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ABSTRACT
The Indian Sundarbans face significant vulnerabilities across physicy]
economic, and social dimensions. Coastal flooding and frequent inundatioy

stem not only from extreme climatic events like tropical cyclones but g,
from the geomorphic nature of the region. The growth and decline of deltas are
influenced by the occupation and abandonment of deltaic distributaries, while
their stability depends on the interplay of wave, tide, and fluvial forces. Rivers
promote delta growth, while waves and tides modify them through sediment
redistribution. Premature land reclamation in the Sundarbans has reduced
river spill areas, causing geomorphic instability. In response, the macro tidal
Hugli estuary (tidal range > 4 m) breaches embankments to reclaim space.
leading to channel sedimentation and reduced mean depth. Additionally, the
funnel-shaped Hugli estuary exhibits time-velocity asymmetry, causing uneven
high and low tides that further increase sedimentation and disrupt drainage
systems. These combined factors destabilize the polarized landscape, with the
shifting islands and shoals in the estuary highlighting that sea level rise alone
isn't responsible for these changes. This study examines embankment breaches
and coastal flooding on Gangasagar Island. Quantitative analysis inclfxdcs:
measurements of breached Aila embankments at Beguakhali (swnmit width:
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most poundary of the mangrove forest of Sundarbap was once

o Gangasagar island (21°377-21°57 N ;88702 gge1 'E). the place
neated Yan d revered for the famous Gangasagar mela he|g each ‘;a';.’
we O\Arl?cpaeological evidences speak about previoys human habitaii&; m
Although a}IslaD d, reclamation of Gangasagar Island was initiated in the veay
Gangasfagalloca_ted at a distance from 100 km from Kolkata at the confluence of

1811" g ﬁigirathi and Hugli. At present it is under the administration of Kakdwip
| riv;:j?visiollv forming a community de\./elopment block by itself. This island was
| ;:;lrmed by the quaternary sedlmen‘tah(‘)n by river Ganga and it's distributaries.
Laden with about 25 types of Inangroves prev lously, the mangroves have nov
been destroyed due to expansion of agucul.ture z_md settlements. At present
(pewa (Excoecaria agallocha) and Baen (Avicennia alba) occupy the western
and eastern fringes of the island sporadically. This island is around 30 km in
north south extent and 12 km in east west extent. The elevation of the island is
aound 6 m. Covering an areal extent of about 300 km?, this island is subjected
tofluvial and coastal erosion as it is filled with soft silty mud.

Figure 1
Location of Gangasagar Island
: (Source: Bandyopadhyay et al. 2023]
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coastling and majol

consoquont upon O {11 avea also results in loss of morphologic 0quilhy
provonting the Uéal o tidal resonant estuary, loss of tidal spil] gy, rel“m'
B Tugh eslla D ;he intertidal area and increasing the Inear dsllltg
in disequihbl‘il{‘llll bg’siiigﬁllgn tries to restore the equilibrium by active emzfofil
wary. The , .

Zi‘ 211?1?:1[1111?3 channel margins and by in (?hkan'n.e(} Seilulton’;atlon which Tedugg
the depth (Pethick, 1994). The progradation dfl f1}( .l.g.g,‘l:(.}d 10n of any g, i
dominated by the occupation and abandm'm'lem 0 the 1; ri )uld'Iy Cha“_nels'The
relative dominance of erosive wave gnd tidal actlop and accreting ﬂm.,lal force
decides the stability of any delta. The Ganga Brahmaputra ‘delt,a being 4 tide
dominated delta, the western part of Ganga BrallmaPtltra deltz.i is reh'ograding
in nature facing decay of distributaries. A progressw'e young%ng towards
east can be observed by the presence of three overlapping deltaic lobes (Allison
et al., 2003; Sarkar et al., 2009). The southwestern section between Hugli anq
Baleswar Haringhata estuaries is macro to meso tidal in nature growing aboy;
7-1.8 kyr ago (Bandyopadhyay et al., 2023). Abandonmegt of the Western Ganga

Brahimaputra delta was also brought about by a Lgte Holocene eastward tjjs

(Morgan and Mclntire, 1959). This along with sediment sinks at Swatch of

No Ground submarine canyon and multipurpose river valley projects in the

post independent era led to a reduced sediment input in the Western section

of the Ganga Brahmaputra delta. The problem of coastal erosion can be further
attributed to these reasons also.

Also, tidal range of western Sundarban is 1.4 m higher than the eastern portion
and this accentuates erosion to the west. The funnel shaped macrotidal Hugli
estuary results in time velocity asymmetry thus flood tide takes less ti'me
(3 howurs) to complete than the ebb tide (9 hours). This results in increasing

sedimentation, increasing towards the north due to an increase in tidal range
northwards. This has led to decay

events even more in case of non
relation between rec
the shift in median
relation between cy

of tidal creeks, leading to island mergmﬁ
reclaimed islands proving that there is no suIC
lamation status and island merging events. Interestingly,

' _ ; h
location of tropical cyclones to the east suggests no s
clones and coastal refreat.
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juht into Gangasaga Island,,,
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Figure 2.
.- uilibrium due to premature ‘r(‘-zcliilmatlon: a:
Dlsiqudl is in morphological equilibrium; b; Inte
des ?}?I,Z increased; estuary is removed from morp
el:vou]d include in channel siltation and erosion of embankments (Mallik angd
Bandyopadhyay, 2024)

» 1757: East India Company gets property rights of two 24 P

In'tertidal areas are not reclaimed;
rtidal areas are reclaimed; meap
hological equilibrium, Feedback

arganas and
Sundarbans from the Nawab of Bengal.

