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Abstract

This study was conducted from the realizalion of the peed for identification of the
areas that are wvulnerable to disaster and provide some guidelines for effective
emergency planning durng post-disaster phase, Disasters have much more severe
impacts m a developing country than in a developed country. For instance, the
dernage caused by Lhe last catastrophic cyclone SIDR was extensive in Bangladesh.
This is why; developing an effective strategy for disasier management for cyclone
zones 15 a challenging issue to emergency planners. This study examines spatial
variability in evacuation assisltance needs during cyclone hazard in Barguna district
and identifies the optimum locations and non-engineered structural design of cyclone
shelters. For this, composite vulnerability map of unions in Barguna district is
developed based on the community demographics, resources, siructures and
geophysical risk indicators. Four evacnation dimensions are: popufation character and
building stmctures, differential access to resources, special evacuation needs, and a
combination of lhree dimevsions. Moreover, the difference between the cyclone
shelters demand and existing shelters in the highest vulnemble areas are analyzed.
Resulis indicale that relative majority of the unions are chamscterized by high
evacuation assislance need and similar scenario exists in the spalial distributions of
geophysical risk and socic-cconomic vilnerability. Nevertheless, spalial disparity of
socio-economic vulnerability is also observed among the unions within the
geophysical risk zone. Barabapi union of Amtali upazila was identified as the most
vulnerable union in terms of both geophysical risk and socio-economic factors.
Towards this, methodofopy was developed for delermination of number of new
shelters required and their tenlative localions in the same union. Moreover, this study
also provides some guidelines for construction of low cost housing, which can
withsiand during tropical slorm. Thus, in an environment where (inancial and humen
resources are limtted, spalial analyses should be incorporated in disaster-management
procedures of both the government and development agencies to decrease the
vulnerability of (he country’s population, especially in rural and remele regions. In
order o inlegrate spatial analyses it is essential that the government and ils agencies
and others, keep up, or betler, increase the compilation of spatially referenced data
sets and share themn as well.
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INTRODUCTION



Chapter 1

Introduction

1.1 Background and General statement of the problem

Developing an effective sirategy for disaster management for cyclone zones presents
challenge to emergency planners because of spatial differences in geophysical risk and
social valnerability. Although the approaches differ and definition vary, there has becn
increasing emphasis on the importance of the intersection of geophysical condition and
the social systems (Liverman 1990; Dow 1992; Montz and Tobin 2003). Hazards and
social vulnerability are inexiricably intertwined by their very nature. The study of hazards
and soctal vulnerability each have a voluminous body of work that spans many
disciplines and is utilized for many different kinds of research including: emergency

planning, risk exposure, and many other purposes.

In terms of definition, there is a difference between natural hazard and disaster. A hazard
is a polentially damaging event and Lhe measure of hazard is its probability of occurrence
at a certain level of severity within a specified period of time in a given area (Office if the
United Nations Disaster Relief Coordination, 1991). On the other hand, natural disaster is
defined as a consequence of the occurrence of & natural phenomenon affecting a
vulnerable social system (Appel, 2001). Thus netural hazards represent the potential
events whereas natural disasters result from actual evermis {Tobin and Montz, 1997).
Developing countries arc more vulnerable to natural hazards than the developed countries
(United Nations Environmetual Program, 1992). It is very rare that natural hazards caused
a large number of deaths in developed countries. The main reason of higher number of
death in developing countries is theit economic situation (Ono, 2001). High population
densily is another reason for the higher death toll in developing countries. As populstion
increase and more land is utilized, more people are forced to live in coaslal areas. In a
recenl study, the Center for Climate System Research (CCSR) at Colombia University
has predicied that the World’s coastal population will increase by 35 percent from 1995 to
2025 and will put more pecple at nisk from natural hazards such as tsunamis or tropical
cyclone (CCSR, 2006). '



Bangladesh is the most densely populated country (1045 person/sq.km} in the world and
cyclone disaster is the most frequently occurred disaster and which has a significant
deadly impact on the coasta! areas in Bangladesh (Wikipedia, 2009). The coaslal areas of
_Bangladesh are highly vulnerable 1o disaster as the population exposure is high.
According to the study of Waler Resource Planning Organization in 2004, around 33.1
million people live in coastal areas in Bangladesh, which is 23 percent of the tolal
Nation’s population. The siudy will contribute (o the disaster management efort in a
particular district in Bangladesh in the response phase not only for reducing damage but
also for allocating evacuation sites in the appropriate location.

1.2 Specilic problem

Bangladesh is subject to a variety of natural hazards, which has the potential to threat
both its population and environmeri. Over 8900 square kilometers of the country’s
coastal area is identified as the high- risk zone Lhat is prone to cyclones and inundation by
storm surges (CEGIS, 2004). Nevertheless, the coastal districis of Bangladesh are mainly
susceptible to ¢yclones and storm surge. For example, the exlent of damage caused by the
last super cyclone SIDR that swept through Bungladesh coast on 15 November 2007 was
about $450 million and Lhe entire Patuakhali, Barguna and Jhalokali districls were hit
hard by the storm surge of over 5 mefers (16 fi). In Barguna district, 1335 people were
died (44.5 percent of total cesualties), 1119.89 sq. km. arez was annihilated (61.15
percent of Lolal area) and 60-70 percent of crop was lost and 93,4172 houscs were fully and
partially damaged (36.89 percent of tolal) (Muslaafa, 1998). Like this, Barguna was aiso
affected by cyclones during 1935 and 1965, According o BUET-BIDS study on 1993,
around 70 percent of total area in Barguna district falls under the high-risk area (BUET-
BIDS, 1993).

Nevertheless, the spatial coverage of geophysical risk and vulnerability assessment 18
comparatively problematic than estination of total damage. Vulnerable proups are those
who are likely (o suffer a disproportionate share of the effects of hazardous events {Clarke
et al, 1998}, Recem hazard research focused ou the vulnerability that exacerbates the
effect of disaster, Lileratures have also idemified many components of vulnerability
(Blaikie e# al., 1994; Clarke ef al., 199%; Cutter, 1996; Hewitt, 1997; Kasperson et al.,
1995: Montz, 1994; Susman, 1983; Tobin, 1997 and United Nations [nternational
Stralegy for Disaster Reduction, 2001) bul few clear measures of vulnerability have been



established. A more recent challenge has been to address the interaction of vulnerability
components in the context of mulliple hazard and risk. Bangladesh University of
Engineering and Technology and Bangladesh Institute of Development Studies conducted
a study entilled “Mullipurpose Cyclone Shelter Programme”, which assessed the
vulnerabitity based on geophysical risk (BUET-BIDS, 1993). However, this research will
approach these issues by evaluating spatial variations in both geoplrysical risk and social
vulnerability at union icvel of Barguna district in order to idenlify and distribute the

required cyclone shelters.

1.3 Objectivea with specific aims and possible outcome
The aim of the research is to facilitate effective spatial planning for the evacuation of
populations in Barguna districl.

Objectives:
The objeclives of the research are:
1. To assess geophysical and socio-economic vulnerability of different unions of
Barguna district
2. To creale a composite vulnerability map hased on the community demographics,
damage and geophysical risk provided.
3. To identify oplimum locations for cyclone shelters in highly vulnerable unions

based on the evacuation needs.

1.4 Rationale of the study

Delineation of areas based onm vulnerability assessment {geophysical risk and social
vulnerability) of cyclone is important for spatial planning and disaster management
planning. This study will provide a detail picture of a coastal district (Barguna) in terms
of vulnerability that will help policy makers io identify the regions of maximum risk and
priorilize the regions according Lo both resource allocations along with spatial planning.

1.5 Overview and cyclone disasters in Bangladesh

Tropical cyclones generally occur over some parts of tropical oceans in latitudes
betweenl(” and 30° both sides of the equator, and they became severe when they are
Jocated between 20° and 30° latitude (Holmes, 2001). Bangladesh lies between 20°34° N
and 26"38" N latitade, and with 440-mile tong coastline is highly viilnerable o Lropical



eyclkme and associated storm surge. The Bay of Bengal is an ideal breeding ground of
tropical cyclones and others natural disasters. Cyclone is an almospheric circulation
systern in which lhe sense of motation of the wind about Lhe local vertical is the same as
that of earth’s rotation. Thus a cyclone rotates clockwise in the southern hemisphere and
(he counter clockwise in the northern hemisphere. In metecrologically the term cyclone is
reserved for circulalion systems wilth horizontal dimension of hundreds (tropical
cyclones) or thousands {extra tropical cyclones) of Kms (Parkers, 1980).

Table 1.1 Classification of tropical storms

DYsturbances Wind speed

(km/hr) (m/s}
Depression 32-50 9-13
Deep depression 51-60 14-16
Cyclonic storm 61-89 17-23
Severe ¢yclonic slomm 90-119 24-31
Severe cyclonic slorm with a Hurmicane wind ~ >120 >32

Source: Bangladesh Meteorotogical Depariment (2008).

The highest frequency of cyclone in Bay of Bengal occurred during May and October.
The depression [irst originales in small ami clockwise molion and rapidly changes its
direclion, which at last becomes circular in shape. The wind velocity varies from 24 to
240 Km/hr. The average duration of wopical cyclone averages between couple of hours to
a week, The average rate of travel is about 400 kilometers a day. Table 1.2 lists the
number if deaths in different countries associaled cyclone disasiers where the death tolls
were in excess of 5000 lives. It can be easily discemed from Lhe table that mosi of these
deadly disaslers occurred in Bangladesh from tropical cyclone.

Table 1.2 Deaths in tropical ¢yclones in Bangladesh

Year Countries Deaths Year Countries Deaths
1970 Bangladesh 300,000 19465 Bangladesh 19279
1737 India 300,000 1963 Bangladesh 11,520
1886 China 300,000 1961 DBanpladesh 11,466
1923 Japan 250,000 1985 Bangladesh  1}.06%




1876 Bangladesh 200,000 1971 India 10.000
1897 Bangladesh 175,000 1977 India 10,000
1691 Bangladesh 140,000 1963 Cuba 7.196
1833 India 50,000 1900 USA 6,000
1864 India 50,000 1960 Bungladesh 5,149
1822 Bangladesh 40,000 1960 Japan 3,000
1780 Antilles (W, 22000 1973 India 5,000
Indies)

Source; Drube et.al,, 1957

Bangladesh has experienced major cyclones during 1970, 1991 and 2007. The severe

cyclone of 12 November 1970 took a toll of 0.3
million human lives in Bangladesh and put
property dumages Lo billions of $US dollars. Yet
another worst cyclone which hit Bangladesh coast
on Aprl 1991 killed 0.14 million people and
property damages were more than two billion US
dollars. Cyclone SIDR was the most powerful
cyclone o impact Bangladesh since 1991 when a
reporied 140,000 people perished and billions of
dollars damape was reporied. In this inslance the
death 1oll s significantly less (approximately
3,406} howcver the damage

infrastructure is significent across 30 districts, 200

to crop and

upazila and 1,950 unions. Over 55.000 people were
injured, while over 1,000remain missing.

1.6 Cyclone SIDR, 2007
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Cyclone SIDR (also known as Very Severe Cyclome Storm SIDR) is Category-4

equivalent (ropical cycione of the 2007 formed in Bay of Bengal having wind speed 215
km/hr made landfall near Bangtadesh on November 15. So far, 3,113 deaths have been
blamed on the storm. Tidal waves reaching up to a height of 4 metres (12-151t) and the

damage were extensive, including tin shacks flattened. houses and schools blown away

and enormous iree damage. Some local officials have described the domage as being even




worse than that from the 1991 cyclone, The entire ciiies of Patuakhali, Barguna and
Thalokati District were hit hard by the storm surge of over 5 meters (16 fi). The hardest-
hit area was Darguna, where the number of causalities was 1335 according to local
officials. As it inlensified o a Calegory 4-equivalent cyclone on November! 5, thousands
of emergency officials were put on standby in Bangladesh in advance of the siorm's
arrival. Newspaper reparted that massive evacuations of low-lying coastal areas also took
place, although sheitering was only available for about 500,00C of the over 10 million
residents of coastal areas. A total of 650,000 people in Bangladesh evacuated to
emergency shelters. Another problem wes that the mechanism Lo resist disasler was not
systematic. A lacking of efficiency was observed after the disaster for relief operation. It

is inevitable that a spatial planning to wilhstand disaster is a major concem.

Bangladesh had established 2,400 cyclone shelters in high-risk areas. Over 1.5 miilion
people were moved o shelters in the lead up Lo Cyclone Sidr (Ministry of Food and
Disaster Managemeni}. Some did not seek shelter because there were no facilities for the
cartle and other livesiock. A survey conducled in 2004 by the Centre for Environmental
and Geographic Information (CEGIS) on 1,705 shelters Lhat identified some deficiencies
in the shelters:
%  The tolal number of shelters was not enough to hold the evacuated population.
» More than 65 percent of all sheliers had no provision for the special needs of
women.
_ Almost 100 percent had no facilities for people with disabilities.
_75 percent of shelters surveyed had no provision for storage of water.
. 80 percent made no provision for the shelter of livestock
87 percent of all shellers surveyed had some siructural vulnerability.
_Little or no effects were made to preserve drinking waler

v ¥V ¥ ¥V ¥V ¥

Preparedness measures for proteclion and restoration of power and

telecommunicalion were inadequale.

Disaster management in terms of cyclone disaster is very reactive now a day in
Bangladesh. The evidence is observed fron the lowest nuniber of death tolls in super
cyclone SIDR although the severity of SIDR is higher than the cyclone of the pasi two
decades 1970 and 1991. In spile of reaclive approach of disaster management in



Dangladesh there are some lacking in response phase of disaster management and & gap in
spatial planning is however significanl Therefore there is a real need for spatial planning
for the vulnerable population in cyclone-aflected areas. The study aims to identify the
vulncrable localion in Barguna district of Bangladesh and finally move forward for a
solution through spalial planning specially for cyclone sheller location considering the
vulnerability analysis.

1.7 Study area

Barguna District (Barishal division) is a coaslal district of Bangladesh, with an area of
1831.31 sq km and bounded by Burirshwr, Bishkali and Daleshwar (Fig 1.2). The distoct
consists of 5 upazilas, 38 union parishads, 238 mouzas, 560 villages, 4 municipalilies, 44
wards and 49 mahalias. The upazilas are Barguna Sadar, Amtali, Patharghata, Delagi and
Bamna (Banglapedia, 2006). Nuniber of population is 837955 and the percentage of male
populalion is 49.88 and female 50.12 (BBS, 2000).



BARGUMNA DISTRICT ~
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Lot

Sou'm:: Danglspedia (2006

Fig 1.2 Barpona district in Bangiadesh.

The district is hazard-prone end has been directly threatened numerous timea by cyclones
and tropical storms. Since 1887 approximately 35 such storms slong with depression hit
this district. The most recent events include Severe Cyrlone SIDR duning 2007 ond
Severe Cytlone 1970, Islam {2008) shows the irequency of cyclone track and the wopicnl
depression of Bay of Bengal. From the study of Islam and data of Banglodesh
Meteorological Depanment the frequency analysis of cyclone for Bargunn district is
analyzed (Toble 1).



Table 1.3; Frequency distribution f cyclone in Barguna district.

Type Wind speed {(Knots) Frequency
Tropical depression (TD) 17-33 19
Tropical Storm (TS) 34-47 9
Severe Cyelonic storm 48-63 3
Very Severe Cyclonic storm 64-119 3
Super Cyclone Storm >120 1
Total 35
Source; Lslam (2008), BMD (2007}
1.8 Outline of the Chapters

The second and Lhird chapter provide a lilerature review covering the methods used for
hazard research as it perlains to the hazards selected for this research, methods used to
determine social vuinerability, and the utilization of GIS as an analytical tool for this

process.

The fourth chapler outlines the details of the method used o identify Lhe degree of
geophysical vulnerability of Barguna district. The frequency dala of cyclone for the
previous years was collected from secondary sources, This chapler also idemifies the
high-risk zones and risk arcas in the study areas and shows the storm surge inundation
level in pervious catasirophic cyclones and the forecasted cyclone by using hydrodynamic
mnodel.

The fifih chapter considers lhe socic-economic vulnerability due to cyclone based on
socio-economic parameters, The social vulnerability patlem was also validated by
damage information in camstrophic cyclone SIDR. Finally a composite vulnerability
maps was created by using GIS.

Chapler six reveals the methods of cyclone shelier planning and introduction of house
buitding loan at low interest rate as a solution for disaster management. This chapier also

provides some strategies to improve the low cost housing in order lo withsland disaster.

Chapter seven summarizes (he results and provides an overview of the usefulness of the
varicus melhods described. Suggestions for improving this research and other

comsiderations are described in this chapter.
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Chapter 2

Theoretical framework

2.1 Definition of Hazards and disaster

The literature on hazard, risk, exposure, and social vulncrability is volumincus and a
multinde of disciplines have contributed to this ressarch. Hezard research is often
complicated because of Lhe variety of different disciplines that have contributed to the field.
Each discipline has a slightly different perspective of the subject {Crozier 1988). It is
important to examine the different definilions that have been appiied to words like hazam,
risk, and disaster.

Hazard is a naturally occurring or human-induced process or event with the potential to
create loss (Smith, 1996). Natural hazard is delined by Burton at el. (1993} as ‘those
elements of the physical environment harmful to Man and caused by forces exiraneous to
him’. Natural hazard means the probability of occurrence within a specific period of time in a
give area, of & potentially damaging natural phenomenon (Crozier, 1988). Tobin and Moniz
{1997} define natural hazard as the polential interaction between humans and exireme natural
events. Tt represents the potential or likelihood of an event. The hazard exisls because
humans or Lheir activities am: constantly exposed to natural forces. Natura] hazards are ihose
triggered by climatic and geological variability, which is at least partly beyond the control of
human activity {(Palm, 1990). Mitchell {1990} deflined hazard as the sum of risk, exposure,
vulnerability, and response. Tobin and Montz (1997) describe risk as the product of the

probability of occurrence and social vulnerahility.

Ball (1979) expands on the idea that “natural” disesters are not in fact natural but that they
rely on an interaction between the natural world and the humen society that inhabits it. When
iarge numbers of people exposed to e hazard are killed, injured, or structural damage occurs,
the event is termed a disaster, elthough the threshald, which must be surpassed, to quelify as
a disuster is often debated and therefore unclearly defined {Smith, 1996). Disasters are
characterized by the scope of an emergency and an emergency becomes a disaster when it

exceeds the capability of the local resources to manage it. Disasters often result in great
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damage, 10ss, or destruction. Dizasters are defined as a hazardous event thai has had a large
impact on society. Unforunately, there are no definitive boundaries to defermine exactly
when a threshold has been reached such that we can catcgorically say, “1his conslitutes a
disaster” (Tobin and Montz, 15997},

2.2 Definition of vulncrability

Recent hazard research has focused on vulnerability and the role it can play in exacerbating
or amecliorating the effect of disasier, The combination of geophysical risk and vulnerability
reflect the degree to which societies or individuals are threatencd by, or altemalively,
protected rom, the effcets, of natural hazards (UNISDR 2001). Vulnerability is therefore is a
complex lerm and difficult to define. Timmerman {1981) define vulnerabilily as the degree to
which a system acts adverscly to the occurrence of hazardous events. The degree and qualiry
of the adverse reaction are conditioned by a system’s resilience (a measure of the systems
capacity to absorb and recover from the disaster). Cutter (1996) defined vulnerability as the
likclihood that an individual er a group will be exposed to an adversely affected by a hazard,
It is the interaction of the hazard of the place (risk and mitigation) with the socizl profile of
the communities. Clarke et al. {1998) defined vulperability as a function of two attributes:1)
exposure {the risk of expeticncing a hazardous event); and 2) coping ability, subdivided mto
resistance (the ability 1o absorb impact and conlinue functioning}, and resilience (the ahility

to recover from losses afler an impact) ([slam, 2006).

Vulnerability is a human-induccd situation that resulls from public policy and rcsource
availabilily or distribulion, and it is the root cause ol many disaster impacts. Indeed, research
demonstrales that marginalized groups invariably suffer most in disasters. Higher levels of
vulnerability are correlated with higher levels of poverty and with those excluded from the

mainstream of society.

The hazards lilerature has identified many of the components that comprise vulnerabiliry
fc.g., Susman et al. 1983; Blaikic ct al. 1994; Monte 1994; Kasperson et al. 1995; Cutter
1996a; Hewitt 1997; Tobin and Moniz 1997; Musiaafa 1998). An index of vulnerability
would help to account for the dynamic characteristics of the human sysiem. A more rceent

challenge has been to address the interaction of wvulnerabilily components in Lhe context of
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muliiple hazards and risk. So far, however, no predictive, scienlifically based model that
correlates measures of vulnerability with the degrec of hazard impact has been deveioped.
Some of these studies incorporate a muliitude ol geophysical threats to an area (Cutter ct al.
2000: Flax ct al. 2002), encompassing measures of geophysical nsk probabilities and
recurrence intervals {Montz 19494), whereas others explore the spatial extent of areas at nisk
for different events (Montz and Tobin 1998; Odeh 2002). Cutter et al. (2000} develops
quantitative indicators lo represent social vulnerability and incorporates them into maps that
depict arens at nsk for multiple hazards. Frequently, the objective has been to produce
indices of social vulnerabilily and geophysical nisk and ultimatcly provide a model of
community vulnerability, Odeh {2002) used measurcs of cxposurc {(assetls, population, and
resources) within a given region o determmne social vulnerahility; again, one might arpue

with the scleetion of variables and actual measurements, bul the attempt is landable.

Many difTereni variables have been identified as possibly affecling vulnerability (Blaikie et
al. 1994}, bul delermining, which of them arc most significant under diflerent condilions has
proved elusive. Clark et al. (1998) used factor analysis, whercas others have advocated the
use of “cxpert opinion.” Iniegrating geophysical risk and social vulnerability compounds the
methodological problems. Odeh {2002) combines the iwo scores (hazard and cxposure} by
multiplying the two indices, whereas Montz and Evans {2001) summed the two indices.
Finally Chakraborti ef af {20035) addresses this rescareh gap by focusing on a coastal county
in the smte of Florida by odding the two major indices ie; geophysical risk and social
vulnerability of commumty by using the GIS tool. My smudy also considered the approach
followed by Chakraborly e al. A considerable change was undertaken from the study of
Chakaborti ef «f (2005) in tcrms of sclecting the variables of geophysical and social
vulnerability. Like previous literature of vulnerability of natural hazard, this siudy also

focused on expert opinicn for selecting the variable of social vulnerability.

