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At the dense strong motion network, KiK-net, not only a surface sensor but also a
borehole sensor (at about 100 m depth) are installed. Although the borehole sensor-azimuth
has been carefully investigated by National Research Institute for Earth Science and Disaster
Prevention (NIED), we estimate the surface sensor-azimuth at KiK-net stations in Hokkaido.
First we estimate relative azimuth between surface and borehole sensors by evaluating
correlation between surface and borehole long-period waveforms. Next we calculate abso-
lute surface-sensor azimuth taking into account the best fit relative sensor azimuth and the
borehole-sensor azimuth. At 100 among total 112 stations, the azimuth errors are less than
20°. However, at 12 stations the azimuth errors are larger than 20°; one of the stations shows
the error of about 180°. Finally we show the effect of the azimuth error on the analysis of
S-wave spectral ratios between the surface and borehole records.
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Fig.1. Location map showing the KiK-net stations (solid triangles) in
Hokkaido and epicenters of earthquakes (solid stars) used in estimating
the sensor azimuth. The source parameters are given in Table 1.
Four capital letters indicate a subprefecture of Hokkaido.
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Station: TKCHO7

Event: Sep. 26, 2003, 06:08, Tokachi-oki M 7.1

0 10 20 30 40 50 60 70 80 90 100

surface

NS2

borehole Max. -14.68

NS1

surface

NS2

borehole Max. 1.02

NOOOE

surface

NS2

borehole

NO40E

0 10 20 30 40 50 60 70 80 90 100
sec

Max. -64.67(cm/s/s) surface

Max. -1.38(cm/s/s)

Max. -1.38(cm/s/s)

0 10 20 30 40 50 60 70 80 90 100

Max. 67.17

EW2

borehole Max. 15.90

EW1

Max. 1.16

surface

EW2

borehole Max. 1.50

NOSOE

Max. 1.16

surface

EW2

borehole Max. 1.07

N130E

0 10 20 30 40 50 60 70 80 90 100
sec

Fig. 2. Comparison between acceleration waveforms (horizontal components)
obtained by surface and borehole sensors at TKCHO07 from the September 26,

2003 (06:08; M7.1) event.

(a) Original waveforms.

The nominal sensor

azimuth perpendicular to each other is given by (NS2, EW2) and (NS1, EW1)

for surface and borehole sensors.

waveforms.
Table 2.

(b) Band-pass filtered (0.02~0.2Hz)
The borehole-sensor azimuth is corrected for the known value in
(c) The same as (b), but the borehole records are rotated by 40°.

Note that the correlation between surface and borehole waveforms in (c) is

much better than that in (b).
rotates clockwise by 40°.

It indicates that the surface sensor at TKCHO07
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Table 1. Earthquakes used in estimating the sensor azimuth.

No. origin(JST) lon. lat. depth M
1 2001/ 8/14 5:11:24.94 142.440 40.993 38 6.4
2 2003/ 9/26 4:50:. 7.42 144.082 41.776 45 8.0
3 2003/ 9/26 6: 8: 1.84 143.695 41.707 21 7.1
4 2003/ 9/26 15:26 - 58.10 144.780 42.186 27 6.1
5 2003/ 9/29 11:36:.55.06 144 .557 42.357 43 6.5
6 2003/12/29 10: 30 :55.40 144.760 42 .417 39 6.0
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Fig. 3. (a) Comparison between original waveforms at TKCHO07 from the September

