
SCEC Community Modeling EnvironmentSCEC Community Modeling Environment
AA Collaboratory  Collaboratory for System-Levelfor System-Level

Earthquake ScienceEarthquake Science

Tom JordanTom Jordan
Director, Southern California Earthquake CenterDirector, Southern California Earthquake Center

University of Southern CaliforniaUniversity of Southern California

UJNR MeetingUJNR Meeting
October 15, 2004October 15, 2004



10/15/04 2

Topics
• Overview of the Earthquake Center

– Structure of SCEC2

• Community Modeling Environment (SCEC/CME)
– The SCEC “Collaboratory”

• Plans for the Future
– SCEC3 initiatives for March 1, 2005 proposal

• An Invitation to our Japanese colleagues
– to joint SCEC and its agency partners (USGS, CGS, NSF)

in coordinating common efforts in system-level earthquake
science
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Seismic Hazard Analysis is a System-Level ProblemSeismic Hazard Analysis is a System-Level Problem
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Goals of a Regional EarthquakeGoals of a Regional Earthquake Collaboratory Collaboratory

•• To gather all types of informationTo gather all types of information
about earthquakes in the regionabout earthquakes in the region

•• To integrate this information into aTo integrate this information into a
comprehensive, physics-based,comprehensive, physics-based,
predictive understanding ofpredictive understanding of
earthquake phenomenaearthquake phenomena

•• To communicate this understandingTo communicate this understanding
to the population as useful knowledgeto the population as useful knowledge
for reducing earthquake risksfor reducing earthquake risks

Multidisciplinary, Multidisciplinary, 
multi-institutionalmulti-institutional
collaborationcollaboration

IT- enabled,IT- enabled,
system-level system-level 
sciencescience

Strategic partnershipsStrategic partnerships
for communication,for communication,
education and outreacheducation and outreach
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  Southern California: a Natural Laboratory forSouthern California: a Natural Laboratory for
Understanding Seismic Hazard and Managing RiskUnderstanding Seismic Hazard and Managing Risk

•• Tectonic diversityTectonic diversity

•• Complex faultComplex fault
networknetwork

•• High seismicHigh seismic
activityactivity

•• Excellent geologicExcellent geologic
exposureexposure

•• Rich data sourcesRich data sources

•• Large urban populationLarge urban population
with densely builtwith densely built
environment environment ⇒⇒ high risk high risk

•• Extensive research program coordinated by Southern California EarthquakeExtensive research program coordinated by Southern California Earthquake
Center (SCEC) under NSF and USGS sponsorshipCenter (SCEC) under NSF and USGS sponsorship
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SouthernSouthern
CaliforniaCalifornia
Earthquake CenterEarthquake Center

•• Consortium of 14 core institutions and 35Consortium of 14 core institutions and 35
participating organizations, founded inparticipating organizations, founded in
19911991

•• Co-funded by NSF and USGS under theCo-funded by NSF and USGS under the
National Earthquake Hazards ReductionNational Earthquake Hazards Reduction
Program (NEHRP)Program (NEHRP)

•• An open but structured collaboration,An open but structured collaboration,
organized through a series of focusedorganized through a series of focused
studies, includingstudies, including
–– Phase IPhase I::  Future Seismic Hazards in Southern  Future Seismic Hazards in Southern

California, Implications of the 1992 LandersCalifornia, Implications of the 1992 Landers
Earthquake SequenceEarthquake Sequence

–– Phase IIPhase II::  Seismic Hazards in Southern  Seismic Hazards in Southern
California: Probable Earthquakes, 1994 to 2024California: Probable Earthquakes, 1994 to 2024

–– Phase IIIPhase III::  Accounting for Site Effects in  Accounting for Site Effects in
Probabilistic Seismic Hazard Analyses ofProbabilistic Seismic Hazard Analyses of
Southern CaliforniaSouthern California

–– Phase IVPhase IV::  Regional Earthquake Likelihood  Regional Earthquake Likelihood
ModelsModels

15 Core Institutions
California Institute of TechnologyCalifornia Institute of Technology

Columbia UniversityColumbia University
Harvard UniversityHarvard University

Massachusetts Institute of TechnologyMassachusetts Institute of Technology
San Diego State UniversitySan Diego State University

Stanford UniversityStanford University
U.S. Geological Survey, GoldenU.S. Geological Survey, Golden

U.S. Geological Survey, Menlo ParkU.S. Geological Survey, Menlo Park
U.S. Geological Survey, PasadenaU.S. Geological Survey, Pasadena

University of California, Los AngelesUniversity of California, Los Angeles
University of California, RiversideUniversity of California, Riverside
University of California, San DiegoUniversity of California, San Diego

University of California, Santa BarbaraUniversity of California, Santa Barbara
University of Nevada, RenoUniversity of Nevada, Reno

