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Summary

Bangladesh is one of the most climate vulnerable countries in the world and the vulnerability dimension is more likely to
aggravate far more in future. Floods, tropical cyclones, storm surges, tidal surge, saline intrusion, droughts, etc. are likely to
become more frequent and severe in the coming years. Comprehensive Disaster Management Programme (CDMP II) has
completed a number of studies on climate change parameters, vulnerabilities and developed local level hazard exposure
information in the form of flood inundation, storm surge inundation and salinity maps. The study findings, maps and other
information are translated into local level Risk Atlas, which can be used for local level risk reduction planning. The Risk Atlas can
serve as ready reference with updated information of hazard and exposure, profile on vulnerabilities, as well as elements at risks
and capacity at local level. The Atlas contains the following information of the Upazila.

Physiography

In the context of physiography, Bangladesh may be classified into three distinct regions: (A) Floodplains, (B) Terraces, and (C)
Hills; each having distinguishing characteristics of its own. Pleistocene upland extends from the Lalmai Hills of Comilla Dristrict
and adjacent low hills in the east through Dhaka and Rajshahi divisions to West Bengal in India. The Eastern and Northern
Frontier Hilly regions represent the hill areas of Bangladesh and comprise two main sub-regions - Chittagong Hill Tracts and Foot
Hills of the Shillong Massif. Sarankhola upazila of Bagerhat district is located within the immature delta region. This zone
contains the Sundarban forest and the Sundarban reclaimed estates (cultivated land).

Climate

Temperature, rainfall, wind speed, humidity, sunshine hours and evapotranspiration are considered as the most important
element of climate. Considering the importance, the above mentioned factors are analyzed to know the real climatic condition
of Sarankhola Upazila. Climate change refers to the trends arising from the variability of different meteorological parameters.
Sometimes the terms "Climate Change" and "Climate Variability" are used synonymously, though these two are of different
phenomena. Climatic change and trend have been analyzed for Sarankhola Upazila in this Atlas.

Land Cover
Land cover means the physical cover of the land in a certain area. Natural vegetation, manmade structures, etc. represent the

land cover. The land cover includes the information regarding bare soils and water bodies of a particular area. The Land cover or
the use of land influences both the occurrence of the hazard and exposure of the elements.

Housing

Housing and building materials are other vulnerable elements to disaster. In Bangladesh, buildings are classified in three major
categories - Pucca (permanent), Semi-pucca (semi-permanent) and Kutcha & Jhupri (temporary) based on building materials.
These three types of houses have been analyzed to assess the exposure and vulnerability.

H Id Size and P

The number of people living in each house determines the household size. Household size is also analyzed in this Atlas as it is an
important factor to understand the population of target area.

Socio-Economic Condition

Economic activity, the unemployment rate, electric coverage, water supply and sanitation of Sarankhola Upazila are analyzed in
this study. Water supply and sanitation are important to determine the living condition of the area. These factors are also
determinants of vulnerability and risk assessment.
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Exposure Analysis

It is essential to consider the spatial variations of hazards and exposures in order to analyze the risks. Sensitivity of the elements
to a particular hazard varies due to their inherent properties, degrees of hazard intensity and degrees of exposure level.

Vulnerability Analysis

Physical Vulnerability, social vulnerability, economic vulnerability and environmental vulnerability are analyzed to obtain the
comprehensive assessment of vulnerability for Sarankhola Upazila. The relative importance of different indicators is decided by
assigning individual weights to them. For determining weights of different indicators, Delphi method is applied.

Risk Assessment

Flood, storm surge, salinity and drought are analyzed for risk assessment in this Atlas. Risk is calculated in two ways. Firstly, risk is
calculated for different types of hazard and secondly, it is calculated for four vulnerability sectors. Physical, social, economic and
envir | sectors are c

for calculating risk. Finally, an integrated risk is calculated for this upazila. After analyzing
all these factors, risks, are ranked for Sarankhola Upazila to exhibit in the Atlas.
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1.1 About the Atlas

Bangladesh is one of the most disaster vulnerable countries and will become even more so as a
result of climate change. Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment
Report (AR4, 2007) indicates the evidence of changes in global climate over the past century.
Floods, tropical cyclones, storm surges, saline intrusion, droughts, etc. are likely to become more
frequent and severe in the coming years. Based on research and study findings, Comprehensive
Disaster Management Programme (CDMP 1) has developed local level hazard exposure
information in the form of flood inundation, storm surge inundation and salinity maps. The maps
and data are instrumental for community risk assessment, flood zoning and to find elements at
risk, at present and in the changing climate. The maps and other information have been translated
into Upazila Risk Atlas, which can be used for local level planning.

The Risk Atlas is basically a compendium of hazard maps, brief description of risks indices,
institutions and infrastructures at risk at the upazila level. It contains general information about
natural disasters, properties of ities and its level of exposure to a particular
hazard. Atlas also includes information on different types of vulnerability like physical
vulnerability, social ility, envir ility and economic vulnerability and their
sensitivity to different hazards. The Atlas provides reference to analyse the risk profile of selected
upazila, in the form of hazard status (flood depth and extent, storm surge depth and inundation
extent, level of salinity concentration and inundation extent, drought profile and extent), as well
as vulnerability profile. Aim of the Risk Atlas is to facilitate the local government authority with
easy, accessible and credible information and references for local level risk reduction and
adaptation planning.

With the support of Comprehensive Disaster Management Programme (CDMP Il) Center for
Climate Change and Environmental Research (C3ER), BRAC University has prepared the Risk Atlas.
A team of engineers, mapping experts, social scientists worked together who collected, analysed
and used updated data and information on hazards, vulnerability and risks both from the national
and local sources. In order to give a comprehensive structure of the Atlas the team shared and
facilitated the draft Atlas with the planners and policy makers at local and national levels.
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1.2 Disaster risk management: Importance and
current practices

Bangladesh is one of the most vulnerable countries in the world.

