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Inundation area of the
3.11 Tohoku tsunami

D e - Tsunami hazard map
Sk e =:-'.:- i in Ishinomaki city

the 3.11 Tohoku tsunami
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The tsunami hazard map (blue shade) is no more than deterministic map.

We need stochastic tsunami hazard map including information for uncertainty based on stochastic tsunami
hazard assessment.
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Tsunami hazard curve considering uncertainties

In order to develop the stochastic tsunami hazard map, first of all, we need to evaluate stochastic tsunami wave

height by using tsunami hazard curve.

Coastal wave heights computed from tsunami numerical simulation

-+

Uncertainties of tsunami numerical simulation

& Epistemic uncertainty

- This uncertainty arises from a lack of knowledge
or data.
- Captured by logic trees with alternative credible
models.

€ Aleatory uncertainty

- Unexplained difference between a model
prediction and observed data.

- It can only be estimated from validation exercises
in which the predicted and observed tsunami wave
heights are compared.

\

(Pacific Gas & Electric Company (2010))

rThere are two kinds of uncertainties that are known generally in the engineering field.

(Probability Concepts in Engineering (1975))

-

Tsunami hazard curve
0’ y ‘ ,

JSCE(2012)
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Annual Rate of Being Exceeded (times/year)
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In this study, we included the lessons learned from the 3.11 Tohoku
earthquake into both Epistemic uncertainty and Aleatory uncertainty

‘ Epistemic uncertainty X Lessons learned from the 3.11 Tohoku earthquake

¢ We evaluated many possible fault models by using CRSP model (Liu et al.(2006)), which
have not occurred so far.

¢ Lessons learned from the 3.11 Tohoku earthquake about dislocation distribution by
Ishii(2013) was used in evaluating the fault models.

& Aleatory uncertainty

& Validation exercises in which the predicted and observed tsunami wave heights in the
3.11 tsunami (JNES(2012)) was used.

X Uncertainty due to dynamic fault rupture effect of huge fault was evaluated (Fukutani et
al.(in prep))
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Evaluation methods are different depending on kinds of uncertainties.

& Epistemic uncertainty

Range of Average return o Value for BPT Method for Log normal standard

’ deviation Truncated range of
Source Type i istributi isti : '
yp moment magnitude period distribution statistical treatment (Aleatory uncertainty) uncertainty
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Information for aleatory uncertainty

. is incorporated into the logic tree.
€ Aleatory uncertainty
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Logic tree Range of Position of Log normal standard Tryncated
Source Type moment magnitude I Asperity Value for BPT Average return deviation range of
distribution period (Aleatory uncertainty) yncertainty
North I
K=0.22
Mw=8.9 North-Center | a=0.2 450 year +930
=0.30
3.11 Tohoku earthquake Mw=9.0 Center «=0.3 600 year K L < e
Type O k=037 =
Mw=9.1 South-Center |I a=0.4 810 year :
South 3Number of data: 1 k=0.44
|
’ @ Range of moment magnitude (3 cases)

@ Position of asperity (5 cases : below figure)
@ Variability of generation interval model (9 cases)
@ Range of aleatory uncertainty (8 cases)

-

3X5X9X8=1080 cases for hazard curve can be drawn.

5
Vi %

North-Center " Center South-Center

Distribution of dislocation generated from CRSP model

h__________________
6
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CRSP Model

CRSP (Correlated Random Source Parameter) Model

& One of kinematic fault model proposed by Liu et al. (2006 )
& We can obtain smooth distribution of dislocation on fault surface, also 2D correlation between dislocation and

rupture velocity, dislocation and risetime.

TOHOKU

@ Distribution of dislocation are generated from probabilistic density function calculated from statistical analysis for

past distribution of dislocation.

