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The validation of model-based predictions against data is a key SCEC activity
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engineering. As such, it represents the best available science with
respect to authoritative estimates of the magnitude, location, and
likelthood of potentially damaging earthquakes throughout the
state (further background on these models, especially with respect
to ingredients, can be found in U.S. Geological Survey Fact

Sheet 20083027, http://pubs.usgs.gov/fs/2008/3027/).

Figure 1. Three-dimensional perspective view of the likeli-
hood that each region of California will experience a
maanitude 6.7 or laraer (M=6.7) earthauake in the
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Studying earthquakes and their effects in California and beyond
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- His original Master Model goal remains
iInspiring: “to develop a model of the
Earth's lithosphere in which we predict the
occurrence of earthquakes on the basis of

the space-time distribution of tectonic stress

calculated using various geophysical
observables, as the atmospheric scientists

forecast weather by computer on the basis
of observed pressure, temperature, wind
speed.”

Effect of local site conditions on ground motion

seismologists — engineers

Transportability of the Master Model Concept to Other Regions
Balance Synthesis Consensus

Aki, 2002, Synthesis of Earthquake Science Information and Its Public Transfer:
Synthesis of Earthquake Science Information and Its Public Transfer: A history of the Southern California Earthquake Center
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From Master Model to the Physics of Earthquakes

Earthquake System Science:

(a) the dynamics of fault systems 3
_ Eﬁgz?.fiﬂgﬂ]bahﬁh E/\EIHLEAREIR |
(b) the dynamics of fault rupture . MEZARI T ENE—RFtEEL?
. . HERZREmHFEE: TR0 HREIRE,
(c) the dynamics of ground motions  prE=SyEEELE RS — it ESS4?
WS HFEEE . W ERERMRR
FOEFER, MEREWNEERERY?

Two Approaches to Earthquake Prediction

Probabilistic Earthquake Forecasting
“Silver-Bullet Approach” X

Deterministic Earthquake Prediction
“Brick-by-Brick Approach” v

Collaboratory for the Study of Earthquake Predictability
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Earthquakes: Separating Fact from Fiction

SCEC’s long-range science vision

Earthquake System Science:

(a) the dynamics of fault systems

(b) the dynamics of fault rupture

(c) the dynamics of ground motions John Vidale

Director of the Southern California...

SCEC5’s core Program is to provide new concepts that can improve

(a) the predictability of the earthquake system models

(b)new data for testing the models

(c)a better understanding of model uncertainties
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engineering. As such, it represents the best available science with
respect to authoritative estimates of the magnitude, location, and
likelihood of potentially damaging earthquakes throughout the
state (further background on these models, especially with respect
to ingredients, can be found in U S. Geological Survey Fact
Sheet 2008—3027, http://pubs.usgs.gov/fs/2008/3027/).

Figure 1. Three-dimensional perspective view of the likeli-
hood that each region of California will experience a
magnitude 6.7 or larger (M=6.7) earthquake in the
next 30 years (6.7 matches the magnitude of
the 1994 Northridge earthquake, and

30 years is the typical duration

of a homeowner mortgage).

Uniform California
Earthquake Rupture
Forecast (Version 3)
(UCERF3)

State

1/1000 boundary

1/100 1/10 1
30-year M26.7 likelihood
(percent)

Faults are shown by the rectangles outlined in black. The entire colored area represents greater
California, and the white line across the middle defines northern versus southern California. Results
do notinclude earthquakes on the Cascadia Subduction Zone, a 750-mile offshore fault that extends

about 150 miles into California from Oregon and Washington to the north.
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Madariaga R et al., Science, 2010 Kanamori H., Nature, 2012
Central Chile Finally Breaks Putting seismic research
Raul Madariaga’, Marianne Métois', Christophe Vigny', Jaime Campos? tO mOSt effeCtlve use

It has been known for 10 years that the site of “Forecasters
the Maule mega-earthquake of 27 February ‘-'*‘"”{'rr"”'lf"ff'-'f-’
2010 was fully locked and ready to break. warnings simply

by using existing
technology
better.”
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» Pre-shock Phenomenon I

a matched filter technique to continuous seismograms recorded

near the source region
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GEOPHYSICS

Central Chile Finally Breaks

Raul Madariaga', Marianne Métois', Christophe Vigny', Jaime Campos®

hile is the site of some of the largest
carthquakes in the world: On aver-

age, a magnitude § earthquake oceurs

It has been known for 10 years that the site of
the Maule mega-earthquake of 27 February
2010 was fully locked and ready to break.

[ slip (m)

seismologists and historians of Chilg#n earth-

quakes (2,3).
Intheearly 19705, Kelleher pffoposed that
Chilean curred on “gaps” left

there every 10 years or so. These
take place in the subduction zone, either as
interplate ruptures at the interface between
the South American and Nazea plates or as
intraplate events within the subducted Nazca
plate. A few times in every century, massive
g plate-interface earthquakes break sev-
£ eral hundred kilometers in a single
% shock. This is what happened on 27
% February 2010, when a major earth-
2 quake (magnitude 8.8) oceurred in
% the Maule and Biobio regions in cen-
£ tral Chile (see the first figure). This
€ region had last experienced a major
# subduction carthquake in 1835, when
4 Darwin (/) visited the area as part of
I his voyage on the Beagle. His deserip-
£ tion of the earthquake inspired many

oo

‘Laborataire de Géalage et LIA Mantessus de
Ballare, CNRS and Ecole Normale Supérieure,
75231 Paris Cedex 05, France. *LIA Montessus
de Ballore, Departamenta de Geafisica, FCFA.
Universidad de Chile, Santiago, Chile. Emait
£ madariag@geologie.ens

from previous large evenis'(4). At the time,
the Maule region was nofidentified as a gap,

claimed some 20,000 lives (3). In the 1990s,
seismologists found that the 1939 earth-
quake was not a subduction earthquake but
the largest intraplate event ever recorded in
Chile (6-9).

Oncethe region between Concepeidn and

because a very lange e

7.8) had occurred the
(5): the deadlies

E the Maule me

It has been known for 10 years that the site of
ga-earthquake of 27 February
was fully locked and ready to break.

to north but is largest in the
most ancient gaps.

In the second figure, we
show the plate coupling in
the area of the Maule earth-

Tsunami damage. Shortly after the Maule mega-eathquake, a tsunami hit nearby  quake derived from all avail-
coastal areas, such as the village of Penco (near Concepcién), shon here.

able GPS data. The red areas

www.sciencemag.org SCIENCE VOL328 9 APRIL 2010
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* Long-term prediction

e Statistical prediction using time history of earhtquake
occurrence.

* Mid-term prediction

* Computer simulation based on physical model using
monitoring data.

* Short-term prediction
* Prediction using precursory phenomena of earthquakes.

Earthquakes mechanism and prediction , Koshun Yamaoka, 2006, #Z&
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UCERF->UCERF+ETAS. UCERF+TD
Uniform California Earthquake Rupture Forecast
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If techniques were developed to probe not only
stress buildup (as with geodesy) but also the spatial
distribution of absolute stresses, we would be one
small step away from being able to estimate a
time-dependent probability based on dynamic
modeling, opening the possibility for a weather
forecasting approach to seismic hazard.
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