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Abstract The Muriganga River, also known as 
channel creek, underwent morphological changes 
often since it is an alluvial as well as a tidal river. The 
present study analyses the morphological changes 
in the Muriganga River and its islands with the help 
of the Remote Sensing and Geographical Informa-
tion System (GIS) and digital shoreline analysis tool 
(DSAS 5.0). Moreover, the computation of morpho-
logical changes was also performed on two islands, 
i.e. Sagar and Ghoramara, which are situated just 
outside the river reach. Eight cloud-free satellite 
images of Landsat MSS (1972–1980), Landsat TM 
(1988–2011) and Landsat OLI (2017–2021) have 
been used to investigate the river shoreline shifting 
and island dynamics of the Muriganga River resulted 
from the erosion–accretion process during the last 49 
years. For the short-term study, the erosion–accretion 
rates are derived from one Landsat image to the next, 
whereas for long-term analysis, the erosion–accretion 
rates are estimated based on the difference between 
1972 as the reference image and the succeeding 
images. Short-term and long-term analysis shows 
that the average rate of erosion is more than that of 

accretion in Muriganga River. It is also found that 
the areas of Sagar, Ghoramara, Mousuni and Pushpa 
islands are shrinking continuously, whereas the Niogi 
and Basit islands are expanding enormously. These 
may indicate that the shoreline erosion results in wid-
ening the river and the eroded materials are accumu-
lated in Niogi and Basit islands. The results suggest 
that there is an urge for a better coastal management 
strategy for the erosion control scheme. This study 
also helps in gaining knowledge of maintaining the 
navigability in the Muriganga River.

Keywords Shoreline migration · Island dynamics · 
Muriganga River · Multi-temporal satellite images · 
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Introduction

One of the most dynamic regions of the earth’s sur-
face is its coasts. The term “coastal zone” refers to 
a large geographic region where the interaction of 
terrestrial and marine forces results in distinctive 
biological systems and landforms (Jayappa et  al., 
2006). Short-term and long-term shoreline altera-
tions are influenced by several types of factors such 
as sea-level rise, interaction of coastline with river 
mouth, tidal currents, wind intensity wave height and 
sediment supply (Ding & Wang, 2008; Hakkou et al., 
2018; Kumar & Jayappa, 2009). Several physical pro-
cesses, such as erosionsedimentation, tidal flooding, 
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land subsidence, volcanic activity and sea-level rise, 
are constantly causing both slow and abrupt changes 
(Maiti & Bhattacharya, 2009) in a coastal environ-
ment. The coasts have always been subjected to ero-
sion and accretion caused by wave action, tsunamis, 
storm surges, floods, cyclones, sea-level rise, tide 
and wind variations (Mukhopadhyay et  al., 2011). 
Anthropogenic activities like dredging of tidal 
entrances and navigational channels, construction of 
harbours and jetties, river water regulation works, 
hardening of shorelines with seawalls, destruction of 
mangroves and other natural buffers and beach sand 
mining increase the process of changes in shoreline 
(Dilara & Tarik, 2019; Jayakumar & Malarvannan, 
2016). The shoreline shifting process is categorized 
as eroding, i.e. landward movement, equilibrium, i.e. 
stable and accreting, i.e. seaward movement (Salg-
huna & Bharathvaj, 2015). The strength of the bank 
materials plays an important role in the movement of 
the shoreline (Knighton, 1984; Morisawa & Hack, 
1985). The climatic, geomorphic, tectonic and hydro-
dynamic forces influence both long-term and short-
term shoreline change phenomena (Bagli & Soille, 
2003; Marfai & Almohammad, 2008; McBride et al., 
1995; Mills et al., 2005; Scott, 2005; Sunarto, 2004; 
Thom & Cowell, 2005).

In the past, when performing surveys was 
regarded to be the most accurate way to undertake 
earth science research, substantial field and meas-
uring work was done to determine the ground posi-
tion of coastlines. However, human mistake causes 
unsystematic errors that are difficult to correct 
(Wright & Coleman, 1973). It is hard to undertake 
a ground survey in an unstable fluvial environment. 
However, remote sensing techniques combined with 
GIS techniques offer spatial information (Broers 
et al., 1990; Dépret et al., 2017; Dixon et al., 2018; 
Hassan et  al., 1999; Islam, 2000; Marcus & Fon-
stad, 2010; Mount et al., 2013; Roberts et al., 1993; 
Sarker & Thorne, 2009). This technique is bet-
ter suited for monitoring deltaic and coastal areas 
than traditional approaches (Muthusankar, 2011; 
Saranathan et  al., 2011). The spatial and temporal 
analyses of different rivers in various regions of the 
world have been studied using remote sensing (RS) 
and GIS techniques. With the help of the digital 
shoreline analysis system (DSAS), the linear regres-
sion rate (LRR), the end point rate (EPR) and the 

net shoreline movement (NSM) can be easily calcu-
lated by using the multi-temporal satellite images. 
Numerous researchers (Thieler et al., 2009; Mujabar 
& Chandrasekar, 2011; Hakkou et al., 2018; Karim 
Nassar et al., 2018; Natarajan et al., 2021; Chrisben 
Sam & Gurugnanam, 2022; Aladwani, 2022) have 
successfully used multi-temporal satellite images 
of Landsat MSS, Landsat TM, Landsat ETM and 
Landsat OLI to detect the shoreline changes in 
Kenitra coast (Morocco), in the coast of northern 
Sinai (Egypt), southeast coast of Cuddalore (India), 
coastal tip of Peninsular (India) and southern coast 
of Kuwait, respectively.

Human livelihoods close to the riverbank are 
in danger from ongoing erosion; on the other side, 
accretion in the riverbed is causing the construction 
of permanent shallow reefs or islands, and there-
fore, fish and aquatic species are decreasing consid-
erably. The main concern of the people living near 
the bank line depends on the stability and vulnera-
bility of that bank line. The rising and falling stages 
of flood have a significant impact on the stability of 
the shoreline. Therefore, it is essential to investigate 
and analyse the shoreline position to determine how 
vulnerable the coast is, which helps the engineers 
in better coastal management planning, hazard zone 
mapping, sea–water intrusion and so on.

