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ABSTRACT

Display contemplate zone is the Chilika Lagoon wwhggreatest salty water tidal pond in tropicalafaranged
in the Odisha east Coast of India. Current invasitiq of the shoreline change in the Chilika Lagaotifizing
the Landsat information relating to 1992-2014 isgantrate on the shoreline incline. Chilika Lagoeoorded
the bigger shoreline morphology progression ingtiethern parts contrasted with alternate parts.shioeelines
in towards offshore side uncover the bigger chardgaonstrate the dynamic marine-fluvial progressiom
more grounded in this district. The examinationigdidally conceives the correlation of the consewss of the
shoreline change rates completed utilizing EPR [ER& systems of DSAS. The aftereffects of the bdidh t
methods uncover practically comparable outcomegeasom the slight varieties in the scope of pragriorce.
The scope of recorded by the EPR was - 91 to 230thdugh the LRR recorded - 50 to 144 m/y. Thaight
relapse strategy is helpless to exception impactd,furthermore tends to think little of the rafepoogress in
respect to different measurements, for example,.EFRRilar outcomes were additionally delineatedgive
think about thought little of esteems by LRR costtraith EPR. Subsequently the EPR is the betterrsdtive
for the count of the net shoreline drift for themmdrawn out period information.

INTRODUCTION

The Evaluation of shoreline and beach front prooeslis essential for a checking research programeraing

the littoral territory (Crowell et al., 2007, Bi2D08). Shorelines are persistently moving in lightvinds, waves,
tides, dregs supply, changes in relative ocearl Eve human exercises. Accordingly, shoreline ckaraye by
and large not steady through time and every nowamain change from disintegration to gradual additind

the other way around. Cyclic and non-cyclic procedwchange the position of the shoreline over aorament

of timescales, from the everyday and occasionalaotg of winds and waves, to changes in ocean level
spreading over decades, or more. As waterfront lpopukeeps on developing and group frameworks are
debilitated by disintegration, there has been apaegion popular for exact data in regards to shwarel
development. In this way, a standout amongst thet mital parts of waterfront administration andasaging
programs that benefits advance examination is §herprogression (Morton and Miller, 2005).

The GIS stage was utilized to build up a standemkatable technique for mapping and examining §here
development with the goal that intermittent updai@s be made locally, in regards to beach froribtdigration
and land misfortune (Burke et al., 2001). Shoretjpemetry stays one of the key parameters in #wiiication
of beach front Erosion, statement and the invesitigaof waterfront morphodynamics. The investigataf the
rate of progress in shoreline position is vital &or extensive variety of beach front examinatidos gxample,
improvement of misfortune arranging, peril zonirdisintegration growth thinks about, provincial rhss
spending plans and theoretical or prescient digpdayf seaside morphodynamics (Zuzek et al., 20B8)note
sensing has evidenced its utility all told fieldsgeophysical science, which incorporates the stidgoastal
processes, detection of changes because of seastsl disasters and human activities, as atrektthe fast,
repetitive, synoptic and multi spectral coveragehef satellites (Kanga et al., 2011a, Pandey g2@l3, Sinha
et al., 2014, Singh 2017) . It provides cost-edfitimulti-spectral and multi-temporal knowledged &mns them
into info valuable for understanding and watchimyelopment patterns and processes (Jiang et R, Singh
2016, Kanga et al., 2011b). Remote sensing satelliictures are effectively used for watching baumd
changes in several elements of Asian nation (SdnZéwang, 2004, Kanga and Singh 2017, Kanga eP@1.3,
Singh and Pandey 2014). Remote detecting informatauld be utilized adequately to screen the pssioas
along the beach front zone including shoreline. Hmreline change extraction and change discovery
investigation is an essential assignment that Ipgdication in various fields, for example, advanesof
mishap arranging, risk zoning, disintegration acelation thinks about, local residue spending plans
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reasonable or prescient demonstrating of seasisform elements. Shoreline outline is troublesdeipus,
and once in a while unimaginable for whole seaBi@@®ework when utilizing customary ground revievetgyms.