University of Southern California (lead)University of Southern California (lead)

+ 40 Participating Institutions
Worldwide http://www.http://www.scecscec.org.org
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SCEC PARTICIPATION ANNUAL MEETING PARTICIPANTS
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SCEC OrganizationSCEC Organization
ChartChart
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Interdisciplinary
Framework

Major focus areasMajor focus areas
• Structural Representation
• Fault Systems
• Earthquake Source Physics
• Ground Motions
• Seismic Hazard Analysis

Interactions fostered throughInteractions fostered through
development of communitydevelopment of community

modelsmodels
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SCEC Crustal Motion Map
•• 833833 crustal  crustal velocity estimates at 762 pointsvelocity estimates at 762 points
•• Co-seismic offsets for the Landers, Northridge &Co-seismic offsets for the Landers, Northridge &

Hector Mine earthquakesHector Mine earthquakes
•• Data from  SCIGNData from  SCIGN

CMM.3.0.1 (Agnew et al., 2003)
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SCEC Community Velocity Model
H.H. Magistrale  Magistrale et al. (2000)et al. (2000)
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SCEC Community Fault Model

A.A. Plesch  Plesch and J. Shaw (2003)and J. Shaw (2003)
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SCEC Community Block Model

Intended for use in:
• fault systems analysis (FEM)
• property modeling

Set of interconnected,
closed volumes that are

bounded by major faults,
as well as topography,
base-of-seismicity, and

Moho surfaces.

J. Shaw et al. (2004)J. Shaw et al. (2004)
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Unified Structural Representation

Tectonic models

Structural models

Community Fault Model Community Block Model

Crustal Motion Map



10/15/04 15

Unified Structural Representation
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SCEC/CME ProjectSCEC/CME Project
Goal:Goal:    To develop a To develop a cyberinfrastructure cyberinfrastructure that can support system-levelthat can support system-level
earthquake science earthquake science ––  the SCEC Community Modeling Environment (CME)the SCEC Community Modeling Environment (CME)

Support:Support:    5-yr project funded by the NSF/ITR program under the CISE5-yr project funded by the NSF/ITR program under the CISE
and and Geoscience Geoscience DirectoratesDirectorates

Start date:Start date: Oct 1, 2001 Oct 1, 2001

SCEC/ITR
Project

NSF
CISE  GEO

SCEC
Institutions

IRIS

USGSISI

SDSC
InformationInformation

ScienceScience
EarthEarth

ScienceScience

www.scec.org/cme
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Pathway
Instantiations

SCEC Community Modeling EnvironmentSCEC Community Modeling Environment
A A collaboratory collaboratory for system-level earthquake sciencefor system-level earthquake science
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SHA Computational PathwaysSHA Computational Pathways
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SHA ComputationalSHA Computational
PathwaysPathways
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IMIM RupRupnn,i,i

Intensity-MeasureIntensity-Measure
RelationshipRelationship
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OpenSHAOpenSHA
A Community Modeling Environment forA Community Modeling Environment for

Seismic Hazard AnalysisSeismic Hazard Analysis

Pathway 1:Pathway 1: OpenSHA OpenSHA

Field, Jordan & Cornell (2003)
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Scenario ShakeMaps for M 7.7 Southern
San Andreas Rupture

Ned Field, USGS, PasadenaNed Field, USGS, Pasadena

Without soil & basin effects With soil & basin effects
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SHA Computational PathwaysSHA Computational Pathways

Intensity
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Ground
MotionsSRM
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2

AWP = Anelastic Wave Propagation
SRM = Site Response Model

Pathway 2: Ground motion
simulation SCEC CVM3.0
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SCEC                     SimulationSCEC                     Simulation

Southern San Andreas EarthquakeSouthern San Andreas Earthquake
•• M 7.7, scaled Denali slipM 7.7, scaled Denali slip
•• SCEC CVM3 (600 km x 300 km x 80 km)SCEC CVM3 (600 km x 300 km x 80 km)
•• 44thth-order parallel FDM (< 0.5 Hz)-order parallel FDM (< 0.5 Hz)
•• 3000 x 1500 x 400 = 1.8 G nodes (200 m)3000 x 1500 x 400 = 1.8 G nodes (200 m)
•• 20,000 time steps (0.01 s)20,000 time steps (0.01 s)
•• 47 TB of simulation data (150,000 files)47 TB of simulation data (150,000 files)
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Pathway 2
Verification

• Co-supported by SCEC,
SCEC/CME, PEER-Lifelines

• Participation by 5 groups
developing FD and FE codes

• Validation through hierarchy of
standardized test cases

• Production of 96,000 synthetic
seismograms for 6 earthquake
scenarios on each of 10 faults

• SRB archive now available in
CME

• Results are being analyzed to
improve attenuation
relationships
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Pathway 1: Standard
Seismic Hazard Analysis
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Pathway 4: Data Inversion & Assimilation
Pathway 4 inversions techniques are used to update the geological

models needed for simulations in the other pathways

R. Graves (2003)
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Structural inverse problem has 3 types of spatial dimensionality.
For regional applications all need to be 3D.

