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Objective :Objective :

• Develop a Comprehensive Tsunami 
Travel Time Atlas for the Indian 
Ocean 

���� database comprising Expected Time of database comprising Expected Time of 
Arrival (ETA) generated from this Atlas, is Arrival (ETA) generated from this Atlas, is 
expected to significantly benefit the setting up expected to significantly benefit the setting up 
of an early Tsunami Warning System for the of an early Tsunami Warning System for the 
Indian Ocean which is planned in near future.Indian Ocean which is planned in near future.
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•• The present work is based on data from The present work is based on data from 
historical records of major earthquake historical records of major earthquake 
events in the Indian Ocean (compiled from events in the Indian Ocean (compiled from 
USGS and various other sources).USGS and various other sources).

•• The atlas takes into account 250 past The atlas takes into account 250 past 
earthquake events (majority of them in the earthquake events (majority of them in the 
SouthSouth--eastern Indian Ocean).eastern Indian Ocean).

•• Computation of ETA conducted for 250 Computation of ETA conducted for 250 
coastal destinations covering 35 countries coastal destinations covering 35 countries 
in the Indian Ocean rimin the Indian Ocean rim

Co-authors Dr. P K Bhaskaran of IIT Kharagpur
(left) and Prof. A D Rao of IIT Delhi with Hon'ble
President Dr. A P J Abdul Kalam and Director Prof. 
S K Dube
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Epicenter of 250 past earthquake Epicenter of 250 past earthquake 
locationslocations

Travel time computed for the recent Travel time computed for the recent 
Indian Ocean TsunamiIndian Ocean Tsunami
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Approach :Approach :

•• Computation of travel times over the entire grid is an Computation of travel times over the entire grid is an 
application of Huygens principle which states that all application of Huygens principle which states that all 
points on a wavepoints on a wave--front are point sources for front are point sources for 
secondary spherical waves.secondary spherical waves.

•• ZerothZeroth order approximation, tsunami travel times are order approximation, tsunami travel times are 
governed by the long gravity wave formula, which governed by the long gravity wave formula, which 
defines the speed of travel of the tsunami as equal to defines the speed of travel of the tsunami as equal to 
the square root of water depth, multiplied by the the square root of water depth, multiplied by the 
acceleration due to gravity  acceleration due to gravity  �������� higher order terms higher order terms 
are of scientific interest are of scientific interest …… ** ** for practical purposes for practical purposes 
contributions from these terms can be ignored.contributions from these terms can be ignored.

** ** Such computation in Pacific Ocean demonstrates travel time is acSuch computation in Pacific Ocean demonstrates travel time is accurate within plus (or) minus one   curate within plus (or) minus one   

minute for each hour of travel.  minute for each hour of travel.  

Approach :Approach :
Initial Time :  All nodes in domain of initial perturbation � To (zero value arrival  

time which corresponds to beginning of earthquake) � stored in
Remaining nodes �

Nth step of exhaustive node search � perform in order of increasing travel 
time known at this point of time.

For node               and                                      the tentative estimate 

of travel time for  “B” such that               can be obtained from the relation: 

where:                               ; CA and CAB denotes wave propagation speed in
shallow water

and                                                             denotes distance 
from node “A” to “B” through great circle arc where “R” is earth’s radius.
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Approach :Approach :

j A and j B are latitudes of nodal points “A” and “B” and Dy
the longitudinal difference between these two points.

For                   value of “T” is obtained by minimizing the 

relation:

Procedure is repeated to next node                until the set 
is exhausted.

n
2MBÎ

, 

n
2BABAAB MSA,where(  }TT,Tmin{T ÇÎ+=

n
2MA Î

List of countries and their corresponding number ofList of countries and their corresponding number of
coastal stations used for this studycoastal stations used for this study

1Seychelles10Madagascar

2Yemen3Saudi Arabia1Kuwait

8Vietnam4Reunion3Kenya

3U.A.E2Qatar3I ran

6Thailand11Phillipines31Indonesia

7Tanzania3Pakistan47India

2Taiwan5Oman 3Egypt

2Sudan9Myanmar2Comoros

15Sri Lanka9Mozambique1Brunei

11South Africa1Mauritius3Bangladesh

8Somalia1Maldives1Bahrain

1Singapore12Malaysia19Australia

Number of 
Locations

CountryNumber of 
Locations

CountryNumber of 
Locations

Country
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Computed Expected arrival time (ETA) to 250 coastal stations forComputed Expected arrival time (ETA) to 250 coastal stations for the  the  
December 26, 2004 tsunami event in the Indian OceanDecember 26, 2004 tsunami event in the Indian Ocean

