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AGENDA

Saturday, September 7
16:00 - 19:00

SCEC Annual Meeting Pre-Registration Check-In at Hilton Lobby

Sunday, September 8
07:00 - 18:30

SCEC Annual Meeting Registration & Check-In at Hilton Lobby

07:00 - 08:00

Breakfast at Hilton Poolside

08:00 - 20:00

Poster Set-Up in Plaza Ballroom

08:00 - 12:00

Workshop: SCEC Source Inverson Validation (SIV)
Present results on benchmarks for the M7 normal-faulting ruptures, one
of which is embedded in a 3D heterogeneous Earth model that leads to
seismic scattering and hence uncertain Green's functions. Design first
benchmark exercise for teleseismic source modeling.
Conveners: P. Martin Mai (KAUST), Danijel Schorlemmer (GFZ), and
Morgan Page (USGS)
Location: Horizon Ballroom I, Hilton Palm Springs

Input&=&Target&

Model&Predic4ons&

Model&Comparison&
Goodness&of&Fit&

08:00

Introduction & Workshop Goals (Martin Mai)
Current SIV benchmarks and results

08:15

Seismic Source Inversion and Back Projection (Yuji Yagi)
1. Introduction of uncertainty of Green's Function into Waveform
Inversion for Seismic Source Processes
2. Theoretical Relationship Between Back-Projection Imaging and
Inverse Solutions

08:45

Toward Accounting for Prediction Uncertainty
Subsurface Fault Slip (Zacharie Duputel)

09:15

Uncertainty in Kinematic Rupture Models from Variation in Source time
Function and Earth Structure (Hoby Razafindrakoto & Martin Mai)

09:30

Near Realtime Teleseismic and Geodetic Finite Fault Modeling at the
NEIC (William Barnhart & Gavin Hayes)

09:45

High Resolution Finite Fault Modeling of the Largest Events (M>4.8) in
the 2012 Brawley Swarm (Shengji Wei)

10:00

Group Discussion on Workshop Presentations

10:15

Break

10:30

Group Discussion
•
•
•
•

12:00
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When

Inferring

Reconciling Back-Projection & Seismic Source Inversion
Accounting for Uncertain Earth Structure in Source Inversion
What Do We Learn from Near Real-Time Source Inversion?
Defining the Next SIV Benchmark: Teleseismic Source Inversion

Adjourn

AGENDA

Sunday, September 8
08:00 - 12:00

Workshop: SCEC BroadBand Platform and Ground Motion
Simulations – Recent Progress on Validation of Methods and
Planning the Next Steps
Focus on the validation of methods for ground motion simulations and
on the development of forward simulations for engineering
applications, using methods implemented on the SCEC BroadBand
Platform (BBP).
Conveners: Norm Abrahamson (PG&E) and Christine Goulet (PEER)
Location: Horizon Ballroom II, Hilton Palm Springs

Northridge Earthquake: Comparison Between SCEC BroadBand Platform
Simulations and the Campbell and Bozorgnia GMPE
08:00

Introduction (Norm Abrahamson)

08:15

Validation Exercise: Summary and Sample Results (Christine Goulet)

08:35

First Round Validation: Evaluation of Broadband Platform and Ground
Motion Simulation Results (Doug Dreger)

09:05

Group Discussion: Parametrization, Improvement to Metrics, etc.

09:45

Break

10:00

Forward Simulations: Sample Preliminary Results and Issues
Encountered (Katie Wooddell)

10:30

Group Discussion

10:45

Where to Go From Here? Priorities for Research and Development for
the Next Few Years (Norm Abrahamson)

11:00

Group Discussion

12:00

Adjourn

12:00 - 13:00

Lunch at Hilton Palm Springs Terrace Restaurant and Poolside

2013 SCEC Annual Meeting | 5

AGENDA

Sunday, September 8
13:00 - 17:00

Workshop: SCEC Earthquake Simulators
Review status of comparisons on two problems considered in the
SCEC Collaborative Project on Comparison, Verification, and Validation
of Earthquake Simulators: (1) jumping of ruptures from one fault to
another, and (2) many-fault simulated earthquake histories based on
the UCERF3 deformation model(s).
Conveners: Terry Tullis (Brown)
Location: Horizon Ballroom I, Hilton Palm Springs
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13:00

Welcome and Introduction: Purpose of Sixth Workshop

13:10

Discussion Topic 1: Jumping of rupture from one fault to another
• How far ruptures can jump from one fault to another using the
simulators as they currently exist (which seems to be less than
observed ruptures)? What are observed distances?
• What modifications represent the best approach to make them jump
more realistic distances?
• What additional statistical comparison tools do we need for this
problem?

14:00

Discussion Topic 2: Many-fault simulated earthquake histories based
on the UCERF3 deformation models
• Settling on the best approach to assigning stress-drop values for all
of the fault sections
• How many of the UCERF3 deformation models should be used as
input?
• Explore the effect on the statistics of including a solution for
encouraging fault-to-fault jumps in the UCERF3 simulations

14:45

Break

15:15

Discussion Topic 3: Looking forward, studying the behavior of
earthquake simulators can provide valuable insights into the behavior
of actual earthquake interactions and sequences and the character of
earthquake catalogs
• What is the best way to study this within SCEC?
• In particular, is a collaborative project and TAG as has existed for the
past several years the best approach?
• If a TAG is the best approach, who will lead it?

17:00

Adjourn

AGENDA

Sunday, September 8
13:00 - 17:00

Workshop: SCEC Ground Motion Simulation Validation (GMSV) –
Recent Progress and Future Plans
Review progress on the SCEC Software Environment for Integrated
Seismic Modeling (SEISM) project and develop plans for future
projects, such as those that will support the SCEC Committee for
Utilization of Ground Motion Simulations (UGMS).
Convener: Nico Luco (USGS) and Sanaz Rezaeian (USGS)
Location:
Horizon Ballroom II, Hilton Palm Springs
L.Burks & J.Baker

1

Ground Motions in Earthquake Engineering
Seismic sources

Structural performance

Ground motions

Ground motions
Target response
spectrum

13:00

Welcome & Overview of Various SCEC Validation Efforts (Tom Jordan)

13:05

Workshop Objectives and Agenda (Nico Luco)
GMSV TAG Efforts for SCEC SEISM Project

13:15

Focus of “GMSV-SEISM” Efforts (Nico Luco)

13:30

Validation for Engineering Analysis Using Simple and Robust Ground
Motions Parameters (Lynne Burks, Jack Baker)

13:50

Validation for Building-Code Nonlinear Response History Analysis
(Farzin Zareian, Peng Zhong, Iunio Iervolino)

