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Abstract: The concept of household vulnerability along with sustainable livelihoods has currently
emerged as a significant concept in the climate change vulnerability and adaptation (CCVA) literature.
In this paper, the vulnerability of Bangladesh has been assessed by using multiple regression
analysis where twenty two effective variables have been chosen from the surveyed data given
by Bangladesh Bureau of Statistics. The vulnerability has been functioned by three main stream
components: Exposure, sensitivity and adaptive capacity, which have been adopted from the reports
of Inter-Governmental Panel on Climate Change (IPCC) and other scientific literature. Based on
the higher significance and coefficient values, the variables, which have direct relationships and
impact on income and illness, have been identified and prioritized. Household income and illness are
the known driving forces for assessing the vulnerability. The motion of centripetal and centrifugal
forces in decision making mechanisms, which are the main driving contributions of this paper,
have been dealt as a new way to envisioning vulnerability and adaptation decision. Based on the
prioritized variables some actions along with solutions have been taken into consideration, which
have enormous significance in addressing localized plans and actions in order to reduce potential
households’ vulnerability under climate change regimes in Bangladesh.

Keywords: climate change vulnerability and adaptation; adaptive capacity; exposure; sensitivity;
notion and mechanism of adaptation; transformed adaptation; adaptation solution; Bangladesh;
multiple regression; adaptation decision mechanism

1. Introduction

Vulnerability assessment and the notion of vulnerability in a localized system—both are important
aspects in the CCVA literature in recent years, particularly in the context of Bangladesh—where the
tipping points of climate change badly prevail. The IPCC’s (2018) and other recent literatures on CCVA
place enormous importance on localized solution-based vulnerability assessments under climate
change regimes. The notions and mechanisms of vulnerability and its assessment along with solution
based intervening transformed adaptations are the critical aspects in order to mobilize a country’s
resources coherently at local or community level planning. The paper has dealt with these vital aspects.

The literature suggest that Bangladesh faces worse vulnerability due to climate change and
sea-level rise [1–9]. The tipping point of this vulnerability can turn disastrous, as the country faces
severe multiple and frequent natural calamities, such as cyclones and storm surges, erosion, various
types of floods, landslides, severe salinity intrusion into agricultural land, droughts due to withdrawing
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water from up streams, rising water on the edge of coastal land due to sea level rise, extension of arsenic
contamination, reducing soil fertility due to overuse of pesticides and so on. On top of these calamities,
the country also faces severe corruption, political instability, weak democracy, severe mismanagement
of donors’ development fund allocation, inability to imply climate adaptation planning due to poor
economy and technology. The above natural and man-made adverse factors make the country’s
vulnerability worse, and these cumulative adverse impacts imply a negative trend line for inhabitants’
illness and income. These factors negatively push the tipping points of country’s vulnerability; as
a consequence, illegal migration from Bangladesh to the Asia Pacific region has turned into a crisis
for the involved Governments, including of Australia and New Zealand. Illness and income are the
dependent factors for measuring the severity of vulnerability in Bangladesh—which has been dealt
with in this paper.

The inhabitants of Bangladesh are highly vulnerable due to climate change; hence, the
comprehensive transformed adaptation actions—such as formation of community based adaptation
committee—need to be implemented immediately in order to enhance people’s adaptive resilience to
climate change through forming realistic policies and actions at the local level by the Government [6].
The IPCC’s reports [10–12] have been addressing the issues of vulnerability and adaptation resilience
since 1990. Currently, the IPCC reports global warming warnings of a possible 1.5 ◦C rise: A summary
for Policy Makers [12] focused on the transformed adaptation (Section 5) along with the potential
nature of vulnerabilities to climate change, particularly at the range of 1.5 ◦C from a pre-industrial
level perspective—which the World would experience in coming decades. Hence, regionally, a V & A
assessment of Bangladesh is a significant aspect of current advancement of contemporary scientific
knowledge [7].

The scientific explanations of vulnerability assessment and the mechanisms of vulnerability in
CCVA literature are not highly focused; in other words, the literature on these aspects are thin, though
these are heavily being highlighted in forthcoming publications and reports by the UNEP, IPCC, World
Bank (WB) etc. The question is how vulnerability assessment can be done, especially statistically; how
and what variables would represent potential driving force (s) for assessing vulnerability; how the
chosen variables are perturbed by each other in a coherent way; what is the process of prioritizing the
variables from the chosen sets of variables? As per prioritized sectors, what would be the solutions vis
a vis intervening transformed adaptations in order to enhance resilience at local level? These questions
are vital in CCVA literature. To find the answers to the above questions, some effective objectives need
to be addressed:

1. To understand household vulnerability along with sustainable livelihoods at community levels
in Bangladesh through multiple regression analysis in order to understand which sectors need to
be emphasized under climate change regimes;

2. To understand the notions, mechanisms and assessment of vulnerability through regression
analysis in order to identify some solutions vis a vis transformed adaptations for enhancing
adaptation resilience in Bangladesh.

The paper focuses on the notion and assessment of vulnerability along with sustainable
livelihoods, and finds some co-relationships between the determinants of vulnerabilities through
multiple regression analysis. These correlations along with the level of significance would indicate
some solutions in order to enhance adaptation resilience at local levels in Bangladesh. The significance
of this paper is that these solutions would obviously help to produce effective and local resource-based
policies and actions for reducing vulnerabilities.

