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A B S T R A C T   

Conceptual Framework: Coastal decrepitude is the loss of topographical resources along the coast as a result of silt, 
temperature fluctuations, tidal shifts, and wave breaking. Hydraulic activity, scraping, abrasion, and erosion are 
the major causes of erosion; other factors that affect it include the condition of the shore, rocks, joints, fissures, 
marine chemical reactions, and wave force. 
Objectives: The primary objectives of this study are to analyze the coastline changes between 1972 and 2022 
utilizing remote sensing and GIS data and forecast the changes in the shoreline in 2032. 
Methods: The study examined coastal areas from 1972 to 2022 using multi-temporal satellite data from Landsat 
TM and Landsat OLI/TIRS. Shoreline change and the calculations related to it were examined using the Digital 
Shoreline Analysis System using near-infrared bands and tasseled cap transformation, to determine the rate of 
change in the shoreline, the study also employed Shoreline Change Envelope and End Point Rate techniques. 
Results: Coastal erosion caused substantial damage to the island between 1972 and 2022. The northern, south
eastern, and western regions of the coast are seeing the highest levels of coastal erosion. The south coast ex
periences considerable erosion, whereas the west and southeast coasts experience the least. The EPR of 
Ghoramara Island has mean, minimum, and maximum changes of − 10.59, − 4.13, and − 35.93, respectively. A 
notable inshore shift has occurred in the northern portion of Ghoramara, extending from 676 m to 855 m. The 
study also uses tidal gauge records and Revised Local Reference data from the Haldia Gauge Station to track long- 
term sea level variations. According to the study, Ghoramara Island’s shoreline will change by 2032, with the 
greatest negative changes expected to occur around the island’s western and southern borders. 
Conclusion: The study shows a significant decrease in Ghoramara’s shoreline regions between 1972 and 2022, 
with a 3,000-population shifted from the place in 2016 due to Lohachara’s submergence. Changes in the island’s 
morphology and human activities have reduced cultivation. The study suggests increasing mangrove vegetation 
to combat coastal erosion and prevent further displacement of people to neighboring islands.   

Abbreviations: GIS, Geographic Information Systems; LR, Linear regression; EPR, Endpoint rate; USGS, United States Geological Survey; DSAS, Digital Shoreline 
Analysis System; SCE, Shoreline change envelope; UNHCR, The United Nations High Commissioner for Refugees; UN, United Nations; IPCC, Intergovernmental Panel 
on Climate Change; IOM, International Organization for Migration; TM, Thematic Mapper; OLI, Operational Land Imagery; TIRS, Thermal Infrared Sensor; DN, 
Digital Number; EROS, Earth Capital Observation and Analysis; NIR, Near-infrared; NSM, Net shoreline movement; PSMSL, Permanent Service for Mean Sea Level; 
SL, Sea Level; RLR, Revised Local Reference; Km2, Square Kilometer. 
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1. Introduction 

