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Fig. 2.3.2.1.1 Map indicating the location of Izu�
Oshima and volcanoes of the neighborhood of this
island.
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Fig. 2.3.2.1.2 Topographic map of Izu�Oshima
volcano. This volcano is an island with a major axis
(NNW�SSE) of 13 km and a minor axis (ENE�WSW)
of 9 km. The altitude of its summit, named Mt.
Mihara, is 764 m.
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Photo 2.3.2.2.1 Scenery of repeated GPS observa-
tions at G25. The disk�shaped object on the pillar is
the GPS receiver. The volcano in the background is
Mt. Mihara.
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Fig. 2.3.2.2.1 Distribution of GPS receiver sites and topographic map. G27 to G30 are the GEONET receivers of GSI.
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Table 2.3.2.2.1 Table of location, frequency type, observation style of GPS receiver sites.

Fig. 2.3.2.2.2 Variation of hourly length between G07 and G11, from 16 to 26 January 2002. The
maximum amplitude of daily perturbation reached 40 mm.
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Fig. 2.3.2.2.3 Example of the temporal variation of
displacement at the station of G08 from 1998 to
2003. An error bar indicates the standard deviation
for the averaged value of each campaign observation.

Table 2.3.2.2.2 Table of displacement velocity, standard deviation, and correlation coefficient
location, every point and every component. Letters a, b, c and φ in the table are based on equation
(2.3.2.2.1), and b means the amount of displacement per year. The displacement of station G10 is
fixed to zero.
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Fig. 2.3.2.2.4 Coordinate variation of observation points G01� G06. Every sinusoidal curve is estimated by the
least�square method.
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Fig. 2.3.2.2.4 (Continued) Coordinate variation of observation points G07�G12. The displacement of station G10
is fixed to zero.

�������	
��
� ����

�����



Fig. 2.3.2.2.4 (Continued) Coordinate variation of observation points G13�G18.

�������	
��
� ����

�����



Fig. 2.3.2.2.4 (Continued) Coordinate variation of observation points G19�G24.
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Fig. 2.3.2.2.4 (Continued) Coordinate variation of observation points G25�G30.
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Fig. 2.3.2.2.5 Horizontal displacement in the northern
region of Izu�Bonin Islands, 2000 � 2001. The
reference point is Tsukuba. The influence of the
2000 tectonic event also clearly reached Izu�Oshima.

Fig. 2.3.2.2.6 Example of the coordinate variation at
a GPS station of G30 (GEONET). There is a clear
step change in the horizontal components in 2000.
The location of G30 is indicated in Fig. 2.3.2.2.5.
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Fig. 2.3.2.2.7 Maximum and minimum principal strains of four GEONET points, G27 to G30, for three months from
July to September 2000. a: Distribution of four couples of maximum and minimum principal strains for four
triangles. b: Averaged maximum principal strain was 0.65 μstrains; the minimum was �1.82 �strains; and the
azimuth angle of the minimum principal strain was 12.5 degrees from the north direction anticlockwise. The open
arrow denotes tension, and the solid arrow denotes compression.

Fig. 2.3.2.2.8 Distribution of maximum and minimum principal strains from all stations for five years. a:
Calculating every 46 triangles. b: Calculating averaged from all line strains except lines close to the summit
because they received strong regional stress.
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Table 2.3.2.2.3 Comparison of calculated parameters of the strain field in Izu�Oshima between the
total period and the staging of the 2000 tectonic event. The azimuth indicates the direction angle of
the minimum principal strain from north anticlockwise.

Fig. 2.3.2.2.9 Distribution of the principal strain before and after processing of the exception of the 2000 tectonic
event effect. a: The distribution before the exception. b: After the exception. The difference may be negligible.
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Fig. 2.3.2.2.10 Distribution of the displacement vector by GPS measurement on Izu�Oshima Island. a: Horizontal
component. b: Vertical component. The stress field on Izu�Oshima Island may be complicated.
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Fig. 2.3.2.3.1 a: Schema of the point source model
beneath the surface for the optimal solution. b: The
variation of displacement, Ur and Uz according to
horizontal distance, normalized by the depth of the
sphere. Ur is the horizontal displacement, and Uz is
the vertical displacement at a point on a surface.

