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Abstract 

Since1996, crustal deformation has been observed at the four sites in the Tokyo metropolitan area 

using the space geodetic techniques. The program is named Keystone project (KSP).  At the end of 

June in 2000, volcanic and seismic events started at Izu islands south of Tokyo.  Following the 

event, extraordinary crustal deformation was observed not only around the Izu islands, but also at the 

Keystone network, where the closest site is over 100 km away from the Izu islands. Until the end of 

August, both the volcanic and seismic activities were high. Between Kashima and Tateyama, the 

baseline length changed over 2 cm/month, which is the largest change among the Keystone stations. 

The obtained data by real-time VLBI was provided to the related national institutes and to the public 

via internet. This is the first case that VLBI system observed the full process of crustal deformation 

together with GPS and SLR. It is explained that the crustal deformation was caused by the dyke 

intrusion event at Izu islands. The data was used to estimate the volcanic model.  
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１．Introduction 
The Keystone Project (KSP) was planned to monitor the crustal deformation among 

the Tokyo area using the most advanced space geodetic techniques (Figure 1) [1]. 
Since1996, geodetic results have been regularly produced from the four VLBI stations 
using the data recording systems. The VLBI observation system is designed to be 
automated for a regular use [2]. Since June in 1997, real-time VLBI (very long baseline 
interferometry) observations started in the Keystone network based on the high speed 
network with the cooperation with NTT. The received data from the radio sources at 
each Keystone station is sent to the central station at Koganei with 256 Mbps data rate 
via optical fiber network for a real-time data processing [3].  At the Keystone stations, 
VLBI, SLR (Satellite Laser Ranging) and GPS (Global Positioning System) facilities 



are placed within c.a. 100 m distance. Furthermore, the GPS receivers at Koganei and 
Kashima are elements of the nationwide GPS network operated by the Geographical 
Survey Institute (GSI). As an integrated space geodetic network [4], its performance is 
also studied by the collocation of the systems for the future international geodetic 
network. 
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 On June 26 in 2000, earthquake 
swarm started at the Miyake island 
about 150 km south of Tokyo. On June 
27, volcanic activity started (Figure 2). 
As is depicted in Figure 3 (Courtesy 
Environment Information Technology 
Group in CRL), the large scale 
volcanic eruption was observed by an 
airborne Synthetic Aperture Radar 
(SAR) in X-band. The seismic 
activities are shown in Figure 4. It is 
understood the activity was high in 
July and August. Following these 
activities, we detected the 
extraordinary crustal deformation 
in the Keystone network (Figure 
5). According to Koyama’s 
estimation [6], beginning of the 
crustal deformation coincides 
with the time when the 
earthquake swarm began. We 
changed the frequency of regular 
VLBI observations from every 
two days to every day (July 
22-November 11). In the baseline 
connected to Tateyama, length 
change was most significant. 
Baseline length change of the 
Koganei-Tateyama and Kashima 
-Tateyama since the beginning of 
2000 is shown in Figure 6 and 7.  

The geodetic results obtained 
by real-time VLBI system was 
provided to the Meteorological 
Agency in Japan and national 
committees for earthquake 
research. Moreover, it was put on 
the Keystone Web site. These 

Figur

Synth

(Left

Size 

 

 

 

Figure 2  Volcanic eruption at Miyake island
(August 10, 2000). Courtesy Asia Air Survey Co.,

Ltd.    
e 3  Miyake-island observed by  an airborne

etic Aperture Radar (SAR) in X-band  

: 2000/July/6, Right: 2000/Aug./2). 

of the crater is EW:1370m, NS:1360m, Depth:410m. 

 

Figure 4  Frequency of Earthquakes at Miyakejima  

(Courtesy JMA ). 



results contributed to understand the status of on-going volcanic and seismic activities. 
The seismic activities almost stopped at September, 2000.   

 

 
 
 

 

Figure 5 Baseline length between Kashima

and Tateyama since 1996. 
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Figure 6 Baseline length between Koganei

and Tateyama since 2000. 
. Interpretation     
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. Summary 
Crustal deformation in the Tokyo area has 
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Figure 8 Site velocity after the event (June 

26 – Sept. 15 , 2000) 

intrusion was dominant. Full process of crust
VLBI and other space geodetic techniques. It
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