14:10

Validation Approach for Application of Simulated Ground Motions to
Duration-Sensitive Geotechnical Systems (Kioumars Afshari, Jonathan
Stewart)

14:30

Discussion of “GMSV-SEISM” Efforts

14:55

Break
SCEC GMSV Technical Activity Group Projects

15:10

Overview of GMSV TAG Efforts Presented Elsewhere (Sanaz Rezaiean)

15:30

Validation of Earthquake Simulations and Their Effects on Tall Buildings
Considering Spectral Shape and Duration (Ting Lin, Greg Deierlein)

15:45

Validation of Ground Motion Simulations for Seismic Slope Stability
(Ellen Rathje)

16:00

Support of SCEC Committee for Utilization of Ground Motion
Simulations (C.B. Crouse)

16:15

Discussion of Future GMSV TAG Efforts

17:00

Adjourn
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AGENDA
17:00 - 18:00
Distinguished Speaker Presentation
(Sunday 18:00)
Earthquake Effects on Critical Infrastructure,
Tom O’Rourke (Cornell) – see p.10

Annual Meeting Ice-Breaker in Hilton Lobby and Plaza Ballroom

18:00 - 19:00

Distinguished Speaker Presentation in Horizon Ballroom

19:00 - 20:30

Welcome Dinner at Hilton Poolside

19:00 - 21:00

SCEC Advisory Council Meeting in Tapestry Room

21:00 - 22:30

Poster Session 1 in Plaza Ballroom

Monday, September 9
07:00 - 08:00

SCEC Annual Meeting Registration & Check-In at Hilton Lobby

07:00 - 08:00

Breakfast at Hilton Poolside

08:00 - 11:00

The State of SCEC
Location: Horizon Ballroom, Hilton Palm Springs

Science Session 1 (Monday 11:30)
New paleoseismic data from SoSAFE: time
dependency and rupture patterns on the
San Andreas and San Jacinto Faults, Kate
Scharer (USGS) – see p.10

08:00

Welcome and State of the Center (Tom Jordan)

08:30

Report from the National Science Foundation (Greg Anderson)

08:45

Report from the U.S. Geological Survey (Bill Leith)

09:00

Communication, Education, & Outreach (Mark Benthien)

09:30

SCEC Science Accomplishments and Collaboration Plan (Greg Beroza)

Beyond the Time-Independent Uniform
California Earthquake Rupture Forecast:
Where Should SCEC Go From Here? Bill

11:00 - 11:30

Break

Ellsworth (USGS) – see p.11

11:30 - 13:00

Stress Transfer from Plate Motion to Crustal Faults: Long-Term
Fault Slip Rates
Moderator: Kaj Johnson (Indiana)
Location: Horizon Ballroom, Hilton Palm Springs

13:00 - 14:30

Lunch at Hilton Restaurant, Tapestry Room, and Poolside

14:30 - 16:00

Stress-Mediated Fault Interactions and Earthquake Clustering:
Evaluation of Mechanisms
Moderator: Jeanne Hardebeck (USGS)
Location: Horizon Ballroom, Hilton Palm Springs

16:00 – 17:30

Poster Session 2 in Plaza Ballroom

19:00 - 21:00

SCEC Honors Banquet at Hilton Poolside

21:00 - 22:30

Poster Session 3 in Plaza Ballroom

Science Session 2 (Monday 14:30)
Recent Results from the Collaboratory for
the Study of Earthquake Predictability
(CSEP), Max Werner (Princeton) – see p.11
Variable seismic response to fluid injection
in central Oklahoma , Katie Keranen
(Cornell) – see p.12

Science Session 3 (Tuesday 08:00)
Insights into subduction thrust structure
and mechanics from drilling the rupture
zone of the 2011 Tohoku-oki earthquake,
Fred Chester (Texas A&M) – p.12

Uncovering the Mysteries of Tsunami
Generation and Anomalous Seismic
Radiation in the Shallow Subduction Zone,

Tuesday, September 10
07:00 - 08:00

Breakfast at Hilton Poolside

08:00 - 09:30

Evolution of Fault Resistance During Seismic
Appropriate Laws for Rupture Modeling
Moderator: Eric Dunham (Stanford)
Location: Horizon Ballroom, Hilton Palm Springs

09:30 - 11:00

Structure and Evolution of Fault Zones and Systems: Relation to
Earthquake Physics
Moderator: Emily Brodsky (UCSC)
Location: Horizon Ballroom, Hilton Palm Springs

11:00 - 11:30

Break

Shuo Ma (SDSU) – p.12

Science Session 4 (Tuesday 09:30)
Back to the roots: Ductile shear zones
below major faults, and stresses at the
bottom of the seismogenic crust,
Yuri Fialko (UCSD) – see p.13

Biomarkers heat up during earthquakes:
new evidence of seismic slip in the rock
record, Heather Savage (LDEO) – see p.13
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Scale-

AGENDA
11:30 - 13:00

Causes and Effects of Transient Deformations: Slow Slip Events
and Tectonic Tremor
Moderator: Rowena Lohman (Cornell)
Location: Horizon Ballroom, Hilton Palm Springs

13:00 - 14:30

Lunch at Hilton Restaurant, Tapestry Room, and Poolside

14:30 - 16:00

Seismic Wave Generation and Scattering: Prediction of Strong
Ground Motions
Moderator: Jean-Paul Ampuero (Caltech)
Location: Horizon Ballroom, Hilton Palm Springs

16:00 - 17:30

Poster Session 4 in Plaza Ballroom

19:00 - 21:00

Dinner at Hilton Poolside

19:00 - 21:00

SCEC Advisory Council Meeting in Boardroom

21:00 - 22:30

Poster Session 5 in Plaza Ballroom

Science Session 5 (Tuesday 11:30)
4D maps of fault aseismic slip obtained
through multitemporal InSAR and timedependent modeling, Manoochehr Shirzaei
(ASU) – see p.14

Toward a Continuous Monitoring of the
Horizontal Displacement Gradient Tensor
Field using cGPS Observations from PBO,
Bill Holt (SUNY Stony Brook) – see p.14

Science Session 6 (Tuesday 14:30)
High-frequency rupture dynamics and
ground motion prediction, Steve Day

(SDSU) – see p.14

Using Ambient Noise Correlations for
Studying Site Response, Victor Tsai
(Caltech) – see p.15

Wednesday, September 11
07:00 - 08:00

Poster Removal from Plaza Ballroom

07:00 - 08:00

Breakfast at Poolside

08:00 - 09:30

Earthquake Early Warning and Risk Communication
Moderator: Lucy Jones (USGS)
Location: Horizon Ballroom, Hilton Palm Springs

