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Global flood hazard is gradually increasing. Though it is impossible to avoid 
them, losses and damage of hazards (e.g., floods, cyclones, and earthquakes) 
could be efficiently reduced by reducing household vulnerability with appropri-
ate measures. This study aims to quantitatively measure the household vulner-
ability of flood hazards as a mitigation tool. It also proposed a unique approach 
to quantify flood-hazard household vulnerability, and shows its application in 
the flood prone city of Dhaka as an example case. Data were collected from both 
slum and non-slum areas to cover the entire urban habitat, and to compare their 
level of flood vulnerability. A total of 300 households were surveyed by struc-
tured questionnaire on the basis of five factors (economic, social, environmental, 
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structural, and institutional) of flood vulnerability. The analytical hierarchy 
process (AHP) was applied to measure individual household vulnerability scores 
by using the relative weightage of variables and indicators with proper stan-
dardisation. Analytical results demonstrated that 63.06% slum and 20.02% 
non-slum households were highly vulnerable to floods. In addition, this paper 
determined and assessed responsible factors for household flood vulnerability 
in Dhaka. For structural vulnerability, results exhibited that 82% of slum house-
holds were highly vulnerable, and 95.3% of non-slum households were moder-
ately vulnerable. Socially, 67.3% of slum and 78.7% of non-slum households were 
moderately and low-vulnerable. The majority of slum and non-slum households 
(84% and 59.3%, respectively) showed high and moderate vulnerability with 
respect to economic vulnerability. Moreover, 69.3% of slum and 65.3% of non-
slum household institutional vulnerability levels were high. Of slum inhabit-
ants, 63.3% were environmentally at high risk, and 78% of non-slum habitats 
were in the low-vulnerability category. However, as an effective tool to measure 
location-specific vulnerability, it is applicable for the measuring vulnerability 
of other cities in the world with proper customisation. On the basis of this study, 
future research could be conducted with more factors, variables, and indicators 
of human vulnerability to natural or artificial hazards/disasters. Future work 
may provide a better reflection of the vulnerability status of single/multiple 
hazard(s)/disaster(s).

Keywords: flood hazard, quantifying vulnerability, AHP, urban inhabitants, 
Bangladesh

1. Introduction

The impact of natural disasters is severe/increases due to the vulnerability 
of the general population (Halgamuge and Nirmalathas, 2017). The physical 
damage of natural hazards has dramatically increased in the last few decades, 
globally affecting people. In 2019, almost 409 disaster events and roughly 11,000 
fatalities caused by disasters were globally reported. The Asia Pacific belt faced 
the most disasters probably because of its geographical location and susceptibil-
ity. Most fatalities were caused by earthquakes, cyclones, floods, tsunamis, heat, 
tropical bushfires, and droughts (Aliperti et al., 2019). The recent climate change 
has also impacted disaster frequency. It raises the risk of extreme weather, and 
results in the increased occurrence of floods and droughts. Moreover, it enhanc-
es storm power, for example, tropical cyclones. Indian rainy-season floods were 
the deadliest calamity in 2019 with about 1750 casualties. Hydrological hazards 
(floods, cyclones, tsunamis) affected the greatest number of people in the previ-
ous decade, with 2019 ranked as the 11th costliest catastrophe year in the 21st 
century (Khlopov, 2019). However, approximately 47% of weather-associated 
disasters occurred in 1995-2015 due to floods, affecting 2.3 billion people with 
157,000 deaths (Atreya et al., 2017). In 2016, floods killed almost 4731 people 
and affected 78.1 million people (Guha-Sapir et al., 2016). In addition, 5624 
(CRED, 2018) and 2859 (UNISDR, 2019) people died because of floods in 2017 
and 2018, respectively.  Around 80% out of the entire global population are af-
fected by riverine floods every year in the 15 least developed and/or developing 
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nations in Asia, Africa, and the Americas. Regrettably, extreme floods are very 
frequent and destructive in Europe. In addition, since 1995, the duration and 
magnitude of affected regions have increased. However, floods globally interrupt 
physical and socioeconomic circumstances, including in Bangladesh (Parvin and 
Johnson, 2015; Rahaman, 2018), India (Halgamuge and Nirmalathas, 2017), 
China (Huang et al., 2012), Vietnam (Vu and Ranzi, 2017), South Africa (Dalu 
et al., 2017), Mexico (Atreya et al., 2017), Indonesia (Azmeri et al., 2016), Myan-
mar (Brakenridge et al., 2017), the UK (Coles et al., 2017), Canada (Pattison-
Williams et al., 2018), the Czech Republic (Duží et al., 2017), Spain (Hooke, 
2016), France (Montané et al., 2017), Japan (Nakanishi and Black, 2018), Paki-
stan (Tariq and van de Giesen, 2012), and Algeria (Yamani et al., 2016). Because 
of disasters, low-income families that are already struggling could be pushed into 
poverty because of having fewer resources, few diversified earning sources, and 
the lack of sufficient financial protection (Samanta et al., 2018). However, inves-
tigations of disaster preparedness before flood events could help to mitigate the 
adverse consequences of flood disasters, and can be cost-effective over time.

Bangladesh is a flood prone country. Floods are as a constant phenomenon 
in both rural and urban areas, including in Dhaka, the capital of Bangladesh, 
and its adjoining areas (Rahaman, 2018; Sciance and Nooner, 2018). According 
to EM-DAT (2014), approximately twenty million people in Bangladesh live with 
flood risk. Capital and megacity Dhaka is threatened by severe flood hazards 
(Azad et al., 2013). The overwhelming growth of the urban poor, and the presence 
of numerous slums and squats in Dhaka accelerates the severity of flood hazards 
(BBS, 2016). Low-income opportunities, dilapidated housing conditions, and 
slum locations are considered to be major determinants of flood vulnerability in 
Dhaka (Huang et al., 2012). However, slum dwellers are frequently characterised 
by the lowest level of education and low economic status. The reality is that poor 
people tend to live in high-risk zones, which makes them vulnerable to epidem-
ics and flood-related disasters (Schneiderbauer and Ehrlich, 2006). Insufficient 
resources, inappropriate planning, rapid urban growth, and growing populations 
increase the vulnerability of urban residents for coping with disasters (Rahaman, 
2018). Findings from various studies showed that floods caused extensive dam-
age to infrastructures such as roads, housing, and water supply. It was esti-
mated that a 1998 flood displaced about 94% of families in Dhaka, and the total 
flood-affected population was 4.55 million (Huq and Alam, 2003; Nayyer et al., 
2019). Moreover, floods recently extensively damaged built infrastructures, 
which puts urban people in Dhaka in a vulnerable situation (Pilli-Sihvola et al., 
2018; Shao et al., 2020).

However, there are few studies (Alam and Rabbani, 2007; Barua et al., 2016) 
focused on index-based socioeconomic, institutional, structural, and environmen-
tal vulnerability measurements with a weighted index, particularly in Dhaka, 
Bangladesh. However, Hung et al. (2016) did notable work related to household 
vulnerability in the USA that applied principal-component analysis (PCA) to 
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discover the spatial variations of household vulnerability to the storm surge in 
Sarasota, Florida. Shah et al. (2020) investigated household vulnerability to 
flooding and related public-health problems in disaster-prone areas of Pakistan. 
Very recently, Solín et al. (2018) qualitatively assessed household vulnerability 
to flood hazards in the Myjava basin in Slovakia, and discussed the likelihood of 
vulnerability reduction in the existing flood-risk management framework. De-
spite that, many extensive qualitative, but few quantitative, studies on house-
hold vulnerability to flood hazards were done. Moreover, no comparative inves-
tigation for slum and non-slum residents has been carried out. Therefore, this 
study identifies responsible factors for creating household vulnerability to flood 
hazards for urban inhabitants (both slum and non-slum). The core objectives of 
the present study were to (i) develop a vulnerability index (VI) to measure house-
hold flood vulnerability and assess the comparative vulnerability level; and (ii) 
compare the level of vulnerability between slum and non-slum inhabitants. The 
scientific contribution of the paper is a unique method to measure household 
flood vulnerability. This method can quantify household vulnerability to both 
natural and artificial disasters. The quantification of household vulnerability is 
another scientific contribution of this study, as most previous studies explained 
vulnerability qualitatively. Moreover, the application of the proposed vulnerabil-
ity index methodological framework bridges qualitative and quantitative vulner-
ability measurement.

