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Integrated Earthquake Risk Evaluation for Mega-Thrust Earthquakes
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This study aims to propose an integrated risk evaluation system for mega-thrust
earthquakes based on information of past earthquakes, damage surveys, geophysical surveys,
and observed data, considering the urgent needs toward more quantitative risk evaluation for
future mega-thrust earthquakes. The potentials of the proposed techniques for evaluating the
site and source characteristics, building damage, and human loss by tsunamis are examined,
all of which are indispensable and tightly connected to each other for evaluating the clear
and present risk of mega-thrust earthquakes. This thesis consists of 10 chapters. It is
intended to update and integrate techniques in evaluating the potential risk of mega-thrust
earthquakes. The content can be summarized as follows:

In Chapter 1, the background and purpose of this study are introduced. It is noted that
all disasters are complex and predicting disasters can only be accomplished through the
integrated use of technologies that cross many different disciplines inevitably. The current
progress of each evaluation method is reviewed and challenges associated with earthquake
risk assessment is described and the possible solutions are discussed.

In Chapter 2, a simple method is proposed to deduce the horizontal site amplification
factor in the S-wave portion directly from the earthquake horizontal-to-vertical spectral
ratios of observed earthquake ground motions. This method utilizes the vertical site
amplification factor multiplied by the vertical-to-horizontal ratio at bedrock to determine
the empirical vertical amplification correction function. The method is capable of evaluating
site effects of S-waves based on observed values in a wide frequency range from 0.12 to 15
Hz. It should be noted that the proposed method can obtain the horizontal S-wave
amplification factor from the seismological bedrock, rather than the engineering bedrock, to
the ground surface.

In Chapter 3, the method of the earthquake-to-microtremor ratio of horizontal-to-vertical
spectral ratios (EMR) is applied to a basin in a region tectonically different from Japan. The
EMR specific to the target site, the Grenoble Basin, is assumed to follow the general
function shape as the EMR for Japanese basins, which is the power of a of EMR. The
optimal « is found to be 0.28 for the Grenoble Basin case. As the first attempt toward the
final goal to delineate the whole basin structure in a tectonically different environment from
Japan, an overall picture of the Grenoble Basin from observed microtremors by using a new
scheme proposed here were successfully obtained.

In Chapter 4, an empirical method to correct the one-dimensional (1D) theoretical site
amplification factor is proposed to evaluate an equivalent 1D S-wave site amplification
factor at an arbitrary point. The original site amplification factors were calculated from the
unified velocity model of the National Research Institute for Earth Science and Disaster
Resilience for the Kanto and Tokai regions. Validation examples showed that the proposed
method can effectively predict better site amplifications than the direct substitute of 1D
theoretical amplification factors at a site without observed data.
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In Chapter 5, the source process of past mega-thrust earthquakes and ground motions
that were not recorded in the past is clarified by adapting the simulated strong motion
waveforms to the results of the damage survey. As the overall characteristics of the
calculated synthetics, it was found that the current implementation of the complex source
model used as a broad-band kinematic source representation and the empirically-determined
statistical Green function used as an elemental source of strong motions, can be a viable
combination for realistic broad-band strong motion simulations without any hybrid scheme.

In Chapter 6, analyses are conducted to elucidate the heterogeneous source rupture
propagation process of the 1944 Tonankai earthquake. The results show that to explain the
building damage ratio over 40%, it is necessary to consider a source rupture process that
causes stronger forward rupture directivity effect in the Enshu region. The proposed
building damage evaluation model and the distribution of the observed damage ratio provide
a prospect to clarify the detailed source rupture process of the 1944 Tonankai earthquake.

In Chapter 7, a set of tsunami evacuation simulations focusing on urbanized areas are
conducted by considering building damage ratios from the building damage simulation
model, and evaluate the human loss considering the effects of collapsed buildings during the
tsunami evaluation in the target area. Even in districts with higher awareness about tsunami
disaster and well-prepared evacuation planning, it was found that there are unresolved
issues. This study quantified the risk of collapsed buildings in the evacuation process
through the use of a building collapse ratio simulation. This will be a significant
contribution to future studies and disaster reduction planning.

In Chapter 8, tsunami evacuation simulations for a village with stiff soil layers are
performed considering the building damage ratios obtained by the building damage
prediction models specific to the area and the best strategy of the evacuation plan in the
target area was explored. The tsunami evacuation simulations showed that 95% of residents
can complete evacuation within 20 minutes after the earthquake, and hence starting
evacuation in five minutes after the earthquake has a high probability of mitigating danger
of being caught in a tsunami. The reason that the number of successful evacuees was larger
when the evacuation start time of residents in collapsed buildings was delayed, is because
the shift in evacuation start time reduces congestion in very narrow roads and near road
blockades.

In Chapter 9, tsunami evacuation simulations are conducted to extract the
difficult-to-evacuate area (DEA) for an area where there is insufficient awareness on
evacuation among residents and administrative agencies are on the way of making
evacuation plans. Reflecting the results of thorough analysis, the central district in the
target area was found to be the DEA. A countermeasure to additionally designate an office
building as an evacuation facility in the area was proposed, which made casualties of the
DEA decrease from 12% to 2% of the total population of the area.

In Chapter 10, the conclusions and remarks from each chapter of this thesis are
summarized.
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