2. Vulnerability Assessment, Sustainable Livelihood and Transformed Adaptation:
A Conceptual Paradigm

Vulnerability assessment (VA), sustainable livelihood (SL) and solution-based transformed
adaptations (TA)—all are reciprocal and related to one other. The concept of transformed adaptation
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has recently emerged and been emphasized with greater interest in climate change V & A assessment
literature. How local people would cope with surrounding vulnerability in an effective way
where proper planning using sustainable technology and solution based interventions would be
assimilated—these thematic knowledge expansions have recently been prioritized by UN actions
and programs.

V & A assessment is not a new concept in the disaster management science; White [13], Burton
et al. [14–16] and Bohle et al. [17] had worked on this; this concept has also recently been focused
on by Adger et al. [18], Warrick and Ahmad [4], Carter et al. [19], Smit and Wandel [20], IPCC [7,11],
Harvey et al. [21], Adger et al. [22], Mortreux & Barnett [23], Younus [6,24]. The CCVA has already
emerged as a science; many leading Universities in the World, such as Oxford, ANU, MIT, Oslo,
have already accepted it as a science. There are many branches of this science; the mentionable
branches are: Migration as adaptation, moral reasoning [18]; ecosystem based mosaic adaptation
and land cover change [25]; climate change transformation [26–28]; governance and justice [29];
community based planning in CCVA [6,30]; Economics [31]; CCVA awareness and Policy [14,32];
disaster/hazard management and transformed adaptation [27]; coastal adaptation [21,33]; adaptation
cities [34]; resilience [35]; capacity building and resilience [36,37]; social norms in CCVA; local climate
adaptation [24,38]. Some leading universities have CCVA institutions. Sectoral advancements of
CCVA—such as, water, forest agriculture, coastal—have also effectively emerged since last one or two
decades. Therefore, V & A is a leading ‘thought and concept’ within the broad science of CCVA.

In the context of Bangladesh, some scientists, such as Warrick and Ahmad [6], Brammer [5],
Younus and Harvey [39], Rashid and Paul [9], Paul [40] and Younus [6,7] have also been working
on the CCVA issues and a country’s sustainable development. However, the literatures on these
critical aspects are thin—more scientific work is needed in order to imply solution-based TA into
communities. Transformed adaptation is a much better and improved adaptation which ensures
quality and functional out-production, maximize profit, positive changes of attributes on a system
and long-term sustainability. The transformed adaptation involves proper and local comprehensive
planning that is suitable to local resources and environment, being friendly with advanced technology,
ensuring local inhabitants’ participation and acceptance, maintaining suitability for local climates and
ensuring maximum out-products and profit. In summary, there are no substantial comprehensive
literatures on a V & A assessment of Bangladesh; a few are found in literature on poverty alleviation
and food security aspects.

Vulnerability has recently been assessed by three main components: Exposure, sensitivity and
adaptive capacity; this assessment process has been found in some literature of IPCC [10,11], UNDP,
World Bank and UNEP. The IPCC mentioned about vulnerability as “ . . . a system is exposed, its
sensitivity, and its adaptive capacity.” [10]. The bottom up vulnerability studies have emerged to explore
how society is adapting in a changing climate [41]. Social vulnerability is influenced by socio-economic
factors, political characteristics, and institutional process and trends [42]. The IPCC [11] reported
“Vulnerability encompasses a variety of concepts and elements including sensitivity or susceptibility to harm
and lack of capacity to cope and adapt”. Younus and Harvey [43] summarized the vulnerability as “V &
A are complex terms, and vulnerability is used differently depending on the multi-disciplinary context”. The
above literature (e.g., IPCC, UNDP, WB and UNEP) including Heltberg and Bonch-Osmolovskiy [44]
and Deressa et al. [45] indicate that vulnerability includes the functions of sensitivity, exposure unit
and adaptive capacity.

Recently many scientists have focused on TA [26–28,46–49]. TAs are an applied intervention into
CCVA assessment which improve livelihoods, and enhance the coping mechanisms of resilience from
climatic or hazardous shocks. The TAs would help sustainable decision making process for potential
micro level planning. How the TAs would act is effectively based on the understanding of past, present
and potential vulnerability—these depend on the local level planning where the TAs would be highly
prioritized, and effectively and coherently implied, otherwise the potential and existing integrating
planning process would fail to bring sustainable livelihoods under the climate change regimes.
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3. Methodology

After careful consideration of various vulnerability studies over the World, such as
indicator-based assessments of vulnerability, UNDP’s HDI assessment procedures, weighting index of
Principal Component Analysis (PCA), SLF’s (Sustainable Livelihood frameworks) adaptive capacity
measurement through using five capitals, a regression analysis is conducted to observe the effects
of 22 chosen variables on ‘income’ and ‘illness’ in order to avoid the effects of personal judgment
on the variables. Twenty-two variables (Table A1) have been chosen for identifying households’
vulnerability and sustainable livelihood through multiple regression analysis. The multivariate linear
regression model has been chosen in this study. The linearity assumption has been checked, and linear
relationship between dependent and independent variables has been found. The rational of selecting
the model: 1. the dependent variables are continuous, and residuals are normally distributed; 2. the
linearity assumption has been satisfied; 3. multiple independent variables have been used in the model.
The regression analysis has been run by ‘R’ software [50]. Raw data were collected from the Household
Income and Expenditure Survey 2010 from the Bangladesh Bureau of Statistics [51]. Under the
Integrated Multipurpose Sample (IMPS) design, a two-stage stratified (district-upazilla-union-village)
random sampling technique was followed to collect the data. The survey data were collected for
12,240 households in 373 upazillas (sub-districts) in 64 districts comprising rural, urban and small
municipal areas. The survey was conducted from 1 February 2010 to 31 January 2011. The average
monthly ‘income’ was measured in Bangladeshi currency taka (1 Australian dollar = 84 taka, 2012).
The survey questionnaire was designed to capture household information on employment, education,
health, economic activities and wages, housing, agricultural and non-agricultural enterprises, income,
assets and consumption. Each household was given a questionnaire comprising over 100 questions.

