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Unit:3. Coastal disasters: Tsunami: Causes of Tsunami - 

Characteristics of Tsunami wave, velocity and speed of 

Tsunami - Tsunami generation belts of world - Historical 

Tsunami  inundation - Causes of 26th December 2004 

Indian Ocean Tsunami - Tsunami propagation and 

inundation models: Method of Splitting Tsunami (MOST) 

Model - tsunami inundation and run up mapping - offshore 

configuration vs tsunami run up - coastal geomorphology 

and geometry vs tsunami inundation - Mitigation strategies. 

Other Coastal Hazards: Coastal Erosion - Saltwater 

intrusion - Global warming and Sea level rise - Tropical 

cyclone Storm surges - Remote Sensing and GIS based 

coastal vulnerability mapping.  



Remote Sensing and GIS in Tsunami 

Disasters 



A tsunami (pronounced soo-NAA-mee) is a series of 

waves (called a "wave train") generated in a body of 

water by a abrupt disturbance that vertically displaces 

the water column.  

 Lisbon, Portugal Tsunami of 1755 



The phenomenon we call a tsunami is a series of waves of 

extremely long wavelength and period generated in a body of water 

by an impulsive disturbance that displaces the water. Although 

tsunamis are often referred to as "tidal waves" by English-speaking 

people, they are not caused by the tides and are unrelated to them.  



HOW TSUNAMIS ARE CAUSED  ? 

  Huge submarine Earthquakes 

  Submarine landslides 

  Submarine volcanic eruptions  

  Fall of huge sheets of ice 

  Fall of giant meteorites  

 
Most prominent are the Earthquake triggered Tsunamis 









Characteristics 

Move at high speeds 

Can travel enormous distances with 

little energy loss 

Can cause damage thousands of 

miles from its origin  

May be several hours  between its 

creation and its impact on the coast  

 



Panel 1--Initiation: Earthquakes are commonly associated with ground 

shaking that is a result of elastic waves traveling through the solid 

earth. However, near the source of submarine earthquakes, the 

seafloor is "permanently" uplifted and down-dropped, pushing the entire 

water column up and down. The potential energy that results from 

pushing water above mean sea level is then transferred to horizontal 

propagation of the tsunami wave (kinetic energy). For the case shown 

above, the earthquake rupture occurred at the base of the continental 

slope in relatively deep water. Situations can also arise where the 

earthquake rupture occurs beneath the continental shelf in much 

shallower water. 

Note: In the figure the waves are greatly exaggerated compared to 

water depth! In the open ocean, the waves are at most, several meters 

high spread over many tens to hundreds of kilometers in length. 



Panel 2--Split: Within several minutes of the earthquake, the initial tsunami 

(Panel 1) is split into a tsunami that travels out to the deep ocean (distant 

tsunami) and another tsunami that travels towards the nearby coast (local 

tsunami).The height above mean sea level of the two oppositely traveling 

tsunamis is approximately half that of the original tsunami (Panel 1). (This is 

somewhat modified in three dimensions, but the same idea holds.)  

The speed at which both tsunamis travel varies as the square root of the 

water depth. Therefore the deep-ocean tsunami travels faster than the local 

tsunami near shore. 



Panel 3--Amplification: Several things happen as the local tsunami travels over 

the continental slope. Most obvious is that the amplitude increases. In addition, 

the wavelength decreases. This results in steepening of the leading wave--an 

important control of wave run-up at the coast (next panel).Note also that the deep 

ocean tsunami has traveled much farther than the local tsunami because of the 

higher propagation speed. As the deep ocean tsunami approaches a distant 

shore, amplification and shortening of the wave will occur, just as with the local 

tsunami shown above. 



Panel 4—Runup: As the tsunami wave travels from the deep-water, 

continental slope region to the near-shore region, tsunami run-up occurs. Run-

up is a measurement of the height of the water onshore observed above a 

reference sea level.  

Contrary to many artistic images of tsunamis, most tsunamis do not result in 

giant breaking waves (like normal surf waves at the beach that curl over as 

they approach shore). Rather, they come in much like very strong and very 

fast tides (i.e., a rapid, local rise in sea level). Much of the damage inflicted by 

tsunamis is caused by strong currents and floating debris. The small number 

of tsunamis that do break often form vertical walls of turbulent water called 

bores. Tsunamis will often travel much farther inland than normal waves. 



Do tsunamis stop once on land? After run-up, part of the tsunami energy is 

reflected back to the open ocean.  

In addition, a tsunami can generate a particular type of wave called edge 

waves that travel back-and forth, parallel to shore.  

These effects result in many arrivals of the tsunami at a particular point on 

the coast rather than a single wave suggested by above. Because of the 

complicated behavior of tsunami waves near the coast, the first run-up of a 

tsunami is often not the largest, emphasizing the importance of not returning 

to a beach several hours after a tsunami hits. 

