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Before and after-  destructive power of natural hazards
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Approach to the Development of the
Indian Ocean Tsunami Warning System




Tsunami Warning Systems

i e e = |
T

=

Q
Ry A
=: ALY
C o
i
Tl

Tsunami Warning Systems are governed UNESCO/IOC, Paris




Tsunami Warning Systems under UNESCO /IOC
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Tsunami Hazard Sources

Makran
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Footprints of Progress
over eight years




IOTWS is developed as a coordinated network of country systems in which
each country has the responsibility of identifying the hazard, assessing the
risk and issuing the warning.

The countries will be assisted by Regional Tsunami Service Providers
(RTSP).

The establishment of the IOTWS is supported by several Working Groups
including one on Risk Assessment and Reduction, operating since the
inception of the IOTWS initiative in 2005.



Working Groups of IOTWS

Tsunami Risk Assessment and Reduction

Modelling, Scenario Development

@unami Detection Warning and Dissemination

Seismic Measurement, Data Collection and Exchange
Sea Level Data Collection and Exchange

Modelling, Forecasting

A System for Interoperable Advisory and Warning Centres

e

(
Tsunami Awareness and Response

Awareness, Preparedness and Response- ‘the last mile’
\




Investigating the Makran Source

UNESCO IOC and the Government of Oman are working in
collaboration to assess the tsunami risk

Project will cover

eHazard Source ldentification and
Assessment

eScenario Modelling
*Vulnerability

*Risk Assessment and Management




The Risk Assessment and
Management studies will
comprise

-Overall risk assessment along
the coast of Oman

-Detaliled risk assessment of
selected coastal cities

The assessment will cover the

city boundaries and a minimum
distance of 15-20 km on either

side along the coast.




Early Warning Systems and Risk Management




Approach towards Risk Assessment and Management
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Multi Hazard Coastal

Risk f ( Vulnerability )

Vulnerability , Capacity)




, Vulnerability , Deficiencies in Preparedness)

_/

after Juan Carlos Villagran

The separation between

Vulnerability and

Deficiencies in Preparedness

is done to highlight the existing
vulnerabilities and those deficiencies which
could enhance the loss of life during disaster.

-Awareness
-Preparedness

-Early Warning
-Response

-Evacuation / Safe Places

-Evacuation Structures/
Tsunami Resilient Infrastructure




Approach towards
Hazards, Risk Assessment and Management

!

Risk Management
1 1 1

Risk= f{ Hazard, Vulnerability, Deficiencies in Preparedness}

b

Hazard Mitigate Enhance

Prevention & Vulnerability Capacity

Mitigation Preparedness
Resilience

Risk Transfer via INSURANCE
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Risk Management

\

Hazard Prevention
& Mitigation

Mitigate
Vulnerability

-Physical
Interventions

(Artificial Methods,
Natural Methods and
Hybrid Methods)

-Land Use Planning

-Regulatory interventions
such as set back of defense
line

-Hazard resilient buildings
and infrastructure

Enhance Capacity
Preparedness
Resilience

-Early Warning System
(Local and Regional)

-Public Warning System

-Evacuation Routes & Structures

-Community Education,
Maps for their benefit

and Preparedness




Vulnerable Communities

Vulnerability represents the
proneness of society and its full
structure to be affected by the

!

hazard.

Components of Vulnerability (1D approach)

1--Human, Cultural and Psychological
2--Physical/Structural
3--Socio-Economic

4--Environmental

5--Functional

6--Administrative




The Sector Approach (3D approach)

Scale of consideration
A

National

State or
Province

District or
Municipal

Local or
Community

Single unit or
house

Human being

Physical
Human condition Gender
Functional

Economic
Administrative

/4

A framework for vulnerability introducing the
notion of independent dimensions of level,
components and sectors

after Juan Carlos Villagran




Examples of Vulnerable Public Infrastructure and Sectors within the City of Galle

P

Main Street

4 Schools. Ry TCEESER a%’,,a _ 3
e Commerces, Road to Matara. \&

Mahamodera hospital

School of Nursing Area in front of Post Office.

Train Station Fishing boat areas (3).

District Admin. Building.