4. Results and Discussions

4.1. General Findings

The analysis demonstrates how a household’s income and illness are affected by 22 different
variables, which measure vulnerability through its three major components: exposure, sensitivity and
adaptive capacity. Statistics between coastal regions and the national average of Bangladesh indicate
that people in coastal areas are more exposed to droughts and arsenic contamination in ground water
but are less exposed to floods and erosion. In addition, the coastal inhabitants have reduced capacity
to raise livestock and less access to drinking water, fewer people are engaged in agricultural activities
and they have less land than the national average.

The exposed factors such as drought, flood, landslide/erosion and arsenic contamination act
on the factors of sensitivity. The function of each factor of adaptive capacity regulates and influence
sensitivity. These above mentioned mechanisms, as a whole, act on the incomes which virtually
regulate households’ chronic illness. If income is severely affected by the variables of exposure
units then prevalence of chronic illness would automatically increase due to malnutrition and other
determinants of sufferings, such as poor agricultural production. These mechanisms regulate overall
vulnerability and sustainable livelihoods.

The regression was run for 22 variables to assess the effects of exposure, sensitivity and adaptive
capacity of households of Bangladesh on income and illness. Out of 22 variables, only 13 were
statistically significant at >95 per cent confidence on income and illness. In the coastal areas, all
variables under sensitivity had a statistically significant effect on income, but one also affected illness.
Only one variable from physical capital affected income in coastal areas. However, all three variables
on human capital showed a significant correlation to income nationally. Only the financial capital
variable affected illness nationally as well as in coastal areas. Of the four variables in social capital,
only two significantly affected income, and there was no geographical difference. In human capital,
both variables had a significant effect on ‘income’ and ‘illness’ nationally. However, only one affected
income for coastal areas (see Tables A1–A3, and Table 1).
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Table 1. Regression results of income and illness with only significant variables and their coefficients for coastal areas and rest of the country.

Bangladesh Coastal Areas

Variable Type Name Income
Significance Intercept Coefficient Illness

Significance Intercept Coefficient Income
Significance Intercept Coefficient Illness

Significance Intercept Coefficient

Exposure
% of households
exposed to flood
shock

* 5439.035 −38.434 * 14.830 −0.0747

% of people engaged
in agriculture *** 7377.184 −45.639 ** 7858.82 −45.47

Sensitivity % of households
engaged in agriculture
as agricultural
labourers

*** 7377.184 −7.618 “.” 7858.82 −20.31 * 16.183 −0.053

% of households with
a sanitary toilet * 5457.429 18.206

Physical

% of households using
tubewell as their
source of drinking
water

** 5457.429 −17.482 * 5231.424 −26.373

% households have
electricity connection *** 5457.429 20.372

Natural
Average rainfall
April–October from
historical rainfall data

* 15.136 −0.0022

Financial

Average remittance
income
from all sources
(home/abroad)

“.” 1.523 × 101 −4.720 × 10−6 * 1.629 × 101 −1.068 × 10−5

% of child birth by
doctor/nurse *** 5987.43 110.07 *** 6459.76 132.28

Social

% of households
borrowing
money from friends
and relatives

*** 10.536 0.140 * 6459.76 −36.98 ** 10.356 0.1156

Adaptive
capacity

% of people included
in SSN *** 5987.43 −82.15

Average year of
schooling *** 1194.250 978.102 ** 12.736 1.027 ** 831.70 987.09

Human % of households
engaged in salaried
jobs

*** 1194.250 33.228 ** 12.736 −0.072

Note: *** represents 100% confidence, ** represents 99.9% confidence, * represents 99% confidence, ‘.’ Represents 95% confidence.
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The effect on income and illness identified for the exposure, sensitivity and adaptive capacity
measures used in this study are discussed below.

4.1.1. Exposure

Among the three different variables under exposure, the only significant variable is flood, which
is negatively related to income and illness for the country. However, no variable under exposure was
found to have a significant effect on outcomes in coastal areas. The average households affected by
flood nationally are 2.59 per cent and 1.08 per cent in coastal areas (Table A1). The analysis showed
that a 1 per cent increase in the number of people affected by floods nationally could reduce income
by 38.43 taka per month, and for coastal areas, it could reduce income by 30.88 taka per month (see
Table A2). Thus, there is a significant effect on income, especially in some of the districts in the northern
area of the country, such as Kurigram and Rangpur, where more than 50 per cent of the population
were affected by floods.

4.1.2. Sensitivity

For Bangladesh as a whole, all of the variables under sensitivity are highly negatively correlated
to income, but only the variable ‘percentage of people who engaged in agriculture as agricultural labor’
is highly negatively correlated with illness in coastal areas. However, in coastal areas, the proportion
of people engaged in agriculture as agricultural labor for their livelihoods was significant and highly
negatively correlated to income (see Table 1).

