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The b-value of the Gutenberg-Richter law is crucial for modern hazard models and seismicity
forecasting. It quantifies the relative frequency of small earthquakes vs. infrequent large events. A
growing number of studies suggest that the b-value changes with factors such as time (Gulia et al.,
2018), differential stress (Scholz, 2015), and thermal regime (Nishikawa and Ide, 2014). However,
translating the knowledge of such b-value variation into measurable improvements of earthquake
forecasting capabilities has not been convincingly achieved yet (e.g., Iturrieta et al., 2024).

In this work, we investigate whether a temporally changing b-value can improve our ability to
forecast future magnitudes. For this, we implement a method to estimate temporally and spatially
changing b-values, with a given time- and length-scale, together with a measure of how strong the
variation is (b-significant, Mirwald et al., 2024). Further, we develop a method to evaluate the
information gain (IG) that is more robust in the presence of short-term aftershock incompleteness.

We apply these methods to the 2016-2017 central Italy earthquake sequence, using a machine-
learning-enhanced earthquake catalog containing >900k events (Tan et al., 2021). Specifically, we
first estimate the optimal temporal, spatial, and combined spatiotemporal scales for forecasting
future seismicity using the first half of the dataset. Using the second half of the dataset, we then
assess pseudoprospectively if a varying b-value, estimated with the parameters obtained in the
first step, results in a positive information gain compared to a stationary reference model.
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