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Abstract

The intertidal mangrove ecosystem of Indian Suralarls now as a critical ecosystem due to climasngh
induced sea level rise. The present study analysesesponses, migration, destruction and vulnktgalbif the
four deltaic mangrove ecosystem (Bakhali, BulcheDglhausie and Bangaduni Islands) along the oswhas.
The changes of these deltaic ecosystem studiedibyg &1S and remote sensing with collecting dataualkea
level of nearest tidal gauge station Haldia (2.59.@ mm/year) and Diamond Harbor (4.67 + 0.68 miawye
The study finds that if the sea level rises retato mangrove surface, the mangrove retreat lardlaad also
decline the land areas, increases soil erosion affatted in southern and southwestern part whieeset
vulnerable mangrove islands is located. Moreoverstindy indicates that the low level mangrove wéawould
be threatened with the rates of increasing sea lsnder present climate change.

Keywords. Sea level rise, Mangrove dynamics, landward migratiMangrove vulnerability, Sustainable
mangrove management.

1. INTRODUCTION:
Mangroves are one of the most important primargueses of intertidal deltas and coastal regionhetropical
and subtropical regions all over the world. Thesgstems also helps in the protection of shorelimé laving
habitat by the attenuating power of wave energyni®nan et al., 1997, Quartel et al., 2007). Thesastal
habitats are now threatened due to sea level aoils causing climate change (Alongi, 2008; Bemgfeal.,
2008, Cohen et al., 2008, Gilman et al., 2008). ©keillations may affect to the distribution of ngaove
habitats along the coastlines (Rossetti et al 2Mignda et al 2009, Rossetti et al 2012), anddisplacement
of all dependent coastal ecosystems (Chappell 1$90C 1996, crooks and turner, 1999). Mangroveamby
affected by sea level rise, also have a signifithrgat to salt marsh habitat and intertidal wettaand related
ecosystem (Cohen et al., 2006; Nicholls et al.,7200

The important consequences resgnt climate warming is sea level fluctuationsiag by the
melting of Antarctic and Greenland ice sheets, igtacand the thermal expansion of regional climatic
fluctuations (Ragoonaden, 2006). The IntergoverrialePanel on Climate Change (IPCC) report mentioned
that, the Predicted sea level of"2dentury, increases gradually at the rate of 1-2 pemyear (Boesch, 2002),
causing by physical and human-induced Global ckntdtange. The fourth assessment report of IPCO &t
(by tidal gauge observation) that the change ofage sea level in the ®@entury is about 1.5 + 0.5 mm per
year (church et al., 2001), although Church etlas been estimated it is about 1.8 + 0.3 mm par ye
between 1950 to 2000. However, the existence ofgnoawe ecosystem depends on the sea level whelisthg r
rate is up to 9-10 cm per hundred years (Singh3R0Che declining rates of mangrove coastlines fi®8000
km in 1980 to 146530 km in 2000 have been obsebyefod and agricultural organization (FAOS). Mamgg
characteristics should be changed in a devastatéyg when the rate of sea level rise exceeds niane 10 cm
per hundred years (Singh, 2003). This effect shathdnge the significant adverse impacts on coastal
ecosystems. The gradual increase of the water (€rairch, 2001, 2004) could affect mangrove divgrand
health of the associated changes of the soil salisil erosion, sediment deposition and inuncdatill of these
adverse conditions can change the mangrove zonatidmrmigration from seaward to landward side altireg
oceanic regions (Gilman et al., 2006). After se@lleise, Storm surges play the role in the deéingamangrove
area and deteriorate the ecosystem and the effieays be combindly that can accelerate to the landwar
migration also (Ellison, 2000). The limitation @md and vertical increase of water level may effedtwater
logging causing death of mangroves with associtibed and related habitats (Jagta et al., 2003grdfore, the
assessment about the impacts of climate changeedaigd events in the mangrove belt as an additiasia
which have a significant adverse effect of stregsioastal habitats (Bijlsma, 1997). So the prestudy
analyses the role of sea level rise to the changigation and defragmentation of the coastal maweghabitat
and also find some vulnerable area that may infleesignificantly. Thus the dynamics of mangrovesgstem
in response to projected sea level rise enablaki® appropriate planning for reducing threats anudn safety
of coastal area (Gilman et al., 2007).