26, 2003 (06:08; M7.1) event. All the waveforms are band-pass filtered (0.02~0.
2Hz). Correlation coefficients between surface and borehole waveforms are
given. (b) Results of the grid search analysis for relative azimuth (8) and time- .
shift (At). @ is measured counterclockwise from the surface-sensor azimuth to the
borehole-sensor azimuth. Correlation coefficients between the surface and bore-
hole band-pass filtered waveforms are evaluated and averaged for two horizontal
components, taking various combination of § and At iteratively. Left: Global
search for—180 =< 4(deg.)<180 at an interval of 15° and 0= At(msec)=500 at an
interval of 50 msec. Middle: Regional search for 15 =< 6(deg.)=75 at an interval of
5" and—100=At(msec)=<100 at an interval of 10 msec. Right: Local search for
30 =6(deg.)=50 at an interval of 1° and—50= At(msec)=50 at an interval of 1
msec. (c) Comparison between band-pass filtered waveforms at the surface and
borehole, the latter of which are obtained by correcting the original waveforms for
the best combination of 4 and At in (b).
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Table 2. Estimated azimuths of surface sensors.
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ite cod 4> N 6" At? COR® 4
site code b AV.  S.D. AV. S.D. : :
ABSHOL 1 6 18.8 0.4l 4.2 492 0.9975 —17.8
ABSH02 —2 6 6.0 0.63 —2.5 6.12  0.9910 —63.0
ABSH03 5 6 —75 08  —5.8 10.68  0.99%64 125
ABSHO04 2 6 2.0 1.10 7.5 12.94  0.9912 0.0
ABSH05 3 6 9.2 0.4 2.5 5.24  0.9981  —6.2
ABSHO6 4 6 190 0.00 1.7 5.16  0.9986 —15.0
ABSH(7 4 6 9.8  0.41 2.5 524 0.9988  —5.8
ABSHO08 -3 6 -11.2 041  10.0 8.37  0.9941 8.2
ABSH09 —4 5 -12.8 0.8 1.0 5.48  0.9976 8.8
ABSHI0 -5 6 —58  0.98 2 13.20  0.9954 0.8
ABSHI11 -3 6 153 052 —3.3 408 0.9982 —18.3
ABSHI2 78 6 178.3 0.5 0.8 204 0.999  ~0.3
ABSHI13 1 5 —3.0  0.00 1.0 418 0.9918 4.0
ABSH14 3 6 2.0 000 —1.7 9.31  0.9990  —20.0
ABSHI5 2 6 328 0.4l 5.0 3.6 0.998  —30.8
HDKHO01 1 6 0.8 0.7  -3.3 1291 0.9984 0.2
HDKH02 2 6 42 075 0.8 5.85  0.9980  —2.2
HDKHO03 0 5 134 055  —4.0 10.84  0.99%8  13.4
HDKH04 3 6 43 052 —1.7 6.06  0.9989  —1.3
HDKH05 -3 6 332 075 4.2 492 0.9984  —36.2
HDKH06 -5 6 -83  1.03 5.8 10.68  0.9978 3.3
HDKH07 -2 6 —08 075 —3.3 1211 0.9979 —1.2
HYMHOI 6 4 9.0 0.82 3.8 2.50  0.9980  —3.0
HYMHO02 14 3.3 0.50 —3.8 6.29 09978  —2.3
HYMHO03 ~1 3 143 0.58 3.3 289  0.9981 —15.3
TBUHOL 6 15 084  —75 758 0.9988  —0.5
IBUH02 —2 6§ -32 04l 7.5 524 0.9993 1.2
IBUH03 —3 6  —47 0.8 3.3 8.76  0.9895 1.7
IBUH04 0 6 27 052  —1.7 408 0.9932 2.7
IBUH05 2 6 193 0.8  10.0 15.49  0.9964 —17.3
TBUH06 5 6 —3.7 151  13.3 18.07  0.9875  —1.3
IBUH07 1 5 212 084  —8.0 8.37  0.9852 —20.2
IKRHO1L 3 6 -8.2 075  —1.7 816 0998 1.2
IKRH02 0 6 —20.0  0.00 3.3 10.33  0.9962  20.0
IKRH03 0 6 —03  1.03  23.3 11.25  0.9939 0.3

Note:1) Borehole sensor azimuth (deg) measured clockwise positive from the north estimated by NIED (Nov.

2004).

2) The number of earthquakes used in this study.
3) Relative sensor azimuth (deg) measured clockwise positively from the surface-sensor azimuth to the

borehole-sensor azimuth.

4) Time difference (msec).

5) Correlation coefficient of corrected waves.

6) Surface sensor azimuth (deg) measured clockwise positively from the north (6;=6,—86,).
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Table 2. continued.

ite cod 4, N? 67 At COR> 9
site coce i AV. S.D. AV. S.D. . :
KKWH01 3 4 4.8 0.50 6.3 6.29 0.9988 —-1.8
KKWHO02 2 6 -1.8 0.75 3.3 4.08 0.9905 3.8
KKWHO03 -3 6 ~4.7 0.52 0.8 3.76 0.9989 1.7
KKWH04 3 2 12.5 0.71 -2.5 10.61 0.9990 -9.5
KKWHO05 1 1 2.0 5.0 0.9987 —-1.0
(~2003/08/02)

