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ABSTRACT: Large interplate earthquakes have thus far been observed to occur at an interval of 90 to 150 
years along the Nankai-Suruga Trough where the Philippine Sea plate subducts beneath the Eurasian plate. 
Kuroki et al. (2004) estimated the effects of nearby large earthquakes, such as the 1923 Kanto and the 1944 
Tonankai earthquakes, on the occurrence time of the Tokai earthquake. Similarly, we have calculated the 
influences of shallow nearby earthquakes, such as the Shizuoka earthquakes (1935, 1965). These earthquakes 
are smaller than the large earthquakes in total energy, but the effects cannot be neglected if the distance from 
their source region to the starting point of the Tokai earthquake is short. In this paper, to quantitatively 
evaluate the influence of the nearby moderate earthquakes in various locations above the plate interface on 
the occurrence time of the Tokai earthquake, we add shear stress produced by the nearby earthquake to the 
stress fields on the plate interface in the model region at different occurrence times. The results show that the 
Shizuoka earthquakes (1935, 1965) mostly delay the occurrence time of the Tokai earthquake independent of 
their occurrence times. The assumed nearby earthquakes with similar magnitude to the Shizuoka earthquakes 
located above the plate interface, advance or delay the occurrence time of the Tokai earthquake from a few 
days to a few years depending on their locations and occurrence times. Our results also suggest that the 
moderate earthquakes above the presumed Tokai source region may not trigger the Tokai earthquake if they 
occur one year or more before the Tokai earthquake. This agrees with the fact that historically the Tokai 
earthquakes have not occurred after the Shizuoka earthquakes. 
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Fig.1 Time evolution of the cumulative displacement in 
the coupling region when effects of the nearby 
earthquake are not taken into consideration. The 
downward arrows show the occurrence times of the 
Tokai earthquakes. The interval between EQ4 and EQ5 
is 153.45 years. A nearby earthquake is supposed to 
occur Tp years before EQ5.
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Fig.2. Plate configuration in the Tokai region and 

the hypocenters of the nearby earthquakes. Stars with 
numbers show the hypocenters of the Shizuoka 
earthquakes and their occurrence years. Solid circles 
with A, B, C, D, and E show the hypocenters of the 
nearby earthquakes we simulated. 

 
 
Table1 Nearby earthquake fault parameters  

Fig.3. Mechanism solutions for nearby earthquakes and 
seismicity around the investigated area. Stars and solid circles are 
the same as in Fig. 2. The mechanism solution for the 1999/5/7 
earthquake is commonly used for A to E, and those for 2004/7/5, 
1999/2/18, and 2000/5/4 earthquakes are additionally used for C, 
D, and E, respectively. 
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Fig.4. The occurrence time perturbation of the Tokai earthquake caused by a Shizuoka earthquake as a function of the 
leading time. That effect is indicated by how many days the Tokai earthquake would be delayed by a Shizuoka 
earthquake as compared to the case without the Shizuoka earthquake. The different lines correspond to different source 
models of the Shizuoka earthquakes, the fault planes of which are shown by the solid red lines on the right. 

Fig.5. (a) Shear stress on the plate interface just before the nearby earthquake, set up at 15 years before the Tokai 
earthquake. (b) Perturbation of the shear stress on the plate interface by the nearby earthquake 2005_1, and (c) shear 
stress just after the nearby earthquake. The reddish area indicates an increase of shear stress and the bluish area a 
decrease. 

Fig.6. (a) Shear stress on the plate interface just before the nearby earthquake, set up at 35 years before the Tokai 
earthquake. (b) Perturbation of the shear stress on the plate interface by the nearby earthquake 1965_2, and (c) shear 
stress just after the nearby earthquake. 
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Fig.7. Occurrence time perturbation of 
the Tokai earthquake by the nearby 
earthquakes listed in Table 1. (a), (b),…, 
and (e) correspond to locations A, B,…, 
and E of the nearby earthquakes in Fig. 
2. Red and blue lines are for conjugate 
fault planes of nearby earthquakes with 
the p-axis in the NW-SE direction and 
the green and black lines correspond to 
conjugate fault planes of nearby 
earthquakes with a p-axis in the E-W or 
WNW-ESE direction. Solid and broken 
lines are for the nearby earthquake fault 
plains with centers at depths of 10 km 
and 20 km respectively. Focal 
mechanisms and adopted fault planes of 
nearby earthquakes are shown on the 
right. 
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Fig.8. Perturbation of the shear stress on the plate interface by the nearby earthquake. (a), (b),…, and (f) correspond to the 
fault models of A_3, B_3, C_5, D_7, E_1, and C_7 in Table 1. 