If the number of people who engage in agriculture as agricultural laborers decreases, there may
be a differential effect on coastal areas. Nationally, people are less likely to fall chronically ill if they are
not agricultural laborers, but no significant effects of the percentage of agricultural laborers to illness
were statistically identified in coastal areas compared to Bangladesh. The labor wage being higher in
coastal districts except for Khulna, Bagerhat and Satkhira may be a possible reason.

4.1.3. Adaptive Capacity

Physical Capital

Among the five capitals for physical capital, income is highly positively correlated to Bangladesh
households that use sanitary toilets and that have access to electricity. There is a significant and
negative correlation to income for both coastal areas and all of Bangladesh in relation to households
that use tube-wells for their source of drinking water. The higher coefficient value in coastal areas
shows that the same amount of money spent to obtain safe drinking water has a higher effect on
income in coastal areas compared to the rest of the world. It reveals that the cost of obtaining safe
drinking water is higher in coastal areas than in other parts of the country. No variables under physical
capital show any significant relation to illness for both areas (see Table 1).

Natural Capital

The only variable under natural capital is average rainfall, which is collected from historical
rainfall data for cropping seasons. This variable is highly negatively correlated to illness in Bangladesh,
even though it does not have any significant relation to the any of the outcome variables for coastal
areas. It also does not have a significant relation to income for Bangladesh as a whole (see Table 1).

Financial Capital

In financial capital, the level of households receiving remittance from either inside or outside the
country is highly negatively correlated to illness both for coastal areas and for the country as a whole; it
does not show any spatial difference. In addition, there is no spatial difference in having no significant
relation to income. The possible reason may be remittances are being invested non-income generating
activities. The value of the coefficient shows that for any increase of remittance, the percentage of
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people with a chronic illness in coastal areas will be higher than that of the country as a whole (see
Table A3). Remittances are a resource for households in addition to wages, and it appears that they
can spend this extra money for additional healthcare or things that limit exposure to sickness, such as
better nutrition or shelter.

Social Capital

Among the variables in the social capital, households that gave birth with the assistance of a
doctor or nurse is highly positively correlated to income for both areas, even though it does not have a
significant relation to illness for the same areas. The value of the coefficient shows that every increase
in the percentage of households receiving assistance for giving birth will have more of an effect on
income in coastal areas than the rest of the country. This means that the cost of such assistance is higher
in coastal areas compared to the rest of the country, or perhaps that those with greater incomes choose
to, and have the resources to, have a doctor or nurse assist with birth.

Income and illness of households in coastal areas are highly positively correlated to borrowing
money from friends and relatives, but only illness has a highly significant positive relation to borrowing
money from friends and relatives for the country as a whole. As income decreases, the need to
borrow money from friends and relatives apparently increases. The income of households receiving
government assistance under a social safety net is highly negatively correlated with the income for
Bangladesh as a whole, but there is no significant relation in coastal areas. Primarily low-income
households receive Social Safety Net (SSN), although it may help them. The improved outcome might
be better measured with caloric intake, as SSN often involves assistance with food (see Table 1).

Human Capital

In human capital, household income is highly positively correlated to the average years of
schooling for both areas. However, illness is not significantly related to education in coastal areas,
although it is highly positively correlated to income for Bangladesh. The value of the coefficient
suggests that each increase in the year of schooling has a higher effect on income increments in coastal
areas than in Bangladesh as a whole. This shows that there may be more opportunities for livelihood
diversification for educated people in coastal areas compared to other parts of the country. It also
shows that the per cent of households engaged in salaried jobs does not affect income in coastal
areas. In coastal areas, household engagement in salaried jobs has no significant relationship to illness.
However, it is highly negatively correlated to household illness and is highly positively correlated
to household income for Bangladesh. The average year of schooling in coastal areas is 3.89 years
(see Table A1). Analysis shows that one more year of average schooling per person could increase
income by 978 taka nationally, and in coastal areas it could increase by 987 taka. In such cases, the
average income could increase by 17 per cent for one additional year of schooling per household in
coastal areas.

