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existing vulnerability. Risk is seen as a function of disaster hazard, vulnerability and exposure [14]. Vulnerability
defies a precise and objective definition but for the purpose of this paper, vulnerability is defined as the susceptibility
of a system to disaster hazards due to its inherent characteristics. Also, exposure refers to degree and extent to which
a system is wide-open to disaster hazards. The level of vulnerability in informal settlements has made it imperative to
assess, analyze and present its risk profile to facilitate effective hazard risk management.
Risk assessment, mitigation, and evaluation are the three major embodiments of hazard risk management [30]. Risk
assessments provide a strong basis to commence the process of reducing the negative consequences posed by natural
hazards and involves hazard identification and associated risk impacts. The negative effects posed by hazards require
prioritization, implementation, and maintenance of appropriate hazard risk-reducing measures recommended from the
risk assessment process. The recommended actions to mitigate the risk from assessment are then evaluated to ascertain
its effectiveness after implementation.
However, hazard risk management in informal settlement has received little attention in literature potentially due it
problematic nature [36] and also, these settlements are located outside the planning schemes of urban areas. Moreover,
the informal settlements are exposed to high levels of vulnerability with limited coping capacity. Against this
backdrop, this paper constructs a theoretical framework, through a literature review, coupling the concepts of “disaster
hazards”, “vulnerability and “informal settlements” to develop better understand disaster risk management in informal
settlements.
2.
Methodology
This paper is based on extensive search and review of relevant articles necessary for the study. A total of 193 published
articles on hazard vulnerability and informal settlements were downloaded from high standard databases such as
Scopus, Science Direct and Environment complete. The database publishers indicate that these databases are among
the high standard databases that provide high quality articles in sciences, social sciences and arts and humanities.
Selection of articles for inclusion in the study was manually done and was based on three major criteria: 1) the article’s
relevance to the study 2) the article’s applicability to disaster hazards or informal settlements and 3) downloaded
articles have citations and references of authoritative scholars in informal settlements, hazard vulnerability and
resilience. Downloaded articles were then reviewed and sorted using the set criteria.
3.
Informal Settlements: Hazard Vulnerability Perspective
Informal settlements, slums, squatter settlements, unplanned towns and shantytowns are terms that are used
interchangeably in literature. Conversely, the definition of the term informal settlement is arguable and subject to
much academic debate [18]. Informal settlements are places built outside land-use scheme and without planning
permission. They are composed mainly of makeshift houses that deviate from the standard building regulations. More
so, areas marked as informal settlement have inadequate access to safe water and sanitation facilities, irregular supply
of electricity and road for emergency access. Similarly, they are an overcrowded population and an insecure tenure of
stay [37].
Over the world, the location of informal settlement on hazard risk areas has been discussed extensively in literature
[17, 7]. In this paper, vulnerability of informal settlements to natural hazard is categorised into four areas namely:
physical, economic, environmental and social vulnerabilities. The location of informal settlements (flood plains,
marshy areas, low-lying areas and river courses) coupled with high population growth, poor planning and quality of
housing [12, 7] and unpredictable strike of natural hazard renders them vulnerable to natural hazards.
Dwellers of informal settlements, mostly in-migrant, have low economic capabilities [10] that seriously impact upon
their ability to prepare adequately for an impending natural hazard. A high percentage of in-migrants are low-income
earners or unemployed rendering them incapable of renting a house or room in a properly laid out residential area.
Their economic position pushes them to rent apartments in informal locations, as they have cheaper residential
opportunities. In addition, the low-income characteristics of such people inhibit their ability to invest in structural
mitigation measures to reduce hazard impacts.
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Expansion in terms of population and industry in informal settlements triggers an increase demand for natural
resources such as land for both residential and industrial development reasons. This in turns results in natural
vegetation destruction in these areas to accommodate the rising construction activities, which increases settlers’
susceptibility to different types of natural hazards. Changes in land-use patterns are another phenomenon that arises
in the course of urban population increase. The predominant changes usually occur in agricultural land-use to
residential or industrial land-use [27]. Features of urban construction such as paving of surfaces reduce infiltration,
and permeability of run-off water through the soil.
Inequality among humans, countries and communities give rise to social vulnerability, which shape, the susceptibility
of various groups to natural hazards. The vast differences in susceptibility levels result in differences in preparation
and resilience rate. Informal settlement are characterised by low access to political power, poor levels of education
together with culturally and linguistically diverse minority groups. Low level of literacy in informal communities
hinders their capability to decipher warning information and access to preparatory and recovery information [5]. The
diverse culture and ethnic structure of informal settlements may make communication of risk an arduous task as risk
message needs to be communicated in several languages to pave way for effective communication response.
4.