Perturbation TheoryPerturbation Theory
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PERTURBATIONREFERENCE
MODEL

FRÉCHET
KERNEL

Pathway 4: Data Inversion & Assimilation
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Cross-section

Source

Receiver

Pathway 4: Data Inversion & Assimilation
Pathway 4 inversions techniques are used to update the geological

models needed for simulations in the other pathways

P-wave Fréchet Kernel 
09/04/02 Yorba Linda Earthquake

Receiver Green Functions
• 33 CISN BB stations
• SCEC CVM3.0
• 180-m, .01-s resolution
• 20 days on 60-node

cluster
• 27 TB data stored in

SCEC digital library
• In use for CMT & FMT

source inversions
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SHA Computational PathwaysSHA Computational Pathways
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SHA Computational PathwaysSHA Computational Pathways
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2

AWP = Anelastic Wave Propagation
SRM = Site Response Model

Pathway 2: Ground motion
simulation

RDMFSM

3

FSM = Fault System Model
RDM = Rupture Dynamics Model

Pathway 3: Physics-based
earthquake forecasting

3D Rupture Dynamic
Models are being coupled
Anelastic Wave Models to

simulate earthquake
complexity.
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Pathway 3
Verification
• Supported by SCEC/ESP

Focus Group

• Hierarchy of problems of
increasing complexity

• Workshops held in
November, 2003 and
September, 2004

• Validation using reference
earthquakes (e.g. Parkfield)

• Results to be archived and
subset of codes to be
registered into SCEC/CME
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SHA Computational PathwaysSHA Computational Pathways
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earthquake forecastingSCEC CFM2.0

& CBM1.0
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Unified Structural Representation

Tectonic models

Structural models

Community Fault Model Community Block Model

Crustal Motion Map
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STEP - Seismicity-based
(Wiemer & others)

Fault-Based Simulation
(Ward)

GPS Strain Model
(Jackson & others)

SCEC/USGS Working Group for the Development of

Regional Earthquake Likelihood Models
(RELM)
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Interdisciplinary
Framework

Major focus areasMajor focus areas
• Structural Representation
• Fault Systems
• Earthquake Source Physics
• Ground Motions
• Seismic Hazard Analysis

Implementation interfaceImplementation interface
• Partnerships for Risk

Assessment & Mitigation
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SCEC Collaborations with Earthquake Engineers

• Open-source, object-oriented framework for probabilistic seismic hazard
analysis (OpenSHA)
– SCEC development

– Verification in collaboration with PEER-Lifelines

• Next Generation Attenuation Program (PEER-LL/SCEC/USGS )
– NGA-E (empirical) phase to be completed in Summer, 2004

– NGA-H (hybrid) phase to be initiated in Fall, 2004

• Ground-motion time histories for use in performance-based earthquake
engineering
– Emphasis on broad-band synthetic seismograms

– Time histories for PEER testbeds

• End-to-end (“rupture-to-rivets”) simulations of scenario earthquakes in
Southern California
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Puente Hills M 7.1 ScenarioPuente Hills M 7.1 Scenario

Peak
Ground
Acceleration
(% g)

  0 - 12
12 - 24
24 - 36
36 - 48
48 - 60
60 - 72

Los Angeles
County

DowntownDowntown
LALA



10/15/04 38

Simulation by 
Hall, Heaton, Wald, and Halling

Displacement Pulse from an M7Displacement Pulse from an M7
Blind-Thrust EarthquakeBlind-Thrust Earthquake
Beneath Los AngelesBeneath Los Angeles
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End-to-End SimulationEnd-to-End Simulation
““Ruptures to RivetsRuptures to Rivets””
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OpenSEAS Software

NEES Program



10/15/04 40

SCEC3 InitiativesSCEC3 Initiatives
•• End-to-end simulationsEnd-to-end simulations

–– ““Ruptures-to-rivetsRuptures-to-rivets”” collaboration with engineering collaboration with engineering
communitycommunity

•• CollaboratoryCollaboratory for the Study of Earthquake for the Study of Earthquake
PredictabilityPredictability
–– Rigorous environment for registering & evaluatingRigorous environment for registering & evaluating

prediction experimentsprediction experiments

•• International Partnerships for System-LevelInternational Partnerships for System-Level
Earthquake ScienceEarthquake Science
–– With other countries that have earthquakeWith other countries that have earthquake collaboratories collaboratories

similar to SCECsimilar to SCEC
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End


