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INTRODUCTION

 

Abstract:  This study comprises of numerical modelling studies on the 
morphology changes in the vicinity of tidal inlets. Two real case scenarios 
comprising of a very severe cyclonic storm and the mega Indian Ocean tsunami 
were considered as case studies. Satellite images before and after the storm were 
used to study the morphology changes. Sediment transport is estimated utilising 
available sediment transport formulae and the hydrodynamics forcing obtained 
from a depth averaged hydrodynamic model. 
Keywords: inlet morphology; hydrodynamics; sediment transport; cyclone; 
tsunami. 

 

 
Due to its unique nature the Bay of Bengal experiences majority of the storms and cyclones 
compared to the Arabian Sea in the Indian Ocean region. About 7% of global tropical 
cyclones occur in the north Indian Ocean region (e.g., Gray, 1985; Mohanty, 1994; Niyas et 
al., 2009; Singh et al., 2001). On the other hand tsunami-events that occur in the Indian 
Ocean region are few and far between, the most featured being the 2004 Indian Ocean 
Tsunami (IOT04). The IOT04 devastated a majority of the coastal habitation along many 
parts of south-east Asia, Sri Lanka, south east coast of India, and other adjoining coasts. 
Although many studies exists pertaining to the IOT04 tsunami propagation and inundation 
(e.g., Jaya Kumar et al., 2005; Synolakis & Bernard, 2006) but very few studies on the 
hydrodynamics and sediment transport due to this tsunami (e.g., Jaya Kumar Seelam, 2012).  
Also there are very few studies available on the tropical storm induced hydrodynamics and 
sediment transport along the Indian coast (e.g., Vinod Kumar et. al., 2012). 
 
Morphology changes on the coast and nearshore are due to the sediment transport variations 
in the near vicinity. Erosion/accretion either progressive or intermittent depends on the 
sediment transport gradients in the region. Impacts on coast due to extreme events like storms 
or tsunamis on the coastal sediment transport can be addressed by studying the sediment 
transport variations due to such impacts. This manuscript deals with the sediment transport in 
the nearshore regions along the east coast of India due to a very severe cyclonic storm and the 
2004 Indian Ocean tsunami. The coasts of Odisha and Tamil Nadu on the east coast of India 
are considered to study the sediment transport due to storm and tsunami respectively. 
 
METHODS
The effect of a very severe cyclonic storm, Phailin, which had a landfall on the east coast of 
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India (www.imd.gov.in/section/nhac/dynamic/phailin.pdf) and the 2004 Indian Ocean 
tsunami (IOT04) on the near shore sediment transport is considered individually in this paper. 
Brief details of the events, the numerical model setup, morphology change observations from 
satellite images and the numerical model results are given. 
 
Phailin Cyclone: 
Cyclone track data for the very severe cyclonic storm Phailin is obtained from India 
Meteorology Department (http://www.imd.gov.in) is used to estimate the storm induced 
parameters. The basic input data viz., central pressure, neutral pressure, maximum sustained 
wind speeds, radius of maximum winds obtained from the above mentioned database are used 
in Rankine vortex parametric wind model (Depperman, 1947) to obtain the wind field over 
the study region (Figure 1). The cyclone wind fields from the model are compared with 
available measured winds off Gopalpur during Phailin cyclone. The cyclonic modelled winds 
over the study region are used to obtain the hydrodynamics of the region over which the 
sediment transport modelling is carried out.  DHI�s spectral wind wave model is used to 
derive the storm induced waves and the wave induced radiation stresses are included in the 
cyclone wind forced flexible mesh hydrodynamic model (http://www.dhigroup.com) and the 
hydrodynamics of the study region are obtained. The cyclone induced hydrodynamics are 
used as inputs to the sediment transport model and the near shore sediment transport is 
estimated.  
 
Indian Ocean tsunami: 
The details of 2004 Indian Ocean Tsunami have been widely reported in the literature (e.g., 
Jaya Kumar et al., 2005; Synolakis & Bernard, 2006). Numerical modeling of the tsunami 
heights, propagation and hydrodynamics in the vicinity of the coast for this tsunami for the 
southeast Indian coast has been studied earlier by the senior author (Jaya Kumar et al., 2006; 
Jaya Kumar, 2012). The inputs and model details for the tsunami induced hydrodynamics and 
sediment transport is detailed in the earlier paper (Jaya Kumar, 2012). 
 
Morphology changes: 
One site each on the Odisha and Tamil Nadu coasts are considered to study the 
morphological changes in the coast line in vicinity of tidal inlets, using satellite images. The 
coast off Konark on the Odisha coast is considered for the Phailin cyclone and the coast off 
Chennai is considered for Tsunami induced morphology changes. The morphological 
changes on the coastline in front of the tidal inlets are qualitatively studied and the 
quantitative estimates and further studies will be reported elsewhere. The types of changes in 
the coastline, breaching and overwash of the closed inlet mouths are described for both the 
storm and tsunami events. 
 