Coastal dilapidation is the elimination of supplies from the coastal 
topography (Adarsa et al., 2012). The process of polishing at the beach’s 
base often leads to soil degradation from the coastal periphery due to 
variations in supply and subcontracting. (Bandyopadhyay, 1996; 
Marchand et al., 2011). When the amount of residue source surpasses 
the ratio of sediment loss, erosion occurs and the shoreline is pushed 
inland (Central Water Commission, 2022). Factors such as coast state, 
rock nature, joints, fissures, marine chemical reactions, and wave power 
influence the strength of abrasion, erosion, hydraulic action, and 
scraping processes (Cai et al., 2009). It results from both anthropogenic 
activities and natural climate change and through dynamic processes 
upsets the balance of coastal systems (Jayappa et al., 2006). Long-term 
sediment deterioration supports coastline retreat and beach erosion 
(Kundu et al., 2014). Wave action causes sand from the coast to move 
messily to adjacent coastline sections, regulating the removal and 
release of materials and sediments onshore (Pramanick et al., 2022). 
Satellite data is crucial for coastal defense design, numerical model 
validation, sea level estimation, and danger zone design. Geographic 
Information Systems (GIS) and remote sensing have improved future 
shoreline estimates and enabled the monitoring and planning of alter
ations in coastal regions. Historical data analysis of shoreline projection 
models predicts future changes based on alteration rates (Emily and 
Himmelstoss, 2021). The linear regression (LR) model uses a linear 
projection system for temporary modification, while the Endpoint rate 
(EPR) forecasts changes. Advancements in remote sensing and GIS 
techniques improve coastal studies (Pramanick et al., 2022). The study 
utilizes the United States Geological Survey’s (USGS) Digital Shoreline 
Analysis System (DSAS) to analyze topographical and bathymetric data, 
identify coastal changes, forecast shorelines, and perform semi- 
automatic mapping and forecasting using the Net Shoreline Movement 
approach (Emily and Himmelstoss, 2021). The study is focusing on 
Ghoramara Island in the Indian Sundarbans, a site of previous multi
disciplinary investigations. Researchers evaluate topographical and 
bathymetric data, anticipate shorelines, map periods, and use the Net 
Shoreline Movement approach (Emily and Himmelstoss, 2021). The 
objective is to use the DSAS-5.1 tool as an add-in to GIS software to 
approximate the rate of shoreline change (1972–2022) in Ghoramara 
Island using the Shoreline change envelope (SCE) and EPR Models 
(Caballero and Stumpf, 2020). The concept of environmental refugees 
has expanded to include internally displaced individuals, economic 
refugees, caring refugees, and environmental refugees. The United Na
tions High Commissioner for Refugees (UNHCR) Controlling Principles 
outline rights and safeguards for forced relocation, while organizations 
like the United Nations (UN) Environment Program, Intergovernmental 
Panel on Climate Change (IPCC), and International Organization for 
Migration (IOM) for Migration address resource strain, livelihood 
threats, and risks faced by migrant residents (Pramanick et al., 2022). 
Climate change is causing environmental migrants to migrate, with 150 
million people expected to relocate by 2050, 50 million due to sea level 
rise, and 120 million in India and Bangladesh by 2100, causing resource 
shortages and increasing cyclone frequency and storm surge size (The 
United Nations High Commissioner for Refugees, 2023). The Sundarban 
Island Scheme’s Hugli River estuary in the Gulf of Bengal shows island 
submersion, erosion, and migration, with Lohachara, Suparibhanga, and 
Bedford submerged, and Ghoramara Island suffering from erosion and 
aerial loss. Ghoramara island, home to significant settlements like 
Khasimara, Baishnabpara, Hatkhola, Mandirtala, Chunpuri, and Khasi
mara Char, is susceptible to damage from cyclones, storm surges, 
embankment collapse, and tidal erosion. This study analyzes coastline 
changes between 1972 and 2022 using remote sensing and GIS data, 
aiming to predict changes in shoreline in 2032 due to habitat degrada
tion and ecosystem decline. The innovative and essential feature of the 
anticipated model is its comprehensive examination of the research 
area’s spatial changes during the previous 50 years, allowing for the 

identification of predictions made ten years later. It must serve as the 
foundation for conversations on coastal risks linked to shoreline shifting 
in the early warning system. 

2. Materials and methods 

2.1. Study area and datasets 

Ghoramara Island is situated in South Twenty Four Parganas district 
in West Bengal. To the north of Sagar Island lies the river that divides the 
mainland from the island of Ghoramara (Fig. 1). It spans 3.61 km2 and is 
situated between 21◦53′56′′N and 21◦55′37′′N as well as 88◦06′59′′E and 
88◦08′35′′E on the southeasterly edge of Ghoramara is Sagar Island. The 
principal settlements on this island are Kashimara, Lakshmi Nar
ayanpur, Raipara, Hathkola, and Chunpuri. For the past few years, 
Ghoramara’s northern region has undergone a drastic degradation 
(Department of Environment, 2010). The specifications of the remotely 
sensed images are shown in Table 1. 

2.2. Digital Shoreline Analysis System (DSAS) 

The DSAS 5.1 application is a crucial tool for the USGS’s Coastal 
Change Hazards project due to its standardized and easy-to-repeat 
method for assessing and researching shoreline dynamics and chang
ing morphologies. It uses five statistical methods to compute the rate of 
modification of coastline over the long and short term. The DSAS 5.1 
tool is used to examine shoreline change and its associated computations 
from the EPR and SCE models as a delay of ArcGIS. The key inputs for 
this tool include the shoreline vector format, each shoreline’s datum, 
and the transect spacing. This enables the assessment and research of 
fundamental aspects of shoreline dynamics and changing morphologies. 
A general methodological framework of the present study has been 
represented in Fig. 2. 

