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Abstract

Abstract

An effective, accurate, reliable and rapid version for the Indian Ocean Tsunami
Warning System (IOTWS) is stretches back over several years to integrate with the
tsunami forecasting and early warning framework. A brief outline is presented to
enhance the capacity to cope with an emergency situation in scientifically rigorous
manner.

2005 March, 2007 September, 2012 April etc. false tsunami warnings recall the need
for effective implementation of the IOTWS with operational robustness to initiate
tsunami mitigation program and to be prepared for future potentially destructive
tsunamis in the region. Use common and agreed formats for information exchange,
address common service requirements, standard operating procedures and
international commitment strive to satisfy the public safety in a tsunami emergency.
Develop all elements in order to conduct a tsunami hazard assessment study for a city
along the coastline of Sri Lanka, operating within the framework of template for
coastal cells in deep water adopted by the RTSP.

All materiakavailable from the activities-of the former-Working Group on Modelling,
in particulaf@evelopment of datarbases.alongrthe fault, line for tsunami forecasting
and deep water'modelling was reviewed to study the existing performance criteria of
the tsunami""vvarning system by communicating with RTSPs to clarify important
issues.

Preparation of a Case Study for the port city of Galle will illustrate the capability that
serves real time operational needs, hazard/risk assessment needs and
research/development opportunities through the use of a standard tsunami forecast
system that includes tsunami characterization, measurements and forecast models.
This study will be the hazard assessment for the above study.

Unfortunately, many people living alone the shore facing climate change impact
adversary. This incessant struggle between humans and nature need to be stabilized
via short — and long — term approaches. This research provides an excellent cross
reference and strong awareness of approaches adapted in IOTWS thus educating a
wider stakeholder base on the said approach.




Acknowledgement

Acknowledgement

| have always thought that research work is the foundation for the expansion
knowledge. This Master of Science degree is a very important part of my academic
career. Many have contributed to make this effort worthwhile, success and joyful and
I would like to express my sincere gratitude to the following outstanding personalities,
which I have had the privilege to get their kind support in successfully completing this
degree as a post graduate student of the University of Moratuwa. It was important part
of the process of achieving a sound knowledge in Civil Engineering, which will
enhance my career in future.

First and foremost, | would like to express my sincere gratitude to my research
supervisors, Prof S.S.L. Hettiarachchi and Mr A.H.R. Ratnasooriya, who persuade me
and offered continuous support and encouragement in successfully completing this
post graduate degree.

Secondly, I would like to extend my gratitude to Mr. Tony Elliot and Mr. Kodijat,
Ardito of UNESCO-IOTWS for their support and guidance in completing this
research work successfully.

| must also &xpress Imy sincere thanks, o the Wniversity of-Maratuwa, Sri Lanka and
UNESCO-l-@TWS for-the financial support, given-as,Senate Research Grant and
project fundfhg respectively:This projeat was supported by University of Moratuwa
Senate Research Grant Number SRC/LT/2012/01. Without either of the said funding
sources, this research would have never being arisen.

| am also grateful to, Dr R.H.L. Rajapaksha Department of Civil Engineering,
University of Moratuwa, Sri Lanka for his kind support and guidance given to me
during this research work.

The kind support given by Dr T.M.N. Wijayarathne as the chairman of the progress
review committee is greatly valued. Without his guidance and support, this risk
assessment case study will not be possible.

| must also express my heartiest gratitude to Dr. Srinivasa Kumar, Scientist — E, Head
of ASG, Dr. Patanjali Kumar Ch, Scientist — C, Mr. Mahendra R.S., Scientist — C, Dr.
Prakash C Mohanty, Project Scientist — B, INCOIS, Hyderabad, Andhra Pradesh,
India. Their vast knowledge in the subject field was a great asset in overcoming many
difficult bottlenecks of the research work.

I must extend my gratitude to Prof H.S. Thilakasiri, the research coordinator of the
Department of Civil engineering, for coordinating the research work with the Post
Graduate Division, University of Moratuwa.




