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【Objective】
◆ This study demonstrate that
quantitative effect of uncertainty
in tsunami hazard variability on
building risk assessment.

◆Uncertainty assessment is an
indispensable work to understand
the risk.
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Objective and Targets

Tohoku area

【Targets】
◆Targets of the risk assessment
are buildings located in
Kesennuma city, Sendai city and
Soma city in Tohoku area, Japan.
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Alternative models are captured by branches of logic tree.

Aleatory uncertainty can be 
quantified by a probability 
density function.

Information for aleatory uncertainty is 
incorporated into the logic tree.

◆ Epistemic uncertainty

◆ Aleatory uncertainty

This uncertainty arises from a lack of knowledge or data.

This uncertainty is difference between a model prediction and observed data.
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Target earthquake zone (above figure)
and logic trees (right figure)

0.25

0.5

0.25

JTN1_1 Mw=8.3

Mw=8.2

Mw=8.4※繰り返し発生する地震

三陸沖北部
プレート間大地震

波源域 マグニチュード範囲 アスペリティ位置

中央

北端

南端

1/3

97年

58年

197年

14年

10年

21年

38年

15年

53年

109年

37年

161年

42年

21年

93年

218年

66年

1260年

103年

56年

191年

575年

174年

3324年

JTN1_2 Mw=7.5

Mw=7.4

Mw=7.6
※繰り返し発生する地震

以外の地震

三陸沖北部
プレート間大地震

中央

JTN2 Mw=7.4

Mw=7.3

Mw=7.5
※繰り返し発生する地震

宮城県沖地震

中央

JTN3_1 Mw=7.9

Mw=7.8

Mw=8.0※繰り返し発生する地震

三陸沖南部海溝寄り地震

中央

北端

南端

JTN3_2 Mw=7.5

Mw=7.4

Mw=7.6
※繰り返し発生する地震

以外の地震

三陸沖南部海溝寄り地震

中央

JTN2+JTN3 Mw=8.1

Mw=8.0

Mw=8.2

宮城県沖＋三陸沖南部
海溝寄り連動地震

中央

北端

南端

JTT Mw=8.0

Mw=7.9

Mw=8.1

中央

北端

南端

三陸沖北部から房総沖の
海溝寄りのプレート間
大地震（津波断層）

JTNR Mw=8.2

Mw=8.1

Mw=8.3

中央

北端

南端

三陸沖北部から房総沖の
海溝寄りのプレート内
大地震（正断層型地震）

1/3

1/3

1/3

1/3

1/3

平均発生間隔
再現期間・
信頼区間の
設定根拠（※）

過去412年で
4回発生

過去127年で
9回発生

過去110年で
4回発生

過去220年で
3回発生

過去127年で
3回発生

過去218年で
1回発生

過去400年で
4回発生

過去575年で
1回発生

206年

89年

582年

26年

15年

45年

600年

335年

1148年

JTS1 Mw=7.4

Mw=7.3

Mw=7.5

中央

福島県沖プレート間地震

IBRK Mw=7.5

Mw=7.4

Mw=7.6

中央

茨城県沖地震

TOHOKU Mw=9.0

Mw=8.9

Mw=9.1

東北地方太平洋沖地震

浅部の中央

中間

中間

浅部の北端

浅部の南端

0.20

0.20

0.20

0.20

0.20

過去412年で
2回発生

過去127年で
5回発生

過去2400年で
4回発生

◆We selected eleven 
earthquake zones along 
the Japan trench 
including the March 11 
Tohoku Earthquake 
type fault

◆We constructed logic 
trees corresponding to 
each earthquake zone.

◆Numbers of all 
branches in the logic 
trees are 1800.
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Target earthquake zones and logic treesTsunami numerical simulation

◆The fault parameters are determined based on
the conditions of every branches of the logic trees.

◆Using the fault parameters, we implemented
tsunami numerical simulations and calculated
maximum tsunami height at the target points.

