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Abstract

We study the correlation between the phase of the moon and the
occurrence of microearthquakes, close to the fault of the 1995 Kobe
earthquake, in the Tamba region. First, having suggested the existence
of the correlation during the two-year period following the Kobe
earthquake 1n a previous study, in this study we investigate the
statistical significance of such correlation. Using point-process
modeling and AIC (Akaike Information Criterion), we confirm that the
existence of the correlation is statistically significant. Second, we
investigate the temporal variation of the correlation during the four-year
period following the Kobe earthquake. The result of the second analysis
indicates that the correlation 1s strongest just after the Kobe earthquake
and that i1t then becomes weaker year by year.

( )
The objectives In this study

-- To investigate the statistical significance of the correlation between
the phase of the moon and the occurrence of microearthquakes in the
Tamba region, Japan

-- To investigate the temporal variation of the strength of the correlation

C. Statistical significance of the correlation

A. Data

-- Microearthquakes (MEs) listed 1n the catalogue compiled by Disaster Prevention Research
Institute (DPRI), Kyoto University, Japan
-- Occurred in the Tamba region, which neighbors the focal region of the 1995 Kobe earthquake

(Fig. 1)

-- Tested two rectangular areas, to show that the results are independent of the selection of the area.
-- The earthquake of M = 1.4 (larger area; area A) and 1.2 (smaller area; area B), considering the
detection capability
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With point-process modeling [e.g., Ogata, 1999], to investigate the periodicity of the seismicity, Ogata [1983a]
suggested the following form as intensity function A(?) (occurrence rate of earthquakes in unit time);

Mt= w+ (trend) + (cluster) + (periodicity) -

polynomial ETAS model trigonometric
function [Ogata, 1988] function

We consider four cases of constraints:
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Fig. 1
Epicenters of MEs of M > 1.2

in Kinki

District of Japan from 17 January 1995 to 17
January 1999 reported by Disaster Prevention
Research Institute, Kyoto University, Japan.
The red solid star indicates the epicenter of

the Kobe earthquake.

B. Results in Katao[2002] (K2002)

-- K2002 investigated the frequency

distributions of the phase angles (Fig. 2), related to the phase

of the moon at which the MEs occurred in the focused areas.
-- After a new/full moon (i.c., 0 or 180 degree), the number of MEs is larger compared with that

in other periods (Fig. 3) ¢
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D. Temporal variation of the correlation

Does the strength of the correlation have the temporal variation?

phase angle[degree]

— The model 1s modified; the parameters in the trigonometric function are assumed to have
temporal changes, which are represented by polynomial function.

(a,,K,c, p,a, A, B, A, B,: parameters)

case (1) A=A=B,=B,=0 ... no triggering effect related to the phase of the moon
i) A,=B,=0 ... an effect only related to a synodic month
(1) A=B=0 ... an effect only related to a half-synodic month
(iv) no constraint ... an effect related to both a synodic
and a half-synodic month

To examine which case is best, we searched the best parameters using maximum likelihood method for each
case. Then we compare the goodness-of-fits of the four cases using AIC (Akaike Information Criterion)

[Akaike, 1974].

Note: The order of polynomial function (V) representing trend 1s also determined using AIC.
0(7) and 20(7) correspond the phase angle related to a synodic and a half-synodic month, respectively

Results

1) The case (iv) (where we assume the triggering effect related to both a synodic and a half-synodic month) shows the best fit to the
observed time series among the four cases (Table 1(a)). Using the difference of AIC [e.g., Ogata, 1983b], the estimated probabilities of the
null hypothesis the fit of the second best model (case (i11) for area A, and case (11) for area B) 1s better than the case (1v) are 3.98% and
7.21%, which are too small to accept the null hypothesis; the correlation between the activity of the MEs and the phase of the moon is

found to be statistically significant.

2) The feature of the intensity function of the trigonometric part (which is representing the periodicity) is similar to that of the histograms

(Figs. 3 and 4); our modeling is reasonable.
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(a,,K,c, p,a, A, B, A,, B, : parameters)

Note: The orders of polynomial functions concerning trend (N) and periodicity (L, and L,) are determined using AIC.

We consider four cases of constraints:
...... no triggering effect related to the phase of the moon
...... only temporal variation of the effect related to a synodic month
...... only temporal variation of the effect related to a half-synodic month
1 ... temporal variation of the effect related to both a synodic

case (1) L =L,=0
(1) L,=1
(1) L;=1
av) L,=1,L,=
Results

(Fig. 5).

3) On the other hand, concerning the two-year period prior to the occurrence of the Kobe earthquake, the case (1) (where we assume no
triggering effect) is chosen as the best one; no significant correlation is found (Table 1(b)).

and a half-synodic month

3) According to the plots (Fig. 6) of

gi(t)=\/(§f¥kl‘l‘) +(§BI-IJ") (=1, 2),

which denotes the absolute value of the intensity functions related to a synodic or a half-synodic month, the strength of the correlation is

1) The case (iv) (where we assume the temporal variation of the triggering effect related to both a synodic and a half-synodic month)
shows the best fit to the observed time series among the four cases (Table 2(a)).

2) The feature of the temporal variation of the intensity function of the trigonometric part (which 1s representing the periodicity) shows
that the value of the intensity functions affer the appearance of a newl/full moon is generally higher compared with that in other periods

greatest just after the occurrence of the 1995 Kobe earthquake, and generally decreases as time elapsed.
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