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Introduction 
 The subduction zone is the convergent boundary of plates covering the Earth’s surface. 
Great disasters are often caused repeatedly by huge earthquakes which occur in 
subduction zones. In southwest Japan, huge earthquakes occur repeatedly with a 
recurrence interval of about 110 years.  Understanding the subduction process is very 
important to reduce such earthquake disasters. In order to understand the subduction 
process, we have to detect and resolve all kinds of phenomena which occur at around 
the plate boundary and construct a unified model which includes the occurrence of 
huge earthquakes.  According to recent improvement in the seismic and geodesic 
observation networks and accumulation in large number of research works, some new 
geophysical observational facts have been discovered at many subduction zones in the 
world. This session will focus on the new viewpoints to the subduction zone, especially 
the possibility in the earthquake prediction at the plate boundary. 
 The nature of the plate boundary in the subduction zone is roughly classified into two 
categories, asperity and slow slip area. Asperity is the locked portion where the 
subducting oceanic plate strongly contacts with the overlaying continental plate.   
According to the plate motion, stress and strain are concentrated at the asperity; 
finally the fast slip occurs and the strong seismic signal releases from the asperity 
when the accumulated stress exceeds the failure strength. The slow slip includes the 
quasi-static slip which corresponds to the plate motion and the intermittent slow slip 
event, which is sometimes called as silent earthquake.  They are characterized by 
various time scales.  
 
Various slow slip events 
 Tokai slow slip event which was detected in the central part of Japan began in late 
2000 and continues up to now.  The Tokai area is on the subduction zone where the 
Philippine Sea plate subducts beneath the Eurasian plate.  The source area of the 
slow slip event is located on the plate boundary at the depth of 25-30km in the 
down-dip portion of the asperity which is expected to be the seismogenic zone of the 
coming Tokai earthquake.  It might be considered as a precursor for the coming great 
earthquake.  
 Very recently, at the deeper portion of the Tokai slow slip area, a different kind of slow 
slip event occurs with very weak seismic tremor. The tremor was discovered in the 
southwest Japan for the first in the world.  It is characterized by long lasting seismic 
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signal with very small amplitude and the duration of a few weeks. The tremor is called 
as non-volcanic tremor because of the location of the tremor is far from the volcanic 
area. The tremor source area extends like a narrow belt with a length of 600km from 
Tokai to Kyushu and parallel to the geometry of the subducting Philippine plate. These 
are located at the deeper extension from asperities. At the active stage of the tremor, 
the slow slip event with the duration of a several days has been detected coincident 
with the tremor.  The time duration of the slow slip event coincident with the tremor 
is much shorter than that of the Tokai slow slip event.  The coupling phenomena of 
the short-term slow slip event and tremor occur repeatedly with a recurrence interval 
of 6 months in some portions along the tremor belt. They might reflect the stress 
accumulation and release process at the deeper part on the plate boundary.  The 
existence of fluid might be very important in the occurrence of the tremor and slip. The 
fluid is generated by the dehydration process in the subducting plate.  The 
dehydration is a kind of squeeze process.  The fluid makes weakening in the frictional 
strength on the plate boundary. If the subducting speed and the fluid generation 
process are stable, the occurrence of the slow slip event should be periodic. The 
mechanism of the tremor has not been resolved yet, however the tremor might reflect a 
part of fluid circulation system in the subduction zone. 
 Similar coupling phenomena of the tremor and slip are also detected in the Cascadia 
subduction zone, northwest part of the North American continent. The active tremor 
and short-term slow slip occurs with a recurrence interval of 13-16 months. Both of the 
Juan de Fuca plate which subducts beneath the Cascadia margin and the Philippine 
Sea plate are young and warm. Common features and regional differences are very 
helpful for resolving the mechanism of the phenomena. 
 
