), formulated one of the best-known definitions, which defines vulnerability as the conditions determined by physical, social, economic and environmental factors or processes, which increase the susceptibility of a community to the impact of hazards (UNISDR 2004). Yadzi and Neyshbouri (2012) argued that the measurement of vulnerability is gaining attention as it is seen to be a key factor towards effective risk reduction and the promotion of a culture of disaster resilience. In the light of the increasing frequency of disasters and continuing environmental degradation, the measurement of vulnerability is of eminent importance towards the transition to a sustainable world (Kasperson et al., 2005). 

According to the National Emergency Management Agency (NEMA, 2013), in Nigeria about of 7.7 million people were affected by flooding in the year 2012. It was also estimated that about 2.1million people were officially registered across the country as internally displaced persons and over 300 people were killed during that period (NEMA, 2013).  Similarly, the Niger State Emergency Agency (NSEMA, 2012) also reported that about 1000 households were displaced, and 47 persons were killed by the flood. Over 500 communities in the state including Suleja and environs was also reported to have been affected by the flood. Many communities in Niger State particularly Suleja has since consistently experienced flooding on a yearly basis till date with loss of lives and properties.

Extant literature review shows that flood vulnerability assessment has been carried out primarily through the narrow framework of physical vulnerability and in some cases socio-economic vulnerability. There is a need for a multi-dimensional approach to vulnerability assessment to provide a holistic view of residents’ level of vulnerability to flooding. The current studies about the vulnerability indicate the necessity of considering all factors and effective parameters of vulnerability including physical, economic, social, environmental and institutional characteristics (O'Brien et al., 2009; Rayhan 2009).In the light of the identified research gap, this study seeks to assess the flood vulnerability level of some selected flood-prone communities using a multi-vulnerability indicator approach. In a view to achieving the broad aim and specific objectives of the study, the following research questions were drawn.

2.0
LITERATURE REVIEW

2.1
A holistic approach to risk and vulnerability assessment

The conceptual framework for a holistic approach to evaluating disaster risk goes back to the work of Cardona (1999, 2001) and his developments with Hurtado and Barbat in 2000. In their first concept, vulnerability consisted of exposed elements that took into account several dimensions or aspects of vulnerability (Wilches-Chaux, 1989), which are characterized by three categories or vulnerability factors: physical exposure and susceptibility. This is designated as hard risk and viewed as being hazard dependent fragility of the socio-economic system, which is viewed as soft risk and being non hazard dependent lack of resilience to cope and recover, which is also defined as soft risk and being non hazard dependent (Cardona and Barbat, 2000). 
According to “Holistic Approach” framework vulnerability conditions depend on the exposure and susceptibility of physical elements in hazard-prone areas on the one hand, and the other, on socio-economic fragility as well as on a lack of social resilience and ability to cope. These factors provide a measure of the direct as well as indirect and intangible impacts of hazard events. The approach emphasises the fact that indicators or indices should measure vulnerability from a comprehensive and multidisciplinary perspective. They intend to capture conditions for the direct physical impacts (exposure and susceptibility), as well as for indirect and at times intangible impacts (socio-economic fragility and lack of resilience), of potential hazard events. Therefore, the approach defines exposure and susceptibility as necessary conditions for the existence of physical (hard) risk. On the other hand, the likelihood of experiencing negative impacts, as a result of the socio-economic fragilities, and inability to cope adequately and also vulnerability conditions, which are understood as ‘‘soft’’ risk.
Although the classification of vulnerability conditions into ‘‘hard’’ and ‘‘soft’’ risk is controversial, the conceptual framework suggests a broader understanding of vulnerability, encompassing exposure, susceptibility and lack of resilience. The consequences of the interaction of the hazardous events and vulnerabilities are defined as risks from which a feedback loop starts: it encompasses a control and an actuation system that represent risk management organisation and corrective and prospective interventions. The feedback loop starts after the risk has become evident (Cardona and Barbat, 2000).
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Figure 2.1: Theoretical Framework and Model of Holistic Approach to Disaster Risk Assessment

