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Abstract— The shoreline is a more dynamic, and complex 

region of all geological features present, as it has a mixed 

results of tidal, Aeolian, tectonic, and sometimes river in 

activity. A shoreline can be defined as the region where the 

water bodies such as lakes, seas, and oceans meet the land. It 

has immense geological, geomorphological and ecological 

interest. The coast of Karnataka state extends from Talapadi 

in south to Sadashivgad in north covering a distance of about 

280 km. In this study, an attempt has been made to investigate 

the shoreline transformation along the coast of Mangalore, of 

a stretch of 25.3 km. Fair weather satellite images of 

LANDSAT from 1972 to 2021 were used to delineate the 

shoreline. A Linear Regression Rate-of-change (LRR) and an 

End Point Rate (EPR) statistics were carried out using Digital 

Shoreline Analysis System (DSAS) computer software of 

United States Geological Survey (USGS) as an extension tool 

of ArcMAP v10.2 software. Highest EPR of about 3.62 

m/year was noticed in the Tannirbavi beach, whereas highest 

LRR was about 3.54 m/year in same place, both indicating 

accretion. Highest erosion was noticed in Ullal beach with an 

LRR of 5.23 m/year and EPR of 5.62 m/year at Someshwara 

beach respectively. An overall average accretion was found 

to be 1.265 m/year throughout the Mangalore coast and 

overall average erosion as 1.136 m/year. 
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I. INTRODUCTION 

Coast is a most important socio economic region supporting 

welfare of human species. However, coastal areas always 

under frequent threat from various natural and man induced 

threats including coastal erosion. Coastal erosion is 

recognized as permanent loss of habitual land along the 

shoreline resulting in transformation of coast. Tidal 

processes, sea-level fluctuations, sediment transport and 

deposition, and flooding also contribute in shift of shorelines 

resulting in to newer coastal land forms and also in their 

disappearance. So, in order to formulate development 

activities both in terms of infrastructure and ecology it is 

necessary to substantiate rate of change in shoreline. 

 Rate of change in coastal landforms and shoreline 

position is also important in advancement of setback 

planning, hazard zoning, erosion/accretion perspectives, 

sediment budgeting, and conceptual/ predictive modeling of 

coastal morphodynamics (Sherman and Bauer 1993; Al Bakri 

1996; Zuzek et al. 2003). Shoreline change rate values imply 

the overall processes which have affected the coast through 

time in the form of historical shoreline position against time 

data (Fenster et al. 1993). Some of techniques like End Point 

Rate (EPR), Average of Rates (AOR), Linear Regression 

Rate (LRR) and jack-knifing are being extensively used to 

estimate and forecast the rate of change in shoreline. 

Calculation of accurate shoreline change rates are frequently 

employed to summarize historical shoreline movements and 

to predict the future shoreline positions through different 

modeling procedures (Li et al. 2001; Appeaning Addo et al. 

2008). 

 Remote sensing provides a platform for rapid 

delineation of the coastlines at relatively low cost. Also, 

repeated observations over the time do allow a detailed 

quantification of shoreline change. In addition to that, coastal 

morphology may be quantified by coupling remotely sensed 

data with information on the historic coastline position from 

archived sources. Remotely sensed data can also provide 

valuable preliminary estimates of change and is a unique tool 

for research and monitoring coastal areas and deltaic 

environments (Ciavola et al. 1999; Yang et al. 1999).  

 The accuracy of shoreline change rate estimation 

reflects actual changes and prediction of future changes 

depends on several factors, such as the accuracy in shoreline 

position data, variability of the shoreline movement, number 

of measured shoreline data points (Kumar et al. 2010b), and 

total time span of the shoreline data acquisition (Douglas et 

al. 1998), temporal and spatial bias in the estimation of 

shoreline rate-of-change statistics (Eliot and Clarke 1989), 

and the method used to calculate the rate (Dolan et al. 1991). 

In addition, the causes of variation in the rate of change 

include geomorphic features such as inlets, wave energy, 

engineering changes, etc. (Douglas and Crowell 2000). 

 The remote sensing and GIS applications have 

proved effective in the delineation of coastal configuration 

and coastal landforms, detection of shoreline positions, 

estimation of shoreline and landform changes, extraction of 

shallow water bathymetry (Jantunen and Raitala 1984; Singh 

1989; White and El Asmar 1999; Lafon et al. 2002; Ryu et al. 