Effects of Informal Settlements Characteristics on Vulnerability
Reducing vulnerability is a direct way and proactive approach of mitigating disaster impacts. Vulnerability to disaster
hazards is context specific, which requires stringent assessment and analysis of characteristics of a given area to reduce
disaster consequences. Characteristics of informal settlements have strong linkages with vulnerability to disaster
hazards [17, 23].
Informal settlements are heterogeneous in nature and mainly made up of in-migrants from different background and
culture. People who reside in informal settlements are generally with no or little educational qualification to work in
the formal sector of the economy [16, 12]. Majority of the inhabitant are engaged in low-income related activities such
as production of handicraft products, small-scale commercial activities (sale of grocery) and agriculture. Inhabitants
have limited source of income and unstable livelihood making them incapable of re-building their houses let alone
bouncing back to normal business operation when struck by a disaster hazard.
Most informal settlements before major growth were left as vacant areas of urban environment due to their inherent
risk to various forms of disaster hazards [2, 8]. The demarcation of such areas explains why informal settlements are
associated with poor zoning and planning, inadequate infrastructure, poor environmental conditions and insecure
tenure. Frequent threat of eviction of informal settlers by city authorities [34] and low-income levels reinforces
settlers’ behaviour of constructing housing of low quality. Dwellers residing in these settlements perceive that
spending huge sum of money building houses is not rational as they may be demolished during eviction. Moreover,
the insecure tenure characteristics induce the construction of low quality housing less resistant to disaster hazards [32].
Urban authorities have side-lined planning in informal settlements based on the perception that they are problematic
and lie outside the planning area. As a result, informal settlements are characterized by inadequate access to
infrastructure such as storm drains. Inadequate access to storm drains and lack of maintenance of the available storm
drains coupled with poor waste management reduces ability of run-off water to move swiftly. Similarly, behaviours
of dwellers to use available storm drains as refuse areas [19] exacerbate their vulnerability and impacts of
environmental hazards.
High percentage of urban population growth occurs in informal settlements [33]. The immediate consequence of high
growth in population is degradation of land for residential and industrial construction purposes. Paving of land surfaces
during construction is indispensable, which reduces infiltration and increases run-off water channelled through the
limited drains in informal settlements. This increases the susceptibility of informal settlement to flooding as well as
increased devastating impacts. Social resilience to disaster depends highly on the strong social cohesion between
community members and authorities [15].
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Figure 1: Disaster Risk in the Context of Informal Settlement
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6. Contextualizing Informal Settlement Characteristics through the Policy Environment
The growing demographic characteristics of developing countries have increased and continue to increase disaster
vulnerability and exposure particularly in informal settlements. The merging together of towns and cities as a result
of urban population expansion connote wide spread levels of vulnerabilities and exposure within and between
neighbouring areas. Moreover, the projected hike in the frequency of natural hazards strike and interactions with
increased disaster vulnerability levels and degree of exposure impedes the achievement of sustainable development.
Literature suggests that nothing can be done to prevent the emission of disaster hazards but vulnerability and extent
of hazard exposure can be eradicated or reduced drastically to decrease disaster impacts. With this underlying fact,
the importance of policies cannot be overlooked if disaster risks are to be reduced significantly.
Figure 1 presents the view that; the characteristics present in informal settlements increase hazard vulnerability and
exposure. The interaction of hazard with existing informal settlement characteristics (vulnerability and exposure) and
ineffective existing social, environmental/land use, disaster risk and communication policies make settlers of informal
settlements depressed and victims of underdevelopment. The aversion of the growing disaster consequences requires
massive financial investment and human resource development. The development of human resources equips people
with necessary skill and expertise to draft sound policies (social, environmental/land use and communication), which
form one of the basic foundations to disaster risk reduction. The effective implementation of sound social,
environmental/land use, disaster risk and communication policies alter informal settlement characteristics and reduce
vulnerability and degree of exposure, which invariably reduces disaster risk. In other words, the implementation of
these policies by well-equipped institutions shrinks the extent of vulnerability and exposure as well as prevents
interaction between the three major risk components as seen in figure 2. For instance, while the implementation of
social policies provide infrastructure facilities (storm drainage, sanitation facilities, housing, schools and hospitals)
and control population expansion, environmental/land use policies improve security of land tenure, environmental
sanitation, order and regulate land use in an efficient and ethical way as well as provide the geographical expression
of infrastructure development. Social policies to enable robust informal settlements free from disaster consequences
should motivate actions towards resettlement/relocation in highly vulnerable and hazard prone areas to safer areas and
upgrade existing settlements where the extent of understanding, the resulting efforts and strategies to reduce public
vulnerability and exposure to natural hazards. These policies become mere fantasies and meaningless without financial
support and assistance from both public and private organisations. Financial investment and commitment are the
lifeblood of policy implementation and the achievement of policy goals. For the purpose of this study, social policy
encompasses actions and programs aimed at improving the living conditions of the population. Also, while
environmental policies refer to actions and decision to reduce locational vulnerabilities, communication policies are
geared towards informing people about the specific risk and actions to resolve it. More so, disaster risk policy involves
all actions and programs that enhance disaster risk reduction in the community [20, 31]. Figure 3 also summarises the
variables in figure 1 and 2 and the changes over time.
