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Summary

This comprehensive report, entitled “A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling
the Generation Processes,” was conducted from fiscal 1999 to 2003 by the Seismology and Volcanology Research
Department, MRI, as a special research project. This study consists of three subjects:

(1) Improvement of the quantitative method to evaluate seismic activity,

(2) Development of the integrated method for analyzing crustal deformation data, and

(3) Numerical simulation of the earthquake generation process using three-dimensional models.

The results are summarized in the three chapters in this report.

Chapter 1 reports the improvement of the quantitative method to evaluate seismic activity. First, reports on the plate
structure in the Tokai region are presented. The seismicity around the Tokai region was studied in detail using the data
acquired by pop-up ocean-bottom seismometers. The JMA earthquake bulletin reported that the seismicity around this
region is declining from land to the Suruga trough. However, this study confirmed that the reverse inclination, agreeing
with that of the Philippine Sea Plate, is preferable. Three-dimensional P and S wave velocity structures beneath Central
Japan were determined by seismic wave travel time tomography. The high-velocity subducting Philippine Sea Plate was
revealed: the plate subducts at a slightly high angle at first, then at a low angle. The obtained Vp/Vs ratio indicates that
seismic coupling in the northwest neighborhood of the locked area of the Tokai earthquake is weak.

Next are reports on methods of evaluating seismic activity. The long-term variation of seismicity around Shizuoka City
from 1941 to 1995 was surveyed by utilizing S-P time. Seismicity quiescence was observed just before the 1944 Tonankai
earthquake, and the seismicity rate changed before and after the 1965 Shizuoka earthquake (M6.1). Spatial and temporal
variations of stress drop of earthquakes occurring around the Tokai region were investigated. Rather than finding the
long-term temporal variation of stress drop, we found its area and depth dependence. The stress drop of the main shock
occurring within the Philippine Sea slab was found to be greater than that of the aftershocks. An investigation focused on
the characteristics and causes of the non-volcanic low-frequency earthquakes and tremors related to the subducting
Philippine Sea Plate beneath southwest Japan. The existence of fluid has been indicated as the cause of low-frequency
earthquakes. The dehydration process of some rocks was proposed to model the source of the fluid based on data from
high-pressure and temperature experimentation. The slip distribution of the 1944 Tonankai earthquake estimated from
tsunami waveforms reveals that the earthquake did not rupture the plate interface in the northeastern end of the Nankai
trough beneath the Tokai region, which was ruptured by the penultimate earthquake in 1854.

Chapter 2 presents the result of the development of an integrated method for analyzing crustal deformation data. We
first evaluated the precision and error of GPS observation data, and examined techniques of improving its quality. We
investigated the coordinates obtained by an analysis using three-hour GPS data in the Tokai area. The existence of the
group with high correlation of the variation corresponded to analysis clusters and monument/antenna type, and the
variation was halved by the correction. We also analyzed the daily GPS coordinate data and found that the annual
variation pattern had changed in 2000. This pattern change caused a false deformation in the simple method, removing

the annual variation; therefore, appropriate removal was necessary in every period.



We conducted GPS observation at tide gauge stations established in the Tokai area. A comparison of vertical
displacements obtained by GPS observation and those obtained by the tidal data confirmed the consistency between the
two and revealed a tendency change caused by the Tokai slow event. Next, we examined the various cases of crustal
deformation based on observation data. Using the tide gauge data, we investigated the vertical change before and after
the 1946 Nankai earthquake. We determined the sea-level change that may signify a pre-slip just before the earthquake,
and we discovered after-slips that have different time constants. Analyzing the data along the leveling route between
Kakegawa and Omaezaki, as well as other leveling routes in the area west of Suruga Bay, we found that the subsidence at
Omaezaki relative to Kakegawa accelerated in 1988 and 1989, and after 2000. However, acceleration of the subsidence
was noticeable in the northwestern coast of Suruga Bay in the former period, while in the latter period the subsidence
accelerated in the whole western coast. We investigated the crustal deformation accompanying the seismo-volcanic
activity around the northern Izu Islands in 2000. We demonstrated that displacement that cannot be explained by the
sources of the northern lzu Islands remained in the Chubu district; it can be explained by the slow slip on the plate
interface of the Tokai region starting earlier. According to the strain analysis for the slow-slip event observed by GPS in
the Tokai area since 2000, expansion in and around Hamanako Lake and contraction around the Omaezaki Spit and the
Atsumi Peninsula were clearly associated with the event. Generation of the slip in the plate boundary beneath Hamanako
Lake possibly caused a concentration of the changes in the Coulomb fracture stress (A CFF) in the eastern Tokai area.
We coded a computer program to assist in crustal deformation analysis, such as estimating the sources of crustal
deformation mentioned above.

Chapter 3 details the numerical simulation of the earthquake generation process using three-dimensional models. We
estimated the first crustal deformation prior to the hypothetical Tokai earthquake based on a three-dimensional
simulation model of earthquake cycles governed by rate- and state-dependent friction law designed to explain laboratory
observations acting on the Philippine Sea Plate interface in the Tokai region. We compared the simulation results with
the observation results (strain, GPS, seismicity) and suggested that the pre-slip of the earthquake could be more
effectively detected by a three-component strainmeter. We then evaluated nearby large earthquake’s effects on the
timing of the Tokai earthquake in order to determine why the fault motion of the 1944 Tonankai earthquake did not
extend to the Tokai region. It is suggested that the 1891 Nobi earthquake delayed the Tokai earthquake, while the 1923
Kanto and the 1944 Tonankai earthquakes advanced it. A slow-slip event has been observed on the plate interface in the
Tokai region since October 2000. We examined how the Tokai slow-slip event is reproduced and discoverd that the

inhomogeneity of the friction parameters in the depth direction contributes to the occurrence of this event.
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