09:30 - 11:00

The Future of SCEC
Location: Horizon Ballroom, Hilton Palm Springs

09:30

2014 Science Collaboration Planning (Greg Beroza)

10:30

Report from the SCEC Advisory Council (Jeff Freymueller)

11:00

Adjourn

11:30 - 13:30

SCEC Planning Committee Lunch Meeting in Palm Canyon Room

11:30 - 13:30

SCEC Board of Directors Lunch Meeting in Tapestry Room

Science Session 7 (Wednesday 08:00)
Earthquake early warning: Now, or after the
next big quake? Richard Allen (UC Berkeley)
– see p.15

Setting the stage for early earthquake alerts
and warnings, Ann Bostrom (U Washington)
– see p.16
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STATE OF SCEC

State of SCEC, 2013
Thomas H. Jordan, SCEC Director

Welcome to the 2013 Annual Meeting!
The SCEC Annual Meeting has become a premiere gathering of earthquake scientists in the United States and from around
the world, bringing together one of the largest collaborations in all of geoscience. 560 people have pre-registered for this
meeting (Figure 1), and 279 poster abstracts have been submitted. This year’s pre-registrants include more than 166 firsttime attendees. We look forward to welcoming many new scientists and proto-scientists, including 42 undergraduate and
153 graduate students.
Over the next four days, we’ll have
the chance to share our research
accomplishments across the full
SCEC collaboration, and we’ll
review our ambitious short-term
research objectives and long-term
science goals. We’re chugging at
full steam through the second year
of the SCEC 4 program, so there
will certainly be a lot to talk about!
The program put together by the
Planning Committee should be one
of the best ever. Sunday features
half-day workshops on four hot
topics—source
inversion,
earthquake simulators, ground
motion simulation, and simulation
validation. At 6 pm Sunday
evening, this year’s Distinguished
Speaker,
Professor
Thomas
O’Rourke of Cornell University, will
Figure 1. Registrants at SCEC Annual Meetings 1991-2013. Number for 2013 (560) is pre-registrants,
kick off the main meeting with a
with 166 first-time attendees. Pie chart shows the demographic profile for 2013 pre-registrants, which
talk on “Earthquake Effects on
include large number of undergraduate (42) and graduate students (153)! The lower bar chart is the
Critical Infrastructure.” Over the
history of SCEC base funding in as-spent dollars; the connected dots are the base-funding totals in 2002
dollars.
next three days, the agenda will
feature
keynote
speakers
addressing fundamental problems, discussions of major science themes, poster sessions on research results, earthquake
response exercises, technical demonstrations, education and outreach activities, and some lively social gatherings.

Assessing SCEC Accomplishments
The overall goal of the meeting is to assess SCEC’s accomplishments and progress towards its research objectives, which
have been articulated in terms of six fundamental problems of earthquake science (Table 1). These system-level problems
are interrelated and require the type of interdisciplinary, multi-institutional research at which the SCEC community excels. An
entire session will be devoted to presentations and discussions related each one of these problems.
Table 1. Fundamental Problems of Earthquake Science for SCEC4

1.
2.
3.
4.
5.
6.

Stress transfer from plate motion to crustal faults: long-term fault slip rates
Stress-mediated fault interactions and earthquake clustering: evaluation of mechanisms
Evolution of fault resistance during seismic slip: scale-appropriate laws for rupture modeling
Structure and evolution of fault zones and systems: relation to earthquake physics
Causes and effects of transient deformations: slow slip events and tectonic tremor
Seismic wave generation and scattering: prediction of strong ground motions

The program also includes a special session on Wednesday morning entitled, “Earthquake early warning and risk
communication,” moderated by Dr. Lucy Jones of the USGS. This timely session will inform the SCEC community of the
10 | Southern California Earthquake Center
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opportunities and challenges that EEW technology is presenting for risk communication, and it will strengthen the annual
meeting as an expert forum for educating practitioners of advanced earthquake technology.
The five poster sessions scheduled between Sunday evening and Tuesday evening will show off the entire spectrum of SCEC
accomplishments. In a very popular change, brought back last year, posters will stay up for the entire meeting to allow more
face-to-face interactions on the nitty-gritty aspects of SCEC scientific research.
Each year, Greg Beroza and the Planning Committee assemble an annual report on research accomplishments, which is
submitted in November as part of a full report on SCEC activities to our primary sponsoring agencies, the National Science
Foundation (NSF) and U. S. Geological Survey (USGS). The PC’s 2012 report is included in these Proceedings (pp. 34-49).
This summary couches the first-year accomplishments of SCEC4 in terms of the project milestones that we now use to mark
our progress (see pp. 72-75). Greg will summarize the research results, with an emphasis on our more recent
accomplishments, in his plenary address on Monday morning. This meeting volume also contains a report by Mark Benthien,
the SCEC Associate Director for Communication, Education, and Outreach (CEO), on the remarkable accomplishments of the
CEO program, some of which I highlight below.