2. Conceptualisation and literature review

2.1. Profiling and defining vulnerability
Vulnerability perception is an influential analytical tool to describe the dam-

age-susceptibility level, and weakness for physical and social systems. It also 
guides the normative investigation of actions for enhancing wellbeing through 
disaster-risk reduction (DRR). It is mostly conceptualised as components that 
comprise exposure and sensitivity to perturbations, external pressure, and ad-
aptation capacity (Ligon and Schechter, 2003). Vulnerabilities mostly come from 
insecurity insights. Two notable hazard studies successfully bridged the work 
by Blaikie et al. (1994) and the pressure-and-release (PAR) hazard model. The 
model put forward that physical and/or biological hazards denote pressure and 
features of vulnerability. Then, another type of pressure originates from increas-
ing vulnerability progression, and root causes by local geography and social 
distinction. These two pressure types come to head during disasters resultant 
from extra hazard and vulnerability pressure. Vulnerability represents an at-
tribute of the socioecological system that, besides seeking to elaborate the com-
bination of mechanisms and processes, illustrates a conceptual model in analysis. 
Furthermore, an approach developed by Turner et al. (2003) sought to analyse 
vulnerability components (e.g., exposure, sensitivity, and resilience) in a confined 
system on a specific spatial scale.
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Natural disasters damage lives, assets, and livelihoods, and create vulner-
ability in society. Vulnerability refers the system of a community’s physical, 
social, economic, and political exposure to damage resulting from hazardous 
events (Cardona, 2011). Vulnerability in disaster management is very complex 
and varied, particularly for flood management. To clearly understand the notion 
of vulnerability requires a clear conception of vulnerability, and its elements and 
factors. It could be understood on the individual and household level. Though 
vulnerability was defined differently in previous studies, it generally refers to 
the susceptibility of a community that suffered from an event, often determined 
by the community’s geographical exposure (Barua et al., 2016; Dewan, 2013; 
Samanta et al., 2018; Sarker et al., 2020). In addition, the vulnerability level of 
certain communities depends on different factors, like physical, institutional, 
social, political, demographical, and economic. However, to make vulnerability 
meaningful, a deeper understanding of it is needed. Vulnerability is also often 
“discovered” after the event, for example, various disaster-related studies found 
that most victims come from vulnerable groups. Disaster specialists developed 
several explanations of vulnerability. For example, social scientists claim that 
vulnerability refers to a set of socioeconomic aspects that determine people’s 
capacity to deal with stress. However, climate scientists pose that vulnerability 
depends on occurrence probability, and the influence of weather and climatic 
events (Adger, 2006). The IPCC Third Assessment Report (TAR) defines vulner-
ability as “the degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes. 
Vulnerability is also a function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity, and its adaptive capacity” 
(Berrouet et al., 2018). Similarly, Tariq and Giesen (2012) defined vulnerability 
as the state resulting from the physical, economic, social, and environmental 
issues of processes that increase the defencelessness of a society to the effects of 
hazards. The perception of vulnerability is also applied to several research arenas 
such as disaster-management, environmental, and development studies. The 
concept of vulnerability is still indistinct (Berrouet et al., 2018; Frick-Trzebitzky 
et al., 2017; Huq, 2017; Vu and Ranzi, 2017). Authors such as Azad et al. (2013) 
stated that vulnerability is multidimensional and differential (differing across 
the physical and social space), subject to scale (time, space, and units, for in-
stance, individual, household, and community), and dynamic (vulnerability fea-
tures and factors vary over time).

Indexes might also become powerful tools to synthesise vulnerability and 
risk. Index-based models have gradually been recognised because of their capac-
ity for spatially synthesising stereophonic concepts of vulnerability. The Hyogo 
Framework for Action 2005–2015 (HFA) called to identify risk and vulnerability 
indicators, and the consequent application of the results to inform decision mak-
ers. From the beginning of the HFA, in addition to the ongoing Sendai Frame-
work for Disaster Risk Reduction (SFDRR) 2015–2030, index-based measure-
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ments are employed in several circumstances and on various scales (UNISDR, 
2005). However, there are several appropriate index-based eminent vulnerabil-
ity approaches that explicitly reflect vulnerability entities, such as the world-risk 
index, index for risk management, disaster-risk index, and social vulnerability 
index (SoVI), flood-vulnerability index, and the environmental-vulnerability in-
dex (Adnan et al., 2020; Rygel et al., 2006). However, there is an absence of 
evaluating household vulnerability and comparing slum and non-slum vulner-
ability levels. Thus, this study provides a foundation with exploratory evidence 
to reflect theoretical and methodological choices with index-based household-
vulnerability assessments for slum and non-slum inhabitants.

2.2. Flood-vulnerability factors
The Hamburg University of Technology (2012) noted six vulnerability fac-

tors, namely, poverty, equity, livelihood, gender, cultural beliefs, and social-
worker groups. The UNESCO-IHE (UNESCO-IHE, 2017) defined vulnerability 
as comprising three factors (resilience, exposure, and susceptibility) that are 
responsible for creating flood vulnerability. Existing studies (Adger, 2006; Ahsan 
and Warner, 2014; Azad et al., 2013; Balica et al., 2012; Barua et al., 2016; Ber-
rouet et al., 2018; Frick-Trzebitzky et al., 2017; Huq and Hossain, 2012; Huq and 
Hossain, 2015) identified and demonstrated several factors of flood vulnerabil-
ity. Moreover, previous studies (Adger, 2006; Ahsan and Warner, 2014; Azad et 
al., 2013; Yamani et al., 2016) demonstrated that social, economic, institutional, 
structural, environmental, and demographic factors are simultaneously respon-
sible for creating household flood vulnerability. Figure 1 shows vulnerability 
factors that are influenced by four main components.

These components (social, economic, environmental, and structural) acceler-
ate the flood-vulnerability system. Understanding and identifying vulnerability 
factors is important (Parvin and Johnson, 2015). Corresponding measurable 
variables cover the structural, economic, educational, social, cultural, political, 
institutional, environmental, and ideological dimensions (Schneiderbauer and 
Ehrlich, 2006). All of these vulnerability characteristics could be related with 
natural hazards, and especially flood hazards (Queste et al., 2006). However, the 
vulnerability factors mentioned above are interconnected (Fig. 1). Economic vul-
nerability leads to social vulnerability (Ahsan and Warner, 2014; Huq et al., 
2020). Alternatively, the impact of social vulnerability causes demographic and 
institutional vulnerability. It is also partially responsible for creating physical 
and environmental vulnerability.

2.3. Defining slum and non-slum
The expansion of slums certainly has significant consequences for both the 

human and the physical environment. Existing circumstances in slums, for in-
stance, living within physical risk to natural and artificial disasters and fragile 
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housing conditions directly affects their residents (Bardhan et al., 2018). This is 
mostly due to the low capacity of slum dwellers to recover from disasters (floods 
or earthquakes) compared to non-slum residents. Slum residents themselves 
influence their environment, contaminating soil, air, and water channels (Braun 
and Aßheuer, 2011). This results in a continued cycle for the declination of living 
conditions in slums and the natural environment, with possible influences 
spreading to communities beyond slums (e.g., flooding). The coping capacity of 
slum people is not in good condition, but non-slum people can cope with floods 
more easily than slum people.

