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Legend

Population in 100 km coast (2010)
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What is a Tsunami

o Tsunami in Japanese means “harbor wave”

o A system of ocean gravity waves formed as a result of
large-scale displacement of sea surface. Travel long
distances without losing energy

o Long wave length (of several 100 km)
o Periods of a few minutes to about an hour

o Travels 500 to 1000 km per hour with height of Less
than a meter in the Deep Ocean

Earthquake starts tsunami

o About 30 km per hour with height of Grows to Tens Y
of meters near shore 9

Generation Mechanism 7 -
Stuck area ruptures,
Distribution of confirmed tsunamis releasing energy

3 s in an earthquake
by generation mechanism .

[l Earthquake

[ Earthquake generated Landslide
[ Volcanic Eruption

[l Landslide

[l Other

2011 Tsunami & 2004 Tsunami
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Tsunami Hazard

Tsunami Sources 1610 B.C. to A.D. 2020
From Earthquakes, Volcanic Eruptions, Landslides, and Other Causes
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Tsunami Travel / Response Times

Red: 1-4 hour; yellow: 5-6 hour;
green:7-14 hour; blue: 15-21 hour

Dec 26, 2004 Indian Ocean, EQ M 9.1

15 min to Indonesia with wave heights of
more than 30 m

I 1 hours to cover whole Indian Ocean

Nov I, 1755 Lisbon, EQ M 8.5 - 9.0
20 minutes to Lisbon with wave heights
of 6to 12 m

May 22, 1960 Chile EQ M 9.5

15 min to Chile with wave height 25 m

I5 hours to Hilo, Hawaii with wave height I | m
22 hours to Honshu, Japan with wave height 5.5 m

Mar 27, 1964 Alaska EQ M 9.2
Tsunami wave heights in Alaska ~ 67 m
Tsunami damage was reported in 20
countries, including Canada, Peru, New
Zealand, Papua New Guinea and Japan.




10C Tsunami Warning and Mitigation Systems

o Pacific since 1965 s J
o ) lfwh-:ib:é:d‘mdm—ﬂﬂﬂ
. 2004 tsunami in Indian Ocean ’

illustrated need for more

o In 2005, the 10C was
mandated to establish three

more TWS
- ICG/IOTWMS
- |CG/CARIBE‘EWS ATLANTIC - Pucifc Turamy Waring and Megaten System
- ICG/NEAMTWS w * Eme—

. All 4 Regional TWS are
operational with 11 Tsunami
Service Providers (TSP) —
France, Italy, Portugal, Turkey,
Greece, USA, Japan, China,
India, Indonesia, Australia

Mediterranean Sea and North Eastern Atlantic Pacific Ocean Caribbean Sea
- CENALT: National Tsunami Warning Center - NWPTAC: Northwest Pacific Tsunami Advisory Center - PTWC: Pacific Tsunami Warning Center
- INGV: ltaly National Centre for geophysics and volcanology - PTWC: Pacific Tsunami Warning Center Indian Ocean

- IPMA: Portuguese Sea and Atmosphere Institute - SCSTAC: Tsunami Advisory Center of the Ministry of National Resources
- KOERI: Turkey Kandili Observatory and Earthquake Research Institute of Istanbul

- INATEWS: Indonesia Tsunami Early Warning System

- ITEWS: The Indian Tsunami Early Warning Centre

- NOA: Greece Hellenic National Tsunami Warning Center National Observatory of Athens (NOA) - JATWC: Joint Australian Warning Tsunami Center
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» Tsunami Risk Assessment

*  Development of risk assessment and reduction
guidelines

(11111 LI

*  Development of Hazard and Vulnerability Maps,
workshops and trainings to DMOs

» Detection,Warning and Dissemination

Tsunami Risk

*  Real-time monitoring [ Asseosment&

Tsunami Exercise
Reports

=  Expansion of observation networks

= Establishment of Tsunami Service Providers for
monitoring

=  Establishment of NTWCs/TWFPs for issuing national
warning

=  SOP workshops & trainings
» Tsunami Awareness and Preparedness

= Tsunami Information Centres

»  Community awareness and response resources & PO —

EMERGENCY MANAGEMENT

training
= Tsunami Exercises & Communication Tests

=  Community Evacuation Planning

*  Tsunami Ready



Tsunami Warning - Status in the IOTWMS
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o Other tsunamis that resulted in causalities s
Aidlan
« Tsunamis that did not result in any causalities Tas

* Great Progress since 2004
* Enhanced Observing Networks
* TSP & NTWC Framework
* 651 earthquakes of magnitude > 6.5 in the
Indian Ocean
* 21 tsunamis in the Indian Ocean since 2004
» Earthquake triggered — 16
* Largest was the 2004 Indian Ocean tsunami
* Uncertainties in tsunami warning, specially
for near source, atypical events
* Strengthening the Downstream
Table 1 | KPI# | KeyPerformance Indicator (KPI) | TargetValue |—— o s:::::’m::mesia
| d time from earthquake to : 13.7 min 1153 11.6
g issuance of first Earthquake Bulletin LD (12.5%) (40.9%) (64.1%)
Probability of detection of Indian
% o 2 |Ocean earthquakes with Mw>=6.8 100% n/a n/a n/a
E 'r:u £ (USGS final value)
s 22 R 0.13 0.16 0.26
% .'E = 3 |Accuracy of earthquake magnitude 0.3 (94.3%) (90.0%) (69.2%)
& 4 Accuracy of earthquake hypocenter 30km 15:1 15.6 25.0
depth 86.7%) | (90.0%) | (74.4%)
5 Accuracy of earthquake hypocenter 30Kkm 16.5 13.6 26.5
location (90.6%) (86.6%) (64.1%)
§ 5% 6 2:5::::1;‘;:::;1’::;“"3““’ 20 min 22 min 25 min 38 min
=5 robability o ion of tsunami
% % 4 :bo:el:r:ZEIft:::?old " 0 e e "/;\
F3 E E 8 ::;ir:jc:e(;;t:i\:httsunami EeEs: Factor of 2 n/a n/a n/a




