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ABSTRACT: We examined the sea area divisions defined by Tsumura (1963) to deduce vertical crustal 
movement using monthly sea level data for the period from 1961 to 2000. The divisions defined by Tsumura 
were confirmed to be appropriate at most of the stations, but several stations were found to be better grouped 
into different sea areas. We calculated correlation coefficients for every combination of stations. Then we 
propose a new correction method using stations with high correlation coefficients irrespective of the sea 
areas defined by Tsumura. This method improves the correction for the stations located on the border of the 
sea areas. 
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Fig.1 Location of tidal stations and nine-sea area divisions defined by Tsumura. 
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Fig.2 Tidal record (Raw) is decomposed into trend, 

seasonal and irregular components. An example for 

Tosashimizu is shown. 
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Fig.3 Seasonal components of monthly sea levels for each sea area. 

 
Fig.4 Correlation coefficients for the seasonal components between tidal stations. Coefficient equal to or more than 0.9 is 

denoted by light yellow, and that equal to or more than 0.95 is by pink. 
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Fig.5 Correlation coefficients for the irregular components between tidal stations. Coefficient equal to or more than 0.7 is 

denoted by light yellow, that equal to or more than 0.8 is by orange, and that equal to or more than 0.9 is by pink.
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Fig.6-1 Distribution of the correlation coefficient value (down to two places of decimals are shown) of the irregular 

components for the points located in the vicinity of the center of each sea area. Correlation coefficients equal to or more 

than 0.8 are denoted by open square, and those equal to or more than 0.9 are by solid square. 

気象研究所技術報告　第63号　2011

- 174 -- 174 -

気象研究所技術報告　第 63 号　2011



�	
��23&��������"&�" !�0�WV�M"9¬�

 

��  � 7

 

Fig.6-2 Distribution of the correlation coefficient value (down to two places of decimals are shown) of the irregular 

components for the points located in the vicinity of the center of each sea area. Correlation coefficients equal to or more 

than 0.8 are denoted by open square, and those equal to or more than 0.9 are by solid square. 
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Fig.7 Distribution of the correlation coefficients value (down to two places of decimals are shown) of the 

irregular components for the points located in the border of sea areas. Correlation coefficients equal to or more 

than 0.8 are denoted by open square, and those equal to or more than 0.9 are by solid square. 
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  Fig.8 Results of cluster analyses using the group average method and the Ward method. 
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Table 2 Stations used for the correction in this study. 

Station Used station 
Tsumura Choshi�Onahama�Soma�Ayukawa�Ofunato Katsuura 

This study Manazuru�Mera�Aburatsubo�Hatsu-shima�Ito 
Tsumura Ito�Hatsu-shima�Mera�Manazuru�Minamiizu Okada 

This study Tago�Minamiizu�Yaizu�Yokohama�Omaezaki 
Tsumura Okada�Ito�Hatsu-shima�Manazuru�Mera Minamiizu 

This study Tago�Yaizu�Omaezaki�Uchiura�Aburatsubo 
Tsumura Uwajima�Hosojima�Oita�Matsuyama�Aburatsu Tosashimizu 

This study Tosa_kure�Murotomisaki�Kochi�Komatsushima�Takamatsu 
Tsumura Matsumaeko�Yoshioka�Tappi�Hakodate�Ominato Esashiko 

This study Oshoro�Hakodate�Oga�Fukaura�Tappi 
Tsumura Miyako�Kamaishi�Ofunato�Ayukawa�Soma Hachinohe 

This study Miyako�Tappi�Hakodate�Yoshioka�Ofunato 
Tsumura Hamada�Sakai�Saigo�Tajiri�Maizuru_W Susa 

This study Hamada�Sakai�Hakata�Maizuru_E�Tajiri 
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 Fig.9 Standard deviation of the irregular components 

before and after correction using the method by Tsumura. 

“Original” denotes the standard deviation before 

correction. Stations in the sea areas defined by Tsumura 

(Tsumura) and stations with high correlations in this 

study (This study) are used for the correction. 
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 Fig.10 Records of the irregular component of 

Tosashimizu corrected using the method by Tsumura 

(Upper). Using five stations in the sea areas defined by 

Tsumura. (Lower) Using five stations with high 

correlation coefficients. 
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Table 1-1 Correlation coefficients of the irregular components between tidal stations. Values equal to or more than 0.8 are 
denoted by open square, and values equal to or more than 0.9 are by shaded square. 
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Table 1-2 Correlation coefficients of the irregular components between tidal stations. Values equal to or more than 0.8 are 
denoted by open square, and values equal to or more than 0.9 are by shaded square. 
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Table 1-3 Correlation coefficients of the irregular components between tidal stations. Values equal to or more than 0.8 are 
denoted by open square, and values equal to or more than 0.9 are by shaded square. 
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Table 1-4 Correlation coefficients of the irregular components between tidal stations. Values equal to or more than 0.8 are 
denoted by open square, and values equal to or more than 0.9 are by shaded square. 
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Table 1-5 Correlation coefficients of the irregular components between tidal stations. Values equal to or more than 0.8 are 
denoted by open square, and values equal to or more than 0.9 are by shaded square. 
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