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The Japanese national earthquake prediction program started in 1962 with a blue print for the scope and direction
of research to follow. Substantial time and efforts were subsequently devoted to the construction of new observation
networks and the study on the earthquake generation mechanisms. An important result has been the recognition
of the great difficulty in identifying creditable precursors due to a diversity of earthquake generation process. In
recent years, a new age of near real time observations of Earth’s crustal processes by dense arrays of seismic and
the GPS (Global Positioning System) stations has arrived. The results of the real time monitoring may lead to a new
approach in the earthquake prediction research, i.e., the quantitative forecasting of the crustal activities. The new
national program, which inherits its essential observational network from all the previous programs, emphasizes the
importance of modeling as well as monitoring for a sound scientific development of earthquake prediction research.
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1.

Introduction

National earthquake prediction research program in Japan
started in 1962 with a blue print for the scope and direction
of research to follow. It was carried out from 1965 to 1999
in succession of the 1st to 7th 5-year program, although the
first 5-year program was cut short to 4 year-period for the
reason explained later. The 7th program underwent an extensive review because of the damaging Hanshin/Awaji Earthquake, which we call the 1995 Hyogo-ken Nanbu (Kobe)
earthquake, that occurred in January 1995, and for the preparation of “The new Program of Research and Observation for
Earthquake Prediction” (hereinafter called the new 5-year
program) which started in 1999. In March 2004, this program is completed. Internal and external evaluations of the
1st new 5-year program were made in 2002. “The 2nd new
Program of Research and Observation for Earthquake Prediction” (hereinafter called the 2nd new 5-year program) is
in place in 2004.
In the new program greater importance is attached to the
fundamental study beyond the traditional study of precursory
phenomena. The old programs ranging from the 1st to the
7th accumulated much knowledge regarding the basic characteristics of earthquake activities, such as sites where earthquakes occur, mechanisms of the occurrence of the earthquakes, etc. On the other hand, it has been recognized
that the usual target of earthquake prediction, namely when
(time), where (place), and how large (magnitude) an earthquake will occur, is in general exceedingly difficult to attain. The traditional empirical approach based on the observation of the precursor phenomena of an earthquake could
not achieve the goal owing to the complexity of earthquake
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phenomena. In the new program that started in 1999, it was
intended to modify the approach in a fundamental way. This
paper describes an outline of the past and new national earthquake prediction research programs in Japan.

2.

The Blue Print and the First National Earthquake Prediction Programs (1965–1998)

