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Prediction and validation of short- medium- and long-term earthquake
probabilities using a hierarchical space-time ETAS (HIST-ETAS) models, etc.
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Space-time ETAS model (Ogata, 1998, A/SM)
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A characteristic feature of the spatio-temporal ETAS model of Ogata (1998) is the automatic centroidal correction
of epicenters in the hypocenter source catalog. The source coordinates (x;, y;) and variance matrix S; are identified
using AIC based on the source coordinates of all detected earthquakes in a short span, say one hour, after a major
earthquake (e.g., M5 or greater). The red circles in the above panels are the epicenters listed in the catalog, the stars
are the estimated centroidal coordinates, and the dotted curves are the estimated ellipses corresponding to the matrix
S..

J
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Fig.2  Hierarchical space-time epidemic-type aftershock sequence (HIST-ETAS) models are adopted to enable efficient
short-term forecasts of spatiotemporal seismic activity in each region. First, the parameter u(x, y) does not depend
on time is used as a candidate for the perennial earthquake probability. The parameter K, (x, y) provides position
information for aftershock productivity useful for short-term prediction. When the parameters & , p, and g depend on
the location as in the above equation, it is called (1) HIST-ETASS5pa model; and when it is a constant, it is called (2)
HIST-ETAS-uK model. The estimation of the coefficients of these models is applied to the JMA hypocenter data (1923
-2018, M = 4.0) in a sufficiently long target time interval [S,, S], and the optimal Bayesian likelihood is determined
by the Akaike Bayesian Information Criterion (ABIC). After that, the maximum a posteriori parameter (MAP)
solution of the optimal posterior distribution of the local-linear Delaunay function is obtained by the inverse problem.
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Fig.3  Short-term predictions and verifications the HIST-ETAS models have been ongoing in the CSEP Japan Testing Center
at the Earthquake Research Institute, University of Tokyo. Here are snapshots that are taken from the screening
predictive videos with improved accuracy of predictions in times and spaces that were carried out at the present CCEP
meeting. The figures on the left are the epicentral map for the corresponding time interval.
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Fig. 4

Four nonhomogeneous Poisson space-time models that are time-independent but spatially non-uniform. Those are:

(3) inland uniform Poisson process model; (4) non-uniform spatial Poisson process model that minimize the Akaike
Bayesian Information Criterion (ABIC); (5) proportionally corrected background u (x,y) intensities of the HIST-
ETAS-uK model and (6) HIST-ETAS -5pa model, respectively. The figures (3) - (6) on the right are contours of the 4
corresponding spatial Poisson intensity rates on Japan inland area in logarithmic scale.
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In general, the more flexible HISTETAS-5pa fits better based on ABIC than the HIST-ETAS-uK model. However, the
predictive model (plug-in model) with the MAP parameter inserted does not always give best forecast. Therefore, the
log-likelihood score calculated from the prediction of earthquake occurrence during the time interval [S, 7] and the
result of various MAP solution models obtained from the data up to time S is adopted as the evaluation criterion. Also,
assuming b = 0.9 nationwide, the forecast evaluation results of the higher score were also compared based on the
occurrence information of earthquakes of magnitude M4.0 or higher. As for the short-term forecast results for the last
2 years and 9 months, HIST-ETAS-5pa is the best for forecasting the lower limit magnitude from 4.0 to 5.0, followed
by HIST-ETAS-uK. As far as the medium-term forecast is concerned, the MAP of non-uniform Poisson model is
superior to the other models including the inland uniform Poisson model.
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Performance evaluation of long-term ‘reverse prediction’ of historical earthquakes based on the Japan Meteorological
Agency hypocenter catalog (1923 — 2018, M = 4.0). The red circles on the upper right panel are shallow historical
damage earthquakes of M6 class or higher . The upper left panel is an evaluation score statistic to compare the fit
of the spatial Poisson models to the coordinate data of historical earthquakes. The lower left panel is the table of the
results. The p value change of the HIST-ETASS5pa model gives the best results, but the earthquakes of M7.5 class or
above, the difference in scores is small possibly due to a small number of such events; namely, regional differences
cannot be seen. The lower right panel shows the location of historical damaging earthquakes of M6.8 or higher and
the p value distribution of the HIST-ETAS5pa model (color table indicates expected number of M 2 4 earthquakes /

km’ / day).
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