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ABSTRACT

The primary indicators of environmental sustaingbik the biodiversity and its conservation stablsdKates et
al. (2001), whereas the assessment of biomasdausti€¢ diversity in tropical forests has beenritiéed as a priority by
many international organizations stated by Storkle{1997). Cyclone ‘Sidr’, a tropical cyclone, svane of the biggest
cyclones in the history of Bangladesh, formed mdkntral Bay of Bengal hit the coast of Banglades2007 and it made
landfall on 15th of November with peaking wind sped over 260 km/h. It resulted in an estimatedd,6uman deaths
and the displacement of over 3 million people stdtg US Embassy Dhaka (2007). The most significluastating
impact it left behind is on the diversity of florsf the Sundarbans. One quarter of the biomass c@whkich is
approximately 2500 sq. km) of the Sundarbans mamgforest was damaged by the storm directly oréudly due to the
tidal surge stated by CEGIS (2007). The study shiwasthe total forest area damaged by the cycBidewas about 21%
of the Sundarbans. It was found that highly affedtrest areas were dominated by Kedanferatia apetala). Trees of
Keora are comparatively taller more than 15 m armmvgon newly accreted forest land. Moderately aédcareas were
dominated by SundrHeritiera fomes) and GewakHxcoecaria agallocha). They are medium range from 10-15 m to small
5-10 m trees. Slightly affected areas were idexttifilong the river banks and in the northern paBumdarban. They were

mainly Gewa dominated areas with comparatively Emé&lees.
KEYWORDS: Primary Indicators of Environmental Sustainabjlijversity in Tropical Forests
INTRODUCTION

The primary indicators of environmental sustaingbik the biodiversity and its conservation stablsdKates et
al. (2001), whereas the assessment of biomasdasti€ diversity in tropical forests has beenritfied as a priority by
many international organizations stated by Storlalet(1997). Bangladesh has only 18% (2.58 milllta) of forest
coverage. On the basis of geographical locatiamaté, topography and management principles, theste can broadly
be classified into: hill forests, mangrove foregilgin land sal forests, unclassified state foresitsl homestead forests
stated by Motiur (2006). The Sundarbans is a nhtagion in Bengal, South Asia. ‘Sundarbans’ isen@ai language and
meaning is ‘beautiful forest’. It is theingle area of tidal mangrove forest in the wolids in the natural delta of the
Ganges, the Brahmaputra and the Meghria.a UNESCO World Heritage Site.

The Sundarbans lies in the vast delta on the Bay B#ngal formed by the siltation from
the Padma, Brahmaputra and Meghna rivers acroshesalBangladesh. The Sundarbans has extremelydivelnsity of
terrestrial and aquatic flora and fauna. Mangromes associated with flowering plants, palms, febrgpphytes, fungi,

algae, lichens and bacteria. About 334 plant spetieluding 35 legumes, 29 grasses, 19 sedge=sydi®rbia and 50 true
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mangrove plant species were recorded by Chaffay @995). Mangrove forests are habitats to ab00t pecies of wild
vascular plants, stated in FAO (2004). A mentioaainount of economically important plants are foumthis forest.
Macintosh & Ashton (2002) stated that fauna havenbpoorly studied in comparison to flora, but adowy to FAO
estimates, Sundarbans mangrove forest is home.t84€aspecies of wild animals, including. 419 RoBeanhgal tigers
stated in MoEF (2004). Within the forest habitdtsere are ca. 50 species of mammals, ca. 320 spetimland and
migratory birds, ca. 50 species of reptiles, eigbecies of amphibians, ca. 400 species of fishwels as insects.
Mangroves are also the nursery and/or breedingngistor several commercially important speciesqufadic fauna stated
by Saenger (2002). Among the invertebrates som&usosl and crustaceans constitute important fisheeigsources. Pasha
& Siddiqui (2003) stated that, about 20 speciestofmps, 8 species of lobsters, 7 species of crsdbgral species of
gastropods, and 6 species of pelecypods have kpented from the Sundarbans. Seidensticker & H283) stated that,
over 120 species of fish are said to be commonlgleeby commercial fishermen. A large number ofreenically

important plants are found in this forest.