The Digital Shoreline Analysis System (DSAS) asradpct expansion inside the Environmental System
Research Institute (ESRI) ArcGIS has been utilibgdspecialists in measuring, evaluating, ascengirdnd
observing shoreline rate-of-progress insights fnearious noteworthy shoreline positions and sourEesect
relapse Rate (LRR) strategy for deciding shorefiosition change rate is observed to be critical rgnevery
single such system, as it limits potential irregutdstake and here and now changeability (patteatethges)
using a measurable approach (Ruiz and Berlanga3)2Q@te progressions in remote detecting (RS) and
geological data framework (GIS) strategies havemmted enhancements in waterfront geomorphological
examinations, for example, self-loader assurancshaoielines (Ayad, 2005); recognizable proof ofatigke
changes among beach front units (Kevin and El Asi@99); extraction of topographic and bathymetiata
(Guariglia, 2006) and their coordinated GIS invgsttion (Rao et al., 1986). These systems are afjukiecause

of their cost-viability, diminishment in manual nake and nonattendance of the subjective approéch o
traditional field methods. A scope of factual changieasures are inferred inside DSAS, in view of the
examination of shoreline positions through time spite of the powerlessness of this apparatus ¢taeehe
driving of morphodynamics, it has been appearduketoompelling in encouraging an inside and out éxation

of worldly and recorded development of shorelinesifians and bluff geometry. This work condenses the
recorded changes in the Chilika shoreline, as $abath gradual addition and disintegration. Shoeethange
along Chilika Lagoon has been examined utilizing #nd Point Rate (EPR) strategy in Digital Shoeelin
Analysis System (DSAS) in ArcGIS 10.3. Benchmarkswaade along the shoreline to create general patfer
shoreline. The concise records of beach front lam&fortune for each considered part, Chilika siteeca far
reaching perspective of coastland examination ofvtir and disintegration and more about waterfrtwangie in

a more extensive setting. To be sure, 3 zones gbdma Chilika (North, Middle, and South) were analyss
case work. The strategy for examination and traioslaof the outcomes can likewise give clarificatoin
regards to long haul and here and now rates. The m& of this work was to discover the relevamdea
consolidated method. In the present investigatioulti determination satellite pictures, which affoelessly
accessible, have been used to delineate shoradisiigms amid various circumstances previouslyview of
evaluated shoreline change rates, future forechstsoreline positions have been computed.

STUDY AREA
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Figure 1 Map showing the location of Chilika Lagaaong the Odisha, East Coast of India

The Chilika Lagoon, (19°28'-19°54" N latitude arEf@'-85°38"' E longitude), situated in the easstoéthe
State of Odisha, India, is the largest brackishewhtgoon in tropical Asia and covers a part of alsout 4300
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km?. The north shore of the Lagoon is a component lodritha district, and therefore the western shor is
component of Ganjam district of Odisha. Abrupt dmswithin the morphology of the coast on norththef
Lagoon because of shifting of the sand to towandsshore by robust wind and longshore drift andefioge the
presence or absence of robust watercourse anddegeent currents in numerous area unit as aréatha
explanations that are attributed to the expansidheospit. The water depth within the Lagoon vafimm 0.9 to
2.6 m within the season. The watershed boundaigebdtween the water flowing into the Mahanadi and
therefore the Chilika within the north, whereasaarelebilitating into the Bhargavi watercourse stie the
northeast watershed; within the west and southwestyatershed boundary lies between streams ftpwito
the Rushikulya watercourse and people flowing theoChilika (Figure 1).