2.3. Methods and techniques 

2.3.1. Data processing and shoreline delineation 
The study utilized Landsat TM and Landsat OLI/TIRS satellite pic

tures for radiometric correction, converting Digital Number (DN) values 
into radiance and reflectance values for each band of the satellite photos. 
Due to the numerous places along the land–water boundary that are 
saturated with water, automatic Shoreline delineation is a complicated 
procedure (Jangir et al., 2016; Mahapatra et al., 2014; Maiti and Bhat
tacharya, 2009; Saravanan et al., 2019. To delineate the coastline, active 
the tasseled cap transformation technique to excerpt the coastline from 
the tasseled cap Landsat data from the Earth Capital Observation and 
Analysis (EROS) data center using the resulting coefficients to modify 
the data (Cenci, et al., 2018; Hegde and Akshaya, 2015; Kuleli et al., 
2011; Mukhopadhyay et al., 2012; Patel et al., 2021). The tasseled cap 
modification methods were applied to Landsat TM and Landsat 8 OLI & 
TIRS images to design the coastlines. Landsat TM Processed near- 
infrared (NIR) bands can be used to identify and outline shorelines 
from a single image due to minimal water reflection. The investigation 
used an average ratio between bands 2 and 4 and 2 and 5 to eliminate 
vegetation at the shoreline. The combined reflectivity of five means for 
water in band 2 and the bottom indicates that several vegetated regions 
should be designated as water. The binary raster image was transformed 
into a vector dataset, and the shoreline borders were displayed in Fig. 3. 

2.3.2. Method of casting transect from baseline and determination of the 
net area change 

The approach primarily focuses on statistics, with a single baseline 
established from the shoreline before drawing the transect, which can be 
defined using either a specific distance from the beach or the buffer 
method (Crowell et al., 1997; Nandi et al., 2016). Because it adopts the 
same sinuosity form as the nearby shoreline, the buffer approach is the 
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most exact baseline demarcation method (Nassar et al., 2019). The DSAS 
software uses attribute values like SHAPE, OBJECTID, ID, Group, SHAPE 
Length, and CastDir, Offshore to start baseline computations. A baseline 
was established at a 1000-meter buffer distance from the nearby 
shoreline, and transect lines were laid orthogonally from the baseline 
over several years. The most commonly used statistical methods for 
measuring coastline change are LR and NSM, EPR, and SCE. EPR and 
SCE are two significant mathematical models used to calculate the rate 
of change of the shoreline of Ghoramara Island. EPR is predictive and 
takes into account the distance between the eldest and newest shorelines 
in the dataset, but it is only suitable for temporary assessments. SCE 
measures the total change in coastline movement and records the 
lengths of all available shoreline locations without referring to indi
vidual dates. The SEC is calculated as the separation between the 
farthest and nearest baseline shorelines. The total changes in coastline 
movement for each transect are shown for all accessible shoreline lo
cations. The baseline site foundations comprise the rates of shoreline 
accretion and erosion. This procedure identifies erosion and accumula
tion areas on an island and calculates its area changes using spatial 

analysis in the GIS environment. A polygon is built around the GIS 
platform’s boundary to reflect the island’s area in that year and along 
the shoreline to determine its size. Net erosion is quantified by 
combining polygons from two consecutive years at ten-year intervals 
(1972–1982, 1982–1992, 1992–2002, 2002–2012, and 2012–2022). 
The length and diversity of erosion/accretion between polygons are 
calculated. The vector data is converted into raster data with a 10-meter 
grid scale to measure air changes. The application of the EPR and SEC 
methods is represented in Fig. 4. 

3. Results 

3.1. Endpoint rates 

Net shoreline movement (NSM) is the distance (meters) between the 
oldest and youngest shorelines, and Endpoint rate (EPR) is the ratio 
between NSM and time between the eldest and newest shorelines. Fig. 5 
displays the Ghoramara Island research area’s predicted EPR based on 
DSAS. The EPR is calculated by separating the amount of shoreline 
movement by the distance in time between two shorelines. Fig. 5 also 
shows a plot of the transect-wise shoreline displacement rate. The graph 
primarily emphasizes the EPR in the negative values, demonstrating that 
the Ghoramara Island research region experienced more or less rapid 
erosion during the study’s period of 1972 to 2022 considered for the 
study. The rate of change in shoreline per year to measure the EPR is 
calculated by using. 