Usually, slum and non-slum settlements are distinguished on the basis of 
socioeconomic indicators. However, concerns are being developed that the ter-
minology “slum” is an emotive and pejorative (Huq and Hossain, 2012). The 
United Nations has mentioned in sustainable-development goals (SDGs) that 
informal settlements and slums are not synonyms. The most commonly used 
definition of slum is by the United Nations Human Settlements Programme 
(UN-HABITAT): “a group of individuals that live under the same roof that lack 
one or more of the following conditions: access to improved water, access to im-
proved sanitation, sufficient living space, durability of housing, and secure ten-
ure” (UN-HABITAT, 2003). The Bangladesh Slum Areas and Floating Popula-
tion census in 1997 defined slum to be a group of dense settlements with five 
and/or more households that normally develop very irregularly and haphaz-
ardly in unhygienic conditions and environments on government- or private-
owned vacant land (Barua et al., 2016; Kamruzzaman et al., 2020). Slums can 
also exist in owner-based household locations. The authors in (CUS, 2006) re-
ported that slums are explained as settlements including at least ten households 
with predominantly very low-quality housing, highly populated and with crowd-
ed rooms, few environmental services, particularly water and sanitation, poor 

Figure 1. Interconnection of vulnerability factors.
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socioeconomic conditions, and insufficient security. In the context of Bangladesh, 
a slum denotes temporal, undeveloped, and unhygienic clustered settlements 
that are normally situated in open places or besides roads, embankments, or rail 
lines. The present study considers a slum as a temporal, undeveloped, and un-
hygienic settlement that holds at least 25 households with very low-standard 
housing, high population density with room crowding, fewer environmental ame-
nities, specifically water and sanitation, inadequate socioeconomic circumstanc-
es, and inadequate possession security. In contrast, non-slum refers to a perma-
nent settlement with high or moderate quality of housing, low or middle 
population density and room crowding, and the availability of urban amenities 
such as water, electricity, sanitation, and gas with stable socioeconomic status.

Quality of life (QOL) in the environmental and social-relationship domains 
of slum is worse, but it has recently been slowly changing. Mental health is worse 
in non-slums, but still not adequate in slums (Henson et al., 2020). This might 
be because non-slum people live in a structured and rule-based society. In addi-
tion, non-slum people learn not to vent to their indignations, but learn to experi-
ence not being able to satisfy their wishes in a limited family environment. In 
addition, non-slum inhabitants are exposed to stricter cultural structures/frame-
works or social pressure than slum inhabitants (Izutsu et al., 2006). This seemed 
to create differences on various scales. However, slum people have low rates of 
school enrolment, education, household income, low body weight, but a higher 
amount of child labour. Infant and under-five mortality level is higher in slums 
than that in non-slums in Bangladesh. Infant-fatality rate in slums is more than 
twice higher compared to that in non-slum regions. Moreover, Dhaka slums have 
an approximately 2.6 times higher under-five death rate than that of non-slum 
areas (Mberu et al., 2016). Under-five-year-old slum children’s nutrition status 
is also quite lower than that in non-slums. On the other hand, slum inhabitants 
normally have a lower scope of living with an organised social framework. Be-
haviour disorders are associated with future asocial personality disorders, and 
substance-linked disorders and crimes. This might be a mechanism for slum 
anarchy and crime. Overall, the QOL of slum people is worse than that of non-
slum individuals. Interestingly, rarely stated in the literature is that slum in-
habitants contribute to the economy by subsidising the middle classes and the 
business world by supplying low-paid labour. Sometimes, this type of informal 
services positively influences the country’s gross economy.

2.4. Literature review
Evaluating flood vulnerability is an important initiative to reduce the disas-

ter-related destruction to the society of city areas. Hence, presently, several 
studies (Balica et al., 2012; Huq, 2017; Huq and Alam, 2003; Parvin and Johnson, 
2015; Paulais, 2012; Shao et al., 2019a) are concentrating to understand cities’ 
vulnerability, including the systematic detection of vulnerable groups and assets 
at risk (Paulais, 2012), and making much effort to measure human vulnerabil-
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ity on the household level (Duží et al., 2017). Measuring household vulnerability 
is a useful tool to assess damage resulting from floods. Since the end of the 20th 
century, the significance of vulnerability in disaster management has become 
an indispensable feature (Ding et al., 2016; Fu et al., 2017; Li et al., 2019; Ma et 
al., 2020; Niu et al., 2007; Shao et al., 2019b; Zhang et al., 2019) . A growing 
number of studies investigated vulnerability to hazards, especially for social 
vulnerability. Among those, the place-based social-vulnerability index (SoVI) 
suggested by Cutter et al. (2003) is the most useful. Similarly, Ahsan and War-
ner (2014) developed a socioeconomic-vulnerability index (SeVI) for coastal Ban-
gladesh for measuring vulnerability caused by climate change. In addition, 
Balica et al. (2012) introduced a methodology to measure flood vulnerability that 
is applied to computing flood damage at various spatial levels (e.g., rivers, sub 
catchments, and urban regions). Schinke et al. (2016) introduced flood-resilience 
technology (FReT) with geoinformation systems and high-spatial-resolution im-
ages to reduce flood risk in Valencia, Spain. They demonstrated that the actual 
exposition and application level of FReT might function for spatial damage and 
risk analyses. Ten Brinke et al. (2017) suggested an analytical framework for 
the evaluation of social-vulnerability indices in the European context. Yamani 
et al. (2016) developed a vulnerability map for the implementation of predictive 
flood control models. Geographic-information-system (GIS)-based multicriteria 
decision analysis (MCDA) was applied to assess flood risk. Tang et al. (2018) 
established a spatially evident, probable GIS-MCDA method to delineate the 
potentiality of flood-vulnerable regions in Gucheng county, China. An integrated 
method to assess flood vulnerability was proposed by Yang et al. (2018). They 
combined the multicriteria decision method to command preference with similar-
ity for ideal solutions by the Shannon entropy technique to assess flood vulner-
ability on the city and rural scales through GIS. Similarly, Toosi et al. (2019) 
used a multicriteria index method for classifying possible flood hazards on the 
river-basin scale of the Mashhad plain valley in northeast Iran. In this study, 
seven physical flood-influencing factors (rainfall, drainage-network, soil-erosion, 
and land-use maps, ASTER DEM, and historical flood events) were used to de-
velop a flood-hazard-index (FHI) map. Very recently, another indexing method 
was developed from the exposure and disaster-reduction-ability categories of 
flash floods, with the analytical-hierarchy-process (AHP) method by Xiong et al. 
(2019). The study assessed vulnerability to flash floods in China with the sup-
port-vector-machine (SVM) model. Moreover, using a geographic information 
system (GIS) along with AHP, Saxena et al. (2013) have constructed a composite 
vulnerability index (CVI) that integrates geophysical–natural, socioeconomic, 
and institutional factors. Similarly, Sar et al. (2015) have developed a remote 
sensing and GIS-based vulnerability model for water logging hazard through 
AHP in India. However, drawing upon gaps in the existing literatures and vul-
nerability indexing methods, this study contributes as to identify and measure 
the factors those are responsible for creating household vulnerability to flood 
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hazards with AHP. The AHP originally developed by Saaty (1990) and it is often 
known as the Saaty method (Coyle, 2004). It is an organised template and tech-
nique to deal with complicated decisions, and a user can use it for their own 
purposes. It helps decision makers to identify the best possible ways to under-
stand problems. However, the strength of this model can be evaluated by the 
consistency ratio (CR). It has three basic principles, i.e., separation, reasonable 
judgment, and priority synthesis (Rahman and Saha, 2007). It denotes pairwise 
comparisons with respect to the element at the next upper hierarchical level (i.e. 
among variables and indicators). Ratings of the elements are denoted as numbers 
with the comparison matrix. On this basis, the relative weights of all aspects can 
be calculated by priority level in the hierarchy. Moreover, AHP is generally ap-
plied to a fixed variable weight in the GIS to develop spatial/physical (i.e., land-
use and soil) maps in the laboratory. However, this study used AHP to in the 
real world to quantify household vulnerability.