Fig.9. The shear stress on the plate interface (a) 40 years before the Tokai earthquake, (b) 10 years before the Tokai 

earthquake, (c) one year before the Tokai earthquake. 
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Table 1. Fault parameters of the Shizuoka earthquakes. 

 

Fig. 2. Perturbation of the occurrence time of the Tokai earthquake caused by the Shizuoka earthquakes as a function of the 

leading time. The perturbation is indicated by how many days the Tokai earthquake was delayed by the Shizuoka earthquake as 

compared with the case where the Shizuoka earthquakes did not occur. The different lines correspond to different source models 

of the Shizuoka earthquakes, the fault planes of which are shown by the solid red lines on the right. 
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Fig. 3. (a), (d) Shear stress on the plate interface just before the Shizuoka earthquake, set up at 35 years before the Tokai 

earthquake. Perturbation of the shear stress on the plate interface by the Shizuoka earthquake 1965_2 with depths of (b) 20 km 

and (e) 30 km. Shear stress immediately after the Shizuoka earthquake 1965_2 with depths of (c) 20 km and (f) 30 km. 

気象研究所技術報告　第63号　2011

- 298 -- 298 -

気象研究所技術報告　第 63 号　2011



ëçìí± 73î±ò¯rô 

- 168 - 

W��"����5�#�² 3(e)��K��ç"

E�@A�0|4oH�"XXUV"E�/��+�

oH�"XX�¼&�oH��WL+&%&�æW

�ç/?W��"�Ý��NB�(�5 

�;�Mú���¥Ý�ç"ÚR���(	?ç

0�����o�/��GkF���"E���

"ab�çhÚR"�3�0�ab0g�R3NB

�(�&������((&½+%&"JK/

�o�,
"ab��35 

 

G� H'��

1935 J;0� 1965 J"¥Ý�ç/÷"��X�

Q�&����O"ab�0|4æW�ç"?Wì

i�;;�Ò�1��/�O(/swoýHW�

GkF"vª}X�Q�&����O"ab�0|

4æW�ç"?Wìi/ÑÒÝ%�N3�CGm"

_`�´�%&/((&5�GkF����-�

_`/CGm���"��¥Ý�ç�0|4�Gk

F��÷���&R(�E�@A"ulkH/ç

h"�GkF��÷N"��£¤"�3�0|4G

Ô+�E�Ð�"oH��UV��R1�����

Ý�����1���"�3���NB�(�5 

 

IJ�

�^¸yzGk¸{H«���@¾¿"�-ô

b$"�t�ªº�O2+%+&5@¾¿"���

ÜR-���¥Ý�ç"¸yzGk¸{Hjkl�

3&'�%+&5÷Î"®øù��)*�+�H

F�3&'�%+&5%&�²",L�� GMT

�Wessel and Smith (1991)��O2+%+&5
+4

/0"S�Ì+%�5 

�

KL�

��vwA$ (2001): �æW�ç�£����®A�

íI¶, http://www.bousai.go.jp/jishin/chubou/20011218/ 

siryou2-2.pdf, (¨©2009-04-01). 

���Ü.�×�Á.Âé�í (2008): ��çhV��

���X�ç/?W+&��"æW�ç�"ab�ë

çìí�71�79�87. 

Kuroki, H., H. Ito and A. Yoshida (2002): A 

three-dimensional simulation of crustal deformation 

accompanied by subduction in the Tokai region, central 

Japan, Phys. Earth and Planets. Int., 132, 39-58. 

Wessel, P. and W. H. F. Smith (1991): Free software helps 

map and display data, EOS Trans. AGU, 72, 441.

気象研究所技術報告　第63号　2011

- 299 -- 299 -

気象研究所技術報告　第 63 号　2011




