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Photo 2.5.1 Lava dome of Tarumae volcano. This photo was taken from the GPS point W2.

2R��µÚÛEÜÝ��Þ )pp�

ß)��ß



Fig. 2.5.1 (a) Locations map of Tarumae volcano and other active volcanoes in Hokkaido. The epicenter of the 2003
Tokachi�Oki earthquake is denoted by a star. (b) Topographic map of Tarumae volcano. The dots indicate the
campaign GPS observation points. The rectangle in the center represents the area of Fig. (c). (c) Detailed map of the
Tarumae lava dome. A�H, K, L, and N are fumaroles. The red circle indicates the campaign GPS observation sites.

Fig. 2.5.2 Outline of the activity of Tarumae volcano (according to the SDMO). From top to bottom, the temperature of
vent A, monthly maximum and mean height of the volcanic plume from vent A, monthly number of volcanic earthquakes,
and a diagram of amplitude and duration time of volcanic tremors.
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Table 2.5.1 Location of campaign GPS and geomagnetic observation points on Tarumae
volcano. The geomagnetic points were prepared by the Sapporo District Meteorological
Observatory (SDMO).
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Fig. 2.5.3 Location map of campaign GPS observation points (black circle) and magnetic observation points (red cross)
on Tarumae volcano.

Fig. 2.5.4 Historical table of GPS observations at Tarumae volcano.
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Photo 2.5.2 Campaign GPS observation points on Tarumae volcano.
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Fig. 2.5.5 Time series of the change of (a) east�west components, (b) north�south components of horizontal distance,
(c) vertical distance, and (d) baseline lengths observed by campaign GPS observations from July 1999 to October
2005. The reference point is FE2.
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Fig. 2.5.6 Displacement vectors detected by campaign GPS measurements. (a) from July 1999 to August 2000. (b)
from July to October 2003. A square mark designates the fixed site.
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Fig. 2.5.7 Comparison of calculated displacement vectors (blue arrow) and observed vectors (red arrow) on Tarumae
volcano from July 1999 to August 2000. Pink circles indicate the pressure source (depth = 730 m asl (310 m from the
top of dome), Δ� = 1.9�10� m�), estimated by the modified Mogi model (see section 1.4 in this report) from the
horizontal vectors. The radius of the pressure source was calculated from �= 4.6 GPa, ΔP = 7 MPa (hydrostatic
pressure at source depth, � = 2300 kg/m�) in Δ� = πa�Δ�/�.
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Fig. 2.5.8 (a) Displacements to the site FE2 calculated for a model fault of the 2003 Tokachi�Oki earthquake. (b)
Comparison of the observed horizontal displacements (red arrow) and calculated displacements by the pressure sources
and by the fault of the 2003 Tokachi�Oki earthquake (blue arrow) on Tarumae volcano from July to October 2003. Pink
and light blue cross marks indicate the pressure sources, estimated by the modified Mogi model from the horizontal
vectors except site D1. A: inflation source, depth = 760 m asl, Δ� = 3.0�103m�. B: deflation source, depth = �0 m asl,
Δ� = �1.6�104m�.
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Fig. 2.5.9 Total intensity variation at each observation point
determined by repeated geomagnetic observations on Tarumae
volcano. The red lines indicate the values on the north side of the
Tarumae lava dome, the black lines indicate the values on the south
side, and the green lines indicate the values on the east side. These
observations were carried out by the SDMO.

Fig. 2.5.10 Distribution of total intensity measured from July 1999 to October 2000 (a), and from May to October
2003 (b).
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Fig. 2.5.11 (a) Comparison of calculated total intensity determined by the demagnetized model (right side bar) and
observed ones (left side thick bar). The pink circle indicates the demagnetized source, estimated as a magnetic dipole
(depth = 670 m asl., dipole moment = 8.7�106Am2). (b) The north�south cross section along the red vertical line in Fig.
2.5.11(a).
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Fig. 2.5.12 Comparison of calculated total intensity by
the demagnetized model (right side bar) and observed
ones (left side thick bar). Pink circle indicates the
demagnetized source given as the same region as the
pressure sources presented in Fig. 2.5.8 (b).

Fig. 2.5.13 3D FE model to simulate the deformation
generated by a pressure source on Tarumae volcano.
The region of the model is a hexagonal column with a
side of 12 km and a height of 15 km. The topography is
generated from 50 m mesh DEM of the GSI. The mesh
size on the center part of the volcano is 50 m, that on
the surrounding region of Tarumae is 150 m, and that on
the top surface is 600 m. The bottom and lateral
boundary conditions are fixed.
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Fig. 2.5.14 (a) Relationship between the horizontal displacements and the horizontal distance from the pressure
source. The displacements simulated by using the 3D FEM model placed at various depths (elevation(h) = 680 to 800
m asl.) with a radius of the pressure source (a = 100 m). (b) The root mean square error between the simulated
horizontal displacements for various depths and observed ones.

Fig. 2.5.16 Relationship between the vertical
displacements and horizontal distance from the same
pressure source as used in Fig. 2.5.15.

Fig. 2.5.15 Comparison of simulated displacement
vectors by the pressure source (red arrow) and
observed ones (blue arrow) on Tarumae volcano from
July 1999 to August 2000. The pink circles with a
cross indicate the pressure sources, chosen as the
best�fit model (h = 760 m, a = 100 m) from the simu-
lated model with various depths and radii.
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Fig. 2.5.17 Relationship between (a) the vertical displacements and horizontal distance, and (b) horizontal
displacements. The weight of the dome (height = 100 m, radius = 150 m, density = 3000 kg/m�) is added to the
pressure source (h = 760 m, a = 100 m, ΔP = 13Mpa).
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Fig. 2.5.18 Time variation of the change of the
baseline across the dome (blue circles east to west (E
1�W1), red squares north to south (N1�S1)), changes
of total intensity at the most sensitive site (M4 north of
dome, M9 south of dome) against a demagnetized
region under the dome. The daily number of volcanic
earthquakes (bar graph) and the temperature of vent A
(orange triangle).

Fig. 2.5.19 Displacements and total intensity calculated by the separate models of deformation and geomagnetic data
(same as Fig. 2.5.7 and Fig. 2.5.11(a)).
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Fig. 2.5.20 Comparison of simulated and observed data. The source is estimated from a combined modeling with the
deformation and geomagnetic data.
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