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Fig. 4.3.1.  Location of the Funagira tunnel (triangle), source area of the long-term Tokai SSE (large circle), and 

low-frequency earthquake distribution (small circles).  The source area of the expected Tokai 
earthquake is indicated by the thin solid curve.  
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Fig. 4.3.3.  Cross section of the installation site.  The vertical and horizontal scales are the same.  The scale on 
the right denotes elevation above mean sea level. 

Fig. 4.3.2.  Location of the Funagira tunnel (red line segment) where the laser extensometer was installed. 
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Fig. 4.3.4 BAYTAP-G Tamura et al., 1991
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Fig. 4.3.5.  Amplitude and phase lag of the tidal strain observed by the Tenryu-Funagira laser extensometer. 
The circles denote observed value, and solid squares denote theoretically predicted values. 

Fig. 4.3.4. Example of raw data observed by the Tenryu-Funagira laser extensometer in January 2008. 
Trend, tidal strain, atmospheric pressure response, and irregular component are also indicated. 
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Fig. 4.3.6.  Factor of atmospheric pressure of the volumetric strainmeter, the multi-component strainmeter, and the 

laser extensometer in the Tokai district. The factor of the silica tube extensometer at Matsushiro is also 
depicted. 
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Fig. 4.3.7.  Strain change observed by the Tenryu-Funagira laser extensometer throughout the experimental 
observation from December 2007 to December 2008. 

Fig. 4.3.8.  Strain change observed by the Tenryu-Funagira laser extensometer throughout the experimental 
observation from December 2007 to December 2008. The linear secular change of -4.2x10-7 
strain/year is removed. 
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Fig. 4.3.9. The upper two panels indicate atmospheric pressure change and temperature changes observed in the 

Tenryu-Funagira tunnel. The thin line denotes temperature observed 100m from the south entrance of 
the tunnel, and the thick line denotes that observed 300m from south entrance of the tunnel. The two 
lower panels indicate temperature change and daily precipitation observed at the Tenryu AMeDAS 
station. 
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Fig. 4.3.10.  Temperature changes in the Tenryu-Funagira tunnel. The numerals denote distances from the south 

entrance of the tunnel. (a) Changes from October 2005 to October 2006. (b) Changes in January 2006. 
The dots on 700m indicate that the wind direction is north, and those on 100m indicate that the wind 
direction is south. 
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Fig. 4.3.11.  Strain and temperature changes in the Tenryu-Funagira observation tunnel from December 13, 2007 

to February 6, 2008. Here, tem_100 indicates the temperature 100m from the south entrance of the 
tunnel, and tem_300 indicates the temperature 300m from the south entrance of the tunnel. 

- 224 -

気象研究所技術報告　第 63 号　2011



63 2011 
 

- 225 - 
 

 

 
 
Fig. 4.3.12.  Correlation factors between strain and temperatures. Here, tem_100 indicates the temperature 100m 

from the south entrance of the tunnel, and tem_300 indicates the temperature 300m from the south 
entrance of the tunnel. 

 
 

 
Fig. 4.3.13.  Strain changes, temperature effect of strain, and corrected strain changes (a) from December 13, 2007 

to February 6, 2008, and (b) from October 22 to December 16, 2008. 
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Fig. 4.3.14.  10Hz sampling (raw) data of strain changes and output of the low-pass filter with a cut-off time of one 

minute.  (a) During a period when fluctuation of several minute cycle was observed. (b) During a period 
without such fluctuation. 

 

 
Fig. 4.3.15.  Strain change and air pressure change on December 16, 2007. Strain change in a period indicated by 

 is presented in Fig. 4.3.14 (a) and that indicated by  in (b). 
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Fig. 4.3.16.  Power spectrum density functions of air pressure and strain observed at Tenryu-Funagira on December 

16, 2007. Thick and thin lines denote the power spectrum density calculated from 11:00 to 15:00 and 
others. 
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Fig. 4.3.17.  (a) Band-pass-filtered strain data in a range of 60-300seconds from December 16, 2007 to February 6, 

2008.  (b) Air pressure data of the same pass-band. 
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Fig. 4.3.17. (continued) 
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Fig. 4.3.18.  Temperature changes in the tunnel from November 2008 to February 2009. Thin and thick lines denote 

temperature observed at 100m and 300m from the south entrance of the tunnel. The temperature in 
period A (from December 16) was stable. The temperature in period B (from January 16 to February 6) 
was disturbed due to construction work. 
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Fig. 4.3.19.  Strain change observed by the Tenryu-Funagira laser extensometer, cumulative precipitation deviation, 

and daily precipitation observed at the Tenryu AMeDAS station from December 2007 to December 
2008. 

 

 
Fig. 4.3.20.  Cumulative precipitation deviations calculated from daily precipitation observed at the Tenryu AMeDAS 

station and strain changes observed by the Tenryu-Funagira laser extensometer (a) from June 17 to 
July 6, and (b) from August 17 to September 5. 
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Fig. 4.3.21. Strain changes observed at Tenryu-Funagira. The thick horizontal lines denote the period when 
low-frequency earthquake was active. (a) December 22, 2007 to January 20, 2008. (b) May 3 to 
June 1, 2008. (c) August 16 to September 14, 2008. 
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Fig. 4.3.22.  Location map of crustal deformation observation stations ( : Tenryu-Funagira laser 
extensometer, : Multi-component strainmeter) and distribution of low-frequency earthquakes 
(LFEs) (circles) in and around the Tokai district. Rectangular areas (I), (II), (III), and (IV) denote 
clusters of LFE. 
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Fig. 4.3.23.  Linear strain changes of the Tenryu-Funagira laser extensometer and the north-south component 
of multi-component strainmeters, the number of low-frequency earthquakes in each area depicted 
in Fig. 4.3.22, and daily precipitation at Tenryu from August to November 2008. Numerals in 
brackets attached to the station names denote the azimuth of the strain sensor. In the graph, M 
denotes maintenance of the strainmeter. 
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Fig. 4.3.24.  Power spectrum density (PSD) function of the laser extensometers. The left panel denotes the PSD of 

the Tenryu-Funagira laser extensometer. The right panel denotes the PSDs at Kamioka, Pinon Flat 
(PFO), Poorman Mine (PM), Gran Sasso (GS), and Queensbury Tunnel (QT) compiled by Takemoto 
et al. (2004). 
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Fig. 4.3.25.  (a) Evaluated detection levels of the laser extensometer installed at Tenryu-Funagira. The broken 
curves denote the detection level of the laser extensometer evaluated by Agnew and Wyatt (2003). 
(b) Detection levels of the laser extensometer (thick curve) and the multi-component strainmeter 
(thin curves), and linear strains induced by short-term and long-term SSEs (red lines). (c) Detection 
level of the GPS coordinate (thick curve) and displacement induced by short-term and long-term 
SSEs (pink lines). The dotted curves denote three times the evaluated detection level. 
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