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Abstract: Problem statement: This study presents an analytical investigatiarttie trends of several
factors such as number of death of peoples, danwgegalth, flood surge heights, wind speed and
radius of the severe storm due to tropical cyclondsangladeshApproach: The study is performed by
conducting the field visits to cyclone site, colkst data and information on damages and deaths of
peoples during field visits, necessary data relai®dtropical cyclones obtained from available
publications and news-study. The data since thgeaf the independence of Bangladesh (nearly 40
years) are analyze®esults: The analyses showed that the 17 major cyclones besn occurred since
1970. Among these 17 major cyclones, the 5 cyclomee tragically severe that killed over 400
thousand peoples. It is observed that the coatsicoBay of Bengal is particularly vulnerable topical
cyclones. It is revealed that Bangladesh is moteevable to devastating cyclones in the recentsyear
because the frequency of the severe cyclones besased remarkabloncluson/Recommendation:

The return period of the major cyclones was deeckadrastically in recent years and the country,
especially, the Bengal Bay is predominantly hekpthsring the cyclone seasons.

Key words. Frequency analyses, deadliest tropicalajor cyclones,return period, affected areas,
cyclones occurredyarning systemiully damaged, south westemrganizing simulated

INTRODUCTION offshore islands, wiping out villages and destrgyin

i crops throughout the region. The city of sub-didtri
The country Bangladesh, especially the Bay ofitazumuddin), was the most severely affected, with
Bengal is vulnerable to cyclones causing enormougyer 45% of the population of 167 thousand killed

disruptions, damages and remarkable number of deam, the storm (Paul and Rahman, 2006; Goreadl.
of peoples. The cyclones occurred in the year 61019 501, ’ ’ '

(Bhola), 1991 (Tropical), 1999 (Orissa), 2007 (pidr Another cyclone which struck Bangladesh on the
and 2009 (Aila) are some of the examples. The 197Qight of 29-30, April, 1991 was particularly severe
Bhola cyclone was a devastating one that struck OBausing widespread damage, killing nearly130 thodisa
November 12, 1970 (Anthes 1982; Bastyal., 1993). people (Merryet al., 2009; Mushtaquet al., 2007).

It was the deadliest tropical cyclone ever recorded  There has been massive damage to life line sysésms
one of the deadliest natural disasters in modenedi  \ve|l as private properties. Total loss has beeimestd
More than 250 thousand people lost their liveshe t 4t US$2.07 billion dollars for all sectors. Cycloos
storm, particularly as a result of the storm sutilget  18th October, 1999 hit on the eastern cost of India
flooded much of the low-lying islands of the Gangesalong the Bay of Bengal affecting the coastal itstr
Delta. This cyclone was the 6th cyclonic stormlué t of Ganjam, Puri, Jagatsinghpur, Khurda, Gajapati an
1970 north Indian Ocean cyclone season and was al®ulasore. Subsequently, the State was hit by arSupe
the most powerful, reaching a strength equivalerdt Cyclone on 29th October, 1999 with winds of more
category 3 hurricane. This cyclone formed over thehan 250 km H, tidal waves rising 7m high and
central Bay of Bengal on November 8, traveled northorrential rains. The Super Cyclone and its aftehma
and intensified. It reached its peak with winds185 caused severe damage in the districts of Jagafsimgh
km/h (115 mph) on November 12 and made landfall orBalsore, Cuttack, Puri, Nayagarh, Jajpur Kendrapada
the coast. The storm surge devastated many of thBhadrak and Khurda and moderate damage in the
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districts of Mayurbhanj, Dhenkanal and Keonjhar. InPhysical facts: The path of the five severe cyclones
2007, Bangladesh suffered a natural disaster like t along with the physical facts of Bangladesh is sidnww
cyclone Sidr of November 15, an unusually powerfulFig. 2. It should be noted that Bangladesh extends
storm that triggered giant waves up to 8m high anchetween 21 and 27° North latitude and 88° and 92.5°
killed more than 10 thousand people in the soutfEast longitude. The Bay of Bengal is in the soude s
western coastal belt of Bangladesh covering thef the country. The total area is 144 thousandmsgakd
districts of Bagerhat, Barisal, Patuakhali, Piramep sjze of population is around 16 million (2010). Per
Khulna and Satkhira. Even 5 days after the calamity capita income is around US$ 650, one of the loivest
village after village along the battered roads 0 t the world. The coastal land of Bangladesh (710 km
coastal districts, the survivors of the storm, ttiotieeks  |ong) is of recent origin formed out of the process
hollow and eyes sunken from hunger wait in vain forsedimentation. Most parts of the area are, thezefow
relief to come. Natural disasters cannot be stoppedying which can be subject to inundation even under
however, the deaths and damages can be minimiz&f}ginary circumstances of tides. A tidal surge
depending on the preparedness. If the country hag.companied by a cyclone storm makes the situation