Sediment transport model: 
Sediment transport is estimated from the main parameters of flow speed, flow direction and 
sediment size. DHI's MIKE21 software suite is used to obtain tsunami induced flows. More 
details on the tsunami propagation model, its input, validation and output are presented in 
Jaya Kumar et al. (2006). Flow field generated in the study region was used in estimation of 
the sediment transport using the three non-cohesive sediment transport (ST) equations used in 
MIKE21.  Of the three different formulations used in MIKE21 sediment transport model, the 
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Engelund and Hansen (1972) (hereinafter referred as EH formulation) which is based on 
total-load transport theory is considered. The dimensionless total load sediment transport ( t) 
formulation of EH is used in this study which is calculated as: 

= 	0.1
2

2g
2.5            (1) 

where, C is Chezy's number and  is dimensionless bed shear stress which is based on shear 
velocity related to total friction (Uf), grain diameter (d) and s is the relative density of the bed 
material (s). 

=
2

( 1)
	            (2) 

The total load (qt) can be estimated from: 

= t	 ( 1)gd3           (3) 

 
This formulation assumes that the dimensionless bed shear stress q is much larger than the 
critical Shields parameter for initiation of transport.  The ST numerical model considered 
provides total sediment transport due to the hydrodynamics of the region. The morphology 
changes on the coastline and in the near shore waters considering the river discharge and 
breaching of the barrier are not attempted in this work.  

RESULTS

Phailin Cylcone model results: 
The parametric wind speed model resulted in wind speeds over the model domain (Fig. 1) 
which was used further both in wave and flow models. The maximum sustained wind speeds 
obtained from the model are shown in Fig. 2. 

 
 

Fig. 1.  Model generated Phailin cyclone winds in the Bay of Bengal.
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Fig. 2.  Maximum wind speeds estimated from cyclone wind model for Phailin Cyclone.

A comparison of the wind speed extracted at Gopalpur, which is in close vicinity of the 
landfall point is shown in Fig. 3. The modelled wind speed magnitudes compare well with the 
measurements of wind gusts obtained on the coast of Gopalpur from the automatic weather 
system data measurement system of CSIR-NIO (Desai et al, 2010). The measured wind 
speeds could not be obtained just after the storm eye passed through this location due to 
failure of the instrument. There are discrepancies with the timing of the storm eye passage at 
the location of data extraction in the model, which could be due to the best track data of the 
cyclone being based on certain model results, which are beyond the scope of this paper. 
 

 
Fig. 3.  Wind speeds at Gopalpur for Phailin Cyclone - Modelled wind (dashed line) and 

measured wind (solid line).
 
The cyclone wind model results comprising of the wind speed, wind direction and 
atmospheric pressure were used as input to the spectral wind wave model. The waves were 
simulated for the period of the cyclone starting from 7th October 2013 till eye of the cyclone 
was much into the hinterland. The significant wave height from the model results at Gopalpur 
and Paradip are shown in Fig. 4. The waves from the model are observed to match well with 
the measurements obtained from a wave rider buoy off Gopalpur (Nair et al., 2014) before 
the buoy cut loose from its mooring and was adrift. 
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Fig. 4.  Wave heights obtained from Phailin Cyclone wind wave model for Gopalpur 

(solid line) and Paradip (dash line) compared with measured wave heights at Gopalpur 
(dot-dash line). 

 
Morphology changes due to Tsunami: 
The Adayar River confluence with the Bay of Bengal along the Chennai is considered to 
qualitatively understand the morphology changes due to the 2004 December tsunami. The 
tsunami run-up height south of the Adayar River mouth was about 5m (Jaya kumar et al, 
2005) which was caused by an estimated tsunami height of about 3m near the coast (Jaya 
kumar et al, 2006). The pre-tsunami river mouth (Fig. 5a) clearly shows its closure owing to 
higher alongshore sediment transport prevalent in this region. The breaching of the sand 
barrier and opening of the river mouth and flooding of tsunami water about few kilometres 
into the estuary can be seen clearly observed from the post-tsunami satellite image (Fig. 5b). 
The shape of the edges of the breached barrier clearly indicate that the wave influence was far 
greater than the river flow thereby allowing majority of the sediments to get transported into 
the river and forming curved edges. Also wave overwash on the northern end of the river 
mouth is clearly visible. Unlike the storms which have limited area of influence on the coast 
near their landfall point, tsunami under consideration had a much greater region of influence 
covering the whole of southeast coast of India. It would be interesting to study the impact of 
this tsunami on each of the tidal inlet vis-a-vis the strength of tsunami encountered near the 
coast.  