The main objective of this study is to ana-
lyse the erosion–accretion changes during the last 
five decades in the Muriganga River as well as in 
Sagar and Ghoramara islands. From the analysis, it 
is found that both the left bank and right bank are 
subjected to erosion. Sagar and Ghoramara islands 
are gradually losing their area. Some islands like 
Mousuni and Pushpa are shrinking their area due 
to continuous erosion, whereas islands like Niogi 
and Basit are incessantly expanding their land due 
to continuous accretion. Though the Half-fish island 
is constantly eroding till 2004, it started expanding 
its area from 2004 onward. This may indicate that 
the locally eroded materials from Mousuni island, 
Pushpa island and banks get deposited at Niogi and 
Basit island. It is essential to know how the dynamic 
behaviour of the islands and river has changed from 
1972 to 2021. Therefore, this analysis will be help-
ful in understanding the shoreline migration and 
island dynamics which may help the coastal engi-
neers to prepare better coastal management plans.
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Study area

Muriganga River is a distributary of river Hooghly. 
The river is also known as Bartala and is located in 
the district of South 24 Parganas of West Bengal. The 
river is confined by the latitude between 21°34′30″ N 
to 21°57′30″ N and longitude between 88°02′00″ E 
to 88°15′00″ E (Fig. 1). The Hooghly river bifurcates 
at the northern tip of Sagar island. The western part 
remains as Hooghly, and the eastern part is named as 
the Muriganga River also known as Hooghly chan-
nel creek. The Muriganga River is an alluvial as well 
as a tidal river of the Hooghly estuary system. The 
estuary’s shape has an impact on making the land 
shape. Hence, the funnel shape of the estuary makes 
the tides asymmetric in nature. Because of this, high 
tide enters the estuary, while low tide cannot propa-
gate properly. This fluctuation of flow is one of the 
primary reasons for the change in shoreline in that 

region. The Sagar island has an average elevation of 
6.5 m above mean sea level (Mukherjee, 1983).

Materials and methods

To study the morphological changes in the Muriganga 
River as well as at Sagar island and Ghoramara island, 
eight cloud-free Landsat (MSS, TM and OLI-TIRS) 
satellite images of different years between 1972 and 
2021 are collected from the US Geological Survey 
(USGS) Earth Explorer. The details of the Land-
sat satellite images used in this study are shown in 
Table 1. In this study, the ArcGIS 10.4 tool has been 
used to calculate the geomorphological changes in the 
river and in the islands. The visual interpretation may 
be performed to digitize the shoreline. But there may 
have some errors. Hence, the normalized difference 
water index (NDWI) was calculated to differentiate 

Fig. 1  Location map showing the Muriganga River, Sagar island and Ghoramara island
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the water body and land. NDWI index is a satellite-
derived index and is calculated as the normalized dif-
ference between green and near-infrared bands based 
on per-pixel value (McFeeters, 1996). Band 4 and 
band 2 of Landsat TM are considered near-infrared 
(NIR) and green, respectively. Landsat MSS consists 
of 4 bands (4, 5, 6 and 7), and it is difficult to iden-
tify the exact band for NDWI calculation. Therefore, 
bands 4 and 6 here are used as green and NIR.

For NDWI analysis with the help of ArcGIS, the 
following Eq. (1) is used for Landsat MSS, Eq. (2) is 
used for Landsat TM, and Eq. (3) is used for Landsat 
OLI_TIRS, respectively:

For the calculation of the shoreline shifting rate, 
DSAS 5.0, an extension of ArcGIS, is used. There 
are mainly four steps involved in the computation 
of shoreline shifting, such as the creation of base-
line, preparation of baseline, generation of transects 
and, finally, calculation of the rate of changes in the 
shoreline (Nithu et  al., 2020). Initially, the date and 
time format of the computer is kept as mm/dd/yyyy 
and English (USA). A personal geodatabase is cre-
ated in ArcGIS for performing DSAS Analysis. 
The digitized shorelines and baseline are in the pro-
jected coordinate system of m (such as UTM or State 

(1)NDWI =
Green − NIR

Green + NIR
=

Band 4 − Band 6

Band 4 + Band 6

(2)NDWI =
Green − NIR

Green + NIR
=

Band 2 − Band 4

Band 2 + Band 4

(3)NDWI =
Green − NIR

Green + NIR
=

Band 3 − Band 5

Band 5 + Band 5

Plane). These digitized baselines and shorelines are 
added to a personal geodatabase. From the baseline, 
2000-m transects are placed perpendicularly to the 
right bank shorelines of different years at an inter-
val of 100 m with 250-m smoothing distance. On the 
other hand, 2000-m transects are placed perpendicu-
larly to the left bank at an interval of 200 m with a 
smoothing distance of 250 m. A total of 304 and 264 
transects were created for right bank and left bank, 
respectively. These transects feature data are used for 
the calculation of shoreline movement. In this analy-
sis, some statistical techniques such as net shoreline 
movement (NSM), end point rate (EPR) and linear 
regression rate (LRR) are used. In terms of shoreline 
variation rates, accretion exhibited positive values, 
whereas erosion showed negative values.

The NSM estimates the actual  distance between 
the oldest and youngest shorelines for each tran-
sect placed perpendicular to the shorelines (Himmel-
stoss et al., 2018). This is calculated as

For calculating the EPR, shoreline movement dis-
tance is divided by the time period between the oldest 
and most recent shoreline (Himmelstoss et al., 2018). 
The minimum requirements for EPR calculation are 
two shoreline dates as well as relevant information 
such as changes in sign (in other words, erosion and 
accretion), cyclical trends or magnitude, if such infor-
mation is available (e.g. Crowell et  al., 1997; Dolan 
et al., 1991). This is calculated as

The linear regression rate (LRR) determines the 
rate of change by fitting the least squares regression 
line to all the points of shorelines of transect (Him-
melstoss et al., 2018).

Results

Short-term and long-term river dynamics

In short-term analysis, the erosion–accretion is cal-
culated from one Landsat image to the next sub-
sequent image in temporal scale. But in long-term 
study, the erosion–accretion is calculated by taking 

(4)NSM =
{

d2021 − d1972

}

m

(5)EPR =
d2021 − d1972

t2021 − t1972

m∕year

Table 1  Details of the Landsat images used in this study

Sl No. Data source and sensor Date of acquisition 
(DD/MM/YYYY)