Difference between Characteristic source model and CRSP model

Characteristic
source model

CRSP model

not necessary

Earthquake Moment

not necessary

set up in both asperity area

Dislocation and backgroud area

follow Cauchy distribution

set up in both asperity area

Stress drop

and backgroud area

Number of asperity Empirical rule

set up as average value of

not necessary

The place where
cumulative displacement i

Position of asperity

large or arbitrary

Rupture velocity Constant

not necessary

Change on fault surface
(Uniform distribution)

Dislocation

ViiVs

'\'17

ZIkm|

PDF
25

Cauchy distribution

liprslip,
02 04 08 7 SP/SIP max

por Uniform distribution

25

D2 04 06 08 [
-2 Beta distribution

1.5

0.5

7 4
0.2 0.4 0.6 0.8 1 Lo

JNES(2008)
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CRS

Width and Length of fault (NIED(2013))

Definition of Mw(Moment Magnitude) (Uzu(2001))

Definition of average dislocation
Regarding huge subduction-zone earthquake, Dislocation
proportion of deep area to shallow area is about 3 times, which is
calculated from data of the3.11 Tohoku earthquake (Ishii(2013))
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2D Gaussian distribution (perfectly random)

Multiplied by Fourier Spectrum in 2D Fourier space

F(k,. k)= «§+ [(I(XCL)2 + (I(yCW)Z] }7”2 (Mai and Beroza(2002))

Obtain modified 2D Gaussian distribution

42 46
3.9 42 4.1
22 51 19

3 41 36
29 29 36 49 44
47 3953 42 4
27 35 29 45 33
3.4 27 24 29

s Dislocation (m)
3216/

29 1.9

32 3314

52 47 27

PDF
25

Truncated-Cauchy distribution using in CRSP model

(Lavallee and Archuleta(2003,2005))

Cauchy distribution

49
3.3
23

42 39 38 29
33 3.7
2 5

29 32 28
18 3 34
23 33
1.8 32

1.7

Asperity area=22%

(Sommerville et al (1999))

24 31 2111 28

21

6 33

.4-
25 37 48

52 44

4.7
41
35
3.8
4.6
33
3.6

4155 43 18
38 53 46 43

35 5261 52

41 39 41 3

5 47 34 2114

35 43 29 29
3.7 45 47 36
45 3.6 33
3.6 4 46
49 47 47 21
46 3.2

3.4
2.7

29 27
46 38 23
38 33
23 2

1

1.5 .
1+[(D-D,)/x)I*

0=D=D

s

pl0o)

0.5

: slip/ship
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Boundary line
(10km-20km)

3 39

Trench Axis
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18 12 58 27 24 34 59 11 16 18 18 16 13 12 14 15 13 11 10 13 16 19 17 1.

1093 754567291 11 14 17 16 10 6 692 13 11 7! 3 times |10

82 10 12 12 14 13 12 12 14 15 16 18 1811 5 2 22 36 54 65 7 8 15 13 95 72
18 9.1 3.7

2 117 17 15 11 988 9794 6 24 213679 14
Shallow area 1816 13

1020202221 17 1183 76 71 68 77 93 10 13 16

12,0083 19,89 838 990416 1105 13,99 9310 16 J6 14 1111 14 15 ol 1111 1212

18 25 33 37 39 45 46 34118 2643 5414138 458 1747368 SM5 22 10
33 5 66358 4.1;'3.1 445 4852 56 61 67 7700000 o

1929 343429201822 3138 4 4142 4452 58 5752 52 5.

233343 5 668696864 52372516 mamm1 “me
20 34 39 34 33 37 438 2918
18 31 41372022 19 18 19 23 23 17

- 4 3211824312821 1919

29 53 68 68 59 43 2918
20 38 48 48 55246 3

Huge subduction-zone earthquake

Deep area
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Distributions of slip (15 cases)
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Latitude

Longitude

Length We used the parameters for developing
Outer |Width Probabilistic Seismic Hazard Map published by
fault Depth NIED (National Research Institute for Earth

parameter |Dip Science and Disaster Prevention) in 2012

Strike

Rake

Dislocation We evaluated through CRSP model

Position and shape of the fault

Sea Bottom

( Tohoku Univ.)