Source: Cardona and Barbat, 2000

Carreno et al. (2004, 2005a, 2005b) have developed a revised version of the holistic model to evaluate risk that redefines the meanings of hard and soft risk in terms of ‘‘physical damage’’, obtained from exposure and physical susceptibility, and an ‘‘impact factor’’, obtained from the socioeconomic fragilities and lack of resilience of the system to cope with disasters and recovery. 
The revised version of the holistic model of disaster risk developed by Carreno et al. (2004, 2005a, 2005b) views risk as a function of the potential physical damage and the impact factor (social and economic fragilities and lack of resilience). While the potential ‘‘physical damage’’ is determined by the susceptibility of the exposed elements (e.g. a house) to a hazard and its potential intensity and occurrence, the ‘‘impact factors’’ depend on the socio-economic context particularly social fragilities and lack of resilience. Based on the theory of control and complex system dynamics, Carreno et al. (2004, 2005a, 2005b) also introduce a feedback loop encompassing corrective and prospective interventions, to underline the need to reduce both the vulnerabilities and the hazards. 
Thus risk management requires a system of control (institutional structure) and an actuation system (public policies and actions) to implement the changes needed. The holistic approach to estimating vulnerability was also presented by Cardona (2004) in Geneva. However, because his presentation outlined only some elements of the approach, the original model was examined. At present, this model has been used to evaluate disaster risk at the national level in the Program of Indicators for Disaster Risk and Risk Management for the Americas as well as at the sub-national level and for cities, including Barcelona and Bogota ´ (Carreno et al., 2004).

2.2
Concept of Vulnerability
Vulnerability is a concept that evolved out of the social sciences and was introduced as a response to the purely hazard-oriented perception of disaster risk in the 1970s (Schneiderbauer and Ehrlich, 2004). Since the 1980s, the dominance of hazard-oriented prediction strategies based on technical interventions has been increasingly challenged by the alternative paradigm of using vulnerability as the starting point for risk reduction. This approach combines the susceptibility of people and communities exposed with their social, economic and cultural abilities to cope with the damage that could occur (Hilhorst and Bankoff, 2004). 

The term vulnerability has already been used multiple times in this study. Its commonplace meaning is of being prone to or susceptible to damage or injury. Different scholars have had their definitions of the term. Vulnerability may refer to the characteristics of a person or group and their situation that influences their capacity to anticipate, cope with, resist and recover from the impact of a natural hazard (Blaikie, 1994). Although there is still much uncertainty about what the term vulnerability covers, Cardona (2004b) underlines the fact that the concept of vulnerability helped to clarify the concepts of risk and disaster. He views vulnerability as an intrinsic predisposition to be affected by or to be susceptible to damage; that means vulnerability represents the system or the community’s physical, economic, social or political susceptibility to damage as the result of a hazardous event of natural or anthropogenic origin (Cardona, 2004).
The vulnerability of society is related both to the physical susceptibility of the exposed elements (physical vulnerability) and the socioeconomic frailties or lack of resilience of the flood-prone communities (socioeconomic vulnerability) (Cardona, 2003). For this study, the operational definition of vulnerability is the one that the United Nations/International Strategy for Disaster Reduction (UN/ISDR) has devised. It defines vulnerability as the “conditions determined by physical, social, economic and environmental factors or processes which increase the susceptibility of a community to the impact of hazards” (UN/ISDR, 2004).
3.0 
Methodology
3.1
Research Design

The research design for this study was anchored on descriptive research design. This research design helps to provide answers to questions of who, what, when, where, and how associated with a specific research problem. This research design aid the gathering of information concerning the present status of the phenomena (flooding) and to describe "what exists" with respect to variables or conditions in the situation.
3.2
The Study Area
The study was conducted in parts of two local government headquarters of Suleja and Tafa town of Niger State, Nigeria. The study area is located within Latitude N 9° 5´ 30 to 9° 22´ 30N  and Longitude 7° 0´ 00 to 7° 16´ 45’ E. Suleja Local Government Area has a population of 216,578 While Tafa has the population of 83,544 (NPC, 2006). Suleja and Tafa enjoys sub-humid climatic condition with mean annual rainfall and temperature of 1640mm and a raining season of over 7 months in the year. 
3.3
Types and Sources of Data

To achieve the broad aim of the study, data were sourced from both primary and secondary sources of data. The primary data were sourced directly from the households and stakeholders (Mai angwa) in the selected communities, while secondary data were sourced from the following areas: United State Geological Survey (USGS), Niger State Ministry of Lands, Niger. The primary data collected include data on the socio-economic attribute of households (household size, composition of household, income, education status, gender, among others), building condition as well as preparedness measures and coping strategy. The secondary data collected include the Digital elevation model (DEM) of the study area and the population data.

