
Tsunami 
physics

research

support of improved measurement 
technology and the design of optimal 

tsunami monitoring networks

implementation of improved models 
to increase the speed and accuracy of 

operational forecasts and warnings

development of improved methods to 
predict tsunami impacts on the 
population and infrastructure of 

coastal communities



Tsunami modelling research

Develop numerical models for faster and more 
reliable forecasts of tsunamis propagating through the 
ocean and striking coastal communities. 

Provide assistance to the Tsunami Warning Centers 
(TWC) in the form of Forecast Modeling software 
products specifically designed to support the Tsunami 
Warning Center’s forecasting operations. 

Inundation Modeling to assist coastal communities in 
their efforts to assess the tsunami hazard and mitigate 
the risk.



Tsunami forecast model

Arrival time
Height

Inundation area

Inundation maps

Inundation modelling

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

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



http://nctr.pmel.noaa.gov/model.html

December 26, 2004 Indonesia (Sumatra) - Global tsunami 
propagation

http://nctr.pmel.noaa.gov/model.html
http://nctr.pmel.noaa.gov/model.html


http://nctr.pmel.noaa.gov/model.html

Inundation of the Aonae peninsula during the July 12, 1993 Hokkaido-Nansei-Oki 
tsunami computed with the MOST inundation model.

http://nctr.pmel.noaa.gov/model.html
http://nctr.pmel.noaa.gov/model.html
http://nctr.pmel.noaa.gov/titov97.html
http://nctr.pmel.noaa.gov/titov97.html
http://nctr.pmel.noaa.gov/titov97.html
http://nctr.pmel.noaa.gov/titov97.html
http://www.pmel.noaa.gov/pubs/PDF/tito1927/tito1927.pdf
http://www.pmel.noaa.gov/pubs/PDF/tito1927/tito1927.pdf


New York City Tsunami from M7 Quake

Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/

http://www.es.ucsc.edu/~ward/
http://www.es.ucsc.edu/~ward/


Atlantic Ocean Asteroid Tsunami Simulation - 3d

Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/

http://www.es.ucsc.edu/~ward/
http://www.es.ucsc.edu/~ward/


1958 Lituya Bay Landslide

Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/

http://www.es.ucsc.edu/~ward/
http://www.es.ucsc.edu/~ward/


1958 Lituya Bay Landslide

Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/

http://www.es.ucsc.edu/~ward/
http://www.es.ucsc.edu/~ward/


Santorini Tsunami Simulation 3D

Courtesy of Steven Ward: http://www.es.ucsc.edu/~ward/

http://www.es.ucsc.edu/~ward/
http://www.es.ucsc.edu/~ward/
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model them by using the most efficient focal

mechanism (thrusting on 45o dipping fault that

reaches to the sea floor) and observe them in the

direction of maximum radiated strength (perpen-

dicular to the strike of the fault. The cross sec-

tions of Fig. 5a duplicate these circumstances.

The maximum tsunami calculation also supposes

uniform moment release on typical-sized planer

faults with lengths and widths taken from Table

1. (Be aware that a principal concern in tsunami

forecasting are “anomalous earthquakes” -- those

whose mean slip, fault size, or shape, don’t

match well with Table 1, or those with highly

non-uniform slip distributions.) The bottom

bound of the shaded areas in the Fig. 7 traces

maximum open-ocean tsunami height from typi-

cal earthquakes in the magnitude range 6.5, to

9.5. The shaded areas include a factor-of-two

excess, and probably give a good representation

of peak open-ocean tsunami height Amax

ocean
(M,r)

including most anomalous earthquakes.

In the open-ocean, maximum tsunami heights

vary from a few cm to 10-15m as Mw grows

from 6.5 to 9.5. Compare the near-source am-

plitudes in Fig. 7 with the corresponding Δu in

Table 1. As a rule of thumb, maximum tsunami

amplitude in the open ocean can not be much

greater than the earthquake’s mean slip. This rule

makes sense because the generated waves can

not be much bigger than the amplitude of the

seafloor uplift, and the seafloor uplift can not be

much greater than the mean slip on the fault.