According to Climate Risk Index, Bangladesh is one of the most disaster-prone countries in the world (Harmeling, 2009). Aimost
every year, the country experiences disasters of one kind or another like tropical floods, cyclones, storm surges, coastal erosion,
tornadoes and droughts (Ali, 1996). These disasters result in heavy loss of life and property and jeopardize development
activities. Bangladesh is highly vulnerable to different types of disasters
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because of high population density, high incidence of poverty and social
inequity, poor institutional capacity, inadequate financial resources, and
poor infrastructure (Ahmed 2004). Moreover, the frequency and
magnitude of different hazards are going to be amplified due to climate
change. Floods, tropical cyclones, storm surges and droughts are likely to '
become more frequent and severe in the coming years. These changes will
threaten the si hi of that has made over oEfs
the last 20 years in increasing incomes and reducing poverty, and will
make it more difficult to achieve the MDGs (BCCSAP, 2009). In the past,
the disaster management program of Bangladesh was mainly focused on
relief and rehabilitation. But this scenario has changed from the 1990s,
and the Bangladesh Government is approaching towards a paradigm shift
from the conventional disaster relief and rehabilitation programs to a
more comprehensive risk reduction or Disaster risk reduction (DRR)
culture. In order to plan for a risk resilient society, the first step should be
to compile the risk information, particularly at the local level.

Disaster risk reduction is a global priority
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The decade covering 1990 to 2000 was declared by the UN to be the
International Decade for Natural Disaster Reduction (IDNDR). After the
year 2000, a follow up process was initiated that is titled as the
International Strategy for Disaster Reduction (ISDR). This strategy stressed the need to move from top-down management of
disasters and a cycle that focuses on rehabilitation and preparedness, towards a more comprehensive approach that works to
avoid or mitigate risk before disasters occur.

The disaster risk management cycle, shown in Figure 1.2.1, consists of four phases: Prevention/Mitigation and Preparedness in
the pre-disaster stage, and Response and Rehabilitation/Reconstruction in the post-disaster stage. In the
"Prevention/Mitigation" phase, efforts are made to prevent or mitigate damage (e.g. construction of dikes and dams against
floods). Activities and measures for ensuring an effective response to the impact of hazards are classified as "Preparedness"
(e.g. emergency drills and public awareness) and are not aimed at averting the occurrence of a disaster. "Response" includes
such activities as rescue efforts, first aid, fire fighting and evacuation. In the "Rehabilitation/Reconstruction" phase,
considerations of disaster risk reduction should form the foundations for all activities. Taking appropriate measures based on
the idea of disaster risk management in each phase of the disaster risk management cycle can reduce the overall disaster risk.
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Figure 1.2.1: Disaster Risk Management Cycle

3550-2000 €7 WHHBIE WA International Decade for Natural
Disaster Reduction (IDNDR) f&e7d (el 3wz | o =RRf6rs
International Strategy for Disaster Reduction (ISDR) 5@ & | @¥ ==
A R 2T T o SRS B (eaR @ @R i o am
e Sieeiarzel o qE IFAT UG ATGATS! FE GG AT FC | TS A, @S @R @36 A FAfoa
TG Ao 3 AT G- GUIER ST (Sl (71 AR |

5@ 5.2.5 @ FEil IRFAE @ 5B R AR ©f BRG oKw i afves w9 i aferaig, ewfs, wri okt
A efefm=n 91 el 8 FEe | elferand R S A e e Z 4 (@93 01 Afrand i1 v e
et | g eeR R O @ R AR (T 2 ol e’ Rena Ruafoe = (@wms i Twewel Ife) @3k @7
T el dfeze w9 w9 | qrdeetTe AfefERr @ e @RI Taw wElb, e e g wfy) e aste |
s/ R el e RS e IR wefe | qril I FNEE owa efefs i A amrEa i
R I FACS IR QA AT AT |



Risk information is essential in all phases of disaster management

A general strategy for disaster risk reduction should initially start by establishing a risk management
context, criteria and by characterizing the potential threats to the community and its environment
(the hazards). Secondly, it should analyze the social and physical vulnerability of the ity to

determine the potential risks from a range of hazardous scenarios in order to implement effective
measures to reduce the damage and casualties. The final goal of the reduction of disaster risk in the
present and the control of future disaster risk should be achieved by combining both structural and
non-structural measures that will foster risk management as an integrated theory and practice. This
should be incorporated into all stages of a community's development process, not just as a post
disaster response. Disaster risk management (DRM) requires a deep understanding of the
underlying factors that lead to disasters. The process will help to arrive at solutions that are
practical, appropriate and sustainable for the communities at risk. Evidently, managing risk in this
manner requires a consensual and collaborative approach. The United Nations International
Strategy for Disaster Reduction (UNISDR) has widely advocated new ways where authorities,
communities, experts and other stakeholders can jointly diagnose problems, decide on plans of
action and implement them. Clearly a new ethic of disaster risk management is emerging based on
'informed consent' as opposed to paternalism. Risk assessment as a starting point for further risk
management processes should, in turn, be a multifaceted activity, aimed at integrating the
likelihood and possible consequences of an event with subjective interpretations (perceptions) of
interacting, heterogeneous actors. Figure 1.2.2 shows a DRM framework that focuses on the use of
(spatial) risk information.

Risk Assessment in the Core Context of Disaster Management in Bangladesh

Bangladesh has created a simplistic model to guide disaster risk reduction and emergency response
management efforts in Bangladesh. The model has three key elements and ensures that the move to
a more comprehensive risk reduction culture remains central to all efforts.