 



Tsunamis are 
created when: 

•Seafloor quickly 
changes shape 

•Water is displaced 

•Waves are formed 
as the displaced 
water mass, which is 
affected gravity, 

tries to move back  

http://upload.wikimedia.org/wikipedia/en/2/21/Tsunami_comic_book_style.png






Triggering Mechanism of Tsunamis  

Height -  1m 

Speed  - 700 km/h 
Height -  10m 

Speed  - 40 km/h 
Self Margin 





TSUNAMIS PROVINCES 

EARTHQUAKE BELT 



PAST TSUNAMIS OF SUMATRA REGION 

    10, December  1797 

    24, November  1833 

    05, January      1843 

    06, February    1861 

    02, June  1994 





TSUNAMIS OF 

 

26  DECEMBER 2004 



DRIFTING OF INDIAN SUBCONTINENT 











Length of subduction – 1200 km 

Width of rupture – 100 km 

Depth of subduction – 15mts 

Energy released – 4.75 Lakh  

Kiloton = 23,000 Hiroshima 

bombs 







TSUNAMIS IN THAILAND 













 BEACH-FRONT RESTAURANT, THAILAND 



TSUNAMIS IN INDONESIA 



BANDA BEACH 

http://www.futura-sciences.com/communiquer/g/showphoto.php/photo/396/size/big/sort/1/cat/543


June  23  2004 

Dec 28  2004 

BANDA_ACEH_NORTHERNSHORE 



December 29  2004  January 13  2003  

INDONESIA 

http://www.crisp.nus.edu.sg/tsunami/Aceh_20041229_20030110/IK_Aceh_zoom_in_old_d.jpg
http://www.crisp.nus.edu.sg/tsunami/Aceh_20041229_20030110/IK_Aceh_zoom_in_new_d.jpg


TSUNAMIS IN MALAYSIA 







TSUNAMIS IN SRILANKA 



KALUTHARA SEA SHORE OF SOUTH 

WEST SRILANKA ISLAND  

( TSUNAMI ATTACK) 



http://www.futura-sciences.com/communiquer/g/showphoto.php/photo/418/size/big/sort/1/cat/543


TSUNAMIS IN INDIA 



CHENNAI MARINA BEACH 



CHENNAI MARINA BEACH 



CHENNAI MARINA BEACH 



TSUNAMI AFFECTED  ENNORE – FISHING HARBOR   



http://www.futura-sciences.com/communiquer/g/showphoto.php/photo/415/size/big/sort/1/cat/543


http://www.futura-sciences.com/communiquer/g/showphoto.php/photo/416/sort/1/cat/543


Nagapattinam 

http://www.futura-sciences.com/communiquer/g/showphoto.php/photo/407/size/big/sort/1/cat/543


VEDARANNIYAM 

http://www.futura-sciences.com/communiquer/g/showphoto.php/photo/417/size/big/sort/1/cat/543


Tsunami modeling using MOST proceeds in 
three distinct stages: 
 

A Deformation Phase generates the initial conditions 
for a tsunami by simulating ocean floor changes due 
to a seismic event. 
 
A Propagation Phase propagates the generated 
tsunami across deep ocean using Nonlinear Shallow 
Water (NSW) wave equations. 
 
An Inundation Phase simulates the shallow ocean 
behavior of a tsunami by extending the NSW 
calculations using a multi-grid “run-up” algorithm to 
predict coastal flooding and inundation. 

Method of Splitting Tsunami (MOST) Model 



MOST simulations using all three phases require 
the following sets of input data: 

• The amount and distribution of the sea-floor dislocation, 
induced by a seismic event. 
 

• Gridded bathymetric data information for the open ocean 
propagation. 
 

• A set of gridded Digital Elevation Models (DEM) containing 
bahtymetry and topography for use during the inundation 
phase. The set consists of one DEM that contains 
bathymetric and topographical information, and two DEMs 
that contain bathymetrical information and optional 
topographical information. 







Seismic Inputs 

Significant changes to the ocean floor along a fault plane are characterized by a 
strike, a dip, a slip or rake angle of the fault plane; the ocean floor slip 
magnitude (dislocation) along the fault plane trace; and the epicenter of the 
seismic event responsible for the undersea deformation. 



The fault line projects through 
the center of the deformation 
rectangle and divides the 
rectangle into a region of 
upthrust on the hanging wall 
side of the fault, and a region 
of subsidence on the foot wall 
side of the fault. The center of 
the deformation rectangle 
side parallel to the foot wall 
(on the subsidence side of the 
rectangle) is its location point 
or location reference—the 
point referred to by 
the longitude and latitude of 
the rectangle. 



Using Multiple Deformation Rectangles 
A given deformation rectangle should closely conform to a particular 
disruption occurring on the ocean floor. To model a real-world seismic fault, 
you need to decompose the rectangle into multiple deformation rectangles 
that are as contiguous and non-overlapping as possible. 





Deformation Phase Outputs 

Projection of Deformation Rectangle to 
Deformation Phase Output Area 



Propagation Phase Modeling 

The Propagation Phase models the open-ocean evolution of a tsunami using a 
depth-integrated version of Nonlinear Shallow Water (NSW) wave equations 
in two spatial and one temporal dimension. The output of a Propagation 
Phase calculation—the wave's height, and zonal and meridional velocities—is 
saved for selected time steps and provides the initial and boundary conditions 
for Inundation Phase. 

Ocean Displacement Inputs to Propagation Phase 

The ocean displacement inputs to propagation are created by deform. These 
inputs define the initial tsunami wave state and provide forcing functions to 
Propagation Phase calculations.  
All Deformation Phase output produced by deform and used as input to the 
Propagation Phase must be calculated using the same DEM data set that was 
used as input to propagation.  
Multiple Deformation Phase outputs can be used as inputs to propagation. This 
allows the decomposition of complicated undersea faulting into several 
deformation rectangles. Ocean surface displacements due to a deformation 
rectangle are mapped to a subsection (maximum size 500 x 500) of the nodes 
that make up the DEM finite difference grid 



The MOST propagation model uses a numerical dispersion scheme and the non-
linear shallow-water wave equations in spherical coordinates, with Coriolis terms 
(Murty, 1984): 



The propagation executable produces three output files, each containing the time-
stepped evolution of one of the three components of the wave equations solution. 
These tsunami components are: 
• Wave height in centimeters. 
• Meridional velocity in centimeters/second. 
• Zonal velocity in centimeters/second. 