KKWHO05 5 83.8 0.45 3.0 5.70 0.9982  —83.8
KKWHO06 4 1 ~1.0 5.0 0.9931 5.0
(~2003/08/05)

KKWH06 4 5 -2.2 0.45 3.0 5.70 0.9919 6.2
KKWHO07 3 6 —18.8 0.75 7.5 6.12 0.9981 21.8
KKWHO08 3 6  —24.0 0.63 —9.2 8.01 0.9978 27.0
KKWHO09 —6 6 —4.3 0.82 0.0 5.48 0.9975 -1.7
KKWHI10 —7 6 —6.2 0.41 —0.8 13.93 0.9979 -0.8
KKWH11 -5 4 1.8 0.50 1.3 7.50 0.9988 —6.8
KKWH12 -2 6 -85 0.84 ~3.3 8.76 0.9984 6.5
KKWH13 -5 1 -3.0 0.0 0.9944 -2.0
{~2003/08/21)

KKWH13 -5 5 —3.8 0.45 —22.0 10.37 0.9961 —~1.2
KKWH14 -7 6 -2.0 0.00 0.0 3.16 0.9977 ~5.0
KKWHI5 —4 6 —171.7 0.52 5.0 8.37 0.9972 167.7
KSRH01 -1 6 —2.7 0.52 —~8.3 4.08 0.9982 1.7
KSRH02 —-10 6 1.0 0.00 -3.3 7.53 0.9992  ~11.0
KSRHO03 —42 6 —40.3 0.52 -1.7 2.58 0.9992 -1.7
KSRH04 -3 6 —4.5 0.55 17.5 8.22 0.9957 1.5
KSRH05 0 6 5.5 1.05 3.3 20.66 0.9890 ~5.5
KSRHO06 -6 6 —~8.3 1.86 —13.3 6.83 0.9929 2.3
KSRH07 0 6 -2.5 0.55 10.0 10.49 0.9972 2.5
KSRH08 -1 4 6.8 0.50 6.3 8.54 0.9984 -7.8
KSRH09 2 6 —6.0 0.63 1.7 2.58 0.9996 8.0
KSRH10 -3 5 2.2 0.84 ~5.0 13.69 0.9914 -5.2
NMRHO01 0 5 -9.8 0.45 -2.0 2.74 0.9997 9.8
NMRH02 —6 6 ~5.8 0.75 9.2 2.04 0.9952 -0.2
NMRHO03 -4 5 -0.8 1.10 9.0 14.75 0.9838 ~3.2
NMRH04 —2 6 4.5 0.84 7.5 15.41 0.9851 —6.5
NMRH05 -3 5 —0.2 0.84 6.0 10.84 0.9897 —2.8
OSMHO01 5 5 7.6 0.55 -1.0 4.18 0.9986 —2.6
OSMH02 2 6 7.0 0.63 —-8.3 10.33 0.9890 -5.0
RMIHO01 2 6 15.2 0.41 0.0 4.47 0.9992 —13.2
RMIH02 3 6 4.8 0.75 1.7 6.83 0.9981 ~1.8
RMIH03 4 5 ~1.4 0.55 9.0 14.75 0.9971 5.4
RMIH04 0 5 -3.2 0.45 1.0 2.24 0.9989 3.2
RMIHO05 -1 5 1.0 0.71 8.0 11.51 0.9973 -2.0
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Table 2. continued.

149

6 At
site code 6,2 N? COR.? A
AV. S.D. AV, S.D.

SBSHO1 5 6 —-3.0 0.63 4.2 8.01 0.9933 8.0
SBSHO02 -2 6 —2.2 0.75 —10.0 4.47 0.9952 0.2
SBSHO03 2 5 6.2 1.10 ~2.0 5.70 0.9924 —4.2
SBSH04 2 4 2.3 0.50 ~1.3 6.29 0.9979 -0.3
SBSHO05 0 4 -2.3 0.50 6.3 6.29 0.9988 2.3
SBSH06 -1 6 —8.8 0.41 —~2.5 6.89 0.9989 7.8
SBSH07 2 5 -1.0 0.00 0.0 3.54 0.9962 3.0
SBSHO08 -2 5 —4.4 0.55 -~5.0 6.12 0.9962 2.4
SBSHO09 3 5 —4.2 1.10 1.0 4.18 0.9958 7.2
SBSH10 2 3 7.7 0.58 3.3 5.717 0.9991 —5.7
SOYHO01 2 —2.0 0.00 2.5 3.54 0.9993 2.0
SOYHO02 -3 6 10.8 0.98 14.2 7.36 0.9914 —13.8
SOYH03 3 2 —-9.5 0.71 —-2.5 3.54 0.9986 12.5
SOYH04 -2 1 1.0 —10.0 0.9978 —-3.0
(~2003/08/24)

