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Talk 1: Progresses on earthquake early warning systems and their Stephan Wu

annlicatinng
Earthquake Early Warning (EEW) systems are vital tools for mitigating the impacts of seismic events by providing timely alerts to populations and

infrastructure at risk. Japan’s EEW system has undergone significant changes since its first public operation in 2007, including the expansion of seismic sensor
networks and enhancements in data processing algorithms. In the STAR-E project, we aimed to further improve the Ground Motion Prediction Equations
(GMPEs) used in EEW by incorporating the envelope of seismic waveforms. Additionally, we enhanced the evaluation of hazard probability by employing
advanced statistical methods. This approach allowed for evaluation of useful seismic hazards metrics. | will provide a short summary of our progresses in this
talk.

Talk 2: Bayesian non-parametric inference for the ETAS model Yuanyuan Niu

The epidemic type aftershock sequence (ETAS) model, an example of a self-exciting, spatiotemporal, marked Hawkes process, is widely used in statistical
seismology to describe the self-exciting mechanism of earthquake occurrences. The ETAS model is characterized by the rate of arriving earthquake events
conditioned on the history of previous events, which is also called the conditional intensity function. Fitting an ETAS model to data requires us to estimate the
conditional intensity function. Many previous methods, including parametric and non-parametric, have certain limitations in quantifying uncertainty since most
estimation techniques deliver a point estimate for the conditional intensity function. The GP-ETAS model defines the background intensity in a Bayesian non-
parametric way through the Gaussian Process prior, allowing us to incorporate prior knowledge and effectively encode the uncertainty of the quantities arising
from data and prior information. Based on the GP-ETAS model, we have carried out some new research topics, and some work is still ongoing. This
presentation introduces the GP-ETAS model and some developments we have made.
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A new GMPE for estimating the seismic intensity in combination with IPF Hong PENG
method Masumi YAMADA
Stephen WU

We have developed a benchmark database of seismic intensity (SI) curves using seismic event recordings from JMA, K-NET, and KiK-NET over the past ~20
years. Among the empirical envelope functions which simulate the SI curves, we identified the one half-sigmoid and one full-sigmoid function as the best
model (smallest MSE) for SI simulation.Based on this envelope function, We present a new ground motion prediction equation (GMPE) by using ARD
regression for estimating the Sl in real-time.

Inhomogeneous Spatio-Temporal Epidemic-Type Aftershock Sequence Isaias Bafales
Model Incorporating Seismicity-Triggering Slow Slip Events

Clarifying the relationship between regular earthquakes and slow fault slip is essential for understanding the mechanisms behind seismic activity. We
hypothesize that the background seismic activity around the Guerrero seismic gap in Mexico is partially triggered by interplate slow-slip events (SSEs).
Consequently, we present an extension of the spatio-temporal epidemic-type aftershock sequence (ETAS) model, which incorporates background seismicity as
a piecewise constant function over time. In this study, Global Navigation Satellite System (GNSS) data is employed to identify the occurrence periods of SSEs,
thereby delineating the intervals during which changes in background seismicity may occur. Due to the technical complexity of performing inference with an
inhomogeneous ETAS model, this work employs a penalized maximum likelihood inference method using the Expectation-Maximization (EM) algorithm. This
approach also permits the inference of the branching process for aftershocks, thus enabling the estimation of the genealogy between earthquakes. This
information could be utilized to decluster earthquakes.
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A modification of the space-time ETAS model with the rate- and state- SSEH EHE

friction seismicity model

This study explore a modification of the space-time ETAS model [Ogata, 1998]. The ETAS model has a term corresponding the background seismicity, and in
this study it is formulated with the Dieterich seismicity model [Dieterich, 1994], which is based on rate- and state-dependent friction. For the Dieterich model,
the stress rates are estimated as step functions with smoothness constraints, and parameters are derived using a Bayesian framework with Markov chain Monte
Carlo methods. Using this framework, temporal evolutions of the stress rate were estimated for the aftershock sequences of the 1995 Kobe and the 2004
Niigata (Chuetsu) earthquakes. Dieterich [1994] has proposed the incorporation of the stress increase with the logarithm of time into the Dieterich model to
cope with the variety of the p-value, and the estimated temporal evolutions for both sequences are similar to such feature.
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Short Break

Assessing the potential improvement in short-term earthquake forecasts from Yigun Zhang
incorporation of ULF Magnetic and CO anomaly Jiancang Zhuang
Peng Han

Over the past few decades, extensive scientific literature has documented the occurrence of anomalies in non-seismicity observations prior to strong
earthquakes. In most cases, such non-seismicity-based precursors were studied individually. One challenge associated with such non-seismicity-based
precursors is their inability to provide a probability gain comparable to that of the ETAS (Epidemic Type Aftershock Sequence) model. Nevertheless, it
remains feasible to combine clustering effect in seismicity and non-seismicity-based precursors in statistically probabilistic model. We constructed a
statistically probabilistic model based on temporal ETAS and non-seismicity-based precursors, devoted to improving the quality of earthquake forecasts (rather
than providing exact prediction of future earthquakes). As an extension of the ETAS model, the inclusion of precursors could potentially enhance the overall
probability gain.
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Multi-item forecasting methods are underdeveloped. The search for anomalous phenomena with a high hit-rate has been unsuccessful, resulting in an
overwhelming number of unexpected large earthquakes with low prediction rates. Therefore, it is necessary to comprehensively collect and organize a large

number of anomalous phenomena, even if the probability gain (hit rate) is low. I would like to introduce the quantification of the probability gain of anomalies
in the present situation from the point of view of forecasting and encourage the development of such research.
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