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ABSTRACT 

Recent years, the rate of coastal erosion is considerably increased in India due to human interference and natural 
drivers. The coastline of the western part of West Bengal is severely eroded. Monsoons which in the eastern part of 
this region last from June - October, as the Monsoon wind affect the direction and magnitude of the waves affecting 
the coastline with intense erosion Hotspots making zone vulnerable for the coastal community. Transportation of 
seasonal tidal inlet which gets open during Monsoon induces erosion. Frontal beaches seaward of seawalls have 
dissolves bringing wave breakers closer to seawalls. Abrasion at the base of seawalls accelerates slumping. In 
Monsoon season, overtopping and flooding of the landward of the seawall is also cause of high waves breaking very 
near to the seawalls. Seawalls have to abruptly end at some locations alongshore which ‘end erosion hotspot’. The 
paper tries to access the drivers and processes conducting to erosion hotspots. 
 
 
 
1. INTRODUCTION 

 

Coastal erosion is a massive threat faced by all 
countries having a coastal zone. Coastal erosion is a 
cause due to various natural and anthropogenic 
factors. Coastal erosion along Digha - Madarmani 
coastal stretch which is south western part of West 
Bengal, India has been studied in recent investigation 
based on direct field investigation and structural 
interpretations. The present investigation takes a look 
into distinctly several coastal segments with varied 
morphological signature and different types of human 
induce interventions. The efforts to protect coastal 
beaches from massive coastal erosion trough 
different construction were initiated along coastal 
region of West Bengal. Various structures like 
seawall, geo tube, damp etc. were constructed from 
more than 50 years ago to protect the coast due to 
coastal erosion. The process of coastal protection 
measures have been implemented along the 
shoreline successfully in some areas. On the other 
hand the protection method has collapsed which 
increase as the rate of erosion and erosion hotspots. 
End erosion and scouring have been reported, mainly 
in areas adjoining seawalls (Thomas et.al 2013). The 
erosion hotspots are activated day to day by 
constructing some unplanned coastal protection. The 
hotspots erosion along south western part of West 
Bengal coast are identified by outstretched field 
investigation during monsoon season of various years 
investigate the and present condition of seawall and 
different constructional strategy. The concentration of 
present study is to elucidate all the etiological and 
helpful factors for coastal erosion along south West 
part of west Bengal, India due to field investigation. 

 
2. SELECTED STUDY REGION  
 
The 534.27 sq. km long coastline of south west part 
of West Bengal from Udaipur to Kanai chatta area are 
selected for the present study (fig.1). The study area 
is associated with coastal erosion, along shore 
breakwater, overtopping of seawall etc. which are the 
factors of increasing coastal vulnerability and erosion 
hotspots (table.1) 

The studied zone experiences strong long shore 
current from south west to north east direction during 
monsoon season and weak long shore current from 
north east to south west direction during the winter 
season; the reason behind the seasonal differences 
in wind direction. The studied coastline is dominated 
by high energy macro-tidal environment (tidal range 
5.5 m to 5.8m in GPS). The chosen studied coastal 
beaches are flat with low gradient and slightly 
concave upward undulating and compose of medium 
to fine grained sand. 
 



2 
 

Figure 1 Erosion hotspot along West Bengal coast, India 

 

 

3. MATERIAL AND METHOD 
 
At first erosion hotspots have been identified by field 

mapping through GPS survey during Monsoonal 

season from 1975 to 2017. Geomorphological set up 

of every erosion hotspots is also evaluated through 

direct field observations. Effect of breakwaters and 

seawall on the coast were observed during field 

survey. Important information on the nature and 

characteristics of coastal erosion has been obtained 

through site in charge of RRI office at Digha. Local 

information also collected from interaction with local 

communities who shared traditional knowledge. The 

entire study area was visited and detailed sketch has 

been prepared to understand the role of natural and 

manmade structures for protecting coastal erosion. 

The study also investigates the present and earlier 

shoreline position and impact of different structure 

near shoreline through local and previous 

information. Different signatures prove the changes of 

shoreline and the changing scenarios of coastal 

erosion and sedimentation and these were recorded. 