DATA USED AND METHODOLOGY

Eleven Landsat imageries were used for analyziaegshioreline change for this study. The imageries s 23
years (1992, 1993, 1994, 1 995, 1996, 2001, 20026,22007, 2011, 2012 and 2014) and were acquiced f
Landsat Look Viewer, GLOVIS and Earth Explorer. Tinain objective was to identify the rate of shareli
changes along the study area using remote sensth@ES. In this study, the multi-temporal Landsatefiite
images acquired with 30 meters spatial resolutimmf1992 to 2014 were used as primary data sounce f
shoreline extraction In the process of carryingtbig study, the use of satellite images and Gifstto extract
the shorelines for Eleven different years. Thisgemf time and years selected due to deliberatil data
availability and it was based on approximately f&mfide height. For the delineation of shorelities images
were processed for the given years with a view dtemining their rate of changes over the studyoper
Shorelines were digitized using ESRI's ArcMap 1€d8tware. The defined shoreline perimeter of thestevas
digitized on screen from the Landsat Satellite imagys we know here 23 years (1992- 2014) imagessed
for the shoreline digitization. The high water liwas considered the indication of the shorelinee figh water
line is usually selected as the shoreline indicédormapping purposes because it is visible in niogtges.
Shoreline delineation through remote sensing tegles relies on the varied spectral behaviour octsgle
response of water and other land surfaces at diffevavelengths. Generally, water bodies absorkt ofothe
radiation in near-infrared and mid-infrared regiarfsthe spectrum. Hence, the reflectance of watealmost
equal to zero in these wavelengths; meanwhilerefiectance of various land covers in both regisnsigher
than water. According to this concept, coastline ba extracted from FCC band combination imageesthe
reflectance of water is nearly equal to zero in rfibective infrared bands. It is processed in ARGO0.3 to
display erosion/accretion patterns and calculaetinual retreatment rate along the shoreline dik@&h.agoon.
All desired shorelines are digitized using samédesoa 1:24,000. The Digital Shoreline Analysis 8yst(DSAS)
is a GIS tool that can be used to examine pastresept shoreline positions or geometry, one of rtiaén
benefits of using DSAS in coastal change analgsits iability to compute the rate-of change Stiassior a time
series of shoreline positions. The statistics altber nature of shoreline dynamics and trends imghao be
evaluated and addressed. DSAS has been developedreasly available extension to Environmental 8yst
Research Institute (ESRI)'s ArcGIS. The detailedhndology used for the shoreline change study ugtieg
geospatial technology has been provided as flowtéhahe Figure. 2.
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Figure 2. Methodology adopted for the study
RESULT AND DISCUSSION

The Digital Shoreline Analysis System (DSAS) iseatension that enhances the normal functionalitE 8RI
ArcGIS software, and enables users to calculateeBihe rate-of-change statistics from a time sesiesultiple
shoreline positions. The extension was used irotiisshoreline change analysis. After the digiimatof all
shorelines we have to need for append. Append latlteashorelines in a single file. For this pracege have to
select a single shapefile and all files will be apged in that selected shapefile. First off allobefappend
confirm that all shoreline files have the same ispatference and feature type. It is a good idemake a copy
of all shapefiles in other folder and renamed jppAnd is a tool added in arc info. For append dperappend
tool from arc toolbox (Data Management Tools- GahefAppend) then add all the shorelines shapefiléhe
input feature list in the append window. The baeels the starting point for all transects anches¢fore one of
the most important components of the shoreline ghamalysis process. Basically we can generatsaiba by
three ways i.e. start with new shapefile, buffeaahoreline and use a pre-existing baseline. skgend option
was adopted for creating the baseline. For gendhatdaseline from an existing shoreline we seteotest
recent shoreline. Then specified a distance thidbiset the resulting buffer entirely landward sgaward of all
other shoreline then converted it in polyline frpolygon and split, remove the unwanted part oftectauffer.
Its shape and relative location to the shorelimapaicts the rate calculations determined by thesémen
/shoreline intersections. The baseline must beadoad in a single shapefile (and therefore is glsifeature
class once imported into the geo database). Tlkertl@ time to manually edit and smooth the basdiased on
their particular study area. Before generatingtthesects we have to put and complete the somenpéges that
are compulsory for baseline and shoreline likeseahlength , transect spacing, baseline smootfisignce etc.