The following equation is shown as, 

Sr = fo − fy/xn (1)  

The distance in a transect between the mean and the coastline at the 
oldest point (xn), where the difference in fy between the mean and the 
baseline, which is the median, establishes the annual rate of change of 
the shoreline (meter/year). 

The study reveals a rapid erosion of Ghoramara Island’s shoreline, 
with the early part showing a rate of up to 25 %. The middle part shows a 
significantly lower erosion rate, indicating variation in erosion rates. 
The rate of corrosion in this region is high, with a mean EPR of 10.59 and 

Fig. 1. Location map of the study area.  

Table 1 
Specification of the Satellite imagery used for the Present Study.  

Satellite & Sensor Date of 
acquisition 

Spatial Resolution Path- 
Row 

Landsat TM (Thematic 
Mapper) 

5 November 
1972 

30 m (for all bands) 138–045 

Landsat TM 2 February 
1982 

30 m 138–045 

Landsat TM 2 June 1992 30 m 138–045 
Landsat TM 10 August 

2002 
30 m 138–045 

Landsat TM 20 
December 
2012 

30 m 138–045 

Landsat OLI/TIRS 
(Operational Land 
Imagery/Thermal 
Infrared Sensor) 

21 October 
2022 

30 m (OLI Bands 1 to 7 
and 9); 15 m (OLI Band 
8); 100 m (TIRS Bands 10 
and 11) 

138–045 

Source: United States Geological Survey (2022). 
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highest and minimum EPRs of − 35.93 and − 4.13 respectively. The EPR 
results are geographically emphasized on a map of the research region of 
Ghoramara Island, highlighting shoreline segments and directions 

where the coast has eroded to the greatest, middle, and smallest extents. 
From 1992 to 2022, the Northeastern, Northern, and Northwestern sides 
of the island saw the highest levels of erosion, while the Southern had 

Fig. 2. Flow chart showing the methodology of the present study.  

Fig. 3. Shoreline changes and coastal erosion scenarios in Ghoramara Island.  
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some mild erosion. The least amount of erosion occurred at a few spots 
in the island’s southern quarter, indicated by yellow transect lines. 
Ghoramara Island’s displacement has been noticed since 1979, pri
marily due to rapid erosion on its northwest and marginal erosion on its 
southeast beaches. The study highlights the importance of understand
ing the erosion rate and its effects on Ghoramara Island’s shoreline 
segments and directions. 

3.2. Shoreline Change Envelope 

The study’s definition of the SCE statistical technique is the separa
tion between shorelines at each transect that is closest to the baseline. At 
every shoreline location that was provided, the overall shift in coastal 
activities was predictable. Based on the baseline position, the rate of 

shore change has been measured (Ciritci and Türk, 2019; Dereli and 
Tercan, 2020; Oyedotun et al., 2018; Ozturk and Sesli, 2015). Using 
equation 2, which is denoted as Sd = df-dc, the function of the SCE is 
shown. df is the change in the distance between the baseline and the 
furthest shoreline at an assumed location, where Sd is the change in 
shoreline distance (meters). The Transect (xn) dc is the measurement at 
the same transect above between the baseline and the closest shoreline 
(xn). Fig. 6 shows SCE for the research region and the separations be
tween the baseline and furthest away shorelines, showcasing the overall 
change in shoreline movement between 1972 and 2022. The northern 
part of Ghoramara Island experienced a significant shift inshore, span
ning from 676 to 855 m, with deep blue-colored transact lines indicating 
this change. The range of 311–675 m change, indicated by red, dip 
green, and yellow-colored transect lines, moderated to sever over the 

Fig. 4. Calculation of net areal change using transect-wise Endpoint Rates (EPR) and Shoreline Change Envelope (SCE) around Ghoramara island.  

Fig. 5. End Point Rate curve and its maximum, minimum, and mean changing values of Ghoramara island.  
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Fig. 6. Shifting Coastline areas of Ghoramara island- 1972, 1982, 1992, 2002, 2012, and 2022.  