Science Results!
The awesome sweep of research organized through
the SCEC Base Program is amply illustrated in the
PC’s report. As you will hear at this meeting, excellent
progress has been made on the major SCEC4
initiatives in a remarkably short amount of time. Two
Special Fault Study Areas (SFSAs) have been
inaugurated with SCEC-sponsored workshops: the San
Gorgonio SFSA (June 1-2, 2012) and the Ventura SFSA
(August 15-16, 2013). Multiple workshops have also
been held to develop the new Community Geodetic
Model (CGM) and Community Stress Model (CSM).
The high productivity of SCEC Technical Activity
Groups (TAGs) is exemplified by two recent volumes of
papers published in Seismological Research Letters
since the last Annual Meeting: one on “Earthquake
Simulators” (Nov/Dec 2012), edited by TAG leader
Terry Tullis, and one on the “SCEC Geodetic TransientDetection Validation Exercise” (May/June 2013), edited
by TAG leader Rowena Lohman and Geodesy Group
leader Jessica Murray (Figure 2).
The Working Group on California Earthquake Probabilities (WGCEP), led by Ned Field and sponsored through a USGS-CGSSCEC partnership with the California Earthquake Authority, is in the process of releasing the Unified California Earthquake
Rupture Forecast, Version 3. The time-independent component of UCERF3 has been accepted to represent California
earthquake probabilities in the new release of the National Seismic Hazard Maps, and its time-dependent components are
under active development.
The Community Modeling Environment (CME) collaboration, led by the SCEC IT Architect, Phil Maechling, has produced a
new array of CyberShake hazard models, each representing potential ground shaking in the Los Angeles region through
ensembles of more than 200 million synthetic seismograms. New techniques have been developed to understand and
compare the CyberShake results with GMPE-based hazard models. CME’s High-F Project has deployed the AWP-ODC and
Hercules simulation packages on the world’s most powerful supercomputers to extend the range of ground motion
simulation to 5 Hz and beyond. CME tomographic platforms have been developed to improve the Community Velocity
Models used in earthquake simulations. A new version of the CVM-S developed by Po Chen (U. Wyoming) and his colleagues
is being implemented into the Unified California Velocity Model (UCVM) framework for use in CyberShake and other
earthquake simulation projects.
The SCEC Broadband Platform (BBP) has also been developed within the CME. During the past year, with substantial
support from the Pacific Gas & Electric Company and Southern California Edison, we have been collaborating with PEER on
the validation of the BPP as a practical tool for earthquake engineering by comparing simulations from the various BBP
modules with well-calibrated recordings from historical earthquakes. In June, Doug Dreger led a major SCEC review of these
validations, and the results will be presented at the BBP workshop on Sunday morning.
The Collaboratory for the Study of Earthquake Predictability (CSEP), led at SCEC by Max Werner and Danijel Schorlemmer, is
an international collaboration that provides the cyberinfratructure for earthquake forecasting experiments in a worldwide
2013 SCEC Annual Meeting | 11
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array of natural laboratories. With support from the Department of Homeland Security, CSEP has recently solicited
participation from authors of algorithms that use electromagnetic and other non-seismic methods for earthquake forecasting
and prediction. SCEC and the European Community REAKT Project are collaborating with the CSEP groups in the New
Zealand, Japan, Europe, and U.S. to conduct a retrospective evaluation of short-term earthquake forecasting models using
the rich sets of earthquake data collected during the very active 2010-2011 Canterbury, New Zealand, sequence.
Last year, we received funding from NSF’s Science Across Virtual Institutes (SAVI) Program to develop a Virtual Institute for
the Study of Earthquake Systems (VISES) in partnership with the Earthquake Research Institute (ERI) of the University of
Tokyo and the Disaster Prevention Research Institute (DRPI) of Kyoto University. VISES is off to a very good start, sponsoring
several workshops in Japan and California. A major new activity supported by VISES is the Summer School of the Diversity of
Earthquakes, organized by ERI and SCEC, which will be convened on Sept 23-27, 2013 (see http://www.eri.utokyo.ac.jp/iSSEs2013). There will be about 15 keynote lecturers by leading scientists from geophysics, seismology,
geodesy, and geology, with shorter presentations (and posters) by participants. We anticipate participation of about 40 Ph.D.
students and postdocs from the international community, including 17 U.S. students funded by VISES.

Organization and Leadership
SCEC is an institution-based center, governed by a Board of Directors, who represent its members. The membership
continues to evolve because SCEC is an open consortium, available to all qualified individuals and institutions seeking to
collaborate on earthquake science in Southern California. As of August of this year, the institutional membership stands at
64, comprising 17 core institutions and 47 participating institutions (see inside back cover of this meeting volume).
For attendees who don’t see your institution on this list, please note that it’s really easy to apply; all we need is a
letter from a cognizant official (e.g., your department chair or dean) that requests participating-institution status and
appoints an institutional representative who will act as the point-of-contact with SCEC.
As you can see from the list, SCEC institutions are not limited to universities, nor to U.S. organizations. The California
Geological Survey has joined SCEC4 as a core institution, and URS Corporation will continue as a participation institution.
We are very pleased that three of the major USGS offices—Menlo Park, Pasadena, and Golden—will remain core institutions
represented by liaison (non-voting) members on the SCEC Board. There are currently 10 foreign institutions recognized as
partners with SCEC through a growing list of international cooperative agreements.
SCEC currently involves more than
800 scientists and other experts in
active SCEC projects. A key
measure of the size of the SCEC
community—registrants
at
our
Annual Meetings—is shown for the
entire history of the Center in
Figure 1. For the last four years,
more than 500 people have
registered for each of the Annual
Meetings.
Board of Directors. Under the
SCEC4
by-laws,
each
core
institution appoints one member to
the Board of Directors, and two atlarge members are elected by the
Board from the participating
institutions. The Board of Directors
is the primary decision-making
body of SCEC; it meets three times
annually to approve the annual
science plan, management plan,
and budget, and deal with major
business
items.
The
liaison
members from the U.S. Geological
Survey are non-voting members.
As Center Director, I chair the
Board and also serve as the USC
representative. Nadia Lapusta of
Caltech serves as its Vice-Chair.