Morphology changes due to Phailin Cylcone: 
Phailin cyclone was one of the very severe cyclonic storms that had its land fall along 
Gopalpur coast on the Odisha coast within a period of 14 years, the previous one being in 
1999. A comparative study of the coastal morphology along the tidal inlet off Konark showed 
interesting features along this coast. Three regions demarcated as A, B and C in Fig. 6 
indicate the three regions viz., A-inlet opening B-sand barrier in front of inlet having a wider 
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backwater region and C-sand barrier in front of the meandering inlet having a narrow 
backwater region. The cyclonic storm had a greater impact on certain stretch of the coast in 
this region whereas there wasn't any change to the beach width or the sand barrier at another 
part of the same coast. The region A, the inlet opening prior to the storm is found to be closed 
after the storm. The region B, sand barrier in front of the river with wider backwater has 
breached and a new inlet opening is created with clear wave dominated inlet configuration, 
similar to the tsunami induced morphology change to the river mouth; whereas, at location C, 
no significant effect of the storm on the sand barrier is seen. W ithout much information on 
the measurements in this region, it would be inappropriate to discuss further on the reasons 
for varying influence of storm on this coast.  
 

  
Fig. 5.  Morphology of Adayar River inlet off Chennai (a) before tsunami (b) after 

tsunami.
 

 
(a)    (b) 

Fig. 6.  Morphology of Odisha coast off Konark (a) before Phailin (b) after Phailin 
cyclone.

 
Tsunami induced Sediment transport: 
Sediment transport rates are estimated for the nearshore regions of north Tamil Nadu coast 
due to the first two tsunami waves. The bathymetry of the nearshore region and the sediment 
size adopted in the model are shown in Fig. 7. The total load sediment transport due to 
tsunami shows that the maximum sediment transport is in the nearshore waters less than 20 m 
depth (Fig. 8a). The average sediment transport vectors (Fig. 8b) show that due to the initial 
two tsunami waves, the sediment transport is onshore very close to the coast and for depths 
between less than 10m and 20m it is in offshore direction. The onshore and offshore total 
load transport in this region is slightly in contrast with the sediment transport south of this 
study region, in vicinity of a submarine canyon, where the total sediment transport was 
mostly offshore (Jaya Kumar, 2012).  
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Fig. 7.  (a) Bathymetry of the sub-tsunami model region and (b) median grain size 

considered in model.
 
 

 
(a)     (b) 

Fig. 8.  Total load sediment transport due to tsunami on the north Tamil Nadu coast (a) 
magnitude of total sediment load (b) average total load transport vectors.

 
 
The bed level changes associated with the tsunami waves indicate that the initial rate of 
change of bed level is greater in regions close to the coast compared to that in water depths of 
10m (Fig. 9). An average value of the order of 3 mm for the two waves over a half hour is 
observed which would amount to about 53 m/yr erosion rate, which is very severe. But due to 
the this tsunami acting for a short term the prolonged erosion did not occur due to the tsunami 
waves, unlike the storm waves which could persist for about 2 to 3 days or even more. 
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Fig. 9. Bed level change estimates due to tsunami on the north Tamil Nadu coast.

 
Storm induced Sediment transport: 
The sediment transport along the Odisha coast due to Phailin cyclone showed a predominant 
alongshore south-westerly transport for majority of the cyclone simulation period. The total 
load transport and the transport vector for the period when it peaked at Gopalpur and Paradip 
respectively are shown in Fig 10(a) and 10(b). The variation of total sediment transport off 
Paradip and Gopalpur in about 30 m water depth (Fig. 11) during the cyclone showed that the 
peak total sediment transport at Gopalpur was about 0.00015m3/s/m (~4730 m3/yr/m) and it is 
observed to be about four times greater than that at Paradip. Unlike the tsunami induced total 
sediment transport which was more of a cross shore sediment transport, the Phailin storm 
induced total sediment transport is predominantly along the coast moving from northeast to 
southwest along the Odisha coast. 
 
CONCLUSIONS 
 
The effects of tsunami and a cyclonic storm on the coastal morphology and nearshore 
sediment transport along two coastal regions of India viz., Odisha coast and north Tamil 
Nadu coast are considered. Numerical modelling of the hydrodynamics and sediment 
transport due to cyclonic storm Phailin and the 2004 December Indian Ocean tsunami are 
carried out. The morphology changes observed due to tsunami and storm on the inlet mouths 
showed similar breaching pattern which is predominantly induced by the wave activity. The 
tsunami induced sediment transport was primarily cross-shore whereas the cyclonic storm 
induced sediment transport was alongshore. Compared to the tsunami induced sediment 
transport in vicinity of submarine canyons which was mostly in offshore direction, the 
sediment transport along the north-Tamil Nadu coast was onshore closer to the coast and 
towards offshore in the nearshore waters. The cyclonic storm induced sediment transport at 
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the landfall point near Gopalpur was observed to be about 4 times that at Paradip which is 
about 200 km north. 
 

(a) 

(b) 
Fig. 10.  Variation of total sediment transport during (a) peak sediment transport at 

Gopalpur and (b) peak sediment transport at Gopalpur Paradip.
 

  
Fig. 11. Variation of total sediment transport off Paradip and Gopalpur for Phailin 

cyclone.
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