In undertaking such research, extensive use has been made of GIS. This lechnology is
particularly well suited for such rescarch becaunse it allows for (1) the integration of multiple
data sources, including hazardous locations and vulnerable populdations; (2} the geographic

representation of complex dala in map form; and (3) the application of spatial analylic and
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overlay. To amalyze social context, variables that represent various socioeconomic
characterisiics are combined, either as absolute numbers, relative numbers, or gquantitalive
indicators of wvulnerability. Similarly, data laycrs that represent various aspects of the
geophysical environment, including hydrologic and topographic faclors. are combined. The
integraiion of these two sets in v GIS environment provides a composite view of community

vulnerability to hazards.

2.3 Social Yulnerability

Although considerable research aitention has examined components of biephysical
vulnerability und the valnerability of the built environment (Mileti, 1999}, social aspeels of
vulnerability are known the least. Socially created vulnerabililies are largely ignored, mainly
due to the difficulty in quantifying them. Instead social vulnerabilily is most often described
using the individual characteristics of people (age, race, health, income, type of dwelling
unit, employmeni). Social vulncrability is partially the product of social inequalities—those
social {actors that influcnce or shape the suscepiibility of various groups lo harm and that
also govern their ability lo respend. However, it also includes place inequalities—those
characteristics of communities and the built environment. such as the Jevel of urbanization,

growth rates, and economic vitality that contribute to the social vulnerability of places.

This arlicle utilizes the hazards-of-place model of vulnerability (Cartcr, 1996; Cutter,
Mitchell, and Scoit, 2000; Heinz Center for Science, Economics, and the Environment, 2002)
1o examine the components of social vulncrability. The hazard potential interacts with the
underlying social labric of the place to create the social vulnerability, The social fabric
includes socio-demographic characteristics, perceplion and expenence with risks and
hazards, and overall capacity to respond to hazards. The social and biophysical vulnerability
elements mutually relate and prodoce the overall vulnerability of the place. The fundamental
causes of human vulnerability include a lack of access o resources, informabon, and

knowledge (Cutter et al 2000).
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Source: Cutter e af (20033

Fig. 2.1: The Hazards-of-Place Model of Vulnerability

Iazard exposure is primarily a facior of location, whereas, social vulnerability is dependant
on the social characteristics of the community and is less dependant on location. Tolal
population {s an important factor for vulnerability analysis because the more people located
in a hazardous area results in greater potential exposurc and more people 10 recover post
disaster. Mileti (1999) states, “as areas become more denscly populaled, they also_become
morc exposed {o harards.” The grester population density and the more difficult it is lo

respond to hazardous events in terms of evacualion planning and disaster recovery.

Extremes of age can affeet social vulnerability. The elderly may have mobility constraints or
mobility concerns increasing the burden of care and lack of resilience (Cuiter et al. 2600 and
Hewill 1997). The elderly are more likely to suffer from illness and be dependent on the
unintermapted supply of medicine and direct medical care. They may suffer from a generally
lack of mobility due o age or disease and therefore be dependent on carcrakers (o aid in their
gvacuation and recovery from hazardous events. The every young are dependant on lamily or
other caretakers for food. shelter, and health issues. Therefore they may be disproportionatcly

vulnerable to haands.



13

However, many rescarchers have aticmpled to guantify social vulnerability based on
information available through the United Stales Census Bureau. Clark et al. (1998) used
factor analysis to simplify the multivariate data to examine social vulnerability in River
Valley, MA to Mlooding hazards. The methed of developing a social vulnerability score and
standardization methods were developed by Cutter et al. {2000} and the same methods were
used by Emrich (2000) for vulnerability analysis in Hillsborough County.

2.4 Spatial Planning of cyclone shelters in coastal areas in Bangladesh

A master plan, prepared at the rquest of the Government of Bangladesh, estimaied that
2,500 new cyclone shelters are needed to provide adequete protection for the projected
population in the year 2002. Since this will require an investment of 300 million USD (12
billion Bangladeshi Taka), which may not be possible in the near future, a means of
identifying pricrity areas is needed (Chowdhury, 1998). In the early 1990s there was only
449 shehters, in 1996 it was 1816 (CSPS, 1998}, and in October 2001 the total number of
shelters stood at 2033 {DMB). CEGIS conducted the survey {January — May 2004) only in
the HRA and found 1705 shelters and killas. According (o the study of CEGIS in 2004, 49
construction agencies had built these shelters and killas funded by 72 different funding

agencies.

Instead of the problems, Bangladesh has a world-rencwned community based early wamning
system and has built cyclone shelters on stills, so [hat the storm surge can flow undemeath. In
order to protect human lives and resources in the coastal areas various mitigation measures
like forma! cyclone shelters, coustal embankments, shelters, mised roads, killas etc., have
been implemented over the years since 1960s by the Government of Bangladesh (GoB) and
Naon Governmental Organizations (NGOs). These shellers typically provide refuge to over
700 people and have scparale spaces for women and men (MoEF, 2008). However, people
are ofien reluctant to go Lo the shelters, leaving their livestock and other assels behind.

Nevertheless, cyclone shellers in the coastal areas are inadequate and their location allocation
is not appropriate. According to the study of Gall (2004), he faclors congidered most

importent for establishing new accommodation centres are: their proximiry to vulnerable
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population; their proximity to roads; their proximity to potential host infrastructure (schools,
health posts); their proximiry to farmiand; and the availability of potable waler. But no study
takes into eccount the above-mentioned factars nor the factlors related to the local context that

has signilicant impact on location decision.

In 2007, cyclone shelters and the very elfective early wamming system helped limit the
number of fatalities, to around 3,500. This is still too many but a small fraction of the loss
incurred in 1991 when some 3,00,000 lives were lost duc to the less effective early waming
syslem and lack of shehters. The multi-purpose cyclone shelter is a concrele example of
indigenous adapistion to extreme climatic events in Bangladesh. To reduce the sufferings of
people due to natural disasters CARE Bangladesh accumulated informatien in an organized
and accessible database and engaged CEGIS (o identify relevant dala to assess the problem
and its spatial extent.

To this end social, economic and environmental faclors are laken inlo eccount in producing a
decision that is more conducive to determine geophysical and social vulnerability in selecied

siudy area The factors can include demographics, health, education, employment etc.
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Chapter 3

Research design

Research desipn describes steps taken to achieve the goal and objectives of the study. Tt is
the most imperative ingredient of any research work as the quality and the anticipated
consequences of Lhe research depend on it and a well-designed methodology persuade
rescarcher to attain goal and objeclives very straightforwardly. Thus, the study was
carried oui following the methods described below—

3.1 Research questions
The research questions related to the objeclives were: How to assess geophysical and
socio-economic vulnerability of different unions of Barpuna district? What arc the

oplimum localions for cyclone shetters in highly vulnerable union{s)?

3.2 Selection of the study area
The five Upazilas of Barguna districts e.g. Barguna Sadar, Patharghata, Bamna, Belagi
and Amrali were considered as the study area to get facteal and vivid picture of disaster

vuinerability in Barguna district.

3.3 Literature review
Relevant information was reviewed extensively. Theses, joumals, articles in newspapers

and periodicals and the Intemnes contributed immense help to make the study well to do.

3.4 Variables kdentification and data collection
Vanous methodologies can be deployed in onder to identify the mlevant parameters and
variables of the geophysical risk end social vulnerability.

In this study, the slorm surpe height and wind speed are considered as the two indicators
of geophysical risk and the Union level geophysical vulnerability analysis was carried out
in 38 Unions of Barguna district based on storm surge height 2nd wind speed. Probability

occurrence of cyclone based on Lhe severity of wind speed in Barguna disticl was
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identified from the historic daln of previous 130 years (Fig. 3.1). The data wos collected
from Bangladesh Meicorological Deparniment (BMD). Joimt Typhoon Waming Centre
(JTWC) and Liternture survey. The Intitude-longitude information of the cyclone track

wis put into GIS (o show how many cyclones in the previous 13 yrars was passed over

the study area In onder to classify the cyclone, the Saffir-Simpson scale was followed
(Table 3.1).
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Fig. 3.1 Severe evelonic tracks in Bangladesh coast from the year 1960.

Talkle 3.1;: GTCCA classification

Type Category  Wind speed (Knots)
Tropical Depression TD <34

Tropical Storm TS 34-63

Hurricane >64

Source: Istam, 2008
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Later on, extensive literature review was conducted in order 10 determine the variables of
the social vulnerability. Characteristics those inflluence social vulnerability most ofien
found in the literature are listed in Table 3.3, along wilth the relevant rescarch that
identified them. Among them generally accepted are age, gender, and socioeconomic
status. Oher characteristics identify special needs populations or those that lack the
normal social safety nels necessary in disaster recovery, such as the physicelly or
mentally challenged, the homeless, transienis, and seasonal tourists {Cutler et af, 2003).
The quality of human settlements (housing type and construction, infrastructure, and

lifelines) and the built environment are also imporlant in understanding social

vuinerability.
Table 3.3 Soeial Yulnerability Concepts and Mairix
Concept Description Increases {+} or
Decreases
(-)
Social
Yulnerability

Socic-eccnomic | The ability Lo absorb losses and enhance | High status (+)

status (income, resilience to hazard impacts. Wealth enables | 1.ow incame or status {-)
political power, | communitics to absorb and recover from
prestige) losses more quickly due to insurance, social

safety nets, and entitlemeni programs.

Gender Women can have a more difficuit time during | Women {+), Men (-)
recovery than men, ofien due to sector-
specific  employment, lower wages, and
farnily care responsibilities.

Age Extremes of the agc spectrum affect the | Elderly (+)

moverngnt out of harm’s way. Elderly may | Chiidren (+}
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have mobility constraints or  mobility
concerns increasing the burden ol care and

lack of resilience.

Commercial and
industrial

development

The value, quality, and density of commercial
and industrial buildings provide an indicator
of the siate of economic health of a
gommunity, and potential losses in the
business community, and longer-term issues

with recovery aker an event.

High density (+)
High vaiue
(+/-)

Employment loss

The potential loss of empioyment following a
disaster exacerbates the onumber of
uncmployed  workers in a  community,
conlributing to 4 slower recovery from the
disaster.

Employment loss (+)

Ruralfurban

Rural residents may be inore vulnerable due
to lower incomes and more dependent on
locally based resource exiraction cconomies
(e.g., ferming, fishing). High-density areas
(urban} complicale cvacustion cut of harm’s

way.

Rural (+}
Urban (+)

Residential

The value, guality, and density of residential

Residential property (-}

properly construction  affects polential iosses and
recovery. Expensive homes on Lhe coast are
costly to replace; mobile homes arc easily
destroyed and less resilient to hazards.
Infrastrzcture loss ol  sewers,  bridges,  watcr, | Extensive infrastructure

and lifelines

communications, and transporiation
infrastructure compounds potential disaster
losses. The loss of infrestructure may place an
insurmountable financial burden on smaller

communilies that lack the linancial resources

)

jO
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to rebuild.

Occupation

Some cccupations, especially those involving
mesource extraction, may be severely impacted
by a hazard cvent. Scif-employed fisherman
suflers when their means of production is lost
and may not have the requisite capital Lo
resume work in a timely {ashion and thus will
seel: alternative employment, Those migrant
workers engaged in agriculture end low-
skilled service jobs may similarly suffer, as
disposable income fades and the need for

services declines.,

Prolessional or
managerial (-}
Clerical or laborer (+)

Service seclor (+)

Family structure

Families with large numbers of dependents or
single-parent houscholds often have limited
finances to outsource carc for dependents, and
thus must jugele work responsibilities and
care for family members. All affect the

resilicnee to and recovery from hazards.

High birth rates (+)
Large families (+)
Single-parent houscholds

()

Fducation

Education is linked to sociocconomic status,
with higher educational eftainment resulting
in grealer lifetime eamings. Lower education
constrains the ability to understand warning
information and eccess  to  recovery

mformation,

Litile education
(+)
Highly educated (-}

Population
growth

Y

Counties experiencing rzpid growth lack
available quality housing, and the social
services network may not have had time to

adjust to increasad poapulations.

Rapid growth (+)

Medical setvices

Health care providers, including physicians,
nursing homes, and hospitals, are important

postevent sources of relief. The lack of

Higher density of
medical (-)

sy,

-t .
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proximate medical scrvices will lengthen |

immediate reliefl and longer-term recovery

from disasters.
Sacial Thosc people who are totally dependent on | High dependence (+)
dependence social services for survival are already | Low dependence {-)

ceonomically and socially marginalized and
require additional support in Lhe post-disaster
period.

Special needs Special needs populalions  (infirm, | Large special needs
populations institutionalized, transient, homeless), while ; population (+)

diflicutt (o identify and measure, are
disproportionately affected during disasters
and, because of their invisibility ino

communities, mostly ignored during recovery.

Source; Cutter, Boruff, and Shirley (2001} Heinz Center for Science, Economics, and the Eovironment (2002).

However, there is 2 general consensus within the social science community aboul some
of the major factors that influence social vulnerability such as lack of access to resources
{including information, knowledge, and technology); limited access to polilical power
end representation; sociak capital, including social networks and connections; beliefs and
customs; building stock and age; frail and physically limited individuals; and type and
demsity of infrastructure and lifelines {Cutter, 2001a; Tiemey, Lindell, and Perry, 2001;
Putnam, 2000; Blaikie et al., 1994). In contrast, disagreements arise in ihe selection of

specific varisbles to represent these broader concepts.

Based on the litermiore, correlation with disasler damage and expert opinion, sixleen
variables of social vuinersbility were identified under three parameters such as
population and structure characteristics, access to resource, and papulation with special

evacuation needs (Table 3.4), Population Census 2004 was the source in this regard.

. t

L

R
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Table 3.4. Variables Matrix used to determine social vulnerabiliry

Characleristics Varjables (Weighted} Source

(Weighted)

Geo-physical 1. High risk srea Repor on Multipurpese
risk 2. Risk arca cyclone shelter program

Socioeconomic
variahles
Population and
structures Index

(PSI) (40)

Differential
acecess 1o

resources Index

(DARI) (30}

1. Total population {20)

2. Tolal number of Jhupr house (3)
3. Towal number of Katcha house (5)
4. Total number of semi-pucca house (3)

5. Population involved in agriculture (5)

. Total number of houscholds with no safe
drinking water {10}

2. Total number of househelds with no hygienic
sanilation (3)

3. Total number of houscholds with no
electricity connection (2}

4. Unavailability of pucca road in Km (5)

5. Unavailability of health care establishments
(5)

(1993), National survey
om current stalus on
sheliers and developing
and operational CYSMIS
(2004),

Bangiadesh Bureau of
Statistics: Community
Series {2001)

Do
Do
Do
[y

Do
Do
Do
Local Government
Engineering Deparmment

(LGED)
Do
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&. Unavailabilily of Bank {3) Do
7. Unavailability of food Godown {1) Do
&. Unavailability growth centers (3) Do

Population with 1. Total number of people below 5 year age Do

special (1%

Evacuaiion needs 2. Total number of people sbove 60 years age Do

ndex {PSENI) {10}

(30) 3. Disable population {10) Mationa! Forom of
Omganizations Working
with the Disabled
{NFOWD) (2006}

Later on, damage dala of catastrophic SIDR 2007 were collected from the Amiali,

Barpuna Sadar, Bamna, Betagi and Patharghata Upazila Parishad Oflice under 24

variables (Table 3.5).

Table 3.5: Variables of Disaster Damage Index (DDT)

Diisaster 1. Affected area (sq. km.) (1}

Damage

Index

(DDI} {20}
2. Total number of dead people (8)
3. Total number of affected people (1.3)
4, Totel number of fully damaged house (1)
5. Total number of partiaily damaged house (1}
6. Monetary value of livestock damage (TK) (1)
7. Monciary value of poultry damage (TK) (1)
8. Monetary value of fully and partially damaged crops {TK)
(2.5
9. Monetary damage of fisheries (TK) (1.3)
1. Monelary damage of power line (TK) {0.1)

Field survey
(2008} from
union parishad
olTicc.

Do

Do

Do

Do

Do

Do

Do

Do
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11. Monelary damage of lelecommunication (TK) (0.2) Do
12. Total length of fully damaged pucca roads (km} (0.2) Do
13. Tolal length of partially damaged pueca roads (km} {0.2) Do
14. Tolal length of fully damaged katcha roads (km) (0.1) Do
15. Total length of partially damaged katcha roads (km) (0.1) Do
16. Tolal length of damaged embankment (km) Do

17. Menetary value of damaged plants and trees (TK) (0.1} Do
18. Total number of partially damaged educational institutions Do

0.1}

19, Tolal number of fully damaged educational institulions Do
20. Total number of damaged mosque ((.1) Do
21. Tota! number of damaged deep tubewells (1.0) Do
22. Tolal number of damaged shallow tubewells (0.2) Do
22. Total number of pends (0.3) Do

23. Monetary value of damaged mawlers, boats and nets (0.3) Do
24. Monetary value of damaged cottage indusiries (0.2} Do

Finally, the exisiing location and strucural cemdition of cyclone shelters, location of
primary and high schools wer collected from the Local Govermment Engineering

Depariment of the Ministry of Local Geyermnment Rural Development and Cooperatives.

3.5 Data analysis

3.5.1 Measoring geophysical risk

Geophysical risk zones for cyclone and tropical slorms were delined using the study of
‘Muitipurpose Cyclone Shefter Program (MCSF)’ (BUET and BIDS, 1993) and “National
survey on Current Status on Shelters and Developing and Opemational CYSMIS® (CEGIS,
2004}. In addition, storm surge inundalion data for the next fifty years were simuialed by
applying MIKE 21 with the assistance of Institute for Waler Modeling. Laler on, the
outeomes of the storm surge inundation model were verified with the field level data
coliected from the local people by applying participatory approach of questionnaire

survey.

ik



1.5.2 Measuring Social Vulnerability for Evacuation Assistance
This stdy identified three specific characteristics of the social vuinerability such as
population and structural atlributes, access tO resoUrTes, and special evacuation needs

because of physical disability and age.

Several methods have been suggesied to compute composite vulnerability measures on
the basis of multiple variables. Some incorporate weighting systems (Lowry ef al. 1995;
Motz and Evans 2001) those reflect the relative contributions of the variables under
study, while others are based on indices with dilfering elements that comtribute (o them
(Cutter ef ai. 2(00; Montz 2000). Chakraborty and others (2005) modified the procedure
developed by Cutter ef al. (2000) to formulatc an index 1o measure the social
vulnerability of the population for evacuation assessment needs at the block group level.
This study has also applied the procedure adopted by Chakraborty and others {2005).
However, the methodology used to compule the ‘socio-econemic vulnerability for
evacuation assistance index’ (SEVEAT for each union in the siudy area can be

summerized as follows {Appendix 1):

Step 1. Weights in the scale of 100 were assigned Lo each variables based on the local and
expert opinions. The experts are the professionals who were involved in the previous
work “Multipurpose Cyclone Program™ in 1993 and the other experts are recently
working in Lhe tevised study of the cyclone sheller planning in the coasial areas in
Pangladesh in 2009. Moreover opinion of civil engineers, pianners and water resource
engineers were considered very vigilantly. Finally the opinion of the officials who are
working on the Uparila parisad and Water Development Board in Barguna district were

considered.

Siep 2. For cach variable i, ratio of the variable in each union to Lhe total number of that
variable in the union R was determined. In case of ‘Direct Access to Resourees’,

deprivation of resource in each union was first determinexd.
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Step 3. Standardized social-economic vulnerability for evacuation index SVEAIL for
variable # using the maximum ratio value Amax obscrved in the union was compuled.

SVEAT =RvRmax

Step 4. To combine multiple variables in the assessment of socin-cconomic vulnerability,
weighted mean of the vulnerability indices wes calculated by dividing the sum of
weighled index values of all variables by the number of variables n considered. SVEA] =

> w, *SVEAL In

The values of SVEAL range from 0 to 1 and are not influenced by the pumber of variables
included in the computation, Higher scores for this index indicale greater vulnerability
for the unions. Although each socioeconomic variable can be examined independently,
the average of all measures provides a general overview of socio-economic vulnerability
for any union within the disirict and is more useful for the emergency management

community than individual Ggters are.

Four allermative approaches were derived for grouping the variables to calculate socio-
economic vulnerability and for examining the spatial distribution of each approach within
the study area. Each prouping approach represents a combination of socic-economic
variables from Table 1. These characteristics are Jisted below, along with the number of
variables associaled with each approach:

» Approach 1: Population and structure {live variables),

« Approach 2: Differcnlial aceess to resources (eight variables),

+ Approach 3: Special evacuation needs {three variables), and

« Approach 4: All three characleristics (16 variables),

Later on, the damage data of catastrophic SIDR 2007 were collected from the Amlali,
Barguna Sadar, Bamna, Betagi and Patharghata upaziles ynder 24 variables (Table 2).
Like the socio-economic vulnersbility index, Disaster Damage Index was calculated after
giving the weight of 20. Before calculation of DD, weight of each variable was assigned
based on the expert opinions.
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Finally, each approach of the socio-economic vulnerability analysis was combined with

ihe Disaster Damuge Index in order to compare the existing scenario of socio-econonmic

vulnersbility, the intensity of damage ot loss in the unions of the Barguna district and the

composile picture of vulnerability.

3.5.3 Spatial planning of cyclone shelier

Required number of shelters for highest vulnerable union was located optimally based on

ihe weight of papulation and distance. The number of shelters depends on the exisling

stock of shelters and the number of population exposed to risk. The database that is

required for the optimum location of cyclone shelters were collected from literature

review, local peoples’ opinion and secondary survey.

Tabie 3.6. Variables Matrix used to determine optimum location of cyclone shelters

Variables

Source

Present number of population in Barguna
district, Parawisc (community} population in
Barabagi union

Growth rate

Primary School attendance

Bangladesh Bureau of Statistics:
Community Series (2001).
Do

Bangladesh Bureau of Statistics:

Secondary school attendance Community Series (2001}
Number of Pucca household Do
Growth mate of pucca household Do

Delermination of the catchment arca
Existing cyclone shelter location and capacity

Space requirement/person for shelter
Map of Para {community}

Based on the opinion of the local population

Field survey, 2008

Report on Multipurposc cyclone shelter
program { 1993)

Upazila Parisad ofTice, Amiali

3.6 Recommendaton and conclusion

Based on the [inding of the dala analysis, possible structural and non-structural

recommendations were oulined as the pre-disaster mitigation measures in order to reduce

the vulnembility and exposure to the risk, and help the emergency disaster management

planners.
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Chapter 4

Geophysical vulnerability of cyclone in Barguna district

From time 10 time, in designing or assessing the edequacy of facilities to withsiand the
damaging cflects of natural haznrds, it is appropriate to reexamine the topic of oeceplable
risk. In case of nssessing the geophysical risk of cyclone in the study aren, geophysical
vulnerability analysis is conducted in this chapter by applying storm surge modeling.