3.4
Sampling Procedure

The sample population for the study is 26,205 households residing within the study area. The sample size for the study is 383 households, which was derived by using the sample size calculator at 95% confidence level and a confidence interval of 5. Multistage sampling technique was adopted for the study. First, the study area was divided into clusters based on the distance away frommm the river bank, while in each cluster, a simple random sampling technique was adopted in the selection of respondents for the study as it provide equal opportunity of being selected to each and every member of the cluster,.

3.5
Data Analysis
The data was analysed using descriptive statistics and slope analysis. The DEM collected was analysed and classified into four categories using slope analysis under spatial analyst tool in ArcGis 10.2. The quantitative data collected was analysed using descriptive statistics such as mean, frequency, and percentage. The data collected was standardised using linear scaling technique developed by the United Nation Development Programme (UNDP, 2006). The choice of the method was predicated on the fact the method normalizes variables with consideration for functional relationship between the variables and the indicators. The linear scaling technique is expressed mathematically as:
Vij=(X_ij-〖Min〗_ij)/(M〖ax〗_ij-〖Min〗_ij )……………………..Equation (1)

Where:  Vij: stands for the standardized vulnerability score with regard to vulnerability component (i), for municipality (j);Xij: stands for the observed value of the same component for the same municipality;

MaxXi stand for the maximum value of the observed range of values of the same component, for all settlement of the index.

MinXi stand for the minimum value of the observed range of values of the same component, for all settlement of the index.

After normalization, the average index (AI) for each source of vulnerability is constructed by using equal weights methods. Each index is obtained by averaging the variable within each component of vulnerability following the formula: 

AI=1/N ∑_(i=1)^n▒X_i ……………………Equation (2)

AI= being the average index of each source of vulnerability, N= the sum of the index and

Xi = the value of the index.

4.0
RESULTS AND DISCUSSION
4.1
Physical Vulnerability

The physical vulnerability was computed from three variables, elevation, proximity to the water channel, and housing condition. The three variables were standardised to derive the mean physical vulnerability of the households in the study area. The physical vulnerability index of the households is presented in Table 1. The result shows that Chechenia had a physical vulnerability index of 0.57 while Sabon wuse 0.62. Although Sabon Wuse area recorded a higher physical vulnerability index than Chechenia, they are both physically vulnerable to flooding. Housing condition is the major contributor to physical vulnerability, followed by households’ proximity to the river. It indicates that reducing household physical vulnerability will involve improvement in housing quality and condition as well as discouraging development of housing close to the river as against what was observed.
Table 1: Physical Vulnerability Index 
	Variables
	Chechenia
	Remark
	Kaduna Road
	Remark

	Elevation
	0.50
	V
	0.47
	MV

	Housing Condition
	0.69
	V
	0.76
	HV

	Proximity
	0.51
	V
	0.62
	V

	Index
	0.57
	V
	0.62
	V


0.0-0.30= Not Vulnerable (NV); 0.31-0.50= Marginally Vulnerable (MV); 0.51-0.75= Vulnerable (V); 0.76-1.00= Highly Vulnerable (HV)

4.2
Social Vulnerability Index

The social vulnerability of the households in the study area was examined using the following factors, the proportion of female household member, the proportion of dependent household member, the proportion of household member with a disability, household size, and the proportion of household member without secondary education. Table 2 shows the social vulnerability index of the households in the study area. 

Table 2: Social Vulnerability Index

	Variables
	Chechenia
	Remark
	Sabon Wuse
	Remark

	Household Size
	0.54
	V
	0.60
	V

	% of Female
	0.64
	V
	0.59
	V

	Dependant
	0.68
	V
	0.63
	V

	Disabled
	0.17
	NV
	0.10
	NV

	Secondary Education
	0.41
	MV
	0.47
	MV

	Info/Communication
	0.61
	V
	0.57
	V

	Index
	0.51
	V
	0.47
	MV


0.0-0.30= Not Vulnerable (NV); 0.31-0.50= Marginally Vulnerable (MV); 0.51-0.75= Vulnerable (V); 0.76-1.00= Highly Vulnerable (HV)

