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Station Name Station code Latitude
[deg N]

Longitudde
[deg E]

Height
[m] Telemetery

��� Yunono TC01 ����	
�� ��
����� ��� Wired phone
�� Araso TC02 ������	 ��
�	
��� �� Sattelite mobile phone
����� Shinmoe TC03 ���	�
�� ��
����� ���� Sattelite mobile Phone

Fig. 2.1.3.1 Location map of tilt observation sites at Kirishima volcano (solid circles), seismic stations
(triangles), and Ebino AMeDAS precipitation station (square). Star denotes the new vent that began fumarolic
activity on 12 Dec. 2003.

Table 2.1.3.1 Locations of tilt observation sites at Kirishima volcano.
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Fig. 2.1.3.2 Side view of tilt observation well.

Fig. 2.1.3.3 Soil boring logs at Yunono, Shinmoe, and Araso tilt stations.
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Resolution 1 nrad
Range �8�from vertical
Max gain 1000 mV/�rad
Gain levels 3
Leveling ability Self leveling
Data storage internal A/D and 88,000 data storage
Sampling interval 1�255 sec
A/D resolution 24 bit
Azimuth detection internal magnetic compass (�2�)
Borehole diameter Min 7 cm
Dimension 6.4 cm diameter�107 cm
Weight 4 kg
Operating range �25�85 �
Average power consumption 280 mW

Table 2.1.3.2 Pinnacle Tiltmeter model 5000 specifications.

Photo 2.1.3.1 Pinnacle tiltmeter model
5000 and observation well of Araso
station.
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(a)

Photo 2.1.3.2 Tilt observation system at Shinmoe
station.

(b)

(a)

Fig. 2.1.3.4 Block diagram of the tilt
observation system. (a) Satellite phone system
at Shinmoe and Araso stations. (b) Wired
phone system at Yunono station.

Fig. 2.1.3.5 (a) Block diagram of tilt data�
collecting system at MRI.
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Fig. 2.1.3.5 (b) Monitoring screen of tilt data�collecting system.
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Fig. 2.1.3.6 (a) Tilt records at Araso, Shinmoe, and Yunono stations on Kirishima volcano. Tilt data plotted in 30
min intervals from November 2003 to 28 February 2006. (b) Time variation of temperature in the tiltmeters at
Araso, Shinmoe, and Yunono stations on Kirishima volcano; daily mean atmospheric pressure; atmospheric air
temperature at Miyakonojo (SE 30 km from Araso); and daily precipitation at Ebino.

�������	
��� ����

�����



��������	
������������mm������������� �!"#�$�%��&�
'	���"(#)*+,-�.���/0�12�34�567"89:.;"<=>�?@ABCD�E
FG)H<=7IJKLMNO� �!"*+,-�PQ�&�"D
��RSTUVWX�.��"YZ�
[\
����]��̂ _`ab���cde"�fgh�km�ij	�klm�no�p�qrs`a]tub��v��
�̀ �hmmw"#�1"YZ�AB4OD�

�������
Figx]x�xbxy�RSb�z{|}~��*� BAYTAP�GsTamura �� ��., �tt�w)��	����]��̂ _]a
��C�ba�b��)̂ ]�I"���zs���w2 GOTIC]sMatsumoto �� ��., ]���w�pD
���RS
��"�={s���w�'����Figx]x�xbx̀�H����z�'�������RS"|}~��*
H��C0� BAYTAP�G"��{�������	
������ ¡	���{���¢X£!¤��.
")�!�¥¦��§�¨©�I{�ª«<=|}~2	
���¬" EW�z�¤B�<={2�={
�®4�D
�!�RST"¯X�°±f²����O�12�'	
��OC).�³´Hµ¶�·��®
4M¸	
��!�����z.b�>"J)M¹º»�(¼	�p½�*+,-.?¾¿ÀÁ	
�!�³
´HA�®ÂO|}~�Ã�\�<=>)��¬" EW�z)Ä�AB�"H��"YZ)��ÅÄ�A
B�12�p�Æ�Ç���

�	�
��������
Figx]x�xbxt�]��h_ba]t���h�tmJST�ÈÉ*ÊdËÌ)Í/	���sM̀ xhw�pD
/0�RS EW

�z"�I��2�RSÎÏ*ÐÑ�'�ÎÏ*ÐÑHÒÑ"�Ó"Ô&(#�'	
��b�>2.�I

Fig. 2.1.3.7 Observed tidal component (black bold line) of tilt data processed by BAYTAP�G (Tamura et al., 1991)
and predicted tidal changes (red thin line) by GOTIC2 (Matsumoto et al., 2000). A means Araso; S means
Shinmoe; and Y means Yunono.
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Fig. 2.1.3.8 Residual part of the tilt data processed by BAYTAP�G. A means Araso; S means Shinmoe; and Y
means Yunono.

Fig. 2.1.3.9 Tilt changes (east�west component; downward is plus) observed at Shinmoe, Araso, and Yunono
stations on Kirishima volcano caused by the Northern Sumatra Earthquake (01h 09m JST, March 29, 2005, M
8.5), and its tilt vectors against the red parts in the left figures.
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Fig. 2.1.3.10 Tilt changes observed at Shinmoe, Araso, and Yunono stations on Kirishima volcano; hourly
atmospheric pressure at Miyakonojo; and daily precipitation at Ebino from 1 February to 13 March 2004.
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Fig. 2.1.3.11 Pressure response part of the tilt
processed by BAYTAP�G, and atmospheric pressure
from 1 February to 13 March 2004. A means Araso;
S means Shinmoe; and Y means Yunono. The black
line indicates the atmospheric pressure at Miyakonojo.

Fig. 2.1.3.12 Trend part of the tilt processed by
BAYTAP�G and the daily precipitation at Ebino from 1
February to 13 March 2004.
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Photo 2.1.3.3 Photos of the Ohachi crater taken from the north rim before and after the opening of the new
fumarole. (a) 4 August 2001. (b) 1 June 2004.

Fig. 2.1.3.13 Temporal variations of the ground tilt
observed at Araso, Shinmoe, and Yunono stations on
Kirishima volcano on 12 December 2003. The
vertical line in the center of figure indicates the
observation time of the volcanic tremor at the TKH
seismic station.
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Table 2.1.3.3(a) Volcanic tremor that occurred at the Ohachi crater of Kirishima volcano from December 2003 to
February 2006 and its tilt signal. Note: � undetected, x indistinguishable by earthquake, ND no data
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Fig. 2.1.3.14 Temporal variations of the ground tilt observed at Araso, Shinmoe, and Yunono stations on Kirishima
volcano two hours before and after the volcanic tremors that occurred on 12 and 15 December 2003, 3 January
2004, and 26 March 2004. Changes were clearly observed at Araso station. Tilt changes associated with tremor
at Yunono and Shinmoe stations were less than a tenth of the Araso signals.
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Fig. 2.1.3.15 Observed tilt changes associated with tremor that occurred at 11h 14m JST on 12 December 2003.
The lower part indicates the NS and EW components at Araso; the upper part indicates the NS component of the
seismic signal at Takachihonomine seismic station (TKH in Fig. 2.1.3.1). This tremor was estimated to have
occurred at Ohachi volcano from the spatial distribution of the amplitude of the seismic signal.

(a) (b)

Fig. 2.1.3.16 (a) Detrend tilt changes associated with tremor on 12 and 15 December 2003, 3 January 2004, and 26
March 2004. These changes were indicated by a reduced variation of the trend just before the tremor. (b) Vector
graph of the detrend tilt data is presented in Fig. 2.1.3.16(a). The tilt vector moved northward with the tremor and then
turned to the direction of the new fumarolic vent of the Ohachi crater.