Table 1. Erosion with different artificial and coastal 

mophology 

 

Location Affected 
area 

Remarks 

 
Udaipur 

Erosion and 
nearshore 

break water 

Heavy inlet 
erosion towards 
south 

 
 
Jatranala 

 
 

Sever erosion 

Seawall 
overtopping, sand  
dunes and 
vegetation washed 
away 

 
Digha mohona        

Active erosion Sand bund 
constructed  
Massive erosion 
near bund wall 

 
 
 
Shankarpur       
 

 
 

Under active 
erosion 

Slumping seawall, 
under water 
inundation, 
collapsing 
Shore preventing 
method seawall 
end erosion 
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Chandpur       

 
Successive 

erosion 

Over topping 
seawall, sand 
Dunes properly 
washed out, 
Water logged into 
village  

 
 
Tajpur        

 
Active erosion 

Sea beach 
erosion,Vegetation 
washedout,Seawa
ll end erosion 

 
 
Mandarmani 

Severe 
erosion 
towards 

Balusai Canal 
& sapua 

canal Mohona 
area 

Active beach 
erosion no seawall 
observed 

Mandarmani 
mohona     

Massive 
erosion 

No sand bund, 
eroded Maximum 
area 

Dadanpatrabar    Erosion No Seawall 
observed 

Junput    Severe 
erosion 

No seawall, water 
inundation 

 

 

4. OUTCOME OF THE FIELD OBSERVATION 

 

Field investigation has given a hint that erosion 

occurred at down drift side of breakwaters and 

seawall. Seawall end points are other locations of 

erosion. Erosion protection measures unplanned 

design or inappropriate implementations are also 

locations of erosion. Vital erosion spots along Digha – 

Mandarmani coast are Digha, Shankarpur, Tajpur, 

Dighamohana, Mandarmanimohana, Udaipur, 

Talsari, Dadanpatrabar, and Junput. In present 

investigation some major inlet areas are found. These 

inlet areas are under active erosion hotspots. 

 

 

5. SIGNIFICANT DRIVERS OF EROSION 

 

In coastal area, many features are helpful to induce 

erosion hotspots. The study revels that south west 

part of West Bengal is mainly eroded by some 

physical and artificial phenomena, such as; seasonal 

monsoonal erosion, along shore breakwater, wave 

angle, tidal inlet, induced erosion due to coastal 

structure like seawall, wave over topping sites, fishing 

gaps etc. 

 

 

6. DISCUSSIONS 

 

The shore protection structure constructed near to 

shore line these are reason behind making of erosion 

hotspots mainly. Swash and backwash of water level 

is unavoidable system with high velocity in high tidal 

nature. If the protection structure is constructed near 

shore then the slope angle of structure is very steep 

towards the sea. High velocity wave can create a 

maximum high pressure upon the structure like 

seawall, due to the continuous frictional activity, 

seawall started to collapse and make an erosion 

hotspots. To avoid the slope failure and reduce 

erosion hotspots, brick block or pitching on the slope 

as it is providing a smoother or easier surface for the 

waves which travel more heights than they do on 

earthen surface beside these provide same frictional 

resistance which could be balanced by outward 

dripping pressure. Coastal morphology also plays a 

vital role to increase coastal erosion hotspots. 

 

6.1. Induced erosion and shore protecting structure 

 

In south west part of West Bengal coast, the shore 

protection structures are observed in many places. 

Frontal beaches seaward of seawall has disappeared 

bringing wave breakers closer to seawalls. Abrasion 

at the base of seawallincrease slumping. In some 

places seawalls have to abruptly end of alongshore 

which cause ‘End erosion hotspots’ (plate.7) 

In Digha-Mandarmani coastal stretch, shore 

protection methods were applied in many times. In 

1975, a local seawall (Red bolder, sand and cement) 

was constructed at Jatranala to Sea hawkthat had 

collapsed due to high tide wave (6.385mt in GPS) 

which was working well during 1975 to 1996. After 

the downfall of that seawall, this was constructed 

again with red bolder and new concrete materials. 

Reason was mainly some inefficient methodology. 

