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Table 1.5.1 Function of MaGCAP�V.
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Fig. 1.5.1 Structure of FEM�DB.
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Source type (identifier) Source parameters
Sphere (S) Location, Depth, Radius, Pressure
Cylinder (C) Location, Depth, Height, Radius, Strike angle, Dip angle, Pressure
Spheroid (E) Location, Depth, Polar radius, Equatorial radius, Strike angle, Dip angle, Pressure
Dike (D) Location, Depth, Length, Width, Strike angle, Dip angle, Open dislocation

Fig. 1.5.2 Examples of (a) an attribute file, (b) a surface node coordinates file, and (c) a simulated deformation
data file in FEM�DB.

Table 1.5.2 Source parameters that are defined in the attribute file in FEM�DB.

������ ¡¢£��¤ �¥¥¦

§��¦§



���������	
�����
����������������� ANSYS Inc��������
������ !" ANSYS#$�%&'���������	()�*+,*���	-./0123�4-
56&7
��8�9:-;<=�������#�	%
ANSYS����() FEM�DB->�?@/�*
+#��AB/&7�CDE����#F	@/GHIJK#�	%&'LM����NOL�PQRmSDT
UVWXY#	�%
Z�Z�[\�]�1�	%&'Fig�Z�Q�̂-_`a-bc/defg�8-h/Li���
#j7/&7-$�%&�������#k@'lmZ[Rkm
XAZ[Rkm�
ne�op-NOL�PqrW
X�*+()�	%&_`a�LM#sctu
avw�
x`p
yp�SDTUz�{�|}ZRRm
QRRm
~
km

ne�p�SDTUz�{�̂ Rkm?%
��`#��@/&7deg�8���-��4��#:
�&'��������q��ZQ1�/'
MaGCAP�V1��LM#��& FEM�DB�y-Z�[�Z\-��&d�avst���-��=�	A�&
FEM�DB�	�1�/'��1���h6�d�av#���a?��'

������� FEM�DB��	
���������
FEM�DB()>�?@/Mf
g�89:����#��%
FE��-h�=j7)�&Lw���-b

c/����
��()��%&���� ¡�-bc/���#,¢��wk�£J*¤DG1wk%���
�����-��1�/'��h6�¥�Z�Q�̂�Z\1��&�?¦�-
��r�§����?¨©ª«B=
wk@/�?¬1�/'Fig�Z�Q�-� FEM1j7)�&_`a�a®¯�°±�-�/�fg�8-h�=
F</a®s²�±³���V´�µY?
¦<g�8-¶%WX·¸�����1j7&±³���V¹�µY
#k@'º»
�»-k%&¼�¥�½�¾�³�¥�¹¿À1k%&g�8#ÁÂ/ÃÄ
Å�]Æ�Ào�
�91��
|¼�-ÇÈ%&�9#k%=�/'g�8��Ã��É1±³�9,¢���]Æ¬QÊËÌÍ
�=�&�
a®p�o��9¬WX·¸�����1ÎAÏ��=�&�@/�?�Ì
a®s²���-�
WX·¸�����1�ÐÑÒ1�/�?¬Ò(/'�b
FEM1j7)�&��-bc/���()���

Fig. 1.5.3 Example of a 3D FE model of Asama volcano. The red bar indicates a cylindrical pressure source. The
region of the model is a hexagonal column with a side of 120 km and a height of 120 km. The topography is
generated from the 50 m mesh DEM of the Geographical Survey Institute of Japan (GSI). The mesh size on the
center part of the volcano is 100 m, and that on the top surface is 500 m. The total number of elements is about
150,000. The bottom and lateral boundary conditions are fixed.
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Fig. 1.5.4 Example of the surface horizontal displacement field in a FEM�DB on Asama volcano. The blue arrows
denote the displacements plotted at each node on the surface; the red arrows denote the displacements calculated with
the mMogi model.
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%��J�4FigeUefë�©*++,�yK��O5PCDE	����ª«���	����x��+XY

MaGCAP�V+¬�
�K����F+�J�4®-¯�#$�-��	3��XCDE	�J�4FEM�DB
�'()���	3���	
°±²³��!´�*+n�;o��*-
���K�4&'��	�jT��
����x��+¢0�µ¶������+�$-§�·¸�¹+%��ºK*-;���4&'��	-%�
(�&'��	
�{�-��8��67�&'��	+�;<0G��F++�x��+XYL./0�%
�(�&'��	+�;	3���	�ºK4*+*-��F%�(�&'��	;x����	+()��»
�J�*-;���4