The national earthquake prediction research program in
Japan started with publication of a document entitled Prediction of Earthquakes—Progress to Date and Plans for Further Development (usually referred to as the blueprint; Earthquake Prediction Research Group, 1962). This became the
foundation of the earthquake prediction research that led to
the establishment of an observation system to collect basic
data for earthquake prediction research. By the completion
of the 2nd 5-year program (1969 to 1973), the basic structure
of today’s observation system for earthquake prediction was
formed. By the end of the 3rd 5-year program, the operation of the observation system was improved and diversified.
During the 3rd program specific areas of intensified research,
such as the Tokai region were assigned.
In the blueprint, it was expected that a large earthquake
may be predictable if we understood and were able to capture
an anomalous crustal deformation as a precursor of a large
earthquake or anomalous seismicity increase as foreshocks.
Thus, a plan was made to monitor the crustal deformation
and the seismicity in the entire Japan.
During that time, seismology was at the stage before the
general acceptance of plate tectonics as well as of the fault
model as the earthquake source. We did not have even a
working hypothesis on the process through which an earthquake would occur in the crust. Under the circumstance,
the concerned seismologists were ambitious enough to propose an empirical and experiential observation plan for earthquake prediction with a hope that it will give a better un-
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derstanding of the phenomena leading to the occurrence of
a major earthquake. This proposal must be highly evaluated in view of the fact that, since that time on, the program
greatly contributed to the progress of the understanding on
earthquake occurrences. In the blueprint, a statement was
made that we could answer the question of the earthquake
predictability in 10 years after the start of the national program. However even today after 40 years, we still cannot
state with sufficient certainty when an effective forewarning service will be available. We may say that the prospect
was too optimistic from a viewpoint of the present knowledge of earthquakes and crustal structures. That is to say,
the structure and process in the Earth’s crust are much more
complicated than hoped in those days, and the sites for observations are too coarsely located to detect a systematic relationship between the crustal deformation, seismicity, and
large earthquakes. Furthermore, styles of anomalous phenomena (precursor phenomena) before occurrence of large
earthquakes are exceedingly complicated and diversified including no precursor for some large earthquakes. Thus, it
takes so much time to understand the mechanisms of the appearance of the phenomena by synthesizing the accumulated
examples.
In the first 5-year program that started in 1965, it was
intended that an observation system to collect various geophysical and geochemical data needed for earthquake prediction would be completed in nationwide scale within 10
years (Geodesy Council, 1964). But this was not accomplished, because during this period, the Matsushiro Earthquake Swarm (1965–1970) reached its peak in the spring of
1966 and several damaging earthquakes including the 1968
off-Tokachi Earthquake (M7.9) occurred. As a result, social
demand for earthquake prediction became strong, and for a
greater emphasis on practical utilization of the prediction as
a target, the 1st program was terminated after 4 years and
transferred to the 2nd earthquake prediction program.
The 2nd 5-year prediction program formed the backbone
of the present-day organization scheme for earthquake prediction (Geodesy Council, 1968). This began with the establishing of the Coordinate Committee for Earthquake Prediction (CCEP) in 1969 to help information exchange concerning earthquake prediction as well as to make comprehensive judgment of the information. In 1970 the Areas for
Special Observation and the Areas for Intensified Observation were designated for reinforcement of the observation research. Around that time, the concept of seismic gap pointed
out a high possibility of earthquakes occurring in the Tokai
area and offshore of the Nemuro Peninsula. The 1973 offNemuro Peninsula earthquake (M7.4) occurred in the area
expected from the gap theory (Utsu, 1972).
The 3rd 5-year program promoted new observation methods, including telemetry of seismic observation, deep borehole measurement in Tokyo Metropolitan area, cable-type
ocean bottom seismographs off the cape Omaezaki, Tokai
area, and bury-in type volumetric strainmeters in Tokai and
southern Kanto areas, etc. (Geodesy Council, 1973). The
telemetry system of the seismic networks improved the detectability of microearthquake and the accuracy of hypocenter determination, which resulted in revealing the doubleplaned structure of a deep seismic zone in the Kanto and To-