Fish market, fruit market,

Municipal Council Building. tabl ket
vegetable market.

after Juan Carlos Villagran




Vulnerability - The Sector Approach
Detailed Approach towards Vulnerability Analysis

Rapid Assessment
of Potential Impacts of a Tsunami
Geographical Level Dimension Lsasant frme 14

Port of Galls bn 50 Lanks

National

State or
Province

District or
Municipal

Local or
Community

Single unit or

SOURCE

Human condition

Administrative | Current state of vulnerability

Environmental L

The vulnerability of the particular health facility is to be determing via
the assessment of physical, functional, economic (if private), human l.

condition / gender; administrative, and environmental components. . . .
Factors which| | factors which | | Factors which
reduce maintain increase
vulnerability | | vulnerability | | vulnerability

after Juan Carlos Villagran

New state of vulnerability




Current state of vulnerability

Factors which| | factors which | | Factors which
reduce maintain increase

vulnerability | | vulnerability | | vulnerability

New state of vulnerability




total destruction

fatalities
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ECONOMIC DOMAIN HUMAIN DOMAIN

some damage,

some destruction people affected
wounded

no distruction
none or minor damadge

Hazard Magnitude



Capacity, Resilience and Preparedness of communities

Key Areas

-Awareness and Education
-Preparedness

-Early Warning

-Response

-Evacuation / Safe Places
-Evacuation Structures

-Tsunami Resilient Infrastructure

!

Building a Tsunami Resilient Community

28t March 2005-
Successful evacuation




PREVENTION
AND
MITIGATION

BEFORE

Risk
Management

RESPONSE,
REHABILITATION,
AND

RECONSTRUCTION

Disaster
Management




PREVENTION
AND
MITIGATION

BEFORE

RESPONSE,
REHABILITATION,
AND

RECONSTRUCTION

Disaster
Management




Vulnerability = Hazard Improve Risk
Mitigation Mitigation Preparedness Transfer

Risk Cascade Approach in Integral Risk Management

Avolding,

N Emergency Management

Risk Transfer
N e.g. (Micro-]Insurances

Residual
Risk

Self-Responsibility

-

DRR is everyone’s business



Risk Management

/ 1\

Hazard Prevention Mitigate Enhance Capacity
& Mitigation Vulnerability Preparedness
Resilience

-Land Use Planning -Early Warning System

-physical

) (Local and Regional)
Interventions

-Regulatory interventions _ _
(Artificial Methods, such as set back of defense -Public Warning System

Natural Methods and line
Hybrid Methods) -Evacuation Routes & Structur

-Hazard resilient buildings _ _
and infrastructure -Community Education

Maps for their be

Enhance the application of Remotely-Sensed Data




Birds Eye Impacts of Major Tsunamis




Sanriku, Japan 1933 -
before the Tsunami

after the Tsunami — 28.2 m




Indian Ocean
Tsunami 2004

Macro view of damage




Indian Ocean
Tsunami 2004

Macro view of damage
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March 2010

Kamaishi City




Kamaishi City Japanese Tsunami
March 2010
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Japanese Tsunami March 2011-Surveys by PARI Japan
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Understanding the

Propagation and Impacts of Tsunamis




Assessment of the Impacts

Y/

Field Measurements

From instruments
which captured the
tsunami

b\

Satellite Images

Post Tsunami
Surveys

1 2

Region wide impact profile of the tsunami




Assessment of the Impacts

Y/

Field Measurements

From instruments
which captured the
tsunami

b\

Satellite Images

Post Tsunami
Surveys

1 2

Region wide impact profile of the tsunami




Indian Ocean

Earthquake — Tsunami 2004




Indian

Ocean Earthquake —
Tsunami 2004
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Indian

Ocean Earthquake —
Tsunami 2004




Indian

Ocean Earthquake —
Tsunami 2004




Radar Satellite record
of wave heights -
Two hours after the EQ

Maximum deep water

wave height = 0.6 m




| SriLanka East Coast
NE of Mullaittivu

IRS 10 PAN - 07 December 2004

Before and after disaster map
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Coastal Inundation Maps