�������	
��� ����

�����



�������	
��������������������������� !��"#$%&'(��)�
*+",-�./&0�12��345&�6�0�7(8��*9:;%&<�77=(8�">/�?38�
@�@0�)�A8BC�7D��EFGHDI"J9%&@0:KL%�?3���%� ?4
Table�MNMOMO	a�";P,Q"���ORN�S�����6ROS"TUV�&6W�X9YZ[\*+�GH(8
��*9�]^_`���a�6b���O���c�����d�*9���N��O�Oe�66nrad0 -�?34FigM�MNMOMNe
	a�";P,Q"fg�Oh�_`*+��i��!j����klGH(8�"[9%�?3_`�m?"
,-�[\*+�8n5-�?34@�@0�)�8op%�?!�i8q5-�?3@0:r%�?3���
%� ?4%�%�[9��Nst8f�uv?�"Y%�X9�wx�]^_`0�6st8f�uv? y�
X90[\*90��z"�{|%�}~ ��"� ?4@�@0��X9��."�)�op�� �|X
9�.A"��3�����!��-�?3@0:���34

�������	
���������������
���eR�SN��ch6OmNOs�����.%&G��X9	��� A��]^_ �̀Oed�NS��wx��Mc�
m�s�"YZ%����[\*98TUV�&4�S��5�"eW�G��X98TUV�&8�[\*+8
TUV�&��@�NW����-&4Table�MNMOMO	b�"���TU�`�"������ A�TU�
	FigM�MNMOMN� A��TUV�&�������.%&0���3X9��U�0��"��3[\*+�:
;P4@@��[9�]^_`� FigM�MNMOMN �¡��¢�`�_`��34
FigM�MNMOMNc"���eR�SN�����[\.£¤¥:�FigM�MNMOMN "��"��3X9YZ[\*+0
��� A�"��3'¦§¨�:�FigM�MNMOMNb"[\©ª«¬:;P4FigM�MNMOMNb�¡®¢�
FigM�MNMOMN �¡®¢"YZ%�?34[9DI�fg	6�d`7¯(8��<�=°=(8�:;%���
�GHDI0�± 3DI��-&4%�%�X9�.#<	�¡0¢��²³P30����GH´8��
*90 -�?34�MNMOMOµ"¨%&,Q"����'¶·¸�¹''¦"YP3Zº�»¼
�BC�Zº
0�½¾¿À%����ÁÂDÃ"Ä�� ?@0���GH´8���3@0�Å��%!�EF"��3X
9YZ[\*98GH(8���-&@00�± 3�Æ:;%�?34
@�X9YZ[\*9�<�7=(8���Ç"È3�± [\*9	FigM�MNMOMNc�É�Ê-&ËÌ�8

�.%&4@�"YZ%&Í��ÅÎV����|���Ï��ÐÑ��34@�[9DI����GH´8�
��������'(�)�ÒÓ8�.%�?&ÔÕ��Öq�v ?4

Date & Time (JST)

vo lcan ic t remor a t A Ti l t s tep at Sh inmoe

Dur .
(sec )

Ampl i tude (μm/s) Dur .
( sec )

EW
(nrad)

NS
(n rad )

Amp
(n rad )NS EW UD

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

��	
�	��
��	
�	�

�
	��	
�
�
	��	�

�
	��	��
��	��	��

����
���
���
���
���
�
�

���
��
��
���




�

���
�

�

���
��
��

���
��
��
��
��
��

���
�
�
�
�
�

���
�
�
�
�
�

���
�
�
�
�
�

���
�
�
�
�
�

Table 2.1.3.3(b) Volcanic tremor at Shinmoe�dake crater of Kirishima volcano from December 2003 to February 2006
and its tilt signal.
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Fig. 2.1.3.17 Observed tilt changes at Shinmoe
station on 1 February 2006. The arrow indicates a tilt
change associated with the tremor. The abnormal tilt
change that is indicated in the gray circle occurred
after the tremor.

Fig. 2.1.3.18 Observed tilt changes associated with
the tremor that occurred at 07h44m JST on 1
February 2006. The lower part indicates the NS and
EW components at Shinmoe; the upper part indicates
the NS component of the seismic signal at Kirishima
A seismic station (A in Figure 2.1.3.1). This tremor
was estimated to have occurred at Shinmoe volcano
from the spatial distribution of the amplitude of the
seismic signal.