Positioning the risk assessment in the existing Disaster Management System

The Ministry of Disaster Management and Relief (MoDMR) of the Government of Bangladesh has
the responsibility for coordinating national disaster management efforts across all agencies. The
Ministry issued the Standing Orders on Disaster (SOD) to guide and monitor disaster management
activities in Bangladesh. The SOD has been prepared with the avowed purpose of making the
concerned persons to understand their duties and responsibilities regarding disaster management at
all levels, and accomplishing them. All Ministries, Divisions/Departments and Agencies shall prepare
their own Action Plans in respect of their responsibilities under the Standing Orders for efficient
implementation. The National Disaster Management Council (NDMC) and Inter-Ministerial Disaster

Coordination Ct (IMDMCC) ensure coordination of disaster related activities
at the National level. The respective District, Upazila and Union Disaster Management Committees
do coordination at district, upazila and union levels. The Department of Disaster Management
renders all assistance to them by facilitating the process. A series of inter-related institutions, at
both national and sub-national levels have been created to ensure effective planning and
coordination of disaster risk reduction and emergency response management. Comprehensive
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Disaster Management Programme (CDMP 1), a project under the Ministry of Disaster N
generates the risk information through Community Based Risk Assessment (CRA).
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1.3 Objective of the atlas

Ultimate goal of the Upazila Atlas is to facilitate the local government authority with easy, accessible and credible information
and reference for local level risk reduction and adaptation planning.

Specifically the Upazila Atlas is intended to:
a) Provide access to credible references of risk information. This knowledge will provide the initial ground for the community
based risk assessment (CRA) exercise.

b) Mainstream DRR and CCA planning interventions, based on the risk knowledge portrayed in risk atlas.
c) Provide a basis for further investigation and studies on local level adaptation plan for action.

1.4 Methodology

9.\9 @ribeneT STy

B! ool Tafbras Srerels ZEl TR, TSGR Remiien w2 e g s eerEcs Jee ¢ sferem Afma
ST FERTS! T |

o qrdtel Tiboas AfFHE St ZeEs

<) e o R ReyPeRrel @ Saie a1 emeesie i frmen enfi a@e o |
<) 3fF THlbeg 3 i e @it T0TT DRR 43R CCA ARRFACS T4 e st |
) FAA ASTCH AR @l ¢ ARG (I 4o S Q32 f{reeta g 72 w4 |

.8 Ffrmfe

The Upazila Atlas has been prepared through following major steps:

e |dentification of current natural hazards in Bangladesh
® Integrated risk and vulnerability analysis

Identification of current natural hazards

On the basis of field survey and the literature review, all natural hazards, their risk and
finally the vulnerability of the selected upazilas have been identified.

Integrated risk and vulnerability analysis
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Risk assessment of a particular area depends upon a number of factors. It should include
the type and severity of the hazard; the elements are exposed to a particular hazard and
the sensitivity of the elements that are exposed. To represent this idea risk can be
calculated using the following formula:

Risk = Hazard X Exposure X Vulnerability

Hazard refers to the possible, future occurrence of natural or human-induced physical
events that may have adverse effects on vulnerable and exposed elements (White, 1973;
UNDRO, 1980; Cardona, 1990; UNDHA, 1992; Birkmann, 2006b). Although in the past risk
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assessment methods have been ascribed the same meaning as risk, it is now widely
accepted that it is a component of risk and not risk itself.

Out of the two other determinants of risk, exposure refers to the inventory of elements in
the area in which hazard events may occur (Cardona, 1990; UNISDR, 2004, 2009b).
Vulnerability refers to the propensity of exposed elements such as human beings, their
livelihoods, and assets to suffer adverse effects when impacted by hazard events (UNDRO,
1980; Cardona, 1986, 1990, 1993; Liverman, 1990; Maskrey, 1993b; Cannon, 1994, 2006;
Blaikie et al., 1996; Weichsel Gartner, 2001; Bogardi and Birkmann, 2004; UNISDR, 2004,
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2O[q YT AF ¢ AGE ZS #IME (UNDRO, 1980; Cardona, 1986, 1990, 1993;
Liverman, 1990; Maskrey, 1993b; Cannon, 1994, 2006; Blaikie et al., 1996; Weichsel

2009b; Birkmann, 2006b; Janssen et al., 2006; Thywissen, 2006).

The methodology of this particular work follows the above equation of risk assessment. The
risk has been calculated based on the hazard, exposure and vulnerability of the selected

Gartner, 2001; Bogardi and Birkmann, 2004; UNISDR, 2004, 2009b; Birkmann, 2006b;
Janssen et al., 2006; Thywissen, 2006) |

upazila. The following diagram represents the steps of risk assessment have been used
(Figure 1.4.1).
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Figure 1.4.1: Steps of Risk Assessment




Hazard Analysis

Hazard analysis is the first step of risk assessment. Potential hazards of the
country have been identified, and those are flood, drought, storm surge and soil
salinity. In the hazard map, spatial variation of hazard affected area with the
variation of hazard intensity has been shown. The intensity of each hazard has
been classified separately on an ordinal scale using relative hazard intensity
classes.

The information of each hazard have been integrated and produced a combined
hazard map to identify and predict the overall vulnerability of the region.
Weighting of hazards implies normative decisions, which has been given using
Delphi method, developed by Helmer (1966). On this basis, the integration of all
hazards and the production of an integrated hazard map have been prepared.

Exposure Analysis

Exposure means the elements that fall under the hazard risk areas. In this
particular study, the research team calculates the exposure of settlements area,
agricultural production (Aman, Boro, Gher, etc.), forest, protected areas and
roads have been calculated. It means, for example; the areas of settlements are
exposed to different hazard zones (like low intensity flood, medium intensity
flood or high intensity flood). Same way exposure for other elements is also
calculated. Once the exposure is calculated, it is, again normalized for each of the
units. The following table-1.4.1 summarizes the exposure indicators:

Vulnerability Analysis

The analysis of vulnerability is the most difficult part of any risk assessment. It
reveals the sensitivity of people, infrastructure or agriculture production to a
given hazard. After reviewing the methodology of different literature of assessing
vulnerability, the following broad indicators of vulnerability analysis are selected
for this study:

Physical

Social
Economical
Environmental

Each of the above indicators has been analysed by using a set of sub indicators.
The indicators used in this particular study are described in the following table
(Table 1.4.2).

