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Early Warning Systems for Large Earthquakes:
Classification of Near-source and Far-source Stations

Masumi Yamada (Kyoto Univ.) and Tom Heaton (Caltech)

Earthquake early warning systems collect seismic data from an occurring event,
analyze them quickly, and provide estimates for location and magnitude of the
event. In order to extend early warning systems for large earthquakes, it is
necessary 1o eslimate the fault rupture extent and slip on the fault in real time.
The objective of this research is lo develop a methodology to classify stations
into near-source and far-source since this can be used for identifying the fauit
geometlry if there is a sufficienlly dense seismic network.
Data

Strong motion data of earthquakes with magnitude greater than 6.5
were collected and classified into two predefined groups: records from
near-source stations (fault distance < 10 km) and far-source stations. This
particular set of data is called the training set.
Method

We assume the discriminant function to classify records into
near-source and far-source is expressed as a linear combination of the log of
ground motion amplitudes (e.g. peak ground acceleration, velocity,
displacement). We applied Bayesian approach to the training set and find the
coefficients in the discriminant function.We also performed Bayesian model
class selection to find the best combination of the ground motion measures
Result

Bayesian model class selection analysis shows the combination of

vertical acceleration and horizontal velocity produces the best performance of
the classification. The discriminant function produced by the Bayesian

approach classifies near-field and far-field data, and gives the probability for a
station to be near-field, based on the ground motion measurements. This
discriminant function is useful to estimate the fault dimension in real-time,
considering the fault finiteness of large earthquakes.
f = 6.046 logyo(Verlical Acc) + 7.885 logyo (Honzonlal Vel) - 27.09 (1)
prob(station=near-source)=1/(1+exp(-f) (2)

P

121°
Probabilities of near-source based on the optimal discriminant
function obtained by the Bayesian approach. Darker marks have higher
probability that the station is located at near-source.
Reference: Yemada, M., Early Warning for Earthquakes with Large Ruplure Dimension, Ph.D. thesis,

Figure 1:

California Institute of Technology, 2007.
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