hoku regions (Tsumura, 1973; Hasegwa et al., 1978). Thus,
the strengthening of the earthquake prediction scheme was
concentrated on the Kanto-Tokai Areas for Intensified Observation. In that period, the 1975 Haicheng, China, earthquake (M7.3) was successfully predicted using various observations including prominent foreshock activities. Issuing
an order for evacuation enabled to save lives of many people. However, in the case of the 1976 Tanshang, China,
earthquake (M7.8), imminent prediction was unsuccessful,
resulting in a loss of many lives. In Japan, reinforcement of
the program was twice motivated by the prominent seismic
activities in and around the Izu Peninsula starting in 1974. In
1976 the “Tokai earthquake hypothesis” went public, which
claimed that the focal area of an anticipated earthquake in
Tokai area was likely to extend deep into the Suruga Bay
(Ishibashi, 1981). A “Prediction Council for the Tokai Area”
was established in the CCEP in 1977, and a “Large-scale
Countermeasures Act” was enforced in 1978. The 1978 IzuOshima-kinkai earthquake (M7.0) occurred in the area covered by such a reinforced observation network, enabling observations of not only remarkable foreshocks but also possibly precursory anomalies in crustal strain, radon concentration in the groundwater, and the underground water level at
several monitoring stations (Wakita et al., 1980).
The 4th 5-year program (1979 to 1983) emphasized the
“techniques for long- and short-term prediction” (Geodesy
Council, 1978). That is to say, based on the “technique of
long-term prediction” to predict a “place” and “magnitude”,
it was emphasized to establish a “technique for short-term
prediction” that seeks the “time” of occurrence of earthquakes, i.e. detection of the precursor phenomena and understanding what was really going on before the earthquake.
During the program, progress was made in the measurement
of the strain distribution over Japanese Island, data exchange
method among microearthquake observation networks, automatic processing of the seismic data, and cable-type oceanbottom seismometers.
In 1979, with the designation of the Tokai area as an “Area
under Intensified Measures against Earthquake Disaster”,
the Prediction Council for the Tokai Area in the CCEP was
dissolved and replaced by a new “Prediction Council for Areas under Intensified Measures against Earthquake Disaster” at the Meteorological Agency, reinforcing the existing
scheme for continuous monitoring in the Tokai area.
The 5th 5-year program (1984 to 1988) further improved
the observation research mainly in the Areas for Intensified
Observation, i.e., the Kanto-Tokai area and the Areas for
Special Observation (Geodesy Council, 1983). Based on
the idea of the long-term and short-term prediction, a variety of observations with improved quality and density as
well as a comprehensive analysis of precursory data from
various viewpoints were made in this period. It was reported
that the 1983 central Japan Sea earthquake (M7.7) was associated with precursory seismicity and crustal deformation
(e.g., Mogi, 1986).
In the 6th 5-year program (1989 to 1993), a basic study on
inland earthquakes started because little was known about
the generation mechanism of earthquakes away from plate
boundaries (Geodesy Council, 1988). By the period of
the 6th 5-year program, data from the high-sensitivity seis-
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mic networks developed by universities revealed large-scale
three-dimensional seismic velocity structures, and then the
relationship between velocity distribution and thermal structure, such as the distribution of volcanoes, was clarified (Hirahara, 1981; Hasegawa et al., 1991). Thus, the detailed seismic structure in a scale comparable to a seismogenic fault became a target of the study. The research on the 1984 Naganoken seibu (western Nagano prefecture) earthquake (M6.8)
started during the 5th 5-year program and continued in the
6th 5-year program. It was intended to understand the swarm
activities and the mainshock-aftershock activity which occurred in the same area. This is the first joint observation for
the inland earthquake by many institutions with modern instruments including seismic, geodetic, gravity measurements
(e.g., Horiuchi et al., 1992; Hirahara et al., 1992; Kasaya et
al., 2002). In the later 5-year programs, the joint observations, where many institutions jointed with their instruments
and sheared the data, were conducted several times; in the
area of Japanese Alps in central Honshu (e.g., Matsubara et
al., 2000), Nikko area in northeastern Honshu (Horiuchi et
al., 1997), Tohoku area in northeastern Honshu (e.g., Nakajima et al., 2001), Hokkaido (Katsumata et al., 2003), and
southwestern Honshu, Japan. Some relationships between
the heterogeneous structure of the crust, such as the seismic
wave velocity distribution or electric resistivity distribution,
and the distribution of microearthquakes were revealed (eg.,
Hirahara et al., 1992; Kasaya et al., 2001) .
Enhancement of survey technology of crustal deformation
using space-based technology was achieved to increase in its
efficiency: the Geographical Survey Institute, Japan, started
to install the Global Positioning System (GPS) network in
1990. The GPS network enabled a continuous monitoring
on crustal deformation with an accuracy of 10−7 or better at
a baseline length of 100 km.
The 7th 5-year program (1994 to 1998) started to aim at
evaluation of the earthquake potential in addition to the techniques of the long-term and short-term prediction (Geodesy
Council, 1993). That is to say, we tried to identify the present
moment in relation to the regional earthquake cycle. For this
purpose we had to understand the regional stress field, which
is caused by relative plate motions to make large earthquakes
along plate boundaries and/or inland areas.
To know the earthquake cycle, past histories of seismicity
was investigated by paleo-seismology based on written historical records, an excavation survey, geomorphologic and
geological investigations. As a result, the interval between
the consecutive major earthquakes which occurred repeatedly in the individual faults has been estimated. If the time
of the last major earthquake on the fault is known, the probability of the occurrence of an earthquake at present can be
evaluated using a statistical model of the recurrence interval.
If we can put simple physics we may improve the probability
evaluation. For example, the time predictable model (Shimazaki and Nakata, 1980) would imply a longer recurrence
time than average after the occurrence of an earthquake with
a slip greater than the average because it takes longer time
to accumulate the strain after a larger slip assuming a constant rate of strain accumulation. The research strategy based
on such a physical model will be much more emphasized in
the new 5-year program by which we think that earthquake
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occurrence forecast may be realized by understanding the
whole processes in the Earth’s crust leading to a large earthquake.
When the 7th 5-year program started, the October, 1994
Hokkaido Toho-oki earthquake (M8.2) and the December,
1994 Sanriku Haruka-oki earthquake (M7.6) occurred. In
January 1995, the Hyogo-ken Nanbu (Kobe) earthquake
(M7.3) occurred. Especially in the Hyogo-ken Nanbu (Kobe)
earthquake, more than 6,000 human lives were lost and
tremendous disaster struck the regions of Hanshin and Awaji.
Motivated by this earthquake, the 7th 5-year program was reexamined in April 1995 and the observational research aiming to the evaluation on the earthquake occurrence potential and the survey research concerning active faults was intensified. Furthermore in June 1995, an Earthquake Disaster Countermeasures Act was enacted accompanied with
the establishment of the Headquarters for Earthquake Research Promotion. During the period of the 7th program,
GPS observation networks were promoted to cover the entire Japanese Islands with a station spacing of a few tens of
kilometers, which has been completed later as GEONET as
discussed in the following section.
The focal area of the 1995 Hyogoken-nanbu (Kobe) earthquake was covered with a dense seismic network to clarify
the aftershock activity (Hirata et al., 1996). The network
consisted of two local permanent networks and one temporary network, which were connected by the Internet link. The
Internet Protocol (IP) technology was used for the first time
in field data acquisition and is widely used in the current data
transfer method. The system was improved to use a satellite
communication system for a nation-wide seismic telemetry
(Urabe et al., 1998).

