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Fig.1 Magnetic stations all over Japan

operated by Geomagnetic Research

Group on Earthquake Prediction (after
Tsunomura, 1998)
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Fig.2 Locations of continuous observation sites of the geomagnetic total intensity (TOT, MYA,

AMG, SBE, NAM, HRJ).
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Fig.3 Daily geomagnetic changes at each observation site. Labels of abscissa are denoted by JST

(Japan Standard Time). Data aquired on 1995.07.15 are shown as examples.
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Table 1 Averaged values of standard deviations over 1 year {1993) calculated from 12 values of
monthly standard deviations for reduced residuals in case of the simple difference method. Standard

deviations for monthly standard deviations themselves are shown in parentheses.

TOT | AMG | SBE | NAM | HRJ | KAK | KNY | MMB
TOT — | 142 | 123 | 082 | L16 | 1.92 | 289 | 3.19
(&) (0.45) | (0.30) | (0.30) | (0.35) | (0.62) | (0.93) | (0.85)
AMG | 142 | — ] 202 | 118 | 170 | 1.62 | 268 | 375
(R #) | (0.45) (1.00) | (0.24) | (0.45) | (0.45) | (0.85) | (0.82)
SBE | 123 | 202 | — | 1.03 | 118 | 1.87 | 327 | 3.15
(#5T) | (0.30) | (1.00) (0.37) | (0.43) | (0.64) | (0.84) | (0.96)
NAM | 082 | 118 | 103 | — | 087 | 1.59 | 274 | 3.18
(TXRE) | (0.30) | (0.24) | (0.37) (0.29) | (0.56) | (0.70) | (0.85)
HRJ | 116 | 170 | 1.18 | 087 | — | 195 | 3.0 | 276
(E£52) | (0.35) | (0.45) | (0.43) | (0.29) (0.75) | (0.81) | (0.72)

Table 2 Averaged values of standard deviations over 1 year (1993) calculated from 12 values of
monthly standard deviations for reduced residuals in case of the weighted difference method. Their
standard deviations are shown in parentheses. Variations of total intensity at stations shown at the

left column are reduced by those of total intensity at stations shown at the upper row.

TOT | AMG | SBE | NAM | HRJ | KAK | KNY | MMB
TOT — | 112 | 114 | 075 | 098 | 165 | 149 | 269
(BE) (0.26) | (0.28) | (0.25) | (0.28) | (0.53) | (0.54) | (0.86)
AMG | 121 | — | 172 | 092 | 123 | 156 | 150 | 2.88
(R #) | (0.33) (0.85) | (0.18) | (0.29) | (0.44) | (0.50) | (0.95)
SBE | 111 | 165 | — | 096 | 110 | 1.55 | 156 | 265
#&T) | (0.29) | (1.07) (0.34) | (0.43) | (0.56) | (0.63) | (0.94)
NAM | 076 | 085 | 099 | — | 070 | 137 | 1.26 | 347
(BXAE) | (0.28) | (0.17) | (0.37) (0.34) | (0.43) | (0.49) | (0.75)
HRJ | 095 | 1.07 | 1.07 | 068 | — | 153 | 146 | 2.30
(£37) | (0.31) | (0.27) | (0.43) | (0.34) (0.54) | (0.52) | (0.69)

Table 3 Yearly averaged values of standard deviations for 1981, 1992, 1993, 1994, 1993, 1996 in case

of the weighted difference method.

1981 | 1992 | 1993 | 1994 | 1995 | 1996
TOT—KAK | 15 | 19 | 1.7 | 15 | 15 | 12
(0.4) | (0.4) | (0.5) | (0.2) | (0.5) | (0.3)
TOT—KNY | 1.1 | 15 | 15 | 1.3 | 13 | 11
(0.2) | (0.5) | (0.5) | (0.4) | (0.4) | (0.3)
TOT—MMB | 28 | 29 | 27 | 24 | 23 | 17
(1.0) | (0.4) { (0.9) | (0.6) | (0.4) | (0.3)
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Table 4 Averaged values of standard deviations over 1 year (1993) calculated from 12 values of

monthly standard deviations for reduced residuals in ‘case of the regression method with two refer-

ence stations.

TOT | AMG | SBE | HRJ | KAK | KNY | MMB
TOT—NAM | — | 072 | 072 | 071 | 070 | 0.72 | 0.65
(0.23) | (0.24) | (0.23) | (0.26) | (0.24) | (0.25)

AMG—NAM | 089 | — | 089 | 089 | 083 | 0.85 | 0.87
(0.18) (0.18) | (0.17) | (0.16) | (0.18) | (0.17)
SBE—NAM | 091 | 094 | — | 087 | 0.86 | 0.89 | 0.89
(0.27) | (0.30) (0.31) | (0.28) | (0.31) | (0.28)
NAM—HRJ | 049 | 053 | 060 | — | 061 | 0.55 | 0.82
(0.24) | (0.19) | (0.32) (0.34) | (0.28) | (0.64)
HRJ—NAM | 077 | 079 | 072 | — | 073 | 0.73 | 0.75
(0.57) | (0.52) | (0.48) (0.51) | (0.52) | (0.52)

Table 5 Averaged values of standard deviations over 1 year (1993) calculated from 12 values of

monthly standard deviations for reduced residuals in case of the regression method with three

reference stations.

