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Very basic tsunami physics...
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Tsunami is a shallow-water
gravity wave with great
wavelength and tiny
amplitude



Gravity waves: dispersion

From the expression F(z) = 2Ae™" cosh [k(z + h)]

the boundary at the top gives the dispersion relation for

incompressible, irrotational,
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small amplitude “gravity’” waves:
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Tsunami eigenvalues & eigenfunctions
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DISPERSION

AMPLIFICATION
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support of improved measurement

technology and the design of optimal

Tsunami

. implementation of improved models
ph)’SICS ad tO increase the speed and accuracy of

research operational

development of improved methods to
on the

population and infrastructure of
coastal communities




Tsunami forecast model

@ Generation of a database of pre-computed
scenarios from potential sources

Arrival time

Inundation modelling

Inundation maps

maximum wave height and maximum current speed as a function of location,
maximum inundation line, as well as time series of wave height at different
locations indicating wave arrival time



New York City Tsunami from M7 Quake
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Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/
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Atlantic Ocean Asteroid Tsunami Simulation - 3d
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Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/
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1958 Lituya Bay Landslide
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1958 Lituya Bay
Landslide Simulation

Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/
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1958 Lituya Bay Landslide
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Santorini Tsunami Simulation 3D
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Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/
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Ocean bottom data

The observation record of the
ocean bottom pressure gauge.
At around [4:46, the ground
motion of the earthquake (M9)
reaches the pressure gauge and
at TM| (coast-side), the sea level
is gradually rising from that
point.

The sea level rose 2 m, and after
| minutes, the level went
drastically up to 3m, which
makes 5 m of elevation in total.
At TM2: located 30km toward
the land, a same elevation of sea
level was recorded with 4
minutes delay from TMI.
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Dart buoys
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The DART IlI® system consists of a
seafloor bottom pressure recording (BPR)
system capable of detecting tsunamis as
small as | cm, and a moored surface buoy
for real-time communications.

DART Il has two-way communications
between the BPR and the Tsunami
Warning Center (TWC) using the lridium
commercial satellite communications
system. The two-way communications
allow the TWCs to set stations in event
mode in anticipation of possible tsunamis
or retrieve the high-resolution (15-s
intervals) data in one-hour blocks for
detailed analysis.

DART Il systems transmit standard mode
data, containing twenty-four estimated
sea-level height observations at |5-minute
intervals, once very six hours.

NOAA



Tsunami data and simulations: source

2011 off the Pacific coast of Tohoku earthquake 0001 min
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Tsunami Propagation
The red color means that the water surface is higher than
normal sea level, while the blue means lower.
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Tsunami data and simulations

Amplitude (m)
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Amplitude (m)

Amplitude (m)

Tsunami data and simulations: source

2 -
04

Hachinohe P

2

L

30 60 90
Hachinohe l_?'Qrt (WG)

0 -

30 60 90
Hachinohe

0 |-

4
Mutsuogawara Port (WG)_,
-4
- 4
Y
30 &0 90
Mutsuogawara P =
-4
s X 4
i 2
30 60 90
Time (min) =2
-4
g |Ayukawa
‘
4 :
2 i
0 i
-2 2l
| I
30 &0
6 sendai New Port
4
2
0
.«2 - - - - -
0 30 60
10
Soma
8
6
4
2 :
0 \
_«2 :
0 30 60 90
4 |Onaham &
2
0
-2

Time (min)

30 60 90
* IKuji Port
2 i
0 ‘_W:
-2
SR -,
0 30 60
* |Kuji Port (W)
2 i
0 ﬁl ‘ it
-2 A
-4
0 30 60
a {Miyako
6
4
2
0
-2 ;
0 30 60
4 |Kamaishi;
2
L
-2
0 30 60
8 Ofunato:"i
6
0
-2
0 30 60
Time (min)

2 Kozushima

0 ] Ay s

30 60 90
, |Miyakejima

0 ‘__/M-.;«._,,;.»

120

30 60 90
5 |Miyakejima Tsubota

30 60 90

Time (min)

Amplitude (m)
(=]

W
: 60

30
Hachijojima

30 60 90

Chichijima

A

90 120
Time (min)

150

|TomakomaiPort W Kushiro Port (WG)
2 2
04 0 _Mi'}-‘:
Iwate N (GPS)
-2 -2 B (G
T -4 -4 ‘ 2 ]
60 9 120 60 9 120 0 60 %0 120
Tomakomai Port(WG)  * |Kiritappu Port * ITokachi (WG)
2 4 -
_J\ﬁ\ - Y - G0 0 e %
N { e Iwate M (GPS)
-2 : -2 6
[ 2
— -4 -4 4
60 90 120 6 9 120 30 60 9% 120 0
Shiraoi Port 4 TKushiro Muroran Port 2 v : ,
2 2 - o
0 1... 0 _/\/ , 2
" -2 ' » 0
" 4 0 30 60 90 -2
60 9 120 3 60 9 120 60 9 120 150 ° JiwateS(GPS)
6 2
135° 140° 145° 150" 155° 160° 2 0
-2
2
0
-2
2
0
-2
2
0

0 0 60 90 2

0 30 60 9%

2 |Mie Owase (GPS)

-2 2
60 90 120 150 g
2 -2
Wakayama SW (GPS)
0 ”‘_A-_‘..‘
-2 ‘
90 120 150
€
3 2 1Tokushima Kaiyo (GPS)
= 0
E
< -2
90 120 150
Time (min)

KPG1

Fukushima (GPS) 2
2
i

e

60 90

Time (min)

120

Simulated Tsunami
around Japanese
coasts

Red and blue lines
indicate the
observed tsunami
waveforms at
Japanese tide gauges
and ocean bottom
tsunami sensors and
synthetic ones,
respectively. Solid
lines show the time
windows used for
inversion.

by Yushiro Fujii (IISEE, BRI) and Kenji Satake (ERI, Univ. of Tokyo)
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Tsunami data and simulations: source
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Tsunami animation: time scales...

http://outreach.eri.u-tokyo.ac.jp/eqvolc/201 103 _tohoku/eng/

http://supersites.earthobservations.org/honshu.php

http://eqgseis.geosc.psu.edu/~cammon/Japan201 [EQ/

“Earthquake Research Institute, University of Tokyo, Prof. Takashi
Furumura and Project Researcher Takuto Maeda”


http://outreach.eri.u-tokyo.ac.jp/eqvolc/201103_tohoku/eng/
http://eqseis.geosc.psu.edu/~cammon/Japan2011EQ/
http://supersites.earthobservations.org/honshu.php

Tsunami animation - NOAA
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Tsunami signature in the ionosphere

By dyna

mic coupling with the atmosphere, acoustic-
gravity waves are generated

Traveling lonospheric Disturbances (TID) can be

detected

and monitored by high-density GPS networks
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Tsunami signature in the ionosphere
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Tsunami-generated |GWs and the response of the ionosphere to
neutral motion at 2:40 UT.
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Tsunami signature in the ionosphere

Tohoku Tsunami Seen in lonosphere Using GPS

Compared with JPL’s Song Tsunami Model
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Miyako and Fudai...
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A photo from a viewpoint of facing the
village taken at the spot slightly below the

A photo from the village’s point of view (i.e
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