Acknowledgement

| must also express my heartiest gratitude to the academic staff of the Department of
Civil Engineering and UNESCO Madanjeet Centre for South Asia Water
Management, University of Moratuwa, including the Head of the Department Prof
S.M.A. Nanayakkara, for the kind support given to me and providing necessary
facilities to carry out this research work. The non — academic staff of the Department,
especially the staff of the Hydraulic Engineering Laboratory and Madanjeet Centre
for South Asia Water Management should be mentioned with due appreciations, for
the support given to me in completing this research work.

The support given to me by Ms Karunathilaka, A.V.A.U, Dr P. K. C. De Silva and Mr
S. S. Wanniarachchi should also be warmly appreciated and | must also thank the
other postgraduate researchers at Department of Civil Engineering, University of
Moratuwa for their support given to me in completing this research work.

At last, but not the least, | express my heart full gratitude to my parents and sister for
supporting me and encouraging me to complete this work.

R.S.M. Samarasekara

Department of Civil Engineering,
University of Moratuwa, Sri Lanka.
On the 3" day of September. 2014




Table of Contents

Table of Contents

DT P 2 [0 RSSO [
Declaration of the SUPEIVISOIS ........ecuiiieieie i ii
ADSTFACT. ... bbb nre s ii
ACKNOWIBAGEMENT .......eieiice e te e rs WY
TabIE OF CONENTS ...ttt nes Vi
LISE OF FIQUIES.....ei ettt sttt sre e viil
LISt OF TaDIES ... et IX
GlOSSArY OF TEIMS ...t bbb X
CRAPLET L . 12
R [ 1 oo [0 Tox 1 o] [P STUTUURPRPS PR 12
1.1. Risk Assessment and Security of Coastal Communities ...........c..ccccvennenne. 12
1.2. Risk Assessment Initiatives for the Indian Ocean Tsunami Warning
SYSIEM (IOTWS) ..ttt re e 12
1.3.  Objective 0f the StUAY ..o 13
CRAPLET 2 .t 14
2. LITErature REVIBW .....ccueeiiiiiesiieie sttt ettt sre e enes 14
2.1. Risk and its COMPONENTS ......ccueeiiieiieiie e sre e e reenree s 14
2.2. Hagrd.... [Jniversity.- of Moratiwa. St Loanka. v, 16
2.2.1{€0LNam Azt i Theges & DiSQETtaiiORIG --rerseeseeressssssenes 16
2.2.2% :Tsunami D=3 T 1T0) o N T 17
2.2.3.  Tsunami Warning Dissemination ............c.ccccevvrererieerieenesereseseeressens 20
2.2.4.  Tsunami Hazard ANAIYSIS.......ccooiiiiiiiiiiiiiieeee e 25
2.3, VUINErabIlItY ..o 27
2.3.1.  Simplified Approach to vulnerability...........ccccooviiiiniiiiiiicee, 27
2.3.2.  Advance approach to vulnerability.........c.ccoooviiiiiiniice, 27
2.4, RISK ASSESSIMENT ....cviiviiieiiiieiti et e 28
2.4.1. Approach to RiSK ASSESSMENT .......cceciiiiieiieiieiiese e, 28
2.4.2. Hazard, Vulnerability and Risk Maps ............cccceevveveiiieiieneceseenen, 29
2.5. Enhancement of Tsunami Risk Assessment Capability within a Tsunami
Forecasting and Early Warning Framework.............ccccccooveiiiiciiese e 31
2.6, Managing RISK ..ot 34
2.6.1. Classification of Risk Management Measures ...........c.ccoceverirvnnennen. 34
2.6.5. Planning Risk Management IMEasUrES ..........ccceouereerenerienieneseneenen, 35
CRAPLET 3 ettt 37
3. MEthOAOIOGY.....ciiiiiiiie e 37
CRAPLEE 4 ..o a e aa e 46
4. Tsunami Wave Height Prediction for Early Warning and Risk Assessment
using Numerical MOdeliNg ........c.ooovi i 46
g 1011 €00 [ od 1 o] SRS PR 46
4.2, CUurrent ISSUES IN RTSP ...uieiii e 49




