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The historical shoreline change from 1978 to 2017 along Odisha coast are studied using toposheet,
time-series Landsat, Indian Remote Sensing satellite data, and observed data. Shoreline change at south
Odisha coast, Puri, Konark, Paradip and Pentha at different epochs (3–12 yrs) during 1978–2017 shows
distinct spatio-temporal variability, which is discussed in relation to cyclonic storms and coastal structures associated with ports and harbours. The study also generated a long-term (1978–2017) shoreline
change statistics (EPR, LRR, SCE and NSM) using Digital Shoreline Analysis System (DSAS) at every
500 m interval for the Bve zones of Odisha coast covering 425 km, identiBed the hotspots of erosion and
accretion and divided the shoreline into Bve different classes of erosion and accretion. IdentiBed lengths of
shoreline with high erosion, low erosion, stable, low accretion and high accretion are respectively, 257.1,
92.2, 25.5, 10.2 and 40 km, based on LRR. The results indicate that erosion is predominant along Odisha
coast. Zone-D (Paradip to Pentha) with highest percentage of high erosion is most vulnerable, while ZoneE (Pentha–Balasore) with highest percentage of accretion is least vulnerable. Zone-B (Chilika to Konark)
with lowest percentage of high erosion and no high accretion is stable.
Keywords. Shoreline change; DSAS; Odisha coast; erosion; accretion.

1. Introduction
The shoreline is one of the best indicators of
erosion/accretion pattern and environmental
change (Morton 1996) along the coast, and is an
easily understood feature representing historical
movement of beaches. Although, it is deBned as the
line of contact between land and sea, it is difBcult
to capture as it has never been stable in long-term
or short-term positions (Nayak 2002; Boak and