Cytlones are synoplic scale events that ore aflecied by and influence the environment over a
large arca in the scale of over 1000 km (Maniruzzaman, 1997). The satellite image in Fig. 4.1
and 4.2 showing the cloud covered cyelone wilk symmetrical circular chape, 11 revelves in o
counter clockwise direction in the northern hemisphere and in the opposite direction in the
souhemn hemisphere. The center of the storm is calm and high wind occurs at the distonce

from i1,

Fi 4.1 Super cyclone SIDR du I“' B Fip. 4.2 Physical structure of a cyclone
November, 2007

Wind tends w flow from areas of high pressure to the arens where pressure is lower.
Morcover, in the northern hemisphere, the highesi wind speed is observed on the right of the
track because of the efleet of the cyclone itself. Afler landfill, the friction experierced over
land slows the speed of cyctlone. The cyclones in the GTCCA (Global Tropical Cyclone
Climatic Atles) dalabase are classified into three calcgories such as Lropical depression {wind
speed less than 34 knots), iropical storm (wind speed 34-83 knots) and humicane {wind speed
greater than 64 knots). Furthermore, World Metcorological Organization classified the

cyclones into seven categories for its panel counlries such ns low-pressure arca, depression,

iy
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¢yclone slorm, severe cyclonic slorm, severe cyclonic storm with a core of hurricane wind,

very severe cyclonic storm, and super cyclonic storm (Table 4.1).

Tuable 4.1: Classification of cyclones

Wealher system

Maximum wind speed

!, Low pressure area

2. Depression

3.Cyclone storm

4. Scvere cyelonic storm

5.8evere cyclonic storm with a core of
Hurncane wind
6. Yery severe cyvclonic storm

7. Super cyclonic slorm

Wind speed less than 17 knots (31 km/hr)
Wind speed between 17-33 knots (31 km/hr
and 61 km/hr}

Wind speed between 34 and 47 knols (62-88
kem/hr)

Wind speed between 48 and 63 knots (89-118
km/hr)

Wind speed 64 knots (119km/hr) or more

Wind speed between 64 and 119 knots (119
and 221 km/hr)
Wind speed 120 knots and above (222 km/he)

Source Islam 2008

According (o the catepories of cyclone by GTCCA, 39 tropical depressions, 52 (ropical

storms and 26 hurricanes hit the land of Bangladesh during the period of 1877 to 2003 (Islam,

2008). Based on this information, the cyclone track was developed for Barguna district.

Moreover the track of super cyclone SIDR was identified from the information of Bangladesh
Meteorological Department {BMD). 1t is revealed that during the peried of 1877 to 2007, 35
storms have track in Barguna district (Table 4.2 and Fig. 4.3).

Table 4.2: List of historic storm track in Barpuna District {1877-2007)

Year Cyclone bype Y eur Cyclone type ¥ car Cyclone hype
1887 D 1928 D 1961 TS (60 Knots}
1888 5 1920 TD 196 D

1890 June TD 1932 D 1965 (3447 Knais)
1890 Oclober TS 1937 T8 1967 TS

1893 34-47 Knots 1938 May D 1970 130 Enoms
1913 TD 1938 Auguat TD 1974 75 Knoms
1914 TS 191 June D 1977 TS {60 Knoiz)
EaI7 T 1941 July TD 1988 Oct TS (35 Knols)
1919 TD 1941 August 5 1988 Nov 110 Enots
19206 TD 1950 TD 1957 65 Knots
1923 D 1958 TD 2007 133 Knom
14924 n 1959 TD

Source: Islam, 2005



31

Cyclone fracks Wahin S0 Atles of Bargupa Distict From he Year 187710 2007
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Fig 4.3: Cyclone track of Barguna District from the year 1877 te 2007

Later on, based on the frequency of cyclonc, probability of cyclone eccurrence in Barguna
Jistrict was determined for the retum period of 10, 20, 50 and 100 years (Table 4.3}. The
probability of cyclone occurrence revealed that the probability of super cyclone storm in
Barguna district during the retarn period of 10 years, 20 vears, 50 years and 100 years s
0.1339, 0.2290, 0.3599 and 0.3313 respectively {Table 4.3).

Table 4.3: Probabitity of Cyclene in Barguna District

Type 10 yrs | Percent | 20 yrs | Percent | S0_yrs | Percent | 100_yrs Percent |

Severe 0.187 | 187 (.2963 2063 | 03674 [36.74 | 0.228 22.80
Cyclonie
stonm

very 0.187 | 18.7 D.2963 1063 [0.3674 (3674 | G228 22.80
Severc
Cytlenic
storm
Super .1339] 13.3% | 0.2290 2790 | 03599 |3599 |03313 |33.13
Cyclone
Storm

Source: Calculated by the suthor, 2009
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Thus the geophysical risk of cyclone is based on the two parameters such as wind speed and
storm surge. The wind speed and storm surge parameters were calculaled based oo Lhe wind
fit model and storm surge mode! respectively.

4.1 Frequency analysis of annual maximum cyclonic wind speed in the Bay of Bengal

The descripiion of a cyclone is based on few paramelers related o the pressure field,
which is imposed on the water surface and a wind field is acting as a dmg force on the
water body through a wind shear stress deseription. The pressure field creales a local level
set up close to the eye up to one metre only, Whereas the wind shear contributes more to
the surge giving a level set up on the right side of the eye and a level set down on the left
side. A reasonable description of maximum wind and especially the extent of Lhe high
winds in the cyclone is imponant Lo obtain the right level set up and set down. Cyclone
eve is almost circular and it coincides with the area of lowest pressure {maximum pressure
drop) where the cyclonic wind speed is nearly zero. During the last two decades a
considerable amount of researches has been camied out for modeling of cyclone wind Held
and the general conclusion is that the following parameiers describe the wind fields quite
well;

o Radius to maximum winds, Km

¢ Maximum wind speed, Frmax

s (yclone irack, forward speed Ffand direction

The wind fleld consisls of a rotational and a translational component. At a dislance, R, from

the center of the cyclone the romational wind speed, ¥r, is given as:

V=V max.(R/Rm). exp7(l— R/ Rm) for R<Rm

Vr =¥ max.exp((0.0025Rm + 0.05)(1 — R/ Rm) for Rz Km b
The transiational component, ¥7, is given as

Ft=—0.05Ff.—cos¢ {4.2)

Where ¢ is the angle betwcen the radial arm and the line of maximum wind.

Thus, the total wind speed, ¥, is given as

V=Fr+Ft : {4.3)
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Considering the above concepts of wind specd, BUET-BIDS studies {1993) collecled dala of
cyclomic wind speed from Lhe year 1960 from DBangladesh Meteorologicel Department
(BMI)N and fitted the wind data to the Gumbel distributicn cmploying the method of
maximurn likelihood. The fitted distribution of wind speed for the coast of Bangladesh at 90

percent confidence limit is given below:

Fr =100.53-40.10[- In{1-1/T)] £16.8C, {4.4)

Where V1 is the cyclonic wind speed (km/hr) in the Bay of Bengal Lhat approaches
Dangladesh coast corresponding to the return period T years, and Cy=1.4033, 1.7195, 2.1383
and 2.4574 for T=10, 20, 50 and 100 years respectively.

According 1o the study, the predicted wind speed for the Barguna distrct for 10, 20, 50 and
104 years retum period were 165 km/he, 195 kevhr, 223 kamv/hr, 261 km/hr and 289 km/hr
respectively. Furthermore, the wind feld model was run and validated by the Institule for
Water Modeling (IWM) for the severe cyclones that affect (he Bangiadesh coast.

Among the severe cyclones, the cyclones durng 1970 and 2007 having wind speed of 203
km/hr and 240 km/hr respectively hit Barguna distnet. On the other hand, BUET-BIDS
studies {1993) predicted the wind speed of 261 km/hr for the 50 years return petiod that is the
highest calegory {CATS). This is why; the present study has been conducting based on the
super cyclone SIDR. Later on, the wind field was generated by using MIKE 21 sofiware for
the wind speed 261 km/hr (Fig. 4.2, 4.3 and 4.4).
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4.2 Storm surpe vulnershility

Storm surpes are mpid sea level variations induced by eyclone wind fields. Cyclonic storms
tffecting (he coastal region of Bangladesh causc heavy loss of life and property. The coasial
regions bordering ibe Bay of Bengal sufer the worst because most of the tropical ¢yclones
have geneais ovee the Bay of Bengal and strike the coast of Bangladesh. About one-tenth of
{he global total cyclones forming in different regions of the tropics occur in the Bay of
Bengal (IWM. 2007). Abowt one-sixth of tropical storms gencrated in ihe Bay of Bengel
usually hit the Bangladesh coast. In many cascs {he cbserved maximum water level was 4-
12m and the death toll was 10,000 to 30.0000 (IWM. 2007). The main factors contributing to
disastrous surges in the Bay of Bengal. especinlly in Bangladesh are (8} ghallow and wide
continental shelf (Fig 4.5 and 4.6) (b} convergence of the Bay, (c) high astronomical tides {d)
thickly populated tow lying istand and (1) complex coastline and number af inlets including
one of the worlds largest river sysiem Ganga-Brahmaputre-Meghna.
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Fig. 4.6 Low Land Level in Banpladesh
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However, tides and cyclonic slorm surges are gradually varied unsteady flow and the waler
movement can be described by the long wave equations. The cguations are based on Lhe

conversion of mass and momentum. These can be expressed as;

8H P og
e S

o T (3.6)

4 5(—) —(fi)+ L L

o x C*h?

- fp V.~ Pe—0g =0

SH |I'P2 +q2

aqE}

9 _ﬁ
-y ay(h)+ (=) +gh By o 4
h &p
—fp VYV —— e =0
Jobeb?, pw Oy Hw
Wher:

H=Flevation of the waler surface above datum {m},

p, 7=Flux density {m"/s/m) in Lhe x and y direction respectively;
F=Depth of water (m);

(’=Chczy roughness coelTicient (m''* /s)

{} =Coriolis coefficient (s™)
¥ ¥V y = Components of Lhe wind velocity, V, in the x and y direction respectively;

f,= Wind friction faclor

For greater accuracy, effect of momentum dispersion {eddy), source of sinks, and evaporalion
can also be inchided in Lhe above equations.
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The equations are usually solved by cxpressing the partial dentvatves as finite differences.
For this purpose, the mode] area was divided into a number of grids using a suitable disinnee
step. There arc scveral verinlions in the nurnerical model depending on how the grid
schematization is made (square grid. allemate grid, eic.) and how the finite difTerences ore

“formulated m a grid point. This process results a sysiem of simultancous finite differences
equations for a tme sicp. The simultancous equations can be solved with appropriate
boundary conditions using suilable algorithm for matrix conversion. However, along e open
water boundary, water level was specified st every grid point as » function of time. Depth of
seabed wny specified at every grid point in the model area using Balhymetric cherts (Fig.
4.7}, The friction coefTicients were adjusted during calibralion process where computed water
levels were compared with Lhe observed water levels,

!
]

|

=
L]

Fikiieananf
LTI

Source: |'WM (2007)
Fig. 4.7: Nested bathymetry of Bay of Bengal Model

The slormn surge myodel is the combination of Cyclone and Hydrodynamic models. For
simulaling the storm surge ond associnted flooding, Bay of Bengal model based on MIKE21

hydrodynamic modeling system has been edopted. The MIKE 21 modeling system includes
dynnmical simulation of fiooding and drying processes, which is very imporiant for a realistic

simulation of ftooding in the coastnl aren and inundation. The myodel set-up comprises model
grid, lmthymetry, modelling parameters and calibmtion,

—
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The model had been calibrated and validated by TWM for storm surge inundation for several
severe cyclones in Bangladesh. In this study, the model was calibrated for the predicted
cyclone after 50 years having the wind speed 261 km/hr. The extraction points were selected
because of their locations in the lhree main tivers in Barguna disirict. These points are Point 1
at Harinkhola River, Point 2 at Baleshawr River, Point 3 &t Bishkhali River and Point 4 at the

sconfluences of the (hree rivers (Fig. 4.8). The surge levels of these four points were
calculated for the year 1970 (Fig. 4.9), 2007 (Fig. 4.10) and wind speed of 261 km/hr (Fig.
4.11).

------------------------------------------------------------------
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Fig.4.8; Extraction point for storm surge
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Fig. 4.9: Surge level at the four points for the Fig. 4.10: Surge level at the four poinis ﬁ:’r-r the
cyclone 1970, cyclone 2007,
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Fig. 4.11: Time series surge level at the four points for the predicted cyclone during high
tide having wind speed 261 km/hr.

Along with the modeling of storm surge, a reconnaissance survey was conducted to collect

the information of storm surge during SIDR at the union level of Barguna district. The survey

was conducted by the recall of the memory of the local people of the unions. The surge depth

was estimaled at the field, with respect lo the permanent objects such es, building, lrees etc.

The maximum distance of surge line from the coast i.e. the maximumn distance up to which

surge waler reached was estimaled at the field through the discussion with the local people

(Table 4.4 and 4.5) and from the model study (Fig. 4.12, 4.13, and 4.14).

Table 4.4: Storm surge flooding of the fully inundated uniens of Barguna district during

SIDR 2007,
Full inundated unions Ful!l inundated unions
Union Ihgtance of the | Approxim Urion Distance of | Approxim
. furthest ate surge | 1yoo o0 the furthest | ale surge
Upazila boundary from | depth¢m) | © boundary | depth (m)
the coast {km} from the
coast (km)
Amtali Pavrashava L1 366 Barguna | Ayla 43.79 2.13
Sad Patakata
Amtali [ 3.66 Badarkhali 26.62 3 66
Arpangashia 35 3.66 Buric Char 3635 a.71
Atharagashia &0 2.13 Dhalua 20,77 3.05
Barabagi 17.66 5.71 Gaurichanna 1421 2.13
Chowra 3741 6,10 Keorabumia 3546 2.13
Gulisakhali 4652 5,10 M. Baliatali 30.07 7.62
Haldia 3662 244 Naliona i4.08 7.62
K.araibaria 23,81 2.4 Patharg | Paurashava 13.32 6.10




i]
Kukua 44,10 105 hata Cher Thomnti 2088 5,71
Pancha 0.8\ T.62 Kakchira 2267 L.54
Koralia
Pathargh | Nachna Parn 25.25 453 Eatmephy 16,26 o115
tts Patharphata 1332 015 Kanthahali 24 .20 &.10
Raiherpur 29N 457

Source: Field survey, 2008

Table 4.5: Storm surge Mooding of the partially inundated untons of Bargnna district

during SIDR 2007,
Uparils Unioa Dristznce of the firrthent Approximate surge depth (m)
boundary from the coest
(km)
Beagi Prursshava 66.72 1.0
Betzpl 56,12 12
Bibichini 72,51 12
Bura Manmndsr 55,74 L0
Hosmabod 61.86 091
Karirabad 5.021 0.91
Mokamla 61.03 1.32
Sarichamuri 49,55 2.13
Rarma BHamna 55.50 122
Bukzbmiz 5643 122
Dotk 4651 1.53
Rmmma 4656 1.52
Barpuma Sadar Barpums 3484 1.B3
Paurashava 34 R4 1.3
Phullhury 43.26 1.80

Source: Field nurvey, 2008

" Inundatio r after landfaf}

TR
Sonpree; 1WA (2007)

Fig. 4.12: Inundation of Barquna districi after Iandfall of SIDR during 2007.

i
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Fig. 4.13; Inundation of Barguna district afier landfall of cyclone during 1970.
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Fig. 4.14: Inandaton of Barguna district after landfall of predicted cyclone.
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‘Fable 4.4 and 4.5 and Fig. 4.14 revenl that there is a relationship between the distance from
the coast of the unions and the surge hight. Nevertheless there are some deviations. 1t s
important to note that the reason of the deviation of the surge depth with the distance from
the coast is due to the number of inlets in the Barguna disirict (Fig. 4.153). The unions beside
river flooded highly during SIDR because of the overiooping and embankment failure (Fig.
4,16).

=] Unlon of furthest dis lance from cost {km) —— Surge depth {m)

Fip. 4.15: Comparison with nnlon distance from the coast and their surge height
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Source: WARPO (2003)

Flg. 4.16: Embankment of the coasial districts in Banpladesh.
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Thus, it can be said Lhat there is a sipnificant difference between the model study for Lhe
Super cyclonc SIDR and the feld dais. According to the model study, ihe flood level for
¢yclone SIDR varnies in between 90.5m-1.0m. But in case of real life scenario the range varies
from approximately 1.00m o 9.00m. Moreover the surge level for the predicied cytlone is
between 1m 1o above 6.0m. It is noled that the ficld dala may be estimated because the data
was collected based on the field level response of the local people of the study area,

In recapitulation, it can be said that in this chapter the geophysical risk of the study area was
evalualed based on the storm surge atteibute of the cyclone. By driving the model of storm
surge, the study ares was classified in various inundation levels. The succeeding chapter will
focus on the socio-economic vulnerability analysis by deniving Population and Structure
[ndex, Direct Access to Resource Index and Population Evacuation Needs Index.



Chapter 5
SOCIO-ECONOMIC VULNERABILITY

ANALYSIS OF BARGUNA DISTRICT
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Chapter 3

Socio-economic vulnerability analysis of Barguna district

The Hierature on assessment of social vulnerability has identified several characteristics
(hat contribule to dilferential ability for coping with, and recovering from, natural
hazards. Frequently mentioned traiis include age, physical and mental disabilities, family
gsirucrure and social metworks, income and material resources, housing and built
environment, and infrastructure and Jifelines (Clark et ai. 1998). Some of these atiributes
can also be used to understand and measure the mobility and evacusaiion assistance needs

of a community.

For this research, social vuinerability was measured using four different approaches. as
detailed previously. Subsiantial spatial varisbility exists in charactenstics used lo define
socio-economic vulnerability, Dased on he category of risk by BUET-BIDS (Fig 3.1),
more than 65 percent of total population and 74 percent of lolal land area of Berguna
district are exposed to risk zone {Table 5.1). Table 5.1 depicts (hat Amtali Upazila is
highly vulnerable in which 19.50 percent population of Barguna district are living.
Moreover, population vulnerability of Barguna Sadar and the Patharghala Upazila i3 also
high (Table 5.3}.

Table 5.1: Area and population exposure to risk in Barguna district

i

Variables High Risk zone |__ Risk zone Risk free zone |
Population Number 417599 141494 789461
Percentage 49.21 16.67 34.11
Arca Total (Sq. Km) 94037 212.55 354 49
L Percentage 62.38 14.10 23.52
Source: Calculated by author, 2009
Table 5.2: List of Unions in High-risk arcas.
Upazila Tolai  Unions in High Area  Unions in Arca Risk free
Unions  risk area (%) Highriskarea (%) arca (%)
Amiali 10 Barabagi, 73%  Chowra, 11.9% 16.31%
Kamibaria, Anhapargashia
Pancha Karalia, (part)-2 nos,
Arpagashie,
Amtali, Haldia-
Tolal & nos.
Barguna 11 M. 60.35% AylaPaakala 24.34% 1531%
Sadar Baliatali, Naltona, (part),

Y
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Dhalua, Darguna, Baradkhali,
Burirchar {part), Gurirchamna-3
Keorabunia-6 nos. nos
Bamna 4 Nil Nil  Daualala-1 29.15% 70.5%
Nos
Betagi 7 Nil Nil  Sarisumari 16.67% 8333%
(part}1 nos
Pathanzhata 7 Patharghata, 100% Nil Nil Nil
Kalmegha, Char
Pruami,
Nachnapara,
Kuokchirs,
Raiharnpur,
Kantaltali-7 nos.
Source: Calculated by author, 2009
Table 5.3: Population exposure in high-risk areas and risk zones.
Upazila Total  Unions in High Populat Unions in Populat Risk free
Unions nsk area jon(%) Highriskarea ion(%) area
Popn-
(%)
Amiali 10 Barabagi, 69.90% Chowrg, 9.18%  20.92%
Karaibana, Pancha Arthapargashia
Karalia, (part)-2 nos.
Arpagashia,
Aniali, Haldia-
Total 6 nos.
Barguna i1 M. 49.54% AylaPatakata  28.30% 22.16%
Sadar Baliaiali, Naltona, (part},
Dhalua, Barguna, Baradkhali,
Burirchar (part), Gurirchamna-3
Keorabunia-b nos. nos
Bamna 4 Nil Nil  Dauvalala-1 23.79% 76.321%
Mos
Betagi 7 Nil Nil  Sarisumari 16.67% B83.33%
(part)-1 nos
Patharghala 7 Patharghata, 100% Nil Nil Nil
Kalmegha, Char
Duatni,
Machnapara,
Kakchirs,
Raihanpur,
Kantaliali-? nos.

source; Calculated by awhor, 2009
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Source: BUET-RIDS, 1993

Fig. 5.1: High risk area and risk zone

The socio-cconomic vulnerability of different untons of Barguna district was examined
by applying the Population and Structurs! [ndex (PST), Direet Access to Resource Index
(DARI), Population Evacuation Need Index (PENT) and Composite Index (Cl) { Appendix
A).