2. STUDY AREA AND ITSIMPORTANCE ASA COASTAL BIOSPHERE RESERVE:
Sundarban mangroves are a part of the world’s $ardelta of India and Bangladesh. The delta has fmened
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in the estuarine region of Ganga-Brahmaputra angha River. Sundarban mangroves have also the dRegi
of largest halophytic formation’ along the coastliit was also declared a “world heritage site”(@)9&nd
“biosphere reserve”(1989) of which 2125 sq km odedoy mangroves across 56 islands by the Intemnaiti
Union for Conservation of Nature (IUCN) and Unitétations Educational and Scientific Co-operation
(UNESCO) respectively. The Indian part of Sundarbas an aerial extend about 4262 sq km. This padists
of 106 deltaic islands therein 54 have human htitaand all over the region characterized by nmfst
innumerable rivers, tidal creeks and small chani@&lsdarban biodiversity has been important asbandoned
biodiversity of which 37 are mangrove species irpkint species.

In the last century, the probabilitigsflood and bank erosion have accelerated duedre#ased rate of
siltation and erosion of riverbeds. The continudss of sea level are now being a significant askeffects of
the existence of this fragile ecosystem.

Sundarban

T T
87°E 90°E

River

Manarove

o 5 10 20 30

Figure 1. Map of study area

The present study area situated ordistern coast of India in the southern part of \Besigal (fig-1) in
between 21°13"- 22°40" north latitude and 88°089206" east longitude. It is located at about 160douth
east of Kolkata in South 24 Pargana district. Muzst of this district predominated by flood and loye prone
area. The tides of the study area are semi diwndlfloor varies from 0.9 m to 2.11 m above se&llév
different regions during different seasons, maihlgeaches a maximum during monsoon and minimunndur
the winter (Muniyandi, 1986; Kathiresan, 2000).dtidal level influenced by the direct connectioithvithe sea
at the Hugli river mouth and also through the GaBgghmaputra estuaries (Kathiresan, 2000; Rajkwehai.,
2009).

3. MATERIALSAND METHODS:

3.1 Analysisof rising sea level:

The official record of the exact mean sea levethef study area is not available. So, the neardstdauge
station with available tidal data in the study aie®iamond Hourbar and Haldia. Seasonal chandgeslated
using the both station’s tidal gauge data recofde®4 years from 1952- 2013 indicates a 2.59+1 pemyear
(Mahendra et al., 2011). This tidal range is a itisthis area where a large part of the coastal ®t@w-lying
with a gentle slope that has been always affecyetthd large inundation as well as increases theerability of
the region. The Ganga- Brahmaputra mangrove dedtizates most of the areas are under threat digwver
mean elevation (Mahendra et al., 2011).

3.2 analysis of mangrove dynamics:

3.2.1 Collection of satellite images and Toposheet:

Four multispectral satellite images (Landsat) tt@ters whole Indian parts of Sundarban BiospherseiRe
were downloaded from the freely available USGS ({&thi States Geological Service) GLOVIS
(http://glovis.usgs.gov). These Orthorectified imadgwith universal transverse Mercator projectiod sorld
geodetic system 84 datum) are Landsat MultispeBitahner (MSS) data (Columns 1953, Rows 1459, Oated

118



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) i-IJTl
Vol.4, No.21, 2014 IIS E

Dec 1975), Landsat Thematic Mapper (TM) data (ColsirB708, Rows 2754, Dated 12 Dec 1990), Enhanced
Thematic Mapper plus (ETM+) data (Columns 7809, R&®833, Dated 27 Nov 2002) and Operational land
imager (OLI) data (Columns 3710, Rows 2771, Datedanh 2014). These images are possibly collectsdra¢
season and less likely to have had miss classdit&tror during spectral analysis of different LOIcategories.
Topographic maps (NF 45/11, NF 45/12, NF 45/7, IdRd45/8) are used that has been downloaded frorasTex
library at scale of 1:250000.

3.2.2 Identification of mangrove boundary:

The boundaries of the study area were identifiednapual digitizing method on the basis of mangranea and
the deltaic environment. The area extracted frotellga images and Toposheet by masking methoddn@IS
10.2.1 software in different time period.

3.2.3 Identification of vulnerable mangrove area:

From the satellite images, we found four more widbke mangrove island in the ocean for the analykthe
trend of mangrove dynamics. The manual digitizedrnoiary of all satellite images and Toposheet fi iiname

at the same scale and latitude. That help to ifyetite migration of mangrove area to the landwade.sThe
map also visualizes the trend of migration and rdesbn of the mangrove area and related detailaitel
environments.