Figure 3. Baseline parameters

The baseline can be drawn off-shore, on-shore nrbgaa combination of both. By checking off-shae
calculations will be determined assuming transeigires are seaward of shorelines. The casting timeaevill be
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determined by the default parameters describeth@pitevious page. Onshore transect origins aredamasl to
be landward of the shorelines in rate calculatidi® chosen baseline parameter adjusts the repstdéstics
for positive and negative values to correctly iagiicaccretion and erosion. At the time of castsiahone main
factor also play a vital role called shoreline. &fioes have also some parameters that are vergrieng to
select these parameters (figure 3).

In this study farthest intersection in selectedaose of a Lagoon size, type and composition. Inaport
Shoreline attributes are given below date. Finaisy before generating the transect we have tatsete option
from simple baseline cast and smoothed baselirne [E@s showing the selected option for this stuélfter all
the default parameters setting transects can lielnabe study we take the 100m. Of transect sgpand 500
m. of transect length. Then specified the locattbnhe geodatabase where the resulting transectrascect
files will be stored. The user is able to selethai simple or smoothed baseline casts for newhegded
transects (whose length and spacing parametersel@et the smoothed baseline for transect. Somedcaare
moved, changed, deleted or edited individually gstandard Arc GIS editor toolbar (figure 4).
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Figure 5. Transect map
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A simple Linear Regression Rate and End Point &RR) have been adopted to take out the rate afgehaf
shoreline and its future positions, based on exglibservations at 2383 transects along the @hll&kgoon
coast. It is found that the northern eastern pértagoon undergo high rates of shore line shiftr Hue

prediction of future shoreline, the model has bealidated with the present shoreline position (20T4e rate
of shoreline movement calculated from the fixedeblase to shoreline position of 1992, 1993, 19994, 1996,
2001, 2002, 2006, 2007 and 2011 and based orthbigstimated shoreline of 2014 was calculatedifdd and
6). The estimated shoreline was compared with tteah shoreline delineated from satellite imagefr2@13.

The positional shift at each sample point is obsgrnfhe positional error varies from —206 m to 91linhas

been found that model prediction error is highetha left hand side of river Subarnarekha. Shoeetihange
rate using End Point Rate (EPR) Technique: The BRRmethod for estimating the per year rate ofelhee

change. It is calculated by taking the differenegwleen the first (closest) and last (farthest) slime to the
baseline at a specific transect and dividing bytttal number of years. In DSAS analysis, the ERRsSic is

performed by dividing the distance of net shorelimevement (NSM) at transects) by the total peribohterval

elapsed between the oldest and most recent sheselihe magnitude and cyclical trends of the EPRRega
represent the trend of erosion and accretion psesem the coastal zone. Shoreline change ratg wLsiear

Regression Rate (LRR) Technique: The LRR is usedpcesent the trend of shoreline changes durieghlort-
term periods. This is determined by fitting a lesgptiares regression line to all shoreline pointsafparticular
transects. The slope of the regression line isgolaxcording to the sum of the squared residuatscticulated
from the values of squaring the offset distanceaath data point from the regression line and adiiegquared
residuals together (Dolan et al. 1991). Howeves, dbtimated values may be susceptible to outlfectsfand
the rate of change tends to underestimate the tofrghoreline changes during the period of obs@mat
(Morton, 1991).
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Sr. No. Rate of Shoreline Change Shoreline Classification

1. Below -10 Very High Risk

2. -10 to -2 High Risk

3. -2t02 No Risk

4, 2to 10 Low Risk

5. Above 10 Very low Risk

Table 1. Criteria used for the classification of shorelitaoge rate
Note: -negative values depict erosion and pos#ieretion

Figure 7. Showing Shoreline changes

Results of the study reveals that the maximum caeeststable , however the low to high erosion m é¢htire
study area corresponds to 52.28 km length repri@genearly 21% coast is under erosion. There &tcdirjust
South west to the landfall point in Chatrapur distshowing the more erosion and area just norttheflandfall
point showing more accretion (Figure.7 and Tabje.1
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SHORELINE CHANGE ANALYSISUSING THE EPR
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Figure 8. Map showing the shoreline change rateE®R method

The shoreline change rate using the EPR methokeo$tudy area is shown in Figure 8. Results reteahigh

erosion in the southeastern parts of the lagodavield by the northeastern parts. The coast towhelseaward
side is recorded comparatively higher erosion rates put under high to very high shoreline charigie nate.

