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Abstract

The threat of tsunami on the coastal region of Bangladesh has emerged after the Great Indian Ocean earthquake in 2004. Previoudly,
it was thought that Bangladesh is beyond the threat of tsunami but the devastating Indian Ocean tsunami has raised the need for
assessing tsunami risk on Bangladesh coast, since about 32 percent of the people live in these areas. A number of geological faults
have been identified in the vicinity of Bay of Bengal; which are currently being considered for potential sources of underwater
earthquake. For this study, the guideines from Intergovernmental Oceanographic Commission (IOC) is followed which includes
assessing the hazard, vulnerability and final risk due to tsunami. GIS analysis was performed on the tsunami hazard map to find the
ultimate risk. From the analysis it was found that a minimum of about 60 percent of people in the shelter units which are susceptible
to potential inundation are at risk to lose their lives. With rise of inundation heights, the percentage of possible loss of people also
rises accordingly. Again a night-time tsunami poses more threat to people than a day-time tsunami. It was focused to combine the
results of hazard, vulnerability and risk assessment for a community in the coastal belt of Bangladesh.
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1. INTRODUCTION

Bangladesh is one of the countries in the world #ra most

prone to natural disasters. Every year the codatrgs various
types of natural disasters like flood, tropical loyes and

subsequent storm surges, droughts, tornadoes, hbaek

erosion, earthquakes etc. Bangladesh is facingemdous

challenges through the last few decades againdiratat
disaster. Such disasters cause countless ordeasuttry’s

economic growth and affect the livelihoods of theople.

Bangladesh is situated on one of the largest deltathe

confluence of second largest river systems in tbddn.e. the

Ganges-Brahmaputra-Meghna River system with a ked

of 147,570 sqg.km.

The Bangladesh coastline is about 710 kilometenmsg lo
comprising of 19 districts and 147 upzilas (CZP@0%). The
total coastal zone covers an area of 47,211 sq.kichwis
about 32 percent of the total country (Islam, 20@8) among
147 upzilas are directly exposed to the sea haroeed as the
exposed coast while remaining 99 upzilas are censtd as
interior coast (Figure 1). This enormous coastahdas home
to about 35.1 million people which is about 28 patcof the
total population of Bangladesh with a density o8 f#eople

per square kilometer (BBS, 2003). Among the natural

disasters, recently it is predicted that, tsunamssilting from
underwater earthquake may cause severe disastethein
coastal region of Bangladesh. The lack of prepassirand
appropriate warning system for tsunami has alrgaldged
this huge population in a vulnerable condition. Hissence of

any structural and non- structural measures to stétid
tsunami provides an additional risk. The threatsliehstrous
Indian Ocean tsunami have emerged after the ocweref
devastating Indian Ocean tsunami on 26 Decembed4.20
About 300,000 people were dead in Indonesia, Thdjla
India, Sri Lanka and some other countries in Asid Africa.
Bangladesh was less affected from this tsunami,itbbis
raised a question that whether and to what extentountry’s
coastal population is in potential threat due tmésni.

Bangladesh is situated in the active plate coliistone and

consequently endangered due to large magnitude of

earthquakes. According to Cummins (2007), the tdcto
environment at the Bay of Bengal region has siritiés to
other subduction zones that has experienced megestth
earthquakes; stress and crustal strain observititicates that
the seismic zone is locked. The peril of generatsunami
along the coasts of Myanmar and Bangladesh is dighto
the presence of subduction zone where one paheoEtrth’s
crust is slowly driving under another. This actieetonic zone
is situated in between the Indian plate and Myanphate that
stretches up to Sumatra via Andaman- Nicobar zérseere
seismicity. The Sitakundu- Teknaf fault that rureng the
Chittagong- Cox’s Bazar coastline recommends arseigap
which is alarming for Bangladesh coast to TsunaBarker,
2008). The vicious ‘locked- thrust’ fault, of thenH that
unleashes tsunamis runs parallel to the shore enstiilar
fashion to the Sumatra fault, which caused the oh¢he
devastating tsunami on 26 December, 2004 killinguab
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300,000 people. The zone is locked for about 2%0syevhen
a massive earthquake hit the region on 2 April,2L#ich
also caused tsunami. The 200 kilometers long centai shelf
is also said to be susceptible to earthquakes andslides
along its margins are extremely potential from gatien of
local tsunami.