The main goal of this study is to carry out a coaf@nsive assessment on Sidr affected area on ®amdaiThe
main objective of this study is to assess the dmmdi of ecosystem, biodiversity, causes of lossatiral resources,

salinity intrusion and other related factors duSidr in the Sundarbans area.
METHODS AND MATERIALS

The study was conducted through secondary datactiolh of different institutional and newspaperagg. After

the data collection and analysis phase is completed

The Sundarbans is located at 21°30'- 22°30'N, 8®Q2L8'E. Area of the Sundarbans is approximat@€y00
km? of which 60% is located in Bangladesh with the a@mder in India. The area of the Sundarbans in Bategh is 5,950
km? of which 1,396.99 kfare protected as follows: Sundarbans West Wil@iéactuary with 715.02 KmSundarbans
East Wildlife Sanctuary with 312.26 Kmand Sundarbans South Wildlife Sanctuary with 369knf. Sundarbans
National Park (1,330.10 Kin a World Heritage Site, is situated to the westridia. Sundarbans is located in Khulna
division in Bangladesh area; nearest cities arelihuSatkhira and Bagerhat. It's South, East anst igethree protected

forests in Bangladesh.

Secondary data’s such as statistical data, repuetps collected from various Government and Noreguwent
organizations like Department of Environment (DoBhaka, Department of Forestry (DoF), Dhaka, Suvalss
Biodiversity Conservation Project (SBCP), Khulnghukha Forest Office, Relevant papers and reportthtefnational
Organizations through internet search, Journalgpapers relevant to the study from NGO'’s, Semiitmaty of Urban and

Rural Planning Discipline. Collected informatiom&re processed, analyzed and interpreted to fiadetbult the study.
RESULTS AND DISCUSSIONS

In November 2007, cyclone Sidr struck and folloveatk to its two major predecessors and devastateal of
the country. The estimated casualty figure of 4,@84ths stated by EM-DAT (2008a); reflects a hudifiid improvement
over the preceding 37 years. Sidr began to deveto November 2007 before being upgraded to a 6oyl on 12
November 2007, a “severe cyclone” later that dag, @ “very severe cyclone” early on 13 November7200reached its

peak strength on the morning of 15 November 200@rbenaking landfall at around 6.30pm local timeoas an area of
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some 1,000km in diameter. The arrival of the cyelevas accompanied by heavy rain and a storm sudrgenee 10-15
feet (3-5 metres) although, fortunately, it stratkow tide otherwise the effects would have beeraggr still, stated by
GoB (2008).

Some 35M people (20%) of the population live in i@ coastal districts of Bangladesh which havesaltiag
high population density of some 1000 persons/sqMamy of these people live on off-shore islandsvinas “chars”
(meaning “children of the land”) which have beeeated by the silt that flows down the main rivere (Padma (Ganges),
the Brahmaputra, and the Meghna), as well as o8@rl@sser ones). The chars are, typically, less théeet (1 metre)
above sea level and have very limited forestatg@mvihg them vulnerable to cyclones, and it wassasegh as these that

took the main force of Cyclone Sidr shown in figdre
Synopsis of Cyclone Sidr

* Formed November 11, 2007

* Enter to land November 15, 2007

» DissipatedNovember 16, 2007

* Highest winds215 km/h (130 mph)

e Lowest pressure944 hPa (mbar)

+ Fatalities>3,447

» Damage$450 million (2007 USD)

» Areas affectedBangladesh and West Bengal, India

Cyclone Sidr
Affected Districts

'Cydone Sidr Track
Rajshahi Sylhe

o T
1

Shariatp
Madaripur

\

Worst Affected Districts
| Less Affected Districts
T Jowisen 0 2% 5

District

Figure 1: Districts of Bangladesh affected by Cyclee SIDR. (Source: GoB, 2008)

The Sundarbans mangroves and coastal forests iamgert as effective barriers to cyclones, becaméoobv
during cyclone Sidr. Devastation to inland assets lavelihoods losses could have been much morersewithout their

acting as barriers. Due to the absence of marketnmation, a full economic assessment of the damag¢hese resources
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was not possible.

