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Main components

Study AreaŹ

ÅCoastal reaction after 

tsunami of 2004

ÅRole of sand dunes

ÅRole of coastal forests

ÅA sustainable coast 

for human protection
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December 2004 tsunami

< Coastal Reaction >

ÅExceptional performance of casuarina trees

ÅHolocaust of beach front dwellings

ÅDifferential damage to coastal dunes: erosion, 

breaching, over wash ïMost dunes survived

ÅDeracination of dune vegetation

ÅFormation of new water bodies

ÅPassageways of tsunami [natural and man-made]

ÅBlack sand deposits

ÅReworked debris, dead wood



Site Beach(m) Houses broken (m) Forests damaged (m)

Uroor Alcott Kuppam, 

Chennai

100 35 ï39 0

Vada Nemelli - 0 13 - 25

Mahabalipuram 145 25 (wall) 0

Periyakalapet 65 23 - 33 0

Devanapatnam 65 27 0

Nanjalingampettai 135 0 10 - 17

- Poompuhar, north

- Near temple

100

-

44 - 56

10

0 [ 19 palm trees intact ]

0

Vanagiri - 19 -

Tarangambadi 55 33 - 69 0

- Karaikal, north

- south

180

-

>200 (sea wall)

-

0

~15

Nagore - 132 0 [ coconut trees intact ]

Silladi 120 0 7 - 19

Samanthanpettai 145 9 - 51 5

Nambiar Nagar - 6 0

Nagapattinam lighthouse - 30 0

Akkaraipettai -

Keechankuppam

- 45 - 63 -

Kallar - 45 0

Velankanni 100 75 -



Role of sand dunes - tsunami

ÅDunes served as natural buffers / protection 

ÅDwellings behind dune belts are all safe

ÅSteep beaches neutralized wave run-up

ÅFlat beaches were overshot by tsunami

ÅTherefore, coastal dunes posses an innate 
capacity to attenuate energy from violent waves

ÅFlattened dunes, gaps in dune ridges and roads 
facilitated over wash and tsunami up-rush

The following cases will confirm the natural 
buffer capacity of sand dunes



Ex. 1: Natural buffers such as high dunes lined by 

trees attenuated tsunami up-rush; inundation was 

minimal; damage to property was nil



Ex. 2: Natural landforms saved life and property; houses 

behind high vegetated dunes are all intact; loss of life was nil; 

gaps on dunes however facilitated marine transgression 



Ex. 3: Lack of natural protection is the cause of disaster; all 

houses along the beach were smashed; loss of life was heavy; 

road to beach served as a pathway for tsunami water



Ex. 4: Steep gradients minimized tsunami up-rush; all huts / 

dwellings on the beach also blocked high waves, but 

collapsed; assets behind dunes remained intact



Ex. 5: Flat beach due to over-use; tsunami waves 

over shot the entire beach; road facilitated 

inundations; around 900 people perished



Role of coastal forests

ÅCoastal forests displayed an exceptional 
resilience in dissipating tsunami waves

ÅFew trees within a narrow frontal strip of 14 m 
average width was uprooted, but mostly bent, 
for a coast with run-up as high as 6.5 m

ÅSea water intrusion was nominal in areas with 
thick vegetation

ÅVillages behind dense forests remained 
unscathed



Casuarina forests served as excellent buffers against tsunami 

Only the frontal strip of 14 m average width was affected

Villages behind these forests remained intact (January 2005)



Experimental ïwave dissipation

Waves vs. Trees 



Numerical simulation, tsunami height and velocity 
[ Hiraishi, 2004? ]

üThe tsunami height and velocity was estimated in 
the original topography and in the coastal line 
with greenbelt 100m wide.

ü In the numerical simulation, the pressure value 
significantly decreases as the number of N 
increases (N is the density, defined as the 
number of trees in a 10m ×10m plot).

üMaximum flow pressure is high for N=0; pressure 
decreases as óNô increases; for N=30, flow 
pressure value is negligible.

üThe reduction of water flow pressure proves the 
role and validity of a greenbelt to reduce the 
tsunami inundation and damage.
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