3. Materials and methods

3.1. Profiling study area

The present study was conducted in Dhaka, capital and megacity of Bangla-
desh. The population-growth rate is about 2.5 percent per year. It gained city 
status in 1998, occupying a total area of only 590 square miles with huge popu-
lation density (Islam et al., 2013). Dhaka is also identified as the city of slums. 
The Centre for Urban Studies (CUS, 2006) reported that almost 4966 slum and 
squat clusters exist in this city, but in 1991 this was 2,156 (CUS, 2006). This 
indicates the quick and continuous growth of slums and squats in this city. As 
per CUS (2006), 3.4 million people of Dhaka live in slums and squats. It is lo-
cated in central Bangladesh and surrounded by several rivers, i.e., the Burig-
anga in the south, and the Turag and the Balu in the north and the northeast, 
respectively; the north-eastern part is bounded by the Tongi and the Balu. Floods 
are therefore not a new phenomenon for Dhaka inhabitants. The elevation of 
Dhaka is 4 m from mean sea level. Annual mean precipitation is around 1854 
mm (73.0 in) and mostly occurs during the rainy season (May-September). The 
city has been facing floods since its early age. Historical data showed that it was 
heavily flooded in 1787–1788. In that time, streets were inundated, and city 
inhabitants continued their communication by boats (Hunter, 1877). In 1833–
1834 and 1870, Dhaka and its adjacent areas were again affected by floods. In 
addition, the floods of the 1950s and 1960s severely affected it (Rizvi, 1969). 
Major devastating floods in Dhaka occurred in 1954, 1955, 1970, 1974, 1980, 
1987, 1988, 1998, 2004, 2007, 2009, 2012, and 2016 because of excessive rainfall 
and overflow from the adjacent rivers. Among those, the floods of 1988 and 1998 
were the most disastrous. The 1998 flood was of utmost severity in consideration 
of damage and duration. It damaged almost 262,000 houses and roughly 1000 
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km of roads. Water supply with sanitation department, power division (Faisal 
et al., 1999), and different types of industries were harshly affected. It was esti-
mated that approximately USD 3,000 million were lost as result from the flood 
of 1998. In addition, this flood killed around 248 people. Dhaka was also flooded 
in 2004, 2007, 2008, 2012, and 2016 because of intense rain (Huq, 2013; Sciance 
and Nooner, 2018), but  these were not as destructive as 1998. During these 
floods, several environmental problems, like potable-water shortage, interrup-
tion of economic functions, and the occurrence of waterborne diseases hampered 
the daily activities of city dwellers (Alam and Rabbani, 2007). A major part of 
greater Dhaka is a moderate–very high flood prone area. Only few parts (8.04%) 
are the least vulnerable to flood hazards. On the other hand, 28.70% of greater 
Dhaka is highly vulnerable to flood hazards. The western portion of it is pro-
tected with an embankment, but so far there is no dam or dyke in the eastern 
part to protect from spill over floods of Balu river. Therefore, Ward 3 of eastern 
Dhaka, located between latitudes 23° 39’ and 23° 54’ N and longi-tudes 90° 20’ 
and 90° 28’ E (Fig. 2) was selected for evaluating household flood vulnerability.

3.2. Data collection
A household survey was carried out in flood-affected areas (Fig. 2). The 

settlement was selected on the basis of a three-day workshop with local experts, 

Figure 2. Location of study area with sampled households.
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Table 1. Model of decision hierarchy for social, economic and structural, institutional and environ-
mental vulnerability.

Variables Weight Indicators Weight

So
ci

al
 v

ul
ne

ra
bi

lit
y

Education 0.177

Illiterate
>1<5 
>5<10 
SSC & HSC
Bachelor/Master 

0.452
0.215
0.153
0.116
0.064

Occupation 0.327

Unemployment 
Rickshaw-puller 
Day-labour 
Business 
Housemaid 
Housewife
Service

0.258
0.125
0.176
0.058
0.228
0.122
0.033

Household head 0.019 Male 
Female 

0.127
0.873

Family size 0.042
1–2 persons 
3–4 persons 
5–6 persons 
More than 6

0.057
0.122
0.263
0.558

Disabled person 0.116 Yes 
No 

0.873
0.127

Social network 0.129

Relatives (inside Dhaka) 
Relatives (outside Dhaka) 
Neighbors
Bank 
NGO 
Local loan agency

0.379
0.530
0.057
0.131
0.131
0.216

Preparation 0.190 Yes
No 

0.170
0.830

Ec
on

om
ic

 v
ul

ne
ra

bi
lit

y 

Income (USD) 0.356

Slum; Non-Slum
40–65; 140–200
66–90; 201–260
91–110; 261–320
111–135; 321–380
136–160; 381–435
161–180; 436–495
More than 180; 495

0.430
0.180
0.140
0.100
0.070
0.050
0.030

Land ownership 0.273 Yes
No 

0.130
0.870

Savings 0.093 Yes
No 

0.330
0.670

and a comprehensive field investigation in several Dhaka sites. However, rough-
ly 1900 households exist in this region; among them, 300 (150 non-slum and 150 
slum households) were interviewed by questionnaire survey. Households that 
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Variables Weight Indicators Weight

Ec
on

om
ic

 v
ul

ne
ra

bi
lit

y 

Insurance 0.069 Yes
No 

0.330
0.670

Loan status (USD) 0.051

Slum; Non-Slum
No loan
80–135; <1175
136–190; 1176–2350
191–240; 2351–3530
More than 240; 3530

0.087
0.135
0.179
0.211
0.379

Ownership of vehicle 0.158
No vehicle
Bi-cycle
Motorcycle
Private car

0.558
0.264
0.121
0.056

Availability of water 0.667
Filter; Boil + Normal Filter
Tap
Boil
Supply

0.090
0.180
0.275
0.455

En
vi

ro
nm

en
ta

l 
vu

ln
er

ab
ili

ty Availability of Sanitation 0.333
No latrine; Single-Pit
Communal sanitary latrine; Twin-Pit
Hanging; Single + Twin-Pit

0.441
0.324
0.235

Aid in flood 0.750 Yes 
No

0.875
0.125

In
st

itu
tio

na
l v

ul
-

ne
ra

bi
lit

y Early warning system 0.250
No 
1–3 days before
4–6 days before
More than 6 days

0.544
0.244
0.136
0.076

Housing type 0.402
Kutcha
Semi-pucca
Pucca

0.690
0.244
0.066

tr
uc

tu
ra

l v
ul

ne
ra

bi
lit

y

Road network 0.232
Very Bad 
Bad
Good

0.688
0.234
0.078

Shelter in flood 0.305 Yes 
No

0.333
0.667

Transport system 0.061
Very Bad 
Bad
Good

0.688
0.234
0.078

did not face any flood were not included to interview during the survey. Hence, 
the survey provides a set of samples of households that experienced at least a 
single severe flood.

A close-ended questionnaire was employed for collecting primary data to 
measure household vulnerability of flood hazards. Table 1 shows a detailed 

Table 1. Continued.
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elaboration of indicators with corresponding variables and factors that support 
the computation of the vulnerability score of a household.

As per hierarchy, factors, variables, and indicators are shown in the first, 
second, and third order respectively. Accordingly, each factor with total vulner-
ability was considered as 1 (100%), which was distributed among its variables. 
Later, respective variables containing total vulnerability were deliberated as 1 
(100%), which was disseminated between its different indicators (e.g., literature 
indicator of education variable corresponding to the factor of social vulnerability).

3.3. Vulnerability index (VI) computation
Several techniques were used to develop the vulnerability index (VI) (Ahsan 

and Warner, 2014; Berrouet et al., 2018; de Leon, 2007; Sebald, 2010). This study 
attempted to integrate the most suitable method to develop the VI. Figure 3 il-
lustrates the scientific model of vulnerability indexing.

Figure 3. Household vulnerability indexing model.
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3.3.1. Weighting of variables and indicators

As previously mentioned, household vulnerability to flood hazards was mea-
sured and quantified on the basis of some factors (social, economic, environmen-
tal, institutional, and structural vulnerability). Therefore, to assign weight val-
ues of variables and indicators, the AHP technique was applied (Saaty, 1990). 
To identify the comparative importance of variables/indicators, the pairwise 
judgement method followed. Table 2 exhibits Saaty’s pairwise rating scale. Num-
bers 1–9 were allocated on the importance basis of variables and indicators 
(Coyle, 2004).