Fig. 7. Temporal changes in annual sea level (1948–2019) at the Haldia station. Source: Based on Revised Local Reference (RLR) Diagram for Haldia, Haldia Tidal 
Gauge Station, Station ID:1270, Longitude 88.07◦East, Latitude21.95◦North (National Oceanography Centre, 2023). 
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Northwestern and southern shoreline. The least alteration occurred on 
the western and southeast coasts of Ghoramara Island, indicated by 
orange transect lines. 

3.3. Sea-level change relative 

The Enduring Facility of the Mean Sea Level which is PSMSL, a global 
source of tide gauge records, provides statistics for the current inquiry. 
Established in 1933, the RLR records help track long-term changes in sea 
level (SL) and provide a trustworthy database of benchmark descriptions 
for each gauge. The Indian station Haldia, located near Ghoramara Is
land, has been used for the study due to its RLR records. The data spans 
over 50 years and is used to calculate the yearly rate of change in SL at 
Ghoramara Island (Fig. 7). The data shows dramatic changes in SL, with 
a mean value of 7055.69 mm and a range from lowermost in 1972 to 
greatest in 2013. The size of the research area on Ghoramara Island was 
significantly impacted by the change in SL between 1948 and 2013. 
Between 1967 and 2008, Ghoramara Island experienced a period of 
rampant erosion, losing around 4 km2. 

3.4. Area-wise extent of erosion 

The study uses GIS to determine the area of Ghoramara Island from 
1972 to 2022. A polygon is generated along the land–water borderline 
for each year, generating the island’s area and perimeter. The research 
area’s annual areal change is determined, showing both positive and 
negative changes. The area change was primarily negative in 2002, 
indicating the worst erosion. However, 2012 saw the least area change 
(-0.2487), indicating a slower rate of erosion. The study also found that 
the area change was primarily negative (-1.162787 km2) in 2002, 
indicating the worst erosion. The study highlights the ongoing erosion of 
Ghoramara Island’s shorelines from 1972 to 2022 (Fig. 6). The study 
reveals significant changes in Ghoramara Island’s area from 1972 to 
2022, including coastal erosion. The largest area was 7.225014 km2, 
with the largest change occurring between 1992 and 2002. The study 
also considers minimal changes between 2002 and 2012 due to less 
erosion. Total area changes from 1972 to 2022 was 3.62 km2 due to 
coastal erosion. The combined coastline analysis by year shows that 
erosion occurred over the years, resulting in a shift or modification of 
the island’s shoreline. The shape of Ghoramara Island changed steadily 
from 1972 to 2022, with the shoreline rapidly changing between 1992 
and 2002, mainly on the island’s Northwestern and Southeastern sides. 
The study highlights the rapid change in the island’s shape due to 
erosion. 

3.5. Prediction of shoreline change rate 

According to the amount of change throughout time, the EPR model 
is a key technique employed in the present study to forecast changes on 
the Shore of Ghoramara Island. Only the shorelines from the years 1972 
and 2022 were used in this study to anticipate the shoreline for the year 
2032 using the EPR model. 

Shoreline position = Slope × Date interval+ Intercept (3)  

The erosion area of 3.62 km2 of Ghoramara Island has significantly 
changed between 1972 and 2022, affecting the shoreline (Table 2). The 
projected shoreline for 2032 (Table 2) shows more retreats along the 
majority of the island’s shoreline, likely due to extreme beach erosion. 
The southwestern and western margins of the research region have 
experienced the most negative shifts along the anticipated shoreline. 
The north-eastern and south-eastern parts have undergone significant 
alterations between the expected shorelines of 2032 and the shorelines 
of 2022. The projected shoreline in Ghoramara has slightly changed due 
to the later deposition of its northern and southern boundaries, and if sea 
level rise continues, it will resemble the 2032 shoreline (Fig. 8). 