Turner 2005). Both short- and long-term changes
in shoreline occur due to a number of natural and
anthropogenic processes along the coast (Albert
and George 1998; Murali et al. 2015). Natural
coastal processes which play crucial role and mould
the shape of the shoreline are waves, tides, current
and longshore transport (Carter 1988). Waves are
recognised to be the dominant mechanism of
shoreline erosion in most coastal environments
(Pethick 1993; FitzGerald et al. 2008; Fagherazzi
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and Wiberg 2009; Tonelli et al. 2010; Mishra et al.
2011). Earlier studies reveal that Indian beaches
severely erode under high wave energy conditions
of southwest and build up during low wave energy
of northeast monsoon (Nayak 1980; Chauhan 1995;
Mishra et al. 2001; Sanil Kumar et al. 2006).
However, based on one-year wave observation
along Odisha coast, Mishra et al. (2011) and
Mohanty et al. (2012) revealed that waves are
predominantly from S to SSE round the year and
associated with these waves, longshore transport is
from south to north round the year. As a result, the
net northward Cow of longshore transport (V
component of current) is northerly, and is the
primary cause of erosion by removing the littoral
material from the beach within the surf zone
(Mishra et al. 2011). The longshore sediment
transport along the coast of Odisha ranges between
1.10 9 106 and 1.29 9 106 m3/yr and is unidirectional (towards north) round the year (Mohanty
et al. 2012). Rao et al. (2009) showed that along the
Ennore coastline, complex shoreline oscillation
occurs associated with variable nearshore sediment
transport patterns. Wave-induced longshore
transport studies along southeast coast of India
(Rao et al. 2019) also showed waves approaching
predominantly between ESE and SSE round the
year and resulted in sediment transport varying
between 975 and 73,967 m3/month. Studies used
climate model outputs and assessed the impact of
global warming in future wind, storm, and wave
climates (Kaas et al. 2001; Hulme et al. 2002;
Debernard and Røed 2008). These studies explored
the eAect of a changing wave climate on modiBcations of the littoral drift and the associated shoreline change and suggest that wave heights and
directions resulting from changes in wind climate,
are expected to contribute the most to altering
future shoreline conBgurations, since wave conditions are the main regulator of longshore drift rates
and direction (Zacharioudaki and Reeve 2011).
Coastal structures such as groins, sea walls,
breakwaters, jetties, etc., result in modiBcation of
the shoreline and beach morphology (Elmoustapha
et al. 2007; Leont’yev 2007). Construction of hard
structures along the coast, either for development
of ports and harbours or for protecting the coast
from erosion, significantly modiBes the shoreline
and the erosion/accretion trend. There have been a
large number of studies along Odisha coast
assessing the impacts of coastal structures on
shoreline change (Mohanty et al. 2012, 2015; Kar
et al. 2019). All these studies revealed that shore
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perpendicular structures near the port modify
round the year unidirectional (towards north)
longshore transport and result in the accumulation
of sand on the updrift side (south of port), and
erosion on the downdrift (north of port) side, which
are in agreement with the numerical model simulation studies on shoreline response to coastal
structures (Vaidya et al. 2015).
Besides coastal processes and coastal structures,
natural hazards like tsunami and cyclonic storms
along the Indian coast have resulted in significant
changes in shoreline (Cooper et al. 2004; Rani et al.
2015). Along the east coast of India, Odisha is most
prone to cyclones followed by Andhra Pradesh
(Mohanty and Gupta 2002; Mahala 2015).
Cyclones along Odisha coast cause severe damage
to coastal life and coastal structures (Chittibabu
et al. 2004; Iwasaki 2016). In addition to the
damage of coastal structures, coastal dunes, beach,
berm, foreshore and nearshore bar undergo severe
change during an extreme storm event (Trifonova
et al. 2011). Mohanty et al. (2020) assessed the
impacts of very severe cyclonic storm (VSCS)
‘Phailin’ on shoreline change along Odisha coast
and showed inundation limit varying between 5.4
and 205.4 m. The study also revealed that the
recovery of the beach environment within 1 year is
limited to 60–87%, while recovery within the surf
zone is sometimes more than 100%. It is apparent
from this study that coastal erosion and its recovery is a common process after landfall of a storm.
However, beach and dune recovery is a very slow
process compared to the loss during extreme
events. Full recovery of the beach and dune is
measured by return of shoreline position, proBle
volume, dune height between post- and pre-storm
event which takes place from a year to decades
(Castelle et al. 2017).
Sea level rise (SLR) is an important factor having severe impacts on coastal environments and
ecosystems including shoreline change. Neumann
et al. (2015) examined the impacts of SLR and
coastal Cooding on coastal population both at global and regional scales by the year 2030 and 2060
with reference to baseline population for the year
2000 and showed that the vulnerability of the
people living in the low elevation coastal zone
(LECZ) is highest in Asia. Generally, population
density is significantly higher in coastal than in
non-coastal areas (Small et al. 2003) and there will
be a significant increase in coastal population living
in LECZ by the year 2030 and 2060 and their
vulnerability will be significantly enhanced due to
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sea-level rise and coastal Cooding. Studies suggest
that mean sea levels could rise by 1 m or more by
2100 (Church et al. 2013; Nicholls et al. 2014),
which will have severe impacts on coastal population, environment and ecosystems. A recent study
(Swapna et al. 2020) suggests that sea-level rise in
the Indian Ocean is likely to rise by about 20–30
cm at the end of the 21st century, which is significantly higher compared to the rate of North Indian
Ocean rise of 1.06–1.75 mm year1 from 1874 to
2004 and 3.3 mm year1 in the recent decades
(1993–2015). Therefore, in future, beach erosion
and shoreline change are likely to be exacerbated
by rising sea levels and may pose serious threat to
the coastal population, environment and ecosystem. Given the consequences that shoreline recession may have for both ecosystems and human
assets, there is an increasing need to improve our
understanding of the relative susceptibility of
coastlines to erosion (DCC 2009) and sea-level rise
by continuous monitoring of the shoreline change
(short- and long-term) both at micro and macro
scales.
Both long-term and short-term shoreline change
along the east coast of India have also been carried
out using statistical and geospatial technologies by
many authors (Kaliraj et al. 2013; Mujabar and
Chandrasekar 2013; Kankara et al. 2015; Markose
et al. 2016; Kar et al. 2017, 2019; Baral et al. 2018;
Roy et al. 2018; Behera and Maiti 2019). Rajawat
et al. (2014) assessed the erosion status along
Indian coast using satellite data from 1989 to 2006
and identiBed 45.5% of the coastline as eroded,
35.7% as accreted and 18.8% as stable coast.
Along Odisha coast, a number of studies on
shoreline change have been carried out using
satellite data, digital shoreline analysis system
(DSAS) and observations. Mohanty et al. (2012)
used extensive data based on Beld measurements
and studied the shoreline change near Gopalpur
port. Murali et al. (2009) used both observations
and remote sensing satellite data (1998–2005) and
studied shoreline change near central Odisha coast.
Ramesh et al. (2011) and SAC (2012) assessed the
erosion, accretion and stable conditions of Odisha
coast and expressed speciBc length of the coastline
as stable, eroded and accreted. Shoreline of Puri
coast was studied by Mukhopadhyay et al. (2012)
using remote sensing data. Murali et al. (2015) used
both observation and remote sensing data for the
period 1990–2012 and studied the shoreline change
near Paradip and showed that the coast is undergoing severe erosion. Markose et al. (2016) used
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satellite data for the period 1990–2014 and studied
the shoreline change for Ganjam coast and revealed
that the coast is mostly accretional in nature.
Jangir et al. (2016) used Landsat data for the years
1990, 1999 and 2009 and delineated the spatiotemporal changes of shoreline and geomorphological features along Odisha coast. The study indicated higher rate of accretion during 1999–2009
compared to 1990–1999. Roy et al. (2018) examined a long-term (1990–2015) shoreline change
along 430 km of Odisha coast using DSAS technique. The study used LRR method and identiBed
46% of the shoreline as eroded, 36% as accreted and
18% as stable. Barik et al. (2019) studied the
shoreline change along 283 km of Odisha coast
from 1990 to 2015 using Landsat data and DSAS
technique, and generated shoreline change statistics (LRR, EPR and NSM) and showed 35(37)% as
eroded, 53(53)% as accreted and 12(9)% as
stable following LRR (EPR) method. Mishra et al.
(2019) assessed the long-term and short-term
shoreline changes along Puri coast using satellite
imagery and DSAS and found a cyclic pattern of
erosion/accretion and discussed the major factors
responsible for shoreline change. Shoreline change
in response to cyclonic event has been carried out
by Acharya et al. (2020) near Chilika lagoon,
Odisha using DSAS, while Baral et al. (2018) have
shown the erosion/accretion pattern at the same
place using same technique from 1975 to 2015.
Mishra et al. (2021) analysed long-term and shortterm shoreline changes associated with socio-ecological risk from 1990 to 2019 using Landsat data
and DSAS along the southern Odisha coast. The
study used EPR and weighted linear regression
(WLR) and identiBed Ramayapatnam and
Podampeta as hotspots of erosion while south of
Gopalpur port, the spit along Bahuda and Rushikulya rivers were identiBed as hotspots of
accretion.
From the studies discussed above, it is apparent
that most of the studies have some commonality
although they were conducted at different times
and different spatial domains along Odisha coast.
Satellite data, mostly Landsat, was used for the
period 1990–2015 for the entire Odisha coast while
some studies were conducted at speciBc regions of
the Odisha coast such as Paradip, Puri, and south
Odisha coast. Baral et al. (2018) only used data
from 1975 to 2019, to study shoreline change at
Chilika lagoon. However, in the present study
shoreline change for Bve important tourist beaches
namely; South Odisha coast, Puri, Konark,
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Paradip and Pentha have been analysed using both
observed data and satellite data (both Landsat and
IRS P6) for the period 1978–2017 in Arc View GIS
platform. The study period has been divided into
different epochs ranging between 3 and 12 yrs to
understand the impacts of coastal structure and
extreme weather events on shoreline change. Further, the study also includes shoreline analysis
using satellite data of relatively longer duration
(1978–2017) as compared to previous studies at Bve
zones covering 425 km stretch (Ramayapatnam to
Balasore) of Odisha coast. In this study, an
attempt has been made to generate long-term
shoreline information for Odisha coast using
toposheets, remote sensing satellite data (Landsat
and IRS P6 data) and observed data. Our study
aims to Bll the data gaps of the earlier studies, to
analyse the shoreline change at different spatial
and temporal scales for the entire Odisha coast, to
generate data/information relating to hotspots of
erosion/accretion, processes responsible for shoreline change at different periods and to Bnally contribute a better understanding of the coastal
processes and shoreline change, and hence assumes
importance.

