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Fig. 1.4.1 Schematic illustration of the modified
Mogi (mMogi) model. �� and �� indicate horizontal
and vertical displacements of the ground surface; �
and a indicate depth and radius of the spherical
pressure source; � is the horizontal distance between
a surface point and a point just above the center of
the pressure source. Δ� indicates pressure change
at the pressure source, and � indicates the altitude of
the ground surface above sea level.

Fig. 1.4.2 Horizontal and vertical displacements of
Mogi�s solution (thin lines, � = 10, 12, and 14 km)
and the mMogi�s solution (thick line, � = 10 km) on a
conical topography (conic radius is 15 km and the
height is 4 km). Δ� = 1.01325�108 Pa, the rigidity
of body � = 4�1010 Pa.
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Table 1.4.1 Parameters of the FEM model used for this study, calculated maximum displacement.
Estimated pressure source parameter (depth D, amplitude K, horizontal position X), for horizontal (��),
vertical (��), and 3D vector (3D vector) displacement.
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Table 1.4.1 continued.
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Table 1.4.1 continued.

Fig. 1.4.3 Example of a 3D FE model of a conical
volcanic topography on a cylinder. The conic radius
(�) is 15 km and the height (�) is 4 km. The radius
of the cylinder is 150 km and the height is 100 km.
The red circle denotes a pressure source of which
the depth (�) is �1 km (1 km above the top surface of
the cylinder), the horizontal shift from the summit of
the cone is 5 km, the radius (�) is 0.3 km, and the
pressure load (Δ�) is 1000 atm. The boundary
conditions on the bottom and lateral surface of the
cylinder are fixed, and the radius section is
symmetric. The rigidity of the medium (�) is 40
GPa, and the poison ration is 0.25. The mesh size
on the horizontal conic surface is 500 m; the mesh
size of the surface of the pressure source is about 50
m; and the mesh size on the outer side of the cylinder
is about 20 km. This model is called the H4�R15�Dp
1�a03�X5 model.

Fig. 1.4.4 Example of displacement calculated by
the FEM for a conical volcanic topography on a
cylinder (� = 4 km, � = 15 km), on a 150 km
cylinder (H4�R15�D10�a1 model), and fitting curves
for the mMogi model (thin line) and the mMogi model
for � = 10 km (thick line).
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Fig. 1.4.5 FEM�simulated displacements on conical
topography (� = 15 km, � = 1, 2, 4, and 6 km) for a
spherical pressure source (� = 10 km, a = 1 km, Δ�
= 1.01325�108 Pa) and the fitting curves for the
mMogi and Mogi models. (a) Horizontal displace-
ments. (b) Vertical displacements.

Fig. 1.4.6 Same as Fig. 1.4.5 except for the topo-
graphic parameters (� = 4 km, � =2, 4, 10, and 15
km).

Fig. 1.4.7 FEM�simulated displacements on the
conical topography (� = 15 km, � = 4 km) for a
spherical pressure source (� = �2, 0, 1.5, 2, 4, and
10 km, � = 1 km, Δ� = 1.01325�108 Pa) and the
fitting curves for the mMogi model and the Mogi
model.
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Fig. 1.4.8 Relationship between slope angle and estimated pressure source parameters (depth and � (amplification
for given magnitude 3�3Δ�/4�)) with mMogi and Mogi models for the data set of the simulated displacement. The
ground deformation for a spherical pressure source (� = 1 km, Δ� = 1.01325�108 Pa) at depth D = 10 km is
simulated by using a 3D FEM for the topography given by a flat surface and a cone (bottom radius (�) = 15 km,
height (�) = 1�7 km). Here, � = 40 GPa. This figure denotes the difference with the area of the used data (0 to 2�,
in and out of cone; 0 to �, limit on the cone; � to 2�, out of cone). Here, (a) and (b) indicate the relationship between
� and � estimated from �	, (c) and (d) from �
, and (e) and (f) from the 3D displacement vector.
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Fig. 1.4.9 Same as Fig. 1.4.8 except for the relationship between the given pressure depth and estimated pressure
source parameters (depth and �).

