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Abstract 

Coastal erosion is a persistent problem occurring along the Shoreline of India. Several factors that influence 

the severity of erosion are community infrastructures along the coast, natural disasters, and several man-made 

activities. There is an increased demand for computing precise information regarding past and present trends 

and rates of changes in the shoreline. This research investigates the shoreline changes of the Vishakhapatnam 

district in Andhra Pradesh Coast, as well as finds the quantity of the erosion and accretion rate. 

Vishakhapatnam having a coastal length of 135 km used for the study, length of study area categorized by 

fours zones based on the district boundary Zone 1 - Bheemunipatnam, Zone 2 - Vishakhapatnam, Zone 3 - 

Anakapalli, and Zone 4 - Yellamanchili. The changes in Shoreline were computed with the help of multi-

temporal satellite images (Landsat 7 and Landsat 4 & 5) for the past 45 years’ period, i.e., from 1974 to 2020 

using Digital Shoreline Analysis System (DSAS). The rate of shoreline change was accessed using Net 

Shoreline Movement (NSM), Shoreline Change Envelope (SCE), End Point Rate (EPR), and Linear 

Regression Rate (LRR). Based on the findings the coastal maps are prepared to estimate the geological 

changes and shifting of shoreline position. This detailed study is found useful for exploring erosion and 

accretion processes in the region. About 135 km of coastline was found to be accreting in nature with an 

average rate of +1.13 m/yr followed by erosion of the shoreline - 0.15 m/yr. The highest and lowest SCE of 

about 63.4 m/yr and 75.25 m/yr were recorded in Vishakhapatnam Coast. In addition, the Multi-output 

Adaptive Neuro Fuzzy Inference System (MANFIS) technique is used to predict EPR, NSM, SCE, and LRR 

for monitoring the shoreline changes, and it could be used for further planning and development and also for 

disaster management authority in the decision-making process in the study area. 

 

Keywords erosion and accretion; End Point Rate; Linear Regression Rate; Net Shoreline Movement, 

Shoreline Change Envelope; MANFIS. 
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1 Introduction 

Worldwide, Coastal zone are mostly exposed to natural hazards due to human activities that arise near the 

shore areas which undergoes rapid degradation of urbanization and industrialization. The coastal areas are 

considered to be a disaster-prone zone which is vulnerable to regular and irregular hazards they include 

flooding, cyclones, earthquakes, tsunamis, sea level rise and coastal erosion. All these activities have high 

impact on static of the coast. One of the major threats to the coast is erosion, which occurs throughout the 

coastal zone of all parts of the world. Sand deposited on the beach is not static, as the waves constantly erodes 

and deposits the sand towards the landward side of the shoreline. This process is usually caused by the forces 

of waves and currents. While constructing an artificial structure near coastal area like jetties, breakwater, 

building of dams, dredged channels, ports and harbors are the major influences for the causes of Coastal 

erosion. 

India has a coastline of 7516 km and southern coastal state of Andhra Pradesh has a coastline of around 

972 km length. Immense value for commercial, recreational, and aesthetic purposes resources are found 

naturally in long coastline of Visakhapatnam. Following are the 9 districts which falls under coastal region of 

Andhra Pradesh: Srikakulam, Vizianagaram, Vishakhapatnam, East Godavari, West Godavari, Machilipatnam 

(Masula Beach), Guntur, Prakasam and Nellore. Totally there are 22 beaches located in Andhra Pradesh in 

which 7 beaches are located in Visakhapatnam, namely: Rushikonda Beach, Yarada Beach, Ram Krishna 

Beach, Bheemili Beach, Gangavaram Beach, Lawson’s Bay Beach and Sagar Nagar Beach. The shoreline of 

Andhra Pradesh has been subjected to severe coastal erosion in recent times. During Monsoons, the heights of 

the tidal waves are about 4m that the shoreline is vulnerable to dynamic changes. 

Shoreline changes of Nellore region in Andhra Pradesh coast, just as discover the amount of the 

disintegration and gradual addition rate of erosion and accretion utilizing multi- temporal satellite information 

(TM and LISS III, IV) and Geographic information system (GIS) for recent years 25 years, i.e., from 1989 to 

2015.The examination tracked down that 87.6 km of coastline was discovered to accumulate nature with 

normal of +1.40 m/yr followed by 38.4 km of beach front line dissolving with normal of - 1.36 m/yr and stable 

coastline of 41.4 km. The shoreline changes along Andhra Pradesh coast for last 22 years (1990- 2012) with 

the aid of Multi-resolution satellite data, in stretch of 974 km long Andhra coast was divided into 89 segments 

identical to Survey of India. The analysis revealed that 275 km long shoreline was under erosion, 417 km has 

shown accretion and 153 km coastline is under stable condition (Kannan et al., 2016). The shorelines changes 

along the south-west coast of Kanyakumari with multi-temporal Landsat TM, ETM Images from 1999 to 2011 

using GIS-based Digital Shoreline Analysis System (Kankaraa et al., 2015).  