1 Landsat 1 MSS 12/12/1972
2 Landsat 3 MSS 21/02/1980
3 Landsat 5 TM 26/12/1988
4 Landsat 5 TM 16/02/1996
5 Landsat 5 TM 22/12/2004
6 Landsat 5 TM 25/02/2011
7 Landsat 8 OLI_TIRS 24/01/2017
8 Landsat 8 OLI_TIRS 21/12/2021
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the difference between the Landsat image of 1972 
as a reference and the next subsequent images. The 
rate of erosion and accretion in Muriganga River 
is given in Table 2. From the short-term and long-
term analysis, it is found that the average short-
term and long-term erosion rates during the period 
starting from 1972 to 2021 in the Muriganga River 
are 137.58 ha/year and 98.61 ha/year, respectively, 
whereas the average accretion rates are 82.60 ha/
year and 26.98 ha/year, respectively. During this 
period, the overall erosion and accretion in the 
Muriganga River are found as 6368.82 ha and 
4008.65 ha, respectively. The temporal evolution 
of the land areas of the islands and water area of 
the Muriganga River is shown in Fig.  2. Initially, 
the area of the Muriganga River was 14,029.42 
ha in 1972, but in 2021, the area is 16,390.02 ha. 
Fig.  3 also indicates that the banks are gradually 
eroding, leading to the widening of the river. Dur-
ing 1996–2004 and 2004–2011 time periods, there 
is some accretion that took place within the river 
islands. The Niogi island evolved between 2004 and 
2011, and there is a continuous expansion of Basit 
island from 1972 onwards. Otherwise, through-
out the whole time period, the erosion is more 
than that of accretion which clearly shows that the 
water area is expanding enormously. The islands 
such as Pushpa and Mousuni which are situated at 
the lower region of the river are continuously erod-
ing, whereas the islands such as Niogi and Basit, 
situated at the upper region of the river, are continu-
ously accreting (Fig. 2) throughout this time period. 
But the Half-fish island is found to be very dynamic 

because it gets eroded till 2004 and then started 
accreting till now (Fig. 2).

Short-term and long-term island dynamics

The notable islands within the Muriganga River are 
Basit, Niogi, Pushpa, Half-fish and Mousuni. The 
Sagar island is located at the western side of the river, 
whereas the Ghoramara island is situated near the 
entrance of the Muriganga River. From the short-term 
and long-term analysis, it is found that all the islands 
are highly dynamic in nature. Some islands, like Basit 
and Niogi, are getting accreted, while the remaining 
islands are getting eroded during the 1972 to 2021 
time period.

Sagar island

Sagar island is one of the popular island in Hooghly 
estuary. The famous temple of Kapil Muni is located 
at the southern tip of Sagar island. Gangasagar Mela 
is regarded as one of the most popular fair which is 
celebrated in every year in this island. The Sagar 
island has lost a significant area of near about 9.26 
% of its area from 25,874.80 (1972) to 23,476.62 
ha (2021) (Fig.  2b). From short-term and long-
term analysis, the average rate of erosion and accre-
tion in Sagar island is 90.08 ha/year and 62.92 ha/
year and 25.05 ha/year and 7.68 ha/year (Table  3), 
respectively. It clearly indicates that the average ero-
sion rate is more pronounced than the accretion rate 
in Sagar island which causes the reduction in area. 
This island shows more accretion during 1996–2004 
and 2004–2011 time periods in short-term analysis 

Table 2  Short-term and long-term erosion accretion rate in Muriganga River

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 1152.18 144.02 423.20 52.90 1972–1980 1152.18 144.02 423.20 52.90
1980–1988 1532.52 191.56 218.01 27.25 1972–1988 2177.46 136.09 133.98 8.37
1988–1996 704.47 88.06 187.60 23.45 1972–1996 2680.19 111.67 119.84 3.75
1996–2004 496.68 62.09 670.74 83.84 1972–2004 2923.68 91.36 537.39 16.79
2004–2011 153.27 21.90 2098.37 299.77 1972–2011 2409.85 61.79 1968.65 50.48
2011–2017 1523.66 253.94 140.73 23.46 1972–2017 3148.21 69.96 1324.08 29.42
2017–2021 806.04 201.51 270.00 67.50 1972–2021 3691.38 75.33 1331.21 27.17
Average 137.58 82.60 98.61 26.98
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(Fig.  4b). But from the long-term point of view, 
the island is shrinking. Most of the erosion was 
taken place in the western side and in the southern 
side of the island (Fig.  4). Very popular and active 

navigational channels like Ranglafalla, Jelingham, 
Eden and Auckland are located in the western side of 
the Sagar island. Dredging is often done here in these 
channels to continuously maintain the navigability 

Fig. 2  Area of the 
Muriganga River (a), Sagar 
island (b), Ghoramara 
island (c), Mousuni island 
(d), Half-fish island (e), 
Pushpa island (f), Basit 
island (g) and Niogi island 
(h) in the different time 
periods



Environ Monit Assess (2024) 196:199 

1 3

Page 7 of 29 199

Vol.: (0123456789)

Fig. 3  Short-term erosion–accretion in the Muriganga River (a and b) and long-term erosion–accretion in the Muriganga River (c 
and d) (1:450,000 scale) during the different time periods from 1972 to 2021

Table 3  Short-term and long-term erosion accretion rate in Sagar island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 775.45 96.93 155.89 19.49 1972–1980 775.45 96.93 155.89 19.49
1980–1988 876.45 109.56 55.87 6.98 1972–1988 1483.93 92.75 43.78 2.74
1988–1996 444.29 55.54 198.04 24.75 1972–1996 1744.21 72.68 57.81 2.41
1996–2004 199.84 24.98 520.90 65.11 1972–2004 1670.63 52.21 305.29 9.54
2004–2011 84.39 12.06 667.46 95.35 1972–2011 1170.38 30.01 388.10 9.95
2011–2017 910.04 151.67 12.04 2.01 1972–2017 1943.34 43.19 263.07 5.85
2017–2021 719.28 179.82 1.37 44.95 1972–2021 2582.77 52.71 184.60 3.77
Average 90.08 25.05 62.92 7.68
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of these channels (Dubey et  al., 2014; Maheshvaran 
et  al., 2019; Saichenthur et  al., 2021). This may be 
one of the reasons that the western side gets eroded 
enormously.

Ghoramara island

Ghoramara island, which is located near the entrance 
of the Muriganga River, is reduced to less than half 
of its area from 916.78 ha (1972) to 355.77 ha (2021) 
within the last five decades (1972–2021) (Fig.  2c). 
The short-term and long-term average erosion is 
found as 11.85 ha/year and 13.63 ha/year, respec-
tively. However, the accretion rates are comparatively 
negligible which are 0.85 ha/year and 0.15 ha/year 
in the short- and long-term, respectively (Table  4). 
The erosion takes place continuously around all sides 

(Fig.  5) without keeping the shape unchanged. This 
is probably due to the reason that the Hooghly river 
directly hits the northern side, the tidal impact hits 
the southern side, and the bifurcated flow erodes the 
eastern and western side.