5.1 Social volnernbility based on population and structurc

‘The Population and Structurl Index (PSI) of social vulncrbility indicate the potential
7zones of cyclone disaster in reverence of popuintion, house structurcs {jhupri, kamcha and
semi —puccs) ond dependence on agriculturel ectivity. PS1 in Fig. 5.2 shows that Barebagi
union of Amtnli upazila is the highesi vulnerable arca within the geo-physical riskness
zome, While Potharghata, Kolmegha, Haldia and Gourichamno unions arc within the high
vulnerable zone s well s high geo-physical riskness zonc. in addition, Dolialali, Pancha
Karolia, Char Duanti, Dhalua, Burir Char ore in 1he modium vulnermble yone (Fig. 5.2).
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Table 5.4: Percentage distribution of population, house structure and households in

agriculture
Wulnerability [Population [Percent [Structural condition of houses I in Percent
clags I'(mr‘h‘a |PST“i Ipemm apriculture
Jhupri |Percent Percent [Pucca t

Low 60431 T2 | 2452 | 730 | 9R%1 | 111 152 286 11431 7.50
Medium 402414 { 4742 | 16719 4570 | 67372 | 4848 | 1034 | 1948 71816 42.61
Hizh 84909 1061 | 3501 | 1043 | 14110 1045 | 216 408 15257 10.54
Highest 63426 771 | 2044 | 609 | 9803 | 705 | 1511 | 2848 8557 5.91

Source: Caleulated by anthor, 2009

A sigmificant porion (72.26 percent} of population is living within the delineared geo-
physical high risk and risk zones indicated as red marks and blue marks respectively (Fig.
5.2). Among them 7.71 percent, 10.0] percent and 47.42 pervent poputation are living in
the highest (Barabagi union), high (Patharghala, Kalmegha IHaldia and Gaurichamna
nnions) and mediwn vulnerable regions {Daliatali, Pancha Karalia, Char Duanti, Dhalua,
Burit Char) in respect of PSL. On the other hand, 6.09 percent, 7,05 percent 28.48 percent
of jhupri, kalcha and semi-pucca houses are within the highest vulnerable region (Table
5.4 and Fig. 5.2).

Ecwooes_imion kb
3%:35&‘3’:‘} V38 b
s oo s E.&;ﬁ:;g
0703 - G O3 MHighwet) 0 752 - 0897
Source; Prepared by author, 2009 Source: Prepared by author, 2009

Fig 5.2 Social vulnerubility of Barguna

district based on population and structure Fig 5.3: Social vulnerability of Barguna

(PSI). district based on differential acceas to
reseurce (DARIT).
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5.3 Social vulnerability based on Direct Access to Resource

Direct Access to Resource Index (DARJ) indicates {hat Naltona, Kalmegha, Kataltali,
Burir Char, Ayla Pawkata, Pancha karalia and Bamna unions are highest vulnerable zone
and fall within the geo-physical risk zone (Fig. 5.3). Fven the provision of basic services
and facilities such as safe drinking water, hygienic sanitalion, electricity and pucca road
are not adequate emough in this zone. About 73.05 percenl, 69.74 percent and 95.25
percent households in this zone are deprived of safe drinking water, hygienic sanitation
facility and electricity supply respectively. While only 39.34 km pucca road is available
in this zone (BBS, 20G6).

On the other hand, Barabagi, Karaibaria and Char Duanti are within high vulnersble zone
based on DARI (Fig. 5.3). Like the highest vulnerable, majority of the households in this
zone are deprived of besic services and facilities such as 61.42 percent, 69.62 percent and
95,18 percent households are deprived of safe drinking waler, hygienic sanitation facility
and electricity supply respectively. [n addilion, 4986 km pucca road is available in this
zomne (Table 3.3).

Table 5.5: Perceniage distribution of deprivation of services and facilities

[Vulncrability  [Safe drinking  [Hygienic Bletricity
class water Sanitation supply
Lowest 14.29 41.87 06.51
Low 10.26 46.48 91.94
Medium 30.31% 61.05 93.30
High 61.42 69.62 95.18
Highest 73.05 69.74 95.25

Source: Calculated by author, 2004

5.1 Social vulnerability based on Speclal Evacuation Necds

Based on (he people needs evacuation support within the geo-physical risk zone is further
calegorized into five vulnerable zones i.e. highest, high, medium, low and Jowesi. Among
(he unions, Barabagi and Haldia unions are within {he highest and high vulnerable zone
respeclively (Fig 5.4). While Patharghata, Balistali, Pancha Karalia, Kalmegha, Burir
Char, Barguna and Badarkhali unions are wilhin the medium vulnerable zone (Fig 5.4}.
Later on, the evacualion assistance requiring population (age less than 5 years and greater
than 60 years; and disabled people) is analyzed in order o determine their probable
exposure 10 geo-physical and social vulnerability, About 5.09 percent, 4.21 percen, 4.62
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percent people of age less than 5 years, age greater than 60 years and disable respectively
are categorized as highest vulncrable. Whilc 3.47 percent, 3.60 percent and 3.67 percent
of age less than 5 vears, nge grealer than 6G years and disable people respectively are
catcgorized as high vulnerable. In addition, 26.82 percent, 26.57 percent and 2738
percent of age jess than 5 years, less than 60 years and disable people respectively are
calegorized as medium vulnerable (Tabie 5.6).

Table 5.6: Percentage distribution of people need evacuation assistance

Vulncrable Age <5 Age 60+

class years Percent [vears Percent Disabled |Percent
Lowest 19200 18.79 13192 19.10 10630.272 [19.94
Low 15281 14.96 10489 15,19 8611.008 |16.15
Medium 27401 26.82 18352 26.57 14596.544 [27.38
High 3543 3.47 2526 3.66 1954.88  [3.67
Iighest 5198 5.09 2907 4.21 2462.208 |4.62

Source: Calculated by author, 2009,

Bargona_union, shp

Barpona_wnicie shp

0.3 0 414 [Lowest) gggg:gﬁw
0.414 - 0529 Low D.4BL - 0.554 (Merfiim)]
O 050075 gty I 504 - 0855 i)
0758 - O 572 (Highesh) B (685 - 0785 (Highee)
Sonrce: Prepared by author, 2009 Source: Prepared by auhor, 2009
Fig 5.4: Social volnerability of Barguna Fig 5.5: Social vulnerability based on
district based on pepulation with special population and structares, access (o resource

evacuation needs index (PENI). and population with special assistance needs
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5.4 Social volnerability based on Composite Index

Composile Index of socio-economic vulnetability was determined based on the overlay of
three weighted indices i.e. Population and Siructure Index, Dircct Access to Resource
Index and Population Evacuation Need Index. The weights of PS1, DAR1 and PENI were
assigned as 0.40, 0.30 and 0.30 in the scale of 0-1 hased on their significance in socio-
economic vulnerability.

Composiic Index indicates that within the geo-physical risk zone Barabagi union is the
highest socio-economic vulnerable area, while Pancha Karalia, Baliaiali, Patharghata,
Char Duanti, Kalmeghs, Haldia and Burir Char are in high vulnerahle zone. On the other
hand, Naltona, Karaibaria, Dhalua, Kanthaltali, Badarkhali, Gaurichamna, Nachnapara,
Ayla Palakata, Artharagasia and Keorabunia unions are within (he medium vulnerable
zone (Fig 3.5).

5.5 Disaster damage and socio-economic vulnerability

Disaster Damage Index (DDI) was developed based on the loss of lives and injury of
people; and fully and partially financial loss of livelihoods, houses livesiock, propeny,
resources, infrastructures, services and facilities during caastrophic disaster of cyclone
SIDR 2007 in Barguna district. Later on, weighla were assigned to ench indicator of the

Disaster Damage Index based on (he expert opinions.
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Source: Prepared by author, 2008
Fig 5,7: Vulnerability of Barguna district
based on populstion and damage
(PSIxDDM;}.

Fig 5.6: Damage vulnerability of Barpuna
district {DDI),

DI indicates that Barabegi union was the highest affected area in the Barguna district
within the geo-physical nisk zone while Patharghata, Naliona, Balialali, Badarkhali are
highly affected zone. The medium affected zone consists of Char Duanti, Dhatua,
Kakchira, Barguna and Buric Char unions {Fig 5.6). On the other hand, Kantaimfi,
Kalmegha Dauatols, Ramna and Sharishumari unions are lowly affected zone during
SIDR 2007 {Fig 5.6).

Table 5.7: Degree of d2mage during SIDR 2007 dased on Disaster Damage Index

Source: Prepared by auibor, 2009

{DDY)

Type of damage |[Unit |Lowest [Low edium [High Highest [Total

Sq.km 45065 994 146.88 27235 160 1119.89
Affected area o 40.24 8.88 13.12 24.32 14.29

No. |89 110 220 553 238 1321
Death of people %% 6.74 8.33 16.65 41.86 18.02

No.  [199370 45418 84845 108805 48985 770913
Affected
Population %a 25.86 559 11.01 14.11 6.35
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L No. [13266  |6452 8858 14493 4177 70891
Fully damaged
Quscs % 1871 910 1250  [20.44 5.89
Partially damaged [No. 26649 12803 10882 [14835 11462 1118531
houses % 2248 [2.36 918 12.52 0,67
Loss of caftle and [TK  130930000[76848781 (96626833 45283660 147340000 460893274
poats s [6.71 16.67 0097 [9.83 10.27

TE 8023000 4000000  |16798800 [23500000 |485000 69077800
Lossofpoultrty [%  [1L.61  [5.79 2432 [34.02 70

16978000 45255668
Destruction of [TK 10 176031063 W4 120266411 [34437000 [1714786501
lerops % (990 10.27 2639  [7.01 2.01
Deszoction o [TK__ 6500000 105752366 |57116576 [12053839  [22000 351137999
fisheries farm 194 [1.85 30.12 1627 [3.43 0.03
Destructionof | [TK [29261000110896902 130732764 43697156 748000 1133625030
poweline %  [21.90 .15 23.00 [32.70 56
Fully damaged  [Km |53 9 16.5 4.5 1.5 86.3
cca roads v [6.14 10.43 19.12  [5.21 1.74

Parfially damaged Km _ {41.54 23 27.5 1 1479 [302.02
pucca roads % 1375 [1.62 9.11 6.95 4.90
Fully damaged  [Km_[374 26 63.5 120 29 398.43
carthenroads %  [12.89  6.53 1594 30.12 0.73
Partially damaged [Km __|196 RS 90.5 148 80 894.5
carthenroads P4 2191 [9.50 10,12 [16.55 8.94
Fully damaged [TK  [2439 |13.5 25.5 38 2.54 343.78
embankments % (709 [3.93 7.42 11.05 0.74

Km |93 23 38 74 29.58  W72.63
Partially damaged
embankments % [19.68  |4.87 8.04 15.6 26

12967190

TK (7106000 124558800 18 216080000 [2422000 1451124708

[Lossof trollers % 1.58 5.44 28.74 7.90 0.54

Source: Field survey of Barguna Sadar, Bamna, Betagi, Amitail and Patharghata Upazila Parishad, 2008.

Barabagi union was completely destroyed during the catastrophic SIDR 2007 such as 160

Sq.km area was completely desiroyed, 238 people were died, 15639 houses were fully
and partially damaged, loss of TK 47823000 worth Hvestock, destruction of TXK
34437000 worth crops, 16.29 km of pucca road was fully and panially damaged, loss of
TK 2422000 worth trollers and so on (Table 5.7). On the other hand, 24.32 percent of
affected area, 4186 percent of death inll, 20.44 percent of fully damaged houses, 9.83
percemn of livestock, 34.02 percent of poultry, 7.01 percent destruction of crops, 3.43

percent of fisheries, 32.70 percent destruction of powetline, 5.21 percent of fully
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damaged pucca road, 11.05 pereent of fully damaged embankment and 47.90 percent loss
of trollers were Loken place in highly affected 2one (Teble 5.7).

Later on Disaster Damape Index was overdnid with the four approaches of ke socio-
ecaonomic  vulnerability analysis in order to relnte the exisling socio-economic
vulncrability and the intensity of demnge. Bambagi union is considered as (ke highest
damage affected ond vulrerable 7ome within the peophysical risk area in the context of
both Population ard Structure Index and Disasier Damnage Imdex. While Patharghata,
Bnrliatali, and Badarkhali unions were within the medium zore. In both the cases of PSI
amd DDI, Berabagt union was in highest vulnerable/alTected zone. The scenerio is similar
in 1ke context of medium vulnemble zore that represents the high zone of both PSI and
[N such as Potharphnts, Baliniali and Badarkhali unions (Fig 5.7).

Pergorsy_umion abp
Q005 - 0115 Lowesn
0115- 025 Low
QX85 . 0.X%5 wefharrdy
X% - O 445 PHagh)

O dd5 - D 558 Hghet)

Source; Prepered by author, 2006 Souree! Preperes] by author, 2000
Fip 58: Valnerabillty of Barguna district based Fip 5.9: Vulnerabflity bated on population
on access to resooree and damape (DARIZDD).  wilh special asvistanct nteds and damage
{PENIxDDI). -
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The overlaid map of two layers ie. DARF and DIY represents ggain the highest
vulnernble/n(Tected zone as Barobagi union (Fig 5.8) While Baliatali and Naltona unions
were wilthin the highly vulnerable/niTecied zone of geophysical risk area. On the other
hand, Patharghoin, Char Duanti, Knalmegha, Badarkhali and Burr Char are within the
medium vulnersble or alTected zone. The comparative evaluation between the Fig 5.8, Fig
5.6 and Fig 5.) reveals that the scennrio of damage intensity is similar to the DARI and
DD overlaid map. Nevertheless, dissimilarity is obsenved in DARI mop. Here
deprivaton of direct peoess (o resgurces is highest in Naltonn, Kantalali, Kalmegha,
Pancha Knomlia, Barguna Sedar, Burir Char, Ayla Polnkatn unions. That means
mvailability of resources required during the post-disaster penod ts lowes! in these unions,
which may cause scrious posi-disaster elfect. The statement wns obvious in Pancha
Kamlia, Burir Char and Ayla Pawknin unions that were highly sulfered during the post-
disaster period in SIDR 2007 because of Inck of adequate socess to resources. Even the
relief work was delnyed due to the lack of avniloble communication network m these

unions.

The overlaid map of Population
in Evocuation Needs Index and
Disaster Damage Index reveals
thai Barmmbagi union is within the
highes1 vulneroble or allected
zone (Fig 5.9). This is factual in
the respect of bath DDI and
PENI because the death toll was
hiphest (238) in this union.
Similarly the high (Prthorghata
Boraibagi and Badarkhali) and
medium (Char Duanti,
Kalmeghn, Naltona, Dhalun, and
Burir Char) zone of overlaid
mnp represents bolh the result of

. Souroe: Prepared by mrthor, 2009
DI and PENI (Fig 3.9). Fig 5.10: Yalnerability of Barguna distriet based
campaosite index and damape index (ClxDD).
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Iig 5.10 represents the overlaid map of Composite Index and Disaster Damage Index.
Figure shows that Barsbagi union is the highest vulnerable or affected zons. While
Patharghata, Nallona, Baliatali, Badarkhali unions are in highly affected or vulnerable
zone. On the other hand, Char Duanii, Kalmegha, Dhalua, Kakchira, Kamaltali and Bucr
Char unions are in the medium vulnerable or affected zone. Comparing the Composite
Index and DDI with this overlaid map it can be remarked (hat Fig 5.10 represent the vivid
picture of the Composite Index and DDI such as Patharghata, Naltona, Baliatalia and
Badarkhali unions are in highly vulnerable or affected zone in Fig 5.10, 5.9 and 5.8 also
identified them as the highly affected and vuinerable zone respectively.

5.6 Quantitative Comparison of Results

Although the four maps in Fig 5.2-5.10 provide a visual assessment of evacustion
assistance need patterns within the study area, the analylical capabilities of GIS software
can be used to estimate the (oial population in each evacustion assislance need zone, as
well as their socio-economic and structural characteristics. These numerical estimations
interpret the variability of results obtained from the four different approaches to measure
social vulnerability in conjunction with geophysical risk. Four approaches are compared
quantitatively by focusing on two specific aspects that are important for risk managemer
and evacuation planning: (1} the number of people living in each evacuation assistance
need zone; and (2) the characteristics of the population and structures in areas with the

highest evacuation assistance need.

Table 5.8: Perceot of Population within Evacuation Assistance Need Zones

Evacuatian needs Appraach | (%) Approach 2 (%) Approach 3 (%o) Approach 4 (%)
Lowest 3.359 6.34 1541 3.54
Low 7.12 4.74 13.15 14.41
Moediurm 4742 22.099 18.46 23.15
High 1.0 078 3.60 22.28

| Highest 7.71 17.82 8.53 B.53

Source: Calculated by author, 2009

Regardless of the approaches adopted, the percenlage of the population appears to be
declined with an increase in the magnitude of evacuation assislance need (from lowest to
highest}. Approach 1 indicales that almost 17 percent of the district populalion can be
found in arcas where evacuation assistance need is high or highest; this figure is about 27
percent for Approach 2, about 11 percant for Approach 3 and 31 percent for Approach 4.
The numerical differences among Lhe estimates obtained from the four approaches are
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reasonably consistent with the variation in patiemns observed in visual assessment of the
four maps except in case of Approach 4. If people, structure, deprivation of resource and
people with special needs are being laken under consideration, the aggregaie number of
people increased whereas ihe number of people needs high or highest evacuation needs is
reduced by mking Lhe factors individually,

In a nutshell. it can be said that each approach has ils significance for the emerpency
management purpose, [t will be un complicaled o lake an area specific decision for the
dizasier management planners like prioritizing the unions in terms of structural solution,

relief disbursement, policy fixation for the people with special needs and so on.

This chapter analyzed spatial variability of social vulnerahility of different unions, which
will help the emergency planners to take initiatives considering the population and
structural, deprivation of resource and population who need special assistance. Planner
can iake initiatives in disasier period based on the vulnerability mapping whereas each
chammcierisiic can be considered individually. Moreover the combmation of the
characteristics is applicable for wvulnerability mappmng. However, the result of the
vulnerability maps depicts that the Barabagi union of the Amtali upazila is most
vulnerable. The next chapter will address the possible solution of disaster management
for the most vulnerabie union of Barguna district.



_ Chapter 6
SPATIAL PLANNING OF CYCLONE

SHELTER IN BARABAGI UNION OF
BARGUNA DISTRICT

&%



38

Chapter 6
Spatial Planning of Cyclone Shelter in Barabagi union of

Barguna district

One of the main objeciives of this study was lo prepare an oulline for planning the
locarion and space of multipurpose cyclone shelters in most vulnerable unions in Barguna
district. A large number of people in the Burguna district live in thatched houses, which
cammot withstand the high velocity of wind and storm surges resulting in extensive
damages of such houses and deaths and injuries of a large number of poor people. The
high rates of casualties in cyclone SIDR are primarily due Lo unsafe buildings in the study
areas. The poer econemic conditions of the people may not permit them to rebuild their
houses as per the cyclone resisumi designs and specifications. Therefore, community
cyclone shelters constructed at appropriate places within (he easy access of the habilaticns
of the vulnerable communities can provide an immediate prolection from deaths and
injuries dug to the collapse of houses. Such sheilers are usually built on pillars above the
danger level of storm sarges/inundation, are specious enough lo accommodale a few
hundred people of the neighboring hamlels and provide provisions of drnking waler,
sanilation, kitchen, etc. During the normal season such shelters can be utilized as schools,

dispensaries or other communily purposes.

From the analysis of the previous chapter, Barabagi union of Amiali upazila was
identilied as the most vulnerable union in terms of both geophysical risk and socio-
economic vulnerability. Towards this, methodology was developed for determination of
number of new shelters required and their tentative locations in the same union, Moreover
this chapler also provides some guidelines for construction of low cost housing, which
can withsiand during tropical storm.

6.1 The methodology for lecating shelters

The areas susceptible Lo inundation due 1o storm surge were delineated and categorized
imo low risk area to high risk area (details given in chapler 4) based on damage potenlial,
population structure and housing type, accessibility to resource and population with

special evacunalion needs,

-
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Information and datz about existing and under construction cyclone shelters with their
potential capacity to serve as shelters during storm surge has been compiled. The dala of
existing cyclone shelter with their capacity were collected from LGED and field survey.

Assumptions were made about Lhe new pucca buildings that may be constructed in future.

Demographic characteristics of he study arca were studied to anticipale the tolal
population those need to be accommodated in shelters during a cyclone.

In determining the capacity of buildings as shelters, areas of 0.37 sq.m. per person were
assumed for shellers and other public/privaie buildings (MCSP, 1993).

Provision of shelters has been made for estimated population in the year 2015. The
rationale for taking up year 2015 was: it is expected that the construction programme of
the shelters proposed by this study would commence in onc year later afler the
completion of detailed engineering design and procurement procedure. The complete
implementation of the programme would take about not more than 15 years time from
2001 . Therefore ihe programme should salisfy the total requirements at the lime of project
completion and not the population of 2001. Thus the planning horizon for the first phase
of (he study was se1 at year 2015 and ali projections and planning was made for Lhe
requiremenis al that year.

In order to plan the location of proposed cyclone shelter the first task is 1o shudy the
exisling stock of cyclone shelters that serve the communitics of the Barabagi union.
Moreover, Lhe following tasks have been conducled to site the proposed ¢yclone sheliers.
» Population projection for the year 2015 for Barabagi union
" Pucca structure projection for (he same year
» Projection of school going children for the year 3-9 and 10-14,
»  f the number of MCSs proposed was less than the MCSs required, Lhen the
required number of additional primary schools needed in 2015, was chosen as
MCSs which would be localed as a new primary schools. In areas where primary
schools did not exist, but based on 1he school going children (i.e. around 470
children in 5-10 year age group) such a school was required, location of a new
MCS would satisfy the need of both school and shelters.
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s If the number of MCSs proposed was so-far was still less than the number of
required MCSs, Lhen the existing secondary schools, if they are not too close to
the primary schools already proposed as MCSs, were given next preference.

= If still shelter capacity was needed, then MCSs were proposed as new secondary

zchools.

In actugl placement of the MCSs the following aspects were considered in order of
priority.

. _The MCSs were not loo close to each other, to existing or under construclion or
proposed shellers, and interference with their calchments;

. .The distribution of cyclone shellers follows the pattern of distribution of
population among the paras {(communities);

- The distribution of MCSs were as close as possible to the existing communication
nelwork;

- The MCSs would be localed within the radins of 1 km {1000 meters) from the
center of a para;

_ The travel time from the locality to the shelters would not be more than the 12.5
minute' {the average standard walking speed of a person is 4.75 km/hr) (Unterman,
1984);

. The MCSs were as far away as possible from the coastline;

- The MCSs were inside the embankment, where such embankment existed;

6.1.1 Projection of population and structurcs
¥ Population projection

According to the MCSP the total population of Amtali Upazila during 2002, 2007, 2012
and 2017 will be 98993, 109811, 118,857 and 126048 respectively. Whereas the
population census (2001} showed (hat the population of Amtali Upazila was only 54404
having the decadal growth rale 18.78 and annual growth rale 1.74. Considering the base
year population of 2001 and growth rate 1.59 percemt of rural areas in Amilnli upazila
(BBS, 2001}, population projection has been conducted for the year 2015 for Barabagi
union of Armlali upazila. The projected population for the year 2015 is 47980. Due Lo

' Travel time (min.} = Travel distance (km)/ walking speed (km/min)
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avoid the complexities in computation of population, it was estimated that the population

growih rate is equal in all communities.