Table 2. Saaty’s pairwise rating scale.

Intensity of  
importance/level 1 3 5 7 9 2, 4, 6, 8

Definition Equal 
importance

More 
important

Much more 
important

Very much 
more  

important

Absolutely 
more  

important
Intermediate 

values

3.3.2. Assigning weights
This section discusses an example deriving weights to a particular indicator. 

The factor of structural vulnerability was chosen for this example (Tab. 3). There 
are four variables, namely, housing type (HT), shelter (S), road network (RN), 
and transport system (TS) that constitute structural vulnerability (Tab. 1). First, 
it is important to provide an initial matrix for pairwise comparison between 
variables, as every variable is as important by itself. Then, we considered hous-
ing type (HT) to be a more important variable in terms of flood vulnerability than 
road network (RN) is. So, 3 was assigned in the cell of (HT, RN) and 1/3 in (RN, 
HT). Similarly, it was measured that road network (RN) is much more significant 
than transport system (TS) to intensify and/or reduce flood disasters. The value 
of 5 was assigned for the (RN, TS) cell, and of 1/5 for transpose position (TS, RN). 
Accordingly, housing type (HT) was regarded as much more significant than 
transport system (TS). The value of 5 was also allocated to (HT, TS), and of 1/5 

Table 3. Overall preference matrix with weights of variables.

RN HT TS S Weights

RN 1 1/3 5 1 0.232
HT 3 1 5 1 0.402
TS 1/5 1/5 1 1/5 0.061
S 1 1 5 1 0.305

CR = 0.073
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to (TS, HT). A similar calculation was done for the variable of shelter (S) with 
regard to transport system (TS). Lastly, these represent an overall preference 
matrix (OPM) for structural vulnerability (Tab. 3).

From this OPM, the weight of correspondence criterion was calculated by 
normalising column cells (division of cell value by sum of the column). The ave-
rage value of normalised cells of the row was considered as the weight of that 
criterion. However, the consistency of comparisons was considered by calcu-
lating consistency ratio (CR). The CR controls the bias of providing weights 
among each other. Although weights were allocated through field experience, 
they should neither be over- nor underestimated, but rather be exact as much 
as possible. The acceptable CR was <0.10, and the CR equation is:

	 CR Consistency index CI
Random index RI

=
( )
( )

.	 (1)

The consistency index (CI) of the matrix was calculated from the following 
equation:
	 CI n

n
=

−
−

lmax
1

,	 (2)

where lmax is the highest value (weight) resulting from the OPM, and n denotes 
the number of criteria. The next step follows for calculating lmax as the leading 
CI. First, we multiplied the right matrix with eigenvector judgments to obtain 
the new vector. The calculation of the first row of the matrix is as follows:

1 × 0.232 + 1/3 × 0.402 + 5 × 0.061 + 1 × 0.305 = 0.976

Moreover, the three remaining rows were provided as 1.708, 0.249, and 
1.244, respectively. The AHP model defines that lmax can be estimated with a 
simple measure of dividing each element (0.976, 1.708, 0.249 and 1.244) with the 
corresponding weight. This gives 0.976 / 0.232 = 4.206 with 4.259, 4.22, and 4.11. 
The average of these values (lmax) is 4.198. If any estimate for lmax goes out to be 
less than n, or 4 in this case, it confirms an error in calculation. Therefore, the 
CI of a matrix is (4.198–4) / (4–1) because n = 4 for the matrix. Lastly, the CI 
value is 0.066.

The RI table (Tab. 4), which was developed by Coyle (Saaty, 1990), provides 
the value of the random index (RI) where the upper row represents the order 
(value of n) of the random matrix, and the lower corresponds to CI for random 
judgments. For this matrix, the RI value was 0.90 because the number of criteria 
(n = 4) is 4. 

Table 4. Random average consistency indexes for various n.

n 1 2 3 4 5 6 7 8 9 10 11
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51
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For this example, CR is 0.066 / 0.90 = 0.073. Saaty (Saaty, 1990) claimed 
that CR > 0.1 specifies that all judgments are within the consistency limit.

3.3.3. Calculating vulnerability score

This study follows de Leon’s equation (de Leon, 2007) for calculating the 
vulnerability score. The equation is:

	 Vunerability score = S(Variable's weight × Indicator's weight)	 (3)

Table 5 reveals an example of the result for vulnerability score for struc-
tural factors by utilising the empirical data of a household. The values in bold of 
the indicators were used in the calculation. 

Table 5. Matrix for calculating structural vulnerability.

Variables Variables’ weights Indicators and their weights

Housing type (HS) 0.402
Pucca (built) Semi-pucca Kutcha
0.066 0.244 0.690

Shelter (S) 0.305
Yes No
0.333 0.667

Road network (RN) 0.232
Good Bad Very bad
0.078 0.234 0.688

Transport system (TS) 0.061
Good Bad Very bad
0.078 0.234 0.688

On the basis of Tab. 5, the score of structural vulnerability of a household is 
obtained as

	 Vscore = (0.402 × 0.690) + (0.305 × 0.333) + (0.232 × 0.688) + (0.061 × 0.688)
              = 0.278 + 0.102 + 0.159 + 0.042 = 0.581.

Using the same technique, the vulnerability scores of all households were 
calculated. The standard scaling system of Rahman and Saha (Rahman and 
Saha, 2007) was adopted for making a standard index of vulnerability. Vulner-
ability scale 1–100 was considered to classify the household-vulnerability level 
(Tab. 6). A higher value denotes high, and lower value represents low flood 
vulnerability. However, Eq. (4) was used to calculate the scale:

	 S IH
Hvc

vc

vc
= ×100 ,	 (4)

where, Svc = standardised vulnerability score of a household; IHvc = individual 
household’s vulnerability score; and Hvc = highest vulnerability score among 
total households.
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Table 6. Scale for vulnerability index.

Range of vulnerability score Degree of vulnerability
1–35 Low
36–70 Moderate
71–100 High

Therefore, the structural vulnerability of Household 001 is as follows:

Svc = ×
0 581
0 772

100.
.

,

Svc = 75.25.
The above-mentioned method was applied to each household (150 for slum 

and 150 for non-slum households) to individually obtain the vulnerability and 
standardised vulnerability scores. In a similar way, the vulnerabilities of each 
of the four other factors (social, economic, environmental, and institutional) with 
respective households were calculated.

Having calculated all factors’ vulnerability score, the next step is to aggregate 
factor score for overall vulnerability index. To realise overall vulnerability, the 
average of all factors’ vulnerability level of total slum and non-slum households 
was tailored from Sebald (2010). Table 6 shows the degree of vulnerability index 
based on total vulnerability score. The circumstances  were categorised into three 
levels: low, moderate, and high. Low vulnerability refers to households that are 
in good situation and not much exposed to flood hazards. This category was in 
the range of 1–35 in VI. This group is not at risk and is much less vulnerable to 
potential flood hazards. Moderate or medium vulnerability reveals that house-
holds are between low and high vulnerability, which falls between 36 and 70 in 
VI. The high-vulnerability category (71–100) presents high exposure to flood haz-
ards, and the possibility of disaster occurring at an alarming level (Tab. 6).

3.3.4. Methods for overall indexing and vulnerability mapping

A normalisation function (Eq. 5) was used to rearrange the factors’ vulner-
ability score of 0–100 to between 0 to 1:

	 Normalized output Input Minimal value
Maximal value Minimal val

=
−

− uue
,	 (5)

where the lowest output value is 0, and the highest output value is 1. First, this 
normalisation function was applied to all five factors. Then the median value to 
their respective factors was used to shift the output away from 0 (Eq. 6). 

	 Update iable normalized iable median of iablevar var var= +  	 (6)
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Therefore, all factors had a central tendency near to 1. At this point, all fac-
tors were multiplied to form an overall vulnerability index. The index was again 
normalised, multiplied by 100 to obtain an output of between 0 to 100.