4.2. Notion and Mechanism of Vulnerability and Adaptation

The Figure 1 indicates how vulnerability works on a system or micro level space. 22 variables
perturb each other within the three spheres of vulnerability: Exposure, sensitivity and adaptive
capacity, and these perturbation processes act as centrifugal and centripetal forces which indicate
the level of vulnerability of a system. If the variables of an exposure unit (e.g., drought, flood,
landslide/erosion and arsenic) are highly stressed, then obviously the elements of sensitivity, such as
proportion of engagement of agriculture and the proportion of agricultural labor, would be negatively
impacted or stressed—which turns into severe vulnerability. At the same time, the elements of
adaptive capacity, such as physical, natural, financial, social, and human (for examples education
year, birth, salaried jobs, electricity, SSN-Social Safety Nets), would act as centripetal forces towards
the system/s. The centripetal forces try to counter the centrifugal force. If the centrifugal force
exceeds centripetal force within the three spheres then the overall vulnerability of the system would
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worsen. In other words, when the centripetal force—that acts as planned, transformed, intervening
adaptation resilience—exceeds the centrifugal force then the overall scenario of vulnerability of the
system would be improved. Thus, the centripetal forces have enormous significance in reducing the
localized vulnerability in the system. As the transformed vis a vis intervening adaptation strategies
(centripetal forces) substantially reduce local vulnerability, these have greater implications on localized
resource distribution and micro level planning.
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The Figure 1 also indicates that 22 variables have been acting as centrifugal and centripetal forces;
while only seven of them have been acting as centripetal forces; the centripetal forces are: Education
years, birth, salaried jobs, electricity, agriculture labor, agriculture and SSN (Table 2). The multiple
regression analysis (Tables A2 and A3 and Table 1) indicates that these variables are highly significant
with the variable of income, and they have also higher coefficient values. The higher coefficient
means the results are more certain or accurate. These indicate that the confidence level is 100 per
cent. With these seven variables, two are from ‘Human Adaptive Capacity’, two from ‘Social’, one
from ‘Physical’ and other two from ‘Sensitivity’ component. These seven centripetal forces are trying
to minimize the level of vulnerability, where the vulnerability causing forces, act upon the elements
of exposure component/s: Flood, drought, arsenic, landslide/erosion. These centripetal forces, in
combined form, act upon the component of sensitivity. The sensitivity is functioned by two main
variables, these are: 1. Percentage of people engaged in agriculture (ag), 2. Percentage of households
engaged in agriculture as agricultural laborers (aglabour). The centripetal and centrifugal forces act
on the factors of sensitivity through the main driving forces (flood, drought, arsenic, landslide and
erosion) of vulnerability; these driving forces, individually or in combination, act upon ‘exposure’
component. The nature of vulnerability of that localized space depends on these driving forces’
damaging severity, which are called centrifugal forces. If the centrifugal forces, in terms of severity,
are higher than the centripetal forces then the levels of vulnerabilities of that space are higher; hence,
minimizing or managing the level of localized vulnerability needs robust intervening transformed
adaptation measures, which are identified as centripetal forces. The perturbed linkages of centrifugal
and centripetal forces act as a mechanism; this can be referred to as a mechanism of V & A. These
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mechanisms ultimately substantially impact level of household income, which in turn regulates the
level of household vulnerability.

Similarly, there are six variables, cited in Table 2: education years, borrowing monies, salaried
jobs, flood, average rainfall and remittances—which are highly significant with the variability “illness”
and they have also higher coefficient values (Figure 1/Tables A2 and A3, and Table 1). These indicate
that the confidence level is closer to 99.9 per cent. Five out of above six variables are from the adaptive
capacity component. These variables of adaptive capacity along with the factor of the exposure unit:
Flood—have a strong impact on household illness. In summary, the centrifugal and centripetal forces
have greater implications on the level of household income—which virtually regulate the level of
household illness, which means that income has a strong correlation with illness.

The centripetal forces which have strong links with income and illness (Tables A1–A3, and Table 1),
are vital in order to regulate the level of vulnerability at local level. These forces can act as transformed
adaptations which virtually improve the overall situation of vulnerability at local system or place. If
the government of Bangladesh wants to improve the country’s local level vulnerability, then identified
forces (7 for income integration and 6 for illness integration, cited in Table 2) need to be focused on
and intervened/acted upon at local level. Table 3 indicates how the government can act and intervene
the transformed adaptation. As mentioned, the Government of Bangladesh needs to prioritize seven
determinants which have a greater impact on household income—this would improve the situation
of overall vulnerability, and hence the household livelihood patterns would also be improved and
sustained as the levels of income would increase due to intervened transformed adaptation.

Therefore, vulnerability is a mechanism where all pertinent are perturbed by each other
and act as centrifugal and centripetal forces; the centrifugal forces of exposure, sensitivity and
adaptive capacity increase the level of vulnerability. On the other hand, the centripetal forces try to
neutralize the vulnerability threshold, thus improving the overall vulnerability situation, hence when
centripetal forces overcome the centrifugal forces, household livelihoods would automatically reach a
sustainable condition.

Table 2. The Prioritized variables/sectors as Per Multiple Regression Analysis.

Highly Significance to Income Highly Significance to Illness
1. Edu_years (Human) 1. Edu_years (Human)
2. Birth (Social) 2. Borrow (Social)
3. Salaried jobs (Human) 3. Salaried jobs (Human)
4. Electricity (Physical) 4. Flood (Exposure)
5. Aglabour (sensitivity) 5. Rain Average (Natural)
6. Agriculture (sensitivity) 6. Remittances (Financial)
7. SSN (Social Safety Network)
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Table 3. Proposed intervening transformed adaptations under various prioritised variables.

Prioritized Variables Intervention Strategies/Transformed Adaptation Strategies Potentially Executed by

Education Years

-Technical Education
-Computer Education
Internet related technologically equipped knowledge
-Vocational training
Wielding
Weaving
fishing nets
Social Worker Education
Carer training
Rural health worker education
Carpenter education
auto mobile education
Handling tractor Driving
agricultural cultivation equipment and machineries training and education
Auto Mechanics
Building structuring (Raj Mistri)
Typing training
Data analysis training
Village doctors or health assistant training
Surveyors (amin)
Driving auto tempo training
Jewellery labouring training
Hospitality training
Asst agriculture officer training
Deed registration training (mohuri)
Assistant surveyor training
localised resources maintenance worker (fishing, cultivating and weaving)

electrician training
telephone operator training
telephone cable mechanic
TV antenna mechanic
Rice threshold worker (boiler)
Animal doctors’ helper
Customer service training
Auto rickshaw driving training
Rickshaw Mechanic Training
Pruning trees/vegetables producing expert training
Taxi/Uber/rent a car/rental auto tempo training
personnel
Child care training
Irrigation water supplier training
Environment Knowledge sharing worker
Job seeking adviser
labour registration and suppling training
disaster preparedness training
evacuation volunteer from local disaster training
first aid training
Poultry/hatchers’ food supplier training
Cattle food supplier training
Trained Informer training course (for information centre
with Community based adaptation committee (CBAC)
centre at Mauza level).