# School atiendance
The mumber of school poing population by age category was compuled due to the
planning consideration of cyclone sheliers, The schoot attendance for the age group 5-9
and 10-14 years have been projected based on growth rate of school atiendee in Amtali
upazila, which is 3.27 percent. The literacy rate is collected from the dat of Populalion
Census (2001) of Bangladesh Burean of Siatistics. Similarly, the secondary school
attendance was computed for the year 2015 (Table 3.1).

Table 6.1: Population by school attendance

Age category Pop 5-0 yr3 Pop 10-14 yrs
Base year population 2688 4369
PProjected population 4218 6855

Source: BBS, 2001

T

# Pucca household projection

The natura! tendency of the people during (he storm is Lo Lake shelter Lo the nearby pucca
house rather lhan go to the cyclone shelter. Regarding this viewpoint, the major
consideration was (he estimation of pucca house in DBarabagi union. Consiruciion of
private building in rural areas is a function of many economic and non-economic faclors.
such as level and structure of income, change of income, asset holding, social prestige,
security considerations, physical condition of the locality ete. To aveid the complexity of
the determination of pucea structure, projection was made based on the percentage of

pucca house in Amtals upazila for the year 2001.

According 10 the Population Census 2001, the perceniage of pucca housc in Amtzli
upazila was 0.42, Considering the growth trend of pucca house it is predicied that the
pucca structure of the locality will be 37 in 2015, The predicied pucca structure will be
able to reside 13875 of the population, which is 33 percent of the olal population of the
union. Usually the two or more storied public and private buildings can be considered as

the cyclone shelters. Due 1o the unavailability of data of economic and non-economic
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factors, the growth rate prediction of pucea structure is difficult. In order to simplify the
difMiculty of the pucca struciure prediction, the growth rale is considered as zero.

¥ Determination of the ¢atchment arca
The catchment area of a cyclone shelter is the area from which people come to lake
shelter during cyclonic storms and surge. H there are few shelters this area may be quile
extensive, bnt if there are several shellers within close proximity there may be
considerable overlaps in their calchment areas. According to the MCSP study (1993}, the
size and shape of a catchment area was determined besed on the following factors:
- The distance which most families were willing Lo move when winds peak up gale
speed
- The density of habitations, setilement pattern and the number of people the shalter
were designed 10 serve and
- Communication to the sheller.
This study also considers the above-mentioned three factors, The field survey reveals that
people are willing to lravel not more than 100 meler during the cyclone period. Based on
the average walking speed (4.75 km/hr) and the travel distance, the average walking lime
required to evacuale is 12 minutes. In order to dewrmine the dislance [rom Lthe para

(community), the middie point of the para is considered.

6.1.2 Fxisting cyclone shelter location and capacity

Barabagi union has the area of 117.79 sq.km and filly para (communities). Barguna
district has 71 cyclone shelters and 2 killas. Only six cyclone shellers are located in
Barsbagi union covering only 3600 people, which is 7.5 percent {41891 nos) of the tolal
population. The cyclone shelters cover only nineteen communities out of fifly (Fig. 6.1
and Table 5.2). The total population of these nineleen eommunities is 16141 bnt the total
capacily of the six cyclone shelters is 3600. That means 22.60 percent of the lolal
population {16141} those who resides within the catchment areas of the cyclone shelters
can be accommodaied during the cyclone. Additional 12541 population within the bufifer
zone of the cyclone shellers needs shelter. '
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Source: LGED (2003) Souree: LGED (2008)

Fip. 6.1 Catchment area of existing cyclone Fig. 6.2 Catchment area of proposed primary

shelters in Barabagi onion of Amtali opazila. school cum cyclone shelters,

6.1.3 Primary school cum cyclone xhelter

The school attendanee during 2001 in Barubegi union for the year 5-9 years is 2396 and
the projected school stiendance will be 2609. If the existing location of nine sclecled
primary schools could upgmde as o cyclone shelter, it would cover another twemty-two
communities having the population covernge of 22832 (47.59 percemt) (Fig. 6.2). The size
and the capacity of the primary school is a matier of grent concern, which will be varied
in different pars sccording to the population. A rough estimation has been conducted
based on the following assumption:

- The existing location of the primary schools that indicate in the map of LGED will
be same for the proposed primary school cumn cyclone shelters (Fig. 6.2);

. The Noor area for each primary schoot will be on an avernge 1500 sq.fi:

- The primary schoo) should be three storied including the ground floor open:

4
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- The distance from the setllement point (o the cyclone shelter should not be more
than 1 km.
- The coverage of built up area is 0.37 sq.m {4 sq. fi) for one person in primary

school cum cyclone shelter.

Considering Lhe above mssumptions, the nine proposed primary school cum cyclone
shelters would cover omly 5400 populations within their catchment areas of para
Momishapara, Champopara, Manipara, Baraitala, Lalupara, Joyalhhanga, Malipara,
Tutatuli, Karamgapara, Nidraghorapara, Morati Agataluldarpara, Shikaripara, Chorpara,
Harinkhola, Sakins, Sadagarpara, Chota Amkhola, Lalupara, Bora Amkhola, Lawpera
and Idupara. As a resuit, 28996 populations in the year 2015 will be deprived of shelters
during the occurrence of cyclone. Moreover, 6250 populations will be sheltered by the
adjacent high schools, which are proposed in this study {Tahle 5.2). Finally, adequale
space of shellers will be required for rest 22746 people, which is 55532 sq. A.

6.1.4 High schools cum cyclone shelters

The school gitendance during 2001 in Barabagi union for the year 10-14 years is 2484
and 1he projected school atiendance will be 5820 in 2015. That means additional four
high schools will be required along with the exisling high schoal in the year 2015. Later
on, proposed high schools along with the exisling one will be upgraded as cyclone
shelters. The location of proposed high schools {cyclone shellers) will be determined
hased on the Allemnating Heuristic Algorilhm model.

Alternating Henristic Algorithm model concerned with assignment of r schools o m
population where n<s It is assumed that any inovement between Two points {x;, y,) and

{x;, y;} is continuous and able to tzke place freely and is delined s

d.l_f':‘J{_xF_‘I;}z-i_(.}rJ-.}’j]l (3.1)
However, four major sieps of this algorithm are —

Step I: Selection of demand points as starting Jocalions for the supply centers;
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Calculation of proposed location of cyclone shelter (x), y,) by solving the single-faciliry

location problem for group of demand points (communities);

Z df F ; dy‘
and ¥, =

wi’ Er_
Zd_ d,

=] i =1

(3.2)

Where w is (he population of each para 7.

Thus, the calculated location of the proposed four high schools along wilh the exisling
one will cover eight communities (Fig. 6,3). The eight communities {Angerpars, Bulipara,
Momapara, Nayapars, Naya Bhaijora, Bora Bhaijora, Taltalipara, Chatanpara, Taltalipara
and Manukhapara) have the projecied population 8594 (17.91 percent of the total
popuiation). In addition, 1311 people who live within the catchment arcas of primary
schools, will also be accommodated in the proposed high school cum cyelone shelter. A
rough estimation has been conducted based on the following assumption:

- The existing location of the high school, which is shown in lhe map of LGED will
be same;
- The built up area for each high school will be on an average 2500 sq.f;
- The high schoo! should be three stored including the ground [loor open;
. The distance from the settlement point to the cyclone shelter should not be more
than 1 km.
_  The coverage of built up area is 0.37 sq.m (4 sq. ) for one person in high school
cum cyclone shelier.
‘Iherefore, a total of 28450 people (67.91 percent of the lotal population in the union) will
be sheltered in Lhe existing and proposed cyclone sheliers {Table 5.2 and Fig. 6.4).



Soarce: LGED (27008

Fig.6.3 Catchment aren of high schoo! cum  Fig. 6.4 Catchment area of cyclone shelters.
prmary schaol cum cyclone shelters and

cyclone shelter in Barahagi onion.

high schoo! com cyclone shelters.

Table 6.2: Existing and Proposed cyclone shelters

Cyclone shelter Existing | Floorarca | No. of Floors | Proposed Total
type capacity (sq.f1) cyclone shehiers | Caparcity
(population)
Cyclone shelter No. 6 2400 2 1 storied 7200
{without school) 2400/sh oddition
glter=36
o0
(populat
ion)
Primary school Nil 2500 1 PS cum CS =9 11250
{convert CS) (3 stories cach)
High school Nil 4000 | HS cum C5=5 10000
{3 storics cach)
Total & 14 28450
PS= Primary school, Source: Calculzted by author, 2009
CS5= Cyclane shelters,

H5= High school.
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6.1.5 Alternative solutions for people ont of coverage of existing and proposed
shelters

Considering the existing and proposed shelters, it is stted (hat the tolal population
coverage will be able ito iske shelters during cyclone is 66.86 percent (Population
numbers is 28450) and rest of 32.09 percent (total number is 13443) of population have
no shelters. This group of population reside in Nacbhanga, Nameshpara, Tetulpara,
Tantipara, Adapara, Sobahanpara, Bora Ankuja para, Choto Ankuja para, Choto Bhaijora,
Sekina, Sadarpara, Choto Amkhola, Lalupara, Bora Amkhola, Lawpara, Idupara and
Angerpara.

« Option 1

In order to provide shelters Lo these 32.09 percem population of Barabagi union, different
initiatives can be iaken into account. For inslance, additional space of 53767 sq. ft. can be
provided in six iocations by providing multipurpose cyclone shelters (Table 5.3 and Map
5.5). But we should keep in mind that this would require gither renovation of
public/ptivale buildings into more than one-storied buildings or ¢onstruclion of new
buildings. This will indeed require huge financial assistance, which is not so
economically feasible in the contexd of the existing socio-economic condilion of the
Barabagi. Even the govemment or donor egencies will not be interested to provide
additional six cyclone shellers along with already proposed fourleen multipurpose
cyclone shellers. For clarification, it can be said that thesc foureen proposed cyclone
shelters will also be used as the primary schools emd high schools and they will fulfill the
required space for the anticipated primary schoel and high school going students,

Table 6.3: Proposed additional cyclone shelters in catchment areas

Catchment | No. of pepulation who | Total space Type of shelters

area requires sheliers required

i (bottom 1255 5020 Multipurpose cyclone

left) shelter

2 (bottom 2186 8742 Multipurpose cyclone

middle) shelter

3 (up left) 3259 13034 Multipurpose cyclone
shelter




b (up 1252 5006 Multipurpose cyclone
right) shelter

7 (right 3042 12168 Multipurpose cyclone
middle) shelter

8 (bottom 2450 G797 Multipurpose cyclone
tight) shelter

Total 13444 53767 (sq.f1)

Source: Cateulated by author, 2009

+ Option 2

Taking into account (he above circumsiances, this study proposes another alternalive i.e.
provision of loan to the well-off people in those communities (Naobhanga, Nameshpara,
Tetulpara, Tantipara, Adapara, Sobahanpara, Bora Arkuja para, Choto Ankuja para,
Cholo Bhaijora, Sakina, Sadarpara, Choto Amkhola, Lalupara, Bora Amkhola, Lawpara,
Idupara and Angerpara), which are deprived of adequate space for shelter during cyclone.
In this case (hirty-six well-olT pcople of the selected communities can be given loan at
marginal interest rate for constructing two-storied houses having floor space 1500 sq.ft.
Consequently, lhese iwo-storied houses will ensure adequale spacc (53767 sq. ft.) for
shelter of 13444 people during cyclone.



&9

Source: LGED (200G2)

Fig. 6.8 Caichment area of cyclone sbetters in Barabag) union that cannot fulfill ihe

space demand of shelters
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Source: LGED (2008}

Fig. 6.5 Existing and proposed cyclone shelters in Barabagi union
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In recapitulalion, spatial planning of cyclone shelters is not only depends on the people’s
choice and demand but also the localion is dependent on geography, soil cendition, fand
use and other characieristics. Moreover, at union level the cyclone shelter planning
depends on rural development as a whole. The option 2 in this research can be a realislic
solution as mosi of the peoples’ tendency during disasler is to lake shelter to their
neighbour’s house. The possibilily of using local construction material and human
resource mobilization is more if responsibility of construction of cyclone shelters cum
dwelling unit is vested upon the owners of Lhe houses themselves. By implementing the
soft loan approech 1o lhe inhabitants of Barabagi union, cfficient disaster management

planning as well as community development can be achieved.



Chapter 7
RECOMMENDATION AND CONCLUSION
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Chapter 7

Recommendation and conclusion

7.1 Recommendation

Dillerent actions and initiatives can be laken into consideration during the pre~disaster period
in order 1o reduce the vulnerability of cyclone along with determination of geophysical risk,
social vulnerability and spatiel planning of cyclong shelters. Among Lhem, IT augmented

forecasting and waming system can be a signilicant one.

The lindings of the study focus on geophysical vulnerability of the study arca. The study area
is mostly volnerable 1o storm surge and Lhe earthen embankment are not sirong enough to
prevent the high-enermy wave. Atention should be given Lo the embankment approach. As
embankment stabilization is related to [inangial consteaints of the country, the focus should
be elsewhere. Moreover, embankment slsbilization specially by using concrete malenial will
be smrong enough for resisting surge. The recent research work of Integrated Coaslal Zone
Management {ICZM) highlighted on sustainable management of coastal areas. Embankment
sisbilization by using locally available material can be useful one. As most of the unions
localed of Barguna district iocated beside the estuaries or coast, priority should be given in
those areas. Some indigenous trees like chample gr coconut irees can be used as slope

slabilization of the vulnerable areas.

Along with the staled measures, sowne other preventive measures can be iaken into account.
For instance, the houses cannot withstand i high wind like 60 kmv'hr as most of the houses
are poorly made. Therefore, some modilications, mostly adopled by the neighbour couniries,
are recommended in the struciural design of kulcha or semi-pucea houses of the sindy area so

that the houses can withsiand in high wind.

The study reveals that there is a shortage of cyclone shelters in the highest vulnerable area
{Barabagi unicn). But it is not possible to construct all the cyclone shelters at a time. So
priority should be preset in construction of the cyclone shelters. The study recoinmends that

house building loan for sixteen well off people of the Barabagi union should be givenlfﬂr
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constructing 1500 sq.A houses so that the vulnerable neighbours can take shelter Lo these

houses. However, a delail siudy is necessary for the feasibility of loan disiribution.

The emergency planner should Lake inlo consideration all the aspects that are depicted i the
study like vulnerability of population and structure, deprivation of resources and population
with special evacuation needs. A deteil emergency plan should be provided in near fature
considering all the aspects individuaily. A detail land use plan and income survey is
necessary for the study area. Ag the ransport and economic condition of the study area are
not good enough; attention should be given on the transport sextor and the establishment of
growth centers for accelerating the local economy. Tramsporl specially the road sector
developrnent is ungent due to the post disasler response like relief and rehabilitation.

As four Abashan project are loceted in Barabagi union, the Abashan houses can be
imperative locations as sheliers during cyclone, Therefore government of Bangladesh can
implement Lhe projects with little modification of the existing design. The houses can be
devetoped in such a way so that the houses can eccommodale safely the pecple who are
residing in the Abashan housing.
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7.2 Conclusion

" The social and geophysical vulnerability maps and quantitative analyses provide an empirical
hasis upon which the objectives of the study can be addressed. First, the coastal unions of
Barguna disirict are identified as geophysical risk zone such as Rathanpur, Bardarkhali,
Kcombunia, Burir Char, Amtali, Haldia, Arpagashia, Berguna, Dhalue, Kekchim,
Nachnapare, Kantaltali, Cher Duanti, Kalmeghae, Patharghata, Barabagi, Karaibaria, Pancha
Karalia, Nallona, and Baliatali unions are within the high geophysical risk zone. On the other
hand, socio-economic vulnerability is highest in the Barabagi unrion. In facl, relatively
majority of the unions are cheracterized by high evecuation assistance need. Because it is
known that socic-economically vulnerable populations are at risk and thet many live in high

geophysical sk region.

In the quantitative analysis, sitnilar scenario exists in the spatial disimibutions of geophysical
risk and vulnerability i.e. those unions, who are in high risk zone, are socio-ecenemically
vulnerable and those who are less geophysical risk zone are less socio-gconomically
vulnersble such as Bibichini, Betagi, Mokamia, Hospabad, and Bure Mzzuindas unions.
Nevertheless, spatial disparity of soclio-economic vulnerability was observed among the
unions within the geophysical risk zone such as Raihanpur and Arpapashia unions are lowly
socio-economic vulnerable region but fall within the high geophysical risk wone. The results
also indicatc Lhe important fact that the variables that are used for vulnerability analysis make
a difference. Depending on which the measures that are used, 70.64 percent people are living
in the geophysical risk zone, while 17.72 percent and 47.42 percent people are living in the
high and medium sociceconomic vulnerable regions respectively. Thus 70.64 percent people

of the study area require evecuation assiglance need.

The results of the socio-economic vulnerability mnalysis have important implications for
emergency management and especially for evecvalion planning. Ewacuatlion planners cannot
ignore the high-risk areas, because no matier who lives in these areas, appropriate measures
need to be in place before an event. Howeaver, because of the scarcity of resources special
needs for evacuation assistance in the form of early waming, mobility assistance, or both

should be given highest priority in those areas which are highly socic-economically
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vuinerable and high geophysical risky. For example, Barabagi, Palharghata, Baliatali, Haldia,
Pancha Karalin and Kalmegha unions niquine highest prionity.

Furthermore, the quantitarive analysis of recent past damage scenario of the calastrophic
cyclone SIDR and the socio-economically vulnersbility reveals the exact scenario, which is
previously anticipated. In the socio-economic vulnerability and geophysical risk analysis, the
study found out that the Barsbagi, Palharghata, Pancha Karalia, Baliatali, Char Duanti,
Kaimegha, Haldia and Burir char unions would be highly affected because they ame in high
geophysical risk zone and are in highest priority for evacuation needs. The analysis of SIDR
damage data indicates lhat Badarkhali, Patharghata, Waltona, Baliztali, Badarkhali unions are
within highly affected region. Imtegration of existing socio-economic vulnerability analysis
with the damage caused by the SIDR reveals that Bamebagi, Patharghata, Naltona, Baliatali,
and Badarkhzli unions are within the highest region which reveals the exact scenario derived
from the analysis. Therefore, ihe priority delermination for evacnation needs is factual and

vivid in Lthe respect of the regl occurrence.

Moreover, it can be said that the results of this research demonstrate the imponiance of
evaluating both sk and vulnerabslity from several perspectives of emergency management
purposes. Yel, much more considerations o be dong to develop dynamic, eflective, and
ellicient evacuation plans. For example, the location and capacity of evacuation roules will
creatly inflluence the success (or lack of success) of any evacuztion process. Within the
spatial analysis, transporiation networks can be incorporated in order to identify optimal
evacuation roules. Moreover, the focus should be given o the cyclone shelter outside the

sindy area.

Furthermore, it is argued that a botlom-up process, namely improving Lhe sitwation locaily by
creating a reliable network of (multi-purpose) shelters, triggers improved performances at &
higher level (e.g. speed-up relief operations, effective and elTicient humanitarian assistance).
Of course, it is recognized that capacity-building projects on the nelional level are as
important as local measures, although the delay in penersting tangible benefits at the local

level is tremendous. Thus, In an environment where [inancial and human resources are
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limited, spatial analyses should be incorporated in disaster-management procedures of bolh
the govemment and development agencies to decrease Lhe vulnerability of the country’s
populaticn, especially in rural and remote regions. in onder to integrate spatial analyses it is
essential Lthat the government and its agencies and others, keep up, or benter, increase the
compilalion of spatially referenced dala sels and share them as well. Future project ptanning
angd evaluation could significantly benefit from detailed, accurate and complete dars sets ihat
allow for comprehensive vulnembility assessments and cross-checks of existing findings at

the nationzal and sub-national level.
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Table A.1. Calenlation of Population and structure Index

30

[Upaziln  [Union otal popn [Ri_pop |PopnInder |Homsemnit [Ri h w  [HU index
Panrashava 13305 | 0.0157 |  0.3484 2712 0.0151 0.3277
Amtali 23850 | 00281 | 0.6245 5072 00282 06129
Arpangashin 14533 | 0.0171 | 0.3806 3154 00175 0.3811
Atharagashia (K7} 1628 | 00267 | 0.5926 4896 0.0272 05916
Barahagi 33472 | 0.0453 10075 8245 0,0456 09815
Amali - Chowra (R7) 0146 | 0237 {15276 4227 {10235 0.5108
Gulisakhali 28183 | 00332 | 0.7381 5841 0.0323 0.7058
Haldia 30545 | 00360 | 0.7999 5293 00350 0.7604
Karaibaria 20472 | 00241 | 05361 4128 0.0229 0.498%
Kukua (RZ) 21359 | 0.0295 | 0.6117 4850) 0.0270 0.5861
Pancha Koralia M64 | 00286 | 0.6354 5026 0.0279 0.6073
Bamna 18683 | 0.0220 | 0.4893 3974 00221 0,4802
Bamma _ HBukebunia 17972 | 06212 | 04707 3083 00222 04815
Drauatals (RZ) 16603 | 0.0196 | 0.4348 3509 0.0200 04349
Ramna 16545 | 00195 | 04333 3643 0.0202 0.4402
Paurashava 260954 | 0.0318 | 07059 5809 (.0323 0.7020
Ayla Patakats (RZ) 18806 | 0.0202 | 1.4925 3004 00217 04718
Badarkhali (RZ) 25840 | 0.0305 | 06767 5633 06313 0.6807
Barguna 18744 | 0.0221 0.4500 3959 00220 0.4784
Burir Char (RZ) 25690 | 0.0303 | 06728 5419 0.0301 0.6548
BB hatun 23683 | 0.0279 |  0.6202 5077 0.0282 06135
Phullhury 13768 | 0.0162 | 03606 2878 D.0160 03478
Gatichanna {R2) 22610} 0.0266 | 0.5971 5089 D.0283 0.6149
Keorabunia 16812 | 0.0198 | 04403 3578 0.0199 04324
M. Baliatali 26526 1 0.0313 | 06047 5666 0.0115 0.6847
MNalona 18180 | 0.0214 | 04761 3753 0.0209 04533
Peurashava 8368 | 00099 | 02191 1840 D.0102 0.2223
Eﬂi 1570z | 00197 | 04374 1653 0.0203 04414
ibichini 17531 | 00207 | 04591 304k 0.0203 04408
Betagi [Bura Muzumdar 14572 | 00172 | 03816 2598 0.0161 0.3502
i tosnabagt 17740 { 0.0209 | 04646 3587 0.019% 0.4334
IKazirabad 14964 | 0.0176 | 03919 3090 0.0172 0.3734
okamia 14617 | 0.0172 | 0.3828 3118 0.0173 0.3768
Serishamuri (RZ) 14861 | 0.0175 | 03892 3221 0.017% 03892
Paurushava 14275 | 00168 | 0.3738 319 0.0177 0.3858
Char Duanti 24049 | D283 | 0.6298 5076 0.0282 0.6134
Kakchira 19838 | 0.0234 | 0.5208 4295 0.0239 0.5190
Patharghata [Klmegha 26080 | 0.0307 | 0.6830 5840 0.0325 0.7057
Kanthaltali 19519 | 0.0230 | ©.5112 4236 0.0235 0.5119
Nachna Para 14434 | 0010 | 03780 2556 (0142 03089
Pathurghata 28284 | 0.0333 | 07407 5759 0.0320 D.6959
Raihanpur 15496 | 00183 | 0.4058 1522 0.0196 B.A4256

Vol R4RSKY 179902

Source: Calculated by author 2008,




gl
Tahle A.1. Calenlation of Population and structure Index {contd.)

