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CRUSTAL DEFORMATION MONITORING SYSTEM FOR
THE TOKYO METROPOLITAN AREA

1. INTRODUCTION

By
Mitsuo YOKOYAMA

At 5:46 AM on January 17, 1995 the Hanshin-Awaji area centering around the city of Kobe was rocked
by a major earthquake of magnitude 7.2 that claimed more than 6,000 lives, destroyed some 30,000
buildings, and ignited fires that scorched over a 100 square hectares. The people who lived through it
were left with a profound fear of earthquakes, and many are still suffering psychological aftereffects more
than a vear later. Reconstruction of the devastated area will take a long time.

Turning to Tokyo, an strange silence grips the people in their awareness that 73 years have now gone
by since the devastating Great Kanto Earthquake of 1923. Particularly in light of the common historical
observation that earthquakes tend to occur at intervals of around 70 years, the local residents live with the
knowledge that it would not be strange atl all for another major quake to hit the area at any time. To
dispel this awful psychological anxiety of knowing that a major temblor is overdue yet not knowing when
it will strike, what is needed is a reliable method of predicting earthquakes. However, at present, such a
capability is not available.

Earthquakes are attributed to a mechanism in which deformations due to movements of the earth's
crust accumulate until eventually the deforming forces are released in a destructive display of energy.
The ability to predict earthquakes thus hinges on obtaining detailed knowledge of such crustal move-
ments. Here we are fortunate because the Communications Research Laboratory has already developed
a number of sophisticated space geodetic technologies including very-long-baseline interferometry (VLBI)
and satellite laser ranging (SLR). These technologies can be systematically harnessed to continuously
measure crustal movements, and we would be very pleased if this contributes in some measure to the
development of a viable earthquake prediction capability. Our goal in deploying this system is to record
statistical and constant measurements of crustal movement in the critically important capital region, and
to supply this data to the Meteorological Agency, the Liaison Committee of Earthquake Forecast, and
other interested agencies in the hopes of enhancing our ability to predict earthquakes.

With its record of achievement in VLBI and SLR technologies and thanks to a promotional grant from
the Science and Technology Agency, the Communications Research Laboratory took part in the Metropol-
itan Diamond Cross (MDX) project, which evolved a much more sophisticated approach to the measure-
ment of crustal distortion in the Tokyo area. This led to a plan to deploy a network of observation
stations around Tokyo to make highly accurate measurements of crustal movement across the wide
expanse between observation stations on a daily bases by exploiting the Laboratory’s space geodesic
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technologies. The Key Stone Project (KSP) was launched in 1993 with the aim of using these observations
to detect brecursnrs of earthquakes in the Tokyo area. The name of the project alludes to a famous
keystone located at Kashima Shrine that purportedly has the magical power to quell mythical catfish that
stir up earthquakes. A project that involves ulira modern, state-of-the-art technologies has thus taken its
name from an ancient legend.

Crustal movements cause deformation of the lithosphere which rebound with destructive force as an
earthquake when the strain exceeds a certain point. The aim of the Key Stone Project is to detect the
indications or signals that are produced by these crustal movements and strain before an earthquake
occurs. More specifically, the project will provide detailed observations of crustal movements above the
Philippine Sea plate and along active faults that are generally assumed will trigger the next major quake
in Tokyo.

In VLBI, electromagnetic waves are received at different points located far apart, and from the
difference in arrival time, the distance between the two points can be measured to an accuracy of less than
one-ten billionth of a second. The distance between the two observation points is measured in millimeter
units. Although VLBI is a powerful technology for measuring the distance between two points, one
drawback of the technique is that it is insensitive to the earth’s gravity.

SLR has the ability to determine a satellite's obit with a very high degree of precision. Tremendous
progress has been achieved in realizing greater degrees of accuracy thanks to recent advances in laser
technology and analytical software. Unlike the quantitative VLBI observations, SLR sensitivity is
greatest in a direct line of sight with a satellite, and the technique is extremely sensitive to vertical
fluctuations of the station when a satellite is directly overhead in the sky. In short, VLBI affects the
range precision in the horizontal direction while SLR affects the range precision in the vertical direction,
so the two techniques complement each other and both are needed. Meanwhile, the Geographical Survey
Institute is promoting a plan to measure crustal movement using the Global Positioning System (GPS)
network. GPS observation points have been established in Koganei city (the main observation station) on
the outskirts of Tokvo and in the town of Kashima in Ibaraki Prefecture (the branch observation station).
By combining the precise data obtained by KSP at these observation points, accurate control point data
can be provided to the GPS network. Realization of this extremely high level geodetic observation
network represents an immense challenge and does not have an analog anywhere else in the world.

At the present time, data received at the observalion stations is recorded on magnetic tape and delivered
by truck to Kashima and Koganei. There the data is correlated to calculate the amount of crustal
movement. Obviously, crustal movements measurements cannot be obtained in real time with this
arrangement, considering the substantial delay for delivery. Now there is a plan to set up a fiber-optic
link between the observation stations to transmit the data electronically instead of delivering the data by
truck. Although the point is covered in detail in the pages of this special issue, here I would only observe
that these large quantities of data will not just benefit specialized technical institutions. Autonomous
regional organizations and the mass media will also be able to make good use of the data. This is because,
through visualization techniques, it is very easy for anyone Lo appreciate the implications ol crustal
movement. For example, one can easily imagine a crustal movement report on the evening news right
after the weather forecast. With a reliel map displayed in the background, an announcer might inform
the public that “..today such-and-such an area experienced a (.3-millimeter crustal shift, adding to the
overall deformation in this area. This increases the likelihood of an earthquake to 30 percent. All
residents of the area should maintain a constant state of readiness in case a natural disaster strikes.” We
shouldn't be at all surprised to see the appearance in the near future of an exam to qualily for the new
position of “certified earthquake f[orecaster.”

The primary purpose of this special issue is increase public awareness of the Key Stone Project and
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inform the public of the direction it is heading. As a public research institution, the Communications
Research Laboratory is supported by public tax revenues, and therefore has an obligation to publicly
disclose all plans and research achievements. The Laboratory's research resulis are reported in detail at
academic conferences, but we are also making an effort cultivate wider appreciation of the Laboratory’s
work through news coverage by the media whenever appropriate. The Laboratory also holds press
conferences to publicize its research. However, we still haven't done enough to inform the public of the
details and full scuope of the Key Stone Project, and this special issue was prepared to provide a fuller
explanation. Besides furthering public awareness of the project, we are also open to criticism and will
make every effort to address any legitimate shortcomings. If we succeed in advancing our ability to
predict earthquake even slightly through this project, then everyvone associated with the venture will

certainly feel that the all the time and effort has been well worthwhile.
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