The size of the boulder was light weight against the 

high velocity wave. The boulder had not sufficient 

resistance against frontal wave energy. On the other 

hand formation of cube shaped with different 

diameter or size of boulder that could be more 

resilient in structure. An equation (1) is used for 

individual size which is as follows (Hudson): 

 

 

            [1] 

 

 

Where,  

W50– 50th percentile weight of the stone (in kg) 
Wr– the unit weight of stone to be used 
Sr– the specific gravity of the stone material 
KD – an empirical constant & for randomly spaced 
angular stone may be taken as 2.0 
Cotθ– the design slope of the revetment, for 
2(H):1(V) slope, Cotθ= 2 
H is the design wave height at the toe of the structure 

The entire area between Digha Mohana and hotel 

sea hawk was washed out and over topping of the 

seawall (1998), during this time water logged into 

Shankarpur, Chandpur, Tajpur village area (high tide 
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line 6.055mt in GPS). After the collapse of seawall, 

Geotube methodology was implemented to protect 

the shore 1 km area from Shankarpur bus stand to 

Chandpur, where the high line was 5.355mt (2001). 

The effect of high tidal wave geotube was also 

washed out (5.510mt in GPS). In 1975 to 2001 was 

the time under successive coastal erosion and 

formation active erosion hotspots. Aguard wall was 

constructed without a proper plan in Shankarpur bus 

stand to Chandpurwith clay material. The reason of 

improper design, guard wall was not protecting the 

coast from the erosion and the certain ‘end’ of the 

guard wall near Shankarpur was the reason of 

increasing erosion extremely (plate.8) 

After downfall of different shore preventing 

structure, finally a hard construction like seawall is 

constructed in Shankarpur bus stand to 3 km in 

chandpur village. But the problem is that, the seawall 

constructed upon the previous unplanned structure 

had not proper material. Due to some improper plan 

and improper design, the seawall is under 

deterioration (2018) (plate.1). In some places of 

Digha Shankar seawall observed some deficiency of 

proper filtration method. Graded filter is not working 

properly. Filter was constructed upon the previous 

black brick khoamaterial. The motion of the water 

pushes and pulls the rolling particles and carries salt 

and suspended particles tocrest and trough. In Digha 

Shankarpur beach material consists of very fine sand, 

silt and clay with low permeability. Wave water 

percolated between the block fault areas due to high 

velocity wave. The return flow of water is slower than 

the uprush because of friction losses and also the 

quantity is less than percolation losses through the 

beach. A high pressure also stays at the filter zone 

and creates a continuous friction on the filter. After 

the continual friction process the find sand material 

washed out by wave backwash process. As a result 

of that, the brick block boundary area loses the 

material and fail to hold on the upper weight of 

concrete and accelerates the gap between brick 

block. Underwater inundation is major problem of 

Digha, Shankarpur, and Mandarmani coastal area 

and the seawall is not a significant structure that 

protects the underwater inundation (plate.3). 

On the other hand a seawall is constructed in 

Jatranala along Orissa border; which is also an 

improper structure. In this area over topping of 

seawall is observed in high tide wave (plate.4).High 

tide wave can easily over top the seawall because 

crest of seawall is not higher than high tide wave in 

some areas. The distance between toe and crest of 

seawall is smaller according to wave energy so wave 

can over top seawall easily. To avoid this situation, 

seawall crest level is to be made higher calculating 

the maximum wave height by using the equation (2) 

by Stevenson & Molitor: 

45.217.0 FFUH                 
[2] 

 

 

Where, 

U – Windspeed in hour 
F – Fetch in miles 
H – Wave height in feet 

From Shankarpur to Tajpur beach, seawall has 

abruptly ended and ‘end erosion hotspots’ were 

noticed. Wave over topping and severe wave attack 

is occurring in Digha and New Digha coast. 

MandarmaniMohana area is under successive 

erosion hotspots. Being an open spot in a seawall 

stretch, fishing gaps at Digha Mohana and Digha 

experiences a pressure gradient towards the gap 

which a cause pushing of wave/swash into the gap 

accelerating erosion along Tajpur Shankarpur 

Mandarmani is due to the down drift effect of 

breakwater. Coastal road, houses, cultivated land are 

highly affected along this areas (plate.6). Major 

erosion and hotspots observed at inlet area of 

Mandarmani and DighaMohana.  Casurina vegetation 

are eroded and washed away by high tidal wave 

(plate.9) and the result is improper shape of seawalls 

which itself weakens the protection measure making 

them highly vulnerable to erosion. 

