Comparative Analysis of Seismic Clustering: Deterministic Techniques vs. Probabilistic ETAS Model
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40°NF el e  CHECK 1. The sum S1 of the expected numbers of events triggered by the NR events
in the nCL cluster is close to the number of elements in nCL: CHECK1 = S1/NR ~ 1. * No substantial differences for the 2 cluster identification procedures:
This is because the expected offspring in nCL should reflect its cardinality. = GK 'de““‘cl'es quite 'l(?”ge" ana .qu'ﬁe Vl'de" CF']USFG"S when ?Oﬂs'de”“g strong mainshocks;
if ST>NR, we likely have an “over-productive” seismic sequence included in the cluster. " comparable cardinality and mainshocks of the identined clusters.
35°N | | ' | et HERE, Garmin, USGS . . . = Overall consistency between identified clusters and corresponding ETAS P:
2005 ,
OB 10°E 15°E 20°E CHECK 2. The sum 52 of the /ndepen(je@ce P> of all the NK events“ i thennCL Cluster is = window-based methods need sharp cutoff to include events in a cluster, and require the labeling of
Longitude close to 1: CHECK2 = |S2-1| ~ 0. This is because we expect a “single” cluster to events as “mainshock”
nave a ‘single” independent event. = independence P tends to increase in the final part of a sequence;
fS2 > 1, nCL contains >1 (ETAS-)independent events, and therefore it likely involves strong = swarm-type sequences better captured by a probabilistic approach such ETAS.
Cluster identifications methods and ETAS rate seismic sequences.

Deterministic and probabilistic approaches allow us to consider different perspectives and

Window-based methods (NESTOREV1.0 [2]). Min mainshock mag M,, = 4: the clus- aspects of seismicity. The probabilistic view is less subjective (no cutoff required). Still, P is a
T . challenging concept to understand, and carries a certain degree of uncertainty.
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ter of a mainshock m; is the set of earthquakes after m; within its triggering circular area. " Gheck 1 Sum Exp. Dosc. S1/NR n | % Gheok 1 Sum B Desa STINR Central Haly (2016)

(Foreshocks excluded to avoid possible multiple assignments) i o jin il B oK No general rule for one approach being preferable to the other, but, be aware of the
1. Uhrammer-Lolli-Gasperini (ULG) [3]-[4]: d = 0804 Mn=1020 4 — 60 1 60(M,, — 4) tor * meaning behind the selected approach and the implications it entails in the results.

2. Gardner-Knopoff (GK) [1]: d = 1001238 M H0.983 4 — 10A-MntB il % o

where (A, B) = (0.032,2.7389) or (0.5409, —0.547) if M,, > 6.5 or M,, < 6.5. References
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Spatio-temporal ETAS model. The rate A(¢, x, y, m) is given by
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where f.is the failure rate, 8 = bln 10, d; = d10*"™=")/2 and HY(-) is the step function. o 10 m®  w & % w W w® 00w e 0 e
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