Figure 3. The SCEC4 organization chart, showing the disciplinary committees (green), focus groups
(yellow), special projects (pink), CEO activities (orange), management offices (blue), and the external
advisory council (white).
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We also elect two people from our participating institutions as at-large members of the Board. These positions are currently
filled by Judi Chester of Texas A&M and Roland Bürgmann of UC-Berkeley. The complete Board of Directors is listed on
page 2 of these Proceedings.
External Advisory Council. The External Advisory Council (AC) is charged with developing an overview of SCEC operations
and advising the Director and the Board. Since the inception of SCEC in 1991, the AC has played a major role in maintaining
the vitality of the SCEC and helping its leadership chart new directions. The Center has always provided its sponsoring
agencies and participants, with verbatim copies of the yearly AC reports. The full 2012 AC report is included here (p. 17).
I would personally like to thank Jeff Freymueller (University of Alaska) for his outstanding efforts as the AC chair over the past
three years. Jeff has informed us of his plans to step down after completing this year's review of SCEC. For a total of 17
years, Jeff has rendered his excellent advice to SCEC, first as a member of the SCIGN Advisory Committee, which he joined
in 1997, and since 2002 as a member of this Council. We hope to celebrate his distinguished service to the SCEC
Community at this meeting.
I am very pleased to report that Gail Atkinson has accepted the invitation to fill Jeff's big boots as the AC chair. Gail, who has
been on the AC since 2005, is very knowledgeable of the SCEC program, and we look forward to her leadership of the
Council. I also would like to welcome Kate Long of Cal EMA, who is joining the AC this year. A listing of the current AC
membership can be found on page 2.
Working Groups. The SCEC organization comprises a number of disciplinary committees, focus groups, special project
teams, and technical activity groups (TAGs). These working groups have been our engines of success. The discussions
organized by the working-group leaders at the Annual Meeting provide critical input to the SCEC planning process. The
current working group structure of SCEC4 is shown in Figure 3, and a complete listing of the working group leaders is on p.
2.
I would like to welcome two new working group leaders, Max Werner of Princeton University, who will replace me as the
leader of the Collaboratory for the Study of Earthquake Predictability (CSEP), and Christine Goulet of the PEER Center at
Berkeley, who will replace Rob Graves as the co-leader of the Ground Motion Prediction focus group.
The Center supports disciplinary science through standing committees in Seismology, Tectonic Geodesy, and Earthquake
Geology. A new disciplinary committee in Computational Science was added for SCEC4. These groups (green boxes of
Figure 3) are responsible for disciplinary activities relevant to the SCEC Science Plan, and they make recommendations to
the Planning Committee regarding the support of disciplinary research and infrastructure.
SCEC coordinates earthquake system science through interdisciplinary focus groups (yellow boxes). Four of these groups
existed in SCEC3: Unified Structural Representation (USR), Fault & Rupture Mechanics (FARM), Earthquake Forecasting &
Predictability (EFP), and Ground Motion Prediction (GMP). The Southern San Andreas Fault Evaluation (SoSAFE) project,
funded by the USGS Multi-Hazards Demonstration Project for the last four years, has been transformed into a standing
interdisciplinary focus group to coordinate research on the San Andreas and the San Jacinto master faults. A new focus
group called Stress and Deformation Through Time (SDOT) has merged the activities of two SCEC3 focus groups, Crustal
Deformation Modeling and Lithospheric Architecture and Dynamics. Research in seismic hazard and risk analysis is being
bolstered through a reconstituted Implementation Interface (an orange box in Figure 3) that includes educational as well as
research partnerships with practicing engineers, geotechnical consultants, building officials, emergency managers, financial
institutions, and insurers.
SCEC sponsors Technical Activity Groups (TAGs), which self-organize to develop and test critical methodologies for solving
specific problems. TAGs have formed to verify the complex computer calculations needed for wave propagation and
dynamic rupture problems, to assess the accuracy and resolving power of source inversions, and to develop geodetic
transient detectors and earthquake simulators. TAGs share a modus operandi: the posing of well-defined “standard
problems”, solution of these problems by different researchers using alternative algorithms or codes, a common cyberspace
for comparing solutions, and meetings to discuss discrepancies and potential improvements. The effectiveness of this
approach is well illustrated by the recent SRL special issues on earthquake simulators and geodetic transient detection
(Figure 2). Three of the TAGS—Source Inversion Validation, Earthquake Simulators, and Ground Motion Simulation
Validation—will hold workshops on Sunday.
The Special Project teams (pink boxes in Figure 3) are organized around large-scale projects funded through special grants
outside the NSF-USGS cooperative agreements that support the SCEC4 base program. This has been a banner year for all
three of our current special projects, as illustrated by the achievements described earlier in this report.
Planning Committee. The SCEC Planning Committee (PC) is chaired by the SCEC Deputy Director, Greg Beroza, and
comprises the leaders of the SCEC science working groups—disciplinary committees, focus groups, and special project
groups—who together with their co-leaders guide SCEC’s research program (page 2). The PC has the responsibility for
formulating the Center’s science plan, conducting proposal reviews, and recommending projects to the Board for SCEC
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support. Its members will play key roles in formulating the SCEC4 proposal. Therefore, I urge you to use the opportunity of
the Annual Meeting to communicate your thoughts about future research plans to them.

Center Budget and Project Funding
The SCEC base program has been more-or-less flat funded since the beginning of SCEC2, when I took over as director
(Figure 1). This past year NSF/EAR cut our base budget by 10%, from the $3.0M received in 2012 to $2.7M. The USGS cuts
were proportionately smaller (3%), from $1.34M to $1.30M. Supplementing the $4.0M in base funding was $430K from
Pacific Gas & Electric, the Keck Foundation, the NSF SAVI supplement, and the geodesy royalty fund. There was also a
carryover of $64K from 2012. In total, SCEC core funding for 2013 is $4,494K, down from $4,746K in 2012.
The reduction in funding from federal agencies was a result of the federal sequester law. Moreover, our budget was not
finalized for 2013 until early July, which caused some major delays in the 2013 fudning for many PIs. The budget cuts were
painful, but we were able to preserve all of the research projects approved by the PC and Board in February, though some at
lower funding levels. Major budget cuts were made in the Director's reserve, administration, CEO, infrastructure, IT, and the
travel budgets for meetings, workshops, and international collaborators. Only $51K or 15% of the cuts were made to the
science program. I should note that many of the 2013 cuts were one-time only and future sequester cuts to our base budget
will be more difficult to accommodate.
The base budget approved by the Board of Directors for this year allocated $3.235M for science activities managed by the
SCEC Planning Committee; $456K for communication, education, and outreach activities, managed by the CEO Associate
Director, Mark Benthien; $166K for information technology, managed by Associate Director for Information Technology, Phil
Maechling; $302K for administration and $270K for meetings, managed by the Associate Director for Administration, John
McRaney; and $65K for the Director's reserve account.
Structuring of the SCEC program for 2013 began with the working-group discussions at our last Annual Meeting in
September, 2012. An RFP was issued in October, 2012, and 157 proposals requesting a total of $5.0M were submitted in
November, 2012. Including collaborative proposals, there were more than 200 individual budget requests. All proposals were
independently reviewed by the Director and Deputy Director. Each proposal was also independently reviewed by the leaders
and/or co-leaders of three relevant focus groups or disciplinary committees. (Reviewers were required to recuse themselves
when they had a conflict of interest.) The Planning Committee met on January 17-18, 2013, and spent two days discussing
every proposal. The objective was to formulate a coherent, budget-balanced science program consistent with SCEC's basic
mission, short-term objectives, long-term goals, and institutional composition. Proposals were evaluated according to the
following criteria:
1.
2.

Scientific merit of the proposed research
Competence and performance of the investigators, especially in regard to past SCEC-sponsored
research
3. Priority of the proposed project for short-term SCEC objectives as stated in the RFP
4. Promise of the proposed project for contributing to long-term SCEC goals as reflected in the SCEC3
science plan
5. Commitment of the P.I. and institution to the SCEC mission
6. Value of the proposed research relative to its cost
7. Ability to leverage the cost of the proposed research through other funding sources
8. Involvement of students and junior investigators
9. Involvement of women and underrepresented groups
10. Innovative or "risky" ideas that have a reasonable chance of leading to new insights or advances in
earthquake physics and/or seismic hazard analysis.
11. The need to achieve a balanced budget while maintaining a reasonable level of scientific continuity
The recommendations of the PC were reviewed by the SCEC Board of Directors. The Board voted unanimously to accept the
PC's recommendations. After minor adjustments and a review of the proposed program by the NSF and USGS, I approved
the final program in March 2013. Subsequent cuts to the budget as a result of the sequester were made via telecons and
emails among the Board and PC. The budget finalized in July, 2013.