1.1 Objectives of the study
The objectives of the present study are:
• To understand the historical shoreline change
along Bve hotspots of Odisha coast from 1978 to
2017, to examine the variability at different
epochs ranging between 3 and 12 yrs and to
assess the impacts of coastal structures and
cyclonic storms on shoreline change.
• To generate long-term (1978–2017) shoreline
change statistics (EPR, LRR, SCE and NSM)
at every 500 m interval for the Bve zones of
Odisha coast covering 425 km stretch and to
identify the hotspots of erosion and accretion.
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development processes. The Odisha coast
(17480 –22340 N; 81240 –87290 E), mostly formed
by the Mahanadi and Bramhani–Baitarani deltas,
is having 57% sandy beaches. The shoreline from
south of Odisha to Dhamara mouth is mostly sandy
and the beaches are backed by sand dunes with
casuarina plantation in some places, mangrove
vegetation in the Bhitarkanika and Mahanadi
deltas, and is subjected to significant shoreline
change associated with variable depositional and
erosional trends (Mohanty et al. 2008). However,
from Dhamara mouth to Balasore, the coast is
funnel-shaped and Cat, with sub- and supratidal
mudCats, intertidal zone of 1.5–2 km width and
also with mangrove vegetation. South Odisha coast
is famous for the tourist beach and port at Gopalpur and Olive Ridley turtle nesting habitat near
Rushikulya estuary. Puri is famous for Lord
Jagannath temple and is a world-famous tourist
beach, while Konark is famous for the sun temple
and its pristine sandy beaches. The beach of 3 km
stretch to the south of Paradip port is considered
for historical shoreline change analysis. Because,
on the north of the port, there is no beach and the
entire stretch from port north to the mouth of river
Mahanadi is covered with sea wall. Similarly,
Pentha is a coastal village in Kendrapara district
and is located * 45 km north of Paradip. The coast
is under severe erosion for the last 10 years.
Uncontrolled sea and swell waves pose serious
threat to the peripheral human settlement at
Pentha coast (ICZMP 2020). Along the east coast
of India, Odisha is most prone to cyclones and
hence has significant impacts on the shoreline
change. During 1971–2019, a total of 161 cyclonic
storms were witnessed in the Bay of Bengal out of
which 21 had their landfall along Odisha coast
(Bgure 2). It is evident that the frequency of
cyclonic storms is gradually decreasing with time
both in the Bay of Bengal and along Odisha coast.
The study aims to assess the impacts of these
storms on shoreline change.

2. Study area
The 480 km long coastline of Odisha extends from
Ganjam coast in the south to Balasore coast in the
north (Bgure 1). The diverse environmental characteristics and conditions found along the coast,
largely due to its varied physiographic features and
associated natural hazards, have inCuenced the
human settlement pattern, land-use activities in
the coastal zone, tourism and the coastal zone

3. Data and methods
3.1 Datasets
In order to investigate the shoreline change along
Odisha coast, Survey of India (SOI) toposheet
(1978), time series satellite data (1990–2017) and
observed shoreline data (2012) were used (table 1).
Multi-resolution Landsat (ETM+ and TM)
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Figure 1. Study area showing the major shoreline monitoring stations along Odisha coast.

Figure 2. Decadal frequency of tropical cyclones (TCs) over the Bay of Bengal (BoB) and Odisha (Source: IMD E-Atlas).

satellite data with\20% cloud cover were acquired
from USGS (https://earthexplorer.usgs.gov/).
Besides, IRS-P6 (LISS III) satellite data were
obtained from National Remote Sensing Centre
(NRSC), Hyderabad. Landsat satellite images have
been used widely in coastal applications for decades
(Kirk 1975; Al-Tahir and Ali 2004; Boak and
Turner 2005; Solomon 2005; Romagnoli et al. 2006;

Vinther 2006), as the images are provided by USGS
at no cost. The details about data acquisition and
their sources are listed in table 1. Landsat data
period mostly included dry season in the study
region in order to get cloud-free satellite data.
Observed data for dry season are also used for a
coherent data analysis and a comparative study.
Tidal information (table 1) corresponding to each

–
0.22
0.66
0.73
0.98
0.21
0.05
0.62
0.21

Tidal level
(m)
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dataset indicates their acquisition during low tide
time, which is also the case during observation.

SOI
USGS
USGS
NRSC
NRSC
USGS
–
–
–
–
140/47, 139/46
140/47, 139/46
106/58
106/58
140/47, 139/46
–
–
–
–
30
30
23.5
23.5
30
–
–
–

Odisha
Odisha
Odisha
Gopalpur
Gopalpur
Odisha
Puri, Konark
Paradip
Pentha

Path/row
Resolution
(m)

Region

Sources
of data

3.2 Methods
Figure 3 depicts the schematics of the detailed
methods followed for shoreline change analysis.
3.2.1 Satellite/toposheet data analysis
The satellite images are ortho-rectiBed with projection UTM 45 N and datum WGS 84. SOI
toposheet 73 L/13 (1:50,000 scale) was used as
base map for the study. The Cowchart of the
analysis is depicted in Bgure 3. The nonlinear
edge-enhancement technique with Sobel operator
(3 9 3 kernel matrix) was applied to get a clear
demarcation between land and water boundary
following Acar et al. (2012) and Chenthamil Selvan et al. (2014) and then, on-screen digitization
of the shorelines for each data was performed. The
highest high tide line is considered as the shoreline
indicator for toposheet/satellite data.

–
TM
ETM+
LISS-III
LISS-III
ETM+
–
–
–
Toposheet
Landsat 5
Landsat 7
IRS-P6
IRS-P6
Landsat 7
Observation with DGPS ArcPad
–
10.25
10.20
10.26
10.41
10.07
–
–
–

Berm-line is considered as shoreline indicator and
hence in the present study shoreline refers to the
Brst berm from foreshore, which is not disturbed
during spring low tide (Mohanty et al. 2012). The
berm-line data is collected using DGPS ArcPad
which is based on the GPS system and receives
data with high accuracy for observed data during
2012. All the observed data were taken during
spring low tide condition (table 1), when a maximum stretch of the beach is exposed. Geo-database were created in Arcview GIS 3.2 software and
the shoreline change at different inter-annual time
scale were imported to the geo-database for the
chosen Bve hotspots: South Odisha coast (Gopalpur tourist beach, Gopalpur port and Rushikulya), Puri, Konark, Paradip and Pentha
regions.
3.2.3 DSAS statistics

1978
24-12-1990
12-10-2000
11-01-2008
03-01-2014
23-02-2017
24-12-2012
25-12-2012
26-12-2012

Sensor
Time of satellite
pass (GMT)

Types of data

3.2.2 Observed data analysis

Period

Table 1. Data used and their sources (tide levels were obtained from global tide (DHI) using MIKE 21 toolbox).