Figure 3: Changes in Vulnerability and Resilience over Time
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7.
Theoretical Propositions
The authors suggest three theoretical propositions based on an extensive review of literature on hazard risks,
vulnerability and informal settlements. Although firmly anchored by literature, empirical studies is required to support,
modify or refute the propositions.
Proposition 1: Increasing population density increases hazard vulnerabilities in informal settlements
Most megacities and medium size cities around the world especially in developing countries have been acclaimed to
be hotspots of disasters [4]. Megacities are characterized by high population growth and density, which contributes to
environmental degradation and low quality housing [23]. Urban land size is generally fixed and composed of habitable
and inhabitable areas [6]. With the Influx of people into such restrictive areas without guided planning, population
density increases, distorts physical planning systems and increases hazard vulnerabilities in the short run. Stated
differently, when the carrying capacity on the habitable lands reaches optimum, the inhabitable areas such as flood
plain, river courses and marshy areas are encroached upon to take care of the growing population. Continuous growth
without proper planning and governance produces slums and exacerbates vulnerabilities to all forms of natural hazards
in urban informal settlements. However, more research is needed to ascertain which characteristics of informal
settlements have the highest impact on vulnerability.
Proposition 2: Vulnerability reduction should be the centre of policies and strategies for building resilience in
informal settlements
The poor, mostly located in informal settlements [22] has been and continue to be the hardest hit by disaster hazards
in the world [3]. Literature suggests that increased vulnerability among residents in informal communities is a major
facilitator to the rising devastating impacts [9]. Furthermore, changes in climate, whether and environmental related
factors have also been indicated as another cause of an upsurge in disaster impacts [26]. Changes in environmental
related factors and widespread vulnerability do not adequately explain the escalated consequences of disaster hazards.
Also, the inability of informal settlement dwellers to monitor and predict accurately the changing weather pattern is
another explanation to the rising impacts of disaster hazards. Winayanti and Lang [35] support this assertion by stating
that, impacts of disaster hazards in neighbouring communities in the city of Kuala Lumpur is explained by lack of
modern technology for monitoring and predication of whether. Policies and strategies to enable resilience in informal
settlements should have vulnerability reduction as an integral part and at the centre. Methods to build resilience in
informal settlements that relegates vulnerability issues against the background may fail to achieve its established
purpose. Though several studies abounds in the area of vulnerability reduction in general but research to reduce
vulnerability specifically in informal settlement are lacking. It is proposed that, an in-depth study should be embarked
upon to bring forth a holistic and encompassing approach to deal effectively with vulnerabilities in informal
settlements.
Proposition 3: Disaster risk communicated by a team of experts and community leaders increases positive reception
from receivers in informal settlements.
Communication of disaster risk is envisaged to create awareness, educate people about disaster hazards and motivate
people to take possible actions to prevent or reduce the impact posed by flood hazard [20]. The purpose of risk
communication has not been fully achieved mainly due to lack of credibility and trust in communication team [14].
However, Aldoorey et al [1] suggest that communication of disaster risk and vulnerabilities should emanate from a
team of experts, credible government officials, reputable organisations and familiar and respected personalities.
Similarly, collaborative mechanisms that functionally integrate existing local social structure and institutions increase
positive reception from risk message receivers. In the informal settlements, respect for local institutions (paramount
chiefs, queen mothers and opinion leaders) will also serve as an additional incentive to eradicate the problem of
mistrust and ensure adherence to communicated messages. This presupposes that communication of disaster risk in
informal settlements could better achieve it intended purpose if the communication team include existing social
structures.
7.
Conclusion
The growth of informal settlements are very difficult to prevent especially in developing countries where policies to
check urban population growth are inadequate and lacking. The upsurge of population density of informal settlement
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makes them hotspots to disaster as it directly and indirectly raises hazard vulnerability and levels of exposure. In
addition, the interaction of disaster hazards with existing informal settlement vulnerability and exposure serves as
disaster traps to the poor mostly residing there. Because the eruption of disaster hazards cannot be prevented, it is
therefore imperative to reduce the vulnerability and exposure levels. With regards to this, the policy environment
(social, environmental/land use and communication policies) provides a strong foundation to which disaster
vulnerability and exposure can be reduced to mitigate disaster risk. The sound implementation of a good social,
environmental/land use and communication policies alter informal settlement characteristics and reduce vulnerability
and degree of exposure, which invariably reduces disaster risk.
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