	
�
� MaGCAP�V����
:eUe:m¼.½u�!"� GPS#$¾�:e:�¼stu¾�:ef�¼¿lu¾��?@�MaGCAP�V;/�0�
�K�4**���*��+������K�K0ÀÁ���,
ÂÃ�4
�	� GPS������ !
FigeUefeÄ�¿lu+ GPS#$��Å%�1ÆÇ:ef�ÈÉ&
�Ê�³�����F+�J�42KËª-
¯;#$,�3KËª-¯�%�(�&'��	������gH+12,�J´�ÌK�Í¯����ÎÏ 
��+Ð��X�J�4x���¿lu4Ñc�Ò£N%�Ä��m���������Ó��Ô¯��0�

Fig. 1.5.5 Conceptual diagram of FEM�DB interpola-
tion modeling.
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EXAMPLE 1

Method X (m) Y (m) Z (m) ratio of
source size NRMSE(%)

given model ���� ��� ����� �����
mMogi model to 3D vector data �	
	 ���� ���	� ����� 	��
mMogi model to horizontal displacement �
�	 ��
� ���� ��	�� 	��
mMogi model to vertical displacement ��	� ��� ��		� ����� ��

Mogi model to 3D vector data ���� ���	 ��
�	
��		
�� ����� ���

Mogi model to horizontal displacement ���� ���	 ��
�
��	���� ����� ���

Mogi model to vertical displacement �
�� ��
	 ��
�
��	
��� ���	� ���

FEM-DB search ���� ���� ����� ����� ���
FEM-DB interpolation ���� ��� ��
�� ����� ���

EXAMPLE 2

Method X (m) Y (m) Z (m) ratio of
source size NRMSE(%)

given model ���� 	�� ����� �����
mMogi model to 3D vector data ��

 ��
 ���
� ����� ����
mMogi model to horizontal displacement ����
 

 ��	�� ����� ����
mMogi model to vertical displacement �
�� ��� ����� ���� ��	

Mogi model to 3D vector data ��� 
�� ��
��
������ ����� ����

Mogi model to horizontal displacement ����� ��� �����
����	��� ��
� ����

Mogi model to vertical displacement �
�� �
� ��
	�
������ ����� ���

FEM-DB search ����� ���� �	��� ����� �	��
FEM-DB interpolation �
�� 	�� ����� ��	� 
��

EXAMPLE 3

Method X (m) Y (m) Z (m) ratio of
source size NRMSE(%)

given model ���� ����� �	
�� �����
mMogi model to 3D vector data ����� ��	�� �		�� ���� ���
mMogi model to horizontal displacement ���
� ����� ��
�� ����� ���
mMogi model to vertical displacement ��


 ����� �	��� ���� ���

Mogi model to 3D vector data ����� ���	� ���	

��
��� ���� ��

Mogi model to horizontal displacement ����� ��	� �	�

����	�� ����� ��

Mogi model to vertical displacement ����� ���� �����
��
	��� ���� ���

FEM-DB search ����� ����� ����� ���	 ���
FEM-DB interpolation ���� ����� �	
�� ��� ���

Table 1.5.3 Estimated source parameters by using various methods for the test datasets which simulated by FEM on
Asama volcano.
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Fig. 1.5.6 Given source and sources estimated with various methods (Mogi model, mMogi model, FEM�DB search,
FEM�DB interpolation) for the simulated data EXAMPLE 1 presented in Table 1.5.3. The power of the pressure source
and the normalized root mean square error against the maximum displacement of the corresponding component are
indicated in parentheses.

Fig. 1.5.7 Example of the expression of GPS observation data on Tarumae volcano from July 1999 to August 2000.
The thick arrows indicate the observed displacements, and the thin arrows indicate the displacements estimated by the
mMogi model. The source position is designated as a cross mark in the plan and cross section. The pairs of red and
blue arrows indicate the principal strain. The colored map reveals the distribution of the areal strain.

�������	
��� ����

���



��������	
����������������������� !�"#��$%����&"
'�()�*)�$%�+"',&"'��-�./�0/�12�+"��345678,9:��"�;<
%�=��>��9�+"'�.0?,@�A2������345678�B*�CD%�EFGH�I�J
K>�9�KL���
��� GPS����	
��������
FigM@MNMO,PQR� GPS��S�TUVWXYZMN[\]^�_���`S8ab����cL�d2�a

befKg�hijA���$%�'�>����k��-�l��,m:n:o&345678�p*3
4��qr5678�s%�tuvwx�`S8�ab%�I�J4y�m:n:�_��z{|:�}s34
5678�>��I�J,~�tu���m����m����m����:��@M�M�M���p*34S�T����a
b%�I�J,o&34S�T����ab%�I�Jd���A������%�%AK��99�$%�S�
T�,p*34����ab%�I�J��K��A2��9:,PQR�,	����p���F�3�K�
��,jA2���9����%������:��
��� ������������� !��
"
FigM@MNM�,ZM�[�$������������U�8S� ¡¢£"*�km�¤¥¦IJ�����§¨