209

Shoreline change along Odisha coast was evaluated using Digital Shoreline Analysis System
(DSAS) version 4.0 developed by USGS. DSAS is
an add-on software, which work under ArcGIS
platform of ESRI. A pre-created reference baseline at onshore and the extracted shorelines were
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Figure 3. Methodology adopted for shoreline change analysis.

imported to a personal geo-database. Then, about
851 shore normal transects at 500 m spacing are
generated to compute the shoreline change along
the Odisha coast. Transect-1 represents the
southern end of Gopalpur coast of Ganjam district, while Transect-851 represents the northern
end of Chandipur beach of Balasore district
(table 2). The entire Odisha coast was subdivided
into Bve zones; Zone-A (Ramaypatnam to Chilika), Zone-B (Chilika to Konark), Zone-C
(Konark to Paradip), Zone-D (Paradip to Pentha)
and Zone-E (Pentha–Balasore), moving from
south to north of Odisha coast to represent the
shoreline accurately. The details of each zone are
listed in table 2. The statistical parameters of
shoreline change such as end point rate (EPR),
linear regression rate (LRR), net shoreline movement (NSM) and shoreline change envelope (SCE)
were computed in DSAS. SCE is deBned as a
measure of the total change (Ciritci and Turk
2019) and represents the distance between the
nearest and farthest shorelines with respect to the
baseline for each transect without any relationship
with time period. NSM value considers the distance between the oldest and newest shorelines
(Burnigham and French 2017; Oyedotun et al.
2018). NSM value indicates which direction and
how much net shoreline movement is relative to
the baseline, while SCE represents the largest

distance between all shorelines intersecting with a
given section. SCE is always positive since there is
no indication of the total distance between the
two shorelines. Therefore, NSM and SCE are
computed and depicted following Dereli and Tercan (2020). EPR is the ratio of net shoreline
movement to the time elapsed between the oldest
and the most recent shoreline (Nithu Raj et al.
2019). The EPR method provides short-term
analysis of the shoreline by considering the
youngest and oldest shorelines despite the availability of multi-dated shorelines. LRR method is a
measure of linear regression rate of change
statistics by Btting the least square regression line
to all shoreline points for a particular transect. LRR method has several features (Roy et al.
2018) and a number of advantages (Dereli and
Tercan 2020). It uses all the available datasets
and allows highlighting the long-term evolutionary trend of shoreline. EPR and LRR represent
the rate of change of shoreline which shows almost
similar results (Barik et al. 2019; Baig et al. 2020)
and hence in the present study, shoreline change
rate has been computed using both the methods
and the values have been compared by determining the correlation between the two methods,
which indicate 99% significance level.
The shoreline change rate obtained using EPR
and LRR were classiBed into Bve categories
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following Velsamy et al. (2020) and Mahapatra
et al. (2014). The Bve categories are:
1.
2.
3.
4.
5.

High erosion: [ –4 m/yr,
Low erosion: –4 to –1 m/yr,
Stable: –1 to 1 m/yr,
Low accretion: 1 to 4 m/yr,
High accretion: [ 4 m/yr.

similar studies along South Odisha coast (Mishra
et al. 2021).
4. Results and discussion

3.3 Uncertainty
Several factors such as tidal condition, error during
digitization and geo-rectiBcation have impacts on
the accuracy of the shoreline position delineation.
Hence, the uncertainty in shoreline position was
estimated following Rooney et al. (2003), Genz
et al. (2007), Romine et al. (2009) and Fletcher
et al. (2012). The total uncertainty (Ut) in shoreline
position can be evaluated by using the equation:
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Ut ¼  Es2 þ Et2 þ Ep2 þ Er2 þ Ed2 þ Ets2 ;
Es represents the seasonal error associated with
shoreline change in response to nearshore processes
(Fletcher et al. 2012). In the present study, all the
images are considered for the dry period. Hence,
there is no such seasonal eAect on shoreline positions and Es is not considered. Et represents the
tidal Cuctuation error from the horizontal movement in shoreline position due to tidal variation
during both tidal phases (Fletcher et al. 2012). Ep is
the spatial resolution of the satellites. The satellite
images (Landsat and IRS P6) are provided as
ortho-rectiBed and hence, geo-rectiBcation error
(Er) is not considered. The digitization error (Ed) is
the error which occurs during digitization of
shoreline positions. Ets is the toposheet plotting
error and includes measured distance and plane
table plotting (Fletcher et al. 2012). The error
values for different factors are listed in table 3. The
total uncertainty value for this study was found as
±0.24 m, which suggests better accuracy of the
shoreline computed and is in agreement with

The results are presented into two sections:
(a) shoreline change at Bve hotspots of Odisha
coast such as South Odisha coast (Gopalpur tourist
beach, Gopalpur port south, Gopalpur port north
and Rushikulya), Puri, Konark, Paradip and Pentha and its variability at different epochs and
(b) the shoreline change statistics (SCE, NSM,
EPR and LRR) for the entire Odisha coast at Bve
different zones. The purpose of section (a) is to
focus on Bve important tourist beaches of Odisha
and depicting their shoreline change in greater
detail in dividing the entire 40 years of study into
Bve epochs for Gopalpur (table 4) and four epochs
for rest of the four regions (table 5). For south
Odisha coast, shoreline change at four different
physiographic settings (Gopalpur tourist beach
(GPB), Gopalpur port south (GPLS), Gopalpur
port north (GPLN) and Rushikulya (RUS)) have
been analysed covering 3 km in each setting.
Gopalpur port is being developed since 2008 and
hence depiction of shoreline change in different
physiographic settings and in different epochs
helps to understand the impacts of development of
coastal structures and extreme weather events on
shoreline vis-
a-vis the natural changes.
4.1 Shoreline change at Bve hotspots
4.1.1 South Odisha coast
The shoreline position at South Odisha coast is
depicted in Bgure 4 and the inter-annual changes of
shoreline with respect to 1978 are presented in
table 4. Shoreline change at GPB is distinctly
negative over the 3 km stretch during 1978–1990
with relatively higher magnitude at 1.5 km and 2
km, located just north of Haripur creek (Bgure 4

Table 2. Five zones of Odisha coast considered for shoreline change analysis.
Zone

No. of
transects

Total no.
of transects

District covered

Region covered

Zone length
(km)