Inundation Phase Modeling 

The inundation executable models shoreline tsunami behavior, including onshore 
run-up. Tsunami behavior is modeled using input from propagation, the depth-
integrated NSW wave equations computed on a set of nested DEM grids, and a 
run-up algorithm to predict onshore flooding. 
 
Inundation Phase output includes wave height, zonal velocity, and meridional 
velocity for each of the nested NSW calculations. The output is saved for selected 
time steps 



In the present study a detailed attempt was  

made to bring out  

 

    The interface dynamics between the   

       geosystems and tsunami 

 

For the same, three types of methodology was adopted 

 
   Visual Modelling   –   Coastal geometry and Tsunami  

                                                        inundation  

 

 

   Spatial Modelling – Coastal geomorphology and  

                                                        Inundation 
 

 

    Linear Modelling          –       Offshore features and Run up 

                            -        Onshore features and Inundation 
 

 

Mitigation strategies  were carved out. 



RUNUP AND INUNDATION MAPPING 





RUN UP MAPPING 

The extent of vertical rise of sea water 

during tsunami is called as run up  



INUNDATION MAPPING 

The lateral extent up to which 

the tsunami waters inundated 

into the inland is called as 

inundation  

The microwave data of ENVISAT 

possesses strong credibility in 

mapping the tsunami inundated 

areas in the form of fine texture 

and darker tone (due to moisture 

content).  



Immediately after the tsunami 

2004, the digital ortho 

photography was done through a 

special flight by the Survey of 

India on 28-12-2004 (just two days 

after the tsunami) covering a 

width of 2 km across the east 

coast of India in the tsunami 

affected states of Andhra Pradesh 

and Tamil Nadu.  

 

As these digital ortho 

photographs have vividly and 

precisely displayed the inundation 

pattern, the same were used for 

selected areas wherever the 

ENVISAT data did not give much 

clarity.  

 

Some sample ortho photographs 

of parts of Nagapattinam area 



Apart from preparing tsunami 

inundation maps using satellite data 

and the digital ortho photographs, 

field based mapping was also done 

so as to check and update the 

interpreted data and also to collect 

data on the types of damages / 

imprints left by the tsunami so as to 

bring out the ferocity, the pattern of 

inundation and the responses of the 

various geo and anthropogenic 

systems  









IMPACT OF TSUNAMI OVER THE RESOURCES 









Subsequent to the mapping of tsunami run up, inundation 

and the imprints of tsunami over land, water and physical 

resources, their pattern of response to tsunami were 

elucidated through modeling studies for carving out 

strategies for mitigation.  

 

Infact, the tsunami run up pattern has shown a greater 

variance from area to area and the inundation too has 

varied from few hundred meters to a couple of kilometers 

and more along the rivers, creeks and estuaries.  



All these indicated that the tsunami did not just lash on to the shore 

and land, the coastal geometry, geomorphology and landuse / land 

cover have interacted differently to tsunami surge.  

The coastal geosystems in general have shown varied responses. For 

example, the bay mouth bars have safely surrendered to the tsunami 

attack and facilitated the free entry of tsunami surge into the river 

systems. While, the rectilinear river courses have carried the tsunami 

surge for a longer distance, the compressed drainages suffered to 

greater erosion along their banks. Similarly, the stabilised beaches 

seem to have resisted the tsunami surge as seen from the tsunami cut 

terraces in certain areas.  

 

Wherever these beaches were loose and uncemented, they were 

totally flattened out. The deflections and the directions of the fell 

down and uprooted trees and bushes in some beaches indicated the 

possible eddying of the tsunami surge which might be due to the 

efforts made by the beach sands to dissipate and absorb the tidal 

energy. Similarly, the huge backwaters have accommodated the 

tsunami surge.  



Hence, at the next stage, an attempt was made to 

elucidate the interface dynamics between the coastal 

geometry, geomorphology, land use / land cover and the 

tsunami surge. Again, in order to fairly understand the 

pattern of tsunami run up, the offshore features like 

continental shelf and slope were also studied in detail 

and accordingly a suitable methodology was carved out  



TSUNAMI RUN UP – INUNDATION MODELING AND 

MITIGATION 

Interface dynamics between tsunami 

run up and offshore structures like 

continental slope, shelf using factor 

based statistical analysis 

Interface dynamics between 

inundation and integrated 

geomorphology – landuse 

systems 

Interface dynamics between 

tsunami inundation and coastal 

geomorphology 

Spatial modeling Numerical modeling 

Inundation 

mapping using 

ERS satellite 

data, digital 

ortho photo and 

ground based 

surveys on the 

damages 

Geomorphic 

mapping 

Generation of GIS 

layer on inundation 

Generation of GIS 

layer on 

geomorphology 

GIS integration of tsunami 

inundation and geomorphology and 

estimation of aerial percentage of 

inundation in each landform 

Dividing the coast into 36 segments 

of 10 km each 

Numerical data 

on run up for 36 

segments 

Numerical data 

on the area of 6 

types of 

continental 

shelf and slope 

Factor varimax analysis 

between run up and 

continental shelf and slope 

Factor controlled run up 

domain mapping 

Numerical data 

on the area of 

inundation for 36 

segments 

Numerical data 

on the area of 

various 

geomorphology 

– landuse 

systems for 36 

segments 

Factor analysis  

Mapping of inundation according 

to controlling geomorphology – 

landuse systems  

Inundation mitigation through 

optimal landuse planning  

Mitigation strategies  

Visual 

comparison 

between 

tsunami traces 

and coastal 

geometry 



TRAILS OF TSUNAMI AND COASTAL GEOMETRY 



INUNDATION GEOMORPHOLOGY 
SPATIAL MODELLING 



Sl.No Type 

Total 

Area 

(Sq.Km) 