Basit island

Basit island is located at the upper most region of 
the Muriganga River. This island has expanded enor-
mously from 1972 till now (Fig. 2g). The average rate 
of accretion for short-term and long-term are found 
as 16.62 ha/year and 279.97 ha/year, respectively 
(Table  5). The accretion takes place from all sides 
(Fig. 6a, c). The initial area of this island in 1972 was 
18.65 ha, whereas in 2021, the area became 647.47 
ha. Most of the accretion is found in the period of 

Fig. 4  Short-term erosion–accretion in Sagar island (a and b) and long-term erosion–accretion in Sagar island (c and d) (1:320,000 
scale) during the different time periods from 1972 to 2021
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Table 4  Short-term and long-term erosion accretion rate in Ghoramara island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 141.89 17.74 8.58 2.22 1972–1980 141.89 17.74 8.58 1.07
1980–1988 132.31 16.54 1.58 2.07 1972–1988 264.05 16.50 0.00 0.00
1988–1996 84.16 10.52 0.00 1.31 1972–1996 348.21 14.51 0.00 0.00
1996–2004 70.64 8.83 0.00 0.00 1972–2004 418.85 13.09 0.00 0.00
2004–2011 17.72 2.53 6.15 0.36 1972–2011 430.42 11.04 0.00 0.00
2011–2017 69.99 11.66 0.00 0.00 1972–2017 500.41 11.12 0.00 0.00
2017–2021 60.61 15.15 0.00 0.00 1972–2021 561.01 11.45 0.00 0.00
Average 11.85 0.85 13.63 0.15

Fig. 5  Short-term erosion–accretion in Ghoramara island (a and b) and long-term erosion–accretion in Ghoramara island (c and d) 
(1:60,000 scale) during different time periods from 1972 to 2021
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Table 5  Short-term and long-term erosion accretion rate in Basit island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 10.57 1.32 15.19 1.90 1972–1980 10.57 1.32 55.72 15.19
1980–1988 5.54 0.69 4.66 0.58 1972–1988 13.78 0.86 127.09 17.51
1988–1996 3.55 0.44 71.35 8.92 1972–1996 13.37 0.56 162.01 84.90
1996–2004 41.01 5.13 75.53 9.44 1972–2004 18.55 0.58 207.45 124.61
2004–2011 0.11 0.02 410.63 58.66 1972–2011 6.71 0.17 216.99 523.29
2011–2017 41.72 6.95 67.58 11.26 1972–2017 10.95 0.24 223.57 553.40
2017–2021 15.92 3.98 102.30 25.58 1972–2021 12.08 0.25 225.32 640.90
Average 2.65 16.62 0.57 279.97

Fig. 6  Short-term erosion–accretion in Basit island (a and b) and long-term erosion–accretion in Basit island (c and d) (1:80,000 
scale) during the different time periods from 1972 to 2021
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2004–2011. Probably, the flow gets reduced while hit-
ting the northern side of the island, and the upstream 
eroded materials get deposited at the tail of it.

Niogi island

With the help of the multi-temporal Landsat images, 
it is found that the Niogi island has emerged in 2004 
onwards (Fig.  7). Before that, this island may be in 
submerged condition. The island becomes visible due 
to the gradual depositions over the years. This newly 
developed island had an area of 50.64 ha in 2004, and 

it has become 188.34 ha in 2021 (Fig. 2h). The aver-
age accretion rates in short-term and long-term analy-
sis are very less compared to erosion (Table 6). This 
island is continuously expanding year after year.

Pushpa island

The Pushpa island is on the way to extinction 
because of continuous erosion. The average rates of 
short-term and long-term erosion are found as 4.19 
ha/year and 6.18 ha/year, and the accretion rates are 
0.07 ha/year and 0.23 ha/year (Table  7). This has 

Fig. 7  Short-term erosion–accretion in Niogi island (a and b) and long-term erosion–accretion in Niogi island (c and d) (1:40,000 
scale) during the different time periods from 1972 to 2021

Table 6  Short-term and long-term erosion accretion rate in Niogi island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 0.00 0.00 0.00 0.00 1972–1980 0.00 0.00 0.00 0.00
1980–1988 0.00 0.00 0.00 0.00 1972–1988 0.00 0.00 0.00 0.00
1988–1996 0.00 0.00 0.00 0.00 1972–1996 0.00 0.00 0.00 0.00
1996–2004 0.00 0.00 0.00 0.00 1972–2004 0.00 0.00 54.64 1.71
2004–2011 0.00 0.00 211.05 30.15 1972–2011 0.00 0.00 265.69 6.81
2011–2017 76.46 12.74 1.52 0.25 1972–2017 0.00 0.00 190.75 4.24
2017–2021 16.89 4.22 14.48 3.62 1972–2021 0.00 0.00 188.34 3.84
Average 2.42 4.86 0.00 2.37
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lost almost 98% of its area from 228.56 ha (1972) 
to 3.24 ha (2021) (Fig. 2f). The erosion takes place 

from all sides (Fig.  8), and it is probably going to 
disappear in the upcoming days.

Table 7  Short-term and long-term erosion accretion rate in Pushpa island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 55.72 6.96 1.64 0.21 1972–1980 55.72 6.96 55.72 1.64
1980–1988 74.03 9.25 1.02 0.13 1972–1988 127.09 7.94 127.09 0.00
1988–1996 34.91 4.36 0.00 0.00 1972–1996 162.01 6.75 162.01 0.00
1996–2004 45.44 5.68 0.00 0.00 1972–2004 207.45 6.48 207.45 0.00
2004–2011 10.57 1.51 1.04 0.15 1972–2011 216.99 5.56 216.99 0.00
2011–2017 6.58 1.10 0.00 0.00 1972–2017 223.57 4.97 223.57 0.00
2017–2021 1.76 0.44 0.01 0.00 1972–2021 225.32 4.60 225.32 0.00
Average 4.19 0.07 6.18 0.23

Fig. 8  Short-term erosion–accretion in Pushpa island (a and b) and long-term erosion–accretion in Pushpa island (c and d) (1:40,000 
scale) during the different time periods from 1972 to 2021
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Half‑fish island

The Half-fish island is one of the most dynamic 
island in the Muriganga River. The land started 

shrinking till 2004. The land gradually reduced 
to about 1/6th of its original area in 2004 
(Fig. 2e). There is an abrupt amount of accretion 
that took place in 2011 (Fig. 9a, b). The average 

Fig. 9  Short-term erosion–accretion in Half-fish island (a and b) and long-term erosion–accretion in Half-fish island (c and d) 
(1:100,000 scale) during the different time periods from 1972 to 2021

Table 8  Short-term and long-term erosion accretion rate in Half-fish island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 113.54 14.19 52.24 6.53 1972–1980 113.54 14.19 52.24 6.53
1980–1988 153.91 19.24 16.72 2.09 1972–1988 240.34 15.02 41.84 2.61
1988–1996 117.24 14.65 1.05 0.13 1972–1996 349.89 14.58 35.21 1.47
1996–2004 93.91 11.74 16.27 2.03 1972–2004 408.28 12.76 15.96 0.50
2004–2011 14.79 2.11 525.06 75.01 1972–2011 339.84 8.71 457.78 11.74
2011–2017 177.81 29.64 25.06 4.18 1972–2017 397.79 8.84 362.98 8.07
2017–2021 20.51 5.13 90.45 22.61 1972–2021 379.91 7.75 415.04 8.47
Average 13.81 16.08 11.69 5.63
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short-term and long-term erosion rates are 13.81 
ha/year and 11.69 ha/year (Table  8). The land 
expanded from 2011 onward, and the area is 
found as 507.05 ha in 2021.

