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Supplementary File 2: 
Estimation of the installation orientation of the seismometer at ground level at KiK-net 
stations in Kyushu district 

 
The orientations of the two seismometers must be adjusted when performing deconvolution 

using the records between the vertical arrays. The numerical value of the orientation of 
seismometers installed at the borehole (BH) can be taken from the Hi-net website (Shiomi et 
al., 2003). However, the orientation of seismometers at the ground level (GL) is not given. It 
may be that it is easy to confirm the orientation of the seismometer when installing it at GL, 
so it is not distributed. We estimated the orientation of the seismometer at GL to investigate 
the exact orientation. 

Based on work by Kato et al. (2001), we estimated the orientation at the highest correlation 
coefficient between the two horizontal particle motions at the GL and the BH. The 
seismometers were updated a couple of times during the target observation period, and the 
orientation may have changed during that time. Since the accelerometer at the BH is 
integrated with the Hi-net sensor, we regarded the term for each accelerometer as that for 
each orientation value distributed on the Hi-net website. Regarding surface accelerometers, 
the timing of the renewal of the seismometers was not disclosed. We referred to the scale 
factor as the header for the earthquake motion record. We assumed that the seismograph was 
updated when the scale factor was changed. The installation orientation of the seismometer 
of each generation was estimated. 

For the correlation analysis, we used records of 11 earthquakes of almost M6 or larger, as 
shown in Figure B1. We applied a bandpass filter with a ranging from 0.1 to 0.2 Hz to both 
records at the GL and BH and used the 20-s section with a large amplitude for correlation 
analysis. Only those earthquakes with a correlation coefficient exceeding 0.99 were used to 
estimate the orientation. Figure B2 shows the comparison of particle motions at FKOH03 and 
at the GL and BH before and after the orientation correction. Although the two examples 
were obtained at station FKOH03, the orientation at GL was obviously different from that at 
BH during the 2005 earthquake, but the orientations were very close to each other during the 
2015 earthquake. This is because the installation period of the seismometer was different, and 
the installation orientation may have changed before and after that. This indicates that it is 
necessary to estimate the azimuth for each installation period in order to investigate the exact 
shear-wave anisotropy. Table B1 shows the estimated installation orientation of the surface 
seismometer, the maximum correlation coefficient between the GL and BH of the earthquake 
records used in the analysis, the number of analyzed earthquakes, and the standard deviation. 
The azimuth indicates the clockwise angle from true north. In many cases, the standard 
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deviation is found within 2°, but it is possible that the observation stations with a large 
standard deviation had been replaced when the seismometer was repaired. 
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Figure B1. Source mechanisms to estimate the orientation of the seismometers installed on 
the GL. The triangles indicate the location of the KiK-net stations. 
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Figure B2. Example of a comparison of particle motions with bandpass filtered from 0.1 to 

0.2 Hz both at the ground level (GL) and borehole (BH). The trajectory of the red line after 
adjustment represents the particle motion corrected by the estimated orientation of the 

seismometer at GL. 



4 
 

Table B1. Estimated orientation of the seismometer installed at ground level (GL). The maximum correlation coefficient between GL and the 
borehole used for this correction, the number of analyzed earthquakes, and standard deviation are also listed. 

 