Fig. 2.3.2.3.2 Solid model for evaluation of the equivalency according to the source size. a: Whole solid model.
b: The two types of source model with the same value of K.
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Fig. 2.3.2.3.3 Relative radius a is more than 30 % of
D; horizontal and vertical displacements calculated by
the FEM exceed 3 % and 0.5 % of the displacement
calculated by equations (2.3.2.3.1) and (2.3.2.3.2).

Fig. 2.3.2.3.4 Definition of the two�type crack model. A rectangular crack of L in length, of W in vertical width,
and of zero in thickness is allocated in the half�infinite medium. a: The dislocation model (Okada,1992). Giving
the uniform displacement on the bilateral faces of a tensile crack, the crack is transformed into the rectangular
board. b: The model adopted in this study, named the spindle�shaped crack model. Giving the uniform pressure on
the bilateral faces, the crack is transformed into the spindle�shaped board.
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Fig. 2.3.2.3.5 Definition of the solid model to check the dependency of increasing the crack volume on depth D.
This is an example of the solid model when the crack is 10 km in length (L) and 1 km in depth (D).
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Fig. 2.3.2.3.7 Variation of the increasing volume of
tensile crack that is 250, 500, 1000, 2000, and
4000 m in depth (D), fixing the vertical width (W) to
1000 m. It is monotone decreasing according to
depth, and the rate of change is larger when the depth
is shallower. This variation is fitted for the
approximate equation ΔV = 350 / D + 1.272.

Fig. 2.3.2.3.6 Transformed shape of the crack source
with a pressure of 1.0x108 Pa, when the crack is
10000 m in length (L), 10000 m in width (W), and
1000 m in depth (D). a: A half of a vertical cross
section of X = 0 m, which is one central plane of the
crack. b: A quarter of a horizontal cross section of Z
= �1500 m, which is the other central plane. Both
cross sections are approximately spindle�shaped.

Fig. 2.3.2.3.8 Variation of the increasing volume of
tensile crack that is 250, 500, 1000, 2000, and
4000 m in vertical width (W), fixing the depth (D) to
1000 m. It is approximately in proportion to the
second power of W.
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Fig. 2.3.2.3.9 Variation of displacement vectors of nine points that are aligned vertically with equal space on the
crack is calculated at every width, and the amplitude of vectors is normalized by W. For the sake of
conspicuousness, the amplitude of only the vertical component is emphasized 500 times. The thicker arrows
indicate the displacement vector calculated at larger W. The bold line with open circles indicates an example of a
half cross section of the crack calculated at L = 10000 m and at W = 1000 m.
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Fig. 2.3.2.3.11 Variation of the increasing amount for
aspect ratio W/L is depicted, and is approximately
fitted for a linear line.

Fig. 2.3.2.3.10 Quarter horizontal cross�sections of
the crack for every calculation of the aspect ratio t (W
/L) at X = 1500 m. D and W are fixed to 1000 m. X
on the horizontal axis is normalized by L/2, and Y on
the vertical axis is normalized by the maximum
displacement.

Fig. 2.3.2.3.12 Comparison of displacement patterns on the surface according to the two�type crack source model.
A crack of 10000 m in length and 1000 m in vertical width is placed 1000 m under the surface. a: Three�
component displacement patterns calculated analytically with the dislocation model with an aperture of 1m. b: The
patterns with the spindle�shaped crack model, adopted in this study, calculated by the FEM at a pressure of 72.8
MPa.
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Fig. 2.3.2.3.13 a: Distribution pattern of displacement with the spindle�shaped model (the same as Fig. 3.12b). b:
The distribution pattern that subtracts the displacement vector of the spindle�shaped model (Fig. 2.3.2.3.12b) from
that of the dislocation model (Fig. 2.3.2.3.12a).