2. STUDIES ON TSUNAMI
ASSESSMENT OF TSUNAM|

Since Bangladesh was less affected by tsunamidamp#st it
was thought that the country is out of danger afidpaffected
by tsunami in a large scale. But the 2004 Indiareadc
tsunami has drawn the attention of administratiimerefore,
a few studies are carried out to assess the tsuhamaird on
Bangladesh coast.

AND RISK

CDMP carried out several more studies as a paNational

Disaster Management Policy in 2008 and assessed the

progress of this policy in a quarterly basis. Tlseinami
relevant tasks in the policy were: i) Taking plansprovide
guidelines to face natural disasters ii) Managenpdaus for
earthquakes and tsunamis iii) Preparation of hamsag for
earthquakes and tsunamis.

The Quarterly Progress Report of CDMP for Aprilndl2009
suggested: i) Preparation of tsunami hazard mamgusi
modeling technique ii) Predicting the impact duetdonami
on Bangladesh coast iii) Determination of potentisk zone
in Bangladesh iv) Updating current information oyclone
shelters as a measure of tsunami preparednessen}ifid
vulnerable schools, hospitals, emergency respomdeantrol
buildings in coastal region and evaluate the adiaptavi)
Economic risk analysis in the coastal region dugstmami
inundation. Considering the state of tsunami vidbaity and
seismic activity the Geological Survey of Banglddesvided
the country’s coastal belt into three zones whicmentioned
in the National Plan for Disaster Management byabBlisr
Management Bureau (DMB, 2008). The zones are:
Tsunami Vulnerable Zone I: Chittagong- Teknaf climest
(Most vulnerable)

Tsunami Vulnerable Zone |l: Sunderbans- Barisalstive
(Moderately vulnerable)

Tsunami Vulnerable Zone IlI: Barisal- Sandwip Esina
coastline (Low Vulnerable)

Sarker (2008), in his study aimed to assess tsuhagdrd on
Bangladesh to estimate tsunami heights as wellsasami
arrival times considering three tsunami source nsodehe
models are the 2004 Sumatra earthquake (Magnitudeafid
two other scenario earthquakes (Magnitude 8.0 aby 8he
major findings of the study included the arrivainé of
tsunami at the Bangladesh coast for 2004 Sumatthceake
was 2.2 hours after its generation and the maximum
inundation height of 31 centimeters at St. Martitgtand.
IWM has performed another study in 2008 and prepare

tsunami inundation map for Bangladesh coast. Thp was
prepared considering 11 potential sources of eagkes in
the Bay of Bengal. This map shows that tsunami dation
may reach up to 5 meters at the Sunderbans regidrs@me
regions near Hatiya and Nijhum Dwip. The Chittagong
Teknaf coastline also found to be in risk of prdbab
inundation from tsunami.

Mardiatno et. al., (2008), used GIS tool for tsuhaisk

assessment in Cilacap, South Java, Indonesia.pltedpthe
integration of spatial data from TUNAMI model outpas
tsunami hazard potential and the relevant geo-bdatg i.e.
build up area, population, productive land andaelk mobile
assets in Cilacap city. A number of GIS operatiochsas
intersect, identity, dissolve and union were utitizto do the
analysis. The output of this research was the taunak map
and the estimation of fatalities with regard to therst case
scenario of tsunami.

3. STUDY AREA (SANDWIP I SLAND)

The study area was selected from the potential ateiin
inundation map prepared by IWM. This map was pregar
with the help of another map showing the geologigltE in
the Bay of Bengal which are susceptible for creptirigh
magnitude underwater earthquakes. Underwater emkieg
are the main reasons of creating tsunamis whicmtaady
travels along the sea, increasing in the wave heigt hit the
coasts. There are about 11 potential sources oérwader
earthquakes in the Bay of Bengal (Figure 2). Tregeesome
geologic faults which are very close to Bangladesést (S-1,
S-3, S-4, S-5 and S-8) where there are a few padtreces of
creating earthquakes (represented by dots in thg).niais
suspected that a massive earthquake may hit thisrreince
both the Indian and Andaman plates are in motica rate of
4to 5 cmlyr.