Ukopri [RI_jheprl Phoprd_H_|Katchs [RI_katcha |katcha_H_{Seml- Ri_gemi  [Semi_H_
house Index lndex Pucca index

204 0.0061 .12688 L5356 0.0112 0.2182 65 | 0.1242 10.4670

953 00296 | 061588 | 4000 0.0288 0.6124 &) 00116 006435

617 0.0184 | 038298 | 2487 0.017% 0.3808 18 0.0072 100270

958 0.0285 | 0.50451 3861 0.0278 0.5952 59 D012 KLO420

1606 | 0.0478 7 0.99631 5470 0.0456 0.9507 o9 D.01F7 [.0703

827 0.0246 | 0.51327 | 3333 0.0240 0.5104 3l 0.0096 X062

1143 | 0.0340 | D.70926 | 4606 0.0331 0.7053 71 0.0t33 10,0501

1232 | 0.0367 | 0.76414 | 4963 0.0357 0.759% 76 0.0143 00539

g08 | 0.0241 [ 050125 | 3255 | 00234 | 04584 | 50 | 0.0004 j0.0354

045 0.0283 0.58892 | 3825 0.0275 0.5856 59 00111 |0.0416

o84 | 00203 | 050029 | 3964 | 0.0285 | 06069 | 61 00115 |0.0471

TI8 0.0232 | 048255 | 3134 0.0226 0.4798 4% 0.0091 10.0341

780 0.0232 | DABIE9 | 3143 .0226 04812 48 0.0001  [0.0342

T4 0.0210 | 0.43702 | 2838 0.0204 0.4346 44 0.0082 10.0308

713 0.0212 | 0.44236 | 2873 0.0207 0.4359 44 0.0083  0.0312

438 00130 | 027177 | 3333 0.0240 05103 | 1412 | 0.25661 11.0002

74 00228 | 047405 | 3079 0.0222 04714 47 0.008% 10.0335

1102 | 0.0328 | 0.68400 | 4442 0.0320 0.6802 68 0.0128 1.0483

775 0.0231 0.48073 | 3122 0.0225 0. A7R0 48 D.0090  [0.0339

1060 | 0.0316 { 065802 | 4273 0.0308 D.6543 &6 0.0124 [0.0464

954 00296 | 061649 | 4004 0.0288 0.6130 &1 00116 [0.0435

363 00168 | 0.34947 | 270 0.0163 0.3475 35 0.0066 [0.0247

996 | 0.0297 | 061794 | 4013 | 0.0289 | 0.6t45 | 62 | 00116 [0.0435

T00 0.0209 | 0.43447 | 2832 0.0203 0.4320 43 0.0082 _[0.0307

1109 | 00330 | 0.68801 4468 0.0322 0.6842 &% 0.0129 [0.0486

734 | 0.0219 | 045572 | 2960 | 00213 | 04532 | 45 | 0.0086 [0.0322

i39 0.004 1 008608 1056 0.0076 01616 47 00843 [0.3168

T15 00213 | 0.44357 | 288 0.0207 0.4411 44 ¢.00831 %0313

714 00213 | 0.44297 | 2877 0.0207 (.4405 44 0.0083 00313

567 0.016% | 035190 | 2285 0.0164 0.34%9 35 0.0066  10.0248

T02 00209 | 0.43556 | 2829 0.0204 D.4331 43 0.0082 10,0307

605 0.0t | 0.37521 2437 0.0175 0.3731 37 0.0070 [0.0265

610 0.0182 | 03786t 2459 0.0177 0.3765 IR 0.0071  0.0267

630 0.0188 D35112 | 2540 0.0183 0.3889 39 0.0073 _ 0.0276

141 0.0072 | 0.14938 1832 0.0132 0.2805 776 | 0.1462 |0.5498

993 | 00296 | 061637 | 4003 | 00288 | 06129 | 61 | 0.0116 [0.0435

B41 0.0250 | 0.52153 | 3387 0.0244 0.5185 52 0.0093  M0.0368

1143 | 00340 | 0.70914 | 4803 {.0331 3.7052 7l 0.0133  10.0500

£29 00247 | 0.51437 | 33dlL 0.0240 0.5115 5i 0.0097 10.0363

300 0.0149 | 031037 2016 G.0145 0.30856 ]| 0.0058 100219

1127 | 0.0336 | 0.69930 | 4542 0.032% D.6954 0 D.0131  KL0o4%4

689 | 0.0205 | 042767 | 2777 0.0200 D.4253 43 0.0080 [0.0302

33576 138958 5308

Source: Calculated by author 2008,



Tablc A.l, Cakulstion of Populntion snd structure Index (contd.)

Pucea  |Ri poccaiPocca H lodex |Popn arpi I apr Agri Inde
292 D.1419 04568 2562 0.0145 0.091
18 0.0089 0.0292 5057 0.0286 0.112
11 ().0055 0.0181 3085 0.0175 0.12%
18 0.0086 0.0281 4660 0.0264 0.218
30 0.0543 0.0472 2006 0.0453 0339
15 0.0074 0.0243 £19% 0.0237 0.341
2t 0.0102 0.0316 5802 0.0328 0.355
23 0.0110 0.0342 6225 0.0352 0.360
15 0.0072 0.0237 4115 0.0233 0.361
17 00085 0.0279 4755 0.0269 0.368
IR 0.0088 0.028% 4933 0.0282 0372
14 (3.0069 0.022K %2 0.0221 0.378
14 0.0070 0.0229 3973 0.0225 0383
13 0.0063 0.0207 1553 0.0201 0.401
13 0.0064 0.0209 1565 0.0202 0. 404
626 0.3040 10000 5215 0,0295 0410
14 D.0068 0.0224 JBBY 0.0220 0427
20 0.0098 0.0324 5601 0.0317 0.431
14 0.0069 0.0228 3913 0.0222 0.416
20 0.0095 00312 5376 .0304 0447
18 0.0089 0.0292 3003 0.028) 0.454
10 0.0050 0.0165 2863 0.0162 0.456
12 0.0089 0.0293 5049 0.0286 D462
13 0.0063 0.0206 5N 0.0202 0.498
20 .0069 0.0326 3583 0.0316 0.501
4 0.0066 0.0216 N9 0.0211 0.504
193 00963 03167 1718 0.0097 0.511
13 0.0064 0.02140 31526 0.0200 0.558
13 0.0064 0.0210 1648 0.0207 0.55%
L] 2.0051 00167 2818 0.0160 0.598
i3 0.0063 0.02D6 3573 0.0202 0,606
il 0.0054 00178 2376 0.0168 0.617
11 0.0054 0.0179 3093 0.0175 0.623
12 0.0056 0.05R5 3169 0.0179 0.630
344 D.1671 05494 200 0.0168 0.641
}:! 0.0089 0.0292 5023 0.0284 0.641
15 0.0075 0.0247 4248 0.0240 0.663
21 0.0102 0.03136 SB14 0.0329 0.755
15 {3.0074 0.0244 4197 0.0238 0.75%
9 0.0045 0.0147 2518 00143 0.840
21 0.0101 0.0331 572 0.0324 0.983
i3 0.0062 0.0202 1398 0.0192 1.000
2060 | 76648

Source: Calculated by aunhor 2008.
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Table A.2. Calculation of Deprivation of Resource Index

83

Union House unit | Drinking water| Deprived dw | Percen _dep dw [Ri dw SVEAI Dw
Paurashava 2712 2386 3Z6 12.02 0.3023 (.12689
Amlali 072 4832 240 4.73 0.1190 (.04995
Arpangashia 3154 2800 345 10.94 {1.2756 0.11547
Atharagashia 4896 4343 593 12.11 03045 0.12785
Barabagi B205 821 TiB4 89.99 2.2628 0.94997
Chowra 4227 4136 71 1.68 D.0422 001773
Hotisakhali 5841 4951 R0 15.24 0.3831 016084

aldia £203 3567 126 11,54 0.2901 0.12178

araibaria 4128 2479 1649 39.95 1.0044 042168
Kukua 48350 4325 525 1{.82 0.2722 0.11427
Pancha Koralia 5026 345 4677 93.06 2.3398 0.98230
Bamna 3974 210 3764 94, 72 2.3816 {99552
Bukabunia 3985 827 3158 79.25 1.9926 {.83653
Dauatala 3599 2652 G47 26.31 0.6616 027776
Ramna 3643 3420 223 6.12 0.1539 006462
Paurashava 5800 4368 1441 24 81 0.6237 0.26185
Avia Patakata 3904 263 3541 93.26 2.3450 0.98448
Badarkhali 5633 5567 126 2.24 (0562 0.02361
Barpuna 3050 3821 138 3449 0.0876 0.03680
Burir Char 5419 1661 1758 69.35 1.7437 0.73204
Dhalua 5077 4935 i42 280 0.0703 0.02952

todThury 2B78 1759 1119 38.85 0.9776 0.41043
|Gaurichanna 5089 5016 73 1.43 0.0361 0.01514
Keorabunia 3578 1247 2331 65.15 i.6381 {.68770
M. Baliatali 3666 5106 560 9.88 0.2485 0.10433
Maltona 3753 1507 2246 5085 1.5048 063173
Betagi 3653 3id4 500 13.93 03504 0.14708%
Bibichini 3648 2553 1095 30,02 0.7347 031685
Bura Mazumdar 2898 2562 336 11.59 02015 0.12239
Hopsnabad 3587 2061 1526 42.54 1.0697 0.449058
K azirabad 3090 19495 10825 3544 0.8910 0.37407
Mokarnia 3118 2929 189 .06 0.1524 0.06309
Sarishamuri 3221 2528 693 21.52 0.5410 0.22711
Paurashava 3193 1373 1820 57.00 1.4332 0.60168
Char Duanti 3076 294 4782 94.21 2.3688 099446
Kakchira 4205 255 4036 9397 2.3628 0.99194
Kalmeygha 5840 3eds 2195 37,50 1.9451 0.39675
K anthaltali 4236 628 3608 85,17 21417 0.8%210
MNachna Para 2556 [ 1718 a7.21 1.6501 0. 70951
Patharghata 5150 506 5163 £9.65 22542 0.94635
Raihanpur 3522 2564 95% 2720 0.6839 0.28713
Taotal 178062 107246 Tl816 3om

Source: Calculated by author 2008.




Tabie A.2. Calculation of Deprivation of Resource Index (contd.)

84

Samitatio| Depri_ (% _dep_ [Ri_ SVEAIL Electrici| clec_ SVEAIL_
n Sani  [sani psand SR ty dep % _elee [Ri_elec  [elec
2291 421 15.52 0.2815 0.1782 1358 1134 42,5516 | 0.4760 | 04307
2154 2918 57.53 1.0432 D.6603 178 489 Co.4905 | 1.0794 | 0.9747
2473 i 2159 0.3915 0.2478 176 2978 54.4198 | 1.0562 | 0.9558
2144 2750 56.17 1.0183 06447 316 4580 03.5458 | 14464 | 0.9469
1364 684 8338 1.5118 1.9570 522 7683 D3.6380 | L0475 | 0.9478
2306 1921 45,45 01,8240 0.5216 43% 3738 B9.6144 | 10025 | D.907I
3399 2442 41.81 {.7581 0.4799 360 5481 93,8367 | 1.0497 | 49499
1185 5108 8L.17 1.4718 0.0316 158 6135 974893 | 10905 | 0.9868
1140 2988 72138 1.3125 0.8308 135 3993 96.7297 | 1.0820 | 0.97%1
1835 s 62.16 11272 0.7135 811 4039 3.2784 | 0.9316 | 0.8430
647 4379 8713 1.5798 1.0008 186 4840 90.2992 | 1.0772 | 0.974%
3092 aR2 2219 04024 0.2547 523 3451 86,8395 | 0.9714 | 08790
2161 1824 43,77 0.8299 0.5254 277 3708 930489 | 1.040% | 0.5419
2055 1544 42.90 07779 0.4924 143 356 G6.0267 | 1.0742 | 0.8720
1796 1B47 50.70 09193 .5819 44 3599 08.7922 | 11051 | 1.8000
4735 1074 18.49 (.3352 0.2122 2944 2863 49.2856 | 0.5513 | 0D.4989
GRY 2915 14.67 1.3539 0.8570 411 3493 B9.4723 | 1.0009 [ 09057
2659 2974 52.80 0.9573 0.6060 700 4933 BZ5732 | 0.9796 | D.EBR6S
1819 2140 5403 {.9801 0.6204 373 3586 90,5784 | 1.0132 | 091469
1866 3553 a5.57 1.1889 0.7525 505 4914 90.680% | 1.0144 | 09179
2483 2594 21.09 0.9264 (.5864 498 4579 901911 | 10089 | 0,913
1333 1545 53.68 0.9734 0.6162 361 2317 80,5073 | 09006 | 08149
2806 2283 44.86 0.8134 0.514% 830 4209 B2.7078 | 0.9252 | G.8372
1009 2569 71.50 1.3019 0.8241 342 3036 £4.8519 | D.9492 | 0.8589
1331 4335 78.51 1.3873 0.B7EI 115 5351 97,9703 | 10959 | 0.9917
952 2801 74.63 1.3533 0.8566 35 3598 GB8.5345 | 1.1622 | 0.9974
1345 2608 71.39 1.2645 08194 719 2934 BO.3175 | 08985 | 0.8130
1989 1659 4548 0.8246 (.5220 539 310% 852248 | 0.9533 | 0.BR27
1489 1409 48.62 8816 0.3580 46 2252 TTI0BE | 0.8693 | (0.7806
22461 1326 697 {6703 0.4243 738 2849 T9.4257 | 03885 | 0.8p40
1527 1563 50.58 0.9172 {.5806 579 2511 81.2621 { 0.%090 | D.R224
2iZe 992 3.82 {).5769 {.3652 163 2955 94,7723 | 1.0601 | 03.9593
1253 1968 61.14 1.107% 0.7013 244 2975 92,3626 | 1.0332 | 94.9349
2391 BO2 2512 0.4554 02883 1277 1916 60063 | 06712 | 0.6074
1943 3128 61.62 1.1174 0.7073 102 4974 070905 § 1.0961 | 09919
2012 2283 53.15 0.9638 0.6101 85 4210 98.0210 | 1.095 | 4.9922
2405 3435 SE.82 1.0665 0.6751 106 5734 08.1849 | 1.0983 | 0.9939
1793 2441 57.63 1.0449 0.6614 72 4164 98.3003 | 1.099%6 | 4.9950
1682 874 34.19 D620 0.3925 7% 2477 96.90%2 | 1.0841 | 0.9810
2027 3732 64,80 1.1750 0.7438 71 5688 98.7671 | 1.1048 | 0.999%
1885 1637 46,48 0.3428 .5335 49 3473 08.6087 | 1.1031 | 0.9982
74861 98201 5515 18883 | 159170 | §0,30%%

Source: Calculated by author, 2008



Table A.2. Calculation of Deprivation of Resgurce Index (contd.)

85

Pucca Road [SVEAL P- Health [SVEAL [Bank SYEAI |Food maz _polGrawth [SVEAT gr
((50)] road centre  jhealth ok edownidown ntre owth
2823 0.8089 4 0.2 5 | 03715 4 0 3 0.4
140.63 0.0480 3 0.4 4 0.5 3 0.25 3 0.4
117.526 | 0.2044 5 0 0 1 3 025 4 0.2
35.7 0.7583 2 0.6 1 0.875 0 L 3 0.4
42.03 0.7155 4 0.2 3 0.625 1 Q.75 5 i
£8.407 0.4015 | 0.8 0 1 0 1 2 0.6
0 1.0000 3 0.4 0 | 0 1 5 0
3.85 0.9739 2 0.6 0 1 1 0.75 5 0
76.43 0,4824 1 0.8 0 1 0 | 0 1
65.33 0.5577 4 0.2 | 0.875 1 0.75 4 0.2
26.95 0.8176 1 0.8 & 1 o 1 4 0.2
46.97 0.6820 1 0.8 0 1 1 0.75 2 0.6
0 1.0000 3 0.4 0 1 0 | 2 0.6
130.06 0.1196 0 1 0 1 1 0.75 4 0.2
145.92 0.0122 t 0.8 i 1 0 } 2 0.6
225 0.8477 1 0.8 8 0 1 0.75 0 |
2969 0.7990 0 1 1 0.875 0 1 2 0.6
{ 1.6000 ] 0.8 1 0.875 I 0.5 1 0.8
6.28 0.9575 0 1 0 ! 0 1 2 0.6
26.63 0.8197 0 1 0 1 0 1 0 ]
71.05 0.5190 1 0.8 1 0.875 0 1 | 0.8
39.53 0.7324 1 0.8 D | 0 1 3 0.4
70.86 0.5203 0 1 1 0.875 0 | 1 0.8
15.62 0.8943 | 0.8 1 0.875 1 0.75 2 0.6
0 10000 2 0.6 it 1 0 | 2 0.6
0 1.OD00 1 0.8 0 1 0 1 2 0.6
147.72 0.0000 0 1 o 1 0 1 1 0.8
14.09 {.9046 i 0.8 0 1 0 1 1 0.8
52.49 0.6447 0 1 1 0.875 1 0.75 1 0.8
4.59 0.9662 i 0.8 1 0.875 0 | 1 0.8
82.31 0.4428 I 0.8 | 0.875 0 i 2 0.6
27.94 0.8109 0 | 0 1 0 1 t 0.8
0 1.0000 ] 0.8 0 1 i 1 i 0.8
0 1.0000 1 0.8 1 0.875 1 06.75 0 1
80.975 0.4518 1 0.8 i 0.875 0 1 2 0.6
123.75 0.1623 1 0.8 0 ] 0 1 3 0.4
122 88 0.1682 1 0.8 D 1 0 1 4 0.2
26.89 0.7977 L 0.8 0 1 0 L [ 0.8
0 1.0000 1 0.8 0 | 0 1 1 0.8
26.49 0.8207 0 ] 0 1 0 1 4 0.2
12.37 0.9163 1 0.8 0 1 0 ] 4 0.2
1956.08 £4 32 20 91

Source: Calculated by author, 2008




Tablc A.3. Calculation of Deprivation of Resoorce Index (conitd.}

86

Upnazils Union <Syears [Ri <5 [PENI <5 |Above 60] Ri >60 [PENI 60
[Paureshavn 5898 00568 | 0.9958 | 3954 | 0.0562 | 1.0034
Amtati 2703 0.0260 | 04564 | 1932 | 0.0275 | 0.4903
Arpangashia 1670 00161 | 02820 | 1123 | 0.0160 | 0.2850
Atharagashia 3181 00306 | 05371 | 1859 | 0.0264 | 0.4717
[Parmbagi SI198 00500 | 0.8776 | 2907 | o.0413 | 07377
Amiali  [Chowrs 2374 00228 | 04008 | 1562 | 0.0222 | 0.3964
[Gulisakhali 3489 0.0336 | 0.5891 | 2083 | 0.0296 | 0.5286
[Haldia 3543 0.0341 | 0.5982 | 2526 | 0.0359 | 0.6410
[K2reibaria 2580 0.0248 | 04356 | 1676 | 0.0238 | 0.4253
[Kukua 2RE| 0.0277 | 04864 | 1803 | 0.0256 | 0.4575
|Pancha Komulin |~ 2924 0.0281 | 0.4937 | 2074 | 0.0295 | 0.5263
[Bamna 2245 00216 | 0.3790 | 1554 | 0.0221 | 0.3943
Ramna |Bukabunia 2261 0.0218 | 03817 [ 1504 | 0.0214 | 0.3817
{Daustats 1864 00179 | 03147 | 1460 | 0.0200 | 03728
JRamna 2109 0.0203 | 03561 [ 371 | 0.0195 | 0.3479
{Paurashava 2458 0.0237 | 04150 | 1555 | 0.0221 | 0.3M6
Ayla Pataknta 2202 0.0212 | 03718 | 414 | 00201 | 0.35E8
IBadarkhali 3023 0.0291 | 0.5104 [ 2074 [ 0.0295 | 0.5263
{Barguna 2134 0.0205 | 03603 | 1540 | 0.0220 | 0.3931
[Burir Char 2901 0.0779 [ 04898 | 2099 [ 0.0298 | 0.5326
[Barguna SadariDhalua 2851 0.0274 | 04814 | 18IS | 0.0258 | 0.4606
[Phullbury L4990 0.0144 | 02531 | 1134 | 0.0161 | 02878
KGaurichanna 2578 0.0248 [ 04353 | 1699 | 0.0241 | 0.4311
K. cormbunia 2008 0.0193 | 03390 | 1373 | 0.0195 | 0.3484
[M. Baliatali 3192 0.0307 | 0.5389 | 2199 [ 0.0312 | 0.5580
[Naltona 218) 0.0110 | 0.3685 | 1425 | 0.0202 | 03616
[Paurnshava R48 0.0082 | 0.1432 (36 0.0090 | 01614
[Betagi 1944 0.0187 [ 03282 | 1425 [ 0.0202 | 0.3616
iR idichini 2161 0.0208 | 0.3649 | 1578 | 0.0224 | 0.4004
Retagi Bura Manumdar] 1507 0.0145 | 02544 | 1126 | 0.0160 | ©£.2857
liosnabad 2080 00200 [ 03512 | 1496 | 0.0213 | 03796
X azirsbed 1741 0.0068 | 02940 | 1283 | 0.0179 | 0.3205
Mokamia 1583 0.0152 | 02673 | 1300 | 0.0185 [ 0.3299
Sarishamun 1924 0.0185 | 03248 | 1195 | 0.0970 | 0.3032
[Paurashava 1325 00128 | 02237 | 908 | 0.0129 | 0.2304
IChar Duanti 2801 0.0270 | 0.4729 | 1229 | 0.0260 | 0.4541
K skchimn 2296 00221 | 0.3877 | 1619 | 0.0230 | 0.4108
Patharghsta K almegha 3023 00291 | 0.5104 | 2306 | 0.0328 | 0.5852
K anthaltali 2078 00200 | 03509 | 1576 | 0.0024 | 0.3999
Nachna Para 1441 00139 | 02433 | no7 | 0.0157 | 0.2809
[Patharghatn 3478 00335 | 05872 | 1963 | 0.0279 | 0.4981
[Raihanpur 1729 00166 | 02919 | 1311 | 0.0186 | 0.3327