3.2.4 Prepare the digital elevation model:

Slope, elevation is the significant parameters ithantify the vulnerable lands of coastal area thath more
effects of the vegetation transformation (GesctAkt.2009). This parameter also determines thectifig area
by sea level rise along the coastal area. This ¢ingssessed by using ASTER data (2014) that cetleitom
the USGS website. Then find the regional slope rafated erosion prone region for the assessmehaloitat
change and dynamical relationship due to presentesel rise.

4 SEA LEVEL RISE SCENARIO:

The changes of sea level measured by the tide gdaigethat related to the change in Eustatic (¢laberage

level) sea level, local and regional factors. Tate rof sea level change that measured by tide gdatgeis

mostly used for the regional change of coastalamels (Gilman, 2007) as well as mangrove dynamiastlise

values differ significantly from global relativeaséevel. Although regional additional variabilitisa depends on
tectonic processes, coastal subsidence, sedimeigiehumeteorological and oceanographic factor wileee
coastal wetland situated (Gilman, 2007) and aleadtetance of the availability of tide gauge d&tea level data
of the present study area is not available.

So, the nearest station of Haldia (figure-2, 4) &i@mond Hourbar (figure-3, 5) tidal gauge dataduf® the

analysis of sea level trends. The rate of sea lelilahge of diamond Hourbar tidal gauge stationbisua

4.67+0.68 mm per year and Haldia 2.59+1.00 mm par.yThe annual mean sea level rise from 1950 14 20
about 6.8 m to 7.23 m at Diamond Harbor and Haklagbout 6.92 to 7.17 m from 1970 to 2014. The ghaof

this sea level is approximately 0.30 m within ayg@rs can be influenced to the dynamics of coastlhnds as

well as mangrove ecosystems.
Haidia, india 258+ 1.00 mmiyr Diamond Harbour, India 467 +/-0.68 mmiyr
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Figure 4: Sea level trend of Haldia
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Figure 2: Annual mean sea level of Haldia Figure 3: Annual mean sea level of Diamond Harbor
5.RESULTS:

5.1 Mangrove responsesto the changesin relative sea level:

Mangrove dominated deltas Sundarban shifted gusition due to the responses of sea level risthoigh sea
level rise is predominating factor in the analysismangrove dynamics, coastal erosion and depaositea
wave, fishing, agriculture as well as other humetivily may possibly play a role to understand eéhdgnamics.
In general, there are three ways to explain thegnoae position to sea level trends that can appty¢ present
study (table-1):

Table-1: Mangrove shifting and changing sea level:
Condition Effect Affected areas

Relative to mangrove Condition Effect Mangrove position remait Middle part of Sundarban that
surface  when sei stable, little change, Internal characteristiccs dominated by agricultural land.
level remains mangrove changed by human activity.
unchanged

Relative to mangrove Mangrove  margins migrate  SeawardSouth-eastern part and southern part
surface  when seamangrove density will Increase, expansion efithout deltaic part.
level falls land area.

Relative to mangrove Mangrove’'s seaward and landward marg Southern part, south-western part with

surface when sei retreat landward, decline land area, Redu deltaic environment specially Bakkhelli

level rises of mangrove density (NDVI), soil erosio island, Bulcherry island, Dalhousie
increase, and conversion of land use. island and Bangaduni Island.

Slope of the adjacent Coastal area as a majoreimfing factor in the migration of mangrove buthe presence

of barriers can control the landward migration. Taedward mangrove boundary Demarcated by sea ,walls
roads, etc. Some mangroves will gradually be rediinearea, may get restricted to a narrow fringdame
mortality (Avijit et al., 2013). The mangrove - dorated deltas Sundarban is noted for intense erosia
seasonal flood and other devastated physical gctinfluence the pattern of landward migration asllivas
mangrove declination. This effect should be a mamblem in case of Bakkhali Island, Bulcherry igla
Dalhousie Island and Bangaduni Island (figure-6)eSe islands may be fully destroyed in the futweabise of
their higher rate of erosion due to present tidahthation. However, Bakkhali Island is only migragifrom the
sea to landward side with their declining rate afnigrove but other area declined to seaward side.
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Figure 6: Location of four most Vulnerable Iandsdueto sea level rise
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Figure 7: Mangrove destruction with landward migration of Vulnerable Bakkhali Island
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The responses of the Bakhali Island (figure-7) arercomplex in nature due to differential erosiétHooghly
River where tidal gauge data fluctuated signifibanthe area of Bakhali Island destroyed alongritier side

and also migrated towards landward side. The desirurate is about 2/3 within 40 years.
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Figure 8: Destruction of Bulcherry mangrove Idand in seaward side dueto rise of sea level