Actually, earthquakes of magnitude less than

M7.5 even have trouble making tsunamis as

large as Δu. Their small faults can only deform

an area of the same dimension as the ocean

depth, so the 1/cosh(kh) low pass ocean filter

takes a toll.

Fig. 7 shows that far from the large earthquakes,

tsunami waves drop in amplitude with distance

roughly like r-.3/4; that is, if you double the dis-

tance the wave travels, the amplitude shrinks by

2-3/4=0.6. The amplitude decay rate is the product

of two terms: a r-1/2 factor that stems from geo-

metrical spreading of the waves in ever-growing

rings, and a factor r-χ due to frequency dispersion

that pulls apart of once pulse-like waves. The

dispersion decay factor χ falls between 1/8 to 1/2

depending on the frequency content of the tsu-

nami. Spatially larger (or deeper) deformation

sources produce longer waves that are less af-

fected by dispersion, so waves from them decay

more slowly with distance. You can see the in-

Figure 7. Computed maximum open-ocean tsunami height

Amax

ocean
(M,r) versus distance from earthquakes of magni-

tude 6.5 to 9.5. The gray areas include an allowance for

anomalous events. Ocean depth is 4000m. These curves do

not include shoaling amplification factor SL.

How does one infer the likelihood of a tsunami of a certain amplitude, 
striking a certain location within a certain time interval?

1) H(M,r)



Tsunami Hazard Assessment

Ward: Tsunamis 14

tion (14) also incorporates new geometrical

spreading G(r), and shoaling factors SL(ω,r). In a

flat, uniform ocean, 1/ r  amplitude losses occur

due to geometrical spreading. The new

G(r) =
rLo

L(r)
   (16)

accounts for topographic refraction that makes

wave amplitudes locally larger or smaller. Fig.

10 cartoons typical refraction cases and gives

meaning to (16) as being the ratio of cross-

sectional distances L0 and L(r) between adjacent

rays measured near the source and near the ob-

servation point. Refraction might amplify or at-

tenuate tsunami height by 50% over flat-ocean

results. However, because only a finite amount

of wave energy exists to disperse, concentrating

it at one site, by necessity, robs it from another.

When viewed regionally, refraction effects aver-

age out.

V.  Tsunami Shoaling

Toward shore, real oceans shallow and the waves

carried on them amplify. Often, the processes of

wave amplification are lumped and labeled “run-

up”. Run-up has linear and non-linear elements.

For the shoaling factor in (14), linear theory

gives

SL( ,r) =
u( ,h(r))

u( , hs)
  (17)

Shoaling amplification depends on the ratio of

group velocity at the nucleation-site and the

coast-site (ocean depth h and hs respectively). As

does G(r), SL naturally reverts to one in oceans

of uniform depth. Fig. 11 shows the effect of

shoaling on a tsunami wave of 150s period. Ini-

tially, a unit height wave begins to come ashore

from 4000m of water at the left. As the water

Figure 12. Shoaling amplification factor for ocean waves

of various frequencies and source depths.

Figure 11. Effect of shoaling on tsunami eigenfunctions.

The shallowing ocean near shore concentrates wave energy

into smaller and smaller volumes. Tsunami amplitudes

grow in response.

How does one infer the likelihood of a tsunami of a certain amplitude, 
striking a certain location within a certain time interval?

1) H(M,r)                                            2) Hcrit= H(Mc,r)(hs/Hcrit)1/4
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Slides taken from Tsunamis, by S. Ward, in 
 “Encyclopedia of Physical Science and Technology” - Academic Press - 2002

  

� 

n(M)dM
Mc (r,Hc )

Mmax

∫

  

� 

P(rs,T,Hcrit ) = 1− e−N(rs ,Hcrit )T

  

� 

N(Hcrit,r,hs)dA
r(hs )
∫    4) N(Hcrit,hs)=

    5) Poissonian probability of one or more tsunami 
arriving at rs and exceeding Hcrit in time interval T 

How does one infer the likelihood of a tsunami of a certain amplitude, 
striking a certain location within a certain time interval?

