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The branching crack model was developed by Vere-Jones and Kagan in 1970s and 1980s. With
some natural assumptions, its simulation results explain the Gutenberg-Ritcher magnitude-frequency
relationship and the Omori-Utsu formula. By assuming that each generation is a time step and that
the seismic moment released at each time step is the number of cracks, Zhuang et al. (2016)
emulated the source-time function in by using this model. Such source-time functions are quite
similar to source-time functions after smoothing, exhibiting single or multiple peaks and no fixed
shapes. If the branching process does not stop at a certain time step, any number of cracks or peaks
are possible to be produced in its continuation. Such inherent randomness explains why the
earthquake magnitude cannot be determined unless the recorded waveforms contain information of
the entire rupture process and why earthquakes cannot be predicted in a deterministic way or with
almost-sure certainty. By introducing the critical zone and other related concepts, this model can be
connected to the asperity, the barrier and the nucleation models through a parameter -- criticality.
Particularly, the critical zone determines the potential maximum magnitude of the future earthquakes
and the source of anomalies. From the viewpoint that the key-point for earthquake forecasting is to
determine whether an area is in a critical state and how large the critical zone is, we discuss what
anomalies are meaningful as candidates of earthquake precursors. Finally, we outline modelling
strategies for earthquake precursors when probability gains are low due to the inherent randomness
of the earthquake source process. We conclude:

(a) The biggest difference of the real world from the critical branching crack process is that, in
the real world, only the critical zone with finite volume can be in a state of critical but not the whole
crust. The size of the critical zone gives the possible maximum magnitude of future earthquakes.

(b) The critical zone can be detected by its stress field and other phenomena. Among many
proposed earthquake precursors, we believe that acceleration of micro-seismicity, the b-value, the
LURR, the criticality parameter in the ETAS model, are good indicators of the current critical level.
Other observations, such as GPS displacements, gravity field changes, and electromagnetic field
changes are shown useful, even though the probability gains are lower than our anticipated.

(c) Due to the inherent randomness of the cracking process, these precursory indicators have an
upper limit of probability in forecasting, which may be a bit far from satisfactory. High performance

forecasts can be and possibly can only be made based on multidisciplinary precursors.



(d) As the clustering effect is the biggest predictable component in seismicity, the modelling of
the explanatory effect of the anomalies to earthquakes should be constructed from the ETAS model,
as done in Han et al (2016) 's ETAS model with external excitations.

In summary, we are still optimistic to earthquake forecast. The main task is to develop
monitoring technologies that can help us to detect effective precursory anomalies and to determine
the size of the critical zone and the critical status of the area of interests. Moreover, developments of

statistical inference and modelling methods for multidisciplinary precursors are also indispensable.
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