Severe erosion measured to be along Kanyakumari, Kovalam, Manavalakurichi and Thengapattinam coasts 

are 300.63, 69.92, 54.12 and 66.11 m. Few Coastal zones like Rajakkamangalam, Ganapathipuram, Muttam 

and Colachel have experienced sediment deposits due to current movement during the north-east monsoon and 

shoreline change analysis was assessed using Linear Regression (LRR) and End Point Rate (EPR) from 1989-

2015 with different sources of remote sensing data (Kaliraj et al., 2014). 74.6 km of coastline was found to be 

accreting nature with average of +1.08 m/yr followed by 38.4 km of coastal line eroding with average of -1.40 

m/yr and stable coastline of 41.4 km. The long-term transformation as well as the patterns of soil 

loss/sedimentation from 1973 to 2015 were analyzed (Kannan et al., 2016) by Net Shoreline Movement (NSM) 

and End Point Rate (EPR) statistics. The highest and lowest EPR of about 67.63 m/yr and -43.14 m/yr were 

recorded in the Andhra coast. The high rate of deposition was recorded in the Godavari delta, whereas Krishna 

delta experienced low erosion (Sindhu Tyagi and Rai, 2020). The study revealed that high rate of erosion was 

observed all along the river mouth of northern side of Karnataka River while at the southern side of Kalinadi 

river faced high accretion during the period of 1989-2006. About 168 km of coastline was found accreting with 
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average rate of 1.5 m/yr followed by 71 km and erosion of about 1.0 m/yr (Chenthamilselvan et al., 2014). The 

rate of shoreline shift along the 330 km long Krishna-Godavari (K-G) delta coast was estimated using satellite 

images between 1977 and 2008. It was found that the 42.1 km2 area was net loss during this 31-year period. It 

was predicted a net erosion of about 57.6 km2 along the K-G delta coast by 2050 using digital shoreline 

analysis system for Kabir-Al Shamali river estuary during the period of 1958-2010 (Akhil Kallepallia et al., 

2013). The value of EPR - 2.8 shows the highest eroding on the estuary region and the value of EPR (+1.81) 

shows the advanced shoreline and the transects are shown in gradients close to the red to indicate 

sedimentation. The coast of Vishakhapatnam district, Andhra Pradesh was studied with the help of multi-

temporal satellite images of 1991, 2001, 2011 and 2018 (Mirna Sebat et al., 2018). Linear Regression Rate 

(LRR), End Point Rate (EPR) and Weighted Linear Regression (WLR) are used for calculating shoreline 

change rate. Out of 135 km, high erosion occupied 5.8 km of coast followed by moderate or low erosion 46.2 

km. Almost 34.7 km coastal length showed little or no change. Moderate accretion is found along 30.5 km 

whereas high accretion trend found around 17.8 km (Mirza Razi et al., 2020). The study area of the project is 

Urmia Lake, the 20th largest, and the second hyper saline lake in the world and it is about area of 5,100 km2. 

Based on this investigation, the area of the lake has been decreased approximately 1040 km2 from August 

1998 to August 2001 due to natural and anthropogenic activities. The shoreline evolution occurred along the 

Elmina, Cape Coast and Moree coast of Ghana, the shoreline data from 1974, 2005 and 2012 (Alesheikh et al., 

2006). The analysis of the shoreline changes between 1974 and 2012 found to be eroding at a rate of 1.22 

m/yr±0.22 m with an average of 49.13 m of land. It indicated that sandy shoreline sections had significantly 

higher rates in contrast to rocky and cliff sections where erosion was minimal (Jonah et al., 2016). The study 

area has been categorized into four groups viz., 1) Beach accretion south of Ennore Port, 2) Beach fill erosion 

breakwater of Ennore Port, 3) Almost stable coastline at the central part of the study region, and 4) Shifting 

Pulicat Lake. Evaluated reduction in sediment was from -0.66 x 106 m3/year on the southern side of Ennore 

port to -0.57 x 106 m3/year on the northern Port. The accreting southern stretch must be controlled with some 

introduced groynes, since the accreted sediments will close the approach channel of the port and it requires 

continuous dredging operations (Kasinatha Pandian et al., 2004). 