3.

The New Program of Research and Observation
for Earthquake Prediction and the Basic Earthquake Survey and Observation Plan

In the new 5-year program of research and observation for
earthquake prediction (referred to as the first new 5-year program; 1999 to 2003), the earthquake prediction program was
reformed to put more emphasis on the fundamental study
beyond the traditional study of precursory phenomena. In
the mean time, the Headquarters for Earthquake Research
Promotion published a document entitled the Promotion of
Earthquake Research—Basic comprehensive policy for the
promotion of earthquake observations, measurements, surveys and research (hereafter referred to as the Basic comprehensive policy; Headquarters for Earthquake Research Promotion, 1997). Before describing details of the first new 5year program, we shall summarize the content of the Basic
comprehensive policy.
In the Basic comprehensive policy, tasks with top priorities are listed in Chapter 3 as follows.
1) Preparation of a nationwide seismic hazard map integrating results of surveys of active faults, long-term assessment of the probability of earthquake occurrence,
and prediction of strong ground motion
2) Promotion of real-time transmission of earthquake information
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HQs for EQ Research Promotion

(1)

Council for Science and Technology
Subdivision on Research
Planning and Evaluation

Policy Committee

Earthquake Research
Committee

Decision

Subdivision on Resource
Study

Subdivision on Technology

Basic comprehensive policy

Subdivision on Ocean
Development

1
2
3

Recommendation

Subdivision on
Geodesy
Subdivision on Professional
Engineers

4 New Earthquake Prediction Research Program
(1) Headquarters for Earthquake Research Promotion
Fig. 1. Organizational schemes for promotion of earthquake research. The headquarters for Earthquake Research Promotion determines the Basic
comprehensive policy, which defines the tasks with top priorities including the earthquake prediction research program. The other three items from 1
to 3 are: 1. Preparation of a nationwide seismic hazard map integrating results of surveys of active faults, long-term assessment of the probability of
earthquake occurrence, and prediction of strong ground motion, 2. Promotion of real-time transmission of earthquake information, 3. Improvement
of the monitoring system in and around the area under Intensified Measures against Earthquake Disaster defined by the Large-Scale Earthquake
Countermeasures Act. The earthquake prediction research program is also recommended by the subdivision on Geodesy in the Council for Science and
Technology, which reflects the opinion of the scientific community in bottom-up way.