( UNESCO, 1997)
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Logic tree Range of Position of Log normal standard Truncated
Source Type moment magnitude Asperity (03 V_alug fo_r BPT Averagg return deviation range of
» distribution period (Aleatory uncertainty) yncertainty
North
K=022
Mw=8.9 mid a=0.2 450 year +930
. kK=0.30
3.11 Toho_llfu ZarthQUake T Conter 203 600 vear < 7y
P . K= 0.37
Mw=9.1 mid a=0.4 810 year
South %Number of data: 1 K=044
001 = 1.0E-02 e
' N=1080 dynamic rupture effect
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Hazard curve at GPS wave gauge

0.01 I
I ——95 percentile

I —50 percentile

5 percentile
ﬂ\:ﬂverage
0.001 -

0.0001

Annual Rate of Being Exceeded (times/year)

U 0.00001 — . | . .
+7 Observed wave form of 3.11 Tohoku earthquake 0 5 10 15 20 75
r by GPS wave gauge around Kamaishi-oki .
- Tsunami height(m)
7 _—
EOrLLE A
’ 6.7m Annual Exceedance
’ Probability 0.0000834 0.000979 0.001064 0.002222
2 (Times/Year)
% | wmcsmaores Return Period - -
? i W\ e Gi2oo0) | 1022 a40 | C4s0
o . . ‘ Vv . AN
Lo /1" Tsunami height 6.7m corresponds to range of return period
from 450 year to 12000 year (5 percentile~95 percentile).

H—-2 EFEEPGPSERHIEA:BEOE 1E
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Wave height (1000 years return period) on 50 m off-shore point

v £
- 0003
é —95 percentile
500025 —— —50 percentile
he] .
percentile B 0,002 oA T 5 percentile
1.6m - 5.0m 3.7m - 5.0m g —Auverage
5.0m - 10.0m som-100m W %% N
10.0m - 15.0m o 10.0m - 15.0m g ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
15.0m - 20.0m ' 15.0m - 20.0m © .
- [J] J' 7777777777777777777777777777777777777777777777777
20.0m - 40.0m 20.0m - 40.0m E 0.0005 +—\—— | |
‘_gu O _—:_\I: I i 1 I 1
g 0 ' 10 20 30 40 50
i i Tsundmi Height(m)
-

90% confidence interval

Coefficient of variation
= Standard deviation / Average

To visualize uncertainty concretely
can be useful for risk communication

' B @ 15.0m - 20.0m ¢ B st (O 0.55-0.65
. @ 20.0m - 40.0 4 Ao (i ® O -
|/ 4 m m yar). 13
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Conclusion

& We evaluated stochastic tsunami height based on the knowledge of the Tohoku tsunami.

— We included four valuable lessons from the Tohoku earthquake into the assessment.

—In order to get slip variability of the fault, CRSP model (stochastic model) was used.

— Wave height in Tohoku tsunami corresponded to range of return period from 450 year to 12,000 year.
Example of stochastic tsunami hazard map

- Return period 100 year (Average)
: Return period 500 year (Average)

& We visualized regional difference of uncertainty
— Coefficient of variation of wave height changes depending on the area.

—To visualize uncertainty concretely can be useful v
for risk communication. ‘ : ";{ LT

Return period 1000 year (Average)

Future work

@ Evaluation of uncertainties due to tide variation
— Astronomical tide

— Meteorological tide
—Sea level rise due to global warming (IPCC(2013))

=

®Development of stochastic tsunami hazard map
— 100 year, 500 year, 1000 year
—5% tile value, 50% tile value, 95% tile value

€ Combining hazard curve and fragility curve into quantitative 5 percentile value
evaluation for risk and uncertainty 50 percentile value

95 percentile value

Adapted from Wellington city (2013)
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