Several factors are involved in the cause of coastal erosion due to natural and anthropogenic activities 

along the coast. During monsoon season, the sea level rise is higher when compared to winter season. It 

reveals lowest sea level rise recorded in March and highest in October in an annual cycle. There is about 40 cm 

difference in sea level between March and October at Vishakhapatnam. The increased volume of seawater 

during this period is accommodated by eroding the beaches. The main objective of this present study is to 

carry out a more in-depth assessment of the vulnerability of Visakhapatnam coastal zones to the different 

impacts of climate change in a more integrated approach. The shoreline changes in spatial and temporal aspect 

were analyzed within the study area using Multi-output Adaptive Neuro Fuzzy Inference System (MANFIS). 

Furthermore, the impact of erosion and accretion rate was also evaluated for better understanding of the coastal 

processes on the coast of Vishakhapatnam. This analysis helps us to develop adaptation strategies as part of 

national sustainable development plans. 

 

2 Materials and Methods 

2.1 Study area 

Visakhapatnam is a coastal city with a population of 2.3 million it is a highly populated one in state of Andhra 

Pradesh. The Coastline extends over a length of 68 km intercepted with several rivers joining the Bay of 

Bengal as given in Fig. 1. The city is in the middle of the east coast of India and is between Kolkata and 

Chennai. The Eastern Naval Command has its headquarters at Visakhapatnam. The city has a natural harbor 
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Fig. 2 Methodology for shoreline prediction. 

 

 

The monitoring of shoreline change of coast of Vishakhapatnam region is studied for the period of 45 years 

from 1974-2020. The shorelines changes are evaluated based on the extracted shorelines between selected 

period satellite images. All the Landsat satellite data were downloaded from the USGS website for 1974, 1992, 

2000, 2010, and 2020 with the cloud free of 0% to exempt the atmospheric errors. The detailed specifications 

of multi temporal data are given in Table 1. The various zone and its details used for prediction are listed in 

Table 2. 

 

 

Table 1 Multi dataset used in this study. 

Sensor Spatial Resolution 

(m) 

Year Month Source 

Landsat 1 MSS 60 1974 February  

 

USGS 

Landsat 5 30 1992 March 

Landsat 7 30 2000 December 

Landsat 7 30 2010 December 

Landsat 7 30 2020 December 

 

 

A brief description of the change statistics used in the study is given below. 

 

2.2.1 Shoreline Change Envelope (SCE)  

A measure of the overall change in shoreline (km) at each transect considering the farthest and nearest position 

of the shoreline for the baseline location irrespective of the dates. 

2.2.2 Net Shoreline Movement (NSM) 

It is the distance (km) between the oldest and the youngest shorelines. 
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2.2.3 End Point Rate (EPR) 

It is derived by dividing the distance of shoreline change between two time periods by the time interval and 

expressed as m yr-1. This method provides the net rate of change over the long term. It has both advantages and 

disadvantages; the advantage is that only two shorelines are required for computation of change rate but unable 

to use more than two date shoreline data. 

2.2.4 Linear Regression Rate (LRR)  

It determines a rate-of-change statistic by fitting a least square regression line using all the intersection points 

all shorelines and individual transect. The slope of the line is the rate of shoreline change. The advantage of 

linear regression includes: 

 All the time-series data are used. 

 Can reduce the impact of spurious values on the overall accuracy of change rate.  

To ensure meaningful results from the regression model the temporal intervals of shorelines were kept well 

distributed over the analysis period. 

 

 

Table 2 Zone name and its details. 

Zone No. Zone Name DSAS Transect Numbers Coastal Length (in km) 

1 Bhemunipatnam Taluk 2327-2684 17.45 

2 Vishakhapatanam Taluk 1427-2326 45.75 

3 Ankapalli Taluk 1284-1426 07.70 

4 Yellamanchili Taluk 1-1283 64.10 

 

 

2.3 MANFIS model development 

Among all the Artificial Intelligence (AI) techniques, Adaptive Neuro-Fuzzy Inference System (ANFIS) has 

been widely used prediction models for various engineering fields. The hybrid ANFIS model is a combination 

of two soft computing techniques such as Fuzzy Inference System (FIS) and Artificial Neural Network (ANN) 

into single framework and interpreted with the help of if-then rules. Due to the adaptability, quick convergence, 

best reliability, and high accuracy, ANFIS model was found to be high caliber in predicting Road 

Embankment stability (Mamat et al., 2019), evaluation of building design (Elżbieta Szafranko et al., 2022), 

dissolved metal levels in acid rock drainage (Fattahi et.al., 2018), telecommunication network traffic (Oduro-

Gyimah et al., 2018), heat and mass transport in manufacturing industries (Elayarani et al., 2021), etc. This 

ANFIS model consists of five layers namely the normalized, product, fuzzy, de-fuzzy, and total output layers, 

respectively (Jang, 1993). The MANFIS model is used to predict the shoreline changes in Vishakhapatnam 

coastal zone that acquire a similar architecture to a classic ANFIS system, except the fourth layer (Gopi 

Krishna et al., 2022). The design of the developed MANFIS model for four outputs and one input is shown in 

Fig. 3, and the MANFIS system logic is stated below:   

 

Layer 1: To generate the Membership Function (MF). 