Inundated 

Area 

(Sq.Km) 

Area Percentage     of 

Damages/ Inundation 

1 Estuary 9.3673 8.5064 90.73 

2 Creek 5.8658 4.9523 84.43 

3 River/Stream 25.1271 20.3298 80.90 

4 Spit 0.0632 0.0632 100 

5 Bay Mouth Bar 0.8385 0.8385 100 

6 Backwater 54.5797 50.8881 93.23 

7 Palaeo Beach Ridge /Saltpan 0.2121 0.0521 24.56 

8 Present Mud Flat  42.4373 31.8239 74.99 

9 Palaeo Mud Flat  17.5041 11.0008 62.84 

10 Meander Plain/Aquaculture 3.0085 2.6073 86.66 

- - - - - 

- - - - - 

- - - - 

29 Channel Bar 0.7514 0.7514 100 

30 Palaeo Mud Flat 78.5035 64.7661 82.50 

31 Palaeo Mud Flat /Afforestation 2.1897 2.1897 100.00 

32 Abandoned Channel 10.0656 2.2330 22.18 

33 Palaeo Swale 0.3793 0.3002 79.15 

34 Swale 7.3481 6.7735 92.18 

35 Relict Beach Ridge 16.0938 3.2216 20.01 

36 Stablised Dune 2.4850 1.5251 61.37 

37 Beach Under Nourishment 7.9765 6.0355 75.66 

38 Palaeo Beach Ridge 533.9091 58.1556 10.89 

INUNDATION Vs COASTAL GEOMORPHOLOGY 



BAY MOUTH BAR - FACILITATOR 
ARREST OF RIVER MOUTH 



MUD FLAT - FACILITATOR RIVER & CREEK  - CARRIER 



BACKWATER – ACCOMODATOR 

BEACH - ABSORBER 

DESTRUCTION OF BEACH RIDGE 



S.No Geomorphic Features Mitigation Strategies 

1 

FACILITATORS  

a)River mouths, creek 

mouths, Bay mouth 

bars and spits  

b)Mudflats and 

saltpans 

To be left as such / or dredged  

No vegetation / afforestation in bay mouth 

bars / spits 

Keep the river / creek mouths open and avoid 

arresting of river / creek mouths by walls  

Settlements if at all developed must be only on 

the southern bank of the rivers in the coastal 

areas of the state. 

Mangroves development in mudflats  

Regulating measures to minimize the faster 

growth of saltpans 

Dumping of boulders and creation of  

protection embankments in between mudflats / 

saltpans and the sea        

GEOMORPHOLOGY vs TIDAL INUNDATION – MITIGATION STRATEGIES 

(Few examples) 



2 

CARRIERS 

Creeks and 

rivers/streams  

Keep mouths open 

Afforestation along banks 

Boulder embankment along low lying banks 

Avoid settlements in low lying banks of rivers / 

streams  

Promotion of mangroves  

3 

ACCOMMODATORS 

Estuary, backwaters, 

mangrove swamp, 

palaeo mudflat and 

swale 

Mouths to be kept open 

Afforestation of mangroves in the mangrove 

swamps and in peripheral parts of the 

backwaters and rims of the swales.  

Boulder embankment along the rim of the 

backwaters and mangrove swamps. 

Mangroves creations in palaeo backwater  

Radial outward drainages from the Palaeo 

backwaters to the Palaeo mudflats, afforestation 

and promotion of bird sanctuary 



4 

ABSORBERS 

Beaches 

  

Existing beach nourishment by 

afforestation with deep rooted trees 

Beach growth propagation by 

constructing groins at suitable 

locations and nourish such beaches too 

by afforestation.    

5 BARRIERS 

Palaeo and 

Relict beach 

ridges  

Intensive Afforestation through 

casuarina and cashew  



 

 

Bay Mouth Bars    Facilitators                Not to be affected or Utilized 

 

Mudflats / Salt pans       Facilitators               Protective boulders embankments 

                                                                                 Mangroves  

 

River mouths                  Carriers                      Keep the mouth open with out    

                                                                                            obstruction / blocking  

 

Creeks                            Carriers                      Mangrove vegetation  

 

Backwaters /      

Palaeo mudflats                      Accommodators       Radial out ward drain in mud     

                                                                                            flats, vegetation, bird sanctuary 

 

Beaches                    Absorbers                 To be nourished 

 

Beach Ridges                  Barriers                     To be nourished/Afforested 

 

GEOMORPHOLOGY vs TIDAL INUNDATION – MITIGATION STRATEGIES 

(Few examples) 



LINEAR MODELLING – RUN UP VS OFFSHORE SYSTEMS 



The database on offshore geosystems viz: continental slope 

and continental shelf were generated by mapping the features 

from NATMO atlas.  

Further, using the ETOPO satellite data which provides 

information on the sea bed topography,  

 

the continental slope was sub divided into  

             Shallow (2 to 20 m/km) gradient  

             Moderate (21 to 80 m/km) gradient and the  

 

Continental shelf into  

              Shallow (2 to 20 m/km) gradient,  

              Moderate (21 to 80 m/km) gradient and  

              Steep (> 80 m/km) gradient (Fig. 4.35) 

Offshore Geosystems Scenario 



SHALLOW 
SHELF 

MODERATE 
SHELF 

STEEP SHELF 

MODERATE 
SLOPE 

SHALLOW 
SLOPE 

RUNUP 36 
SEGMENTS 

Offshore 

Geosystems 



Variable Factor 1 Factor 2 Factor 3 

RUN UP .29057         -.02231         -.95420 

SH  SLOPE -.74633          .55282          .08377 

MOD SLOPE .94522          .09717         -.23228 

ST SHELF -.87936         -.15855          .27077 

MOD SHELF .29819          .87240         -.09397 

SH SHELF .14308         -.92373         -.07788 

EIGEN VECTORS 

PICTORIAL REPERSENTATION 

Due to  increase 

Due to  Decrease 

8 

5-6 

2-3 

The run up increases with 

increase in the area of 

moderate continental slope and 

moderate continental shelf and 

The run up increases with 

decrease in the areas of 

shallow continental slope and 

steep continental shelf. 



