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Global investigation of foreshock acceleration prior to large earthquakes

O/hlr gl - i)l K&
OKai KOYAMA, Tomoaki NISHIKAWA

Predicting large earthquakes remains a major challenge in geoscience. Accelerating preslip and associated foreshock
activity have been proposed as potential precursors, yet their frequency and whether they are unique to large
earthquakes remain unclear. Here, we statistically analyze seismic activity preceding large earthquakes worldwide
using an extended ETAS model with an acceleration term. We find that significant foreshock acceleration is rare,
occurring before only 3-4% of large earthquakes. Comparisons with randomly selected seismic activity and
synthetic catalogs demonstrate that the observed acceleration cannot be explained by aftershock cascades alone,
suggesting contributions from aseismic processes, and it also occurs at similar rates during periods not followed by
large earthquakes. These findings suggest that the preslip-based forecasting framework supported by theory,
observation, and experiments has important limitations. In future studies on earthquake forecasting, a key issue is

whether it is possible to accurately distinguish accelerations that lead to large earthquakes from those that do not.
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