(5) Active fault survey in coastal and inland regions.
3) Improvement of the monitoring system in and around
The ultimate goal of the Basic Earthquake Survey and Obthe area under Intensified Measures against Earthquake
Disaster determined by the Large-Scale Earthquake servation is the mitigation of earthquake disaster by performing the four tasks listed above, and will be achieved through:
Countermeasures Act
1. Evaluation of the possibility of the long-term earthquake
4) Promotion of research and observation for earthquake occurrence. 2. Understanding and evaluation of the present
prediction
state of the crustal activities. 3. Prediction of the strong
The new program of research for earthquake prediction has ground motion and tsunami. 4. Formulation of procedure
two positions: One is a research plan recommended by the for real-time transfer of the earthquake information to pubGeodesy Council, Japan, which is now a subdivision of the lic, which are the direct purposes of the above five items.
For the item (1), a station spacing of 15–20 km was recomCouncil for Science and Technology, Japan, and the other is
mended.
This has been completed as the Hi-net by the Naa task with priority for earthquake disaster prevention meational
Research
Institute for Earth Science and Disaster Presures (Fig. 1). The former has a function to reflect opinions
vention
(e.g.,
Obara
et al., 2000) and the seismic network by
of the science community in bottom-up way, which is importhe
Japan
Metrological
Agency. For the item (2), the recomtant to make a scientifically sound plan. The latter is determended
spacing
was
100
km for the array of broad-band seismined in a top-down way, which may be good for funding.
mometers.
Strong
motion
seismic stations, for item (3), now
To realize the above four tasks, the Basic comprehensive
called
K-net
and
KiK-net
were
established. For the item (4),
policy defines the following five items as the Basic Eartha
network
of
continuous
GPS
stations
with a station spacing
quake Survey and Observation (Headquarters for Earthquake
of
20–25
km
was
proposed,
and
resulted
in GEONET operResearch Promotion, 1999):
ated
by
the
Geographical
Survey
Institute,
Japan, with 1,000
(1) Seismic observation by an array of high-sensitivity
stations
throughout
the
nation
(e.g.,
Sagiya
et al., 2000). Fiseismometers (microearthquake observation).
nally,
for
the
item
(5),
98
major
faults
throughout
Japan were
(2) Seismic observation by an array of broad-band seisselected
as
the
target
of
the
trench
survey
and
surveys
would
mometers.
be
completed
by
March
2005.
We
may
say
that
the
current
(3) Strong ground motion observation.
(4) Observation of crustal deformation (continuous GPS earthquake observation, the crustal deformation observation
by GPS, and the survey of active faults achieved so far alobservation).
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Fig. 2. Asperity model for a subduction plate boundary. The model explains the repeatability of the earthquakes by assuming a patch, called an asperity, on
a plate boundary. The asperity is locked in an inter-seismic period and breaks to slip during an earthquake. Outside the asperity the plates are smoothly
slipping.

ready far exceed the scope envisioned in the 1962 blueprint.

4.

The First New 5-year Program (1999 to 2003)

Prior to the start of the first new 5-year program, the earthquake prediction research was primarily based on the empirical approach to catch creditable precursors, which must
be robust. This view was too rigid to allow the inherent
variability in the precursory phenomena depending on the
phase of the regional earthquake cycle and also on physical
and/or chemical conditions in the crust. To put the earthquake prediction research on a more flexible and scientifically sound foundation, it is essential to recognize the importance of modeling of the earthquake process in addition
to monitoring. In the first new 5-year program, various modeling approaches were introduced. For example, based on the
well-established fault model of earthquake, how the tectonic
stress transfer due to the slip of a past earthquake affects the
future occurrence of earthquakes in its vicinity was investigated (e.g., Hashimoto and Matsu’ura, 2000).
Another example is the “asperity” model, which is used to
explain the recurrent earthquakes (Matsuzawa et al., 2002;
Yamanaka and Kikuchi, 2004). The model explains the repeatability of the earthquakes by assuming a patch, called
an asperity, on a plate boundary. The asperity is locked in
an inter-seismic period and breaks to slip during an earthquake. Outside the asperity the plates are smoothly slipping.
A focal area consists of either single or several asperities. If
an asperity for a small size earthquake is isolated as to have
no interaction among asperities, the recurrence of the earthquake may be regular because the rate of stress concentration
is controlled mainly by the plate motion. If the strength of the
asperity remains constant for a period of concern, say several
hundreds of years, then the recurrence period is constant.
This is the case of the repeating earthquakes observed off
Sanriku (Matsuzawa et al., 2002). A large earthquake, which
consists of more than one asperities, can be large or small
depending on how many asperities are broken at once (Yamanaka and Kikuchi, 2004). However, it is not clear so far