1. Department of
(i) Youth development
(ii) Women affairs
(iii) Technical education
(iv) Bureau of manpower employment

and training
(v) Vocational training institutes

2. Community based adaptation committees
(Younus, 2017) at Union level; these committees
can act as trainers and trainee.

Borrow
Facilitating government and non-government micro financing
-Interest free loaning
-after disaster special interest free money from the concerned government agencies at local levels

NGO affairs bureau, Planning commission
Bangladesh Bank, Upazilla Nirbahi Office,
Upazilla Cooperative Office, Upazilla Women
Affairs Office

Salaried Jobs
Facilitating private sector investment
Introducing agricultural labor as formal jobs
Facilitating SME’s

BEZA, BEPZA, BOI, Ministry of agriculture

Flood
• River bed excavation
• Massive program for river shore protection
• Strong flood management planning and budgeting

Ministry of water resources
Bangladesh water dev. board field office
District Executive Engineers Office, Water Board

Remittance
Reducing migration cost
Eliminating visa trading
Creating national job roster for overseas placement

Ministry of expatriates welfare and overseas
employment
Bureau of manpower employment training
District employment and training offices

Electricity connections Taking every household under electricity connections BPDB, REB

Agriculture and
agricultural labor

• Ensuring multi-layer cropping in order to maximize the out-production and profit
• Planting new varieties of crops, fruits (avocado) and vegetables (cultivate lettuce underneath of mangoes/lychee gardens) which are

more productive, meeting local demand
• Constructing storage facilities for rural farmers in sub district level
• Privatized cultivation

Private companies and SMEs

SSN Expanding the area of SSN by
Increasing the number of VDG beneficiaries, Aged pensions holders

Department of social service
Department of women affairs
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4.3. Potential Convincing Solutions of the Prioritised Sectors

From two sets of above prioritized variables (Table A2)—the common sectors are education years
and salaried jobs; hence these need appropriate importance. If intervening actions vis a vis centripetal
forces bring a higher degree of stability than centrifugal forces, then sustainable conditions prevail.
The Table 3 indicates how these variables (education and salaried jobs) can be prioritized. In order to
enhance these variables, some intervening options or solutions have been carefully made. The solutions
are realistic as the authors have long term expertise on the dealt issues at a root level in Bangladesh
and Australia. The recommended solutions have been made based on Australia’s education system.
These convincing solutions are largely practically-oriented. The solutions are named as intervening
options; these can also be called transformed adaptations.

These transformed adaptations are urgently needed for improving the overall situation of
vulnerability at the community level. As an example, vocational training (wielding, weaving, making
fishing nets, use of the internet, electricity technicians, auto tempo driving, pruning trees, jeweler
designer, deed (dolil) agreement typist, health technician, agricultural informer (e.g., watering expert),
are vital driving forces for enhancing the education sector at grass-roots levels in Bangladesh. The
current traditional educational systems need to be replaced or intervened by the vocational based
training which would fulfil local demand. These vocational trainings would be local resource based
and short duration. In Australia, technical and further education (TAFE) institutions provide a wide
range of predominantly vocational tertiary education courses which are recognized by the Australian
Quality Training Framework. These TAFE institutions are producing students with well-equipped
technical knowledge (e.g., auto mobile or computer technician/s) which permit them to assimilate
into the country’s labor force as a entry level worker. Students of TAFE do not need to graduate or
obtain a master’s degree; they only need specific time (weeks or months) to earn practical knowledge.
These types of practical based knowledge and training (e.g., shallow machine technician) need to
be incorporated into education sector in Bangladesh. This system can be an example of minimum
investment (time and money) and maximum out production (generating skilled work force).

These types of short term and localized resource based transformed adaptation need to be
implemented in the education sector, which would ensure an increase in the average households’
income level. If the average households’ incomes increases countrywide then automatically the
country’s vulnerability would decrease. Households’ illness would be taken care of by investing
money for doctors and medicine. Table 3 indicates the prioritized sectors which need to be intervened
in; some solutions (intervening strategies/transformed adaptation) have also been recommended.
These interventions are also well-linked with each other over prioritized sectors, and over some time,
these act in an integrative manner. These solutions can mainly be executed by the local community
based adaptation committee (CBAC), as Younus [6,52,53] has proposed the rationality of CBAC at root
levels in Bangladesh. Further in-depth research is needed in order to identify the ranks of actions of
each prioritized sectors and how and by whom these actions would be executed at the community
levels in Bangladesh.