The Sundarbans comprising the southern part ofShikhira, Khulna, and Bagerhat districts is theydat
mangrove ecosystem of the world. The Sundarban&ariar for its wide range of flora, fauna anduatjc life. More
than 270 species of birds, 35 species of reptilied,42 species of mammals (including the famoualBgngal tiger), and
400 species of fish are recorded. Three wildlifecsaaries covering an area of 139,700 ha were et World Heritage
Site in 1997. It extends 80 km north of the BayBehgal and is bound on the east by the BaleswasrRind on the west
by the border with India. The Sundarbans coversestmtal 590,000 hectares. A coastal afforestatiognam has been in
place since 1960, covering mainly newly accretedstal land, the riverine coastal belt, and aband@mbankments.
These plantations have played a significant roleducing the impact of previous cyclones and fiodtheir effectiveness
as a barrier to cyclones depends on the widtheptantation, the number of stems per unit areasike of the trees, the
effect of branches and the roughness of the landsi@l afforestation programs have covered abd008 ha. Moreover,
social forestry programs introduced by the Forespddtment, in areas such as encroached and dedmadsts, roadsides,
char land, and other marginal lands, have incregeseh coverage and created employment opportsinifirough 2002,
a total of 111,650 ha of lands had been brough¢ureforestation since 1990.

Sidr was hit the eastern part of the Sundarbansecéaly Dublar Char, Kotka, Kochikhali, Hiron Pgin
Sharankhola, and the Chandpai area, causing sdgsteiction within 300 m of riverbanks. Satellibeaigery reveals that
the cyclone covered about 30% of the Sundarbares séthere ecosystem disruption included uprootedkeorand twisted
plants, and burnt foliage. The Forest Departmetimased that about 30,000 acres of forest resouvsere severely
affected and another 80,000 acres were partiafgctefd. National and UN organizations participatedhe preliminary
assessment of the damage following Sidr. SpaceaR#sand Remote Sensing Organization (SPARRSO)Camdre for
Environmental and Geographical Information Servi@@8GIS) reported 19% and 31% of the Sundarbansdaasged,
respectively (SPARRSO, 2007; CEGIS, 2007). UNES&t»rted 30% damage (UNESCO, 2007).

The flora species of the Sundarbans is composedlynaf halophytic tree species. The eastern pamasnly

dominated by Sundri and Gewa, which were affectedyislone Sidr on 15 November 2007.

In the partially affected areas, many branches weo&en but the main trunks of the trees remaiméakct. The
impact on dominant plant species—Sundiliefitiera fomes), Gewa Exococaria agallocha), and Keora $onneratia
apetala)—was severe. An UNDBponsored report showed that Keora was the mosttaff plant species (80 percent)
among all those affected in a total of 47,211 a(Besirce: Rapid Environmental Assessment in the Siiécted Areas: A
Joint Assessment by FD, DoE, CEGIS, SPARRSO and RINZD08). The forest department estimated totadstor
resources damaged in the affected 110,000 ha arg BT 10 billion (The accuracy of these numbearaat confirmed.
Calculation is based on BDT 400 ~ BDT 250, sinceketavalues do not exist, these values is diffibeltonfirm).

The disruption to the normal Sundarbans ecosystmietibns was extensive. Damaged and broken treggcted
the movement of animals, prevented regenerationdaigp and lead to scarcity of food. Fifty sevemg@s of varying size
the source of drinking water for local animals weentaminated by saline water. The monitoring and/esllance
facilities of the forest department have been ssyatestroyed, including many old, outdated infnactiure facilities and
boats used by the forest department to patrol aoditor the area. All ninetjour administrative units were seriously

affected with nearly all of the offices and resiti@nbuildings in the eastern part of Sundarbartallto or partially

| NASS Rating: 3.30 - Articles can be sent teditor@impactjournals.us |




| Disaster Impact on Sundarbans - A Case Study on S®Affected Area 9

destroyed.