what physical condition controls its strength and life, which
may indicate whether the asperity is a permanent feature on
the plate boundary. The concept of asperity appeared in seismological literature back in 1980’s (e.g., Lay and Kanamori,
1980) but our understanding of the state of the plate boundary makes the concept much richer than the original. That
is to say, we also may understand the following findings by
refining the asperity model. The continuous GPS monitoring
clarifies a steady-state slip and slip-deficit on the boundary
of the subducting oceanic plate and the landward plate (e.g.,
Sagiya et al., 2000; Nishimura et al., 2000). Importantly, a
wide variety of time-constants of slip on the plate boundary
is actually monitored by the continuous geodetic measurement including the GPS network and it is model by physical
laws (Kato, 1999, 2003; Miyazaki et al., 2004). The slip includes a co-seismic fracture, a prominent slow inter-seismic
event (Kawasaki et al., 2001; Ozawa et al., 2002), and afterseismic event (Heki et al., 1997; Hirose et al., 1999; Yagi et
al., 2001). The spatial distribution of the slip and slip-deficit
on the offshore plate boundary cannot be well constrained
only from the land observation, even by the dense array of
GPS. Thus, for better spatial resolution of the estimation of
slip distribution, a new method has been developed to use repeating earthquakes on the plate boundary (Matsuzawa et al.,
2002; Igarashi et al., 2003). The method incorporates spatial distribution and time-sequence of small repeating earthquakes that occur at almost identical small patches on the
plate boundary, which are identified as small asperities. The
asperity model assumes that only at the asperity the plates
are coupled tightly, and outside the asperity the plates slip
smoothly. The mode of stable and unstable sliding on the
plate boundary is controlled by the constitutive law of the
friction-and-fracture along the boundary (e.g., Yoshida and
Kato, 2001). If this is the case, the model can be used for
predicting the spatiotemporal pattern of tectonic stress due to
plate-driving forces preparing for major earthquakes (Fig. 2).
Modeling of aseismic episodic slip and slow after-slip of a
large earthquake may also shed some light on the stress pat-
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tern and explain the diverse preparation process leading to
the earthquake occurrence (Iio et al., 2003). We now further
develop the concept of the asperity to establish a quantitative
physical model. Another important finding is the deep nonvolcanic tremor in southwest Japan, which is also correlated
to the crustal deformation detected by a tilt meter, suggesting a close relation to the subduction of the Philippine Sea
plate (Obara, 2002). The observation of the deep tremor may
bring us an insight about the detailed physical and chemical
process undergoing on the plate boundary.
While the permanence of asperities is encouraging for
modeling the tectonic stress for inter-plate earthquake, the
preparation process of an intra-plate inland earthquake begins to be understood in terms of the heterogeneous structure
of the crust. The 2000 Tottori Prefecture earthquake (M7.3)
occurred in a region that was considered less strained according to the present day observation by the GPS array. There
was also no clear active fault in the region estimated by geomorphological and geological surveys. Clearly we would
first need to clarify the heterogeneity of the crust and the upper mantle with sufficient spatial resolution to understand the
mechanism of concentration of stress on the fault zone.
The first new 5-year program includes also construction
of simulation models for regional earthquake cycle using the
finite-element method (e.g., Hyodo and Hirahara, 2003). A
simultaneous study of both seismogenic structure and earthquake process promoted in the new program hopefully leads
to a unified model that can explain the mechanism in which
the stress generated on the plate boundary is transferred to
the crust away from the plate boundary and become concentrated around a specific fault resulting in the occurrence of
large earthquakes.

5.

The 2nd New 5-year Program of Research and
Observation for Earthquake Prediction (2004 to
2008)

The next 5-year program consists of the items as shown
below (Council for Science and Technology, 2003).
(1) Study of the processes in the earth’s crust leading to
major earthquakes
The program shall promote the observational, experimental, and theoretical study to understand the process of an entire regional seismic cycle leading to major earthquakes. It is
intended to incorporate all the observable phenomena including precursors in quantitative models based on the universal
laws of physics and chemistry. The following 4 items will
receive special attention.
(1-1) Long-term large scale crustal activity
We shall precisely determine configurations and position
of the plate boundaries and relative motion of the plates constituting the Japanese island-arc and its surrounding regions
in order to estimate precisely the arc-scale regional stress
field and, in particular, to understand the origin of the belt,
such as the Niigata-Kobe strained belt (Sagiya et al., 2000),
where crustal deformation is concentrated. We shall obtain
the relative velocity of the plate motion at an accuracy of
approximately 1 mm/year in and around Japan. We shall
evaluate the roles of the proposed North American, Eurasian,
Okhotsk, and Amurian Plates to the earthquake preparation
process.