LINEAR MODELLING – INUNDATION UP VS ONSHORE SYSTEMS 







Increase in aerial extent of  

 

Backwater and Wetland (which would have 

accommodated the tsunami surge)  

 

Beach ridge with sandy area (which would have 

absorbed the tidal waves)  

 

Beach ridge with Plantation (which would have 

dissipated and acted as barriers),  

 

Beach  with sandy area and beach with plantations 

(which would have absorbed as well as dissipated).    

INUNDATION DECREASES WITH  



Creating water bodies in deltaic plains, so that surge  

will be get accommodated 

 

Mangrove afforestation in suitable wetlands, so as to 

dissipate the tsunami energy. 

 

Increase aquaculture in mudflats and deltaic plains 

and create plantations in flood plains so that tsunami 

energy will be dissipated. 

 

Decrease crop land in mudflat, fallow land in beach 

ridges in order to act as Barriers  

MITIGATION STRATEGIES 



 
    From the above analysis it is evident  that  the  geosystems have  

        responded the tsunami surge in unique fashion  

 

 

    Through  visual interpretation the response of coastal geometry to  

       tsunami was brought out  

 

 

  Through Spatial modelling the geomorphic features were  

       classified as carriers, facilitators, accomodators, absorbers and    

       barriers and accordingly mitigation strategies were eolved   
 

 

    Similarly the linear modelling has brought out an unique land use  

       / land cover  based  mitigation  strategies. 

 

 

  Through which the damages can be minimised 

CONCLUSION 



TSUNAMI WARNING SYSTEM 



WARNING  SYSTEMS 

The DART project was 

developed by the NOAA Pacific 

Marine Environmental Lab 

(PMEL) and brought into 

operational use by the NOAA 

National Data Buoy Center 

(NDBC) in October 2003.  

The DART project is an 

ongoing effort to maintain, 

improve the capability for the 

early detection, real-time 

reporting of tsunamis in the 

open ocean and reduce 

costly false alarms (González 

et al 1998).  



The DART buoy system comprises two parts: the bottom  

pressure recorder (BPR) and the surface buoy with related 

electronics. The BPR is capable of detecting and 

measuring tsunamis with amplitude as small as 1 cm in 

6000 m of water (Eble and Gonzalez 1991).  

The BPR uses a pressure transducer to make 15 seconds 

averaged measurements of the pressure exerted on it by 

the overlying water column.  

Data is transmitted from the buoy via an acoustic 

modem, and from the buoy via the Geostationary 

Orbiting Earth Satellite (GOES) Data Collection System.  

Under normal conditions (no tsunami) the BPR sends 

data hourly comprising four 15-minute values, which 

are single 15-second averages.  



The data are then relayed via a satellite link to ground 

stations, which prepare the signals for immediate 

dissemination to the NOAA Tsunami Warning Centers, the 

NDBC and PMEL.  

NOAA geophysicists use the data to determine the size of 

the wave, what areas may be at risk, and if a watch or 

warning is necessary. The DART research experience over 

the last 10 years indicates that these real-time systems are 

capable of detecting deep ocean tsunamis with amplitudes 

as small as one cm.  

An algorithm running in the BPR generates predicted 

water height values and compares all new samples with 

predicted values. If two 15-second water level values 

exceed the predicted values the system will go into the 

Tsunami Response Mode.  



Current Meter Mooring 

 

The velocity of tsunami currents 

can be measured using a current 

mooring which can give the 

current pattern of the water 

column triggered by the 

Tsunamis. Till now our nation 

don’t have dedicated current 

meter mooring that can provide 

valuable information about the 

current pattern and its 

characteristics in Indian Seas 

especially during extreme events 

like cyclones and tsunamis. It is 

proposed to install 10 nos. of  

current meter moorings.  





As part of the U.S.National Tsunami Hazard 

Mitigation Program (NTHMP), the DART 

Project is an ongoing effort to develop and 

implement a capability for the early detection 

and real-time reporting of tsunamis in the 

open ocean. DART is essential to fulfilling 

NOAA's national responsibility for tsunami 

hazard mitigation and warnings. Project goals 

are:  

1) Reduce the loss of life and property in U.S. 

coastal communities. 

2) Eliminate false alarms and the high 

economic cost of unnecessary evacuations. 

 

DART stations are sited in regions with a 

history of generating destructive tsunamis to 

ensure early detection of tsunamis and to 

acquire data critical to real-time forecasts. 

Buoys shown on the accompanying map 

represent an operational array scheduled for 

completion in 2003. 

 

http://www.pmel.noaa.gov/tsunami/Ship_time/Images/pro_array.gif
http://www.pmel.noaa.gov/tsunami-hazard
http://www.pmel.noaa.gov/tsunami-hazard


A DART system consists of a 

seafloor bottom pressure recording 

(BPR) system capable of detecting 

tsunamis as small as 1 cm, and a 

moored surface buoy for real-time 

communications. An acoustic link is 

used to transmit data from the BPR 

on the seafloor to the surface buoy. 

The data are then relayed via a 

GOES satellite link to ground 

stations, which demodulate the 

signals for immediate dissemination 

to NOAA's Tsunami Warning 

Centers and PMEL. 