Fig. 2.3.2.3.14 Variations of crack�source pressure
and the increasing amount of crack volume, best
fitting between the distribution patterns of
displacement with the dislocation model and that of
the spindle�shaped crack model.
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Fig. 2.3.2.3.15 Definition of a shape of the solid
model used for deformation simulation by the FEM,
and meshing scale on the surface.
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Fig. 2.3.2.3.16 Spatial patterns of displacement calculated with the actual topography of Izu�Oshima (open arrow)
and without topography (solid arrow). a: Horizontal component. b: Vertical component. Spherical pressure source
with a radius of 1000 m is given 100 MPa on the surface.
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Fig. 2.3.2.3.17 Patterns of the difference vector between the displacement vector calculated without topography
and the displacement vector calculated with topography (Fig. 2.3.2.3.16). a: Horizontal component. b: Vertical
component. Vector length is normalized by the displacement value calculated without topography. At a maximum,
the difference of horizontal component reaches 60 % and vertical reaches 25 %.

Fig. 2.3.2.3.18 Definition of a shape of the solid
model used for deformation simulation by the FEM,
and meshing scale on the surface.
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Fig. 2.3.2.3.19 Distributions of the displacement in the whole surface for every three components by the
simulation under the condition indicated in Fig. 2.3.2.3.18. a: Longitudinal component. b: Latitudinal component.
c: Vertical component. These are described by interpolating calculated displacements of 8,000 nodes on the
surface. The red regions indicate increases, and the blue regions indicate decreases.

Fig. 2.3.2.3.20 Distributions of the displacement focused on Izu�Oshima determined by the simulation under the
condition indicated in Fig. 2.3.2.3.18. a: Longitudinal component. b: Latitudinal component. c: Vertical
component.
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Fig. 2.3.2.4.2 Definition of parameters for the tensile
crack source model. Parameters consist of horizontal
length (L), vertical width (W), azimuth angle (Azi) from
the north, and dip angle (Dip) from the horizontal
plane in addition to longitude (X), latitude (Y), depth
(Z) of the center point on the top edge of the crack,
and increasing pressure (P).
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Fig. 2.3.2.4.1 Arrangement of grids for the search. The squares designate the grid positions of the main sphere; the
circles designate the grid positions of the tensile crack; and the diamonds designate the grid positions of the subsphere.
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Fig. 2.3.2.4.4 Horizontal location of three pressure
sources by the grid search method, and the
distribution of the vertical displacement calculated by
these pressure sources in addition to the distribution
of observed displacement.

Fig. 2.3.2.4.3 Horizontal location of three pressure
sources determined by the grid search method, and
the distribution of the horizontal displacement
calculated by these pressure sources in addition to
the distribution of observed displacement. The red
circle indicates an inflation sphere source, and the
blue circle indicates a deflation sphere source.

Fig. 2.3.2.4.5 Error distribution according to the
location of the center of the inflation source on a
horizontal plane. The color distribution is indicated by
interpolating the standard deviation of displacement
calculated for every grid.

Fig. 2.3.2.4.6 Error distribution according to the
location of the center of the crack source on a
horizontal plane. The isolines appear parallel along
the direction of NNWSSE.
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Fig. 2.3.2.4.7 Error distribution according to the
center of the deflation source on a horizontal plane.
The isolines appear concentric.

Fig. 2.3.2.4.8 Distribution of the standard deviation
for the source depth. a: Inflation sphere. b: Tensile
crack. c: Deflation sphere.
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Fig. 2.3.2.4.10 Distribution of the angular parameters
of the crack source. a: For the azimuth angle from the
north, anticlockwise. b: For the dip angle of the
northern direction of the crack from the horizontal
plane down.