(1.2) Preparation or Imminent processes in the crust leading to large earthquakes
The crustal activities from the preparatory stage to earthquake occurrence will be explained as a series of the processes of stress concentration from the plate-driving forces
to seismogenic faults. Experimental and observational studies on detection and understanding of the irreversible physical and chemical processes immediately before earthquake
occurrence shall be promoted. The regularity and fluctuation
of the regional earthquake cycle shall be studied not only by
a statistical model but also by a physical model. The permanence and universality of the asperity model will be important targets of the study. Since, so far, all the proposed
asperities are off-shore, it is important to promote the observation in the offshore region.
(1.3) Focal processes and generation of strong ground
motions
A detailed focal process of large earthquakes shall be studied by the analysis of strong ground motions to identify the
areas, which may be related to the asperity(s), on the fault
from which the strong seismic energy was released. Characterizations of the asperities, the direction and the speed of
the rupture propagation, and the change of the stress on the
fault due to earthquakes are also necessary for understanding the focal processes. The permanence of the asperity is
particularly relevant to the prediction of the strong ground
motion during future earthquakes. Thus, the item 1.2 is directly related to the item 1.3. Furthermore, a detailed crustal
and basement structures should be clarified for strong ground
motion prediction.
(1.4) Elemental processes of earthquake generation
We need experimental and theoretical studies on rock mechanics and physical properties at high temperatures and
pressures to understand the relationship between geophysical parameters observed in the field study, such as the distributions of seismic velocities and electrical resistivities in
the crust, and physical properties of rocks in the crust and
mantle, and a frictional and constitutive law on faults.
(2) Development of the predictive simulation models and
monitoring system for the crustal activity
By comparing the observed crustal deformation data with
the model simulation, we may gain better understanding in
real-time crustal deformation that will help us to predict its
future.
In the 1st new 5-year program, we developed a method
of predictive simulation on crustal dynamics, and completed
a prototype model for a specific area (e.g., Hashimoto and
Matsu’ra, 2000; Hyodo and Hirahara, 2003). In the 2nd
new 5-year program, we shall aim at forecast of the observable crustal activities on the basis of monitored data such as
crustal deformation and seismicity in real time, by making a
more realistic regional model for a specific area.
Development of integrated database for information of the
crustal activity is an important item in the 2nd new 5-year
program because the construction of a successful simulation
model requires frequent renewals of the database for the
monitored crustal activities.
(3) Development of new observational and experimental
technology
In order to improve the accuracy in monitoring of the
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crustal phenomena, we need to develop new observational
and experimental technologies. In particular, we need to develop a method to monitor a crustal deformation at sea bottom to practical use. The 2nd new 5-year program emphasizes the development and improvement of the various types
of observation technology on the ocean bottom, the downhole measurement technology, and the technology to monitor the change in subsurface structure and state. Enhanced
utilization of space technology is also emphasized.

6.

Conclusions

The ultimate goal of the earthquake prediction research is
to tell when, where, and how large an earthquake will occur.
We shall approach this goal by understanding of the dynamic
process in the Earth’s crust through monitoring and modeling. This system will not only grasp the state of the crust
leading to an earthquake with simulation of the temporal
variation of the crustal activities, but also predict the strong
ground motion generated by the expected earthquakes.
Thus, the 2nd new 5-year program emphasizes the importance of modeling as well as monitoring for a sound scientific
development of earthquake prediction research. Of course,
it inherits its essential observational network from all the
previous programs. The development of a predictive simulation model was taken in as an important element of the
program, because any physical understanding of a process
needs a model to which universal laws of physics and chemistry can be applied. There has been an apprehension that
it may be premature to adopt such a strategy now, but we
feel that the time is ripe for this truly scientific approach to
earthquake prediction in Japan, where an excellent monitoring system has been established through the 40-year effort.
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