organized plan, rehabilitation can also b‘? _eff(ex:tiv alarming which is further exacerbated by the tridag
Unfortunately, Bangladesh has not yet sufficiersnpl shape of the Bay of Bengal (Fig. 2)

Accompanl_ed by 260 km"h ravaging winds anq séa The wide shallow continental shelf is conducive to
surge as h'g.h as 8m thf"‘t swept about 28| kn;tn;lsjnd, amplification of surges causing wide spread flogdin
grBag?Stsl’i(I;tzrz:‘(]:atﬂg,StgﬁtﬂI?I\t]eessttell‘?lvei;r)tOCSJfSIB:r,] |§ e The country has been subjected to frequent natural
midnight on November 15 P 2007 (é]uropeandisas.ters in many forms, particularly.cyclor)ic ster
Community, 1998). The country, is yet to fully rapai and tidal surges. From 1970 to 2011, five majolaye

’ ) . storms and tidal surges have been reported. These
many of.the damages donel to her mfrastructqretdue indicate that Bangladesh is prone to frequent
g]%vrﬁitsat;nggofl(zootjsso;ﬁu;r:(? g;&g? 3%3186 %lﬂe(?sregq;t.eth destructive tropicgl cyclones associated With tidal
2008). Agricultural infrastructu}es Sl,JCh as f’armsurge. The low-lying coa_stal areas are partlcu_larly

vulnerable, thus placing these  population,

structures, irrigation structures, dairy, poulfigheries, . : - .
infrastructure, agriculture, livestock and economic

shelter, sanitation, drinking water, electricitypplies, : . . L .
transportation services including both land andewat development in a h'.gh'”Sk situation. During thed19
cyclone, the cyclonic storm was detected as a low

transports are in great danger in the region of Bfay .
Bengal where natural disasters occur frequentlynegso Pressure area over the Southeast Bay and adjoining
destruction due to devastating Sidr in term of dgasa Andaman Sea on 23 April. Finally, the cyclone of
of houses, flooding and fallout and uprooted oésrés hurricane intensity crossed the Ch|ttagong coditla
shown in Fig. 1. In view of the above objectives, anorth of Chittagong at 2 am of 30 April, 1991 that
comparative study of the major cyclones those ktruckilled some 143 thousan people in Bangladesh. The
Bangladesh in the last four decades especially jusiSPects of the detection of the cyclone, its moimigp
before and after the independence of Bangladestnd prediction and weakness of warning and special
Along with the trend analyzes, this study also repo Weather bulletins have been reflected upon. Moshef
some countermeasures of tropical cyclones ofvorst affected sub-districts are either off-shaslands