 

http://www.pmel.noaa.gov/tsunami/

Dart/Flash/CODEframe4DART.html  

http://www.pmel.noaa.gov/tsunami/Dart/Jpg/dart_mooring0.jpg
http://www.pmel.noaa.gov/tsunami/Dart/gauge.html
http://www.pmel.noaa.gov/tsunami/Dart/Flash/CODEframe4DART.html
http://www.pmel.noaa.gov/tsunami/Dart/Flash/CODEframe4DART.html
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COASTAL EROSION 



COASTAL HAZARDS  

(i) Storm surges (half a dozen per year) 

(ii) Tsunami (one to two every century) 

(iii) Coastal pollution due to industrial and domestic effluents 

(iv) Coastal erosion 

(v) Oil spills 

(vi) Harmful algal blooms 

(vii) Submarine mudslides 

(viii) Hazards related to global climate change  



 Coasts are subject to almost continuous change - 

either erode (retreat) or build seawards (accrete).  

 

 

 

 Loss of subaerial landmass into a sea due to natural 

processes such as waves, winds and tides, or even 

due to human interference is called as coastal erosion.  

COASTAL EROSION 



There are four main forms of coastal erosion 

Hydraulic Action, Attrition, Abrasion, Solution 

 

 



Hydraulic Action 

Wave approaches the cliff. Note cracks exaggerated In

 size
Wave reaches the cliff & the air trapped by 

the wave is compressed into the crack.

Wave rebounds from the cliff & the compressed air

 escapes explosively, enlarging the cracks & ripping

bits of rock off.

HYDRAULIC ACTION



Abrasion & Attrition (Corrasion) 

Abrasion. 

• The waves pick up 

the sediment & hurl 

it against the cliffs 

(uses the sediment 

as ammunition). 

Attrition 

• As the sediment is 

hurled against the 

cliff, bits are chipped 

off, the sediment 

gets smaller & 

rounder. 

• Also as sediment 

roll against each 

other on a beach. 



Corrosion (Solution) 

• Salt & other chemicals in sea water 

attack & dissolve the cliffs. 



Sub Aerial Processes 

• The previous processes are caused by 
wave action & are called CLIFF FOOT 
PROCESSES. 

 

• Sub Aerial processes are slope 
processes i.e weathering & mass 
movement, theses are called CLIFF 
FACE PROCESSE 



EROSION IS CAUSED BY 

   WAVES 

   TIDAL STORMS 

   NEAR SHORE CURRENTS 

   OFFSHORE BANKS 

   OFFSHORE BARS 

   SAND SPIT 

   TOMBOLO 

   BAY 

   MAN MADE STRUCTURES 



TYPES OF EROSION 

DUE TO WAVES  

 

Water body obtains energy from wind, transfer across ocean and delivers 

It to coastal zone 

 

Collapse of wave near shoreline called as ―wave break zone‖ 

 

During winter waves will be high hence erosion more and summer less erosion 

 

Summer swelling profile and winter storm profile to be taken into consideration 

 

DUE TO TIDAL STORMS 

 

Tides, low pressure and severe rainfall increase water level 

 

Surf zone shifted towards land 

 

Hence cause severe erosion well inside the land 

 

Storm surges raise water level several meters accompanied by large waves  

cause severe erosion    

  



DUE TO NEAR SHORE CURRENTS 

 

Waves breaking parallel to the shore forms seaward flowing rip currents 

 

Waves breaking at angles produce long shore currents parallel to the shore 

 

DUE TO OFFSHORE BANKS 

 

Change in the geometry of offshore banks (over period of 200 years) cause 

change in coastal morphology, areas once eroded show accretion and  

vice – versa 

 

DUE TO OFFSHORE BARS 

 

Normally found on river mouths, cause change in flow path of rivers causing 

Erosion on their banks 



Rip currents  

 When waves hit the coast and resolved into littoral currents 

and the seaward  drifted  currents  such  seaward  drifted  

currents will  be  pushed back  to  the shore by wave 

 This cause Rip currents  



LONGSHORE 

CURRENTS 



DUE TO SAND SPIT 

Spit changes long shore currents causing accretion 

along spit and erosion in the  updrift of the shoreline 

Growth of spit cause severe erosion in the updrift 

DUE TO TOMBOLO 

Material that found attached between coastline and 

offshore 

Cause littoral barriers leading to erosion in adjoining 

areas 

DUE TO BAY 

Change in wave direction cause movement of sediments 

within the bay 

Hence accretion at one place and erosion in the other 

Change in wave direction cause vice-versa effects 









SHORELINE CHANGES  

The shoreline during different periods were mapped 

using various data  

 1915 – using old topographic sheets 

 

 1991 – Using LANDSAT Thematic Mapper 

satellite data 

 

 2000 – Using LANDSAT Enhanced Thematic 

Mapper data 

 

 2004 – Using IRS P6 multi spectral data  
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Adyar R 

Land Progradation at Adyar R mouth 

The land progradation at four areas, at 

Adyar river mouth, near Kovalam, 

Kalpakkam and Palar river mouth.   
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areas, at Adyar river mouth (1), 

near Kovalam (2), Kalpakkam (3) 

and Palar river mouth (4).   