Total | 103908 70371

Source: Calculsted by author, 2008



Table A.4. Calcnlation of Disaster Damage Index

87

[Union Affect_arca(skm)] AT st Ri [DDI A ar| Dead Dend Ri DD dend
[Pairashave 20 0.0179 {0960 7 0.0053 0.0204
LAmtali ] 0.0589 03169 5 0.0038 0.0210
A rpangashia 40 0.0357 0.1920 13 0.0098 0.0547
Atharepashia 54 0.0482 02592 2 0.0015 00084
Barabegi 160 0.1429 | 0.768] 238 01802 1.0009
I howra 47 D.0420 0.2256 0 0.0000 0.0000
ulisakhali 59 0.0527 0.2832 10 0.0076 0.0421
aldia g6 10768 04129 4 {.0000 0.0000
Karatharia T 4.0625 0.3361 10 0.0074 0.0d421
M ukua 50 0.0445 02400 o 0.0000 00000
[Pancha Korsliz 8 0.0071 0.0384 i3 0.0098 0.0547
[Bamna 24.43 00218 01173 9 0.0068 0.0379
ukabunin 25.32 0.0226 0.1216 [ .0061 0.0336
uatala 26.12 0.0233 0.1254 29 0.0220 0.1220
Ramna 23.68 0.0211 0.1137 I 0,0003 0.0042
Paurnshava 00000 0.0000 ] 0.0061 0.0336
Avia Patakain 4.5 0.0219 | 0.1t76 T 0.0083 | 0.0463
i 72 0.0643 0.3457 149 01128 0.6266
[Barguma 40 0.0357 0.1920 i 0.0081 0.046)
urir Char 26 0.0232 0.124% 27 0.0204 0.1136
Dhalus &) 0.0536 0.28E0 T 00581 0.3238
uljhury 28 0.0250 0.1344 2 0.0015 0.0084
Gzurichanna 26 0.0232 0.1248 21 0.0159 0.0883
K eorabunia 25 0.0223 0.1200 3 0.0023 0.M26
M. Baliatali T1.4 0.06%1 03716 126 0.0054 0.5299
Nzttons 72.6 0.0648 D.348S 150 0.1136 D.6303
Pourashava 6.9 0.0062 0.0331 0 00000 0.0000
[Betagi 22.02 0.0197 0.1057 1 0.0008 0.0042
[Bibichint 21.13 0.0189 0.1014 0 0.0000 0.0000
[Bizrn Mazrrdar, 19.86 0.0177 0.0953 4 0.0030 0.0168
Huosnahad 2265 0.020% 0.1102 2 0.0015 0.0084
(K aziratad 16,49 0.0147 0.0792 {} 0000 0.0000
Mokemia L1742 0.0156 0.0836 7 2.00353 00294
[Sarisharmuri 20,34 0.0182 0.0976 28 Q0212 01178
Paurashava 295 44 0.2638 1.4183 X 0.0098 0.0547
har Driamnti 34.67 0.0310 0. 1664 39 0.0295 0, 1640
Kekchira pl ] 0.0214 0.1258 77 0.0581] 0.3238
Kelmegha 4959 0.0446 0.2400 43 0.0324 0.1808
koanthaltali 2329 0.0208 0.1118 3B 0.028E 0.1598
Nachns Pera 18.15 0.0162 0.0871 2 0.0015 0.0084
Patharghxia 50.35 0.0450 0.2417 128 2.0969 0.5383
R sihanpur 21.18 0.0207 0.1113 9 1.0063 0.0379
Tols! 1119.89 1321

Source: Calculsted by author, 2008

*




Table A.4. Calculation of Disaster Ddamage Index {contd.)
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Affected [AFf peo Ri  {DDI_AffiHouse Hnuse‘FE)DI__Huuse_ House F [House F E)Dl_l:luust_
ptople n F Ri Ri ull damage |
%064 0.1117 1 0.1062 | 583 | 0.0082 | 0.0968 583 | 0.0082 | 0.0968
19950 02460 | 02338 | 997 | 0.0141 | 0.1655 997 | 0.0141 | 0.1655
17570 0.2166 | 0.2055 | 889 | 00125 | 0.1475 889 | 00125 | 0.1475
14160 01746 | 01659 | 659 | 00093 | 0.1004 659 | 00093 [ 0.1094
48985 0.6039 0.5741 | 4177 { 00589 | 0.6932 4177 | 00589 | 0.6932
17746 0.2188 02080 | 885 | 00125 | 0.1469 885 | 0.0125 [ 0.1469
23130 0.2852 02711 | 1355 | 00191 | 0.2249 1355 | 00191 | 0.2249
24144 0.2977 0.2829 | 1586 [ 00224 | 02632 1586 | 0.0224 | 02632
24900 0.3070 | 02918 | 1206 | 0.0170 | 0.2001 1206 | 0.0170 | 0.2001
13780 0.1699 0.1615 | 594 | 0.0084 | 0.0986 594 | 00684 | 00986
32570 0.4015 0.3817 | 1798 | 0.0254 | 0.2984 1798 | 0.0254 | 0.2984
23844 0.294) 0.2794 | 2580 | 0.0364 | 04282 2580 | 9.0364 | 04282
22608 0.2787 0.2649 | 2574 | 00363 | 0.4272 2574 | 0.0363 | 04272
18998 0.2342 02226 | 3277 | 00462 |  6.5438 3277 | 00d62 | 05438
18199 0.2244 02133 | 3318 | 0.0468 |  6.5506 3318 | 0.0468 | 0.5506
37000 0.4561 04336 | 1500 | 00212 [ 0.2489 1500 [ 0.0212 [ 02489
19490 0.2403 0.2284 | 1159 | 0.0163 [ 6.1923 1159 | 0.0163 | 0.1923
37500 0.4623 0.4395 | 3000 | 0.0423 | 0.4979 3000 | 0.0423 | 04979
14200 0.1751 0.1664 | 1800 | 0.0254 | 0.2987 1800 | 0.0254 | 0.2987
14230 0.1754 0.1668 | 3000 | 0.0423 | 0.4979 3000 [ 0.0423 | 04979
29075 (3584 03407 | 2560 | 0.0353 | 0.4149 2500 [ 0.0353 | 0.4149
11400 0.1405 0.1336 | 1200 | 0.0169 | 0.1951 1200 1| 0.0169 | 0.1991
11306 (.1393 0.1324 | 1300 | 0.0183 | 0.2157 1300 | 0.0183 | 0.2157
15600 0.1849 0.1758 | 939 | 0.0132 | 0.1558 838 | 00132 | 01558
35277 0.4349 0.4134 | 6000 | 0.0846 | 0.9957 6000 | 0.0846 | 0.9957
28528 63517 | ©3343 | 3200 | 0.0451 | 0.5311 3200 | 0.0451 | 0.531!
7642 0.0942 D.089%6 | 751 | 0.0106 | 0.1246 751 [ 00106 | 01246
15677 0.1933 0.1837 | 819 [ 0.0116 | 0.1359 819 | 00116 | 0.1359
15030 0.1853 0.1761 | 547 | 00077 | 0.0908 547 1 0.0077 | 0098
13063 01610 | 01531 | 1024 [ 00144 | 0.1699 1024 | 0.0144 | 0.1699
15968 0.1969 | 0.1871 | 905 [ 0.0128 | 0.1502 505 | 0.0128 | 0,1502
13476 0.1661 0.1579 | 683 | 0.0096 | 0.1133 683 | 0.009 | 0.1133
12915 01592 [ 01514 | 875 [ 00123 | 0.1452 §75 ] 0.0123 | 0.1452
13380 0.1650 | 0.1568 | 1175 | 0.0166 |  0.1950 1175 | 0.0166 | D.1950
1654 0.0206 | 0.0194 [ 1357 [ 00191 | 02252 1357 | 0.0191 | 02252
20000 02466 | 02314 | 1632 | p.o230 | 0.2708 1632 | 0.0230 | 0.2708
71540 0.2656 | 0.2524 | 1726 | 0.0243 | 0.2864 1726 | 0.0243 | 0.28a4
21000 02589 | 02451 | 1568 | 0.0221 | 0.2602 1568 | 0.0221 | 0.2602
5420 0.0668 | 0.0635 | 1607 | 0.0227 | 0.2667 1607 | 0.0227 | 0.2667
2500 0.0308 | 0.0293 | 707 | 00100 | 01173 707 | 0.0100 | 01173
7500 0.0025 | 0.0879 | 2293 | 0.0323 | 0.3805 2293 [ 0.0323 | 0.3805
1500 0.0185 0.0176 | 1146 | 00162 | 0.1902 1146 | 0.0162 | 0.1902
81114 70891 70891

Scurce: Calculated by author, 2008



Tzbte A.d. Calculntion of Disaster Damape Index (contd.)

House P Hoose P Ri |DDI Hoowe p Cafthe and Geat |Catile BRI {DDI_Cattle
1730 0.0146 0.0551 430000 0.000% 0.0060
2060 00174 0.0656 3200000 0.0069 004438
2334 0.0197 0.0743 T260000 0.0158 0.1016
1194 0.0101 0.0380 40000 0.0012 0.0076
11462 0.0963 0.3549 47340000 0.1027 0.6627
2587 0.0218 0.0524 1250000 0.6027 0.017%
3090 0.026] 00584 1100000 0.0024 0.0154
3026 {.0255 .0963 1560000 0.0034 0.0218
1717 0.014% 0.0547 £140000 0.0177 0.1139
2000 0.01469 0.0637 840000 0,.001% 00118
3800 0.0321 0.1210 £4610000 D.0L87 0. 1205
1394 0.0118 0.0444 000000 0.0130 0.0840

31411 0.2650 1.0000 2700000 0.0059 0.0378
g5 0.0072 00272 3500000 0.0078 {.0504
625 0.0053 0.0199 1729000 0.0038 0.0242
2000 0.016% 0.0617 250000 0.0005 0.0035
I3 0.0263 0.099% 0000 (.0001 0.0008
4500 0.0380 0.1433 S000000 f.0108 0.0700
3200 0.0270 .1019 200000 0.0004 0.0028
40653 0.0342 0.1290 JO0000G0 0.0651 04199
4 KX} 0.0337 0.1273 GT50000 .0146 0.0945
3111 0.0263 0.0991 75000 {.0002 0.0010
3000 0.0253 0.0955 150000 {.0003 0.0021
1100 0.0023 0.0350 500000 0.0011 0.0070
3150 0.0434 0.1640 20000000 0.0434 0.2800
3500 0.0295 01114 4000000 0.0087 0.0560
337 0.0030 0.0114 13200000 0.0286 Q.1848
409 0.0033 0.0130 | 4400000 0.0312 0.2016
274 0.0023 0.0087 9500000 0.0208 0.1344
512 0.004] 0.0163 20000000 0.0414 0.2800
150 {.0030 ¢.0111 1 5600000 0.0338 D.2184
273 0.0023 0.0087 30000000 0.0651 0.4199
413 0.0015 0.0131 24000000 0.0521 0.3360
1580 0.0133 0.0503 23400000 0.050% 0.3276
21 0.0019 00070 0 0.0000 0.0000
1816 0.0153 0.0578 SOBTREAR 0.1104 07122
1013 0.0085 0.0323 E997965 0.0195 0.1246D
1284 0.0108 0.040% 1858366 0.0040 0.0260
G666 0.0056 0.0212 T1390415 0.1549 0.9993
688 0.0058 0.0219 0 0.0000 0.0000
1685 0.0142 0.0536 16281660 0.0353 0.2279
954 0.0080 0.0304 a 0.0000 0.0000
118531 450593274

Source: Calculated by author, 2008



o

Table A.4. Calculation of Disaster Damage Index {conid.)

Pooltry |Poolitry_| DRI_Po{ Crup_failure |Crep_Ri (DDI_Crop| Fisheries (Rt fish  [DDI_Fis
Ri oliry farms herles

1055000 | 0.0553 | 0.1512 65000 0.0003 0.0014 300000 0.0009 | 0.0016

277000 |-0.0040 | 0.0397 21699000 0.013% D.03350 TOOD0) 0.0020 | 0.0084

420000 | 0.006] | 0.0602 13601000 0.0019 0.0345 | 1300000 | 0.0037 | 0.0158

41000 | 0.0006 { 0.0059 20506000 0.0120 0.0520 300004 0.0009 | 6.0036

485000 | 0.0070 | D.0695 34437000 0.0201 0.0873 22000 0.0001 | 0.0003

148000 | 0.0021 ¢ 0.0212 18261000 £.01046 1.0463 300000 0.0009 | 0.0036

157000 | 0,0023 § 0.0225 23544000 {.0149 (.0648 100000 0.0003 | 0.0012

60000 | D.0009 | 0.0086 27681000 0.0161 0.0702 500000 0.0014 | 0.0060

225000 | 0.0033 [ 0.0322 18550000 0.0108 0.0470 | 1400000 | 0.0040 | 0.0168

FEC00 § 0.0011 | £2.0112 21170600 4,012 0.0537 0 0.0000 | ¢.0000

293000 { 0.0042 | 0.0420 21 9ZE000 0.0128 .0558 700000 0.0020 | 0.0034

1047000 | 0.0152 | 01501 35300000 0.0212 0.0920 | 335000001 0,2381 1.0003

401000 | 0.0058 | 0.0575 40354000 0.0235 0.1023 [ 3000000 | 0.0085 | 0.035%

2000000 | 05,0290 | 02867 46574000 0.0272 0.1181 | 70000000 | D.1994 | 0.8376

382000 | 0.0055 | 0.0548 IB7R12000 0.2262 0.9833 | 7800000 | 0.0222 | 0.0933

2000000 | 0.0290 | 0.2867 13000000 0.0076 0.0330 90000 0.0003 | Q.0011

000000 | 0.0434 | 04300 11500000 0.0067 0.0292 250000 0.0007 | 0.0030

3000000 | 0.0724 | 0.7167 30000000 00175 0.0761 300000 0.0009 | 0.00346

2500000 | 0.0362 | 0.3583 19000000 0.1t 0.0482 100000 0.0003 | 0.0012

3500000 | 0.0567 | 0.5017 225000000 0.1312 0.5705 00000 0.0014 | 0.0000

4500000 | 0.0651 | 0.6450 24000000 0.0140 0.0609 400000 0.0001 | O.004B

i500000 | 0.0217 | 0.2150 12300000 0.0073 0.0317 100000 0.0003 | 0.0012

1000000 | 0.0145 | 0.1433 10000000 0.0058 0.0254 | 1060000 | 0.0028 | 0.0120

100000 | 0.0014 | 0.0143 7500000 0.0044 0.8190 250000 0.0007 | 0.0030

6000000 | 0.086%9 | 0.8600 25000000 0.0E46 0.0634 1000000 | 0.0028 | 0.0120

3500000 | 0.0796 | 0.7883 28500000 0.0166 0.0723 600000 0.0017 | 0.0072

700000 | 0.0101 | 0.1003 21800000 0.0127 0.0553 | 9800000 | 0.027% | 0.117]

3000000 | 0.0434 | 0.4300 24500000 0.0145 0.0631 | 10000000 | 0.0285 | 01197

280000 | 0.004F | 0.0401 16778000 0.0098 0.0425 | 6720000 | 0.0191 | 0.0804

1200000 | 0.0174 | 0.1720 24000000 0.0140 00609 | 9000000 | 0.025 | 01077

A30000 | 0.0062 | 0.0616 26000000 0.0152 0.0659 | 10800000 | 0.0308 | 0.1292

1300000 | 00188 | D.1863 26900000 0.0L57 0.0682 3650000 | 0.0104 | 0.0437

1400000 | 0.0203 | 0.2007 27700000 0.0162 0.0702 | 11400000 | 0.0325 | 0.13564

1300000 | 0.0188 | 0.1843 27800000 0.01562 0.0705 | 10800000 | 0.0308 | 0.1292

0 0.0000 | 0.0000 3086343 0.0047 00205 | 2233218 | 0.0064 | 0.0247

H000000 | 00869 | D.3600 8018570 0.0572 0.2485 | 27065946 | 0.0771 | 03239

2798800 | 0.0405 | 04012 105538E14 0.0615 0.2676 | 29146630 | ©0.0830 | 0.3488

500000 | 0.0072 | 0.071% 142893048 0.0600 02609 | 28416139} 0.080% | 0.3300

1500000 | 0.0217 | 0.2150 26564015 0.0155 0.0679 | 7336227 | 0.0209 | 0.0878

0 0.0000 | 0.0000 D 0.0000 0.0000 0 0.0000 | 0.0000
000000 | 0.1013 | 1.0033 J&THGA1 0.0214 00932 | 1353839 D.0289 | O.1215 ;
0 0.0000 | 0.0000 0 0.0000 0.0000 0 0.0000

69077800 1714786501 351137999

Source: Calrulated by author, 2008




Table A.4. Calculation of Disaster Damage Index (contd.)

|

Fowerlineilkm} |Ri pewer DIN Power |DIM Mosque | Rogd Fikm) [Road P F Ri |DDI Road
103040 0.0008 0.0041 0.1401 0.2 0.0023 0.0211
180000 0.0013 0.0072 {.2402 4 0.0046 0.0421
155004 0.0012 0.0062 0.2052 0.3 0.0035 00316
116000 0.0009 {.0046 0.1552 0.2 0.0023 0.0211
T48000 0.0056 0.0299 10014 1.5 0.0174 0. 158D
155000 0.0G12 0.0062 0.2052 0.3 0.0035 0.0318
FROO00 0.0013 0.0072 0.2402 .35 0.004) 0.0369
284004) 0.0021 040114 03804 0.6 00070 0.0632
207000 00015 0.0083 0.2753 0.6 0.00°70 .0632
103000 0.0008 0.0041 (.1401 0.2 (0.0023 0.0211
3104000 0.0023 0.0124 (4154 0.6 (L0470 0.0632

3854000 0288 0.1542 0.3003 7 00811 0.7374
3125000 0234 0.1251 1.2903 0 (.0600 0.0000
1400000 0.0105 (.0560 0.3504 2 {.0232 0.21567
2000000 0.0150 (.08 {.2102 2.75 1.0316 (0.28%7
2000000 {.0150 00800 0.2503 0.5 0.0058 0.0527
HaDODIG0 0.1197 0.6403 0.1502 0.5 {058 045527
2000006 {(.G150 0.0800 0.4505 1.5 0.0174 01580
SO0I00 0.0374 {.2001 0.3504 0.5 (0.0058 00527
15000000 0.1123 .60033 0.4505 1.5 .0174 0.1580
B00000 0.0060 .0320 {0.5003 1.5 0.0:74 0.1580
0000 0.0045 0.0240 0.1502 {.5 0.0058 0.0527
1 100400 0.0082 0.0440 0.1502 0.5 0.0058 0.0527
5870000 0.043% 0.2349 0.2002 I 0.0116 0.1053
25005000 0.1871 1.0005 0.4004 1.5 0.0174 00.158D
14000000 0.1048 0.5603 0.4604 1.5 0.0174 0.1580
1206000 0.00%) 0.0480 0.5005 4 0.0463 04214
FOOON0 00052 0.0280 06006 4 0.0463 04214
AKX} 0.0030 0.0160 04004 2.8 0.0324 {.2950
615000 (LKH6 0.0246 0.5005 4 0.0463 f.4214
FOHOOD 0.0052 0.028¢ B.6507 4 0.0463 0.4214
OG0 1.0045 (.0240 18500 5 0.0579 {1.5267
LUk {0.00460) .0320 07508 3 0.057% 0.5267
(R {0.0045 00240 0. 7007 3 0.057% 0.52587
583208 0.0044 00237 .0551 4 (.0463 0.4214
T1HIS68 0.0538 {.2878 .06 4 0.0463 0.4214
1742196 0.0579 0.3098 {.0350 2.5 0.1101 L0007
T548156 0.05635 $.3021 0.2252 2 3.0232 0.2107
1948746 0.0146 0,078 {. 1061 ] 0.057% 0.5267
0 0. 0000 {.0000) (.0000 { 0.0004 0.5000
2697156 0.0202 {.1079 0.03801 { £.0004 0.0080
0 0.0000 0.0000 0.0000 {) £.0004 0.0000
133625030 §6.3

Source: Calculated by author, 2008



Table A.4. Calculation of Disaster Dlamage Index (contd.)