Communication, Education, and Outreach
The success of SCEC’s CEO program matches that of its science program. CEO offers a wide range of student research
experiences, web-based education tools, classroom curricula, museum displays, public information brochures, online
newsletters, workshops, and technical publications. Highlights of CEO activities for the past year are reported in these
Proceedings (pp. 22-33) by the Associate Director for CEO, Mark Benthien, who will present an oral summary on Monday
morning.
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SCEC has led the development of the Earthquake Country Alliance (ECA), an umbrella organization, now statewide, that
includes earthquake scientists and engineers, preparedness experts, response and recovery officials, news media
representatives, community leaders, and education specialists. The ECA has become our primary framework for developing
partnerships, products, and services for the general public. SCEC maintains the ECA web portal
(www.earthquakecountry.org), which provides multimedia information about living in earthquake country, answers to
frequently asked questions, and descriptions of other resources and services provided by ECA members. Mark acts as the
ECA Executive Director.
A major focus of the CEO program since 2008 has been organizing the Great California ShakeOut and coordinating Great
ShakeOut Earthquake Drills in many other states and countries. The purpose of the Shakeout is to motivate everyone,
everywhere to practice earthquake safety (“Drop, Cover, and Hold On”), and to get prepared at work, school, and home.
More than 9.4 million people participated in the 2012 California ShakeOut, up from 8.6 million in 2011. Recruitment is well
underway for the 2013 ShakeOut, with over 7.8 million participants registered as of September 4 .
th

Beginning in 2010, additional states, territories, and countries began to join the ShakeOut movement, with websites
replicated by SCEC in partnership with government agencies who recruited participants. As part of activities for the New
Madrid earthquake bicentennial, the Central U.S. Earthquake Consortium (CUSEC) organized the first multi-state drill in April
2011, with 3 million participations across eleven states. CUSEC also now coordinates the SouthEast ShakeOut. As of
September, 2013, 23 Official ShakeOut Regions (each with their own website) now span 43 states and territories, two
Canadian provinces, New Zealand, Southern Italy (U.S. Naval bases), and a rapidly growing number of Japanese cities and
prefectures. All of these areas are holding ShakeOut drills annually (see the global homepage at www.shakeout.org), except
New Zealand (every few years). In addition, people and organizations in any other state or country can now register to be
counted in the overall global total each year. In 2012 19.5 million people participated worldwide. Many millions more see or
hear about the ShakeOut via social media and extensive news coverage. ShakeOut sites now exist in Spanish (Puerto Rico
and globally), Italian, and French (for Canada), such that our ability to engage additional countries, especially in Latin
America, will likely expand ShakeOut participation further.
I would like to encourage the SCEC community to register for a Great ShakeOut Earthquake Drill (www.shakeout.org) and to
encourage their institutions to join USC and others that are already registered.
SCEC CEO staff continues to work with museums and other informal education venues to develop content and programs for
earthquake education and to distribute SCEC resources, such as the extensive set of publications that has grown out
of Putting Down Roots in Earthquake Country. In 2008, SCEC organized a group of museums and other locations interested
in earthquake education into a network of Earthquake and Tsunami Education and Public Information Centers (Earthquake &
Tsunami EPIcenters), which has since been expanded to over 60 venues distributed throughout California and growing into
other regions. The EPIcenters are essential partners in the ShakeOut, as many hold public events on drill day, help promote
participation, and build capacity. SCEC is collaborating with San Bernardino County Museum (SBCM) to develop regional
educational resources such as the Pallett Creek paleoseismic trench. In addition to rehabilitating the trench, a visitor’s guide
and website are under development. The USGS, SBCM, Stanford, NEES, and SCEC are bringing the Quake Catcher Network
to informal learning venues throughout the
state with a recent expansion to Oregon by
installing research sensors and developing
educational products.
SCEC is very active in the Earth science
education
community,
participating
in
organizations such as the National Association
of Geoscience Teachers, the Coalition for Earth
System Education, and statewide and national
science educator organizations (e.g. CSTA).
SCEC Education Program Manager Bob de
Groot leads these efforts and runs the SCEC
Teacher Workshops and K-12 partnerships.
Since 2009, SCEC has been collaborating with
EarthScope, UNAVCO, and California State
University, San Bernardino to conduct a
campaign GPS research program involving
both high school teachers and their students.
Starting in 2013 SCEC is playing a leading role
in the Education and Public Outreach program
for InSight (Interior Exploration using Seismic
Investigations, Geodesy, and Heat Transport),
a NASA Discovery Program mission that will
place a single geophysical lander on Mars to

Figure 4. Undergraduate students from around the country who participated in the 2013 UseIT
summer program at USC. Many of them will be attending the SCEC Annual Meeting to present
posters, demos, and animations.
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study its deep interior in 2016. SCEC developed the ‘Vital Signs of the Planet’ Professional Development Program a
standards-based middle and high school research experience and curriculum development program offering
strong connections to STEM research. This program provides educator fellows with authentic experiences in
scientific inquiry, encourages instructional improvement in schools, and fosters deep engagement with local underserved
communities. In 2013, thirteen science educators and four students participated in the Vital Signs program and their posters
are on display at this meeting. SCEC is also working with the Sherman Indian High School in Riverside, CA, to develop
earthquake awareness and preparedness messaging, beginning with translation of “Drop, Cover, and Hold On” into many
Native American languages.
Bob de Groot is also skillfully leading SCEC’s Office for Experiential Learning and Career Development (ELCA). His office
manages two SCEC intern programs: Summer Undergraduate Research Experience (SURE, 254 interns since 1994),
Undergraduate Studies in Earthquake Information Technology (USEIT, 242 interns since 2002). The ELCA office promotes
diversity in the scientific workforce and the professional development of early-career scientists (Figure 3). As someone very
involved in these intern programs, I really enjoy seeing the students grapple with the tough but engaging problems of cuttingedge earthquake science. For example, the “grand challenge” for this year’s USEIT program was to develop SCEC-VDO and
GIS tools for exploring the new Uniform California Earthquake Rupture Forecast, Version 3.3, and use the UCERF3.3 to
produce visualizations of the earthquake hazard in Southern California for public education during the 20th Anniversary of the
1994 Northridge earthquake.
Many of the summer interns will be presenting their work at this meeting, and I hope you’ll have the opportunity to check out
their posters and demos. In particular, we will be using earthquake scenarios developed by the UseIT interns in a series of
earthquake response exercises during the meeting.