_`abcdefghijk F))l

m((im



������� ��	
��������	
Fig�������� H��R���D���a�	
������������� FE���������� !"#�$%	

�&'()*+,$%	
��'-�./#� �0� "1234
5678"9:;�<#�=�>4?
Fig��������a�0�b��@ABC �D�9EF9
56�2��./#� �0�0Fig��������c�0�d��@A
BC9EF �BC@G9H�I�km�D�9EF9
56�12#�JK9LM�>4?=�<#�'N�01
234��OP0	
��QR�ST�1�PU��4?@AVW9
56#B12#X�JK��YZ9[\
�]^_X./LM`aCZ4b"`PB4?c�0de���1234JK�0b9cf�gh�>4?��
�i#�)*+,$%	
��j234JK01234
56789klm�n�opqrX-�&s0tuv
�wr0� �xyr��CZ4?z{&'(z|{�)*+,$%	
��123Z}@G~9
569�B
C�]0��,#�tuv�y`./yZ4"�p�?#B#0b9=BC�@G�G9
56�12#�JK0
>4�� �������@G9�P��9
56�12#���9�>��D4LM�>4b"`PB4?���
���@ABC�9��9EFD�9
56�2�Z},#�LM`aCZ49B�tuv9�y"]:;34
�>�N?
@G�9
569��2�4JK0@G9���@G�W�J�9
569��1-�./34JK��ND

�]X�`b9JK0)*+,��yZY$%	
��'4./�>4�0@G`�����3���0tuv
��#�U���	
�./34b"�Xs0��BC�tuv����0� �xy����CZ0��BC�w
r0� ���r��CZ4?Table������<#�'N�tuv`w�JK0@G�9 ��BC./34" ��
�������` x�X-�#D�0��BC]^_X¡���CZ�#DN?z{0z|{�&��$%	

Fig. 1.4.10 Relationship between the domain of data sets and � and �. Here, (a) and (b) indicate � and �, which
were estimated with mMogi and Mogi models from the simulated data on the domain of � = 0 to �; (c) and (d) indicate �
and �, which were estimated with mMogi and Mogi models from the simulated data on the domain of � = � to 30 km.
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Fig. 1.4.11 Simulated displacement on a conical
volcanic topography on a cylinder (� = 4 km, � = 15
km), on a 150 km cylinder generated by a spherical
pressure source (� = �1 km, � = 300 m, Δ� =
1.01325�108 Pa), and the fitting curves for the
mMogi (thick line) and Mogi (thin line) models. The
topography is illustrated in the upper part.

Fig. 1.4.12 Estimated pressure source from (a) the
horizontal, (b) the vertical, and (c) the 3D displace-
ment caused by a spherical pressure source at a
depth of 10 km and several horizontal positions. The
open circle denotes the given source, the red circle
denotes the estimated source of the mMogi model,
and the blue circle denotes the estimated source of
the Mogi model.
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Fig. 1.4.13 Example of tilt calculated by the FEM for
the topography given by a flat surface and a cone
(bottom radius = 15 km, height = 4 km), and
calculated by the mMogi model of eq. (10), the
mMogi model of eq. (11), and the Mogi model for
depths of 4 km and 8 km.
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Fig. 1.4.14 (a) Horizontal and (b) vertical displacement for a spherical pressure source (� = 300 m, Δ� = 1.01325�107
Pa) at depth 0 m asl. calculated by the FEM for the actual topography of Kirishima volcano. (c), (d) Mogi�s solution for
� = 1244m (This value is equal to the distance from the ground surface to 0 masl.), (e), (f) mMogi solution for � = 0
km.

�������	
��� ����

�����



Fig. 1.4.15 (a) Ratio between FEM�simulated horizontal displacement and mMogi solution. (b) Ratio between FEM�
simulated vertical displacement and mMogi solution. (c), (d) For vertical displacement. (e), (f) For tilt for radial
direction. (g) Slope angle for radial direction.
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