A
B
C
D
E

1–200
201–348
349–481
482–630
631–851

200
148
133
149
221

Ganjam–Khurda
Khurda–Puri
Puri–Jagatsinghpur
Jagatsinghpur–Kendrapara
Kendrapara–Balasore

Ramayapatnam–Chilika
Chilika–Konark
Konark–Paradip
Paradip–Pentha
Pentha–Balasore

99.5
74.0
66.5
74.5
110.5
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and table 4). In the next phase (1990–2000), it is
distinctly positive over the entire stretch. However,
during 2000–2008, the change in shoreline is again
negative, which is further enhanced during
2008–2014. The enhancement in negative shoreline
change during 2008–2014 could be attributed to the
landfall of VSCS ‘Phailin’ at Gopalpur on 12
October, 2013. During 2014–2017, the beach has
recovered significantly and shows positive change
in shoreline with relatively higher magnitude at
northern beach. This change could be attributed to
the development of Gopalpur port at an approximate distance of 8 km north of the tourist beach.
The coastal structures developed at port helps in
creating an accretional environment to the south
(Mohanty et al. 2012) and thus the observed
accretion at GPB. Net change in shoreline from
1978 to 2017 is negative with the maximum at 1.5
km near Haripur creek.
At GPLS and GPLN, perceptible landward
movement of shoreline is observed from 1978 to
1990, which are respectively south and north sides
of Gopalpur port. From 1990 to 2000, predominantly seaward movement is observed with intermittent landward movement. Again from 2000 to
2008, landward movement is predominantly
observed. During 2008–2014, most of the coastal
structures such as breakwaters, groins and jetties,
berth, etc., were developed. Despite the development of these structures, negative shoreline change
in the south could be attributed to the impact of
very severe cyclonic strorm (VSCS) ‘Phailin’,
which crossed the coast on 12th October 2013.
However, during post-development period of the
port (2014–2017), south side experienced accretion
with relatively higher magnitude immediately
south of southern breakwater (at 2.5 and 3 km). On
the other hand, north side of the port experienced
severe erosion very near to the northern groin while
further north, the beach experienced accretion due
to its protection by groin Beld and beach nourishment activities by the port authorities. Considering
the net change, port south beach is depositional in
nature, while port north beach is erosional in nature. The observed shoreline changes could have
definite and direct impact on the local Bsherman,
the ecosystem development and the land use
management near the port (Chen and Rau 1998).
At RUS, the entire 3 km stretch shows negative
shoreline change with relatively higher magnitude
at northern part compared to southern part during
1978–1990. During 1990–2000, it is positive from 0
to 1.5 km, while negative shoreline change prevails

Table 3. Error in shoreline positions.
Source of error
Seasonal error (Es)
Tidal error (Et)
Pixel error (Ep)
Geo-rectiBcation error (Er)
Digitization error (Ed)
Toposheet plotting error (Ets)

Error value (m)
0
–0.98 to 0.62
6.5
0
0.8 to 6
NA

from 2 to 3 km. During 2000–2008, an exactly
reverse trend in shoreline change is observed
compared to 1990–2000. Again from 2008–2014,
the shoreline change is mostly negative with relatively higher magnitude on the southern side
compared to northern side. During 2014–2017, the
shoreline change from 0 to 2 km is positive, while 1
km on the north shows negative shoreline change.
However, the net change is negative over the 3 km
stretch with very high magnitude on the north and
relatively lower magnitude on the south. Net negative change at Rushikulya beach and particularly
the northern beach, one of the three world famous
sea turtle nesting habitats of Odisha, has adverse
eAect on the nesting behaviour of the Olive Ridley
sea turtles (Barik et al. 2014).
4.1.2 Puri, Konark, Paradip and Pentha
Shoreline change along Puri, Konark, Paradip and
Pentha coast is depicted in Bgure 5 and table 5. It
is observed that in 1978, the shoreline width at
Puri was maximum compared to the other periods.
Gradually, the width of the shoreline decreased.
Looking at the spatial variation, the width of the
shoreline is minimum on the south beach and
gradually increases towards north of the beach.
Shoreline change during 1978–1990 is negative,
while it is positive during 1990–2000 at Puri. From
2000 to 2012, the shoreline at Puri experienced
negative change over 3 km stretch (table 5).
However, from 2012 to 2017, the shoreline change
at Puri is observed mostly positive except some
minor negative changes (Bgure 5). Overall, the
long-term shoreline position indicates that the net
change (1978–2017) at Puri tourist beach is negative at all transects. The long-term shoreline
change at Puri coast indicates that Cuvial process,
coastal process and anthropogenic impacts are
mostly responsible for the observed net negative
change in shoreline.
The beach at Konark (Chandrabhaga) attracts
lots of tourists, which has a large impact on the
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Table 4. Inter-annual shoreline change at Gopalpur tourist beach (GPB), Gopalpur
port south (GPLS), Gopalpur port north (GPLN) and Rushikulya (RUS) of south
Odisha coast.
Net change