A Special Word of Thanks
SCEC has been successful because of the collaborative efforts of many people over many years. As SCEC Director, I want to
express my deep appreciation to all of you for your attendance at the Annual Meeting and your sustained commitment to the
collaboration. Greg Beroza and the PC have developed another outstanding program, so the entire meeting should be a very
pleasant experience.
Special recognition is in order for SCEC staff, which comprises individuals of remarkable skills and dedication (Figure 5). We
all benefit immensely from the financial wizardry and personal empathy of John “The Chaplain” McRaney, the organizational
skills of Mark “Mr. ShakeOut” Benthien, and the innovative expertise of Phil “Big-Iron” Maechling.
And we all owe a very special thank you! to Tran Huynh and Deborah Gormley, the SCEC Meetings Team, and their diligent
associates, Karen Young, John Marquis, Matt Goldberg, Kelsey Richards, and David Gill, for their exceptional efforts in
organizing this meeting and arranging its many moving parts. Please do not hesitate to contact me, Greg, Tran, or other
members of the SCEC team if you have questions or comments about ou r meeting activities and future plans. Now please
enjoy the sessions, the meals, and the pool in the spectacular, though perhaps a bit toasty, setting of Palm Springs!

Figure 5. The SCEC Staff, a special group of individuals with
exceptional skills and tremendous dedication to the Center and its
participants.

16 | Southern California Earthquake Center

REPORT OF THE ADVISORY COUNCIL

2012 Report of the Advisory Council
Jeff Freymueller, SCEC Advisory Council Chair

Introduction
This report is overdue because of the AC Chair’s challenges with time management over the last few months, and not
because of any difficult decisions or recommendations related to SCEC.
The SCEC Advisory Council (AC) met several times at the SCEC Annual Meeting in Palm Springs, September 9-12, 2012. The
AC met with SCEC leadership, including representatives of the SCEC Board of Directors, with representatives of the funding
agencies, and in informal settings with individual SCEC scientists and students. Prior to meeting, following the usual custom,
we received a confidential letter from SCEC Director Tom Jordan that summarized SCEC’s response to last year’s Advisory
Council recommendations and highlighted some new and continuing issues to solicit the Council’s opinion this year. The AC
also received copies of the draft SCEC science plan for 2013, copies of major proposals and reports submitted, and other
relevant material. The AC set its agenda for discussion based on a combination of issues raised in the SCEC4 proposal
reviews, those raised by the Director, and unresolved issues from previous AC reports.
The discussion in the AC meetings mostly fell into the following categories:
•
•
•
•
•
•
•
•
•

The start of SCEC4
Transition to the as-yet-unidentified SCEC5 Director
SCEC4 milestones and metrics.
VISES (NSF Science Across Virtual Institutes project)
The SCEC interface with the engineering community
CEO advisory structure and goals
Risk communication
Special Fault Study Areas
Presenting SCEC to the outside world

As in past years, the AC is deeply impressed by the SCEC organization and community. SCEC is viewed positively by the
broader earthquake science community and by its funding agencies, and this impression has been well earned. The SCEC
collaboration remains vibrant, with enthusiastic participation across many disciplines.
We congratulate the SCEC leadership and community on successful start of SCEC4. The SCEC4 proposal reflected the
priorities and goals of the community and proposed an ambitious, comprehensive and compelling scientific vision for the
next 5 years of SCEC activities. The new elements proposed for SCEC4, such new community models and the idea of
Special Fault Study Areas, are off to a running start. The evolutionary path for these ideas is developing with active input from
the broader SCEC community.

Membership
Nine members of the Advisory Council attended the SCEC Annual Meeting and participated in all discussions of the AC at
that venue. This report is a collaborative product of these AC members. The members who attended are:
Jeffrey T. Freymueller, Chair (University of Alaska Fairbanks)
Gail Atkinson (University of Western Ontario)
Roger Bilham (University of Colorado)
Donna Eberhart-Phillips (UC Davis)
Jim Goltz (CalEMA)
M. Meghan Miller (UNAVACO)
Farzad Naeim (John A. Martin & Associates)
John Vidale (University of Washington)
Andrew Whittaker (University of Buffalo; Director, MCEER)
Two additional members of the Advisory Council were not able to attend the meeting, although their input was sought in
evaluating the draft report:
Bob Lillie (Oregon State University, emeritus)
Susan Cutter (University of South Carolina)
Three former members of the Advisory Council have rotated off, and we thank Dennis Mileti (University of Colorado, retired),
John Filson (USGS, retired), and Anne Meltzer (Lehigh University) for their service.
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The Future SCEC Director Transition
Tom Jordan, the current Director, intends to step down before the start of SCEC5, should it be funded, and he has made it
clear that he will do so. This imposes a tight timeline for the search for the next SCEC Director, as the new Director will need
to be in place at USC in time to prepare the SCEC5 proposal. The SCEC Board has developed a good plan for a search and
orderly succession to the next Director, with a realistic timeline and process for bringing the new Director on board. The
SCEC AC endorses this plan. There is little more that we can say about this process, except that the choice of the next
Director for SCEC may be the most important decision made over the next couple of years in terms of its impact on the
future of the center. At this point, most of the process is in the hands of USC, as the SCEC Board has largely done its part.
The SCEC AC stands ready to do anything appropriate may be needed to assist in the process.

SCEC4 Milestones and Metrics
SCEC has developed a draft set of milestones for SCEC4, and asked for our comments on these milestones. NSF now
expects SCEC to be more formal about developing and using milestones and metrics than it was in the past. The key
challenges are to develop a set of milestones and metrics that reflect the reality of research (if we could plan out everything in
detail for the next 5 years, it would really mean that our research goals are aimed much too low), maintain flexibility so that
SCEC can follow up unexpected findings and new opportunities, and that provide SCEC with useful tools for its
collaboration. Milestones and metrics are most useful when they are not viewed as onerous bean-counting exercises, but
instead provide prioritization and targets for the community.
The Advisory Council thinks that the draft milestones do a good job of addressing those challenges. The current draft
milestones satisfy NSF’s requirements, and provide useful guidance for the collaboration. The proposed milestones were
more specific for years 1-2 and more general for years 3-5, which is appropriate. There should be a deliberate effort to review
them frequently and revise the milestones for the out years. We urge SCEC not to just file and forget the milestones, but
revise them to reflect the state of science, new discoveries, and the highest priorities of the Center. Retrospectively, it would
be handy to have a spreadsheet of milestones achieved, with links to items on SCEC website.
The Advisory Council deferred discussion on the SCEC-CEO milestones, which should be taken up in more detail by the new
CEO Advisory group (see later section).
The draft milestones could be augmented to include the results of specific SCEC research projects with known termination
dates as specific targets or products, where appropriate. SCEC projects aimed at producing an improved velocity model in
some region, or similar tasks related to other community models would be the most obvious candidates to be set out as
specific milestones. Other examples include the recommendations or other output of SCEC workshops, or projects that
focus on determination of a key slip rate, value for a specific model parameter, etc. Judicious inclusion of such products as
specific milestones can be a helpful way to keep the focus on products needed for physics-based understanding of the
earthquake problem in Southern California.
Milestones can be used as a proactive tool to aid collaboration. Coordination between disciplines could be strengthened by
using milestones as part of the collaborative process. Examples of the productive use of milestones in this way include
setting milestones that:
•
•
•
•

Specify model results in terms of the parameters of interest to other disciplines.
Identify critical parameters in competing models within or across disciplines that disagree.
Identify and reconcile the effect of specific parameters or model inputs that have led to agreement or
disagreement of the models.
Specify and call out these differences and the work needed to reconcile them as a specific outcome of the
annual meeting.