4. Results

4.1. Structural-vulnerability degree
Structural vulnerability is an important significant factor to increase or 

decrease household vulnerability to flood hazards (Samanta et al., 2018). Previ-
ous studies (Yamani et al., 2016) showed very few variables to determine struc-
tural vulnerability. Housing type, road network, the existence of evacuation 
roads, drainage systems, flood dams, and geographical location are most widely 
used among them. Structural vulnerability includes basic constructional condi-
tions of the houses where people live. Naturally, slum inhabitants live in poorer 
conditions than those of non-slum people. However, this study measures adver-
sity or vulnerability in respect to housing structures. Under structural factors, 
four variables (types of housing, availability of emergency shelters in flood inci-
dents, and road and transportation systems to evacuate) were included. Ana-
lytical results exhibited that most slum households were highly vulnerable (82%) 
in consideration to structural factors, and 18% showed moderate vulnerability. 
Thus, slum dwellers search for emergency shelters during natural hazards, for 
instance, floods. Surprisingly, with regard to structural vulnerability, almost all 
(95.3%) non-slum households are moderately vulnerable, and very few are high-
ly vulnerable (4.7%), but there were no low-vulnerable households (Fig. 4a). 
Moreover, there is an informal relation between inhabitants of poor structured 
slums and affluent people in built-up rich areas. As women of slum areas often 
work in affluent areas as maidservants from dawn to dusk, both parties benefit 
in a symbiotic way, and occasionally share their sorrows and happiness. How-

Figure 4. (a) Status of the structural vulnerability of urban people to flood. (b) Spatial distribution 
of the structural vulnerability.

(a)                                                                  (b)
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ever, Fig. 4b also exhibits the level of structural vulnerability. It shows that 
inhabitants of the central part, where slum people of the study area live, are 
highly vulnerable. The inhabitants of peripheral areas are moderately vulner-
able to flood hazards.

4.2. Social-vulnerability degree

Social vulnerability is mostly visible after a hazard event (Cutter et al., 2003; 
Tapsell et al., 2010). The nature of social vulnerability depends on the character 
and magnitude of the hazard. Specific features of a social system can make a 
particular group more vulnerable (Ahsan and Warner, 2014). Social factors are 
considered to assess the social status and social vulnerability of slum and non-
slum people. The present study incorporated education, household-head mode, 
the presence of disabled persons, occupation, family size, preparation, and social 
networks as social factors (Tab. 1). The vulnerability score of all these variables 
was separately analysed through the AHP process, and then aggregated as men-
tioned in the methodology section. Figure 5a reveals the total condition of social 
vulnerability. Results revealed that the combined social vulnerability of slum 
households/dwellers leads in the moderate-vulnerability category (67.3%), and 
little is distributed in low- (16%) and highly (16.7%) vulnerable categories. The 
situation is reverse in non-slum regions, as 78.7% households are marked as 
low-vulnerable. and some (18.7%) were moderately vulnerable. In addition, a 
small number of households (2.7%) were highly vulnerable (Fig. 5a). This dem-
onstrates that slum dwellers are neither low-vulnerable nor high, but they live 
in moderate socially vulnerable conditions if flood hazards would occur. In addi-
tion, Fig. 5b shows that the residents of two clusters (central and eastern part) 
of the area are socially highly vulnerable. North-eastern, western-periphery, and 
southwestern-cluster inhabitants are low-vulnerable to flood hazards. The vul-

Figure 5. (a) Social vulnerability of urban people to flood. (b) Level of social vulnerability in the study 
area.

(a)                                                                  (b)
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nerability map shows that most people of the study area are low and moder-
ately vulnerable. 

4.3. Economic-vulnerability degree

Economic factor is a sensitive determinant to evaluate the situation of vul-
nerability of slum and non-slum inhabitants. Economic vulnerability is a set of 
indicators (degree of dependence, diversification deficiency, and share of modern 
services) (Pilli-Sihvola et al., 2018). Income, employment, health, house, and 
flood insurance, and savings have a great role in elevating or reducing vulner-
ability to any kinds (natural and artificial) of hazards or disasters (Queste et al., 
2006). Here, household income, land ownership, savings, any kind of insurance, 
state of loans, and vehicle ownership were counted for measuring economic vul-
nerability. It is an important factor for obtaining actual knowledge about eco-
nomic capacity for tackling hardships from potential disasters. The current study 
found that 84% of slum households were highly economically vulnerable, and 
the remaining 16% were moderately vulnerable. However, in non-slums, the 
situation is the reverse, with over half (59.3%) of non-slum households being 
moderately and 26.7% highly vulnerable to future floods (Fig. 6a). The remaining 
14% of households were low-vulnerable owing to their durable economic condi-
tions. Economic vulnerability is also shown in Fig. 6b. The households of south-
western and south-eastern parts are low-vulnerable. Moderately vulnerable 
households are almost evenly distributed in the study area. It is evident that the 
economic capacity of slum people is relatively fragile to smoothly lead life and 
combat disasters. Therefore, the government needs to highly prioritise minimis-
ing the economic vulnerability of slum dwellers by improving their economic 
conditions.

Figure 6. (a) Degree of economic vulnerability of urban people to flood. (b) Distribution of economic 
vulnerability.

(a)                                                                   (b)
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4.4. Institutional-vulnerability degree

Institutional infrastructure offers the capacity to mitigate disaster, and en-
hances preparedness and response actions (Adger, 2006; Frick-Trzebitzky et al., 
2017). It might affect the vulnerability of households and societies by different 
ways. A lack of early-warning systems, emergency services, and governance can 
amplify the vulnerability of a household or a community (Pilli-Sihvola et al., 
2018). Vulnerability of both slum and non-slum residents is measured with re-
spect to institutional support systems. Institutional support is related to what 
facilities people receive from government or nongovernmental organisations 
(NGOs). For this factor, there were two measured variables (aid during flood and 
forecasting). However, during and after floods, aid comes from governmental and 

Figure 7. (a) Institutional vulnerability of urban people to flood. (b) Distribution of instructional 
vulnerability in the study area.

nongovernmental institutions, but governmental organisation is responsible for 
providing flood forecasts. The observed results represent that most slum (69.3%) 
and non-slum (65.3%) households revealed high vulnerability due to a lack of 
institutional assistance. Only 15.3% slum and 12% non-slum households are 
moderately exposed, while 15.3% and 22.7% households were low-vulnerable 
with regard to institutional vulnerability (Fig. 7a). Fig. 7b reveals that most 
areas are moderately to highly vulnerable due to institutional facilities, but the 
north-eastern part is low-vulnerable.

4.5. Environmental-vulnerability degree
The present situation of environmental deterioration is a relevant factor to 

evaluate household vulnerability to floods, droughts, and cyclones. The conse-
quences of environmental degradation may differ with climatic circumstances. 
Environmental conditions cannot be isolated from social and economic conditions 
concerning the mutual relationship between the social and natural environment 

(a)                                                                  (b)
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(Cardona, 2011; Samanta et al., 2018). Several existing vulnerability frameworks 
incorporated environmental components. The direct influence of key resources 
(such as water and soil) and environmental degradation increase the vulnerabil-
ity of these communities (Cardona, 2011). Moreover, the location and accessibil-
ity of potable water have great importance in determining vulnerability (Parvin 
and Johnson, 2015).

In urban slums, environmental vulnerability is quite remarkable. Slum dwell-
ers have little access to pure drinking water, clean sanitation, and hygienic toilet 
facilities. Their way of living raises environmental pollution and vulnerability. 
This study selected only two variables (availability of potable water and toilet 
accessibility) considered for evaluating environmental vulnerability for slum and 
non-slum people. However, raw or no sanitarytoilets spread bad odours that dam-
age people’s health and pollute the surrounding environment. On the other hand, 
drinking-water scarcity is not part of a healthy environment. Empirical results 
showed that, among slum dwellers, 63.3% of households were highly vulnerable 
with regard to environmental circumstances, and the remaining 32.7% and 4.0% 
were moderately and low-vulnerable. This scenario is the reverse in non-slum 
areas. About 0.7% non-slum households were highly, 21.3% moderately, and 78% 
low-vulnerable in terms of environmental vulnerability (Fig. 8a). Most areas are 
moderately vulnerable to flood hazard, but people of the central part are highly 
vulnerable. Only south-eastern residents are low-vulnerable (Fig. 8b). 