1978–1990

1990–2000

2000–2008

2008–2014

2014–2017

0 km

–200.7

68.8

–70.7

–190.6

189.8

–203.4

0.5 km

–200.5

66.3

–70.3

–179.5

191.0

–192.9

1.0 km

–180.8

42.2

–60.3

–163.1

179.4

–182.5

1.5 km

–326.2

53.7

–62.5

–116.0

123.4

–327.6

2.0 km

–212.5

48.6

–50.4

–159.2

188.4

–185.1

2.5 km

–197.3

56.0

–61.8

–164.8

237.1

–130.7

3.0 km

–171.5

46.9

–61.3

–180.6

291.4

–75.2

0 km

–180.3

72.1

33.8

–91.8

334.5

168.2

0.5 km

–219.6

90.7

–23.4

–46.1

457.9

259.6

1.0 km

–158.5

105.8

–53.5

–137.0

131.2

–112.0

1.5 km

–158.1

62.8

–41.7

–102.1

197.7

–41.4

2.0 km

–125.9

88.2

–97.0

42.1

155.2

62.6

2.5 km

–94.1

–58.6

29.4

–28.2

217.6

66.0

3.0 km

–61.2

35.2

–67.5

–85.3

396.7

218.0

0 km

–191.3

153.4

–111.2

86.1

–218.9

–281.8

0.5 km

–148.2

6.5

–17.5

–273.1

70.4

–362.0

1.0 km

–168.4

42.0

–126.3

–268.2

187.2

–333.7

1.5 km

–148.0

–54.6

–39.3

–247.3

170.4

–318.7

2.0 km

–115.8

–31.6

–55.1

–261.0

184.9

–278.5

2.5 km

–163.9

11.6

–73.0

–241.5

182.3

–284.5

3.0 km

–178.5

–63.5

9.8

–246.8

134.2

–344.8

0 km

–197.8

187.3

–118.4

–215.0

293.4

–50.6

0.5 km

–343.0

278.8

–195.6

–120.1

289.3

–90.6

1.0 km

–399.2

257.7

–441.6

–305.2

770.1

–118.2

1.5 km

–350.0

212.4

–290.6

–267.2

404.3

–291.0

2.0 km

–422.5

–258.5

159.9

–20.4

142.3

–399.2

2.5 km

–462.2

–214.5

157.5

35.7

–24.0

–507.4

3.0 km

–525.9

–180.6

189.1

–54.5

–137.6

–709.5

(1978–2017)

GPB

GPLS

GPLN

RUS
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Table 5. Inter-annual shoreline changes at Puri, Konark, Paradip and Pentha.
1978–1990

1990–2000

2000–2012

2012–2017

Net change

0 km

–117.9

21.5

–27.0

–1.7

–125.1

0.5 km

–118.7

9.7

–26.3

7.7

–127.7

1.0 km

–114.1

13.7

–31.1

4.3

–127.2

1.5 km

–133

37.8

–33.8

–10.8

–139.8

2.0 km

–137.6

53.7

–45.6

0.04

–129.6

2.5 km

–105.3

20.4

–34.3

2.3

–117.0

3.0 km

–140.2

32.2

–30.0

–2.7

–140.8

0 km

–152.2

22.3

–34.8

–5.5

–170.2

0.5 km

–144.9

31.1

–59.1

17.2

–155.7

1.0 km

–175.9

54.2

–48

–0.6

–170.3

1.5 km

–187.1

68.4

–56.2

–6.2

–181.0

2.0 km

–174.2

46.7

–36.7

–13.6

–177.9

2.5 km

–188.8

44.9

–22.4

–25.8

–192.1

3.0 km

–202.1

49.4

–31.9

–21.1

–205.7

0 km

–259.4

119.6

–0.7

13.3

–127.2

0.5 km

–135.4

97.4

1.0

22.2

–14.7

1.0 km

–58.9

75.0

41.5

14.9

72.5

1.5 km

–31.8

141.

3.6

7.41

120.3

2.0 km

4.3

128.4

–10.1

40.9

163.6

2.5 km

–32.4

158.7

6.7

33.0

166.1

3.0 km

–4.6

49.8

80.8

27.8

153.8

0 km

–337.6

12.7

33.8

21.5

–269.5

0.5 km

–372.1

–71.1

–19.7

–6.3

–469.4

1.0 km

–422.7

–95.5

–80.2

–61.9

–660.4

1.5 km

–457.5

–101.5

–209.0

–46.4

–814.5

2.0 km

–481.8

–90.6

–274.7

–64.4

–911.6

2.5 km

–533.3

–99.1

–299.1

–67.0

–998.5

3.0 km

–614.3

–72.2

–260.3

–103.5

–1050.5

Puri

Konark

Paradip

Pentha
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Figure 4. Shoreline change at south Odisha coast: (a) Gopalpur tourist beach – GPB, (b) Gopalpur port – GPLS and GPLN,
and (c) Rushikulya – RUS.

shoreline. The beach was wider in 1978, which
subsequently experienced erosion during 1978–
1990 and hence has negative shoreline change of
relatively higher magnitude at all transects. Nevertheless, there are significant improvements in all
transects of the shoreline during 1990–2000.
Therefore, it is apparent that the 1999 super
cyclone of Paradip probably helped in beach
accretion due to oAshore–onshore transport as well
as land drainage after the severe Cooding which
occurred due to storm surge. The shoreline shows
negative changes during 2000–2012 and 2012–2017,
albeit with smaller magnitude in latter case. This
suggests that the beach is unstable and undergoing
an erosional trend. The rate of erosion is relatively
higher north of Chandrabhaga, located at 1.5 km
north of the starting point. Due to the impact of
tourism and other activities at Chandrabhaga
and further north, the shoreline width is narrow
compared to other transects.
The shoreline change at Paradip indicates that
the width of shoreline is maximum at 0 km, which
then narrows down gradually towards north. The
shoreline width is minimum at 2.0 km transect,
while moving from south to north. From the net
change, it is clearly evident that the beach at

Paradip is comparatively stable beach. Only the
southernmost part (0–0.5 km) shows net negative
change. During the period 1978–1990, the shoreline
position is landward with maximum at 0 km and
gradually reduced towards north. It may be mentioned that Paradip port started functioning in the
year 1966 and even after 24 years, the southern
beach had negative shoreline change. After 1990,
the shoreline shows accretional environment with
distinct positive changes during 1990–2000,
2000–2012 and 2012–2017. The net change is positive and with relatively higher magnitude in the
region very close to the southern breakwater and it
is due to trapping of longshore transport driven
sediments (from south to north) by the shore perpendicular structures (Mohanty et al. 2012). The
Odisha super cyclone had its landfall on 29th
October, 1999. However, the shoreline change for
the period 1999–2000 shows distinctly positive
values throughout the 3 km stretch indicating the
super cyclone had a positive impact on the shoreline change.
The long-term shoreline change study at Pentha
coast is an attempt to understand and quantify the
rates of erosion at every 500 m interval over a
stretch of 3 km covering the period from 1978 to
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2017. From the shoreline change analysis (table 5),
it is clearly evident that the northernmost sector
(2–3 km) is most vulnerable compared to other
sectors in all the four epochs of analysis period.
Period from 2012 to 2017 corresponds to the period
when geo-synthetic tubes were deployed during
July 2014 under the integrated coastal zone management programme (ICZMP) of Odisha coast
funded by the World Bank. Hence, a comparison
between 2000–2012 and 2012–2017 clearly indicates the impacts of geo-synthetic tubes in reducing the erosion trend. Further, it is also distinct
that the coast was most vulnerable during
1978–1990 compared to the other periods. Constant erosion at this particular beach made this
area a vulnerable zone. Steep scarps of the beach
carved by waves, destruction of protection measures and destruction of terrestrial vegetation have
been observed during the Beld survey. The tidal
waves at Pentha coast made a rapid march and
assumed alarming proportions, due to which the
area is seriously under threat. To mitigate the
erosion, Government of Odisha under ICZMP
funded by World Bank, deployed geo-synthetic
tubes along the coast to arrest the erosion. The
length of the geo-synthetic tube is 505 m long with
8 m height and 24 m wide. A total of 241 geosynthetic tubes were laid in Pentha sea beach for