Mousuni island

Mousuni island is located in the downmost region 
of the Muriganga River. This island is famous as a 

Table 9  Short-term and long-term erosion accretion rate in Mousuni island

Short-term erosion accretion rate Long-term erosion accretion rate

Duration Erosion Accretion Duration Erosion Accretion

Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y) Total (ha) Rate (ha/y)
1972–1980 190.54 23.82 45.36 5.67 1972–1980 190.54 23.82 45.36 5.67
1980–1988 198.28 24.78 4.98 0.62 1972–1988 341.42 21.34 2.95 0.18
1988–1996 143.38 17.92 3.52 0.44 1972–1996 481.48 20.06 3.14 0.13
1996–2004 85.55 10.69 38.44 4.81 1972–2004 539.07 16.85 13.62 0.43
2004–2011 26.73 3.82 112.30 16.04 1972–2011 483.58 12.40 43.70 1.12
2011–2017 221.41 36.90 3.26 0.54 1972–2017 682.36 15.16 24.33 0.54
2017–2021 179.94 44.98 0.11 0.03 1972–2021 851.71 17.38 13.85 0.28
Average 23.27 4.02 18.14 1.19

Fig. 10  Short-term erosion–accretion in Mousuni island (a and b) and long-term erosion–accretion in Mousuni island (c and d) 
(1:190,000 scale) during the different time periods from 1972 to 2021
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tourist place. In Mousuni island, the short-term and 
long-term average erosion and accretion rates are 
23.27 ha/year and 18.14 ha/year and 4.02 ha/year and 
1.19 ha/year, respectively (Table 9). From short-term 
analysis, it is found that between the 2004 and 2011 
period, the accretion is relatively greater than the ero-
sion (Fig. 10a, b) on the southern side. From Fig. 10, 
it is clear that the main concern is the western side, 
which undergoes severe erosion.

Spatio-temporal shoreline changes analysis using 
DSAS

Both the left and the right banks are divided into 
three sectors each. The three sectors of the left bank 
are Kakdwip, Namkhana and Rajnagar (Fig.  11), 
whereas the three sectors of right bank are Kachu-
beria, Kaylapara and Chemaguri (Fig. 12). Based on 
LRR and EPR, both the left and the right bank are 
classified into seven categories as shown in Table 10.

Based on the EPR values, the maximum rate of 
erosion for left bank is 23.91 m/year at the Rajnagar 
sector near Fraserganj. Here, the LRR shows the ero-
sion of 13.76 m/year. The maximum erosion based 
on LRR is 14.25 m/year at the Namkhana sector near 
Nadabhanga, where the EPR shows an erosion rate 
of 14.58 m/year. The maximum accretion rate for the 
left bank based on EPR is 5.18 m/year at the Rajnagar 
sector near Janamore, where the LRR also gives the 
maximum value of 6.75 m/year. The maximum ero-
sion based on NSM is about 1170 m at the Rajnagar 
sector near Fraseganj, whereas the maximum accre-
tion is about 253 m at the Rajnagar sector near Jan-
amore. The overall average erosion throughout the 
entire left bank based on EPR, LRR and NSM are 
7.31 m/year, 6.67 m/year and 358.57 m. Furthermore, 
the overall accretions are found as 1.19 m/year, 1.48 
m/year and 58.24 m based on EPR, LRR and NSM, 
respectively. The erosion–accretion profile throughout 
the entire left and right bank is shown in Fig. 13 and 

Fig. 11  Location map of different sectors of the left bank of the Muriganga River
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Fig. 14, respectively, which takes place from 1972 to 
2021. The maximum erosion rates at the right bank 
are 19.28 m/year (EPR) and 15.96 (LRR) at the low-
ermost region of the Chemaguri sector near Dhablat. 

The maximum accretion rate is found as 13.01 m/year 
(LRR) at the Kachuberia sector near Ramkrishnapur.

Chemaguri sector The maximum erosion rates are 
19.28 m/year (EPR) and 15.96 (LRR) at the lower-
most region of this sector near Dhablat (Fig.  15). 
However, the maximum accretion rates are found 
as 8.63 m/year (EPR) and 12.14 m/year (LRR) near 
Benuban. Near Benuban region, very high accretion 
is found, whereas moderate accretion is found in the 
upper half between Dhablat and Chemaguri. The rest 
of the entire sector is showing high to very high ero-
sion. Dhablat, lower region of Benuban, and Khasma-
hal are under severe condition. They are losing their 
lands day by day.

Kaylapara sector The maximum erosion rates are 
7.48 m/year (EPR) and 7.40 (LRR) near Mrityun-
joynagar (Fig. 16). The maximum accretion rates are 
found as 2.38 m/year (EPR) and 6.15 m/year (LRR) 

Fig. 12  Location map of different sectors of the right bank of the Muriganga River

Table 10  Shoreline classifications based on erosion (negative 
values) and accretion (positive values) rates calculated from 
EPR and LRR

Sl No. Classifications Rate of shore-
line change 
(m/y)

1 Very high erosion < −6
2 High erosion ≥ −6 and < −3
3 Moderate erosion ≥ −3 and ≤ 0
4 Stable 0
5 Moderate accretion > 0 and ≤ 3
6 High accretion > 3 and ≤ 6
7 Very high accretion > 6
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at the topmost transect of this sector near Gob-
indapur. Between Gobindapur and Debimathurapur, 
a moderate accretion is found. This is possibly due 
to the deposition of the erosive materials of Pushpa 
island. In between Mrityunjoynagar to Bankimnagar, 
a high to very high erosion can be seen. The probable 
reason behind it may be the tidal and cyclonic activi-
ties, waves, land subsidence etc. Mrityunjoynagar 
and Bankimnagar are under the area of consideration 
because the land is shrinking due to high erosion.