» 1770: Claude Russell starts reclaiming Sundarban by deforestation.

* 1784: According to the orders issued by Tilman Henckell, the then district
collector of Jessore, 64,928 bighas of land were ordered to be reclaimed.

1784: On 3 April, the boundary of Sundarban was delineated.

1811-1814: W.E. Morrison surveyed Sundarban from Hugli river to the west
to Passur river to the east,.

' 1831: Preparation of Hodges map of Sundarban.

One of the major officials behind reclamation Mr. Troyd had organized Sagar

Island Society in 1822, The northern and central sectors of Gangasagar Island
U still knowy, o Troyd land because of this initiative. In 1842, 1864 and 18(-37};
m@y freshwatey Ponds were excavated which were embanked, Coupleds“',;:%
Shin stopgq, According to Ascoli (1921), 11,783 bigha land of Ghoramara,d 1 4;{);
ighas of Ferintosh, 7ag6 bighas of Sikarpur, 7349 bighas of Troyd land, 382

% o reclaimed to
i;?tl‘las . BaIIlankha]i and 17,726 bighas of land in Dhablat were reclaime
late Settlements,
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RETION PATTERN OF SAGAR ISLAND
l soclamation status ol the islnnnl.’nnml«m i) CCry,
i ‘.;l“n‘mlinnll‘v. wilh ur(mh\n’l‘lmmg tho Mitjop o)y
1q and 1904, tho notthorn part of ('.un;.;umgm' Is]
.‘ et ‘-g.t \l ‘)i‘ Ghoramard opisodically. During 1851 - 1997, lho |
from t‘hu islal ¢ 1o soa-acing soulhorn soction ol tho islang Was 9 (\./'"'”‘”
\\“t:n.\‘.\‘l‘un ;;gt;:fl;l\ib}“w Boatkhali area in tho south oast corngy of §y E""; Wy,
E::iiil:\li llll:&iil:lﬂﬂ orosion bu‘l\-\u_?ml"'1‘9;22-’1;1?7» \lel}U]l‘Grf'ocoquiml lalgg \v\(rl(:.d
as higl as 23.8 m/yr with the oblileration .0 ) Tll fl(g(l lro‘nlal dung ang [i. ’
{ ¢ of ombankments [Banclyopac?lway. 1997).Tho coast i "lekm
by the abandoned embankments bearing 'tosl‘l‘m?.lly 1lL11 Previous erosjq,, l\l:()d
the existing warginal ambankmonts are charactorised by broachos whicl, tosyy
in coastal inundation. Erosion at Gangasagar I.SL”“‘]C_l has been so froquant that
Kapil Muni temple a shrine Qfgl‘e'dt 0}1““1‘31 518111f1931106 had to be shifteq aboy;
six times since it was built. The earliest recorded temple (Anon, 1841; Wilso,
1846) was submerged in mid 19" century. A nu-mber of temporary templag WGI‘(;
constructed subsequently (O Malley, 1914; Mitra, 1954; Ray. 1971). Though,
permanent building was constructed in the year 1961 'but. it too got eroded, 1)
present temple was constructed in 1973, some 1.5 kin inside the Spring tide |j,
(Bandyopadhyay. 1997).
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Interestingly, an erosion accretion cycle got superposed over the dominay;
erosive pattern at the southern sactor between Gangasagar and Basantapuy since
1922-23. This region retrograded during 1922- 1942, prograded during 1949.
1969, retrograded again during 1968-69 — 1975 and was almost stable during
1975-1997. Small islands in the Baratala branch to the east of Sagar island grey
and disappeared bearing testimony to the ephemeral nature of Hugli estuary, A
fusion of Kabasgadi Island to the left bank of the estuary between 1967-68 and
2001 was observed. The widening of the Baratala river throughout pravious 200
years remarked that Sagar was attached 1o the area to it's east sometimes in the
past (Bandyopadhyay, 2000). Long term oscillations in the thalweg of Hugli is
observed and changes in the islands of Hugli estuary are linked to the changes
in it's tidal channels and sand ridges. Reworking of sediments by wave action
plays an important role in regulating the ephemeral nature of islands in Hugli
estuary. Moreover the islands are characterized by cyclical patterns of erosion
and accretion and this strongly discards the model of sea level rise.

Even in the 80s, Muriganga river was accessible, better than the present

times. Vessels used to ply regularly from Lot no 8 of Kakdwip to Kochuberia

of Gangasagar Island. The journey was hassle free unlike today when vessel

service needs to be kept closed for at least 5 hours daily as there is a risk of

getting obstructed by bars. Even the coastline was different; one had to walk
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(angasag®r Jsland has lost about 12.982 km? ang gained about 10,44 km?
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