These four zones of land 

progradation were intervened by 

three zones of land loss at 

Solinganallur  (5), Alattur (6) and 

north of Palar river mouth  
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PONDICHERRY - 1984 

PONDICHERRY - 2000 



EROSION DUE TO TSUNAMI 

NEAR NAGPATTINAM 



Storm damage along the Mississippi coast from Hurricane Katrina, August 2005  



DUE TO MAN MADE STRUCTURES 

Harbors are developed by constructing wave breakers to 

form an enclosure of water body free from wave 

disturbance 

Constructing jetties to prevent from long shore currents 

MADRAS HARBOR 

Due to construction of jetties since 1876 

Accumulation of sand on the southern side results in shift 

of shore 10 mts/year 

And severs erosion on the northern side of the harbor 

MANGALORE HARBOR 

Similar 500 m long jetty constructed in Mangalore cause 

accretion and erosion in the updrift and downdrift sides 

of the coast   



Madras Harbour 

Mahabalipuram 



COASTAL PROTECTION 

Usually carried out either to protect the existing 

beaches or to build up the Beaches lost due to 

erosion 

 

 Restoration of Beaches 

 

 Protection of beaches 



RESTORATION OF BEACHES 

Groynes:  
 

Wooden, concrete and/or 

rock barriers or walls at right 

angles to the sea.  

Groynes arrest littoral drift 

and make the shore line 

progress seaward 

till become parallel to the 

wave direction 

 



SPACING OF GROYNES PLAYS A VITAL ROLE 



RIP RAP 

 

Large rocks are piled or placed at the foot of cliffs, 

which are placed with native stones of the beach  

GABIONS 

Boulders and rocks are wired into mesh cages 

 

When the seawater breaks on the gabion, the water 

drains through leaving sediment, losses its energy. 



Gabions - wire mesh baskets filled 

with cobbles or crushed rock  





OFFSHORE BREAKWATER 

Structures constructed parallel to the coastline in break 

water zone thereby reducing  the magnitude of wave 

attack  

 

Enormous concrete blocks and natural boulders are 

sunk offshore to alter wave direction and to filter the 

energy of waves and tides.  

 

The waves brake further offshore and therefore reduce 

their erosive power.  

 

This leads to wider beaches  



Nearshore breakwaters  



LONGSHORE 

CURRENTS 



Offshore Break waters 





BEACH NOURISHMENT 

This involves importing alien sand of the beach and 

piling it on top of the existing sand 

 

The imported sand must be of a similar quality to the 

existing beach material so it can integrate with the 

natural processes occurring there, without causing any 

adverse effects  

SAND DUNE STABILISATION 

Vegetation encourages dune growth by trapping and 

stabilising blown sand.  







Timber and geotextile  

Stabilisation using  

grass plants. 



 Fencing  



Walls,concrete /or stone, built at base of  cliff or 

beach. 

 

Often curved  to resist and reflect the energy of the 

waves back out to sea 

SEA WALL 

REVETMENTS 

Consist of timber slants with a possible rock infill.  

Waves brake against the revetments, which dissipate,  

greatly absorbs the energy instead of reflecting.  

PROTECTION TO BEACHES 



Seawall / bulkhead / revetments 



Concrete and stone seawall.  



ROCK REVENMENTS 



Sand bags  

Rock faced concrete revetment  



COASTAL VULNERABILITY MAPPING 





Ranking of coastal vulnerability index variables  
(Thieler and Hammar-Klose, 2000) 

a 

b 
c 

d 

e 
f 







Barrier types were classified based on knowledge of depositional environments and 

histories (Thom et al., 1978).  

 

Five types of barriers were recognised; episodic transgressive, prograded, stationary, 

receded and mainland beach barriers.  

 

Episodic transgressive dune barriers can be attributed to locally high rates of sand 

supply at the downdrift terminus of a littoral drift system, implying an abundant sand 

supply 

 

Prograded barriers are typically characterised by multiple beach ridges (e.g. Moruya 

and Seven Mile Beaches).  

 

Stationary barriers are generally narrower, characterised by dominantly vertical 

rather than lateral growth. They are recognised on the basis of the absence of 

significant morphological evidence of progradation  

 

Receded barriers are thin marine sand deposits that overlie estuarine or back-

barrier sediments which outcrop on the shoreface.  

 

Mainland beach barriers are an end-member of the barrier types that comprise thin 

veneers of beach mantling a pre-Holocene erosional substrate (Roy et al., 1994). 



Beach types – A series of beach types (also called states as a beach 

may vary from one type to another over time) have been described by 

Short (1993, 1999). The 6 types are: Dissipative (D), Longshore Bar 

and Trough (LBT), Rhythmic Bar and Beach (RBB), Transverse Bar 

and Rip (TBR), Low Tide Terrace (LTT) and Reflective (R) beaches.  

 

Dissipative beaches have wide surf zones with shore parallel bars 

and channels with an abundant median to fine sand. An example is 

the northern part of Seven Mile beach. They tend to be relatively 

stable systems with low frequency of shoreline displacement events 

and spatially continuous, parallel, back-beach foredune scarps. 

 

Intermediate beaches occupy states between the fully dissipative and 

reflective. They are characterized by rip circulation, crescentic-

transverse bars and megacusps. Examples are Stanwell Park, 

Coledale, Bulli, Perkins, Warilla, mid Seven Mile and Moruya Beaches. 

 

Reflective beaches are characterized by barless surfzone and steep, 

narrow, cusped or bermed beach. Fishermans Beach is an example, 

although not included in this study. 



SALTWATER INTRUSION 



Mass transport of saline waters into zones previously 

occupied by fresher water is defined as salt water 

intrusion (stewart 1999). 

 

Sea water mixing with fresh water in coastal aquifer 

 

 Intrusion of sea water into the coastal aquifer system – 

may be considered as a type of environmental pollution 

due to human activities or/and to physical factors. 

Salt water intrusion 



 The problem of saltwater intrusion was recognized 

as early as the 19th century, 

 

 Because saltwater has high concentrations of total 

dissolved solids and certain inorganic constituents, 

it is unfit for human consumption and many other 

anthropogenic uses. 

 

 The encroachment of saline water into freshwater 

aquifers most often is caused by over-pumping from 

coastal wells. 

