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It IS necessary to consider simultaneous damage to multiple buildings when performing probabilistic risk assessment for a portfolio of buildings. In this study, we
demonstrate tsunami risk assessment for two buildings using copulas of tsunami hazards that consider the nonlinear spatial correlation of tsunami wave heights. First,
we simulated the wave heights considering uncertainty by varying the slip amount and fault depths. The frequency distributions of the wave heights were evaluated via
the response surface method. Based on the distributions and numerically simulated wave heights, we estimated the optimal copula via maximum likelihood estimation.
Subsequently, we evaluated the simultaneous distributions of the wave heights and the aggregate damage probabilities via the marginal distributions and the estimated
copulas. As a result, the aggregate damage probability of the ninety-ninth percentile value was approximately 1.0 % higher and the maximum value was approximately
3.0 % higher while considering the wave height correlation. We clearly showed that the usefulness of copula modeling considering the wave height correlation In
evaluating risk of building portfolio. We only demonstrated the evaluation method for two buildings, but the effect of the wave height correlation on the results Is
expected to increase If more points are targeted.

@) Target earthquake sources and target points @ Tsunami risk assessment using Monte-Carlo simulations and copulas

We used the Sagami trough earthquakes as a tsunami source, which was We conducted Monte-Carlo simulation (N=10,000) using the response surface
published by the study meeting for the Tokyo Inland Earthquakes of the Cabinet considering uncertainty of slip and depth of the earthquake (see Table.1).

Office (2013) (see Fig.1). The target points for the tsunami risk assessment are Table.1 Uncertainty of slip rate and fault depth
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order to consider uncertainties of tsunami wave, the tsunami simulations were
conducted with changing slip rate and fault depth. The slip were changed from

Tsunami height (m)  Frequency
(Miura City)

0.7 times to 1.4 times (5 cases). The fault depth were changed from -1.0 km to Figure.4 Monte-Carlo simulation results (a) without and (b) with Frank copula
+2.0 km (5 cases). Then, we conducted regression analyses using below equation For all regions of the Sagami trough, we conducted same statistical simulations
and developed a response surface for tsunami inundation depth. using above method. Then, we converted the tsunami heights to the damage
Y (X1,x2) = a*x1 + b*x2 + c*x1*x2 + d*x1*x1 + e probability of steel building at two points using fragility curve. Compared with the
x1: Slip rate of the earthquake, x2: Depth of the earthquake &€ 0t no correlation, the expected value of the damage probability hardly changed,
but i1t was calculated largely that Table.1 Aggregate Damage probability
Slip rate l%z[/[ the damage rate of 95/99th Aggregate damage probability of two buildings
15 14 2 0'% ” percentile value was about 1 % No correlation (A) Correlation (B) Difference (B-A)
1 Tlos Y 4 th . | nout Average 58.8% 58.8% 0.0%
s 7 ahtine maximum valu€ Was abOut “ogsercentile 66.2% 67.0% 0.9%
' 3 % In case of using the copulas “ggpercentile 68.9% 69.7% 0.8%
(see Table.1). Maximum 73.5% 76.7% 3.1%

@ Summary

We proposed tsunami risk evaluation using response-surface method and monte-
Carlo simulation technique considering correlation of tsunami heights using
copulas. The proposed method Is a useful and simple way to evaluate tsunami risk
without conducting many tsunami numerical simulations.
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