Bulchery Island (figure-8) is affected by signifitaerosion that dominated to the destruction argtatkation of
mangroves. The destruction of mangroves and erasioretion accelerated to the mixture of salt ams$h
water, causing frequent tidal floods and sediméntain the creek. The erosion across the islandsase
dominant than the accretion. This island may agdiow up intermittently if the accretionary processe

predominate in the future.
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Figure9: Responses of Dalhousie mangrove Island in seaward side dueto rise of sea level
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Dalhousie (figure-9) and Bangaduni Islands (figi®@-both are located at an elevation of 1 metewalsea
level where a tract of land, smaller than a comtinsurrounded by the high water. The island eroded
submerged significantly due to lower elevation.V&wa side significantly threatened by tidal anderierosion,
but others side affected by the erosion and ses. lev
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Figure 10: Migration of mangrove along the Seaward side of Bangaduni I sland
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Figure 11: Impacts of SLR on mangrovesvia ground water system (modified from Avijit Mitra, 2013)
Sundarban as a highly susceptible to climate chardyeced sea level rise (Pengra et al., 2007). Wisipect to
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sustainable management of natural resource in thelé8ban region faces many difficulties like cy@sn
Monsoonal high floods, sea surge and high drainkgsity, mud flats and Stalinization also. Moreovke sea
level change is the major factor which may influemther kind of problems. The Stalinization problefrthe
study area is a kind of big threat. High salinity
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Figure 12: Crosssection along the coastal area and most vulnerable I slands
increases the amount of sulfate in seawater ard weter, which create the anaerobic decompositfopeat
and increasing the mangrove’s vulnerability (Snedak993, 1995).These problems primarily caused by
inundation due to the increases of tidal actiilangrove association and zonation are closelyedlat slope
shoreline, soil, habitat stratigraphy as well dngg regimes (Semeniuk, 1994).the change of tteeseone can
lead to alter the mangrove systems (fig-11). Thimgi of sea level may effects some edaphic chamgesrally
changes of soil and salinity, tidal dominated 8atfaces and groundwater also. However, the maergrave
hydrologically adjust to a new level of sea wavel dngher frequency of inundation (Semeniuk, 199%)jis
adjusted nature also depends on geomorphic, settilngit, hydrologic and biologic nature of the ddt
coastal zone (Woodroffe, 1990; Pernetta, 1993). Sibpe of this region also promote to the adjustnaa
dynamics of mangrove forests along the coastal @igd?2) that's why the referred four vulnerabkdaind
submerged and eroded easily due to their lowerhteidut, for those coasts that's had a gentleeslopt
having the significant change. The major changi@de areas depends on:

1. Migration of ground water fields.

2. Increased frequency of inundation.

3. The inundation of barred high tidal areas.
Mangroves may respond with geomorphic and strailyca setting along the shoreline and the suitable
substrates may change the landward major encroaxth®@a The other hand, smaller scale geomorphits uni
adjust the new equilibrium position of mean se&leMowever, the response of Sundarban mangrogeattual
rising of mean sea level will be a most difficudt predict for the least involvement of mangrovepoese. The
present study about mangrove dynamics can be limkddthe global eustatic sea level rise, due ® liigh
increase of surface temperature and glacier metiragl over the world during the last century.

9. Conclusion

Management of the mangrove dominated coastal elmwByis a major issue of the present climatic comiple
There will be follow a comprehensive way to incaigte information of both qualitative and quantitatnature
for the decision making processes. As demonstrdled present study of integrated remote sensingGisd
technique provides some important information abnanhgrove dynamics, the optimum possibility forcass
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cannot be achieved. However, the changes of seh d&& mangrove dynamics are positively relatedaoh
other. The magnitudes of sea level rise vary frdace to place. This variation mostly depends oralloc
topography, geological structure, natural land type as well as human activities. The potential aotpalso
varies from one place to another place along ttesttioe. Multiple environmental stresses are likelgke a
most vulnerability. The low lying coastal areas &igher population with greater mangrove densig/the most
vulnerable because of their lower social, technplagd financial adaptation. An effort, in partiauthe low-
lying coastal areas need an adoptive option fdar fireper management. Thus the adoptive optiomearigrove
sustainability are mostly dependent on their lasattharacteristics as well as economic activitidere also
needs long term thinking, related to climate chairgéhe coastal zone management option that must ha
economic feasibility (Tol et al., 1996).
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