From the above map, considering these 11 potestisices of
underwater earthquakes, a tsunami inundation map wa
prepared by IWM for Bangladesh coast (Figure 3)sThap
suggests that tsunami waves may rise as high astdrsnin
some regions. The East- West coast is suscepgbjier for
tsunami waves reaching such heights. Most of thggon is
covered by the Sunderbans, largest mangrove fomesite
world. For this study Sandwip Upazila of the Clhytiag
district is selected. Sandwip is an island along #outh-
eastern coast dangladeshit is situated at the estuary of the
Meghna Riveon theBay of Bengahknd separated from the
Chittagong coast by the Sandwip channel (Figure 4).
Sandwip is a historical island of Bangladesh. Itoisated at
the north-eastern side of The Bay of Bengal, ne#tbymain
port city of Chittagong. It is one of the most amtiislands of
Bangladesh. As of 2001 Bangladesh census, Sanuagipa
population of 292,773. Males constitute are 48.98Pthe
population, and females 51.07%. Sandwip has anageer
literacy rate of 46.15% (7+ years).
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Fig-1: Coastal Zone Map of Bangladesh (Source: IWM, 2008)
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Fig-2: Potential fault sources for earthquake and tsuraithie Bay of Bengal (Source: IWM, 2008)
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4. METHODOLOGY OF THE STUDY

For this study, the risk assessment of Sandwip llipamder
Chittagong district, the I0OC guidelines has beehoved.
According to 10C (Intergovernmental Oceanographic
Commission, 2009) the process of risk assessmewlvies
few steps for determining tsunami risk for a comitun
These steps are the assessment of hazard, assessimen
vulnerability, assessment of community preparednasd
finally the assessment of risk. The Geographic rinfion
System (GIS) tool is used to perform the assessmeoGIS
10.0 software is used as a GIS tool. The process bea
described by a simple diagram.

The assessment of hazard is performed based omépe
showing the potential tsunami inundation at Sandislpnd
provided by IWM. The map shows that tsunami rarfges
0.5 meters to 4.0 meters in the various placesefigland.
The tasks performed in the process are determiriveg
geographical extent of the inundation and calcogatthe
geographical extent of each range of inundatione Th
assessment of vulnerability to various social andnemic
infrastructures due to tsunami inundation was peréa next.
Firstly, an asset inventory map was prepared using
geographically referenced database and then thesaxp of
the infrastructures to tsunami inundation was daeiteed by
overlaying the asset inventory map on the inundatiwap
using GIS tool. In this study, these infrastructuaee termed
as shelter unit types for people.

In the assessment of community response, the task w
performed on the community who are likely the reoep of
tsunami hazard in the different shelter units. tisanami is
generated in the Bay of Bengal due to earthquakes fhe 11
potential sources, it will travel fast to reach tbeast of
Bangladesh and people will get little or no timeetacuate
from their shelter units. Community responses asessed
considering tsunami events at daytime and nightetim
separately because percentage of loss will be maaa event
of tsunami during night time than in daytime. Tresks
performed in this process are:

i. Calculating the number of people in each type @&lteh
unit from the demographic data. These values are
assumed for each union in the Upazila except for
households because the average number of peopéein
household varies in each union.

ii. Assigning the percentage of losses in each tyshelter
unit based on their capability to endure tsunamraesaat
day-time and night-time i.e. the loss of peopletlie
‘Kutcha house’ are more than people in concrete
buildings such as cyclone shelters, educational and
administrative institutions, police stations or kan
Again, for a particular type of shelter unit losspeople
during a night-time tsunami is more than a day-time
tsunami.

iii. Calculating total number of people exposed in the
particular type of shelter units by multiplying thember
of shelter unit exposed to inundation with numbér o
people per shelter unit. That is,
Total People Exposed = Number of Shelter Unit
Exposed * People per Unit.

iv. Calculating the aggregated loss by percentagessf flor
each type of shelter unit. That is,
Aggregated Loss = Total People Exposed * Percentage
of Loss

v. Calculating the sums of total people exposed and
aggregated loss for each type of shelter unit.