5. Discussions

5.1. Assessment method
Vulnerability-measuring techniques vary on the basis of explanation, theo-

retical framework, factors, variables, and indicators. In this study, AHP was 

Figure 8. (a) Degree of environmental vulnerability of urban people to flood. (b) Distribution of 
environmental vulnerability in the study area.

(a)                                                                 (b)
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employed to assign weight values of variables and indicators for measuring the 
household flood vulnerability in Dhaka, Bangladesh. The proposed household-
vulnerability indexing model may extend to further inclusive measurement of 
flood vulnerability, including physical exposure, susceptibility, and coping capabil-
ity. Compared with earlier models, the AHP method shows less human influence 
and covers content. Moreover, the application of extensive household-vulnerabil-
ity measurement to floods can more precisely and locally recognise the pattern of 
vulnerable populations to floods in Bangladesh. Furthermore, in the present 
study, the ethics of classification, comparison, and local applicability of a quanti-
tative household-vulnerability measurement and indexing system was estab-
lished on the basis of primary data. However, the other factor (i.e., flood density) 
that contributes to measuring vulnerability was region-specific. Flood density 
describes the number of flood occurrences per unit of area. This rate indirectly 
recommends flood frequency to evaluate units. In addition, relief-fund allocation 
depends mostly on disaster intensity and damage. Thus, it is recommended that 
this method can help to measure household vulnerability in a given local area.

5.2. Household flood-hazard vulnerability of Dhaka inhabitants
For evaluating overall flood vulnerability, intensity and frequency of flood 

hazards (Hung et al., 2016), producing vulnerability map of floods, exposure and 
disaster-risk reduction (Tapsell et al., 2010) were underlined in previous studies. 
Within the context of floods, household-vulnerability patterns can assist disaster 
managers in distinguishing communities with vulnerable populations, inferior 
abilities to response, and less capacity to reduce disaster risk. Thus, a rapid 
response is essential during flood events to vulnerable households, and specific 
attention is needed in the course of disaster inhibition and mitigation (Paulais, 
2012). Not only are flood events responsible for occurring flood disasters, but 
socioeconomic, structural, institutional setup, and environmental conditions also 
influence them.

In the study area, the majority of households of slum areas were structur-
ally very highly vulnerable to future floods. Empirical data showed that the 
housing condition of slum residents is too poor. It is obvious that fragile housing 
types make slum dwellers more vulnerable to floods. Uneven road networks and 
poor transport services make both slum and non-slum people vulnerable to floods. 
However, the educational level of slum people is far better than that of non-slum 
people. Owing to low educational quality, most slum dwellers are either working 
as daily labourers or rickshaw pullers, so they cannot switch over their occupa-
tions in disastrous situations. Most non-slum habitants are engaged with a for-
mal profession, while few slum dwellers are involved with a formal sector. The 
majority of slum dwellers are not conscious and prepared to tackle any kinds of 
misfortune. So, slum people are ahead of non-slum people for sudden flood haz-
ards. The social bonding of slum dwellers is much better than that of non-slum 
habitants. The present study demonstrates that most slum inhabitants are so-
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cially highly vulnerable, but very few non-slum inhabitants are socially highly 
vulnerable to floods. 

Economic factors have a dominating role for generating people’s vulnerabil-
ity to flood hazards. The study showed that the majority of households of the 
slum community are economically very highly vulnerable due to their low in-
come. Low-pay job make slum dwellers more vulnerable to flash floods and oth-
er kinds of hazards or disasters than non-slum people. Therefore, the government 
needs to highly prioritise minimising the economic vulnerability of slum dwellers 
by improving their economic conditions. The present study also revealed that 
slum and non-slum people are very highly vulnerable to flood hazards due to low 
institutional facility. Remarkably, the institutional vulnerability of both house-
holds is almost similar because the inhabitants of both areas live under an in-
stitutional framework. They consider this issue virtually useless for their regu-
lar life over prioritising economic factors.

For humans, the environment has great importance, but it seems that slum 
inhabitants live in environmentally risky areas, and the government needs to 
put many efforts to remove environmental vulnerability. At the same time, it is 
true that not only is the government is responsible for such environmental mis-
ery, but slum dwellers also have the responsibility to keep their surroundings 
clean. Environmental pollution is the product of both inhabitants themselves 
and government negligence. Sometimes, slum dwellers use hanging toilets that 
can easily be affected by floods. As a result, they might be threatened by water 
pollution. In addition, due to toilet damage, slum dwellers’ defecate in floodwater, 
which is harmful to human health. Slum dwellers might easily be affected by 
contaminated floodwater in terms of sanitation facilities. In contrast, non-slum 
habitants are environmentally more secure.

However, the goal of the study is evaluating the overall flood vulnerability of 
urban people, which represents the level of people’s vulnerability to flood hazards 
in Dhaka. Overall household vulnerability to future floods was developed with 

Figure 9. (a) Overall household vulnerability of urban people to flood. (b) Overall vulnerability map 
of the study area.

(a)                                                                  (b)
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the aggregation of all vulnerability factors (Sebald, 2010). The result showed that 
the majority of slum (63.06%) and 20.02% of non-slum households are highly 
vulnerable to floods. Additionally, 29.88% slum households are moderately and 
7.06% are low-vulnerable. Alternatively, 52.66% non-slum households were mod-
erately and 27.34% lowly vulnerable to future floods (Fig. 9a). In addition, Fig. 9b 
shows that inhabitants of the central part the study area are highly vulnerable. 
The majority of people of this area are moderately vulnerable. North-eastern 
residents are low-vulnerable to future floods. The vulnerability maps were deriv-
ing from household survey data and created in fixed spatial scaling of vulnerabil-
ity. Thus, it does not denote individual characteristics of inhabitants.

5.3. Implications of proposed approach
This approach could be applied for appraising the consequences of a hazard 

or guidelines in reproducing index values with contributing variables and indica-
tors. The present study combined indigenous knowledge, expertise, and the AHP 
to identify and evaluate variables and indicators, and then integrated them. 
After that, it was applied for measuring household flood vulnerability in Dhaka 
city. The application of VI creates a platform to assess location-specific vulner-
ability. The VI approach of this study could be applied for assessing the effi-
ciency of the current disaster-risk-reduction (DRR) programme or policy in 
Dhaka by reconsidering the indexed values of influencing vulnerability factors, 
variables, and indicators. For instance, if the purpose of DRR is to improve the 
knowledge of households to understand early hazard warnings, and a number 
of disaster-management training programmes are conducted in disaster-prone 
areas over a specified time period, then on the basis of the situation of the given 
areas, a new VI hazard score might be gained. Afterwards, the new VI can be 
compared with the baseline of the proposed VI to measure household vulnerabil-
ity to disasters. Moreover, the consequence of future multi-hazards of vulnerabil-
ity may also be measured with the VI by synthesising the number of hazards 
(e.g., cyclones, floods, and droughts). Furthermore, contributing factors, vari-
ables, and indicators of the selection technique and weighing process of VI can 
be modified to meet the requirements of a specified community. Moreover, sensi-
tive analysis is possible by changing some of the influencing factors within dif-
ferent values (e.g., social, economic, institutional, structural, environmental, 
demographic, geographical, political, cultural, and ideological) with this method. 
Even considering some variables (the income of informal households) over time 
factors could also be measured with the VI to generate spatial variation. With 
such assessment, policy makers could choose their most favourable approaches 
in policy formulation for DRR to reduce flood risk. The methodology of selecting 
responsible factors, variables, and indicators in conjunction with the weighing 
procedure of VI might modify indexing the vulnerability of a specific community 
or region. This process of vulnerability indexing is a simple but effective tool to 
find and evaluate the vulnerability scenario of a disaster-prone area. 
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The concept of vulnerability is very complex. There are several interna-
tional declarations that emphasised the significance of developing indicators for 
measuring vulnerability and coping capacity to enhance disaster preparation 
and promote more disaster-resilient societies. Similarly, local to global assistance 
and progress, and user-friendly DRR technologies with lessons learned from 
policies, plans, guidelines, and measures of DRR are needed. Regarding this, the 
constant encouragement of public and private stakeholders is required to effec-
tively engage in DRR schemes, and create new methods to efficiently address 
DRR strategies locally, nationally, regionally, and globally. However, the results 
of the present study might help to identify the causes of floods in Dhaka and 
their impact on the people of adjacent areas. National planning documents have 
not adequately addressed strategies, policies, and programmes to reduce flood 
vulnerability in slum and non-slum areas. It is necessary to recognise how vul-
nerability is originated and increased. This study made it facile to understand 
household flood vulnerability, and revealed the decision-making process to re-
duce flood vulnerability and efficiently manage flood disasters. It might help to 
improve the capability of decision makers on the regional and country level for 
measuring the key components of disaster risk with vulnerability. This study 
would also help to improve disaster-risk-reduction systems. The outcome of this 
study is useful for planners and decision makers to develop a plan for DRR and 
flood vulnerability in Dhaka. It is easily understandable that slum dwellers are 
certainly more vulnerable, i.e., more exposed to hazards than non-slum dwellers 
are in all aspects. However, particular attention was given to measuring house-
hold vulnerability to flood hazards for Dhaka inhabitants by scientifically as-
signing weights on the concerned factors, variables, and indicators. Therefore, 
the proposed model/method can be greatly applied to identify vulnerable house-
holds to flood hazards, and take measures for sustainable development.