Coastal forests act as a natural barrier to reaind velocities (protecting embankments and setlets) was
evidenced. Many coastal forests were heavily agfittly the uprooting of millions of timber and frtriées, nurseries were
destroyed, and hundreds of miles of roads and eknbamts with planted trees on the slopes were ercdmzbrding to the
Forest Department, 3,500 ha of coastal forest,mbil&s of strip plantations and 3.1 million nurseeedlings were affected
in the coastal areas. The physical damage incl8882 miles of strip plantation, 78 ha of char Igtahtation and nursery

seedlings.

The Sundarbans absorbed the main blow of the Saling human lives by slowing down the nature'sthvra
According to the forest department, One fourthhef Bundarbans forest area had been damaged byctbee Sidr. Eight
to ten percent of the forest had been damaged edetyl while fifteen percent has been partly dardgméblished in The
Daily Star, 20 November 2007.

The Sundarbans is known as the home of the Royadd@eTigers, already an endangered animal, asagedif
many other species like spotted deer which arehenverge of extinction. The Forest Department istgemake an

assessment of the colossal losses of wildlife @Sbndarbans.

Cyclone Sidr caused tremendous damage to wildlifee loss of wildlife is either due washed away hg t
cyclone and tidal surges or fall under the brokeses. The Dead animals may cause environmentakdsaza the
remaining herbivores and other wildlife. The cyadatamaged and broken trees restrict the movemenildiffe caused
scarcity of fodder due to loss of regeneratiorhmforest floor. As the existing ponds in the Subédas have been infested

with the salt water, safe drinking water for thénaais is not available.

More than a million people living around the Surdars depend on this forest for their livelihoodeTbrest is
an environmental shield for the people living ire tbountry’s southwestern region. The rivers in #stuary of the
Sundarbans hold more than 200 species of fishdnwduHilsha, Fatty Catfish, Bass, White Grunt, Eall Catfish, Indian
Salmon, Crocker, Scats, Mullets, Ribbon Fish, Baynback, Anchovys etc. published in The Daily Star Movember
2007. Besides, these rivers are the sanctuaryr@fusatypes of shrimps like tiger shrimps, giamtst water prawn, Indian

white shrimp, green tiger shrimp, brown shrimp etc.

The study shows that the total forest area dambagete cyclone Sidr was about 21% of the Sundardamsas
found that highly affected forest areas were doteithdy Keora $onneratia apetala). Trees of Keora are comparatively
taller more than 15 m and grow on newly accretegdibland. Moderately affected areas were dominbie@&undri
(Heritiera fomes) and GewakHxcoecaria agallocha). They are medium range from 10-15 m to small 5vil@ees. Slightly
affected areas were identified along the river saakd in the northern part of Sundarban. They weamly Gewa

dominated areas with comparatively smaller trees.
RECOMMENDATIONS

Coastal afforestation protects embankments agaiydbnic surge and monsoon waves with the tremendou
additional benefit of greatly reducing the impatthe storm surge observed by the cyclone Sidrahdr cyclones. For

protection against future disasters and to proud®me opportunities for local people throughmanagement of the
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programs, further green the coastal belt are neédwt will include a carefully designed and taegepublic involvement
and education campaigns. Furthermore opporturfitiesarbon sequestration should be explored fortiaal resources.
Restoration program of the Sundarbans should bertaicen based on the studies carried out in théumeterm. The
sustainable development of the Sundarbans willrenauavorable environment for flora and faunaya$f as watershed

protection and nature preserve management.

Strong embankment is one of the capacities to witits against storm surge. Embankment and Polder in

Bangladesh seem to have the following weakness.
 Embankments and Polders do not provide the enoeigits to prevent overtopping of cyclone storm surg

e Accuracy of construction for the side slope andamg of the structures is low. Irregular undulatieiseen at any

places.

