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Fig. 1 Ground-strains for 4 components of super-invar-bar extensometers ( E-1, R-2, R-3, R-6 ) and
atmospheric pressure from Jan., 1997 to Dec., 1999. Upward direction shows extension. A y-axis of the

atmospheric pressure is arbitrary unit.
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Fig. 2 Example of analyzed data, which include trend, tidal component, response to the atmospheric pressure, and
residual for E-1. Upward direction shows extension.
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Table 1 The summary of tidal factors

Theoretical Observed

[Solid Earth tide Oceanic tidal effect |Total
E-1 |Amplitude] Phase |Amplitude] Phase |Amplitude] Phase JAmplitude (RMSEJPhase (RMSE)
01 6.387] 11.35 0.449 | 124.52 6.224| 15.15 4.001 (0.028)] 12.62 (0.40)
M2 5.9831 -20.92 1.862] 71.62 6.187] -3.42 3.839 (0.007)] -4.06 (0.11),
R-2
[]} 6.219] -16.77 0.7591 174.77 5.477] -18.36 9.327 (0.406)] -17.22 (2.50)
M2 7316 24.64 2.5641 -61.87 7.898 5.74 15.604 (0.078) 8.67 (0.29)
R-3
01 4.861] 21.67 0.568| -16.13 53211 17.92 7.916 (0.268)]  6.24 (1.94)
M2 12.001] -14.73 5.085] 140.86 7.664 1.19 13.690 (0.052)]  4.04 (0.22)
R-6
[o]] 6.387] 11.35 0.449] 124.52 6.224| 15.15 2.723 (0.075)] 10.65 (1.57)
M2 5.983| -20.92 1.862] 71.62 6.187] -3.42 2.702 (0.016)] -4.79 (0.34)

Amplitude : x10° Phase : Degree (Lag positive)
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Fig. 3 Phasor diagrams of tidal factor. The center is lag=0" , and right side is phase lag. Green, blue, and red lines are
solid earth tide, theoretical tide including ocean loading effect, and observed tide, respectively. The ocean loading effect
is not present, but it is apparent that subtracting the solid earth tidal vector from the theoretical tidal one.
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Fig. 4 An azimuthal asymmetry of tidal strain
amplitude. Red lines represent that amplitude of
O1 constituent is bigger than that of M2
constituent, and green lines are opposite case. (a)
is a case of theoretical earth tidal strain amplitude
and (b) is case of theoretical tidal strain amplitude
including ocean loading effect. (c) is same figure
with (b), but estimate is every 1 degree.
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Measurement of Earth Tidal Strain at Amagase Observatory

Masatake HARADA, Tamotsu FURUZAWA, Fumio OHYA, Wataru MORII, Masaru YAMADA

Synopsis
In Amagase Observatory, the continuous observation of ground strain has been carried out since 1967 by roller type
super-invar-bar extensometers. Since 1995, we exchanged a detector from roller type magnifier to differential transformer
and supporting the super-invar-bar from roller to stainless wire, because ground strains may be diminished by frictional
forces between the super-invar-bar and supporting roller or roller type magnifier in the tidal strain amplitude range. We
analyzed earth tidal strain using new extensometers. As a result, we can discuss tidal factors more precise than those

obtained by previous type extensometers.

Keywords: earth tide; strain; Amagase Observatory; BAYTAP-G
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