Kachuberia sector Above Dhaspara to the top 
most region of the sector is showing high to very 
high erosion (Fig.  17). The maximum erosion 
rates are 9.90 m/year (EPR) and 10.46 (LRR) near 
Bamankhali. The maximum accretion rates are found 
as 5.97 m/year (EPR) and 13.01 m/year (LRR) near 

Ramkrishnapur. Moderate to high and high to very 
high erosion zones are found near Kastala. The ero-
sion at Kastala, Bakultala, Bamankhali and Dhaspara 
may be due to the change in complex hydrodynamics 
in the estuarine region. The banks in Ramkrishnapur 
may be in a submerged condition, which leads to 
accretion in that area due to low water depth.

Rajnagar sector The maximum erosion rates are 
23.91 m/year (EPR) and 13.76 (LRR) near Fraserganj 
(Fig. 18). The maximum accretion rates are found as 
5.18 m/year (EPR) and 6.75 m/year (LRR) near Jan-
amore. Both erosion and accretion are found in this 
sector. From Maharajaganj to Debnagar, moderate 
erosion to moderate accretion is found. The lower 
one-third shows high to very high erosion. This is 
may be due to the meandering pattern of the river and 

Fig. 13  Erosion–accretion 
profile at different sectors 
in the left bank of the 
Muriganga River calculated 
using EPR (a), LRR (b) and 
NSM (c) during the period 
of 1972 to 2021



 Environ Monit Assess (2024) 196:199

1 3

199 Page 18 of 29

Vol:. (1234567890)

the tidal impact. The Patibunia and Fraserganj are 
experiencing high to very high erosion. Fraserganj is 
experiencing erosion, possibly due to the high tidal 
force and sea-level rise, as it is situated in the seaward 
region.

Namkhana sector This sector is mainly domi-
nated by erosion. The maximum erosion rates are 
14.58 m/year (EPR) and 14.25 (LRR) near Nadab-
hanga, whereas the maximum accretion rates are 0.8 
m/year (EPR) and 1.22 m/year (LRR) near Naray-
anganj. Fig.  19 clearly depicts that the entire sector 
is almost erosive in nature. The average values of 
EPR, LRR and NSM are −7.82 m/year (i.e. erosion), 
−7.37 m/year (i.e. erosion) and −383.54 m (erosion), 
respectively. Almost the entire sector is under severe 
threat. The probable reason may be the landslide, the 

curvature of the river and furthermore the man-made 
activity.

Kakdwip sector This sector is also mainly domi-
nated by erosion. The maximum erosion rates are 
12.88 m/year (EPR) and 12.20 (LRR), whereas the 
maximum accretion rates are 0.30 m/year (EPR) and 
2.03 m/year (LRR) (Fig.  20). The average values of 
EPR, LRR and NSM are −5.67 m/year (i.e. erosion), 
−5.24 m/year (i.e. erosion) and −278.46 m (erosion), 
respectively. Ramtanunagar, Barpara and Akshayna-
gar are in the zone of very high erosion, while Kali-
nagar is in moderate erosion zone. The entire sector 
is facing severe erosion, possibly due to the curva-
ture of the river, tidal impact and some man-made 
activities like deforestation, excavations and improper 
urbanization.

Fig. 14  Erosion–accretion 
profile at different sectors 
in the right bank of the 
Muriganga River calculated 
using EPR (a), LRR (b) and 
NSM (c) during the period 
of 1972 to 2021
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Discussion

The changes in the Muriganga River and in the 
islands are analysed in this study. The shoreline is 
considered as one of the most dynamic features on the 
earth’s surface (Adarsa et  al., 2012; Bandyopadhyay 
et al., 2004; Chakraborty, 2013; Laha & Bandyapad-
hyay, 2013). The coastal shoreline changes occurred 
due to the complex interaction between regional forc-
ing factors such as tidal effect (Gratiot et  al., 2008), 
sea-level rise (Zhang et  al., 2004), meandering pat-
tern (Van De Wiel, 2003), magnitude of wave energy, 
morphological properties, sediment supply and 
sediment budget (Amin & Davidson-Arnott, 1997). 
Moreover, the dredging activity is also an important 
factor responsible for comparatively faster changes 
in shoreline position (Demir et al., 2004; Jones et al., 
2016; Monge-Ganuzas et al., 2013; Morris, 2007).

The Hooghly estuarine system is known as one 
of the most complex estuary in the world (Bakshi 
& Bhar, 2020). Flat sandy beaches, mud flats, tidal 

marsh etc. are found on the bank of the Muriganga 
River. Tidal flats are found within high tide and low 
tidal zones around the open shore. Silty sand and 
hard muddy patches are found in the high tidal flats. 
Mostly, silts and clay are found in the low tidal flats 
(Fig.  21). The left bank of the Muriganga River 
consists of three sectors Rajnagar, Namkhana and 
Kakdwip. The right bank is nothing but the eastern 
side of Sagar island. This bank consists of three sec-
tors Chemaguri, Kaylapara and Kachuberia sectors. 
The southwestern, southern and southeastern region 
of Sagar island mainly consists of sand where sand 
content is more than 80% (Nandi et al., 2016). These 
sandy beaches are highly erodible by the forces like 
wind, wave and tidal impacts.

Analysis of shoreline migration

The shoreline changes in the Muriganga River and the 
islands are calculated with the help of remote sens-
ing and GIS techniques and the DSAS tool by using 

Fig. 15  Assessments of different degrees of erosion–accretion in the Chemaguri sector during the time period of 1972 to 2021 from 
EPR, LRR and NSM
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the multi-temporal Landsat data. One of the factors 
which influence the erosion–accretion process is the 
meandering in the river. Generally, the concave site 
shows least erosion (more accretion), and the convex 
site shows least accretion (more erosion). The veloc-
ity is higher in convex bank and lower in the concave 
bank. Therefore, the shear stress is higher in the con-
vex site compared to the concave site. Moreover, the 
helical flow directs water and sediment toward the 
concave bank and away from the convex bank which 
leads to the accumulation of sediments on the con-
cave side. Fig. 1 clearly depicts that the outer side of 
the left bank of Muriganga River is convex and that 
the right bank is concave. From DSAS analysis, it 
is clear that both the banks are getting eroded by an 
average rate of 5.73 m/year (EPR) and 4.35 m/year 
(LRR) for the left bank and 3.48 m/year (EPR) and 
2.06 m/year (LRR) for the right bank. The higher ero-
sion is found on the left bank (Fig. 22). The overall 
area of the Muriganga River has increased by 16.82 
% from 14,029.42 ha in 1972 to 16,390.02 ha in 2021, 

which indicates that overall, the Muriganga River 
is of degrading type. Another study by Dutta et  al. 
(2022) also found that the erosion rate in the left bank 
at Kakdwip and Namkhana is >5 m/year. From the 
analysis, it can be said that the eroded materials of 
the bank are deposited in few downstream islands like 
Basit and Niogi.