Bangladesh taken by the government of the countryor coastal areas. The less affected areas are ymostl
Data collected during the field visits to Cyc|0rid£s located inside and further from the coast. The 2007
information on damages and deaths of people§yclone Sidr smashed into the country’s southern
published in technical literature and news papees a coastline late on Thursday midnight of November 15
analyzed and demonstrated. Along with the damafjes avith 250 km h' (155 m A') winds that whipped up a
previous cyclones, the disruptions, damages artth déa five meter tidal surge and swept about 20 km inJand
peoples occurred in the year 2007 and 2010 astrdted in  grade 5 hurricanes, the highest level possible,
various charts for better comparison. devastated 23 districts in the south western pért o
The return period of destructive cyclones,Bangladesh. Gigantic walls of water smashed into th
frequency, warning system of the weather broadugsti coastline, washing away everything in their pathe T
center and the countermeasures taken by thbackwash dragged hundreds of people into the sea,
government of the country are depicted in this wtud bodies were towards the shoreline -- twisted,
Damages of agricultural and engineering infrastmgs  bloated and broken -- washing up from the
such as rural roads, embankments, water sanitatiomyverflowing creeks and ponds around the villages.
shelters and food security are also discussed. Death and its nauseating stench were yedare.
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Fig. 1: Severities and damages of Sidr, 2007 (Daifjuilab), (a. uprooted, b. death, c. floodedfatlout, e. ship
destruction, f. house damaged)
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Fig. 2: Physical facts and path of severe tropigalones in Bangladesh

Just within the two years of divested Sidr cyclone,speed and storm surge of major cyclones thoseksinuc
another strong cyclone called as Aila has falledio Bay of Bengal during the last four decades is dedic

on 26th May 2009 at the coast of Bangladesh witidwi in Fig. 3-4. The high power of the storm was mainly
speed of 120 km causing fatalities of 325 peoples and due to the higher wind speed which is apparent from
8 thousand peoples missing. It was estimated tfilat A Fig. 3 for all the cases after 1970. In 1970 thadriown
causing damages of the properties equivalent tolynea as Bhola cyclone, though the wind speed was not as

254.5 million US dollar. high as of the recent cyclones that can be found in
1991, 1998, 2007 and 2009, however, the number of
RESULTS casualties was severe at that time. The wind spéed

Bhola cyclone was nearly 227 km*hwhereas the
Wind speed and storm surge: In order to understand others were over 230 km~ hsuch as 257, 237 and
the severity of storm of the tropical cyclones in247 km h' for the cyclones occurred in the year of
Bangladesh, a comparative study of the maximum wind 991, 1999 and 2007, respectively.
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The wind speed of Aila in 2009 was little low and bio-diversity, Sundarbans (world largest mangrove)
recorded as 120 kmh The storm surge, on the other and wildlife. An estimated 58 thousand animals were
hand, was recorded as 7.8, 8.8, 8.1, 8.4 and 3férm killed by the storm with up to 50 thousand deer
the cyclones occurred in the year of 1991, 1999720 Missing. On the island of Nizum Dwip, nearly all
and 2009, respectively, as shown in Fig. 4. Théusad structures on thg island were severely damaged or
of the major cyclones is shown in Fig. 5. destroyed, leaving roughly 20 thousgnd people

The number of death of people and the damage@omeless throughout the country, Aila left an
due to major cyclones in Bangladesh are given irestimated 500 thousand people homeless. Later press
Fig. 6 as the line graphs for the sake of clartima .re.ports stated that more than 6 .thousand people wer
of the ferocious devastation brought to Bangladesfiniured by the storm and 3.3 million were affected.
by the cyclones in just 37 years. Although the wind
speed and tidal surge was lower for the 1970 Bhola
cyclone, than the recent ones, the number of defath
people was extremely higher at that time. It was
estimated that more than 250 thousand people was-

150 -
died during the 1970 Bhola cyclone. It was saying
that this was the deadliest one in the earth in its = 1o
history. On the other hand, the 1991 cyclone was < 3 I I I I
also other deadliest tropical cyclones on recomt th o :

struck greater Chittagong with strong winds and 707376 75 81 83 85 889194969599 2 4 7 9
storm surge, killing at least 140 thousand peoplé a Yearofoccurrence

leaving as many as 10 million people homeless and. . . . .
destroying 1millon homes. The damage of propert ig. 3: I\3N|nd| gpeﬁd during the major cyclones in
was estimated at 1.2 bilion US dollar in angiades