This suggests the high dynamics along these cdastso interplay of the marine and fluvial procaessehe
northern parts were also recorded high risk rates,could be probably due to the morphology of ldmgoon

basin that converges the energy and impact in thae of the coast. However, maximum erosion aededion

recorded by this EPR technique are 91 and 210 esfyectively. The graph highlights the EPR in baibitve

and negative values which indicates accretion aosi@n, respectively EPR result is showing thablstarea is
more than erosion / accretion. Further the sharetimange in different proximity were recorded aisted in

Figure 8. The result shows very Low risk area i9¥%3and very high risk area is 8.5%. Majority oé ttpast
with a length 158 km is under no risk constitut88650f the total coast. This study carried out alsne wise
and here study area divided into three parts, {§ddiddle and North) as shown in the Figure 9. Tésults of
shoreline change EPR pertaining to different zasdé®ing discussed in the following sections.

SHORELINE CHANGE IN DIFFERENT ZONES

South Zone: Results of the EPR in the south zoigri(€& 10 A) shows Low risk area is 10.3% and high area
is 10.1% near about same .Out of total area most#puthern part are eroded and in north westqfahis zone
approximately stable and very less deposition @s¢harea. Southern zone has covered more of¢ogghl. It is
having 109.24 km out of 258.51 km.

Middle Zone: In middle zone the percentage of dijowsis very less and it is showing (Figure 10tBat it
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Figure 9. Bar-diagram and Phi-chart depicting tegth and percentage of shoreline change classesiesl by
EPR method

is very low risk area. But it is clearly visible stoof the accretion area along with eroded areeaotisidered
total eroded area (Risk area) is more than accrat@rea after no risk area. Middle zone havin@8km out of
258.51km.This is approximately half of southerneof Chilika Lagoon

North Zone: The north zone lies in the east sideamfoon. It shows clearly the periodically diffecenbetween
two shore line of 1992 and 2014 due to accumulafidris zone have more changed zone in Chilika caxst.

In northern zone erosion activities are almost aecl along with Bay of Bengal coast. Due to highest
depositional activity than others zone, stable zmea is less than half of total area. (Figure 1.0 C

LINEAR REGRESSION RATE (LRR)

The shoreline change rate calculated by LRR remiftg DSAS and corresponding map is presentedgasd-i
13.It determines a rate-of-change of shoreline tiposiby fitting a least square regression to athperal
shorelines on a specific transect. Maximum erosiod accretion recorded by this LRR technique arerid
144 mly respectively. The results of the shorelthange risk classes estimated by the LRR methoéatev
erosion sites along the southeastern parts oftthity sirea. The erosion is also recorded along thth@astern
parts as well. By enlarge the shorelines of thedagtowards the sea are showing high erosion ahneghtrisk.
This is due to the same reason explained in théqare section i.e. high coastal dynamics towarésseawards
side. Interestingly there are small stretches dwarards west (landward side) are also recordeda@rasith
high risk rates. Whereas these areas recordednasdk categories in the EPR technique. LRR resulilso
showing large variations in the shoreline change darring 1992 to 2014. It is defined in given Fgd5 that
highest area covered by very low risk zone (veghhaccretion) except stable zone. Further thessitzti of
shoreline change rate in different classes wererded and listed in Figure 12. A total of 19% of ttpast is
under high to very high risk categories recordi@goland 7% respectively.

ZONE WISE LRRANALYSIS

Study area has been divided into three zones wizths middle and north zones as shown in the Fidaréor
convenience of results discussion. The detaileditse® these three zones are being discusseceifottowing
sections.