4. Discussion 

The significance of comprehending the erosion rate and its conse
quences on the coastal segments and directions of Ghoramara Island is 
emphasized in the study. The study shows that the shoreline is rapidly 
eroding, with early erosion reaching up to 25 percent. The Northeastern, 
Northern, and Northwestern parts of the region had the most erosion, 
while the center region exhibited a lesser rate. The study examines the 
area and perimeter of Ghoramara Island between 1972 and 2022 using 
GIS. The worst erosion was indicated in 2002 when the area change was 
predominantly negative. The shorelines of the island have also under
gone substantial modifications, with the biggest changes taking place 
between 1992 and 2002, according to the study. The coastline change 
rate for 2032 was estimated using the EPR model, showing larger re
treats over the majority of the island’s shoreline. The results of this study 
can be used for resilient planning and adaptive policy development. 
Some of the recent studies on West Bengal (Mondal et al., 2020; Nath 
et al., 2021a, b; Nath et al., 2022), Odisha (Jangir et al., 2016; Baral 
et al., 2018; Kar et al., 2021), and Tamil Nadu (Thomas et al., 2023) 
coastlines have resulted out shoreline changes and associated coastal 
hazard scenarios. Ghoramara Island’s geomorphology is being influ
enced by the erosion of its coastline, which began in 1972 and continued 
until 1979. Human activities and natural events are altering the estua
rine hydrodynamics on the Hugli estuary, affecting the island’s shape. 
The island’s freshwater supply was once abundant, but geological up
heaval caused the river Hugli to shift east, leading to a significant drop in 
flow and an estuarine water shortage, causing severe damage and 
siltation of navigation channels. Ghoramara Island, once home to 
around 4,000 people, experienced a decline in population due to dete
riorating land use, land cover, and reduced uncultivated and cultivated 
areas. The island’s cyclical expansion, as evidenced by the sinking of 
Lohachara in 2016, necessitated a comprehensive understanding of 
coastal processes for restoration efforts and new preventative measures. 
Between 2001 and 2011, the island’s population decreased from 5236 to 
5139 (Census of India, 2011). The island’s deterioration began in 2001 
due to shrinkage and shoreline erosion, prompting locals to relocate, 
similar to the situation with Lochachar. Increased vegetation cover, such 
as mangroves, Caesarians, and bamboo, is necessary for the island to 
stop erosion. In densely vegetated areas beside rivers, the rapidity dis
tribution throughout the river profile is impacted, resulting in a decrease 
in flow rapidity. Floodwaters still spill over even when there is forested 
vegetation along the banks of rivers or in naturally occurring river 
channels. Because of damaged bank areas, Ghoramara Island’s vege
tated portion may also experience coastal erosion. 

5. Conclusion 

The study utilizes satellite imagery from Landsat TM and Landsat 
OLI/TIRS to evaluate shoreline dynamics and morphologies. The net 
area change surrounding Ghoramara Island is computed using the DSAS 
5.1 tool in conjunction with the EPR and SCE models. The shoreline of 

Table 2 
The year-wise difference in the Ghoramara Island’s area and perimeter.  

Year Perimeter 
(km) 

Area 
(Km2) 

Change in Area (An + 1 
− An) 

Details 

1972  10.261788  7.225014  Erosion 
1982  9.680761  6.770233 − 0.454781 Erosion 
1992  8.672840  5.641849 − 1.128384 Erosion 
2002  8.525617  4.479062 − 1.162787 Erosion 
2012  8.181207  4.230362 − 0.2487 Erosion 
2022  7.420687  3.601697 − 0628665 Erosion 
2032  6.977026  2.61015 − 0991545 predicted 

Erosion 

Source: Authors’ Calculation. 
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Ghoramara Island is rapidly eroding, with early studies indicating a rate 
of up to one-fourth of a percentage. While there is some minor erosion in 
the southern portion, the pace in the middle is noticeably lower. The 
study highlights how crucial it is to comprehend the erosion rate and 
how it affects the shoreline segments and directions of Ghoramara Is
land. The entire change in coastal activities between 1972 and 2022 was 
measured using the Shoreline Change Envelope statistical approach. The 
analysis shows that between 1972 and 2022, there were notable changes 
in the area of Ghoramara Island, including coastline erosion. An esti
mated shoreline of 3.62 km2 is predicted by the EPR model. Utilizing 
satellite imagery and computational techniques, the shoreline sur
rounding Ghoramara Island has been reconstructed. This has shown that 
the island’s environs are eroding more quickly than the island itself, 
with endpoint forecasts demonstrating a notable decline throughout the 
entire island. Additional investigation into the subject matter indicates 
that physical processes such as deflation, tidal currents, wave action, 
and coastal currents are known to occur and are predictive variables for 
coastal erosion as well and anthropogenic activities also adversely 
impact the changes in the shoreline of the study area. 
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