Fig. 2.3.2.4.9 Distribution of the standard deviation
for shape parameters of the crack source. a: For
horizontal length. b: For vertical width.
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Fig. 2.3.2.4.11 Comparison of observed (open arrow) and calculated (solid arrow) horizontal displacements. a: Entire
region. b: Closeup of the Mihara crater. The sphere size is proportional to the amount of increases/decreases of
volume.
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Fig. 2.3.2.4.12 Comparison of observed (open arrow) and calculated (solid arrow) vertical displacements. a: Entire
region. b: Closeup of the Mihara crater. The sphere size is proportional to the amount of increases/decreases of
volume.
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Fig. 2.3.2.4.13 Comparison of observed displacements (open arrow), displacements calculated with topography (solid
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�����������?� =!!}

�=�!�



����������� ����	
��
����
�����������	�
��

���
�����������������
��� !"#$%&'(

)��������*+,�-./01�
��
2,33334�5�,3334����km67
�8�9MPa:;������<�9
M m�&'(.=:=�2��>!"?@A�BCDE�	�FG�H(����IJKLMN&OP.Q�R
�
��
�STUVW�83mm�Yr �D0(.

����������� ���������
QHX	YZ[01\(]^�_�������,**<̀ :;�33�̀ X	�a`b�]^�&,`b�cd=(

e�	f"./01�g\h�H(��]ie,`f(Z	f".
jk;H(�P�
�lm�����^n�67��]i�:;�����o�/pDqrTstu�vtw

xyz�{|"}~}����������&��!"Q��	\".Q��b����tV�������km
���)���-9333m�����}~}�XZ���=�`b��,�Mm��}~}&��=1E".��p�
�3�<9Mm�&���������333m	��W�,333m��� �¡\�<¢£E(
��
��&=(¤¥}
~}�XZ����H"./01�¦Z�,��9Mm���}~}�XZ�§`���H�s¨�&©ª��«¬
�­1E".®¯�¤¥����H"}~}�/01�°c]^� ENE+WSW¯¡/Z�±²=�³´]^�
µ�¶·¸�¹ º�»¼&½!.
��utV´��¾E¿Àlm���,*<8̀ vt�ÁoºD}~}�XZ�®Â!"�ÃÄ;H"���tV

:;�tÅ�Æ(H(Ç�È��vtwxyz	��ÉÊD¿À�ËÌº�ÍÎH1E"e��ÃÄ;H".(
Ï=���]Ð���+3�3,<<Mm����}~}_¤¥}~}���Ñ�ÒÓ�E.

ÔÕÖ×ØÙÚÛÜÝa�Þ �33<

ß�9,ß



������� ���	�


��������� �
���������������������

����������	
	��
�������������������������km !"	
	�#$%
���km &'(&" )�*�+�,�-./�%0	1��2Fig�������3�456

� 7	
	�#$ ���8/.���9/:8; <=*>�?./�6�
24@@A5��4@AB���
� 
���;CAkm%0	1��6�DE�24@AA5��)�F�G�;C�Akm%-�6#��HI�
24@@�5 J��K L��MN
'OP;C�AQ4RST%-�6U?C�VW 0X �km%���%Y
Z�/*�[\� ��]�6!^2�RR�5��_`a%b��� �c"#def;C������km 	

	�#$*4�R$� %&'gh-./�%0	1�./�6U ���VW 0X�$�/*�VW i�0
X;Cj)�klmne (oh)p-."# qrhs%8 *+tu��v,w�%�[\�->0X%>
�6
x.�����������def��)� y,h/z-�<=,X�U?#��>/6{|E�24@AA5
��U ��>)�}0 ~1�h�4@AB���+ �K�#;C�2-./�6#���3E4�24@AA5��
�c"#def;C�5��67.� ��43km 84Rkm [\�9��:>;<h�m�����Nd�
h/z-./�*�U?�4@AB����� def��1/./�6�3E4� ;<Nd� ^=����km
�]$�VW 0X%x>w�?��@�/6� ��4@AB����y,-���)�*�A��+�j,�h
�B-./�~1�*�/6{|2�RR45���C
� 57�6�.� �
�4RR��4m 	
	)�}
0�D�j %-.�
EFh��-./�*�A��+��/.j����B-./�U%*GC;�>��6
�C
��{������>�c"#i���VW i�j��.�������0�.;C��?� ��

��+ ��"#�fem�����HC?./>/6��.�4@AB��� ¡%�VW*/zw�	
	��
Nd�% ¢£�h����¤Iw�U%�¥J�]�6¦?K��h§U-� B�C��L��VW*¨,-
�)�klmne�©/ªM�]�6«¬ ���#*]�� �{N Hq���]��*�� �BO��
¦?K���­�-�6�/7�#$;C �P*®C; ¯°�±#$�)�klmne²7�#$;C �
��*'
-�%³´?µ�U?�QG*8:6
#��)�klmne%-.¨,�?�&'(& R���
��{ �9�#-�7��L2Isshiki�4@A�5
¶4@AB��� ��¦?K R��x>-�#��+�·¸¹Sº 7¹S.��jx>w�2Takagi et
al��RR�56��.�U 	
	��
��� Nd� »,���
¼>T½�>/6
�DE�24@AA5��A��;C ��U ¾F,V��B�C�� �?%�GC;�¿>�U%hÀ-�

WÁ������¿>�	
	�#$�X-./�%0	1�./�6U?��VW /zw�	
	��Nd
�%AÂ�� ��]�6Fig�������3�����+������
��� YZÃ�]�6
«¬ ��hj�C-�	
	*��/7	
	�#$;C:[{N�¶�.¼�\]��;C>/6Ä( 
�P*(o-./�;C^$¶w;�� ;j-?>/6x.�)�klmne _�����:Å `�#$
%��
¼;��6�U��7�#$;C 	
	 ÆÇS*�WÁ²�-�]��º£�)��#$ .��
��È�#� n(OÉe*]���� abÊ�*�;�� ;j-?>/6
��Ëc� 4@A��;C� o#� ��d*x,�]�;�eG�]�*�;$�x,�]�%-�º

£��RR��#� 4�����7	
	�#$���4�BMm� �)��#$��4��AÌMm�Í £ÎBB��Mm� 	

	*f´C?�U%�>�6%UÏ��Ð�E�24@@A5���%�4@AB��� g����3�Mm��]�6
�u-�U?��9��.;C ��]�.��h 	
	 "i�]?µU?�$Ñ�/;j-?>/*�/
#�B��Mm� 	
	*f´C?./�%w?µ�4@AB��� ��� ��¦�j-./�U%�>�6
Nakamura24@B�5���C
� �{��U ÒkÓÔÕ
'�h#%�./��U?;C
�*�Ölb
�× ���#hw��{> ;�+Êb�×> ;�m;-�:/*�j-�Á�]�%w?µ�Ø´.Ù�

Ú¡<=ÛÜÝnÞo3�ß �RRA

�����



��������	
�	�
���������
���
�
��
�������� !"��#$%&
'(�)*+,-�./0� 1
23��4���

��������� ���	
�
56789:
;�#$%&6<
=>?�@AAB	@@CD�����	AC
E
�FE)
GH�I4JK GPS

L-�M>�NO�P+QRST�U� �
L-K �VWXYP+QRST�Z[0�

�X\�]^K _`abcde
fghijSk�Ml?�

mno�pqrl �s
t"�uvwkm
xyz�uv�km
{|}~h}��uv�km��z
��

mno�pqr�� �
���
mno��X\�]^K�>��1 ��D�P�K �xyz�@���������z�������

�l �� �xyz
������@@�����
�� �
���
mno
mn�D���v���qP���xyz�@��Mm��Y�{|}~h}���AMm��Y���
z�����@�Mm��Y�;l �
#$%&6<
56789:
�f���� ¡¢��uvwkm
£�f�¤�4���@�Mm��Y
¥¦�

�f���§)
��v��s
� �̈�BwMm��Y�uv�km
©ªk«T¬S
��v�?>��­®0��

Fig. 2.3.2.5.1 Schematic magma supply system of IzuOshima volcano in the process of eruption preparation.

Fig. 2.3.2.5.2 Supposed schematic magma supply system of IzuOshima volcano in the stage of the 1986 eruption.
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