5.4. Study limitations
Though there are some uncertainties to measure vulnerability, the proposed 

model/method of this study could measure household vulnerability with the level 
of vulnerability results from floods. Flood inhibition and mitigation need to be 
emphasised in Dhaka. There are two types of floods (river flooding, and annual 
and urban floods) that occur in Dhaka. In this study, only river flooding/annual 
flood was considered. Disaster management deals with four phases (preparedness, 
response, recovery, and mitigation), but the present study discussed only two parts 
(preparedness and mitigation) of those phases. Hazard mitigation and vulnerabil-
ity reduction often need action on a greater spatial scale than that for people who 
are explicitly affected. However, the present study is limited to only flood-vulner-
able areas. In the present study, the cultural contexts of vulnerability assessments 
and the dynamic nature of vulnerability were not included. For evaluating house-
hold vulnerability to flood hazard, only 21 variables were used. Many other vari-
ables could not be applied in this study owing to data unavailability.
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6. Conclusion

This study evaluated the vulnerability conditions of slum and non-slum peo-
ple in Dhaka by longitudinal investigation on households’ response to flood effects. 
Moreover, to reveal the real picture of urban inhabitants, the present study made 
a comparison study between slum and non-slum inhabitants that showed the 
potential vulnerability of both types of dwellers. It is useful for decision and 
policy makers to take necessary initiatives to reduce the vulnerability of slum 
populations in the case of any type of crisis. Results revealed that the proposed 
vulnerability index is a very simple but efficient approach to assess household 
vulnerability to flood hazards. Empirical results confirmed that the majority 
(63.06%) of slum households exhibited high vulnerability to flood hazards, while 
52.66% of non-slum households showed moderate vulnerability to future flood 
events. The research also revealed that the social network of slum dwellers is 
better than that of non-slum inhabitants. The specification of the study is twofold: 
first, field data were employed for developing the vulnerability index; second, AHP 
was applied for assigning weights to the variables and indicators. Using relevant 
contributing factors and the stepwise weighting approach of the variables and 
indicators make the vulnerability index more applicable for quantitatively assess-
ing human vulnerability. However, flood vulnerability in the city region is di-
rected by social factors. In this study, demographic vulnerability was not incor-
porated. Hence, the incorporation of variables and indicators of demographic 
criteria may provide a better reflection of flood-vulnerability status. Nonetheless, 
the method of vulnerability index is an effective tool for policy makers to formulate 
strategies for dealing with flood hazards. This approach was applied to Dhaka, 
Bangladesh; however, it is also possible to globally extend it to cities with similar 
characteristics, particularly in developing nations.
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SAŽETAK

Procjena ugroženosti stanovnika grada Dhake s obzirom na 
izloženost opasnosti od poplave

 Md. Enamul Huq, Qimin Cheng, Orhan Altan, A. Z. M. Shoeb,  
Mallik Akram Hossain, Md. Nazirul Islam Sarker, Nayyer Saleem,  

Akib Javed, Xiaoyi Longg, Ahmed Abdullah Al Dughairi,  
Md. Masud Parves Rana i Md. Mahabubur Rahman

Globalna opasnost od poplave postupno se povećava. Iako ih je nemoguće izbjeći, 
gubici i šteta od opasnosti (npr. poplave, cikloni i potresi) mogu se učinkovito smanjiti 
smanjenjem ranjivosti kućanstava odgovarajućim mjerama. Cilj ove studije je kvantitati-
vno mjerenje ranjivosti kućanstava obzirom na opasnosti od poplave kao alata za njihovo 
ublažavanje. Također je predložen jedinstveni pristup za kvantificiranje ugroženosti 
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kućanstava obzirom na opasnosti od poplave, a kao primjer predstavljena je primjena u 
gradu Dhaki sklonom poplavama. Podaci su prikupljeni i sa siromašnih i bogatih područ-
ja kako bi bilo pokriveno cijelo urbano područje te kako bi se usporedila razina ugroženos-
ti od poplava. Ukupno 300 kućanstava anketirano je strukturiranim upitnikom na temel-
ju pet čimbenika (ekonomskih, socijalnih, okolišnih, strukturnih i institucionalnih) 
ugroženosti od poplava. Analitički hijerarhijski postupak (AHP) primijenjen je za mjeren-
je pojedinačnih rezultata ranjivosti kućanstva korištenjem relativne težine varijabli i po-
kazatelja uz pravilnu standardizaciju. Analitički rezultati pokazali su da je 63,06% siro-
mašnih kućanstava i 20,02% bogatih kućanstava vrlo osjetljivo na poplave. Uz to, ovaj je 
rad utvrdio i procijenio čimbenike odgovorne za ranjivost kućanstava u Dhaki. Što se tiče 
strukturne ranjivosti, rezultati su pokazali da je 82% kućanstava u siromašnim krajevima 
bilo visoko ranjivo, a 95,3% kućanstava koja nisu iz siromašnih četvrti bilo je umjereno 
ranjivo. Društveno, 67,3% siromašnih i 78,7% kućanstava koja nisu iz siromašnih naselja 
bila su umjereno i slabo ranjiva. Većina kućanstava u siromašnoj i nesiromašnoj četvrti 
(84%, odnosno 59,3%) pokazala je visoku i umjerenu ekonomsku ranjivost. Štoviše, za 
69,3% siromašnih i 65,3% nesiromašnih kućanstava institucionalna ranjivost je bila viso-
ka. Od stanovnika siromašnih naselja, 63,3% je bilo izloženo ekološkom riziku, a 78% 
staništa koja nisu u siromašnim područjima bilo je u kategoriji niske ranjivosti. Uz odgo-
varajuću prilagodbu ovdje predložen učinkoviti alat za mjerenje ranjivosti koji je ovdje 
prilagođen specifičnoj lokaciji, primjenjiv je i za mjerenje ranjivosti drugih gradova u 
svijetu. Na temelju ove studije moglo bi se provesti buduće istraživanje s više čimbenika, 
varijabli i pokazatelja ljudske ranjivosti na prirodne ili umjetne opasnosti / katastrofe. 
Budući rad mogao bi pružiti bolju sliku stanja ranjivosti od pojedinačne / višestruke opas-
nosti / katastrofe.

Ključne riječi: opasnost od poplave, kvantificiranje ugroženosti, AHP, gradski stanovni-
ci, Bangladeš
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