Disaster bype | Tsunami Datum - WisE 84
Disaster date | 20 Docodmbas 004 Progection - UTM 44
Data sources Bcake © 1H15 000 for A3 prints
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Sand Dunes (Mitigation by High Crest Natural Dikes-full barrie
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' g
' - i i

- tf»’l - 1l_'_ll' A
iy }. s ! ‘\ t el
L % LT A "
4 i) I_‘
- * 1
H I

e

[

Palatupana Pt TR |
.FH 1-“ I = av, r #
i N b

-.."
_,. £

ﬂ“

F =
Lt
e

ff




¥

February 2002

P Iatu ana. ™

Za Mg




January 2005

Severe damage
—tosand dunes in
the vicinity of

drainage outlets
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Arabian Sea

Makran
Source

Muscat, Oman
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Important components of the IOTWS




Requirements of a Early Warning System

i

A Warning System must alert all
persons on every vulnerable coast
of Imminent danger, covered by
the system

Response must be ‘RARE’:

*Rapid (as soon as possible)

eAccurate (minimize false warning)
*Reliable (continuous operation)

Effective (to save lives)

|OT - Banda Aceh




Early Warning Systems

UN-ISDR Framework for effective EWS
encompass 4 critical linked elements,

Awareness of the Risk =) Risk Knowledge

«Technical Monitoring and Warning Seryice ™= Detection, Monitoring
and Warning Service
Dissemination of meaningful warnings{to

Persons and Communities at Risk Dl illetion g

Communication

*Public Awareness and Preparedness to

== Response Capability

Respond




Key Components of an Early Warning System

1. Earth Data Observations
Data and Information Collection
Hazard Event Detection
Hazard Warning System Decision Support
Warning and other Products
Dissemination and Notification and

Anticipated Response to the warning and
potential disasters




Key Components of an EWS

Earth Data Observations

Data and Information Collection

Hazard Event Detection

Hazard Warning System Decision Support
Warning and other Products
Dissemination and Notification and

Anticipated Response to the warning and
potential disasters

Archival Data

Risk Knowledge

Detection,
Monitoring and

Technical Warning

Public Warning

Dissemination

Response




Categories of Tsunami Warning Systems

(1) Minimal
Earthquake Detection

Dissemination System

Educated Population

Stage 1




Categories of Tsunami Warning Systems

(1) Minimal (2) Standard
Earthquake Detection | Earthquake Detection

Tsunami Detection

Dissemination System | Dissemination System

Educated Population

Educated Population

Stage 1 | === | Stage 2




Categories of Tsunami Warning Systems

(1) Minimal

Earthquake Detection

(2) Standard

Earthquake Detection

Tsunami Detection

Dissemination System  Dissemination System

Educated Po

pulation

Stage 1

>

Educated Population

Stage 2

——

(3) Advanced
Earthquake Detection

Tsunami Detection

Dissemination System

Educated Population

.

Developments in Tsunami Forecasting -Experience from the Pacific Ocean




Relevance of Forecasting

Impact of 8 Experimental Forecasts since November 2003

0 False Alarms

3 Evacuations of Hawali avoided saving approximately
$200M in lost productivity

5 Early cancellations of warnings reducing time of
disruption




Then (1986) and More Recent (2003)
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« Alaskan Earthquake | * Alaskan Earthquake
Ms 7.7 Ms 7.7
« Warning Issued . Warning Issued
e Tsunami Detected at e Tsunami Detected at
coastal stations I coastal and deep ocean
« Hawaii evacuation i « Warning C_ancelled |
« No damaging tsunami * No damaging tsunami
Cost to Hawaii : $40M |+ Cost to Hawaii: $0
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=, Then'ﬂgém and More Recent (2003)
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Sri Lanka 2005

Hawalii

| Evacuation in
‘Sri Lanka

£ 29/03/2005

- 17/09/2007

- 11/04/2012
A a T




Basic Framework for Early Warning Systems

MONITORING

WARNING

ANTICIPATED
RESPONSE

International efforts +

National level { National efforts

_ { Technical Advisory Committee
National level on Early Warning

National level Distaster Management Centre
Ministry of Law & Order and Public Safety

Municipal level { Police stations + media
Local level

National level { Mobilization of resources
Provincial level { Coordination of event at this level