2002; Siddiqui and Maajid 2004; Yamano et al. 2006; Kumar 

and Jayappa 2009; Maiti and Bhattacharya 2009; Kumar et 

al. 2010a). Shoreline change study for Karnataka using 

geospatial techniques has been carried out by Selvan et al. 

(2014) for for a period of about 33 years (1989 to 2006) using 

EPR and Weighted Liner regression (WLR). 

 In the present study, an attempt is been made to 

determine the rate of transformation of Mangalore coast using 

remote sensing as well Geographical Information System 

(GIS) as tools. Present study focuses on the period from 1972 

to 2021 and LRR for analysis. 

II. STUDY AREA 

Study area (Figure.1) is the coast of Mangalore between the 

Longitudes 740 45’ 0” E and 740 50’ 0” E and Latitudes 120 

45’ 0” N and 130 0’ 0” N and comprises of consists of 

Suratkal beach in the north, moving down to Khilraya and 

Iddya beach, Chitrpura beach, Panambur beach, Tannir Bavi 

beach, Ullal beach, Someshwara beach and Batapady beach 

in the south. The coast is bordered by Arabian Sea on the west 

and Western Ghats in the east. The continental shelf of 

Karnataka has an average width of 80 km. Sand bars are seen 
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in most of the estuaries (Kumar et al., 2012). The coast is 

exposed to the seasonally reversing monsoon winds, average 

rain fall per year being 4209 mm. Of the total rainfall, 80% is 

received during June to August. The temperature ranges from 

210 C in December to 360 C in April.  

 The tides in the study area are mixed semidiurnal, 

the range of which raises towards the north of the state 

(Kumar et al., 2011a). During the monsoon along the west 

coast of India, significant wave height up to 6 m has been 

reported (Kumar et al., 2006), and is normally less than 1.5 m 

during rest of the period. 

 
Figure 1 Study area with the coast line 

 The transformation of the coast in the study area was 

analyzed for a period of 24 years (1991 to 2014), which is 

regarded as medium term analysis (Crowell et al. 1993; 

Anfuso and Martinez Del Pozo 2009). Ortho-rectified 

satellite images of study area from the sensors Landsat 8-9 

OLI-TIRS in the years 1972, 1991, 2000, 2014, 2016, 2018, 

2020 and 2021 were downloaded from USGS Earth Explorer 

web tool. Additional information about the specifications of 

satellite data used in the study is given in Table 1. The tidal 

range along the study region is about 1.5 m and the 

submergence of the land associated with high tide period is 

less than 5-6 m (Bhat and Subrahmanya, 2000). Hence no 

additional corrections are undertaken for the delineation of 

shoreline other than approximately common acquisition time 

and period of the year. 

Acquisition Date Sensor Type of data 

04/01/1972 OLI - TRIS Geo Tiff 

03/01/1991 OLI - TRIS Geo Tiff 

08/01/2000 OLI - TRIS Geo Tiff 

03/01/2014 OLI - TRIS Geo Tiff 

15/02/2016 OLI - TRIS Geo Tiff 

31/12/2016 OLI - TRIS Geo Tiff 

04/02/2018 OLI - TRIS Geo Tiff 

21/12/2018 OLI - TRIS Geo Tiff 

10/02/2020 OLI - TRIS Geo Tiff 

26/12/2020 OLI - TRIS Geo Tiff 

28/01/2021 OLI - TRIS Geo Tiff 

29/12/2021 OLI - TRIS Geo Tiff 

Table 1: Details of data acquired for shoreline delineation 

 The most suitable band for demarcation of land-

water boundary has been identified as near infrared band 

(Maiti and Bhattachary, 2009), is used in the study to extract 

shoreline from satellite. Bands are in the grey-scale, ranging 

from 12 bands, B1 to B12. B1 having the darkest image and 

B12 having the whitish. B6 has been found as the suitable 

band with clear differentiation of land and water visible. 

 The digitized shorelines in the vector format of these 

years were used as input in Digital Shoreline Analysis System 

(DSAS) extension of ArcGIS, for calculating shoreline 

change rate. DSAS computes rate-of change statistics from 

multiple historic shoreline positions residing in a GIS 

(Thieler et al. 2005).  

 Using DSAS transects were cast perpendicular to the 

baseline at a 100 m interval all along the shore. Interactions 

of these transects with shoreline along the baseline is then 

used to calculate the rate-of-change statistics. Linear 

Regression Rate (LRR) method of shoreline change rate 

estimation was used in this study. LRR uses all the available 

data to find a line, which has the overall minimum of the 

squared distance to the known shoreline and is an established 

method for computing long-term rates of shoreline change 

(Crowell and Leatherman, 1999).  