R

Road_|Road_P[DDI_Rea|F. road_F|Road_F._[PDI_Ro|E road_P|R earthen DDI_Road_E_
Plkw){ PRi [d PP (km) [FRi lad E Pl (km) |road P
2.04 | 0.0068 | 0.1023 | 04 | D.0GI0 | 0.0067 | & 0.005 0.0628
3.57 {00118 | 0.1791 | 0.7 | D.00L8 [ 00117 [ 25 0.0279 0.3140
3.06 [ 0.0101 | 0.1535 | 0.6 | 0.0015 | 0.0100 [ 25 0.0279 0.3140
23 | 0.0076 | 0.1154 | 045 | 0.0011 [ 0.0075 | (2 00134 0.1507
14.79 | 0.04%0 | 0.7420 | 2.9 | 0.0073 | 0.0485 | 80 0.08%4 1.0049
3.06 | 0.0101 | 0.1535 [ 0.6 | 0.0015 | 6.0100| 10 0.0112 0.1256
357 00118 | 01791 | 07 | GOOIE | 60117 | 14 0.0157 01759
561 | 00186 | 02814 | 1.1 | 0.0028 | 0.0IB4 | 13 0.0145 0.1633
6.12 | 0.0203 | 0.3070 | 1.2 | 0.0030 | 0.0201 | 25 0.0279 0.3140
2.04 |0.0068 | 0,1023 | 04 | 0.0010 | 0.0067 | 10 0.0112 0.1256
6.12 | 0.0200 | 03070 | 1.2 | 0.0030 | 0.0201 | 25 0.0279 0.3140
15| 0.0497 | 06,7525 13| 00926 | 02175 ] 20 0.0224 0.2512
10| 0.093) | 0.5017 5 | 0.0376 | 0.2510 | 22 0.0246 0.2763
3 | 0.0099] 0.1505 0 ] 0.025! | 0.1673 | 20 0.0124 02512
5 | 0.0156 | 0.2508 14 | 00351 | G.2343 | 20 0.0224 02512
4 00132 ] 0.2007 5 0.0125 | 0.0837 ] 10 0.0112 0.1256
2 | 0.0066 | 0.1003 10 | 0.0251 |0.1673 | 20 0.0224 02512
5 | 0.0166] 0.2508 | 20 | 00502 | 0.3346 | 50 0.0559 0.6281
4 |0.0132] 0.2007 3 0.0201 | 0.1339 | 18 0.0201 0.226]
|| 0.0033 | 0.0502 4 [ 0.0351 | 02343 | 20 0.0224 02512
7 [0.0032| 0.3512 1S | 00376 | 0.2510| 20 0.0224 0.2512
2| 0.0066 | 0.1003 1S | 0.0376 |02510] 18 0.0201 0.226]
3 0.000% | 01505 10 0.0251 01673 20 00224 02512
5 | 0.0166 | 0.2503 4 D.0100 | 0.0669 ] 15 0.0168 0.1884
% | 0.0265 [ 0.AD13 15 | 0.0376 | 02510 30 0.0335 D.3768
% | 0.0265 | 04013 25 | 0.0627 | 04183 ] 30 0.0335 0.3768
14| 0.0464 | 0.7023 3 0.0201 {01339 | 22 0.0246 0.2763
16 ] 0.0530 | 0.8027 | 21 0.0527 | 0.3514 i 0.0078 D.0879
16.24 | 0.033% | 0.5137 | 5.68 | 0D.0143 {00950 15 0.0168 0.1884
14 00464 | 0.7023 7 0A176 {01171 2zl 0.0235 0.2638
16 | 0.0530 | 0.8027 9 0.0226 | 0.1506 | 24 0.0268 63015
20 | 0.0662 | 1.0033 ] 0.0276 | 0.1841 | 25 0.0279 0.3140
18 | 0,059 | 0.9030 10| 0.0251 1016731 24 0.0268 0.3015
16 | 0.0530 | 0.8027 0| 0.0251 10,1673 1 24 0.0268 03015
4 | 00132 | 02007 3 0.0075 | 0.0502 | 2 0,0022 0.025t
10| 0.0331 | 0.5017 B 0.0201 | 0.1339 4 20 0.0224 0,2512
5.5 | 0.0315| 04766 | 265 | 0.0665 | 0.4434 | 30.5 0.0341 0.3831
1S | 0.0497 | 0.7525 3 0.0151 | 010041 15 0.0168 0.1884
5 1 0.0166 | 0.2508 10| 0.0251 016731 50 0.0559 0.62E1
0_ | 0.0000 [ 0.0000 0 0.0000 | 0.0000 | © 0.0000 0.0000
0 [0.0000| 0.0000 | &0 | 0.4506 [ 1.0039 | 38 0.0425 04773
0__[ 0.0000 | 0.0000 0 B.0000 | 0.0000 ] 0 0.0000 0.0000
302.02 398.43 B94.5

Source: Calculated by author, 2008




Table A4, Calculation of Disaxier Damage Jndex (contd.)

93

DDI_Embank

Embank_F{km}{ Embank_F_Ri [DDM_Embank F |Embank_|Aff Embank P
P P
0.35 0.0010 0.0086 4.08 0.0085 0.1233
Q.61 0.0018 0.0149 7.14 0.0151 0.2158
0.53 0.0015 0.013¢ 6.12 0.0129 0.1850
0.4 0.0012 0.009% 4.6 0.0097 0.13%)
2.54 0.0074 0.0621 20.58 0.0626 0.8941
0.53 0.0615 0.0130 6.12 0.0129 0.1850
0.5) 0.0018 0.0149 7.14 0.0151 0.2158
0.97 0.0028 0.0237 11.22 0.0237 0.33%
0.7 0.0020 0.0171 8.16 0.0173 0.2456
0.35 0.001¢ 0.0086 4.03 0.0086 0.1233
1.05 0.0031 0.0257 12.24 0.0259 0.3700
9 0.0262 02200 2 0.0042 0.0605
0 0.0000 0.0000 15 0.0317 0.4534
7 0.0204 0.171 3 0.0063 0.0907
5 0.0145 0.1222 ] 0.0021 0.0302
2 0.0058 0.0489 5 0.0106 D.1511
5 0.0145 0.1222 14 0.0296 0.4232
10 0.0291 0.2444 M 0.071% L0277
B 0.0233 0.1956 13 0.0317 D.4534
5 0.014% 0.1232 9 0.0190 0.2720
5 0.014% 0.1232 25 0,0529 0.7556
2 0.0058 0.0439 3 0.0106 0.151t
2 0.0058 0,048 3 0.0106 0.1511
5 0.014% 0.12232 B 0.0169 0.2418
13 0.0378 03178 20 0.0423 0.6045
15 0.0436 0.3667 20 0.0423 0.6045
27 0.0785 0.6600 2l 0.0444 0.6347
41 0.1193 1.0022 21 0.0444 0.6347
0.64 0.001% 0.0156 0.15 0.0003 0.0045
24 0.0698 0.5867 25 0.0529 0.7556
28 D.0814 0.6844 22 0.0445 0.6650
34 0.058% 0.83H 26 0.0550 0.7859
33 D.0960 0.8067 25 0.0529 0.7556
32 0.0931 0.7822 25 0.0529 0.7556
0.5 0.0H5 0.0122 2 0.0042 0.0605
6 0.0175 0.1467 3 0.0063 0.0907
9.5 0.0275 0.2322 ] 0.0021 0.0302
L5 0.0044 0.0367 {4 0.0212 0,3023
3 0.0145 0.1222 10 0.0212 0.3023
0 0.0000 0.0000 0 0.0000 0.0000
0 0.0000 0.0000 0 0.0000 0.0000
Q 0.0000 0.0000 g 0.0000 0.0000
343.78 472,63

Source: Calculated by author, 2008



Tablc A4, Calculation of Disaster Damage [ndex {contd.)
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DDI_Forest  |[DDI_Fdo F DDI_Fda_P DDI_Tele|[DDI_Deep_  [DDI_Shallow
tube

0 L] 4] 30043 0 0
0.0463 {.9968 0 0.0074 0.0801 0
00114 0.3426 1] 0.0066 0. 1002 0

0 ] 0 00049 0.0801 V]

0 8.3426 1] 0.0309 0.4407 D

0 1] 0 0.0066 00801 0

0 04672 0 0.0074 0.0801 0

0 0 0 0.0117 0.0601 0

0 0 0 0.0086 02003 0

0 0 0 0.0043 2.0601 0

[H] 0.3426 0 0.0129 &.0402 1]
0.1424 0.1869 0.4724 0.0715 0.1402 0
01025 0.1557 02719 0.0000 02484 1]
01510 0.0934 0.3890 0.0000 0.8013 0
0.1025 0.2492 1112 0.0000 0.1002 4]
0.0057 0.1557 ¢.1389 1.0005 ] a.0812
.0057 0.6541 0.1389 0.0100 0.0080 0.1624
0.0285 03115 0.6947 0.0154 0.0200 0.8122
0.0057 0.4672 0.5558 02544 0.0080 0.1354
00114 0.6541 0.4168 04288 0.0200 0.3520
00114 0781 0.8336 0.0040 0.0200 0.5144
0.006) 0.1869 0,3223 0.0169 0 0.0812
0.0085 0.2803 0.2779 4.3001 0 0.1354
G0114 0.3672 0.13%9 .2638 0.0120 0.1354
0.0114 06541 0.647 0.24%7 0.0200 1.0017
0.0171 03426 027119 0.0071 0.0280 0.7039
00004 0.2180 0.2223 0.1386 0.0521 0
0.0004 0.2180 0. 2501 0.0000 0.0521 7]
0.0002 0.1557 0.6113 0.0915 0.0321 0
0.0004 0.1557 01945 0.0000 0.0401 0
0.0003 0.2492 0.2213 0.0000 0.0521 1]
0.0004 0.2803 02719 0.0000 0.0561 0
0.0004 0.2492 0.2779 0.0000 0.0551 0
0.0004 02ER0 0.2501 0.0000 0.0561 0
0.0782 0.1869 0.2223 0.0003 0.1002 0
0.9478 02180 0.3135 00096 0.1002 Y
1.0205 0.5607 0.4724 0.0E04 0.2404 4
0.9949 0.0311 0.0556 0.010} 0.3405 o
0.256% 0.6230 0.2379 0.0026 0.2003 0
0.0057 0.0000 0.0000 0.0000 1] L
0.3555 0.0000 10004 0.0036 1.006 0
0.0063 0.0000 0.0000 0.0000 0 V]

Source: Caleulated by author, 2008
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Table A.4. Calculation of Disaster Damage Index (contd.)

DI _Pond | DDI_Troller | DDI_Cottage |
0.0007 0.0015 0
0.0012 0.0010 0
{.0010 0.0075 ]
0.0009 $.0000 0
0.0044 0.0205 0.5560
(.0010 (.0009 0
0.0012 0.0030 0
0.0019 0.0000 0
0.0013 0.G018 0
0.0047 0.0600 0
0.0019 0.0151 0.1580
0.2615 0.1G58 0
0.2324 0.0465 G
0.2324 0.0262 0
0.2295 0.0420 U

0 0.0000 0
0.1598 0.0127 0
0.1743 0.3384 31591

0 0.0212 0

0 0.2454 6.0023

0 0.0245 0

0 0.0000 0

0 0.0000 0
0.1743 0.0000 0
0.1743 0.2538 5.7496

0 0.2369 0
0.1871 0.0254 ]
0.1743 0.0262 0
G.0L19 0.0169 0
(.1598 0.0220 0
0.1888 (.0228 0
0.1888 G.0228 0
(. 1888 0.0228 0
0.1888 (10694 0
0.0767 {1.1739 0
0.9290 0.1665 0
10002 0.6607 {)
0.9752 0.1663 0
0.2517 0,150 8
0.0872 0.0000 0
0.3486 (19990 0
0.1453 0.0 0

Source: Calculated by author, 2008



D6
Table A.5. Calculstion of Population Evacuation Assisiance Need Index (contd.)
Union Below |Ri <5 |PENI_<S] Above 60 | Ri_>60 |PEN]_>60 |Manhle
five
Paurnshava 5808 | 0.0568 | 1.00 3954 00562 1.00 0.3458
Amiali 2703 | 0.0260 | D.46 1932 0.0275 049 0.6199
Arpangashia| 1670 | 0.0161 0.28 1123 0.0160 0.8 03778
Athamgathia;  JEEL | 0.0306 | 0.54 1859 0.0264 D47 0.5882
Bazrmbagi 5198 | 0.0500 | D.B8 2907 0.0413 0.74 1,0000
Chowra 2374 | 00228 | 0.40 1562 0.0222 040 0.5237
Gulisakhali 489 | 0.0336] 0.59 2083 0.029%6 0.53 0.7326
Haldia 3543 | 0.0341 | 0O.60 2526 0.0359 0.64 0.75940
Kuraibarin 25R0 | 0.0248 | O0.44 1676 0.0238 0.43 0.5321
Kukis 2881 | 0.0277] 0.49 1803 0.0256 046 0.6072
Pancha o024 | 00281 0.40 2074 02495 0.53 0.6307
Koralia
Bamna 2245 | 0.0216] 6.38 1554 0.0221 0.3% 0.4854
Bukaburia 2261 [0.0218] 0.38 1504 0.0214 0.18 0.4671
Dyuztnln 1864 | 0.0179 | ©.31 1469 0.0209 0.37 04316
Remna 2109 [ 0.0203 ] 0.36 1371 0.0195 0.35 0.4301
Paurashava 2458 10,0237 ] 042 1555 0.0221 0.39 0.7006
Ayt 202 |0.0212| 037 1414 0.0201 0.36 0.4888
Patzkats
Badarhhali 3023 | 0.0298 | 0.51 2074 0.0295 0.53 0.6717
Berguna 214 | 00305 | 0.4 1549 0.0220 0.39 04872
Burir Char 2901 | 0.0279 ] G.49 2099 0.0298 0.53 0.6678
Dhalua 2851 | 0.0274 ] 048 1815 0.0258 0.46 0.6154
Phullhury 149¢ | 00144 | 0.25 1134 0.0161 0.29 0.3579
Gaurichanna| 2578 | 0.0248 | 0.44 1699 0.0241 0.43 0.5877
Keombunia 2008 |0.0193 ] 0.3 1373 0.0195 0.35 0.4370
M, Baliatali | 3192 | 0.0307 | 0.54 1199 0.0312 0.56 0.6895
[WNaltona 2183 |o.0210]| 0.37 1425 0.0202 0.36 0.4726
Paurashava B4R 0.0082 | 0.14 636 0.00%0 D16 0.2175
Betag 1544 |OQ0I187] 033 1425 0.a202 036 0.4341
Bibichini 2ial | 0.0208 | ©.I346 1578 0.0224 0.40 0.4557
Bura 1507 | 00145 | 025 1126 0.0160 0.29 03788
Mazumdar
Hasnahad 2080 | 0.0200| 0.35 1496 00213 0.38 0.4511
Kazimebad 1741 | 0.0168 | 0.29 1263 0.0179 0.32 (.389%)
Moknmia 1583 | 0.0152 ]| 0.27 1300 00185 0.33 0.3799
Sarishamuri 1524 | 0.0185] 0.32 1195 0.017) 0.30 00,3863
Paurnshava 1325 |O0.0ZB| 0.2 palsi! 0.0129 0.23 0,3710
Char Duanti | 2B00 [ 00270 | D47 182% 0.0260 0.46 0.6251
kakchira 2296 | 0.0221 0.3% 1619 0.0230 (.41 0.516%
Kelmegha 3023 | 0.029] 0.51 2306 0.0328 0.59 0.6779
K anthaltali 2078 | 0020 | 0.35 1576 0.0224 0.40 0.5074
[Nachnas Pern] 1441 [0.0139]| 024 1107 0.0157 0.28 0.3752
Patharghats 3478 J 00325 0.59 1963 0.0279 0.50 0.7352
Raihanpur (729 10.0166] 029 1311 .0186 0.33 0.4028
LO3903 70371

Source: Celculated by author, 2008
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Table A 6. Calculation of cumposite Indea

Urion PSI_[ DARI | PENI CI DDI
Paurashava (A) 0395 | 03580 | 0.530 | 0.502 | 0.039
Amtali (A} 0.500 | 0453 | 0258 | 0.407 | 0.120
Arpangashia (A} 0.J91 | 0489 | 0.151 0.344 | 0.087
Atharagzshia (A) 0489 | 0.314 | 0251 0.351 0.052
Barabagj {A) 0.676 | 0414 | 0394 0.4%5 0.368
[Chowra (A) 0454 | 0278 | 0210 | 0314 0.060
Gulisakhali (A) 0.547 | 0.330 | 0.281 0386 | 0.095
Haldia (A) 0.573 | 0.333 | 0.338 0415 0.097
Karaibaria (A) 0.452 | 0.231 0.225 0.303 0.100
Kukua (A) D490 | 0408 | 0243 0380 | 0.048
Prncha Koralia (A) | 0.501 | 0.278 | 0277 0.352 0.128
Bamna (Be) 0.439 | 0382 | 0.208 0.343 0.243
Bukabunia (Ba) 0436 | 0.188 | 0202 0.275 0.194
Dauntala (Ba) 0416 | 0.310 | 0.195 0.307 0.211
Ramna (Ba) 0417 | 0.257 | O.184 0.286 | 0.16%
Paurashava (BS) 0.504 | 0380 | 02090 | 0.395 0.134
Ayla Potskata (BS) | 0.437 | 0152 | 0.19¢ | 0259 | 0.162
Badarkhali (BS) 0529 | 0329 | 0278 0.379 | 0448
Barguna (BS) 0.438 | 0.154 1 0.207 0.266 | 0.172
Burir Char (BS) 0.521 | 0.103 | 0280 | 0.301 0.492
Dhalua {(BS) 0.500 | 0253 | 0.244 0.332 0.266
PhulThury (BS) 0.378 | 0227 | 0.151 0.252 0.090
Gaurichanna (BS) | 0.496 | 0.231 0.228 0.318 0.110
Keorabunia (BS) 0416 | 0.i%91 0.184 0.264 0.121
M. Bualiatnli (B85) 0.533 | 0.182 | 0294 0.337 0616
Naftona (BS) 0428 | 0.150 | 0,191 0,257 0,299
Paursshava (Be) 0.335 0.085 0.210 | 0.9
Retagi (Be) 0418 | 0249 | 0.190 0.286 | 0227
Ribichini (Be} 0422 | 085 § 0211 0.273 0,120
Burs Mazumdar {Be)| 0382 | 0206 | 0.150 0.246 | 0.193
Hosnabad (Be) 0421 | 0.176 | 0200 | 0266 | 0.207
Kazirabad {Be) 0.391 | 0241 0.169 0.267 0.247
Mokamia (Be) 03% | 0.167 | _0.173 0.243 0.239
Sarishamun (Be) 0.395 | 0.137 [ 0,161 0.231 0.237
Paurashava (F) 0421 | 0.199 [ 0.122 0.247 0.133
Char Duanti (P} 0.501 | 0.188 [ 0.246 0.312 0.294
Kakchira (P) 0455 | 0242 | 0216 0.305 0.348
Kalmegha (P) 0.538 | 0288 | 0.307 0.377 0.245
Kanthaitali (P) 0452 | 0427 t 0210 0.263 0.223
Nachna Pare (P) 0369 | 0113 [ 0.147 0.210 | 0014
Patharghata (P} 0.544 | 0.189 | 0266 0.333 0.313
Raihanpur (P} 0409 | 0202 [ 0.175 0.262 0.021

Source: Calculzted by author, 2008
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Tahle A.56. Calculation of composite Index (contd.)

98

Unkon [(PSI*DDN} [{(DARI*DDI} {PENI*DDY) [{CI*DDI) DDI

Paurashava (A) 0,048 0.023 0021 0.020 0.039
Amtali {A) £.060 0,055 0.031 0.049 0.120
Arpanipashia (A) £.034 0,043 D012 0.030 0.087
Atharagashia (A) 0.025 0,016 £ 013 0.018 0,052
Barnbagi (A) 0.248 0,152 0.145 0.182 0.368
Chowra (A) 0.027 0.017 0013 0.018 0.060
Gulisakhali (A} 0.052 0.031 o027 0.037 0.095
Haldia (A) £.055 0.032 0033 0.040 0.097
K zraibaria (A) 0.045 Q.023 o022 0.030 0.100
Kukua {A) 0.023 0.01%8 0 012 0.018 0.048
Parcha Koralia (A) 0.064 0.035 o 035 0.045 0.128
Bamna (Ba} 0,108 0.0 9 050 0.083 0.243
Bukabunia (Ba) 0.085 0,037 0 039 0.053 0.194
Dzustals (Ba) 0,088 0,065 0 041 0.065 0.211
Ramna (Ba) 0.070 0.043 0 031 0.048 0.168
Paurashava (BS) 0,080 0,051 Q028 0.053 0,134
Ayta Patakata (BS) 0,071 0.025 0 031 0.042 0.162
Badarkhali (BS) 0,237 0,147 0.124 0.170 0.448
Barpina (BS) 0,075 0.027 0 038 0.046 0.172
Barir Char (35} 0.256 0.051 0.138 0148 0.492
Dhalua (BS) 0.133 0.067 0 D65 0.038 0.266
Phullhury (BS) 0.034 0.020 0 014 0.023 0.090
Ganrichanna (BS) 0.054 0.025 0 025 0.035 0,110
K cormbunia (BS) 0.059 0.023 0.022 0.032 0,121
M. Baliatali (BS) 0.328 0.112 0,181 0.207 0.616
Naltona (BS) 0.128 0.045 0.057 0.077 0.299
Paurashava (Be) 0,064 0.000 0.018 0.040 0.190
Betagi (Be) 0.095 0.058 0.043 0.065 0.227
Biblchini (Be) . 0.051 0.022 0.025 0.033 0.120
Bura Marumdar {Be)|  0.074 0.040 0029 D.047 0.193
Hosnnbad {Be) 0.087 0.037 0.041 0.055 0.207
Karirsbad (He) 0.097 0.059 0.042 0.068 0.247
Mokzmia (Be) 0.093 0,040 0.041 0.058 0.239
Sarishamuri (Be) 0.094 0.032 0 038 0.055 0.237
Paurashava (P) 0.058 0.027 0016 0.033 0.133
Char Duanti (P) 0.147 0.055 0.072 0.092 0,294
K akchira (P) 0,158 0.084 Q 075 0.1068 0.348
Kalmepha (7} 0.131 0.070 0.675 0092 0245
Kanthaliali {P) 0.401 0.028 0 047 0.059 0.223
Nechna Para (P} 0.005 0.002 0 002 0.003 0,014
Patharghatn (P} 0.170 0.054 0.G83 0.104 0,113
Raihanpur (P) 0.008 0.004 0.004 0.005 0.021

Source: Calculated by author, 2008



PHOTOGRAPHS

Photograph A.1. A ravaged structure after the
Super Cytlone SIDR 2007. (Amtali Union)

Photograph A.2. A rvaged cattle structure
after the Super Cvclone SIDR 2007,

Photograph A.3. Cylene centre used ns union
parishad office_Arpangnsia_Amtali.

Phatograph A 4. Previous cyclone
centre_Arpangasia_Amtali.




Photograph A.5. Kacha Road Haladia_Amtali.

Photograph A.6. Madrasha located in Arpagashia
union.

Photograph A.7. A cyclone affected house in
Amtali Upazila.

Photograph A.8. Union Parishad cum cyclone
shelter.

i



101

Photograph A.9. Road side plantation for
preventing storm surpe.

Photograph A.10. A Geno Kobor (graveyard)
beside the road of Patharghata Union.

Photograph A.11. Upaziln Parishad in
Patharphata.

wnion.
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