5. Conclusions and Recommendations

The notion and mechanisms of vulnerability in a localized system and its assessment in the context
of one of the World’s most vulnerable countries, Bangladesh, to climate change and natural hazards,
have been focused on in a new dimension. The relevant up-to-date literature on vulnerability and
adaptation have been reviewed. 22 variables have effectively been chosen for assessing vulnerability
where all the variables have perturbed each other as like a mechanism, which act as centripetal
and centrifugal forces over a system. The motion of centripetal and centrifugal forces in decision
making mechanisms, which are the main driving contributions of this paper, have carefully been
dealt in the Figure 1 through the variables of measuring vulnerability at exposure, sensitivity and
adaptive capacity unit. This mechanism has been identified as a new way to envision vulnerability and
adaptation decisions. The centripetal and centrifugal forces and their interactions into V & A decision
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mechanisms played a key role that is a unique finding or contribution in this paper, which has not
yet been dealt in other published V & A literature. Within these mechanisms, the selected variables’
level of significance and their relevant coefficients over households’ income and illness—have been
measured and assessed through multiple regression analysis using R statistical software. The MRA
identifies some effective prioritized variables in order to reduce country’s potential vulnerability. Later,
some potential transformed adaptation actions, strategies and solutions have been proposed for major
prioritized sectors—as a model study—which should have an enormous contribution in decreasing
a country’s vulnerability and improving sustainable household livelihood through implementing
localized adaptation plans under climate change regimes.
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acquisition, M.A.K.; Investigation, M.A.K.; Methodology, M.A.F.Y.; Software, M.A.K.; Supervision, M.A.F.Y.;
Writing—original draft, M.A.F.Y.; Writing—review & editing, M.A.F.Y.

Funding: Md Kabir awarded Adelaide University Postgraduate Scholarship.

Conflicts of Interest: there is no conflict of interest.



Sustainability 2018, 10, 4286 13 of 17

Appendix A

Table A1. Variables with average values in coastal areas and the rest of the country.

Variable Type Descriptions Name Bangladesh Average Coastal Average
% of people suffering chronic illness %illness 14.70 15.00

Outcome Average net salary of salaried employee income 5265.03 5608.57
% of household that have experienced drought shock %drought 3.59 10.27
% of household that have experienced flood shock %flood 2.59 1.08
% of household shock landslide/erosion %landslide 0.42 0.09Exposure

% of household have found arsenic in their tubewell %arsenic 4.08 5.24
Percentage of people engaged in agriculture %ag 40.54 33.51

Sensitivity Percentage of households engaged in agriculture as agricultural labourers %aglabor 34.36 35.78
% of household have pucca and semi pucca room %pucca 62.42 65.81
% of household have sanitary toilet %toilet 18.27 31.83
% of household using tube-well as their source of drinking water %tubewell 88.48 84.11
% of household have electricity connection %electricity 54.23 58.28

Physical

% of household raise livestock %livestock 45.46 35.86
Average rainfall April–October from historic rainfall data rainavg 2050.04 2173.69
Standard deviation of rainfall April–October from historic rainfall data rainvar 456.12 446.45
% of household have cultivable land %agland 41.13 36.53Natural

Average amount of cultivable land per household agland 134.72 115.56
Financial Average remittance income all sources remittances 112,848.20 120,718.40

% of child birth by doctor or nurse %birth 11.09 11.85
% of people ever immunized %immune 11.49 11.59
% of household borrow money from friends and relatives %borrow 33.14 33.97Social

% of people included in SSN %ssn 6.91 7.20
Average year of schooling educ_years 3.43 3.89

Human proportion of household engaged in salaried job %salaried 21.68 26.24

Table A2. Regression results of income and illness with exposure and sensitivity variables for coastal areas and all of Bangladesh.

Bangladesh Coastal Areas
Income Illness Income Illness

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 5439.035 187.637 28.987 <2 × 10−16 *** (Intercept) 14.830852 0.455920 32.529 <2 × 10−16 *** (Intercept) 6044.38 482.82 12.519 <2 × 10−16 *** (Intercept) 14.43105 0.89576 16.110 <2 × 10−16 ***
drought −9.596 17.829 −0.538 0.5907 drought 0.024912 0.043320 0.575 0.5656 drought −22.38 24.83 −0.901 0.370 drought 0.06194 0.04606 1.345 0.182

flood −38.434 15.051 −2.554 0.0111 * flood −0.074700 0.036571 −2.043 0.0418 * flood −30.88 78.07 −0.395 0.693 flood 0.20141 0.14485 1.391 0.168

Exposure

arsenic −9.781 15.331 −0.638 0.5239 arsenic −0.007421 0.037250 −0.199 0.8422 arsenic −33.00 33.42 −0.987 0.326 arsenic −0.05416 0.06201 −0.873 0.385
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 7377.184 321.916 22.916 <2 × 10−16 *** (Intercept) 15.03180 0.84610 17.766 <2 × 10−16 *** (Intercept) 7858.82 670.05 11.729 <2 × 10−16 *** (Intercept) 16.18361 1.32241 12.238 <2 × 10−16 ***

ag −45.639 6.065 −7.524 4.3 × 10−13 *** ag 0.01219 0.01594 0.765 0.445 ag −45.47 13.90 −3.270 0.00152 ** ag 0.02164 0.02744 0.789 0.4324
Sensitivity

aglabor −7.618 6.359 −1.198 0.232 aglabor −0.02415 0.01671 −1.445 0.149 aglabor −20.31 11.73 −1.731 0.08684 aglabor −0.05334 0.02315 −2.304 0.0235 *

Note: significance code: 0 for ***, 0.001 for **, 0.01 for *, 0.05 for “.”.
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Table A3. Regression results of income and illness for adaptive capacity variables in different capital endowments for coastal areas and whole of Bangladesh.