protection of erosion-prone villages (ICZMP 2017;
Swain 2018). Even after the said protection measure, the coast is often facing erosion and hence
needs the attention of the scientiBc community to
assess the exact magnitude of shoreline change and
its reasons. It is also suggested for expansion of
coastal environmental education and awareness
programmes both within government agencies and
local communities to ensure successful implementation of future projects (Swain 2018) and to
formulate appropriate mitigation strategies.
4.2 Shoreline change statistics
4.2.1 Shoreline change rate (EPR and LRR)
Figure 6 depicts the rate of shoreline change using
EPR and LRR. It is observed that overall erosion
at all the Bve zones is a dominant factor due to
both natural and human intervention. Most of the
area of Zone-A comes under erosion category with
an average rate of –5.6 m/yr by EPR method and
–4.6 m/yr through LRR method. The erosion rates
are more prominent at transect 7 near Ramayapatnam (–9.6 m/yr); transects 55–60 near Gopalpur port north (–9.4 m/yr) and at transects 87–94,
which lies near Bateswar beach (–13.8 m/yr),
which are the hotspots of erosion. However, at

Figure 5. Shoreline change at Puri, Konark, Paradip and Pentha.
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Figure 6. Shoreline change rate (EPR and LRR) along Odisha coast at different zones, 1978 to 2017.

Gopalpur port south, accretion (9.2 m/yr) is
noticed which could be attributed to the construction of shore perpendicular structures such as
breakwaters and groins. The result of the study
closely agrees with Mishra et al. (2021). Maximum
erosion for Zone-A is seen at transect 200, near
north of Chilika lagoon (–14.9 m/yr) by both EPR
and LRR methods. The lagoon inlet at Chilika acts
as a barrier and stops the sediment movement
towards further north (Baral et al. 2018) and
hence littoral drift action made this place an erosional environment. At Zone-B, both EPR and
LRR methods show maximum erosion at Baliharichandi (–8.1 m/yr) and Chandrabhaga beach
(–7 m/yr) with an average rate of –4 and –3.3
m/yr, respectively. Zone-C extends from the
northern end of Puri district (transect 349) to
Paradip port south end (transect 481), a total of
66.5 km (table 2) in length. The highest degree of
erosion has been noted near south of the Devi river
estuary (transects 379–393) (–38.45 m/yr),
Saharabedi (transects 405–415) (–30.65 m/yr),
Kansaripatia (transects 457–466) (–10.78 m/yr)
and near Paradip port (–31.5 m/yr). However,
accretion is observed at transects 369–373, and at
transects 397–403 with a peak near Jagatsinghpur
RF beach having accretion rate of 32.26 m/yr.
Paradip port is located at the end of Zone-C
(transects 476–481), where mild accretion is
noticed to the south of the port which could be due
to coastal construction activity. However, erosion
is noticed to the north of Paradip port. Zone-D,
represented by Paradip to Pentha sector (74.5 km
in length) is noticed as the most vulnerable zone
with three hotspots of erosion at Jambu dweep,
Pentha sea beach and Satabhaya. Following EPR,
highest erosion is noticed between transects 542

and 550, located near Pentha sea beach (–90.4
m/yr) followed by at transects 613–615 near
Satabhaya (–79.1 m/yr), and transects 493–519
near Jambu dweep (–42.9 m/yr). EPR model
indicates mean erosion rate of –18 m/yr at this
zone, while it is –14.4 m/yr by LRR. Both sea and
swell waves at Pentha made this coast concaveshaped area which is facing consistent erosion with
time. At Satabhaya, erosion is considered as an
inevitable natural phenomenon inCuenced by natural factors such as waves, tides and currents. The
erosion near Satabhaya caused severe damage
to several houses and has been a matter of concern
for Govt. of Odisha (ICZMP 2017). Zone-E is
the northernmost and longest zone (110.5 km in
length) where positive trend of shoreline is
observed from transects 631–654, located near
Mangrove Island. Dense mangrove vegetation in
this area helped accretion (18.5 m/yr) in this
region. Again, at transects 821–851, near Chandipur beach, a zone of moderate accretion (9.5 m/yr)
is noticed following EPR. Extensive muddy Cats,
casuarina plantation and mangrove vegetation
along this part of the coast with wide shelves are
responsible for the accretional environment. However, moderate erosion is observed along this zone
from transect 655–820 with a mean rate of –5.6
m/yr and –4.9 m/yr by EPR and LRR method,
respectively.
Table 6 shows a comparative analysis of the
shoreline change rates obtained using EPR and
LRR. The linear correlation between the two is
significant at 99% level. LRR values under the Bve
categories of shoreline change suggest that except
for high erosion class, values of LRR are slightly
more as compared to EPR. Barik et al. (2019) also
made a comparative analysis of EPR and LRR for
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Table 6. Erosion/accretion length in km (%) observed using LRR and EPR in Odisha coast from 1978–2017.
Entire coast

Shoreline length (km)
High erosion
Low erosion
Stable
Low accretion
High accretion

Zone-A

Zone-B

Zone-C

Zone-D

Zone-E

99.5
71.1 (71.5%)
17.4 (17.5%)
5.5 (5.5%)
4.0 (4.0%)
1.5 (1.5%)

74
24.5 (33.1%)
40.5 (54.7%)
7.5 (10.1%)
1.5 (2.0%)
0 (0.0%)

66.5
51 (76.7%)
7 (10.5%)
2 (3.0%)
2 (3.0%)
4.5 (6.8%)

74.5
58 (77.9%)
6 (8.1%)
3.5 (4.7%)
2 (2.7%)
5 (6.7%)

110.5
52.5 (47.5%)
21.5 (19.5%)
7 (6.3%)
0.5 (0.5%)
29 (26.2%)

EPR
425
289.9 (68.2%)
74.8 (17.6%)
14.9 (3.5%)
8.4 (2.0%)
37 (8.7%)

LRR
257.1 (60.5%)
92.2 (21.7%)
25.5 (6%)
10.2 (2.4%)
40 (9.4%)

Figure 7. SCE and NSM along Odisha coast at different zones of Odisha coast during 1978–2017.