Observation Networks - Seismic
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Time to Have Enough Seismic Data for
Well-Constrained Solutions at Trench-Axis Sources

PACIFIC TSUNAMI
7 WARNING CENTER

Seismic Network Response Map

2012-04-11 08:38:36 UTC

Off West Coast of Nortern Sumara
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Earthquake of M 8.5 Off coast of Northern Sumatra, on 12-Apr-2012
Tsunami threat issued based on EQ Information, Later cancelled after observing below-threshold water level changeslo




DART® Deployments
¢ United States
| @ United States/Chile
~ # Australia
# Chile
+ India
© Thailand

e

Tide Gauge Network ~ 400

Tsunami Buoys Network ~50

Amplitude (cm)

Amplitude (cm)

Amplitude (cm)

Comparison of the offshore forecast model of the April 1, 2014 Iquique, Chile tsunami with DART observations.
The time axes of the model data for DARTs 32402,51407 and 51426 are shifted for comparison purposes by the amount indicated.
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The 1 April 2014 Chile Tsunami

NOAA NCTR Research Product
Not an official forecast
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DARTSs 32401 and 32402 were used to constrain the model source. The rest of the plots are comparison of data with the forecast model.
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April I, 2014 Iquiue, Chile — DART buoy observations to constrain the model source

Observation Networks - Sea level

Time for 3 Sea-Level Gauges to Record and Transmit the
First Tsunami Wave Data From Each Trench-Axis Source
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Other Science Applications of Sea Level Data
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Japan, METI, Esri China (Hong Kong). (c) OpenStreetMap contributors, and
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COMMUNICATIONS

ARTICLE

Basin-wide sea level coherency in the tropical
Indian Ocean driven by Madden-Julian Oscillation

B. Rohith'2, Arya Paul® ', Fabien Durand?, Laurent Testut® 34, S. Prerna', M. Afroosa'5,
S.S.V.S. Ramakrishna? & S.S.C. Shenoi'
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Pathways of barotropic waves in the |0 The arrows represent the pathways of barotropic waves.
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Observation Networks - Sea Level
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Tsunami Warning - Challenges

Palu tsunami on September 28,2018 and Sunda Strait tsunami on
December 22,2018

SURVEI TSUNAMI PALU
© PUSGEN 2018
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Submarine landslide, Liquefication

Deaths - 2,100; Missing 680; Injured 4,612; and Displaced 78,994
Tsunami Warning issued by BMKG in 5 Minutes
The first wave arrived in 3 minutes, earlier than the warning

Complex — Strike Slip Earthquake, Extensive Liquefaction, Coastal / Submarine
Landslides, Bay

Electricity and communication were cut off in 2 min after the earthquake
No time for communities to receive official warning

Lack of capacity in LDMO, Sirens weren’t working

= No access to evacuation routes, no prior preparation of evacuations

sPeu Jembatan Kuning

Anak-Krakatau Volcano eruption

Deaths - 430; Missing 128; Injured 1,459; and Displaced 5,695
Caused by flank collapse due to eruption of Anak Krakatau volcano
No Tsunami Early Warning issued

Anak-K(g’katau

Tsunami waves arrived in succession following the eruptions
patterns, and avalanches

Tsunami confirmed only by recognizing wave anomaly at near-by
tide-gauges
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Emerging Observation Technologies

Locations and magnitudes of historical seismic events (red), DART tsunami buoys (yellow triangles) and
current (green) and planned (white) submarine cables,. SMART repeaters shown every 300 km
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Other Observation Technologies

Ships as Sensors
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EXPECTED IMPROVEMENT IN TSUNAMI FORECAST TIME AND ITS
QUALITY DUE TO IMPLEMENTATION OF NEW TECHNOLOGIES

TSUNAMI SOURCE UNCERTAINTY

*

WARN! Forecast
2004 :
Refine Forecast
Cancel
A
2019
TARGET
ZONE 2030 between s
Y L s b
| | | | | | | I
1 5 10 15 45 1 2 upto 1 TIME
min min min min min hr hr day
LOCATION AND g CENTROID COASTAL DARTII FINITE FINAL
MAGNITUDE =  MOMENT SEA FAULT ANALYSIS
(initial) E TENSOR LEVEL MODEL
(seismic) (seismic)

: . n Data Availability
A Centroid Moment Tensor (GNSS)/Finite Fault Model (GNSS) 2004—2030

A Full Bottom Pressure (eg. Tsunameters, Cables, dedicated observatories)
A In-situ Accelerometers Angove et. al, 2019 -



New Opportunities

Ocean Decade Tsunami Programme

Improved

Aw§reness and
Preparedness aimed
,..at'Tsunami:ng
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der Frolov et al 2021 (30™ International Tsunami Symposium, Sendai, Japan)

TSUNAMI
READY
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