Integrated risk assessment, risk ranking and visualization
The information from the integrated hazard map and the integrated vulnerability

map has been superimposed to produce the risk map using the formula (given in
section 1.4). The map shows the integrated risk that each region is exposed to.
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2.1 Physiography of the Upazila

Physiography

The physiography of Bangladesh can be divided into twenty four sub-regions based on physical features and drainage pattern.
Sarankhola upazila of Bagerhat district is located within the immature delta region. This zone contains the Sundarban forest and
the Sundarban reclaimed estates (cultivated land).

Temperature

It is important to analyse the temperature to understand the climate of a particular area. The meteorological station -12103 of
Patuakhali is the representative station for Sarankhola upazila. Figure 2.1, shows the usual average temperature in January
varies from 18°C to 22°C. The average temperature of Sarankhola upazila increases gradually and reaches the highest in May.
Average temperature in hot seasons varies from 26°C to 30°C in this upazila
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Figure 2.1.1: Monthly average temperature of Station-12103 from year 1948 to 2008
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Rainfall

Mean annual rainfall estimated for Sarankhola is 2498.07 mm. Figure 2.2 shows that there is hardly any rainfall from November
to February (dry season). These four months contain less than 3% of the annual rainfall. The amount of rainfall increases rapidly
from June to September (monsoon season) and reaches to 1453 mm. 60% rainfall is observed during this season.

Humidity, Sunshine Hour and Wind Speed
The amount of humidity in Sarankhola upazila is higher in the wet season. Duration of sunshine hour is longer in the dry season,

and wind speed is higher in the wet season. The average annual wind speed is 177.28 km/day in the dry season whereas it is
185.87 km/day in the wet season (table 2.1).
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Figure 2.1.2: Monthly rainfall of Station-12103 from the year 1948 to 2002
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Table 2.1.1: Seasonal Change of Humidity, Sunshine Hour and Wind Speed at Station-10408
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Evapotranspiration Rate

Figure 2.3 shows the evapotranspiration rate (mm/day) for Sarankhola upazila. Evapotranspiration is lowest in January (2.72
mm/day), the coldest month of the year. Similarly, highest evapotranspiration rate is found in April (4.86 mm/day), the hottest
month of the year. Air becomes saturated with moisture during rainy season and results in lower evapotranspiration rate at that

time. So, less irrigation is required during the monsoon season in Sarankhola upazila.

Climate Change

Climate change means a statistically significant variation in either
average state of climate or its variability for a longer period. Both the
natural internal process and the external forces are responsible for
climate change. Constant anthropogenic change and change in land use
may result in climate change.

Climate Variability

Climate variability means the variation in the statistical condition of
climate. It refers to variations in the average state and other statistics,
as standard deviations, the occurrence of extremes, etc. Climate
variability is caused due to internal and external variability.

Climatic Change and Trend Analysis in Sarankhola Upazila

Trend analysis is important in climate research to detect, estimate and
predict the significant factors of climate. It shows that there are no
significant indicators for climate change in Sarankhola upazila.

2.2 Socio Economic Condition

Population

According to the population census of Bangladesh, the total population of the
Sarankhola upazila is around 119084 among which 62400 are male and 56684
are female. The total number of household is 28581. Table 2.2 shows the
distribution of population and household in different unions of Sarankhola
upazila. The highest population is found in Royenda union while Dhansagar

union has the lowest population.
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Figure 2.1.3: Evapotranspiration Rate (mm/day) at Sarankhola Upazila
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Housing

Three types of houses are seen in Bangladesh on the basis of construction material.
These are Pucca (permanent), Semi-Pucca (semi-permanent) and Kutcha & Jhupri
(temporary) houses. These three types of houses are considered to analyze the
exposure and vulnerability of this particular work. Table 2.2.2 shows the percentage of
pucca, semi-pucca and kutcha houses of Sarankhola upazila. It depicts that the most of
the houses are kutcha and jhupri in Sarankhola upazila. The highest percentage of
kutcha and jhupri houses is found in Dakhin Khali union whereas the lowest percentage
is found in Royenda union.

Household Size

A household is defined as a group of people living together in a housing unit and
sharing meals. This group of people can be relatives or non-relatives. Table 2.2.3 shows
the percentage of different household sizes in Sarankhola upazila.

Electricity Coverage

Electricity coverage is one of the determinants of the prosperity and economic well
being of a certain area. A higher access rate to electricity indicates that the community
is better-off. Table 2.2.4 shows the union wise coverage of electricity in Sarankhola
upazila. The highest percentage (about 30%) of electricity coverage is seen in Royenda
union while Dakhin Khali union has the lowest percentage.

Land Cover

Land cover is the physical cover of the land in a certain area. Land cover is very
important in the assessment of hazard risk, as landuse has influence on both the
occurrence of hazard and exposure of elements. Figure 2.2.1 depicts the percentage of
different land covers of Sarankhola upazila. It is seen from the table (2.2.5) and figure
(2.2.1) that gher is the most dominant (around 32%) land cover in Sarankhola upazila.
Besides, a large percentage of land is both fallow land and settlement (29% and 22 %
respectively) in this upazila. Moist land (about 8%) and water (about 7%) are also
prominent land covers in Sarankhola.

Table 2.2.5: Land cover of Sarankhola Upazila
T 2.2.€: MR GO Gl S
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(Source: Raw data from BBS table no C-15)

Table 2.2.2: Distribution of different categories of houses
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(Source: Raw data from BBS table no C-14)

Table 2.2.3: Household size
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(Source: Raw data from BBS table no C-03)

Table 2.2.4: Electricity coverage
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(Source: Raw data from BBS table no C-15)
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Figure 2.2.1: Land cover of Sarankhola Upazila
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Economic Activity

Bangladesh is a country where a large percentage of population
depends on agriculture for their livelihood. There are a small
percentage of populations who are involved in other economic
activity rather than agriculture. Table 2.2.6 shows the distribution
of economic activity in Sarankhola upazila. Likewise Bangladesh,
majority population of Sarankhola upazila is engaged in agricultural
activity. The highest percentage of people engaged in agriculture
sector is found in Dhansagar union.