1991(Constant price at 2011). The damage in 1999 ;.

and 2007 is noted as 2.6 billion and 804.1 millid® |

dollar. A large number of boats and smaller shias r
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aground. Bangladesh Navy and Air Force were also
heavily hit. BNS Isha Khan Naval Base was flooded,
with heavy damage to the ships. Most of the fighter
planes of the Air Force were also damaged. In &g.
comparison between the death of people and the
damages of properties (agricultural crops and h®use
are shown. The data shown in terms of money in
US$ during the past five major cyclones, It is
observed that there is an increase of the damafjes ¢ Yearofoccurrence
properties while the number of death of people isFi
getting to decrease significantly by the year o®@0 9:
However, after the year of 2000, both the number of
death of people and the damages of the propentees a 5o

getting to decrease. It is evident that the damades 70

the properties are remarkably decreased after 20003 ,,

This clearly indicates the awareness and =

preparedness of the people in the coastal region.z

improvement of weather broadcasting system and 20l

countermeasures taken by the government of the:

country such as construction of cyclones shelters, = ~

embankments, dams etc. However, these measure” ID ‘ .

could not be considered enough yet and more action 2073 76 73 S1 S3 S5 §3 01 04 96 03 09 2 4 7 O

need to be taken to minimize the death and damage:

of the peoples, their homes, cattle, agriculture,

forestry and fisheries, as well as its environmentFig. 5: Maximum radius of major cyclones
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Fig. 6: Number of death of people and damages of
severe cyclonic storms in Bangladesh

DISCUSSION . o o
Fig. 7: Scores of Sidr victims in Bagerhat living a

Victims rehabilitation: There were a lot of Sidr road Source: Daily Inquilab
victims not only in the coastal region but alsotlire
regions neighboring the path of Sidr as it passethe k
capital of the country. An example of some of thdr S !
victims from the union-3 in Sharonkhola in Bagerisat
shown in Fig. 7. Victims are living on a road in
makeshift houses as their locality was torn up tgy t
devastating cyclone on November 15. Rehabilitation
program for Sidr-affected areas has been undertaken |
the local authorities along with the governmentthod L ﬂ '
country and NGOs. This included economic

rehabilitation, infrastructure development, disaste

preparedness programs and climate adaptation!
programs to strengthen the region’s defense against:
future natural disasters (Paul, 2010).
Countermeasures:  The government has taken a pjg g:cyclone Shelter built in 2010 by the Swiss
number Qf countermeasures to prevent the livedof t Agency for Development and Cooperation SDC
peoples in the coastal regions especially afteiGleat (Source: Google Earth, ID: 49968016)
Bhola Cyclone of 1970. An example of concrete ' T
cyclone shelters that was built in the cyclone prarea - . .
is shown in Fig. 8. The construction of cyclonelsiie  Efficient early warning systems and the widespresel
was accelerated after the 1991 cyclone. This peoises Of mobile phones meant that this time even people i
continued till to date and further reinforced aftee ~ féMote regions were aware of the impending disaster
recent cyclones. Bangladesh now has over 2500 -multOn-time information had reduced the extent of the
purpose cyclone shelters some of it is used asapyim destruction. — Before — the 1999  cyclone, ~weak
schools also. The recent warning system in Bangtade €chnological strength and the lack of practicabn
is fairly effective at notifying the population ain how were the main obstacles to implementing the
approaching cyclone. Earlier many residents werétratégy in the country. _ o
chosen not to evacuate to the shelters, since ofost But, recently information and communication
them are in poor conditon with minimum or no tec_h_n_ology, espeglally mo_b|le phones and internet
maintenance at all. But now-a-days, peoples of théacilities along with the improvement of weather
country are aware and showing much more respond@oadcasting technology greatly adds to an effectiv
to the weather information than earlier that save disaster management along with global T.V. channels
many lives in 2007. Along with the governmentand web sites. This involved preparing, warning,
action, the NGOs also have devised cyclonesupporting and rebuilding the society before ocmre
preparedness programs, building shelters, organizinof the Sidr. However, a slight variation of landfal
simulated cyclone evacuation exercises and didigca timing was observed. While there was a lot to camer
villagers in the most exposed areas on howilee. terms of accurately predicting, it was not cleareven
204
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exactly the centre of the cyclone and when it waieagy  to food markets has been disrupted in some of thrstw

