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ABSTRACT 
 
Shoreward migration process of longshore bar is an important aspect of shoreline changes in the 
Mahanadi delta front. It involves coalescence of individual bars to form large complex bars just 
before welding on to the shoreline. Such welding sometimes results in the formation of large hook 
spits. Bar welding mechanism can be an extremely important form of natural beach nourishment. 
This study aims to detect stages of evolution of longshore bars and consequent welding with 
mainland. Multi-dated Landsat images have been used to detect evolution of longshore bar and 
welding processes. QGIS platform has been used to process images and compose required maps. 
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1. INTRODUCTION 
 
Shore parallel marine bars are a major 
component of the coastal morphology and play a 
significant role in coastal sediment budget [1]. 
The geomorphic evolution of such marine bars 
varies considerably along wave and tide range 
gradients [2]. The relationship between shoreline 
morphological evolution and migration of a bar 

depends upon a number of factors. Swash bars 
tend to migrate landward under surf bores and 
swash processes at rates that can be quite high, 
but extremely variable, ranging from 64 to 86 
m/yr. [3] to133–327myr [4], but an exceptional 
rate of 46 m/month, has also been reported [5]. 
Their migration and welding onto the adjacent 
beaches generally result in rapid, localized 
shoreline [6]. 
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Shoreward migration process (in such wave 
dominated to mixed energy settings) of 
longshore bar under Mahanadi delta coast 
involves coalescence of individual bars to form 
large complex bars (300m to several km long) 
just before welding on to the shoreline [7,8,9]. 
Such welding sometimes results in the formation 
of large hook spits [10,4,11]. Bar welding 
mechanism can, thus, be an extremely important 
form of natural beach nourishment, attaining, in 
some cases, several millions of m3 in the course 
of a single welding event [12,13]. Where the ebb 
delta is devoid of swash bars, Shoreline erosion 
can be observed on the down-drift side of the 
inlet [10,14]. The pattern of shoreline erosion and 
deposition in the vicinity of such inlets is 
controlled by cycles of ebb-tidal delta growth 
(swash bar formation) and decay (bar welding) 
that last from 4 to 8 years on the east coast of 
the Mahanadi delta. This study aims to detect 
stages of evolution of longshore bars and 
consequent welding with mainland. Detection of 
such changes and quantification of rate of 
changes have are important for beach 
nourishment, prediction of coastal erosion, 
vulnerability indexing etc.  
 

2. STUDY AREA 
 

The present study has been conducted on 
southern part of Mahanadi delta front (Fig. 1). 

Delta front of Mahanadi in micro and mesotidal 
settings commonly exhibits swash bars ranging 
in length from 300 m to several km that are built 
by the wave-induced accumulation of sand [7]. 
Evolution of longshore bar at the delta front, 
between Mahanadi and the mouth of Devi river 
(a distributary of Mahanadi) have been studied 
for a period of 43 years (from 1973 to 2016)     
(Fig. 2). 

 
3. DATA AND METHODS 
 
Landsat data has been collected from USGS 
(United States Geological Survey) Global 
Visualization Viewer (GloVis). Series of                
Landsat Satellite (Landsat 1-8) images have 
been made available to users since 2001 by 
USGS. According to USGS, all images are 
processed through the Level 1 Product 
Generation System (LPGS) with Cubic 
Convolution (CC) resampling and geo-registered 
with a tolerance level <12 M root mean square 
error. Multi-dated satellite images of 1973, 1990, 
2001 and 2016 have been used in this study. 
Data processing works have been carried out in 
ERDAS IMAGINE and QGIS. Entire workflow 
consists of four segments- image processing, 
indices based image transformation, shoreline 
extraction and calculating geometric             
parameters. 

 

 
 

Fig. 1. Location of the study area 
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Fig. 2. Longshore Bar with tidal inlets (Landsat 5, ETM+, 2016) 
 

4. RESULTS AND DISCUSSION 
 

The conceptual model of the evolution of 
longshore bars as proposed by Kana et al. [9] 
comprises three stages. At the very first stage, 
an offshore bar developed off the shoreline and 
grows independently on the swash platform near 
the downdrift limits of the ebb-tidal delta. At the 
second stage, the bar starts to migrate landward 
and get attached to the beach face. Beach 
erosion may occur adjacent to both sides of the 
bar, and accretion continues directly in its lee 
side. During the final stage, it spreads along the 
shore in either direction from the point of 
attachment. A bulge in the shoreline may be 
observed where the bar attaches the mainland 
first (Fig. 3). 
 

4.1 Stages of the Evolution of Longshore 
Bar  

 

As per the conceptual model of shoreline 
changes (proposed by Kana and Mckee, [9]), 
interactivity between an ebb-tidal swash bar and 
the beach in a microtidal environment involves 
three stages of evolution. Longshore bar located 
south to the Paradeep coast, along the 
nearshore zone, revealed subsequent stages of 
their evolution. 
 

Stage-1: Detached offshore bar 
 

In 1973 map, longshore bar was located at a 
distant position from the mainland. A wide 

channel that is well connected to the open sea, 
separates the bar from the mainland. Sediment, 
carried out by the distributaries, easily finds an 
outlet to move into the open ocean. The 
evolution of the bar in subsequent stages also 
gives a glimpse of its former position. It can be 
assumed that in the past, prior to 1973, it was 
located at a further distance with a wider 
passage separating the bar from the mainland. In 
this stage longshore bar acts as a dissipater of 
waves from the east and north-east. It also 
promotes stability and accretion of the shoreline 
in its shelter.  

 
Stage-2: Proximity of longshore bar with the 
shoreline 

 
With passing time longshore bar increases in its 
length along the direction of longshore 
movement. Longshore movement is largely 
seasonal and completely reversal in winter. As a 
result of this phenomenon, it increases at both 
ends. An increment in length augments the 
sediment trapping process through the closure of 
passage to the open sea. Closure motion 
stimulates two major processes of bar 
attachment to the mainland, one is absolute 
stability of the shoreline behind the bar and the 
other is infilling of lagoon water. Open ocean 
front of the bar become less nourished and 
subjected to face wave and tide energy. Thus, 
open ocean front is attributed by negligible to 
moderate erosion. 
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Fig. 3. Evolution of longshore bar 
 
Stage-3: Bar integration and redistribution of 
the sediment in littoral cell system 
 
In this stage longshore bar become fully 
integrated to the sheltered beaches, lagoon get 
filled up and the ocean front of the bar present 
high tide beaches. Almost entire distributaries 
behind the bar shifted out to find out new outlet 
to the open ocean.  
 

5. CONCLUSION  
 
Temporal analysis of the satellite data highlights 
the original nature of relationship of longshore 
bar to the shore in a microtidal to mesotidal 
environment. Merging and increase in length 
along the direction of longshore movement are 
the two major process of evolution of longshore 
bar. Longshore bar grew at a faster rate between 
1990 and 2000. Rate of increase in areal 
expansion has been decreased since 2000. 

However, a comprehensive understanding on bar 
migration requires time series data on sediment 
influx to the shore, identification of changes in 
longshore drift, wave action and direction of 
wave energy concentration etc.  
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