Unemployment Rate

Unemployment rate of Sarankhola upazila is shown in Table 2.2.7.
The highest percentage of unemployed people is found in
Khontakata union whereas the lowest percentage is seen in
Royenda union

Water supply and Sanitation

Water supply and sanitation is a major health indicator for a
community. Table 2.2.8 and 2.2.9 shows the existing condition of
water supply and sanitation of Sarankhola upazila respectively.
People collect drinking water from various sources in this upazila.
Majority of the households use other type of sources of drinking
water rather than tubewell and tap. The highest percentages of
tubewell users are found in Khontakata (about 56.37%) and
Royenda (34.43%) union.

The study demonstrates that thereare mainly two types of
sanitation system i.e. sanitary and non-sanitary in Sarankhola
upazila. Sanitary toilets can be divided into two types: water sealed
and non-water sealed. Table 2.2.9 shows the condition of
sanitation in different unions of this upazila. In Sarankhola upazila,
the non-water sealed sanitary latrines are more common than the
water sealed sanitary latrines. On the other hand, the highest
percentage (around 42.73%) of non-sanitary latrines is found in
Dakhin Khali union.

Table 2.2.6: Employment Sector
TS 2.9 TG T AAST TS

G
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(Source: Raw data from BBS table no c-11)

Table 2.2.7: Unemployment Rate
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(Source: Raw data from BBS table no c-10)

Table 2.2.8: Sources of drinking water
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(Source: Raw data from BBS table no c-15)
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Table 2.2.9: Condition of sanitation facilities
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3 Exposure Analysis

Apart from basic needs of life, communication, social activity and protection are
equally important for human being. These social elements are sensitive to the
potential damaging capacity of natural or manmade hazards. The damaging
mechanisms usually vary according to the nature of hazards. At the same time,
sensitivity of elements to a particular hazard varies due to their inherent
properties, degrees of hazard intensity and degrees of exposure level. Though
Bangladesh is a small country with the minimum topographic variations, there
are spatial variations of hazards and exposures.

Therefore, in this riverine country flood is a common damaging event. It occurs
almost every year and spatially covers almost whole area of the country except
Barind Tract and hilly areas. In Bangladesh flood occurs mainly during May to
October. It damages severely the Aman crop, houses, roads, ponds and many
other things. For instance, the Northeastern hoar basin is a flash flood prone
area. As a result, flood occurs in that area due to heavy rainfall during the early
monsoon. In most of the cases, flood damages largely the Boro crop in haor
areas. However, the Western part including Barind Tract is a drought prone area.
This area faces severe problem due to scarcity of water in Boro cultivation during
the dry season. Similarly, the Southern coastal part of Bangladesh is sensitive to
the storm surge and soil salinity. Therefore, the people of coastal area can grow
rice during the monsoon period. On the other hand, the rest of the year they
struggle to coop other crops. Although, shrimp farming has introduced a new era
of economic development in the coastal areas, recently it has become difficult
due to storm surge and high salinity in water. Therefore, it is important to
consider the spatial variations of hazards and exposures to analyze the risks.
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A vulneranility Analysis

Vulnerability is one of the most of risk because of its nature. Vulnerability refers to the
susceptibility of the elements which are exposed to hazard events. In other words, it is a condition or situation in which an element can
be prone to loss or damage when it is exposed to any hazard. Depending on the hazard type, vulnerable elements can be different. In
this particular study, a holistic approach of vulnerability analysis for all hazard type has been performed.

The vulnerability analysis for this study has been done by using a set of indicators covering physical, social, economic and
environmental vulnerability of any hazard. The relative importance of these indicators has been determined by assigning them different
weights. It has been also decided on which indicator is suitable for which hazard.

A vulnerability analysis has been performed first by selecting a set of indicators for the aforementioned physical, social, economic and
environmental aspect. The data from each indicator has been ranked then by using the formula explained in the methodology section
(Section 1.4). After ranking, the each indicator has been given different weight and added to generate broad vulnerability values for the
area.

Physical Vulnerability

Physical vulnerability refers to a potential physical impact on elements due to any hazard. Physical vulnerability is defined as the degree
of potential loss, to a given element at risk. In this particular study the following sub indicators were used for physical vulnerability
analysis.

Physical Vulnerability Results

The results of physical vulnerability analysis are shown in the following maps. Map 4.1.1 shows the vulnerability of density of
population. At the same time, map 4.1.2 shows the vulnerability structure type and map 4.1.3 shows the vulnerability of the road
network.

Social Vulnerability

Social vulnerability is the inherent condition of the society. It makes the society susceptible to any hazard. It is a social condition which
makes them unable to cope with the hazard. The social vulnerability also identifies the community group which needs high level of pre-
disaster assistance and monitoring so that they become more capable to adapt with the situation.
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Social Vulnerability Result

The results of social vulnerability analysis are shown in the following maps. Map 4.2.1 depicts the vulnerability based on
household size while map 4.2.2 shows the vulnerability based on young dependents. At the same time, map 4.2.3 represents the
vulnerability based on elder dependents whereas map 4.2.4 shows the vulnerability based on literacy rate and map 4.2.5 shows
the vulnerability based on ownership of houses.

Economic Vulnerability

Economic vulnerability means the potential impact on the economic well-being of the community. The vulnerability refers as the
inherent economic situation that makes a particular community vulnerable to any hazard. For example, if agriculture lands are
exposed to a hazard, it makes the economic condition of the area vulnerable. To compute economic vulnerability, some direct
and some proxy sub indicators has been used. The indicators are listed in the following table (4.3):

Economic Vulnerability Result

The results of economic vulnerability analysis are shown in the following maps. Map 4.3.1 & 4.3.2 shows the vulnerability based
on agricultural land. Additionally, map 4.3.3 shows the income diversity and map 4.3.4 shows the vulnerability based on
unemployment rate. At the same time map 4.3.5 shows the vulnerability based on electricity coverage.