 In addition to the LRR, End point rate (EPR) for the 

shoreline was also computed for the shorelines making use of 

the same transects. EPR is calculated by dividing the distance 

of total shoreline movement by the time elapsed between the 

earliest and latest measurements at each transect. Rate of 

change calculated in this study is particular to total Karnataka 
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coast as a whole. Study does not involve specific analysis at 

different morphological features.  

III. RESULTS AND DISCUSSION 

An overall average accretion was found to be 1.265 m/year 

throughout the Mangalore coast and overall average erosion 

as 1.136 m/year. A total of 25.3 km stretch of coast was 

broken down into five zones, each of 5 km stretch and LRR 

& EPR was observed for each stretch. On an overall view, 

maximum accretion rate of 3.54 m/year was observed at the 

Tannir Bavi beach and maximum erosion of 5.23 m/year was 

observed at Ullal beach. 

 
Fig. 1: Erosion and accretion rates by LRR of overall study area 

 
Fig. 2: EPR Computation of overall study area 

Erosion is prominent to the north of the study area, with highest erosion rate of 2.06 m/year at Panambur beach. 

 
Fig. 3: Erosion in the north of study area 

Highest erosion of 2.09 m/year was recorded at the south zone of the study area at Someshwara beach. 
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Fig. 4: Highest erosion in the south of study area 

IV. CONCLUSIONS 

The study focuses on the medium term change analysis of 

entire Karnataka coast using combination of remote sensing 

and GIS techniques for the detection of coastline movement 

that changes over time in response to economic, social, and 

environmental forces, since know how about the changes can 

to facilitate suitable planning, management, and regulation of 

coastal zones. An overall average accretion was found to be 

1.265 m/year throughout the Mangalore coast and overall 

average erosion as 1.136 m/year. On an overall view, 

maximum accretion rate of 3.54 m/year was observed at the 

Tannir Bavi beach and maximum erosion of 5.23 m/year was 

observed at Ullal beach. The present study suggests that 

multi-dated satellite data along with statistical techniques can 

be effectively used for prediction of shoreline changes. 

REFERENCES 

[1] B J, Akshaya & Hegde, Arkal. (2016). GIS Based 

Approach for Vulnerability Assessment of the     

Karnataka Coast, India. Advances in Civil Engineering. 

2016. 1-10. 10.1155/2016/5642523.  

[2] Al Bakri, D., 1996. Natural hazards of shoreline bluff 

erosion: a case study of horizon view, Lake Huron. 

Geomorphology 17,323–337 

[3] Anfuso, G., Martinez Del Pozo, J. A., 2009. Assessment 

of coastal vulnerability through the use of GIS tools in 

South Sicily (Italy).Environmental Management 43,533 

– 545 

[4] Appeaning Addo, K., Walkden, M., Mills J.P., 2008. 

Detection, measurement and prediction of shoreline 

recession in Accra Ghana. Journal of Photogrammetry & 

Remote Sensing 63, 543–558 

[5] Ciavola, P., Mantovani, F., Simeoni, U., Tessari, U., 

1999. Relation between river dynamics and coastal 

changes in Albania: an assessment integrating satellite 

imagery with historical data. International Journal of 

Remote Sensing, 20, 561–584 

[6] Crowell, M., Leatherman, S. P., 1999. Coastal erosion 

mapping and management, Journal of Coastal Research, 

28, 1–196. Special Issue 

[7] Crowell, M., Leatherman, S. P., Buckley, M., 1993. 

Shoreline change rate analysis: long term versus short 

term data, Shore and Beach 61:13–20. 

[8] Dolan, R., Fenster, M.S., Stuart, J.H., 1991. Temporal 

analysis of shoreline recession and accretion. Journal of 

Coastal Research 7,723–744  

[9] Douglas, B.C., Crowell, M., 2000. Long-term shoreline 

position prediction and error propagation. Journal of 

Coastal Research 16,145–152 

[10] Douglas, B.C., Crowell, M., Leatherman, S.P., 1998. 

Considerations for shoreline position prediction. Journal 

of Coastal Research 14,1025–1033 

[11] Eliot, I., Clarke, D., 1989. Temporal and spatial bias in 

the estimation of shoreline rate-of-change statistics from 

beach survey information. Coastal Management 17,129–

156 

[12] Fenster, M.S., Dolan, R., Elder, J.F., 1993. A new 

method for predicting shoreline positions from historical 

data. Journal of Coastal Research 9,147–171 

 