The final outcome of the risk assessment is therdehation
of total percentage of loss due to a tsunami andcée
determining the level of risks of particular area. iunion.
Risks maps are produced using GIS tools showingitiens
of Sandwip Upazila based on their risk. The toticpntage
of loss is calculated by,

Percentage of Total Loss = (3 Aggregated Loss Y Total
People Exposed) * 100

The final outcome of this process are risk mapswatg
different unions of Sandwip Upazila based on thisk levels
due to day-time and night-time tsunami in sepanses.

5.RESULTSAND DISCUSSIONS
5.1 Results of Assessment of Hazard

Using GIS tool and geographically referenced datebshe
assessment of hazard was performed. The main blgext
the hazard assessment was to assess the geograptecad of
the inundation pattern in the Sandwip Island. Eeafge of
inundation in the area was digitized and categdrinéo two
types: inundation below or equal to 0.5m and intioda
higher than 0.5m (0.5 to 4 meters). From GIS aislys the
inundation map, the area inundated in differentonsiwas
calculated. Highest submergence occurs in Magdharan
while lowest submergence occurs in Amanullah union.
Magdhara union is the largest union in Sandwip Waand
the extent of inundation in terms of area in thigon is also
highest among all other unions of this Upazila.

5.2 Results of Assessment of Vulnerability

Assessment of vulnerability is performed to create asset
inventory which contains a list of all infrastruss located in
the study area. GIS is a key component for creatisget
inventory map. With the help of geographically refeced
database, assets are pointed out in the map. Husets are
considered as shelter units for people living iatthrea. The
assets are listed in the following table and alsows in the
Figure 8.
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5.3 Results of Assessment of Community Response during tsunami if it is generated in the Bay of Bah they
) will face tsunami wave at their current sheltercpka
Assessment of community response of the receptbitheo

tsunami hazard is an important part in the proagfssisk
assessment. Since people will hardly get any tonevacuate
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Fig-7: Comparison of Inundation Heights for Different Umgoand Sandwip Upazila

Table-1: Asset Inventory of Sandwip Upazila

- Primar

St | ponane | o | ek | cyoeme | SHEY [ o | Momua | urel
Amanullah 1226 578 1 0 0 0
Azimpur 3179 491 3 2 0 0 0
Bauria 21975 2833 16 18 1 1 1
Gachhua 8311 4612 8 11 0 2 2
Haramia 13861 1309 9 10 0 4 5
Kalapania 6490 3371 8 6 0 1 0

Sandwip | Magdhara 24356 18641 17 16 0 5 5
Maitbhanga 9690 0 11 15 1 1 2
Musapur 20229 0 21 15 0 3 3
Rahmatpur 9006 2461 9 10 1 3 1
Paurashava 4754 0 7 10 0 2 1
Santoshpur 3095 6117 9 9 0 2 2
Sarikait 14303 3431 15 8 3 0
Total 140476 43844 134 130 3 27 22
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Ul\?:rzr::aa Union Name Famé;;qvt\iilfare Hospital | Food Go down I;err];%/ Deep Tubewells
Amanullah 0 0 0 0 1
Bauria 0 0 0 1
Gachhua 0 1 0 0 0
Haramia 0 0 1 0 el
Kalapania 0 1 0 1 1

Sandwip | Magdhara 0 0 0 0 L
Maitbhanga 1 0 1 0 0
Musapur 1 0 0 0 0
Rahmatpur 1 0 0 1 0
Paurashava 1 1 0 1 1
Santoshpur 0 0 0 1 2

Total 4 3 2 4 10
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Fig-8: Asset Inventory Map of Sandwip Island
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Table-2: Assigned Percentage of Loss of People for SheltéisU