Bangladesh Coastal Area
Income Illness Income Illness

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 5457.429 793.336 6.879 2.72 × 10−11 *** (Intercept) 12.805832 2.147775 5.962 5.99 × 10−9 *** (Intercept) 5231.424 1675.710 3.122 0.00244 ** (Intercept) 21.604329 3.493028 6.185 1.96 × 10−8 ***
pucca 7.286 5.290 1.377 0.169274 pucca 0.004075 0.014321 0.285 0.776 pucca 18.802 11.981 1.569 0.12019 pucca −0.006805 0.024974 −0.272 0.786
toilet 18.206 7.362 2.473 0.013863 * toilet −0.032173 0.019931 −1.614 0.107 toilet 18.272 13.441 1.359 0.17751 toilet −0.042573 0.028017 −1.520 0.132

tubewell −17.482 6.198 −2.821 0.005061 ** tubewell 0.001367 0.016780 0.081 0.935 tubewell −26.373 11.875 −2.221 0.02895 * tubewell −0.040486 0.024753 −1.636 0.106
electricity 20.372 5.716 3.564 0.000415 *** electricity 0.009302 0.015474 0.601 0.548 electricity 16.274 12.419 1.310 0.19352 electricity −0.026362 0.025888 −1.018 0.311

Physical
capital

livestock −11.827 6.719 −1.760 0.079231 livestock 0.035163 0.018191 1.933 0.054 livestock −4.796 14.369 −0.334 0.73934 livestock 0.003906 0.029952 0.130 0.897
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 7683.3239 768.0891 10.003 <2 × 10−16 *** (Intercept) 15.1368513 1.8772368 8.063 1.13 × 10−14 *** (Intercept) 5291.8262 1845.5031 2.867 0.00517 ** (Intercept) 13.2553001 3.4751171 3.814 0.000251 ***
rainavg −0.1069 0.3561 −0.300 0.764252 rainavg −0.0022528 0.0008702 −2.589 0.0100 * rainavg 0.9705 0.9689 1.002 0.31922 rainavg 0.0009409 0.0018245 0.516 0.607313
rainvar −2.1892 1.4780 −1.481 0.139450 rainvar 0.0064982 0.0036124 1.799 0.0729 rainvar −4.0804 4.8047 −0.849 0.39802 rainvar −0.0026681 0.0090473 −0.295 0.768749

Natural
capital

agland −29.1910 7.9888 −3.654 0.000297 *** agland 0.0295056 0.0195249 1.511 0.1316 agland 0.7892 18.4613 0.043 0.96600 agland 0.0243810 0.0347630 0.701 0.484915
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 5.218 × 103 1.981 × 102 26.34 <2 × 10−16 *** (Intercept) 1.523 × 101 4.774 × 10−1 31.900 <2 × 10−16 *** (Intercept) 5.375 × 103 4.693 × 102 11.45 <2 × 10−16 *** (Intercept) 1.629 × 101 8.615 × 10−1 18.908 <2 × 10−16 ***Financial

capital
remittances 4.171 × 10−4 1.016 × 10−3 0.41 0.682 remittances −4.720 × 10−6 2.449 × 10−6 −1.927 0.0548. remittances 1.933 ×10−3 2.611 × 10−3 0.74 0.461 remittances −1.068 × 10−5 4.793 × 10−6 −2.229 0.0283 *

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 5987.43 624.90 9.581 <2 × 10−16 *** (Intercept) 10.53685 1.64596 6.402 4.84 × 10−10 *** (Intercept) 6459.76 1303.06 4.957 3.44 × 10−6 *** (Intercept) 10.35663 2.75012 3.766 0.000299 ***

birth 110.07 12.36 8.903 <2 × 10−16 *** birth 0.02930 0.03257 0.900 0.3688 birth 132.28 25.03 5.285 9.05 ×10 −7 *** birth 0.06293 0.05283 1.191 0.236739

immune −75.83 41.74 −1.817 0.070112 immune −0.13959 0.10994 −1.270 0.2050 immune −79.35 86.22 −0.920 0.3599 immune −0.08149 0.18196 −0.448 0.655376
borrow −15.23 7.86 −1.937 0.053486 borrow 0.14062 0.02070 6.792 4.62 × 10−11 *** borrow −36.98 18.47 −2.003 0.0483 * borrow 0.11567 0.03897 2.968 0.003861 **

Social
capital

ssn −82.15 23.40 −3.511 0.000504 *** ssn 0.11278 0.06163 1.830 0.0681 ssn −33.69 44.56 −0.756 0.4515 ssn 0.12674 0.09404 1.348 0.181189
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 1194.250 399.091 2.992 0.002959 ** (Intercept) 12.73618 1.13594 11.212 <2 × 10−16 *** (Intercept) 831.70 1055.88 0.788 0.43295 (Intercept) 15.24115 2.28877 6.659 2.12 × 10−9 ***

educ_years 978.102 133.366 7.334 1.5 × 10−12 *** educ_years 1.02789 0.37960 2.708 0.00710 ** educ_years 987.09 307.02 3.215 0.00181 ** educ_years 0.06330 0.66550 0.095 0.924

A
da

pt
iv

e
C

ap
ac

it
y

Human
capital

salaried 33.228 9.257 3.589 0.000377 *** salaried −0.07200 0.02635 −2.733 0.00659 salaried 35.62 18.52 1.924 0.05752 salaried −0.01858 0.04014 −0.463 0.644

Note: significance code: 0 for ***, 0.001 for **, 0.01 for *, 0.05 for “.”.
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