Supplement 1  
Non-stationary ETAS model and its estimation 
Non-stationary ETAS model is a version of the stationary ETAS model (ogata, 1988), modifying it in such a way that two of the parameters to be variant in time. The conditional intensity function is denoted as
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 stands for the parameter set of the original ETAS mode,  for the occurrence time and magnitude of ith event above the threshold magnitude , and  is the event history before time t. Here and represent time-variant factors associated with the parameter μ and K0, modeled with the first order spline functions. They are represented by broken lines connecting {qμ,i } and {qK,i } at each earthquake occurrence time {ti}. They are formalized as
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where  stands for either  or , is the indicator function, and
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The log-likelihood function is written as follows,
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with the notation , for N as event number.

Smoothing method
Since the model has twice as many parameters as event number, they are estimated under imposed smoothness constraints to avoid overfitting. We use the penalized log-likelihood (Good and Gaskins, 1971) as described below. With the roughness penalty functions,
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the penalized log-likelihood is expressed as 
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[bookmark: _GoBack]where w = (wμ, wK) represents smoothness constraints as hyper-parameters. To obtain the optimal weight w, we used the Baysian method. 
The logarithm of the prior distribution is proportional to the last two term in (S1-6), but care must be taken for the prior density distribution π(q-N | w), where q-N  stands for the parameter set q = (qμ, qK) without the last two terms qμ,N  and qK,N. This means that, assuming a prior probability density π(q-N | w) from the degenerate distribution, the posterior distribution for q-N is given by 
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Then the Akaike Bayesian Information Criterion (Akaike, 1980), 
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is used for Bayesian model selection. 
More detail shuld be consulted to Kumazawa and Ogata (2013, 2014).