to make landfall and what would be its intensitydan affected areas; however most of the trees blocking

impact. The major challenge was to convert thisroads and thereby hindering the transport of fomd t

information into a timely evacuation plan. On midyd market areas have been cleared and so food avigjflabi

of Wednesday 14th November, 2007 many people weri the markets was not a major concern. Where hgusi

evacuated to the cyclone shelters because of tlerey damages were particularly bad, household kitcheds a

warning of Bangladesh Meteorological Department.cooking areas had been badly affected, with serious

The Storm Centre of BMD in its bulletin forecastbdt  implications for the ability to cook and utilize dd.

Cyclone Sidr would make landfall by noon. According Although the affected population was able to sadvag

to the Disaster Management Bureau, when the peopkome possessions, many people were unable to cook

who took shelter saw that cyclone had still not eom due to missing utensils.

they thought it would not materialize and left the

cyclone shelters for their homes. Many of thes@leeielt  Shelter: Housing damages were the most visible and

victim to the fury of the cyclone. BMD came undelatly  tangible damages associated with cyclone. For worst

criticism for having forecasted landfall aheadmit affected areas UN assessment team members witnessed
numerous cases of flattened, overturned or sideways

Agricultural and socio economic conditions: Food leaning household structures. Piles of damagedithgus
security: According to UN (United Nation, 2007) and construction materials were common within the
more than 1.6 million acres of cropland was reyte hardest hit residential areas. The total numbérookes
damaged. The main crop damaged was rice that waidmaged was nearly 1.2 million, approximately 3% o
under cultivation during this Aman season. Unlikehose were reported as fully damaged and the réngain
many other regions in Bangladesh, the area affdwsd /0% partially damaged. Approximately 697 thousand
a single harvest during the months of November thrjlouses were damaged within only five districts. In
January. Thus the timing of the cyclone wasMany _Upa_2|las more than half of thatched-roof hames
particularly harmful, in that many of the crops weat ~ Primarily inhabited by the extreme poor, were
or nearly ready for harvest. A quarter of ready-to-cOmpletely destroyed. A high proportion of wood-
harvest crops have been destroyed. Many household@med houses with corrugated iron roofs had been
lost their food stocks as a result of severe damage destroyed or severely damaged in coastal areas. Les
housing. Large numbers of cattle, buffalos, goaid a extensive damage was observed at locations fuither
poultry have been killed. The government ofland ornorth of the coast.

Bangladesh estimated that nearly 382,000 livestock o o
animals were killed; the large majority of theserave Water and sanitation: Damage to sanitation facilities