SOYH04 2 2 1.5 0.71 5.0 7.07 0.9986 0.5
SOYHO05 6 2 6.0 0.00 2.5 3.54 0.9959 0.0
SOYH06 2 2 11.5 0.71 10.0 0.00 0.9986 —-9.5
SOYHO07 -1 2 0.0 0.00 5.0 0.00 0.9995 —1.0
SOYHO08 1 6 0.8 0.98 4.2 4.92 0.9967 0.2
SOYH09 0 6 0.3 0.52 0.8 6.65 0.9971 —0.3
SOYHI10 2 5 11.0 0.00 1.0 4.18 0.9945 —9.0
SRCHO01 -2 6 —8.7 0.52 0,0 7.07 0.9990 6.7
SRCHO02 —4 5 —10.8 1.30 —-2.0 8.37 0.9956 6.8
SRCHO03 -5 4 —-1.0 0.82 0.0 4.08 0.9978 —4.0
SRCH04 -1 6 -3.0 0.00 —12.5 6.89 0.9983 2.0
SRCH05 6 4 5.0 0.82 3.8 7.50 0.9970 1.0
SRCHO06 —106 6 —106.8 0.75 —-1.7 7.53 (.9988 0.8
SRCHO07 1 6 12.3 1.03 6.7 11.25 0.9957 —11.3
SRCH08 -3 6 —-11.3 0.52 9.2 4.92 0.9993 8.3
SRCHO09 0 6 -0.8 0.41 0.0 3.16 0.9990 0.8
SRCH10 -1 6 —0.3 0.82 7.5 12.14 0.9973 —0.7
TKCHO01 2 6 1.3 0.52 1.7 6.83 0.9971 0.7
TKCHO02 3 6 —5.8 0.41 5.0 6.32 0.9987 8.8
TKCHO03 1 6 1.3 0.82 0.8 3.76 (.9988 —0.3
TKCHO04 3 6 2.2 0.41 0.0 10.49 0.9963 0.8
TKCHO05 1 6 —17.5 0.55 5.0 4.47 0.9995 18.5
TKCH06 1 6 -31.7 0.52 5.8 7.36 0.9978 32.7
TKCHO07 4 6 —39.0 0.00 2.5 5.24 0.9983 43.0
TKCHO08 2 6 —13.0 0.63 5.8 6.65 0.9986 15.0
TKCHI10 -3 5 8.4 0.55 —4.0 8.22 0.9984 —11.4
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T3, A7 PVHOFERRD L HI4TH. 7, HREMWPDOMEHOBREHMEZRL
< radial, transverse B E#RT 5. Kic, BRTHRAR->Z SEDMLL LX) 0 1 M5
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WA LT B ENERE Fig. 4 1277, TKCHO7 TREE2Thh WEACIIEGD
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Table 3. Earthquakes used in calculation of the spectral ratio.

origin time(JST) lon. lat. depth M
2000/10/ 7 8:19:42.25 142.980 42.309 58 4.4
2000/10/15 20:33:14.59 143.646 42.582 79 4.0
2000/11/15 23:19:30.20 144.564 42.768 55 4.5
2000/12/ 3 6:12:23.40 142 .864 42.117 45 3.8
2000/12/ 8 6:14:44.70 144.442 43.251 131 4.2
2001/ 4/23 9. 4:18.63 143.375 42.462 54 4.3
2001/ 4/27 248 :158.20 145.880 43.025 80 5.9
2001/ 5/ 8 6:27:36.61 143.097 42,332 49 4.6
2001/ 6/21 21:54:23.32 142.548 42.444 30 4.3
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Fig. 4. SH-wave spectral ratios of surface records to borehole records at (a)
TKCHO07 and at (b) TKCHO8 for 10 events in Table 3. Left: Spectral
ratios without correction for sensor azimuths, and Right: Spectral

ratios with correction for sensor azimuths.
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