Municipal level
Local level

Cofirmation of event (or lack of event),

Evacuation of people to safe areas
magnitude and intensity

Port City of Galle Sri Lanka-after Juan Carlos Villagran




HyperDE M

The precise 3-D model of the coastal areas of Sri Lanka

FPOLITECNICO
DI MILAND

FAERE ALMA MATER STUDIORUM
Serinedis UNIVERSITA DI BOLOGNA




“HyperDEM” Tasks

Universita della Calabria
(Co-ordinator; Spaceborne
Multispectral & Airborne
Hyperspectral Pre-/Post-
Processing)

Istituto Nazionale di
Oceanografia e Geofisica
Sperimentale-OGS

(Airborne Campaign, Laser Scan,
Color Orthoimages)

Politecnico di Milano
(Spaceborne Synthetic Aperture
Radar and Permanent Scatterers-
INSAR)

Universita di Bologna
(Tsunami Wave Modelling)

Contour of the
surveyed area







Project “HyperDEM” , South-eastern Sri Lanka

Sample data for Galle




Application of Lidar Surveys

JLI000 JLT500 413800 413500 100 414500 415000

Full 3-D reconstruction of the urban area of Galle. In foreview, the Dutch Fort



3-D PERSPECTIVE VIEW OF THE DUTCH FORT IN GALLE

DIGITAL
SURFACE MODEL

DIGITAL
TERRAIN MODEL




Galle — Surge Simulation (1)
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Galle — Surge Simulation (I1)




Galle — Surge Simulation (Il

663000

+ 2 metres




Galle — Surge Simulation (1V)
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Galle — Surge Simulation (V)
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Dynamic Hazard Modelling of Tsunami Propagation



Dynamic Hazard Map of Inundation of 10T for Galle- PARI, Japan
based on Deterministic Tsunami Hazard Modelling




Tsunami and the Issue of Warnings- associated RISKS

Earthquake
Tsunami not Tsunami generated
generated
Warning Safe by default Possible Disastrous
not issued Consequences *
Warning False Warning Safe
issued *




Procedure for Tsunami Warning

Earthquake detected

4

Time, Location, Magnitude, depth

Potential tsunami ?

—~—

‘ _—» | Nno | == | Warning not issued
—

Warning (Advisory/Evacuation) issued

|

Tsunami detected ?

s Warnings issued to be withdrawn
—

Impact of tsunami re- assessed via
Tidal Gauge Data /Dart Data and
Mathematical Modelling

¥
v ¥ v

Warnings issued Community requested to be Evacuation of the
withdrawn if no threat watchful in the event of a community in the
of tsunami very mild impact event of high impact




Procedure for Tsunami Warning

Earthquake detected

¥

Time, Location, Magnitude, depth 7.9 (8-4) at 11:10 GMT

v

Potential tsunami ?

Warning (Advisory/Evacuation) issued

|

Tsunami detected ?

Impact of tsunami re- assessed via
Tidal Gauge Data /Dart Data and

] , Mathematical Modellin
small’ < 25¢cm ¥ J

4 ¥

Warnings issued Community requested to be
withdrawn if no threat watchful in the event of a
of tsunami very mild impact




Risk Assessment within a Tsunami Forecasting
and Early Warning Framework established by

IOTWS

-

Risk Assessment
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p
Tsunami Forecasting and

Early Warning Framework
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Risk Assessment within a Tsunami Forecasting and Early
Warning Framework

Risk Assessment within a Tsunami Forecasting and Early
Warning Framework ‘

Operating within a Tsunami Forecasting Framework,
a capability can be developed to serve

1. Real-time operational needs
2. Hazard/Risk Assessment needs
3. Research and Development opportunities

through the use of a standardized tsunami forecast system that
Includes

stSunami source characterization,

stSunami measurements, and

stsunami forecast models.




Risk Assessment within a Tsunami Forecasting and Early
Warning Framework

Tsunami Forecasting System would have two immediate applications

1. Real time operational forecasts of tsunami arrival time, tsunami
amplitude, maximum height and inundation areas etc

2. Long term assessments of hypothetical tsunamis based on
plausible tsunami sources for a particular areas to be used for Risk
assessment and for the production of tools such as disaster
management maps.