believed to be cattle. The UN assessment tear@nd infrastructure was significant. For some of the
members witnessed many animal carcasses floating if{Orst affected areas, one estimate puts the pemgent
the rivers or washed up on the river banks. Livelsto Of slab latrines damaged or destroyed as high & 70
losses represent not only a loss of critical hookkh The affected population was vulnerable to outbrestks
assets, with an associated loss to wealth and iecomdiarrhea and other hygiene-related diseases. Dignki
but also a loss in milk production for own consuimpt ~ Water sources in many communities had been
In coastal areas fish were a key source of food anfontaminated by saline and debris. Power outagés ha
animal protein. During the near term period fishaffected water supplies in areas with piped water
consumption in the diet was declined, as catches we (Prasacetal., 2009).
reduced due to either damage to boats and neti¥aran
the unavailability of labor which was diverted tther =~ Transport: There was widespread damage to transport
critical activities such as housing repairs andand communications networks. Rural roads and many
reconstruction. Fish production from household pond of the embankments protecting such roads, were
and shrimp fisheries was also declined, as mangpon extensively damaged. Most of the road damage was
and shrimp cultivation areas were badly damaged andssociated with the tidal surges in coastal afeage
littered with storm wreckage and debris. Many smalluprooted trees on roadsides also account for sdme o
shops selling food in worst affected areas wererdy  the damages, as trees were uprooted segmentsnafctar
damaged due to strong winds and falling trees. Foodr earthen roads became cracked or fragmented.
prices were already high prior to the storm dudighh =~ Damage to transport infrastructure in coastal afehid
international food prices and earlier flood relaliesses, waterways had occurred. Numerous ferries and
prices were high further after cyclone. Physicalems associated landing and loading areas damaged. i@ mo
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than a few cases, the storm surge was so stronmg th&@ornall, J., R. Betts, E. Burke, R. Clark and Jnpat

medium to large sized ferries were actually liftdelar al., 2010. Implications of climate change for
out of the water and beached on neighboring land. agricultural productivity in the early twenty-first
century, Philo. Trans. Royal Soc. London. Series B,
CONCLUSION Biol. Sci., 365: 2973-89. DOI:

10.1098/rsth.2010.0158
The study analyzes the extent and severity oHossain, M.Z. and T. Sakai, 2008. Severity of Flood
tropical cyclone in Bangladesh and its countermesssu Embankments in Bangladesh and Its Remedial
taken by the government of the country along wlité t App. Agric. Eng. Int., CIGRE J., 37: 1-11.I1SSN:
NGOs'. There were five deadliest storms since 1i&70 1682-1130
the Bay of Bengal and Sidr and Aila were the recenHossain, M.Z., M.T. Islam, T. Sakai and M. Ishida,

cyclones that had hit the region of Bangladeslush 40 2008. Impact of Tropical Cyclones on Rural
years since 1970. Particular emphasis was given to Infrastructures in Bangladesh. Agric. Eng. Int.
investigate the trends of several factors suchuasber CIGR E J. Invited Overview, 2: 1-13. ISSN:

of death of peoples, damages of wealth, flood surge 1682-1130
heights, wind speed and radius of the severe sttwen Merry, K., P. Bettinger and J. Hepinstall, 2009.

to tropical cyclones in Bangladesh. Extensive téxin Physical and biological responses of forests to
reports and news-paper information were taken into  tropical cyclones affecting the united states
account. Along with the literature review, data ever Atlantic ocean and gulf of Mexico coasts. Am. J.
collected through people’s interview during fieltsit/ Environ. Sci. 5: 16-32.

to cyclone affected area. The data of several fadtr http://www.cabdirect.org/abstracts/20093014842.ht

a period of 40 years are analyzed. Results sholagd t ml;jsessionid=A3F48636A37BE2AE1A41ABICA
the 17 major cyclones have been occurred within 40 53308A0
years period since 1970. Over 400 thousand peoplédushtaque, A., R. Chowdhury, A.U. Bhuyia, A.Y.

have been killed by the 5 gigantic cyclones. Tharre Choudhury and R. Sen, 2007. The Bangladesh

period of the major cyclones was decreased drégtica cyclone of 1991: Why so many people died.

in recent years and the country, especially, thegék Disasters, 17: 291-304. DOI: 10.1111/j.1467-

Bay is predominantly helpless during the cyclone  7717.1993.tb00503.x

seasons. Paul, B.K., 2010. Human injuries caused by
Bangladesh’s cyclone Sidr: An empirical study.
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