Odisha coast and showed higher values of EPR for
erosion class and lower values for stable class.
Table 6 depicts that Zone-D is the most vulnerable
zone with highest percentage of high erosion followed by Zone-C and Zone-A, while Zone-B is the
least vulnerable. Under low erosion class, Zone-B is
having highest percentage followed by Zone-E.
Zone-B is most stable while Zone-C is least stable.
Accretion (low) is highest in Zone-A and lowest in
Zone-E. On the other hand, Zone-E shows the
highest percentage of high accretion and no high
accretion in Zone-B.
4.2.2 Shoreline change (SCE and NSM)
Figure 7 depicts the statistics on SCE and NSM
along Odisha coast. SCE has no relation with time
period (Thieler et al. 2009), while NSM is directly
related with time (Thieler et al. 2009; Manca et al.
2013; Ozturk and Sesli 2015). SCE is typically
proportional with NSM in most of the transects,
suggesting that the higher the negative value of
NSM and the positive value of SCE, the higher the
rate of erosion as NSM value indicates which
direction and how much net shoreline movement is

relative to the baseline. This feature is quite distinct while comparing Bgure 6 with Bgure 7 which
indicates that trend of NSM very closely matches
with that of EPR and LRR. At Zone-A, four
prominent areas of erosions as per LRR/EPR were
Ramayapatnam, Gopalpur port north, Bateswar
beach and Chilika north, which show large negative (positive) NSM (SCE) values of 373.8, 364.8,
537.8 and 579.7 m. Almost similar agreements are
observed between EPR/LRR and SCE/NSM for
the identiBed hotspots of erosion in all the zones.
Mean NSM/SCE for Zones-A, B, C, D and E are
respectively, –216.5/257.7, –158.3/181.1, –450.6/
641.2, –699.5/956.5 and –32.6/40.4 m, which are in
tandem with the erosion trends identiBed using
EPR/LRR method. The results indicate that ZoneD is the most vulnerable zone followed by Zone-C,
Zone-A, Zone-B and Zone-E.
5. Conclusion
The historical shoreline change of Odisha coast for
the period 1978–2017 is studied using Topo map
(1978), time series satellite data (1990, 2000, 2008,
2014 and 2017) of Landsat and IRS P6 as well as
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observed data (2012) in an Arc View GIS platform.
Shoreline change at Bve hotspots of Odisha coast
such as south Odisha coast (Gopalpur tourist
beach, Gopalpur port south and north and Rushikulya estuary), Puri, Konark, Paradip and Pentha
are examined dividing the study period into Bve
epochs for Gopalpur coast and into four epochs for
rest of the four areas. Shoreline change statistics
namely, end point rate (EPR), linear regression
rate (LRR), shoreline change envelope (SCE) and
net shoreline movement (NSM) are generated
using digital shoreline analysis system (DSAS)
developed by USGS, which works under ArcGIS
platform of ESRI. Shoreline change rates have
been studied using four different statistics of DSAS
due to different important applications of each
statistics, discussed in detail under section 3.
However, in this section results on shoreline change
rate and erosion/accretion status of Odisha coast is
discussed based on results of LRR due to its
important features (Roy et al. 2018) and advantages (Dereli and Tercan 2020). About 851 shore
normal transects at 500 m spacing are generated to
compute the shoreline change by dividing the
entire Odisha coast into Bve zones; Zone-A
(Ramaypatnam to Chilika), Zone-B (Chilika to
Konark), Zone-C (Konark to Paradip), Zone-D
(Paradip to Pentha) and Zone-E (Pentha–Balasore). Shoreline change at the Bve hotspots distinctly shows variability in different epochs and
establishes the impacts of both extreme weather
events (cyclonic storms) and development of
coastal structures associated with ports and harbours. Impacts of cyclonic storms on shoreline
change are very much evident during 1978–1990
with predominantly negative shoreline change
(erosion) in all the Bve locations. Because Bgure 2
shows that out of 21 cyclonic storms along Odisha
coast during 1971–2019, 15 cyclonic storms were
witnessed during 1971–1990. Historical shoreline
change study from 1978 to 2017, along Bve different
zones of Odisha, reveals erosion as the dominant
process in all the zones. Out of 425 km stretch
studied, 257.1 km (60.5%) is under high erosion,
92.2 km (21.7%) is under low erosion, 25.5 km
(6%) is under stable condition, 10.2 km (2.4%)
is under low accretion and 40 km (9.4%) is under
high accretion. Further, the study clearly depicts
Zone-D (Paradip to Pentha) as the most vulnerable zone with maximum percentage (77.9%)
under high erosion followed by Zone-C (76.7%),
Zone-A (71.5%), Zone-E (47.5%) and Zone-B
(33.1%) as least vulnerable. Hotspots of Zone-D
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with very high erosion rates are at Pentha beach
(90 m/yr), Satabhaya (79 m/yr) and Jambu
dweep (42.9 m/yr), while other hotspots of erosion
identiBed in different zones are: Ramayapatnam
(9.6 m/yr), north of Gopalpur port (9.4 m/yr),
Bateswar (13.8 m/yr), north of Chilika mouth
(14.9 m/yr) in Zone-A; Baliharichandi (8.1 m/yr)
and Chandrabhaga beach (7 m/yr) in Zone-B;
Saharabedi and Paradip port north (31.5 m/yr) in
Zone-C. Zone-E covers the maximum length
(110.5 km) and is having highest accretion (26.2%)
compared to other zones. Extensive muddy Cats,
casuarina plantation and mangrove vegetation
along this part of the coast with wide shelves are
responsible for the accretional environment in
Zone-E. However, moderate erosion (–4.9 to –5.6
m/yr) is also observed along this zone over a long
stretch from transect 655–820. Zone-wise mean
SCE and NSM also corroborate the erosion/accretion pattern observed using EPR/LRR. The study
brings out distinct shoreline change along Odisha
coast with significant spatio-temporal variability.
The important processes/factors including manmade coastal structures and extreme weather
events are the important factors behind the
shoreline change, and are operating at a highly
regional scale. The study, while Blling the data
gaps on shoreline change for Odisha coast, provides
new knowledge and better understanding of coastal
problems and processes. Therefore, it is imperative
to undertake future study with long time series
satellite data at higher resolution to address some
of the complex and region-speciBc issues and to
prepare appropriate shoreline management plan for
the Odisha coast.
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