Environmental Vulnerability

Environmental vulnerability means the degraded environmental condition of a community that makes it vulnerable to any
hazard. It is the environment of the surrounding that makes people susceptible to any disaster. Some proxy indicators are used

to find out the environmental vulnerability of the community. The indicators are given below:

Environmental Vulnerability Result

The results of environmental vulnerability analysis are shown in the following maps. Map 4.4.1 shows the vulnerability based on
water supply while, map 4.4.2 shows the vulnerability based on sanitation.
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Analysis of physical vulnerability

It is seen from map 4.1.1 that most of the
areas of Sarankhola upazila are moderately
vulnerable in terms of population density.
Map 4.1.2 represents the physical
vulnerability of Sarankhola upazila based on
house type. It is also seen in map 4.1.2 that
Dhansagar, Royenda and Dakshinkhali
unions are more vulnerable in Sarankhola
upazila. Besides, most of the houses are
kutcha in these unions. These kutcha
structures  increase  the  physical
vulnerability. At the same time, map 4.1.3
shows the physical vulnerability based on
road condition of Sarankhola upazila. It is
seen in the map 4.1.3 that Dhansagar and
Dakshinkhali unions are the most
vulnerable union of Sarankhola upazila on
the basis of poor condition of roads. On the
other hand Royenda and Khontakata unions
are less vulnerable with better road
conditions.
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Analysis of social vulnerability

Map 4.2.1 shows that all the unions are
moderately vulnerable in terms of
household size. Besides, all the unions
are vulnerable in terms of household
size. Because of large number of
household size these unions are more
vulnerable during a natural disaster.
Moreover, it is seen from both map
4.2.2 and map 4.2.3 that Dakshinkhali
has the highest percentage of young
dependents and all other unions except
Royenda have the highest percentage
of elder dependents. These unions are
more vulnerable to disaster, as most of
the households have to take the
additional responsibility of providing
support to their dependents. llliteracy
rate is also a fundamental indicator of
social vulnerability. The higher the
illiteracy rate is, the higher the extent
of vulnerability. Map 4.2.4 shows that
this upazila has the moderate illiteracy
rate, thus moderate vulnerability to
natural disasters. In addition, map 4.2.5
shows that Royenda has the highest
percentage of the population who do
not have their own house. It is assumed
that those people who can afford to
own a house are more capable of
coping with a natural disaster.
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Analysis of Economic vulnerability

Majority of the population depends on
agriculture for their livelihood in Sarankhola
upazila. Among them, a large number of
people are engaged in Aman rice cultivation.
According to the map 4.3.1, it can be
concluded that the economic activity of Aman
rice production is very vulnerable in this
upazila. On the other hand, Boro production
occupies fewer lands (map 4.3.2). As a result
the area possesses very low vulnerability in
terms of Boro production. Communities which
depend on a single income generating activity
are more vulnerable to disasters. It is seen
from the map 4.3.3 that Dhansagar and
Dakshinkhali are the most vulnerable unions
of Sarankhola upazila in terms of income
diversity vulnerability. Majority population of
those unions depends highly on a single
income generating activity which increases
their vulnerability. On the other hand, people
living in Khontakata and Royenda unions are
the least vulnerable in terms of income
diversity vulnerability. Vulnerability relating to
the unemployment rate indicates that the
region with high unemployment rate has high
vulnerability. From map 4.3.4 it is seen that
Khontakata has the highest unemployment
rate as well as the higher vulnerability. On the
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contrary, Dh ) yend and
Dakshinkhali Unions are partially vulnerable
as because there are some employed people.
From map 4.3.5, it is clear that the most
vulnerable union is Dakshinkhali in terms of
access to electricity. Subsequently, Dhansagar
and Royenda are partly vulnerable in terms of
access to electricity..

Tevr/mfFdrR 2efRne fog s
FIFEN A AR SE SRR
oo | SEfoa 8.0.¢ @ (¥ AT'T @,
wiERrIEAT 2l tagfes A T A
Rememel @M | TWME @EE 9
A TEFRER [Apfes AT AR
O3 TefEmete ST Remiag |

WAioE 8.9.5: SN L BT I

BOCA1TE

TN




TA@ 8.9.2: @A 417 TV Q=

1 @ Ty ARTSTE TS JF G ¢ AT A e

37 I



T @ G ARTSTETS S TG @ AFFFAT oA e
TFfod 8.9.0: G tafoay

B9°57'30"E

=z
g
@
8

b e for

89°52'0"E BO°57'30"E




A ST ARG S WA © R R

DD 8.9.8: (G T

B9°41'0"E 89°46'30"E 89“5[2'D'E B9°57'30"E
1 1

z z
=l o
51 I
& :
o~ ﬁ

N

\\

L
= z
=]
g 2
Z | 2
& o

—z

8 b ﬁf.ﬁr{.ﬂ

T T T
B89°46'30"E 89°52'0"E BO°57'30"E

39 I



TR @ I ARTETES 3 Ao @ AR R
Ao 8 .0 RS AT e

B9°41'0"E

89°46'30"E
1

89“5[2’D'E

B9°57'30"E
1

22°21'0°N

22°16'30°N
1

—z

22°21'0°N

22°16'30°N

T
BO°57'30"E

)
B89°46'30"E



oG 8.8.5: A s <zl

T
2N

2EIUTN

BPAITE BT 4EIE 8°ST0E BO'STI0E
i i
£
=
Bl
=
g
el
]
N
wfe e Al e e W A
8 r e fa;
== it L !
T T T
BYAEIE BSX0E 85°STIE

T 6 G ARTETE TS Jfe ADE @ AfTEFAT [P

Analysis of Environmental
vulnerability

Environmental  vulnerability  of
Sarankhola upazila has been analyzed
on the basis of water supply and
sanitation. Map 4.4.1 shows that
Dakshinkhali, Royenda and Dhansagar
are partially vulnerable due to limited
access to drinking water. On the other
hand, Khontakata is moderately
vulnerable. Sanitation condition is
another ituent of i al
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vulnerability. Map 4.4.2 shows that
some areas of Royenda union is highly
vulnerable in terms of sanitation
facility. Most of the unions are
moderately vulnerable due to lack of
access to sanitation facilities. Above all,
considering both water supply and
sanitation indicators Dakshinkhali,
Royenda and Dhansagar are the most
environmental vulnerable unions of
Sarankhola upazila.
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Risk assessment as discussed in the methodology section is a combination of hazard, exposure and vulnerability and can be
expressed with the help of the following equation:

Risk = Hazard x Exposure x Vulnerability

The extent and level of exposure of different hazards have been discussed in chapter 3 with appropriate illustration while the
sector wise vulnerability ranking and analysis are presented in chapter 4. The relative importance of different hazards and the
associated vulnerability is not the same for all elements, sectors across the areas. That is why different weight has been given
for sector wise vulnerability for different hazards. The methodology used to assign the weight and final risk calculation is
illustrated in Appendix- 1.