From DSAS analysis, the maximum erosion rate 
based on EPR and LRR is 23.91 m/year and 13.76 
m/year for the left bank, which occurs at the lower 
side of the Rajnagar sector near Fraserganj. This 
place is situated at the most downstream region on 
the left bank. It is very obvious here that the tides are 
very much prominent which hits the bank with great 
impact. The maximum accretion rates on the left 
bank are found as 5.18 m/year (EPR) and 6.75 m/year 
(LRR) at the Rajnagar sector in between Janamore 
and Dakshin Durgapur. Here, the concave shape of 
the shoreline is probably responsible for the accre-
tion. The maximum erosion rate for the right bank 
is found at as 19.28 m/year (EPR) and 15.96 (LRR) 

Fig. 16  Assessments of different degrees of erosion–accretion in the Kaylapara sector during the time period of 1972 to 2021 from 
EPR, LRR and NSM
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at the bottom at the Chemaguri sector near Dhablat. 
The lower most region of the right bank which is 
nothing but the eastern side of Sagar island is facing 
tidal and cyclonic activity, sea-level rise and waves 
as stated earlier. The maximum accretion rates on the 
right bank are found as 5.97 m/year (EPR) and 13.01 
m/year (LRR) at the Kachubeia sector near Ram-
krishnapur. The heavy, curvy shape of the Dhaspara 
region, which is just above the Ramkrishnapur, may 
reduce the flow velocity. Therefore, the sediment may 
not cross its settling velocity, which further leads to 
accretion in this location.

Overall, high to very high erosion is found at 
Chemaguri sector. Mainly, Dhablat, lower region 
of Benuban, Khasmahal, is under severe condition 
(Fig. 15). This sector is located at the downmost side 
of the right bank. The tidal influence is higher in that 
region, which leads in eroding the bank material. In 
the Kaylapara sector, the upper region shows some 
accretion, while the lower part shows erosion. High 
to very high erosion is found near Mrityunjoynagar 

and Bankimnagar (Fig.  16). In the Kachuberia sec-
tor, the maximum erosion is found near Bamankhali 
(Fig.  17). The overall convex shape of the left bank 
shows significant erosion at an average rate of 5.73 m/
year (EPR) and 4.35 m/year (LRR). The tidally influ-
enced Fraserganj in the Rajnagar sector shows maxi-
mum erosion (Fig. 18). The meandering shape of this 
region shows both erosion and accretion. Almost the 
entire Namkhana sector shows a high rate of erosion. 
Namkhana Bazar, Nadabhanga, Phatikpur and Bhub-
nagar are such highly erosive places (Fig. 19). In the 
Kakdwip sector, high to very high erosion is found 
near Ramtanunagar, Barpara and Akshaynagar, while 
Kalinagar is under moderate erosion zone (Fig. 20).

Field visit at Kakdwip sector reveals that the tidal 
influence is not much prominent at this sector. Due to 
its convex shape, the upstream flow directly hits the 
bank and creates substantial shear force which is one 
of the significant factors of bank erosion (Fig. 22).

Mainly due to fluvial action, the cliff erosion is 
also very prominent in these locations. Localized 

Fig. 17  Assessments of different degrees of erosion–accretion in the Kachuberia sector during the time period of 1972 to 2021 from 
EPR, LRR and NSM
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mud decoupling at the toe on the left bank is seen 
near Akshyanagar (Fig. 23).

In order to reduce the erosion, the local authori-
ties have constructed wooden embankment along the 
river bank in the vulnerable locations (Fig. 24). These 
structures ultimately reduced the total erosion in 
these areas, and that is why these zones are of mod-
erate erosion zone. These types of coastal manage-
ment plans are required in areas where currently high 
erosion rate is observed (e.g. Fraserganj, Patibunia, 
entire Namkhana sector).

Analysis of island dynamics

From the long-term analysis, it is found that the ero-
sion and accretion rates for Sagar island are 62.92 
ha/year and 7.68 ha/year (Table  3). Almost 50% of 
the area of Ghoramara island is eroded at a rate of 
13.63 ha/year (Table 4) from all sides by keeping its 
shape unchanged (Fig.  5). Similarly, Pushpa island 
has lost almost 98% of its area at a rate of 6.18 ha/

year (Table 7) from all the sides (Fig. 8). It may dis-
appear in upcoming years. Basit (Fig.  6) and Niogi 
(Fig.  7) islands are getting accreted, probably due 
to the deposition of the sediments carried out by the 
upstream Hooghly river and the eroded bank materi-
als of the left bank of the Muriganga River. The Mou-
suni island located at the downstream region of the 
Muriganga River is continuously eroding at 18.14 ha/
year (Table 9). Mainly, the western side of this island 
is subjected to erosion (Fig. 10), probably due to the 
combined effects of rising sea levels, rising wave 
form velocity, tidal impacts, cyclonic activity etc.

Increase in sea level can lead the storm surge and 
wave to move further inland. The rising sea level, 
violent cyclones, coastal erosion etc. are found near 
Sagar island due to the change in climate conditions 
(Bera et al., 2022). The relative mean sea-level rise 
at 3.14 mm/year was found near Sagar island (Hazra 
et al., 2002). From the observed data between 2002 
and 2009, the apparent sea-level rise in Sagar and 
Sundarban regions are varying within the range of 

Fig. 18  Assessments of different degrees of erosion–accretion in the Rajnagar sector during the time period of 1972 to 2021 from 
EPR, LRR and NSM
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3–8 mm/year (Raha et  al., 2014). Apart from the 
sea-level rise, there is a continuous increase in wave 
height and wave form velocity (Paul, 2002; Purkait, 
2009). These factors are mainly responsible for 
the coastal erosion of Sagar island. The southeast-
ern, southwestern and the northeastern sides of the 
Sagar island are subjected to severe erosion (Fig 4). 
Moreover, the popular navigational active channels 
like Rangafalla, Jhelingham, Eden and Auckland are 
located on the western side of Sagar island. These 
channels are dredged occasionally to maintain the 
navigability. As a result, there may be a chance that 
the western side of the Sagar island gets eroded. 
Previous studies by Gopinath and Seralathan (2005) 
and Jayappa et al. (2006) also found that the above 
said region of Sagar island is subjected to enormous 
erosion.

Though the higher sand content is found in the 
western side, on the eastern side, the sediments are 
predominately silt (Gopinath & Seralathan, 2005). 
They found that the erosion for the last 32 years, 

starting from 1967 to 1999, was 16.9  km2 (1690 
ha). Similarly, this study found that the erosion for 
32 years starting from 1972 to 2004 is 1670.63 ha 
(Table 3). From the comparison, it can be said that the 
results are comparable. This island shows more accre-
tion during 1996–2004 and 2004–2011 time periods 
in short-term analysis (Fig.  4b), and the maximum 
erosion is found during the period of 2017–2021.This 
is probably due to the super cyclone Amphan (2020) 
causes landfall near Sagar island (Bhattacharjee & 
Dhara, 2021).