1) H(M,r)                                            2) Hcrit= H(Mc,r)(hs/Hcrit)1/4

3) N(Hcrit,r,hs)=



Expectations...
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“Estimated magnitude and 
long-term possibilities within 
30 years of earthquakes on 

regions of offshore based on 
Jan. 1, 2008.”
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Fig. III-1-6 Comparison of the source areas of the main shock and scenario earthquakes 
evaluated by Long-Term Evaluation Subcommittee, Earthquake Research 
Committee, Headquarters for Earthquake Research Promotion (HERP). 

Reference: Earthquake Research Comit., HERP Release  
[Online]. http://www.jishin.go.jp/main/index-e.html  
Partially modified by JNES. 

Source area of the Tohoku district 
� off the Pacific Ocean Earthquake

“Estimated magnitude and 
long-term possibilities 

within 30 years of 
earthquakes on regions of 
offshore based on Jan. 1, 

2011.”



Tsunami runup approximately 
twice fault slip 

      
M9 generates much larger 

tsunami

Planning assumed maximum magnitude 8 Seawalls 5-10 m high

CNN

NYTStein & Okal, 2011

Reality...

Stein, S. and E. Okal, The size of the 2011 Tohoku earthquake 
needn't have been a surprise, EOS, 92, 227-228, 2011.



Tsunami Assessment method 
for NPP in JSCE, Japan

The TSUNAMI EVALUATION SUBCOMMITTEE, 
Nuclear Civil Engineering Committee, JSCE
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Niigata meeting, November 2010
http://www.jnes.go.jp/seismic-symposium10/presentationdata/3_sessionB.html

History of TES

� Phase I 1999-2000 
The maximum and minimum water levels by deterministic method
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Estimation of the design water levels on the basis of 
parametric study in terms of basis tsunamis

Design high water level
Design low water leveltide

Verification of fault model(s) and numerical 
calculation system on the basis of historical tsunami(s)

End

Sub flow 1

Sub flow 2

Niigata meeting, November 2010
http://www.jnes.go.jp/seismic-symposium10/presentationdata/3_sessionB.html

All#rights#reserved.##Tokyo#Electric#Power#Co.,#Inc. 7

 

General'parametric'study'in'the'near'field

Fukushima'Daiichi'NPS

General#parametric#study
?
?

General#parametric#study
? location
? strike

All#rights#reserved.##Tokyo#Electric#Power#Co.,#Inc. 14

Summary'of'Evaluation

T/BO.P.+10�13m S/B R/B

O.P.D3.6m

O.P.+5.7m

Minimum#water#level

Maximum#water#level

Maximum#water#level#=#4.4m#+#O.P.�1.3m##=#O.P.+5.7m
Minimum#water#level#=#
Maximum#water#level#=#4.4m#+#O.P.�1.3m##=#O.P.+5.7m
Minimum#water#level#=#D3.6m#� O.P.�0.0m##=#O.P.D3.6m

Mean#tide#level
O.P.+0.8m

Fukushima'Daiichi'NPS

We'assessed'and'confirmed'the'safety'of'the'
nuclear'plants'based'on'the'JSCE'method'
which'was'published'in'2002.

We'assessed'and'confirmed'the'safety'of'the'
nuclear'plants'based'on'the'JSCE'method'
which'was'published'in'2002.

http://www.jnes.go.jp/seismic-symposium10/presentationdata/3_sessionB.html
http://www.jnes.go.jp/seismic-symposium10/presentationdata/3_sessionB.html
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Estimation of tsunami hazard with @/#-!)3#%"'$%)4!*#$!A"

A1 B1 C1 D1
A2 B2 C2 D2
A3 B3 C3 D3

A2, B2, C2, D1

A2, B2, C2, D2

A2, B2, C2, D3

津波発生域の
組み合わせ

マグニチュード
分布 発生頻度 津波高さ

推定方法
津波ハザード
計算ケース
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