. Percentage loss of People at Day-Time Per centage loss of People at Night-Time
Shelter Unit Type - - - -
Inundation < 0.5m Inundation >0.5m | Inundation<0.5m | Inundation >0.5m

Household 50% 70% 80% 90%
Cyclone Shelter 20% 40% 40% 60%
Growth Center 40% 60% 55% 70%
Primary and High Schools 60% 70% 70% 80%
College 50% 60% 60% 70%
Madrasa/ Mosque 60% 70% 70% 80%
Hospital and Family 40% 60% 50% 7506
Welfare Center
Common Facilities 50% 60% 65% 75%

Table-3: Summary of Risk Assessment of Sandwip Island

Per centageloss of People at Day-Time Per centage loss of People at Night-Time
Union Inundation < 0.5m Inundation > 0.5m Inundation <0.5m Inundation > 0.5m
Amanullah 49.60% 69.60% 80.00% 89.90%
Azimpur 50.87% 68.78% 79.80% 89.80%
Bauria 47.90% 66.70% 79.60% 89.69%
Gachhua 50.45% 68.84% 79.61% 89.71%
Haramia 49.84% 68.33% 79.60% 89.67%
Kalapania 47.73% 66.28% 79.67% 89.77%
Magdhara 47.45% 66.19% 79.65% 89.73%
Maitbhanga 48.71% 66.79% 79.61% 89.72%
Musapur 46.96% 65.59% 79.66% 89.75%
Rahmatpur 49.10% 66.89% 79.27% 89.48%
Santoshpur 48.26% 67.03% 79.64% 89.72%
Sarikait 46.32% 65.33% 79.73% 89.79%
Paurashava 49.49% 68.37% 79.82% 89.88%
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This will create enormous damage to the life araperty. For
each union the assigned value of percentage ofoopsople
are assumed the same for a particular shelter Agdin, for a
night time tsunami the corresponding loss of liiassumed
to be more than a day time tsunami. Table 2 givesvarview
of assigned percentage of loss of lives for eapk tf shelter
unit as a part of the assessment of community respto a
tsunami.

5.4 Results of Assessment of Risk

Assessment of risk combines the outcome of the rbHaza

vulnerability and community response assessmentd an

portrays the potential risk levels in the corregfing areas.
Risk is expressed by the percentage of possibtesosf lives
for a particular scenario of tsunami. The scenatieg are
considered for each union are: i. Inundation betowpto 0.5
m at day-time. ii. Inundation below or upto 0.5atnight-
time. iii. Inundation above 0.5 m at day-time. imundation
above 0.5 m at night-time.

The obtained results from risk assessment are diwerach
union in tabular form (Table 3). Finally risk maffSigure 9
and Figure 10) are produced for Sandwip Island dasethe
risks presented in the Table 3.

CONCLUSIONS

From the results of risk assessment it is evidéwt ta
minimum of about 60 percent of people in the shalteits

which are susceptible to potential inundation @nésk to lose
their lives. With rise of inundation heights, thergentage of
possible loss of people also rises accordingly.id@anight-

time tsunami poses more threat to people than atioesy
tsunami. For this process, practical facts aboaitvthy of life

of people in the study area is the main basis dfjjuent of
allocating people in different shelter units as lwak

percentage of loss of lives in shelter units foffedent

inundation heights and time of tsunami event.

Some key aspects of the results are given below:

i. About 67% percentage of total area is likely to be

inundated under 0.5m and 33% percentage of tatal iar
likely to be inundated above 0.5m tsunami waves.

ii. People in the cyclone shelter are likely to be bf$scted
by tsunami while people in households are at higksrto
be affected by tsunami wave. It is important tcertbiat at
tsunami event people will get hardly any time ta@wate
their places and move to cyclone shelter.

iii. Magdhara union is at more risk than other unionthéf

tsunami wave height is below or upto 0.5m or exseed

0.5m.
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Sarikait union is at the lowest risk (46.32%) for
inundation below or upto 0.5m.

The aggregated loss in households is high since ofos
the time women, elderly people and children stayeh
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