 

 Saltwater intrusion is a particularly acute problem in 

an island setting. 

Salt Water Intrusion…. 



Conceptual Model of Saltwater Intrusion (Cooper, 1964) 

Saltwater circulates from the sea to the transition zone. 

 

Induced by mixing processes at the transition zone, 

saltwater then flows back to the sea. 



Salt Water Intrusion 

Pumping causes a cone of depression and draws the 

salt water upwards into the well 



• Rapid decline in rain fall along coastal zone 

• High groundwater extraction / over use of gw along 

coastal aquifers 

• Low natural recharge rate along coastal aquifers 

• Drainage of irrigation water along coastal aquifer 

zones 

• Construction of coastal roads and their drainage 

systems  

• Unorganized drainage conditions in riverine, delta or 

estuarine areas 

• Alluvial landscapes and natural sedimentation which 

determine the nutrient and energy flows in coastal 

areas are increasingly reduced 

• Degradation of coastal wet lands through aquaculture 

forms, forest degradation, settlement construction, etc. 

Reasons for salt water intrusion  



• Tidal wave action 

• Fractures and faults extending from land to ocean 

could act both as leaky aquifer and path ways for 

salt water intrusion 

• Permeable rock types or stratigraphy and their 

thickness along coast  

• Existing folded structures along coast 

• Sea level rise due to increase in temperature and 

subsequent melting of ice in the polar regions  



Presence of salinity in coastal aquifers can be detected 

by 

 

(a)  Geophysical methods 

 - Resistivity method  

 

(b) Geochemical investigations 

 - Chemical composition of groundwater 

 - Isotope studies (age of water to identify the          

 source of salinity) 

 



Conducting geophysical resistivity survey – gridwise 

along coast 

 

Use of remote sensing in preparation of 

geomorphology, landuse/cover, soil, drainage and 

slope maps 

 

Collection of field data  such as groundwater level, 

hydrogeochemistty, etc. 

 

Use of GIS in thematic data integration 

Mapping of salt water intruded areas 



Saltwater intrusion 

mapping and 

modeling using 

1. Helicopter Based 

EM measurements 

2. Electromagnetic 

Sounding 

3. Groundwater 

samples 



















Ghyben-Herzberg relation  

The first physical formulations of saltwater intrusion were made 

by W. Badon-Ghijben (1888, 1889) and A. Herzberg (1901), thus 

called the Ghyben-Herzberg relation. 

 

They derived analytical solutions to approximate the intrusion 

behavior, which are based on a number of assumptions that do 

not hold in all field cases.  



Ghyben-Herzberg relation  

The thickness of the freshwater zone above sea level is represented as 

h and that below sea level is represented as z. The two thicknesses h 

and z, are related by ρf and ρs where ρf is the density of freshwater 

and ρs is the density of saltwater. Freshwater has a density of about 

1.000 grams per cubic centimeter (g/cm3) at 20 °C, whereas that of 

seawater is about 1.025 g/cm3. The equation can be simplified to 
 

Z = (Pf/(ps-pf)) * h,  Z = 40h, if h = 1 then Z = 40,  h = 2 then Z = 80 
 

The Ghyben-Herzberg ratio states, for every foot of fresh water in an 

unconfined aquifer above sea level, there will be forty feet of fresh 

water in the aquifer below sea level. 



Geochemical Signature of the Spatial Distribution of 

Saltwater Encroachment 

Spatial distribution of chloride concentration (ppm) 

from measurements on water samples extracted from 

numerous wells  



Dynamic Interplay of Saltwater Intrusion and 

Submarine Groundwater Discharge 

• SGD is driven by hydraulic gradient in the coastal aquifer  

• Oceanic forces can induce tidal pumping and waves 

• Mixing of the two can significantly impact the fluid chemistry of the 

ecosystem 



The encroachment of saline water into a coastal aquifer 

is modulated by submarine groundwater discharge. 

 

Coastal ecosystems undergo degradation from 

anthropogenic causes, including population growth and 

urbanization, pollution (untreated human waste, toxic 

waste), eutrophication (enhanced nutrient loading from 

agriculatural run-off, sewage and burning of fossil 

fuels). 

 

Unlike surface discharge, there is a scarcity of data on 

the magnitude of SGD and its role as a source of 

dissolved solids, nutrients and contaminants. 

Quantity and Quality of Groundwater in Coastal 

Ecosystems 



Groundwater occurrence (aquifer type; unconfined, 

confined or leaky confined) 

 

Aquifer hydraulic conductivity 

 

Depth to water level above the sea 

 

Distance from the shore (distance inland perpendicular 

from shoreline) 

 

Impact of existing status of sea water intrusion in the 

area and 

 

Thickness of the aquifer. 

VULNERABILITY EVALUATION by GALDIT METHOD 







Most popular models for seawater intrusion 
 

o SUTRA 

o SEAWAT 

o HST3D 

o FEFLOW 

 

     Recently released Visual MODFLOW Pro 4.1 

now integrates SEAWAT-2000 to solve variable 

density flow problems, such as seawater intrusion 

modeling projects. 



MEASURES 

1.   Potable water development – conservation of coastal 

wet lands 

2.    Ground water recharge  

Water spreading (spreading surplus water into large tanks and 

ponds)  

Injection method by injecting water into aquifer system (Adequate 

care on the water quality has to be taken)  

Construction of percolation ponds and check dams to allow 

percolation.  

Areas of artificial recharge should be based on the intensity of the 

problems, the course of action should follow.  

Identifying the coastal aquifers and demarking the area for 

development and vulnerable areas needing immediate remedies  

Collection of hydrogeological, hydrological, land use, water use and 

ecological data  

Applying   management technique and monitoring  