¢�  ©ª««¡�¬�®�«)K��A�¯°±²6��³RR´µ*�¢�¤¥¶·J^�d2�¸¹
� GPS��F�º»�}s34U���¼½F,§¨¢��¾����F^�¿ÀLÁU����,±
ÂÃ�¬^�$%����pÄK¿��±²6�ÅÆ`S8�,Ç�ÈÉA��9���99�,pÄKo&A
N_�±²6�LÊ%�ËÌ%����&"'�+"'�,3�J�Í¥KË$|:����ÎÏJ,k-�¶
·J,o-�$|:���K�9:�,ÐÑ�-�3ÒÓÔ�>��MaGCAP�V�,Õ��3�J�d2�¸

Fig. 1.5.8 Example of displacement vectors estimated by the mMogi model from horizontal displacement (blue), vertical
displacements (pink), and 3D vector data (green). The red arrows denote observed displacements of the GPS
observation point on Tarumae volcano from July 1999 to August 2000.
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Fig. 1.5.9 Displacement vectors (red arrow) at the GPS observation point on Izu-Oshima volcano and tilt vectors (blue
arrow) caused by an inflation Mogi source (pink circle), a deflation Mogi source (blue cross mark), and an open dike
(pink box). A dike with a tilt top is approximated as five pieces of dike.
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Fig. 1.5.10 Horizontal displacement (blue arrow) vector and the vertical displacements (color map) caused by the 2003
Tokachi�Oki Earthquake and hypocenter distribution in August 2003.

Fig. 1.5.11 Vertical displacements generated by dike (thick arrows) and sill (thin arrows).
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Fig. 1.5.12 Magnetic field generated by the demagnetized region of the vent (500 m radius, 2 km length) at Asama
volcano.

Fig. 1.5.13 Demagnetized region of different shapes ((a) sphere, (b) disk, (c) truncated cone, (d) rectangle) estimated
for the magnetic change from August 1997 to June 1998 at Adatara volcano. The left and right side vertical bars at
observation points in Figs. (a), (b), and (d) denote the observed and calculated magnetic changes. The outer and inner
sides of the marks in Fig. (c) indicate the observed and calculated values.
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 (7)各種形状の熱消磁域推定 

Fig. 1.5.13 は安達太良山における 1997 年 8 月～1998 年 6 月の地磁気変化（山本・他，投稿中）を色々な形状

の消磁域でモデル化した結果である。（c）図では四角の内側に計算値を，外側に観測値を色分けして表示してお

り，他は各観測点に表示した左側の縦棒が観測値で右側が計算値である。この図では観測点略号と観測値，計算

値の値も表示させている。(a)から(d)は各々球，円柱，円錐台，直方体でモデル化した結果である。Table 1.5.4
に推定された熱消磁域の位置，寸法，体積，誤差二乗和を示す。岩体の磁化係数は 1 A/m，偏角，伏角は各々 
-7.17°，50.74°としている。この例ではどのような形状を仮定しても消磁域の位置，体積ともほぼ同じ結果とな

っている。 
 

Table 1.5.4 Demagnetized region of some shapes estimated for the magnetic change from August 1998 to June 1998 at 
Adatara volcano.  

Model shape Lon.  
(deg) 

Lat.   
(deg) 

El.   
(m) 

Radius/ 
  Top radius/ 

Width (m) 

Bottom 
radius/ 

Length (m)

Height (m) Volume 
(106 m3) 

Error 

Sphere 140.2778 37.6270 1230 105   4.82 25.80 
Cylinder 140.2778 37.6270 1237  89  181 4.47 30.66 

Cone 140.2778 37.6270 1280   5 157 193 5.11 25.93 
Rectangular 140.2780 37.6270 1260 260 111  135 3.90 17.54 

 

1.5.6 おわりに 

 本ソフトウェアはすでに気象庁各火山監視・情報センターにおける火山活動の評価，調査研究に活用されてお

り，その成果は火山噴火予知連絡会などで公表されている。また，大学や研究機関においても利用されている。

このソフトウェアは今後，テレメータされている観測データを自動的に取り込み，変動源の時間変化をモデル化

する機能，異常判定を行える機能を持った，マグマ動態解析システムとも呼べるソフトウェアへと発展させるこ

とができる。さらに干渉 SAR や光波測距，重力データなども解析できる，火山における地殻活動解析のための

より汎用的なソフトウェアへと発展させることもできる（Fig. 1.5.15）。一方で，本ソフトウェアは機能が多く，

利用者から取り付きにくいという声も聞く，このような点にも配慮した構成とすることも必要である。また，英

語版を作成すれば海外の火山研究者の利用にも供することができると考えられる。 
（福井敬一） 
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Fig. 1.5.14 Future plan of MaGCAP�V.

������ �¡G�"H ;<<�

º�"�º



�������������	

����������������������
 !
"# $%&'()*+,-./0"#	123
453467�89:	

12345;<67=�>? @AAB

CDEAC