Conclusion 
 On the plate boundary, there are some periodic slip events characterized by different 
time scale. We have to understand the mechanism of such various natures on the plate 
boundary in order to establish the earthquake prediction. 
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Earthquake Predection 
 
1. Introduction –long-term prediction 
  Abundant evidence shows that earthquakes are unstable slip repeating on existing 
weak planes in the earth’s topmost part, which is too cold (<300C) to deform stably. An 
earthquake occurs when the stress on the weak plane, which increases slowly due to plate 
motion, reaches the frictional strength. The earthquake (i.e. slip) relaxes the stress over 
the slipped area, hence we know that there will be some time before the next earthquake 
involving the whole slipped area. Although numerous small earthquakes can occur 
anytime on the weak plane using a stress accumulation of small spatial scale, their 
summed effect on the average stress over the area of the large earthquake is negligible. 
In addition, we know where the major weak planes are located geographically, (plate 
boundaries and mature faults within a plate). These understandings leads to the 
following long-term earthquake prediction. Large earthquakes occur only where large 
earthquakes occurred before. After a large earthquake happens in one place, the next 
large one would not occur for, say, at least 50% of the average repetition time at that 
locality.   
 
2. Hopes for short-term prediction. 
  The average repetition interval is of order 100 years for plate boundaries and 
1000-10000 years for intra-plate faults. This is the time for accumulating ~10 MPa of 
stress (difference between static friction and dynamic friction). If we want to predict a 
plate-boundary earthquake with, say, 1-year accuracy, we need to know the strength and 
the current stress level with an accuracy of 0.1MPa, which way we do not know. So, we 
hope that Mother Nature has something more in favor of us, which we call ‘earthquake 
preparation processes’. Hopes are classified as: A) Material of the weak plane may come 
into a funny state (or even breaks and slips partially) when the stress comes very close to 
the strength. B) Strength may be decreased (over a large spatial scale) by an external 
factor pretty quickly. C) Stress accumulation mechanism may behave in a more complex 
way than steadfast loading at a constant rate. Maybe, it accelerates at one point of time, 
quickly raising the stress on the faults to its strength.  
  In this talk, I would like to discuss how possible preparation processes cause 
‘precursory anomalies of large earthquakes’. Statistical significance of each type of 
anomaly is in grey-zone. However, each earthquake can take different paths to the final 
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failure, so taking statistics for ‘earthquakes in general’ is not the most productive thing to 
do. My approach is rather to look for physically plausible preparation processes, betting 
on that many earthquakes do not occur all the sudden at the critical stress level.   
 
3. Concrete models of earthquake preparation processes. 
In the talk, observations attributable to the following scenarios will be presented. 
A) Failure of inhomogeneous materials, including frictional slip, is invariably preceded by 
changes of the state of the material, which is often an inevitable part of the physical 
process toward the final failure. An explosive increase of micro cracks is a typical 
precursory change, which can induce many observable anomalies, amplified by resultant 
groundwater flow.  
A’) The above precursory processes start when the local stress approaches the local 
strength. However, it is not realistic to expect this occurs simultaneously all over the 
extent of the eventual rupture plane of the coming large earthquake (say, 20 km x 100 
km). It would be more realistic to assume that precursory failure occurs in a limited part 
(called earthquake nucleus) of the future rupture plane and the rest of the rupture occurs 
by a sudden increase caused by dynamic rupture expanding from the nucleus. Rupture 
mechanics guarantees that nuclei grow spontaneously (i.e. without further increase of the 
applied stress, thus within a time period much shorter than the repetition interval) but 
quasi-stationarily to a certain size. The critical question for prediction is whether the size 
of nucleus and that of the final rupture are correlated. 
B) The above scenarios are beautiful in that the preparation processes are inevitable part 
of the physical process to final failure. However, Mother Nature may be less interesting 
but more favorable for us. For example, if high-pressure fluid is injected into the pores on 
the weak plane, its strength drops. A 1 MPa increase of fluid pressure causes ~0.7MPa 
drop of strength, easily affecting the earthquake occurrence. An advantage of this 
scenario is that strength can be decreased quasi-simultaneously all over the extent of the 
future rupture plane. (More like, the dimension of the weakened part decides the size of 
the coming earthquake.) Note that many reported precursory anomalies require that 
preparation process occurring over a wide area comparable to the final rupture. 
C) Stress accumulation on the weak plane seems to be caused by a stable slip of the 
deeper extension of the plane. If it accelerates at some time, this can be the time for 
earthquake. Rapid loading by a nearby occurrence of large earthquake can have the same 
effect. 
 
Conclusion 
In my opinion, short-term prediction is possible only if earthquake is preceded by special 
preparation processes beyond just an increase of stress at a constant rate. It is physically 
plausible, though otherwise is also plausible. Useful preparation processes are those that 
scale with the size of final failure. 
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