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Foreward

Japan is located on the Circum Pacific Seismic Belt and is
subjected to frequent earthquakes. A number of destructive
earthquakes have taken place and people have long suffered
from earthquake disasters. Japanese people place their strong
desire on earthquake prediction in order to work out effective
countermeasures against earthquake disasters. Japanese
seismologists are responsible for these social demands.

Specialists in this field of research formed a group to plan
research for earthquake prediction and they issued a pamphlet
titled “Prediction of Earthquakes---Progress to Date and Plans
for Further Development” (commonly called “Blue Print”) in
1962. This provided the guiding principle of an earthquake
prediction research program in the following years. It placed
stress on the importance of investigation of crustal movements
based on geodetic surveys. The following is quoted from the
Blue Print.

MRepeated surveys over the whole of Japan will give us the
full picture of crustal movements. It is of course useful to
obtain information about how the crustal strain is accumulating.
This is a very important work, on which the entire plan for
earthquake prediction should be based. The basis of this geode-
tic approach is readily provided by the nationwide geodetic
work carried out by the Geographical Survey Institute.
Repetition of nationwide surveys will meet the needs of provi-
ding accurate geodetic results to the public and, as a result,
will contribute to keeping our land. Therefore, the Geographical
Survey Institute is just the organization for taking part in
the geodetic approach.

The first national plan for promoting earthquake prediction
research was put into practice in 1965 and the fifth plan is now
under way. According to these plans, the Geographical Survey
Institute has conducted nationwide repeated surveys. Especially,
the establishment of a new survey system, called the precise
geodetic network survey, is highly important. In place of
triangulations, it consists of distance measurements by means
of electromagnetic distance measuring instruments, with which
much improvement in accuracy has been anticipated. It was
introduced in the third national plan for earthquake prediction
as well as in the third long-range plan for the national basic
survey.

According to the plans, 6000 primary geodetic stations are
reoccupied every 5 years. (first and second order triangulation
stations are grouped to form primary geodetic stations within
the framework of the precise geodetic network). Crustal strains

are obtained by comparing these results to previous triangulation
results. They are valuable basic data for earthquake prediction.
At the same time, they are indispensable in improving and
keeping the accuracy of the geodetic network of Japan.

The survey of primary geodetic stations was completed for
the first time in 1985, though the work did not necessarily make
progress as scheduled because of various circumstances. The
time has come for compiling all the available data into one
book. Now the result is presented here with the title “Horizo-
ntal Strain in Japan---1985~1883---”. The distribution of crustal
strains is shown on maps, on which active faults and epicenters
of earthquakes which caused damages are superimposed.
Active faults are traces of earthquakes and related with the
state of crustal stress and strain. Looking at these maps
will assist anyone who is investigating earthquakes, stress
fields, and faults at the same time.

I hope that the parties concerned make the most use of this
book for the purpose of promoting earthquake prediction
research and reducing disasters caused by earthquakes. It is
also desired that this book be useful for research of tectonics
of the Japanese islands.

This book is a compilation of the results of geodetic surveys
carried out by the Geographical Survey Institute over the
past 100 years. This is the fruit of many years’ labor and
efforts by many surveyors, precursors as well as members of
the Institute, who took part in surveys despite many difficulties.
I would like to take this opportunity to extend my sincere
gratitude and appreciation to them.

I am closing this foreward expressing my hearty thanks to
those who have done much for the compilation and publication
of this book and to the persons from organizations concerned.

Naomi Fujita

March 10, 1987 Director General of the

Geographical Survey Institute
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HORIZONTAL STRAIN IN JAPAN

1. Introduction

The precise geodetic network survey with advanced laser distancemeters
at 6,000 first and second order triangulation stations all over the land of
Japan had been carried out since 1973 and then it has been completed
in 1985.

Results of cthe survey were often reported as the regional crustal strains
at the meeting of the Coordinating Committee for Earthquake Prediction
(C.C.E.P.) and made a great contribution to the development of earthquake
prediction research work.

As the survey has been completed, the results are now being compiled as
“the Horizontal Strain in Japan”.