 

 

 
Plate.1: Collapsing seawall at Shankarpur 



5 
 

 
Plate.2: No Repair work of seawall 

 

 

 
Plate.3: Water inundation& under cutting 

 

 

 
Plate.4: Wave over topping of seawall 

 
Plate.5: Abruptly end of seawall at Shankarpur 

 

 

 

 
Plate.6: Water over flow at land 

 

 

 
Plate.7:  End erosion hotspots 
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Plate.8:  Failure of seawall at Shankarpur 

 

 

 
Plate.9: Vegetation washed away by wave 

 

 

 
Plate.10: Failure of Toe protection method 

 
 

6.2. Seasonal erosion due to monsoon rainfall: 
 
Monsoon current is the major responsible force 
increasing seasonal erosion. Seasonal erosion is 
observed throughout the sandy coasts along south 
western part of West Bengal coast during south west 

monsoon. During the month of August, September 
one foot of sand deposit has been removing in single 
tide. Such scour, when too much, may dislodge the 
apron block sand then toe wall and subsequently the 
revetment supported by it may be damaged. The 
gaps between the concrete or brick blocks in the 
upper berm was considered as weak point in so 
much as it helped an easy access for the wave 
suddenly coming in contact with horizontal berm, 
became unstable and collapsed on the upper berms 
a consequent of large quantity of water passing under 
the revetment. But in winter there is a steady 
accretion of sand. Depending on monsoon wind 
direction and speed the wave’s height are usually 
higher and drastic in nature (table. 2). 
 
Table 2. Seasonal measurement of wave parameter 
in Digha (based on – R.R.I, West Bengal) 
 

Stat
ion 

Sea
son 

Wave 
veloci

ty 
m/sec 

Wave 
length 

(m) 

Wave 
heigh
t (m) 

Wave 
steep
ness 

Wave 
energ

y 

Breake
r type 

Dig
ha 

 
Jan 
toF
eb 

 
5 – 6  
/sec 

 
15  -
22  

 
0.70 -
0.90 

 
0.05 - 
0.04 

Mediu
m 

Plungi
ng 

Dig
ha 

Aug 
– 
Sep
t 

 
6 – 8  
/sec 

 
30 -
40 

 
0.80 -
1.5 

 
0.03 - 
0.04 

High Plungi
ng 

 
 

 
Plate.11: In situ soil eroded 

 
 

 
Plate.12: Rubble mound seawall 
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7. CONCLUSION 
 
Erosion hotspots along south west part of West 
Bengal of India are identified from intense field 
survey. It is observed that the erosion hotspots are 
mostly dependent on coastal morphology and 
different coastal structures. This part of coastal area, 
seawall is a main coastal protecting structure. Rubble 
mound seawalls are the commonly used measure for 
preventing coastal erosion in India (plate.12). For 
design of this structure, it is important to collect the 
proper data regarding wave height, wave period, 
direction, angle and mostly the material on which 
these structures are to be constructed. Selection of 
proper area to construct seawall, study the beach 
profile and water level are also important aspects. In 
this coastal area seawall has been noticed with 
improper and unplanned methodology. Other 
important criteria to construct seawall with toe 
protection method, which prevent waves from 
scouring and undercutting the beach. In studied area 
some beaches are may also be introduced toe 
stability is failure and this failure progresses 
throughout the entire structure (plate.10). Wave over 
topping is a major reason to increase erosion 
because high tide line is not properly estimated to 
construct a seawall in West Bengal, India. In the 
present investigation seawalls on both sides is 
abruptly terminated without proper placement and 
severe wave attacks are observed (plate.5). The area 
in the lee of the structure would experience maximum 
inundation when the water flowing back to the beach, 
would erode the maximum in-situ soil (plate.11) which 
maintain the stability of seawall on both sides of the 
opening. Shankarpur beach experiences the ‘end 
erosion hotspots’ which is most vulnerable area. 
Location selection for seawall is a major problem in 
some areas. If Digha shore protecting method would 
constructed according to CRZ notification and 
estimated the water level properly then over topping 
problem become reduced. Tidal inlets and adjoining 
areas are also location of coastal erosion. Many 
times, the lee side slope and crest are gradually 
damaged due to continual over topping. It is possible 
to prevent these damages and upliftment the 
performance of structure due to regular interval 
maintenance (plate.2). Maintenance of damaged 
seawall is not properly planned based on appropriate 
designs since most of their works are executed on 
piece meal basis as an emergency measure. 
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