Fig. 2.1.3.19 Tilt vectors drawn from the tilt data
presented in Fig. 2.1.3.18. �, �, and � correspond
to those in Fig. 2.1.3.18.

�������	
��� ����

�����



������� ��	
�����	����������������
�����������	
��������������������� 	!"#$%&'()*�+,-./
	��0	1�+23��456789:;67.�<=>?%&'(@ABCD
6789:%&C+.EFGH�IJ2%
KLMN!"0�OCPQ	RST	�� ΓU

;�?

VW-��CDXXV.��UYZ�[.�U!"0\Y	]��	^_`a.�U!"0Eb.Δ�U!"��
4.cUdJe.�U!"01�VOf.��U �gh%Z�CPQ5i%j'(kCD;�?l5mkC+.^
_`a ��.��	�R]V	�� Γ�.Γ�	n Γ��Γ�U!"01� �%�o(

;�?

+LCD����	!"0U����\Z%OC+BC
+.pqrV	^_`aU�s��km.tuvrVUws��
kmVOf.xR]	��n+!"01�	yzU
Figs�s�s�s��	&{%LCD|}%~��&{%.t
uvV	����Upq	�����Z+���CD��
n�����	PQ.;�?l�� ���s<km+����C
��.6789:��U!"0	1�U�km��+@
A��CD
��;�<>>?%&C+.6789:%&f)*CEb
	��4 Δ�U

;�?

VOC	V.^_`a �	R]%��C��4� Γ	
�.23��4 Δ� U!"01����lV��CX+
�V�CD

;w?

�����������	
����	pq%��C��4U=�nradVO'���.!"01�5�km+o�P
Q.23��4U�����.�km+o�PQU���m�+LCDFigs�s�s�s��	&{%23��4U�s�km��V
�K;�=��m�?+LCD
�sw�V~��&{%_�LRSTV	6789:5R�	���OC��	9��%�mo�PQ.���
�C!"01�URST���'�1�+B��.!"0	[�U� 	 	+¡¢Q{X+�£�'(kCD
¤¥�����	¦§U�����mVOf.X	X+5,¨B��.
������5©ªBC!"0	¦§
U«TZ�km&f�k+@���CDX	X+5¬BC��®¯°	R�5±²³´µ¶�·¸G¹º89
:%�o(.MN!"0%&'()*CRST�[5»¼o.pq.tuv%��C��n5���D
�s�s�}V~��.¸G¹º89:%&C»¼½¾+89:¿ÀÁ+	yz��.!"01� �+ÂÃ¾	`
arVYZ�[5�Ä	½¾V��C%U �	�=ÅÃ¾	89:¿ÀÁV¡¢.X	���	`aVU<�Ä	
½¾VYZ�[�����CDr�.YZ�[	»¼VU89:	§�U^_gh	Æ��&fK�¢+ ¡k

Fig. 2.1.3.20 Ratio between the tilt change at
Yunono (� = 4.12 km) and that at Araso (� = 1.23 km),
calculated by the Mogi model against the depth of the
pressure source (black line) and the volume change of
Mogi�s source calculated for 51 nrad that observed tilt
change associated with the tremor on 12 December
2003 at Araso (red line).
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Fig. 2.1.3.22 Tilt along the radius direction from the
center calculated by the FEM for the spherical
pressure source with � = 0 km asl, Δ� = 100 atm, μ
= 40 GPa, σ = 0.25.

Fig. 2.1.3.21 3D FE model of Kirishima volcano.
The red circle designates a pressure source that is a
sphere with a radius of 200 m at sea level. The
region of the model is a hexagonal column with a side
of 15 km and a height of 20 km. The topography is
generated from 50 m mesh DEM of the GSI. The
mesh size on the center part of the volcano is 100 m,
and that on the top surface is 500 m. The mesh size
on the surface of the pressure source is 50 m. The
total number of elements is about 100,000. The
bottom and lateral boundary conditions are fixed.

Fig. 2.1.3.23 Tilt ratio between Araso and Yunono
stations, simulated by the FEM (solid circle) and
calculated by the modified Mogi model (red line)
against the depth of the pressure source. The
modified Mogi model is expressed as equation (5).
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