9.1488640.90E02.28SLamuKenya

9.136739.43E05.04S186,013Wete

9.6808839.20E06.10S391,002Zanzibar

9.2764639.02E05.05S1,642,015Tanga

9.5265539.12E06.50S1,292,973Dar es Salaam

9.3133539.30E08.55S171,057Kilwa

9.0695339.61E09.56S791,306Lindi

9.0736940.20E10.20S1,128,523MtwaraTanzania

11.346832.32E25.58S966,837Maputo

10.301135.92E23.02S52,370Inhambane

10.863135.32E22.02SVilanculos

13.816134.52E19.50S397,368Beira

11.740236.58E17.53S150,116Quelimane

10.265338.17E17.23SPebane

9.6470439.97E16.17SAngoche

9.3882440.34E14.31S158,248Nacala

9.3416440.30E12.58S84,897PembaMozambique

13.514318.47E33.93S2,350,000Cape Town

11.182630.23 E29.36 S229,000Pietermaritzburg

13.388120.00E34.83SCape Agulhas

12.916322.13E34.18SMosselbaai

12.2226.31E33.19S62,640Grahamstown

12.13125.59E33.96S1,100,000Port El izabeth

11.435327.87E32.97S212,323East London

11.03229.53E31.62SPort St Johns

10.675632.66E28.02S89,087Ladysmith

11.00230.99E29.87S2,117,650Durban

11.22231.77E28.97SMtunziniSouth Africa

ARRIVAL TIME
(in hrs)LONLATPOPULATION  CITYCOUNTRY

Sample
file

Digital 3Digital 3--minute observation from 8 minute observation from 8 
coastal stations off South African coast coastal stations off South African coast 
during the December 2004 Indian Ocean during the December 2004 Indian Ocean 
tsunami tsunami 

East and CentralEast and Central
Indian OceanIndian Ocean

West Indian West Indian 
OceanOcean

Skill AssessmentSkill Assessment
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Tsunami arrival time for December 2004 event off South Africa coTsunami arrival time for December 2004 event off South Africa coastast

16.6817.0050Port Nolloth

16.2416.4585Saldanha

13.5214.0296Cape Town

14.2714.8580Simmons Bay

14.6515.00160Mossel Bay

12.1312.13273 Port Elizabeth

11.4412.08135East London

12.6313.00165Richards Bay

Arr ival time (model computed)Tsunami arr ival time (hrs) -
observed

Wave height(cm)
Location

Signatures of December, 2004 Indian Ocean tsunami from Signatures of December, 2004 Indian Ocean tsunami from 
JasonJason--I and I and TopexTopex/Poseidon Satellite tracks/Poseidon Satellite tracks

2h 10 m (o)
3h 02 m (m)

03.0991.7°°°°E19.6°°°°S2h 03 m (o)
2h 30 m (m)

03.0292.8°°°°E18.8°°°°SFirst crest

Nor th

2h 02 m (o)
2h 00 m (m)

03.0183.3°°°°E02.8°°°°S1h 55 m (o)
1h 43 m (m)

02.5484.7°°°°E03.0°°°°SFirst crest

2h 01 m (o)*

1h 57 m (m)* *
03.0082.7°°°°E04.5°°°°S1h 55 m (o)*

1h 47 m (m)* *
02.54 84.0°°°°E04.9°°°°SFirst crest 

Travel timeArr ival 
(UTC)

LongLatTravel
time

Arr ival
(UTC)

LongLatWave
Parameters

South

Topex/PoseidonJason -1

* * indicates indicates –– observed (o) ; observed (o) ; ** ** indicates indicates –– model computed (m)model computed (m)

SUMMARY :
• The Tsunami Travel time Atlas is widely distributed to 

scientific communities within India and worldwide – for 
more information refer to:

http://www.iitkgp.ac.in/topfiles/tsunami.html

• Skill assessment of the travel time model show 
reasonable accuracy with observations from various 
in-situ platforms.  

- - For further information refer to :  Prasad K. Bhaskaran, R. Rajesh 
Kumar, S.K. Dube, Tad Murty, Avijit Gangopadhyay, Ayan
Chaudhuri, A.D.Rao (2006). ““ Tsunami Travel Time Computation Tsunami Travel Time Computation 
and Skill Assessment for the 26 December 2004 Event in the and Skill Assessment for the 26 December 2004 Event in the 
Indian OceanIndian Ocean”” .. Coastal Engineering Journal Vol.48, No.2, pp.1-20.
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SUMMARY :

• Applicability of the travel time model will 
be immensely useful for setting up an 
early Tsunami Warning System for the 
Indian Ocean.