Based on the methodology and steps discussed in chapter 1 and appendix-1 the integrated risk for both baseline (2007) and
climate change (2050) scenario of Sharankhola Upazila is portrayed in table 5.1 and 5.2. The final risk calculation value has been
classified into 6 (six) different categories and the values are ranked accordingly. The rank ranges from no risk to very high risk
and the information is presented for individual hazard and as integrated risk for all hazards.

Table 5.1(Baseline Scenario) shows that all 4 (four) unions in the upazila is in the medium risk zone when we consider the
integrated risk. The most prominent factor behind this risk status is the impact of storm surge and salinity for which the risk
factor is high. However, as the risk from flood is low and risk from drought does not exist the overall risk is ranked as medium.
The overall vulnerability of some sectors is also high in the upazila. For example, the percentage of kuthca houses and
percentage of unpaved roads is high in those unions which increase the overall vulnerability. In addition to the above criteria,
social vulnerability particularly percentage of dependent population, economic vulnerability like lack of diverse occupation,
unemployment rate and lack of electricity coverage and environmental vulnerability like lack of drinking water and improper
sanitation contributes to the overall risk.

Table 5.2 depicts the projected individual and integrated risk in climate change scenario (2050). The projected risk is ranked as
medium in all the 4 (four) Unions. The risk from storm surge and salinity is projected to be high but the risk from flood is
projected low and the risk from drought is projected to be in the no risk category.
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Table 5.1: Union wise Multihazard Risk (Baseline Scenario, 2007)
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Table 5.2: Union wise Multihazard Risk (Climate Change Scenario, 2050)
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Though the Atlas is prepared out through a rigorous technical and analytical process, there are few limitations too. The analysis
for this atlas was carried out on a sub-national scale. The resulting hazard, exposure, vulnerability and risk maps are meant to
provide a general overview at the level of administrative units, which is upazila level.

Moreover, vulnerability is not a static phenomenon. Primarily, it depends on hazard frequency and magnitude. In this respect
constructing a dynamic vulnerability function is a prerequisite for holistic risk assessment. However, due to time, material and
resource constraints, the study team adopted indicators based static vulnerability assessment. The team has used secondarily
available data sources. Demographic and physical setting data available from the Bangladesh Bureau of Statistics was used for
evaluating the vulnerability indicators. It should also be mentioned that the data for various parameters is very incomplete in
upatzila level.

In addition, ideal state suggests that the integrated risk should be evaluated in terms of probable loss and damage. However,
assessing the loss and damage is no more possible until and unless the country maintains a historical database. The team of this
project has collected as much historical data as possible on natural hazard events in the past. It is found very difficult to
persuade various national organizations efficiently to digitize their own historical archives. Moreover, a large part of this
database is poorly maintained. Because of the relative scarcity of this historical data, it has been very difficult to analyze the
magnitude-frequency relationship for most of the hazard categories. In this respect, the client has made hazard data from
secondary sources. Monsoon flood, storm surge, salinity and drought modeling data were generated by the Institute of Water
Modeling (IWM) and Center for Environmental and Geographic Information Services (CEGIS) were used in this case.
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Appendix-1: Risk Assessment
Methodology

Risk assessment is a combination of different hazard, the related vulnerability and the level of exposure of the element at risk.
As discussed in the methodology section, the risk assessment was performed by using the following formula:

© i TG @ AR Feate

Risk= Hazard X Exposure X Vulnerability

Risk assessment in this study is calculated in two ways. First, the sector wise risk is calculated for physical, social, economic and
environmental sector and second, hazard wise risk is calculated for flood, storm surge, soil salinity and drought. In the end,
integrated risk is calculated for all hazards and all sectors and displayed in the combined risk map.

The previous chapter on exposure and vulnerability analysis outlined the elements at risk and the vulnerability of those
elements (calculated using a set of indicators). But the vulnerability for each hazard is different. Also, the relative value of
different vulnerability sector is different. In order to provide weight to this vulnerability sectors and hazard wise risk, an expert
consultation is performed. They were asked to weigh the relative importance of sector wise and hazard wise risk. The result of
the expert consultation and the relative weight calculation is summarized in table. The final output for sector wise risk, hazard
wise risk and integrated risk is displayed in a combined map layout which is the final risk result for the study area. The relative
risk ranking for all the unions of the upazila is shown in the table in the final map layout.

Based on this table all the sub indicators were given separate weights for each different hazard. Then the sector wise risk is
calculated by giving the sector wise weight. Finally, the combined risk map is produced by using the weight created for all
sectors and all hazards. For example, to calculate flood risk the three indicators for physical vulnerability were given weight of
0.33, 0.33 and 0.34 respectively. Besides, the five indicators for social vulnerability were given weight of 0.20, 0.25, 0.21, 0.18,
and 0.17 respectively and so on. After that the combined physical, social, economic and environmental risk for flood is
calculated by giving weight of 0.22, 0.34, 0.28 and 0.16. The same way sector wise risk for storm surge, salinity and drought is
calculated. Finally, an integrated risk is calculated for all hazards by giving weight 0.17, 0.34, 0.32 and 0.16 for total physical,
social, economic and environmental risk respectively.

