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Structural Analysis on Are, Special verification of Time-Space relationship between
volcanic eruptions and large earthquakes in Japan: Insights from Statistical Analysis
Abstract

Volcanic eruptions preceded by seismicity, and large earthquakes (magnitude, M27.2) within
100 km depth during a period of 123 years from 1880 to 2003 occurred in Japan are investigated.
We study in detail the empirical relations between the time and the other focal parameters.
Simple correlation coefficient between time and log distance (r = -0.92) is highly significant.
The partial correlation coefficient between time and log distance with the elimination of other
focal parameters shows a highly significant relation, and that help primarily to decide whether
the sampling information are to be rejected as insufficient for regression analysis or to
determine the level beyond which it is useful to perform a regression analysis excluding the
parameter of the lowest importance. The partial correlation coefficients between two important
parameters are also tested to signify the acceptance of the regression model. Simple and
multiple linear regression models are fitted using least squares method. The time-distance
relationship between major eruptions and large earthquakes could be explained by the model, Y
=46.07 — 16.37 log (X), where Y and X indicate titne (time interval from the starting time of a
major eruption to the occurrence of the earthquake) and distance (distance from the volcano to
the epicenter of the shock), respectively. Statistical analysis also carried out for investigating the

influence of other focal parameters to the above model but did not find any significance

influence. The cross validity predicted power ( pcz,) suggests that for any independent sample



from the same population more than 84% of the variance of the predicted time would be
explained by the proposed model. Also the stability parameter 7| value implies that over the
population the fitted model is 99.7 % stable.

Non-linear data smoothers provide a practical method of finding smooth traces for data
confounded with possibly long-tailed or occasionally spiky noise. A well known non-linear data
smoothing algorithm (4253H, twice) has been used to find out the data pattern. This method
suggests that if smoothed average magnitude is less than 7.4, smoothed average time between
eruptions and earthquakes remain unchanged. Smoothed average time duration between
eruptions and earthquakes increase as smoothed average magnitude increases until 7.8 then
again smoothed average time duration decreases as smoothed average magnitude increase.
Which means that time duration will be smaller for great earthquakes (M>7.8) than that of large
earthquakes (M<7.8). That is strain migration will be faster for great earthquakes than large
earthquakes. Again, smoothed average distance decreases for large earthquakes (M<7.8) but
increases for great earthquakes (M>7.8). That is, strain migration region for large earthquakes is
shorter than that of the great earthquakes.

The relationship between eruptions and earthquakes shows that the eruptions occurred earlier
prior to the concerned shock if the epicenter of the earthquake is nearer to the respective
volcanic activity. This suggests that eruptions may be a precursor for enough strain
accumulation in the epicentral region where the increased accumulated regional strain may

squeeze up magmas before breaking the crust. If this is true then the occurrence time of the

shock may be predicted by a major eruption.
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