           ॹ௞
ଵ ൌ  ग़ሺईሻ\ग़   .MF of the MANFIS system׷

Layer 2: To calculates the "firing strength" of each rule via multiplication.  
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Layer 3: To normalize the firing strengths of each rule.     

Layer 4: To calculates rule outputs based on the consequent parameters. 

Layer 5: To sum all the inputs from layer 4. 

For a given dataset, MANFIS models can be created using Grid partitioning to find the antecedent 

membership functions. To enhance the developed MANFIS model, nearly 50% (180) of Landsat satellite data 

set were utilized for training and the remaining 50% (180) data were used for testing the MANFIS behavior. 

The MANFIS architecture of six input parameters such as Shoreline Date (SD), Transect ID (TID), Shape 

Length (SL), Transect Length (TL), Transect Spacing (TS), and Distance from Baseline (DB) and the four 

output parameters are Shoreline Change Envelope (SCE), Net Shoreline Movement (NSM), End Point Rate 

(EPR), and Linear Regression Rate (LRR). 
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according to the statistical computation the change in shoreline length found. The change of length along the 

Vishakhapatnam district categorized into three groups as erosion, stable and accretion as elaborated in Table 3. 

Zone 1 as Bheemunipatnam taluk with the length of 17.45 km, over which 7.21 km found to be eroding and 

9.36 km is accreting. For zone 2 of Vishakhapatnam taluk with the coastal length of 45.75 km, erosion was 

found along 22.63 km and accretion to be of 18. 03 km. Similarly for Zone 3 Anakapalli taluk of 7.7 km of 

coastal length, 1.78 km was found to be eroding and 5.13 km is accreting along the coastal length of 

Vishakhapatnam district. For zone 4 as Yellamanchili Taluk with the coastal length of 64.1 km, erosion was 

found along 1.65 km and accretion to be of 60.85 km. 

 

 

Table 2 Change in the length of shoreline in different zones using LRR. 

Zonal 

Division 

Zonal Name Length of Zone (km) Change of Length (km) 

Erosion Stable Accretion 

Zone 1 Bhemunipatnam Taluk 17.45 7.21 0.88 9.36 

Zone 2 Vishakhapatanam Taluk 45.75 22.63 5.09 18.03 

Zone 3 Ankapalli Taluk 7.70 1.78 0.79 5.13 

Zone 4 Yellamanchili Taluk 64.10 1.65 1.6 60.85 

 

 

3.3 Shoreline changes using EPR 

The End Point Rate is calculated by dividing the distance of shoreline movement by the time elapsed between 

the oldest and the most recent shoreline. Using EPR Model, the percentage of shoreline changes has been 

extrapolated for the long-term period of 45 years. In this analysis, the coastline rate of change has been 

generated from past shoreline movements using satellite images from 1974 to 2020. The results of this 

computation provide the maximum erosion/accretion that takes place in the Vishakhapatnam region. Zone 1 as 

Bheemunipatnam taluk found that the 41.06% of erosion with 52.79% of accretion along the coast of zone 1. 

For zone 2 of Vishakhapatnam, the coastal erosion was found to be 59.21% and 32.28% of accretion. Similarly, 

zone 3 of Anakapalli taluk found 36.54% of erosion and 39.74% of accretion along the coast. Zone 4 of 

Yellamanchili Taluk has reported 3.43% of erosion and 92.36% of accretion along the coast of 

Vishakhapatnam. From this statistical approach, Vishakhapatnam taluk was found to be the highest eroding 

region over the coast of Vishakhapatnam district with 59.21%, a stable shoreline of about 8.51% with no 

evidence of erosion and accreting nature, and 32.28% of accretion as per bar chart shown in Fig. 5. 
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the most significant changes were observed at Vishakhapatnam coast (Zone 2) facing severe erosion about 

22.63 km and high accretion was noticed in Yellamanchili Taluk about 60.85 km. The rate of accretion and 

erosion is derived as + 2.03 m/yr and -3.72 m/yr. Overall, during the study periods, erosion activities are 

moderately high compared to accretion in the study area. The results of this study will be useful for 

policymakers and coastal communities’ livelihoods. It is suggested that the regular monitoring of the coastline 

is vital for proper planning and management of the coast to prevent the shoreline from erosion using 

appropriate remedial measures. 
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