UN-ISDR Framework for effective Early Warning systems
encompass 4 critical linked elements,

Are the hazards and the Are the right parameters.
wvulnerabilities well known? being monitored?
What are the patterms and Is there a sound scientific

trends in these factors? basis for making forecasts?

Are risk maps and data Can accurate and timely
widely available? wamings be generated?

Do wamings reach all Are response plans up
of those at risk? o date and lested?

Early Warning Systems

Dissemination and
Communication

Response Capability

Detection, Monitoring and

Risk K led ' '
ISK Knowledge Warning Service




Method for Method for Hazard Assessment

Hazard Assessment-

Short term/ Long term
Hazard Assessment

T T

Long-term | Short-term
Forecasting Forecasting
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Standards & Procedures

Research &
:Development

PR fESEERE I EAREFEEEEE R EE I EERERETEEEEEEEEEEEEETE RS EFAEEEEEEREEEaEREREEEAEEREEES

EERERD
ELLALLELLEERRLLELTRE L)
-

after Eddie Bernard




Connectivity I

Method for
Hazard Assessment-
Short term/ Long term




Hazard
Assessment

after Eddie Bernard

Early Warning Systems

Response Capability Dissemination and

Communication

Risk Knowledge

Detection, Monitoring
and Warning Service

Connectivity
g to EWS

Long-term Short-term
Forecasting Forecasting

N

:

i (Measurements +

Generation

! Research &

:Development ::

B AEEEEE - LR R R BB B R B B R N LR RERLRND]

j Forecast ~Real-Time ™
Models Modeling =
Hazard Real-Time &
Observations T " Data H
Hazard -

.

:

Generation Real-Time .
Estimates Source Data =
.

Standards & Procedures




EWS Early Warning Systems

Response Capability Dissemination and

: Risk Knowledge Detection_, Monitoring
Strategic \ \_and Warning Service

Hazard :
Assessment : § Long-term Short-term
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EWS Early Warning Systems

Response Capability Disseminatio_n and
communrcaton

Detection, Monitoring

: Risk Knowledge _ _
Strategic and Warning Service

Hazard +
Assessment : fg Long-term Short-term

Forecasting Forecasting
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Strategic
Risk
Knowledge

h@arning Sys) =)

Long Term and Short Term
Forecasting of hazards

Detection,
Monitoring and
Warning Service
for Events

Long term assessments of hypothetical tsunamis based on

plausible tsunami sources for a particular area could be used for
Risk Assessment and for the production of tools such as disaster
management maps.




For multi hazard early warning systems it is necessary
to establish an effective framework

--to accommodate multi hazard analysis and
--for ‘collaborative operation’ among different agencies dealing with

the multi hazards

Understanding the diversity of and connectivity among
coastal hazards




Multi Hazard Warning Systems

Early Warning System

Response Capability | Dissemination and
Communication

Detection, Monitoring

Risk Knowledge _ _
and Warning Service

Hazard Analysis-

Hazard Analysis-
Short term/ Long term

Short term/ Long term

Hazard Analysis-

Hazard Analysis- Short term/ Long term

Short term/ Long term Hazard Analysis-

Short term/ Long term




Critical Issues on
Establishing new or Maintaining and Enhancing existing
end-to-end multi hazard EWSs include:

1. ldentifying and reviewing risk scenarios
2. Agreement on specific responsibilities within the EWS

3. Coordination among those managing EWSs

4. Investigation of past events and implementation of improvements

5. Development of procedures and manuals and assessing their
effectiveness

6. Consultation with communities and dissemination of information

7. Regular practice and testing of Operational Procedures including
dissemination of warnings and evacuation.




The Japanese Earthquake and Tsunami March 2011

The main lessons

Hazard Detection

-Early detection of the rapid onset of extreme tsunami events generated closer to
shoreline.

Vulnerability

-Human life; Response to early warning (sense of security from hazard
protection structures which may fail), Evacuation, Safe places.

-Design of hazard resilient infrastructure; Review based on damage profiles

-Hazard protection structures; They become vulnerable to extreme hazard
conditions and may fail. On failure they become hazardous elements.

-Review of vulnerability; “Vulnerability Checks’ as part of Risk Management




Thank you