Soma 

port

Elevation

( UNESCO, 1997)

【Earthquake fault parameters】
Longitude, Latitude, Length, 
Width, Dip, Rake, Slip, Depth, 
Strike (9 parameters)

Governing equation 2D non-linear shallow water equation
（Tohoku University TUNAMI model）

Coordination system Lon-Lat coordination

Numerical integration method Staggered leap-frog differential method 

Mesh size 810m → 270m → 90m → 30m → 10m

Time step 0.9s → 0.3s → 0.1s → 0.03s → 0.01s

Ground displacement Okada(1985) equation

Calculation areaCalculation condition



◆After statistical treatment of the tsunami numerical simulation results and 1800 
logic trees, we can obtain each fractile hazard curves and Simple average curve.
◆We can understand tsunami height uncertainty derived from the uncertainty of 
eleven earthquakes.

Tsunami hazard curve off the Soma port
( at Red point in the right figure)
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Numerical simulation results

Return period estimated from tsunami hazard curve (0.50 fractile curve)

◆By using the tsunami hazard curves, we can specify an earthquake fault that
generate tsunami with some return period.
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The return period of such an 
earthquake that causes a 7.1m 
tsunami is 1566 years.



◆We made a probabilistic tsunami hazard map by conducting tsunami
inundation simulation using fault parameters of a specified earthquake with
some return period.

確率論的津波ハザードマップProbabilistic tsunami hazard map
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Return period 200 years

Return period 700 years

Return period 1500 years

Probabilistic tsunami inundation assessmentTsunami inundation assessment

Sendai city Kesennuma city

Return period 200 years

Return period 700 years

Return period over 1500 years

◆In the same way, we implemented tsunami inundation assessment for Sendai
city and Kesennuma city.
◆The area of tsunami inundation spread as the return period is longer.



◆We can derive the relationships between damage probability and generation probability 
by eliminating tsunami inundation depth from tsunami hazard and fragility curve.

Risk is the product of severity of damage and its generation probability.
Therefore, area below risk curve is an expected value of tsunami risk.
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関数を積分

津波リスクの定量化
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◆ There are big differences the
orders of values listed in the three
graphs.

◆ The risk of steel buildings in
Sendai and Kesennuma is lower than
the risk of concrete buildings in
Soma.

気仙沼

仙台

相馬

Quantification of tsunami risk using tsunami hazard and fragility

Kesennuma

Sendai

Soma
A

n
n

u
al

 e
xp

e
ct

ed
 t

su
n

am
i l

o
ss

 r
at

io
 (

%
/y

ea
r)

Calculation Results

(a)        In case of  using 5 percentile hazard

In case of  using 95 percentile hazard

(b)        In case of  using 50 percentile hazard

(c)        In case of  using 95 percentile hazard

10 times

10 times

The tsunami risk cannot be explained 
by only fragility assessment.  
We clearly showed uncertainty of 
tsunami risk due to hazard variability. 
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◆In any three cities and building
structures, there is a difference of
100 times from 5 percentile
hazard to 95 percentile hazard.
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Risk quantification and uncertainty assessment

◆ By combining a probabilistic tsunami inundation assessment and fragility
assessment, we can derive a risk curve and quantify tsunami risk considering
uncertainty.



◆ To evaluate tsunami risk, we considered two kinds of
uncertainties (epistemic and aleatory) in tsunami hazard
assessment by using the logic tree method.

◆We quantified the tsunami risk of three buildings located in
three places in the Tohoku area, Japan.

◆We clearly showed that there was a difference of 100 times in
the risk index (Annual expected tsunami loss ratio) from 5
percentile hazard to 95 percentile hazard, and the risk could not
be explained by only fragility assessment.

◆In the near future, we will analyze uncertainty of tsunami risk
due to variability of fragility assessment.

Summary

Thank you for your kind attention.
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