The result shows that Chechenia is socially vulnerable to flooding with an index of 0.51. The social vulnerability of Chechenia is occasioned by the proportion of dependent household members (children and the aged) (0.68), the proportion of females household member (0.64), large household size (0.54) and poor access to information and communication gadget (0.61). However, Sabon Wuse had a social vulnerability index of 0.47, which implies that the households are marginally vulnerable from the social dimension.  Dependency (0.63), household size (0.60), a high proportion of female to male (0.59), and poor access to information and communication gadget (0.57) were also responsible for the level of social vulnerability of the households. 
4.3
Economic Vulnerability Index
The economic vulnerability is expressed by the per capital income of the household member, livelihood diversification, households whose primary occupation is farming/fishing and the proportion of household member without job. The result that the per capital income index in Chenchenia is 0.69 and 0.73 in Sabon Wuse, which shows that a significant proportion of the households earn less than  N540.00 (1.2 dollars). Table 3 shows that a livelihood diversification among the resident is low with an index of 0.71 and 0.65 in Chenchenia and Sabon Wuse respectively.  The unemployment index of an adult household member stands at 0.66 in Chenchenia and 0.61in Sabon Wuse. 
Table 3: Economic Vulnerability Index

	Variables
	Chechenia
	Remark
	Sabon Wuse
	Remark

	Per Capital Income
	0.69
	V
	0.73
	V

	Livelihood Diversification
	0.71
	V
	0.65
	V

	% Farmers or fishermen
	0.23
	NV
	0.36
	MV

	% of unemployed members
	0.66
	V
	0.61
	V

	Index
	0.57
	V
	0.59
	V


0.0-0.30= Not Vulnerable (NV); 0.31-0.50= Vulnerable (V); 0.51-0.75= Acute Vulnerable (AV); 0.76-1.00= Ultra Vulnerable (UV)

Table 3 also shows that the proportion of households that rely on farming or fishing as the only occupation in Chenchenia is low with an index of 0.23, and 0.36 in Sabon Wuse. The result shows that Chenchenia and Sabon wuse are vulnerable to flooding from the economic dimension with an index of 0.57 and 0.59 respectively. 
4.4
Multidimensional Flood Vulnerability Index
Table 4 shows the multidimensional flood vulnerability index of Chenchenia and Sabon wuse. The result shows that Chenchenia (0.55) and Sabon wuse (0.56) are multidimensionally vulnerable to flooding. Households in Chenchenia are vulnerable in all the dimension of assessment, physical (0.57), social (0.51), and economic (0.57). However, households in Sabon Wuse are only vulnerable from the physical (0.62) and Economic (0.59) dimensions and marginally vulnerable (0.47) from the social dimension. The result shows that flood vulnerability in the study area is multidimensional; that is, it is a function of the interaction of physical, social and economic factor. Hence addressing the problem will involve a multidimensional approach.
Table 4: Multidimensional Flood Vulnerability Index
	Variables
	Chechenia
	Remark
	Sabon Wuse
	Remark

	Physical
	0.57
	V
	0.62
	V

	Social
	0.51
	V
	0.47
	MV

	Economic
	0.57
	V
	0.59
	V

	Index
	0.55
	V
	0.56
	V


5.0
Conclusion and Recommendation
This study concentrates on three major dimensions of vulnerability assessment which is physical, social, and economic vulnerability. This study demonstrates how multidimensional flood indicator method can be used to integrate interdisciplinary knowledge to not only guarantee a useful model according to the needs of the end users but also to increase the acceptance of the vulnerability assessment. From the result of the study, it can be shown that Chechenia and Sabon wuse are vulnerable to flooding.  The vulnerability of the study area is multidimensional, which implies that physical, social and economic factors occasion the household exposure to flooding. The study shows that flood vulnerability is not a function of proximity to river or floodplain only, but may also be influenced by the social and economic attributes of the households. 

Therefore, to effectively reduce the menace of flooding, aside from discouraging development along floodplains, it is also important to improve the social and economic attributes the people. The study, therefore, recommends effective development control and monitoring to discourage people from developing the floodplain areas. Setback should be observed from all water channel to avoid encroachment on the floodplain areas, while strict disciplinary action should be enforced on defaulters. The study also recommends the improvement of the social and economic status of the people to enhance the capacity of the people and reduce their vulnerability to flooding.
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