The risk is calculated based on two scenarios. One is the baseline scenario for year 2007 and the other being climate change

Afaf2-y: I e swfe

@36 SereE R TR ' T GO, O e AR Kot @R @ T EAmE IR Seeee ¢f o fFRa
I | 9B I FAG S S e AFaeera Mo 3 ~ifmret w1 2w |

I = gt x grEriwst X Remaget
@2 R 2 Awfere I TR T @R | AATS (ST, AEE, T ¢ AfwHe i @ wde crafefes

e fGSiTe T, SRR, A9eTEel ¢ 4a AR qrdiel fofes | AdeeiE, em I ¢ oFaw T awlt e e wefva
e 1 A |

RS femiviel ¢ Trei@@s! S, I TNeSge TAMA 3 SIE FHifFe Remieme s f[Reifie s w1
z@z | g effefs qritels & femiome! fog oo | [fey cruan seifes ewge fof somm@ | oy el 5, arin
G2 (AT W (1R T (5% Reeacess s arzet w91 2R | @ fEw wfee gfemee ey vt ¢ Remager pac
W fTee Sy T & G3R SO TR 71 fofe T SeeifFs T «F Feres o @RI AR |

cra fofes, qrdint fofer W3 swfre I pue was 3 TfTe TMibe Sogem war z@e | TR e 76
s weifes IS @3 = e a1 TR | 2 97 Bo fofe s afefs farmisy space stmmt I oredt =R |
G SRR A NG CRafefes I TRm S @0 | ShgerTwmel I I FReed v s ReAnieEe! I pa
AT 0.99, 0,99 G 0,98 T MG AR | NG [T 6 TpHc TAFW 0.0, 0.2¢, 0.3, 0.5, 6 0.59
M (ST TR 938 GFISNF e 60 T ol T TR0R | I I G (Ste, AN, wdtafeos ¢ s
s fweTels T ATATS TAET 0,23, 0.98, 0.3b 8 0.5 AW (M AR | GO AU T TS Fo0] Tl ZCATE |
T, TS I Fwend o e, A, wtafes ¢ sAfaHre JfFE INGE 0,39, 0.98, 0,02 IR 0.5% TF
ST TR |

@2 siEelr i u2 ~iffEfen Tan fofe v e w1 zmre | @36 27 fofe T=@ 75716 (K004 7T &) @32 S f6 =9
SR ~fFAET TG (R0¢0 AR &) | TS I e @ G5l 409 (e TR @ gl ARG T\ GF 6 T
5 A | =S R KRR IR 93 foa vt <71 =1

Table: Return period of hazard (Baseline and CC Scenario)
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scenario for the year 2050. The hazard map from climate change scenario of 2050 is obtained from the same sources as the o R 91 (3009) SR AR (30¢0)
baseline maps. In order to generate the final risk, it was considered each hazard will have a set level of probability. The o w0 ITF 77 9B 3¢ IZA GG
estimated return period for all hazards is summarized in table. AT 20 I 77 WEB So ITF *1F 9B
Table: Relative weight of risk E ! ROMRS :;‘:t? 2ekiRe ’:;‘:C;
@ =4 R.¢ =S
7 e e Tm
[ Physical vulnerability [ Social vulnerability Economical vulnerability Environmental vulnerability
Hazard Type Road Total Household Young Elder Hol Agricultural Unemploym [ Income [ Electricity Total Water Total
ety FsvER e Network Physical Size dependents | dependents | "literacyrate | o o hip | Total Social Land entrate | Diversity | Coverage | Economical | Supply | 5200 | gnvironmental
Expert Ranking (Average)
Flood 7.14 714 7.43 6.57 8.00 6.86 5.71 5.43 8.29 6.86 6.29 6.00 8.00 7.43
Storm Surge 6.86 8.00 8.29 6.86 7.71 8.00 5.71 7.14 8.57 8.00 714 6.57 9.14 8.29
Salinity 5.71 2.29 2.29 4.29 4.57 4.00 3.71 3.71 8.29 5.43 6.00 2.29 8.86 4.00
Drought 0.00 0.00 0.00 4.29 457 429 3.43 314 857 5.71 5.71 257 243 4.00
Individual Weight
Flood 0.33 033 0.34 022 0.20 0.25 0.21 0.18 0.17 034 030 0.25 0.23 0.22 028 0.52 0.48 0.16
Storm Surge 0.30 035 0.36 022 0.19 0.22 0.23 0.16 0.20 033 028 0.26 0.24 0.22 0.28 0.52 0.48 0.16
Salinity 0.56 0.22 0.22 0.16 0.21 0.23 0.20 0.18 0.18 031 038 0.25 0.27 0.10 034 0.69 031 0.20
Drought 0.00 0.00 0.00 0.00 0.22 0.23 0.22 0.17 0.16 0.40 038 0.25 0.25 0.11 0.46 0.38 0.62 0.13
Intergated Weight
Multihazard Multi
vulnerability @7 034 032 0.16
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The Atlas provides general information about the current and future risk profile of the ten Upazilas of
Bangladesh (e.g. Amtali, Ct iganj, a, Kazipur, Langadu, Madaripur, Nachole,
Shyamnagar, and Tahirpur), resulting from climate change induced natural hazards. Moreover, it also
covered a brief description of the exposed elements at risk (e.g. Aman, Boro, settlement, road), along
with different types of vulnerability (physical, social, environmental, economic). The Atlas aims at

the first in the disaster cycle, i.e., the disaster risk assessment for
ensuring climate resilience and sustainable development considerations in a vulnerable country like
Bangladesh. Therefore, the main goal of developing this Atlas is to facilitate the local government
authority with easy, accessible and credible information and as a reference for local level risk reduction
and adaptation planning in this country. This Atlas will also assist the local inhabitants and autonomous
development initiatives providing the information about bio-physical and demographic information
about the locality. At the same time, it will support government institutions to improve the existing
disaster risk management and reduction policies, to develop an appropriate strategy of effective
planning, and to i different projects effici As a result, any interested person
or institution will have the opportunity to evaluate the risks and relevant challenges faced by the local
communities of ten Upazilas by utilizing the information exhibited in this Atlas.
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