2. Precise geodetic network survey

The first nation-wide geodetic survey in Japan was started in 1883 and
completed in 1916. This survey is called the “Meiji” system. The Meiji
nation-wide triangulation network consists of the first order triangulation
stations(total number: 330, average distance:45 km), supplementary stations
(total number:619, average distance:25 km) and the second order triangulation
stations(total number:5048, average distance:8 km).

After then the first order triangulation stations of all over the land of
Japan were re-surveyed during the period from 1948 to 1967 and this survey
is called the “Showa 1” result.

The third survey of the first order triangulation stations was started in
1968 and the survey in the western half of Japan was completed in 1972.

On the other hand, the supplementary first order triangulation stations
and the second order triangulation stations had not been re-surveyed since
the first nation-wide survey except in the special regions such as the Kanto
district.

By the way, studies of the horizontal crustal deformation in the Japanese
islands was obtained from the first and the second triangulation surveys
of the first order triangulation stations. It has been revealed that the
magnitude of displacement of the first order triangulation stations amoutns
to 1-2 meters, and it is supposed that these crustal deformations are caused
by the plate motion and the earthquake occurrences. It was probable that
the supplementary first order triangulation stations and the second order
triangulation stations had suffered deformation similar to the first order
triangulation stations. Therefore, it was considered that they had to be
re-surveyed in order to keep the exact coordinates of these triangulation
stations.

It was considered that the crustal deformation was caused by the
subduction of the Pacific and the Philippine Sea plates under the Eurasia
plate, and then it was expected that the precise observation of the horizontal
crustal deformation in the Japanese islands would contribute the study of
the plate tectonics.

Moreover, as the advancement of the laser distancemeter and the high
speed electronic computer made the precise observation and the accurate
analysis of the crustal deformation easily, and the detection of the crustal
deformation by repeated surveys in short period became possible. This
meant the geodetic survey would make an important contribution to the
earthquake prediction study and it was hoped that the precise survey was
carried out without delay.

In order to respond these requests, Geographical Survey Institute(G.S.1.)
set up a new surveying system instead of the old one(the Meiji system)
which was named “the precise geodetic network survey”. Essentials of the
system is the 5 years repetition survey of 6,000 primary control points
which are consist of the first and the second order triangulation stations
of the Meiji system.

The primary network is divided into two parts. One is the standard
network which covers the areas designated by the C.C.E.P. with average
distance of 8 km, and the other is the middle distance network which covers
the rest of the land with average distance of 20 km.

Since 1973, “the precise geodetic network survey” using high precision
electro-optical distance measuring instruments has been carried out in order
to establish a new precise geodetic network taking the place of the older
triangulation network which was established mainly by angle observation.

3. Horizontal Strain in Japan

The first precise geodetic network survey has been completed in 1985
behind the original program because of some circumstances. The results
of every regional surveys were reported in the Report of the C.C.E.P. and
contributed to the earthquake prediction research work.

At the time of completion of the first precise geodetic survey, it was
considered that the compilation of the regional results is very important
for study of the earthquake prediction and the geotectonics in Japanese
islands. And then, the production of “the Horizontal Strain in Japan” has
been proposed.

As a fundamental material for earthquake prediction research work, we
have already “the active fault map in Japan” (R.G.A.F.,1980). There is a
close relation between earthquake and active fault. Therefore, it is
considered that the super-imposition of crustal strains and active faults is
very useful for the earthquake prediction research work. So, crustal
strains are printed on topographic maps, 1:200,000 in scale with active
faults and epicenters of destructive earthquakes. Total number of the
maps is 98 sheets all over the land of Japan except isolated islands.

Values of maximum shear strain and dilatation are represented by black
letter with unit of 10'6, and magnitude and direction of principal strains
are represented by black solid and broken lines. Active fault and destructive
earthquake are represented by light blue line and circle, respectively.

In addition to these maps, crustal strain maps of 31 sheets in the regions
where the revision survey after destructive earthquake was carried out
such as the Kanto district are printed.

And as appendix, Colored maximum shear strain maps of all over Japan
are printed in two separated sheets.

The completion of “the Horizontal Strain in Japan” is a summary of
the geodetic survey carried out during the past 100 years by G.S.L

We hope that “the Horizontal Strain in Japan” is highly used for
earthquake prediction research work and study of tectonics of Japanese

islands.
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