TOT | AMG | SBE | HRJ | KAK | KNY | MMB
TOT—NAM-MMB | — | 064 | 063 | 0.61 | 061 | 061 | —
(0.25) | (0.22) | (0.20) | (0.19) | (0.21)
AMG—NAMKAK | 081 | — | 081 | 08 | — | 082 | 078
(0.16) (0.16) | (0.14) (0.16) | (0.15)
SBE—NAMKAK | 083 | 08 | — | 081 | — | 083 | 0.84
(0.26) | (0.27) (0.27) (0.25) | (0.28)
NAM—HRJ-TOT | — | 038 | 044 | — | 039 | 041 | 040
(0.09) | (0.22) (0.22) | (0.20) | (0.18)
HRJ—NAMSBE | 069 | 071 | — — | 069 | 068 | 069
(0.50) | (0.47) (0.49) | (0.48) | (0.49)
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Table 6 Yearly averaged values of standard deviations in case of the regression method with three

reference stations.

1992 | 1993 | 1994 | 1995
TOT—NAM-MMB-KAK | 078 | 061 | 057 | 0.63
(0.32) | (0.19) | (0.09) | (0.54)
TOT—NAM-MMB-HRJ | 080 | 061 | 0.59 | 0.42
(0.43) | (0.20) | (0.13) | (0.13)
TOT -NAM-MMBKNY | 077 | 061 | 056 | 0.64
(0.29) | (0.21) | (0.08) | (0.55)
AMG —NAM-KAK-MMB | 073 | 0.78 | 087 | 0.78
(0.16) | (0.15) | (0.30) | (0.38)
SBE—NAM-KAK-HRJ | 087 | 081 | 070 | 063
(0.14) | (0.27) | (0.12) | (0.11)
NAM —HRJ.TOT-AMG | 043 | 038 | 041 | 0.32
(0.12) | (0.09) | (0.15) | (0.13)
HRJ—NAM-SBEKNY | 053 | 068 | 036 | 0.28
(0.32) | (0.48) | (0.25) | (0.12)
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Fig.5 Monthly changes of weighted coefficients at TOT in case of the regression method with three

reference stations. The coefficients in respect of reference stations NAM, MMB and KAK are

denoted by marks @, A and M respectively. Maonthly values of standard deviation are shown by

bar grapfs.
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Fig.6 Monthly changes of weighted coefficients at AMG in case of the regression method with three

reference stations. The coefficients in respect of reference stations NAM, KAK and MMB are

denoted by marks @, A and W respectively.
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Fig.7 Monthly changes of weighted coefficients at SBE in case of the regression method with three

reference stations. The coefficients in respect of reference stations NAM, KAK and HRJ are denoted

by marks @, A and M respectively.
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Fig.8 Monthly changes of weighted coefficients at NAM in case of the regression method with three

reference stations. The coefficients in respect of reference stations HRJ, TOT and AMG are denoted

by marks @, A and B respectively.
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Fig.11 Reduced residuals at AMG from JUL.1993 to DEC.1993. (a) The simple differences refering
to NAM, (b) the weighted differences refering to NAM, (c) residuals by the regression method with
reference stations NAM and KAK, and (d) residuals by the regression method with NAM, KAK
and MMB are shown.

Secular Changes in the Geomagnetic Total Force in Hokuriku,
Kinki and Chugoku Districts (3)
—An Application of the Regression Method to the Analysis
in the Geomagnetic Secular Changes—

Shin’ya SAKANAKA*, Ken-ichi YAMAZAKI, Norihiko SUMITOMO
and Naoto OSHIMAN

* Aso Volcanological Laboratory, Graduate School of Science, Kyoto University, Japan
Synopsis

The secular changes of the geomagnetic total force obtained from proton precession magnetometer
observations are shown at 6 stations Tottori, Mineyama, Amagase, Sabae, Nishi-Amo and Horyu in the
western part of Japan. Decreases by up to about 5nT in the geomagnetic total force refering to Kakioka
Magnetic Observatory were observed at Mineyama and Amagase during one year in 1998, whereas the
geomagnetic total force in the western part of Japan had increased until the beginning of [990’s at the
rate of about 1nT/year against Kakioka in the eastern part of Japan.

Some results of application of the regression method to the analysis in the geomagnetic secular changes
are also shown in order to remove the magnetic disturbances from the ionosphere and/or the magneto-

sphere.

Keyword: proton precession magnetometer; geomagnetic secular variation; piezomagnetic effect;

simple difference method; weighted difference method; regression method