Table of Contents

4.3.  Tsunami Source CharaCterization............ccceeceeiiieeiieeiiie e 55
4.4. Verification of results from TUNAMI N2........ccccoovviiieiiieieccee e 60
4.5,  Limitations of the StUAY .........cccccveviiiiiicc e 63
CRAPLEI S et 65
5. ReSUItS aNd DISCUSSIONS .....cvveeirieeiiieeeiieeeireeesteeserreesesreeseareesbeeeseseeesbeeesseeens 65
CREPLET B ... bbb 70
LT Oo] o Tod [ L] o TSRO OURRROURPOPI 70
RETEIBINCES ...ttt st e e s re e sbe e st e e s beesareesaeesbeesbeeanreens xiii

vii




List of Figures

List of Figures

Figure 2-1 Four elements of people centred early warning system (EWS) ............. 15
Figure 2-2 Tsunami Signal recorded in a tide gauge.........ccooveovererenenciinieieeee, 20
Figure 2-3 Worldwide Tsunami Early Warning SyStems .........ccccocevevinenvinniennn, 21
Figure 2-4 Coastal FOrecast Zone Map .........cccooveeeriniiininieieeses e 23
Figure 2-5 UN-ISDR Framework for effective Early Warning Systems................. 31
Figure 2-6 Risk assessment within a tsunami forecasting and early warning
TTAMEBWOTK. ... bbbt e s 33
Figure 3-1 Methodology FIOW Chart..........ccccoviieiiiieiieceee e 43
Figure 4-1 Current Setup of DART® DUOYS ......oovviiiiiiiieceee e 48
Figure 4-2 Maximum Wave Heights for Port City of Galle for an arbitrary tsunami
10010 - T USSP 49
Figure 4-3 Coastal FOrecast Zone Map .........cccoovererinerinenieeese e 51
Figure 4-4 A Coastal FOrecast ZONe...........couvieieiiiineiiseseeee e 51
FIQUIE 4-5 Galle CFZ ...ttt 52
Figure 4-6 General Representative Sketch of a coastal forecasting zones (CFZ)....54
Figure 4-7 One Scenario in COMMIT ..o 58
Figure 4-8 One Scenario in COMMIT ... 61
Figure 4-9 ©ne ScenariQ I-TUNAMI N2 .t imem o Gede Toomtobean o 61
Figure 4-18astal-Forecast POints IN.Galle CEZ....ciriviaiinininmnnnsnnninns 62
Figure 4-11‘"’f'éoogle Image of the Port City of Galle...........cccoeiiiiiiiee 63
Figure 5-1 Selected Points in'Coast iNGalle CFZ ..........ccccoevvicvciciseresie e, 67
Figure 5-2 Comparison of results from the application of Green’s Law and Linear
MOMENTUM FIUX ...ttt 68

viii



file:///C:/Users/sameera.CVLNET/Dropbox/Thesis_Final.docx%23_Toc398788915

List of Tables

List of Tables

Table 2-1 Tsunamigenice earthquake prone faults............cccooeieniiiiiiccen, 17
Table 2-2 Earthquake Magnitude SCalesS...........cccoiiiiiiiiiiiiice e 18
Table 2-3 Parameters which are specified in tsunami bulletins ...........c.ccccocervenen. 24
Table 3-1 Performance of RTSP in Indian OCean..........ccoovvviieieiiniieie e, 39
Table 3-2 Sequence of the creation of a digital map with an aid of Admiralty Charts
................................................................................................................................... 44
Table 4-1 Comparison of tsunami models (Karunathilaka, Assessing Tsunami
HAzZard, 2010) ...o.viiiecece et re e e e nreas 56
Table 4-2 Source Parameter Selection in Different Models............ccocovvvviiiiininnnnn, 60
Table 4-3 Coastal Forecast Points in Galle CFZ ..........cccvovviiiieiiiie e, 61
Table 5-1 SeleCted SCENAIIOS. ......ccviviiierieie et ae e 65
Table 5-2 Wave height variation - (Linear Momentum Flux vs. Green's Law)....... 66




Glossary of Terms

Glossary of Terms

Abbreviation Description
ADPC Asian Disaster Preparedness Center
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