The Ghoramara island has lost almost 50% of its 
area within last five decades. This island is shrink-
ing continuously without changing its shape. Higher 
erosion has taken place in the northwest (NW) side, 
whereas the lower rate of erosion is found in the 
southeast side. One of the possible reasons for higher 
erosion in the NW side is that it gets the direct hit 
of the tidal flow during the ebb tide of the Hooghly 
river with full energy (Ghosh et  al., 2003; Adarsa 
et al., 2012). Another factor may be the sea-level rise 

Fig. 19  Assessments of different degrees of erosion–accretion in the Namkhana sector during the time period of 1972 to 2021 from 
EPR, LRR and NSM



 Environ Monit Assess (2024) 196:199

1 3

199 Page 24 of 29

Vol:. (1234567890)

as it may accelerate the erosion at the northwestern 
part of the island, while it acts as a retarding factor 
to the accretion at the southeastern part (Ghosh et al., 
2003). The tidal force does hardly hits this island as 
it lies near the shadow zone of Sagar island. Erosion 

on the NW side and accretion on the southern side 
are observed during 1972–1980 (Fig.  5). Adarsa 
et  al. (2012) observed that the net erosion during 
1972–2010 was 428.6 ha. This study also found that 
the net erosion during the period of 1972–2011 is 

Fig. 20  Assessments of different degrees of erosion–accretion in the Kakdwip sector during the time period of 1972 to 2021 from 
EPR, LRR and NSM

Fig. 21  Tidal flats on the left bank of the Muriganga River at the Kakdwip sector near Akshyanagar (a) and Kalinagar (b)
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430.42 ha. The maximum erosion rates of 17.74 ha/
year and 16.54 ha/year have been observed during the 
period of 1972–1980 and 1980–1988, respectively.

The northern region of the river experiences strong 
micro-tidal currents due to active river flow, whereas 
the southern region is experiencing strong tidal wave 
(Ghosh & Mukhopadhyay, 2016). This could be 

Fig. 22  Erosion at the Kakdwip sector near Kalinagar

Fig. 23  Mud decoupling at the toe on the left bank near 
Akshyanagar

Fig. 24  Wooden embankment and brick kiln at the Kakdwip 
sector
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the reason that the islands which are located in the 
upstream reach, such as Basit and Niogi islands, are 
getting accreted. The Mousuni and Pushpa islands, 
located downstream of the reach, are continuously 
losing their area. The Half-fish island is the most 
dynamic island in the Muriganga River, which is also 
continuously shrinking till 2004, but in 2011, it again 
accumulated a significant area. Cyclones can bring 
extremely high wind, heavy rainfall and high tidal 
surge, which can erode the shoreline within a shorter 
period of time. Major cyclones like Aila (2009), Fani 
(2019), Bulbul (2019) and Amphan (2020) have 
been found in this coastal region. Islands like Sagar, 
Ghoramara, Mousuni and Pushpa are getting eroded 
continuously.

Conclusion

With the help of remote sensing and geospatial 
techniques along with DSAS 5.0, the morphologi-
cal changes in Sagar island, Ghoramara island and 
Muriganga River as well as in its islands are analysed 
using the 8 cloud-free Landsat images starting from 
1972 to 2021. The water body and land were differ-
entiated with the help of NDWI. The area of each 
islands were computed from each Landsat image. 
The LRR, EPR and NSM were found with the help 
of DSAS 5.0. As stated earlier, mainly, the islands in 
the upper region are subjected to accretion, whereas 
those in the lower region are subjected to erosion. 
This is possibly due to the effect of tidal force which 
is generally more impactful in the lower region of the 
estuary. Similarly, the upper region may be accreted 
due to the accumulation of the sediments carried 
from the upstream of the Hooghly river and eroded 
materials of the river banks and Ghoramara islands.

From the analysis, it is found that both the banks of 
the Muriganga River are eroding at an average rate of 
about 5 m/year (left bank) and 3 m/year (right bank). 
The higher erosion is found in the left bank possibly, 
due to the convexity of the bank line. Moreover, the 
analysis indicates that the Sagar, Ghoramara, Pushpa 
and Mousuni islands are continuously eroding. The 
remaining islands such as Basit, Niogi and Half-fish 
are expanding their area.

Shoreline erosion is one of the vital threats to 
the people living near the bank. The properties, 

buildings and agriculture land can be lost due to ero-
sion. The habitats loss can affect the wildlife, birds, 
plants and animals also. The eroded materials which 
are carried out by the river can disrupt the aquatic 
environment. Moreover, the damaged caused by ero-
sion can lead to very high expenses. Rebuilding and 
repairing of infrastructures and roads, compensating 
with property owners etc., are quite expensive. This 
study found that some places on both the left and 
right banks are vulnerable due to erosion. All sides 
of Ghoramara island, the western and southern sides 
of Sagar island, the western side of Mousuni island 
and the left bank of the Muriganga River are of great 
concern. Particularly Dhablat, Khasmahal, between 
Chemaguri and Benuban, Bankimnagar, Mrityun-
joynagar, Bamankhai, Bakultala, Kastala, Fraserganj, 
Patibunia, between Janamore and Debnagar, Nam-
khana Bazar, Nadabhanga, Phatikpur, Bhubnagar, 
Akshaynagar, Barpara and Ramtanunagar are the 
erodible areas where more attention is needed.

Effective coastal management techniques are cru-
cial for lowering the dangers caused by either natural 
or human-made activities. If the precautions are not 
taken, the people living on the edges may face many 
difficulties. As mentioned earlier, it is found that in the 
area where local authorities have taken some measures 
(Fig. 24), the erosion due to fluvial and other natural 
activities has reduced substantially. This study will be 
helpful in implementing the coastal management tech-
nique to prevent bank erosion in the area where the 
current erosion rate is high, as identified by this study 
and written in the previous paragraph.

From the study, it is clear that the Pushpa island is 
diminishing day by day. Along with that, the Ghora-
mara island has lost almost half of its area with last 
five decades. Similarly, popular islands like Sagar and 
Mousuni have also lost an adequate amount of their 
area. Again, the evolution of a new island (i.e. Niogi) 
within the river body would disrupt the aquatic life. 
In addition, the hydrodynamic and sediment transport 
modelling can be performed to study how the hydro-
dynamic forces such as tides, wind and wave can 
influence the shoreline shifting. The sediment model 
can help in finding the erosion–deposition process by 
proving the location where the erosion and deposition 
have taken place.
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