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Megacities by 2015

Los Angeles

In seismically active areas, earthquakes are the 
largest natural threat to megacities…



Risk   =   Probable Loss (lives & dollars) =  

Hazard    × Exposure   × Fragility  ÷ Resiliency

Structural & nonstructural 
vulnerability

Extent & density of built 
environment

Faulting, shaking, 
landsliding, liquifaction

Emergency response,
insurance, CAT bonds

The Risk Equation



Earthquake Risk Reduction
• Predict the Hazard

– Seismic hazard analysis
– Earthquake prediction
– Early warning

• Manage the Exposure
– Hazard mapping
– Land-use policies

• Reduce the Fragility
– Building codes
– Performance-based design
– Retrofitting programs & mandates
– Non-structural mitigation

• Improve the Resilience
– Rapid emergency response
– Insurance, catastrophe bonds
– Long-term recovery planning

Integrate tactics into a 
system-level strategy for 
risk reduction

Educate the public; 
involve them in the 
planning

What is SCEC and how 
does it fit into this?



Communicate this 
understanding to end-

users and society at large 
as useful knowledge for 
reducing earthquake risk

Integrate this information 
into a comprehensive, 

physics-based 
understanding of 

earthquake phenomena

SCEC Mission:

Gather data on 
earthquakes in Southern 
California and elsewhere

Southern California Earthquake Center
• Large consortium of institutions that coordinates 

earthquake research
• Collaboratory that uses advanced IT to synthesize and 

validate system-level models of earthquake processes
• Open community of trust that shares data, models, 

knowledge, and ideas
• Reliable partner that works with other organizations to 

promote earthquake resilience
• International leader that involves scientists from many 

countries



SCEC is a Consortium of Institutions



Rationale for the Collaboratory

• SCEC is a virtual organization with the structure  
– to coordinate an interdisciplinary, multi-institutional research 

program in earthquake system science

– to sustain the web of organizational partnerships needed to 
translate basic research into useful knowledge

• The SCEC collaboration achieves a deeper understanding 
of earthquake behavior more rapidly than would be 
feasible by individual researchers or institutions working 
alone

– Southern California serves as a well-equipped natural laboratory 
for gaining new knowledge



SCEC Organization SCEC Director 
Board of Directors

Planning 
Committee

External Advisory 
Council

CEO Program

Earthquake Geology

Tectonic Geodesy

Seismology

Fault & Rupture
Mechanics

Earthquake
Forecasting &
Predictability

Lithospheric
Architecture 
& Dynamics

Crustal Deformation 
Modeling

Unified Structural 
Representation

Seismic Hazard
& Risk Analysis

Public Outreach

K-12 & Informal
Education

WGCEP

CME
PetaSHA

CSEP

Special Projects Disciplinary
Committees Focus Groups

CEO Activities

Experiential 
Learning & Career 

Advancement

SoSAFE

Center
Administration

Information
Architect

Knowledge
Transfer

Ground Motion
Prediction

ExGM

Special 
Projects

Disciplinary 
Work

Inter-
Disciplinary 

Work

Education 
and 

Outreach



SCEC Organization SCEC Director 
Board of Directors

Planning 
Committee

External Advisory 
Council

CEO Program

Earthquake Geology

Tectonic Geodesy

Seismology

Fault & Rupture
Mechanics

Earthquake
Forecasting &
Predictability

Lithospheric
Architecture 
& Dynamics

Crustal Deformation 
Modeling

Unified Structural 
Representation

Seismic Hazard
& Risk Analysis

Public Outreach

K-12 & Informal
Education

WGCEP

CME
PetaSHA

CSEP

Special Projects Disciplinary
Committees Focus Groups

CEO Activities

Experiential 
Learning & Career 

Advancement

SoSAFE

Center
Administration

Information
Architect

Knowledge
Transfer

Ground Motion
Prediction

ExGM

Mary Lou Zoback Chair, Risk Management Solutions
Jeffrey Freymueller Chair-Designate, U. Alaska
Gail Atkinson U. Western Ontario
Donna Eberhart-Phillips UC Davis
John Filson U.S. Geological Survey (Emeritus)
Jim Goltz CalEMA
Steve Mahin PEER
Anne Meltzer Lehigh University
Denis Mileti U. Colorado (Emeritus)
M. Meghan Miller UNAVCO
Roger Bilham U. of Colorado
John Vidale U. Washington 
Andrew Whittaker U. Buffalo
Farzad Naeim John A. Martin & Associates

External Advisory Council includes: earthquake 
scientists, earthquake engineers, social scientists 
emergency planners, reinsurance industry



Rationale for the Collaboratory

• SCEC is a virtual organization with the structure  
– to coordinate an interdisciplinary, multi-institutional research 

program in earthquake system science

– to sustain the web of organizational partnerships needed to 
translate basic research into useful knowledge

• The SCEC collaboration achieves a deeper understanding 
of earthquake behavior more rapidly than would be 
feasible by individual researchers or institutions working 
alone

– Southern California serves as a well-equipped natural laboratory 
for gaining new knowledge



UCERF Special Project

Best available science: used to set insurance rates, national hazard maps



1906
M 7.9

1857
M 7.9

1680
M 7.7

Multi-Disciplinary 
Science:  
Understanding the 
San Andreas

Large earthquakes 
recur on the San 
Andreas fault 
every 150-200 
years.

Next big one could happen anytime.
No one alive remembers these. 



Zielke et al. (2010)New Understanding of 1857 Earthquake

Zielke et al. (2010)

Dates
A   1857
B   1640-1840
C   1510-1640
D   1510-1640
E   1465-1525
F   1345-1430
G   1280-1340

7 EQs in 
< 600 yrs

Grant-Ludwig et al. (2010)

Earthquake 
likelihood higher 
than we thought it 
was last  year.



Southern San Andreas Fault System
“Locked and Loaded”
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How is fault slip accommodated?
One big earthquake or a series of earthquakes?
Can we reconcile geodetic/geologic slip rates?
Slip on San Andreas vs. San Jacinto Faults?
Is throughgoing rupture possible?
How strong will the shaking be?

SCEC’s Multi-disciplinary approach is key to 
answering these questions.

How will the San Andreas Rupture?



Seismology

Fault geometries 
informed by 
precise earthquake 
locations.

Nicholson (2009)



Geodetic Fault 
Slip Rates
(Bird, 2009)

Includes geologic and stress 
direction data.

Allows for distributed 
deformation.

Geologic Fault Slip Rates



Southern San Andreas Simulation



SCEC Community Velocity Model

H. Magistrale et al. (2000)



Simulations of Shaking from a Large Southern 
San Andreas Fault Earthquake



Earthquake Risk Reduction
• Predict the Hazard

– Seismic hazard analysis
– Earthquake prediction
– Early warning

• Manage the Exposure
– Hazard mapping
– Land-use policies

• Reduce the Fragility
– Building codes
– Performance-based design
– Retrofitting programs & mandates
– Non-structural mitigation

• Improve the Resilience
– Rapid emergency response
– Insurance, catastrophe bonds
– Long-term recovery planning

Integrate tactics into a 
system-level strategy for 
risk reduction

Educate the public; 
involve them in the 
planning

… but how?



Get Ready to ShakeOut!

November 12–16, 2008
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