* Many trees are planted in the surface layer of ewi@nts and polders. A large number of these tvweme

blown down by the strong wind to cause the ovemgrior uprooting and the failure of embankment body
* Maintenance for the structures has scarcely beecutsd.
» lllegal habitation on the structures.

The followings should be considered to strengttenetmbankments and polders.

» Present coastal embankments are besides effeaaiash cyclone storm surge not only to normal hiigle.

However, they will involve a risk of failure by orepping of a surge or a flood.

» The action plan to make all embankments reconswitbt higher bank enable to prevent a storm susgsms to
have several problems in the present time suchtti@trelated infrastructures are not fully provid&dhen
considered the nature of bank materials, the ptessnpaction technique for soil, the accuracy adrirchnique,
the level of maintenance, the agricultural statpatder lands and the quick drainage system fondation area

so on, the plan to make all embankments enlargédimiseen difficult to be executed.

« Embankments and polders should be strengthenedgerdttextile or local productive materials likeguProper

compaction and vegetative protection to the bodi#se effective.

« Bank protection with stonemason or concrete blookld/ not be reasonable in use in Bangladesh, sircstone

and concrete block are rarely produced and nedddust.

» It will be worthwhile constructing secondary embargnts parallel to the present embankments, those ar
expected in flood storage and energy decay of stamge. The bounded land by two embankments caulssbd
for a farm field.

» Shorefront rooms are remained or newly formed iresa places of the coastal area. It is effectorepfrevention
and mitigation to a storm surge, to make new cobasigetation zones at the places together with exwirgg the
present coastal vegetation zones. Constructioncas tlisaster prevention can be developed. Syothetasures
should be planned with considering the relatiomien embankments, roads, upping of residential, leimannel

network and culverts so on. A surrounded land bparmments and roads should be appropriated fotagedieg

NASS Rating: 3.30 - Articles can be sent teditor@impactjournals.us |




Disaster Impact on Sundarbans - A Case Study on S®Affected Area 11

basin.

e Computer simulation techniques should be used moaetically for the land administration to achietre
purpose.

CONCLUSIONS

In November 2007, cyclone Sidr struck and follovmeatk to its two major predecessors and devastateal of
the country. The estimated casualty figure of 4,884ths. Sidr began to develop on 9 November 2@daGrd being
upgraded to a “cyclone” on 12 November 2007, aésexyclone” later that day, and a “very severdang’ early on 13
November 2007. It reached its peak strength onntbening of 15 November 2007 before making land&llaround
6.30pm local time across an area of some 1,000kaaimeter. The arrival of the cyclone was accongahbly heavy rain

and a storm surge of some 10-15 feet (3-5 mettd®)ugh, fortunately, it struck at low tide otheseithe effects would
have been greater still.

The Sundarbans mangroves and coastal forests iampeit as effective barriers to cyclones, becaméoobv
during cyclone Sidr. Devastation to inland assets lavelihoods losses could have been much morersewithout their
acting as barriers. The Sundarbans comprising déhern part of the Satkhira, Khulna, and Bagedistricts is the

largest mangrove ecosystem of the world. The Sinastesrare familiar for its wide range of flora, faiand aquatic life.

The Sundarbans absorbed the main blow of the Salting human lives by slowing down the nature'sthvra
According to the forest department, One fourthhef Bundarbans forest area had been damaged byctbee Sidr. Eight
to ten percent of the forest had been damaged evempl while fifteen percent has been partly dardagée study shows
that the total forest area damaged by the cyclatievias about 21% of the Sundarbans. It was fohatl iighly affected
forest areas were dominated by KedBanferatia apetala). Trees of Keora are comparatively taller morenthd m and
grow on newly accreted forest land. Moderately @éid areas were dominated by Sunéterftiera fomes) and Gewa
(Excoecaria agallocha). They are medium range from 10-15 m to small 5MiQrees. Slightly affected areas were
identified along the river banks and in the nonthpart of Sundarban. They were mainly Gewa doméhaieas with
comparatively smaller trees.
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