South Zone: Result of the LRR shoreline changeoirtts zone (Figure 12A) shows that Low risk aread%o

and high risk area is 12%.In southern zone apprataly accretion is high. Accretion covered the hadst and
south west part of Lagoon of southern zone andnbst of erosion movement occurred in west parhisfzone.
Very high risk class recorded 8% corresponds tngth of 8.75 km coast in the south zone.
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Figure 10. Bar-diagram and Phi-chart depictingl&émgth and percentage of shoreline change clasgbs three
zones by EPR method
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Figure 13. Map showing the shoreline change rateRf method

Middle Zone: Shoreline change based on LRR at raiddhe (Figure 12 B) shows the less risk comparatv
other two regions. High and very risk shoreline ngfea rates recorded the length of coast 6.4 andk®.5
respectively. The major category is no risk coroesfs to 36.6 km.

North Zone: change based on LRR at middle zoneu(Ei@2 C) recorded the 19% of coasts in this zoteia
high to very high risk rates of erosion. The domingategory in this region is no risk zone followsdvery low
risk zone. The overall zonal analysis of shoretthange using the LRR technique reveals the maxienasion
in the south zone and followed by north zone.

Conclusions

Current study of the shoreline change in the Chiliegoon using the Landsat data pertaining to 24924 is
focus on the shoreline trend. Chilika Lagoon reedrthe larger shoreline morphology dynamics insixgthern
parts compared to the other parts. The shorelméswards seaward side reveal the larger changksaibe the
dynamic marine-fluvial dynamics are stronger irstteégion. The study further envisages the compariéahe
results of the shoreline change rates carried singlEPR and LRR techniques of DSAS. The resulti@both
the techniques reveal almost similar results exteptslight variations in the range of change isitgn The
range of recorded by the EPR was -91 to 210 m/greds the LRR recorded -50 to 144 m/y. EPR corsither
nearest and farthest shorelines from the baselidebased on the net displacement of the shordimeate will
be estimated. A linear regression rate-of-changtstit can be determined by fitting a least sgsiaegression
line to all shoreline points for a particular traos The rate is the slope of the line. The limegression method
is susceptible to outlier effects, and also tendsnderestimate the rate of change relative toratfadistics, such
as EPR. The same results were also depicted irmrsetudy with underestimated values by LRR compare
EPR. Hence the EPR is the better option for theutation of the net shoreline trend for the longeriod data.
The study of the shoreline change dynamics usiachistorical Landsat data pertaining to 1992-204gek on
geospatial techniques reveals the variations irshimeeline dynamics. This was recorded as the Bherghange
rate in the current study. The comparative studthefshoreline change studies carried out usindg=eie and
LRR techniques of the DSAS reveals the underestigaif LRR values. This was confirming the already
published literatures. Hence it is being conclutbedse the EPR technique for the long-term shazedindies to
estimate the shoreline change dynamics and itslsrefhe data and geospatial techniques used inutlient
study are feasible in understanding the shorellmmge dynamics in the Chilika Lagoon. The study lan
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further enhanced using the higher resolution dattaming to the longer period. The results of¢berent study
are highly useful for the Chilika Lake Developmexithority for the better management. These resudis
further provide inputs for the coastal managemenhaity, policy, academia and etc. Remote Sensing
Geographical data system (GIS) techniques are utitiezed in varied coastal morph-dynamic studieshes/'re
price effective, cut back manual error and are faélwithin the absence of field surveys. The apgiiens of
remote sensing and GIS have evidenced significaftctive in delineation of coastal morphology adstal
landforms, detection of boundary positions. Renszesing satellites pictures are used effectivetyctastal
boundary amendment watching on the coast. The apprnportrayed here gives valuable data about sheref
Chilika Lagoon to look at the first wellsprings shioreline information (Satellite Images) to asdesth the
utility of various shoreline intermediaries (Geomiloic Features, Tidal Data,) and the vulnerabilghated with
every strategy, to create and actualize enhancbaitpies for surveying and checking shoreline dgreknt to
acquire a superior comprehension of the procedroesolling shoreline development to build up ateligent
GIS database with the reported seaside data agal ittto key organizations to encourage informatispersal.
Observing changes in shoreline recognizes the @aamd procedures that caused these adjustments in
particular zone, to evaluate the human effect ardkesign administration techniques.
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