Finally, we recommend that SCEC develop an annually recurring science milestone that addresses the importance of the
annual meeting. The annual meeting is critical for fostering collaboration, germination of ideas, and assuring the roles of
interns, graduate students, and early career scientists.

Virtual Institute for the Study of Earthquake Systems (VISES)
The Virtual Institute for the Study of Earthquake Systems (VISES) is a new US-Japan project funded by NSF. It will be a
collaborative project involving SCEC, the Earthquake Research Institute (ERI) of the University of Tokyo, and the Disaster
Prevention Research Institute (DRPI) of Kyoto University. VISES has been funded by the NSF’s new Science Across Virtual
Institutes (SAVI) program, and this award will bring substantial new funding for these efforts, although a portion of the work
involved in VISES will involve the dedication of SCEC core funds for this purpose. The scientific goals of VISES are all
compatible with SCEC’s ongoing science goals, and VISES will help SCEC bring new information and insight from Japan into
SCEC’s efforts on Southern California.
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The greatest impact for SCEC could come from bringing young Japanese scientists here, and sending young US scientists
there to seed later electronic interactions. We think that virtual interactions are less likely to initiate without first having faceto-face interaction.

Building Collaboration with the Earthquake Engineering Community
The AC commends SCEC for establishing the GMSV TAG. The leaders, Drs. Luco and Baker, are recognized experts on the
topic of ground motions and their engineering implications. Their primary contributions are in engineering seismology and
ground motions and significant contributions are in structural engineering, with a slant towards the academic side of
structural engineering. Engagement with the two of them, and other like-minded engineers is a great step forward in terms of
engaging with the broader engineering community.
Engagement of the earthquake engineering community requires first a definition of that community. The engineers on the AC
would include the following in the engineering community, which we distinguish here from the earth science community that
is ably led by SCEC.
•
•
•
•
•

Engineering seismologists
Geotechnical engineers
Structural engineers
Loss modelers
Social scientists, emergency responders, policy makers (in which there is considerable overlap here with the
corresponding contingency within SCEC)

Increasing the engagement of practicing design professionals and code writers, particularly those well positioned to influence
the code process, would speed the acceptance of and implementation in design practice of ground-motion simulation. This
goal should be viewed as a priority for the future.
The earthquake engineering content of the SCEC Annual Meetings is slim, and this is reasonable given SCEC’s focus on
earthquake science. However, it does mean it is unlikely that many earthquake engineers will attend future SCEC meetings.
Thus, another mechanism for engaging with the earthquake engineering community is needed, noting that most members of
the community are structural engineers. We propose that SCEC continues efforts to work with US earthquake engineering
centers. In addition to PEER in California, MCEER in New York would also be a good partner to work with SCEC to promote
understanding of ground motion simulations. By engaging engineers in both the WUS and CEUS, acceptance of simulations
will grow more quickly. A good avenue of collaboration would be for SCEC, PEER and MCEER to collaborate on one or more
proposals to USGS, NSF, NIST, DHS, USNRC, DOE, and DHS regarding the role and implementation of simulations in
earthquake engineering practice. Work products could include half-day workshops in major cities across the United States
and a technical brief on seismic hazard analysis, ground-motion prediction equations, and ground-motion simulations, similar
to those already published by NIST (as an example). The workshops would illustrate the value and use of ground motion
simulations for a) response history analysis, and b) seismic hazard analysis.
SCEC has recently signed MOUs with PG&E and SCE to cooperate on the study of earthquake hazards. We recommend that
SCEC reach out to nuclear and fossil-fuel utilities in the CEUS for a similar purpose, but that SCEC collaborate with an
engineering entity to ensure that research products are translated into practice. Two appropriate entities are 1) PEER for
projects in the WUS, and 2) MCEER for projects in the CEUS or PEER+MCEER for projects across the US.

Collaboration with NEES Community
The NEES community is in a state of flux. The National Science Foundation will re-compete NEES (management and site
operations) in the coming 12 months, with a start date for NEES2 of October 1, 2014. The number of equipment sites will be
cut from 15 to between 4 and 6. It is unclear how this change in operation will impact the earthquake engineering research
expenditures in the coming 5 years.
One option for SCEC is to propose a session on ground motion at the coming NEES Annual Meetings. Funded NEES
researchers are required to attend the meeting and their attendance would provide SCEC with a portal to one part of the
earthquake engineering community. Presentations would focus on engineering applications of simulated ground motions.
This might also pave the way for future joint proposals involving SCEC and the NEES community for additional funding in this
topic area.

SCEC Presence at Engineering Meetings
A SCEC presence at engineering meetings is an effective means of communicating and engaging with the earthquake
engineering community. Integrated presentations by SCEC Earth scientists and non-SCEC earthquake engineers, introducing
and using ground motion simulations, would be most effective. These presentations might be pursued by proposing special
sessions at appropriate venues. Possible venues include
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•
•
•
•
•
•

ASCE Structures Congress
ACI and AISC conferences
AASHTO conferences
Structural engineer’s association Annual Meetings, including California, Oregon, Washington, New York
U.S. National Conference on Earthquake Engineering
EERI Annual Meeting

Communication, Education and Outreach (CEO) Advisory Structure and Goals
The 2010 and 2011Advisory Council Reports offered the following recommendations:
•
•

(2010) Expand the CEO Oversight Structure so that an increased number and more diverse set of outreach and
education experts can advise and oversee the SCEC CEO Program, and confer more often than once yearly,
which now is the case.
(2011) Do this through a dedicated subcommittee that reports to SCEC through the Advisory Council. The AC
further recommends that these members be constituted as a CEO-focused advisory subcommittee of the
Advisory Council.

We reaffirm these recommendations, and further recommend that the Advisory Council Chair should be responsible for
making sure that this group gets their charge and gets on the right track. The group should meet and then report back to the
Advisory Council as a whole. As of the time of this report, a set of candidates for this group have been identified, and once
the subcommittee has been fully populated, they should begin their work in spring to summer 2013, with the goal of bringing
a report and set of recommendations to the full Advisory Council to be considered in fall 2013.
The Advisory Council remains impressed and amazed by the continuing success of the ShakeOut, which has essentially
evolved into a global ShakeOut movement. One challenge given the enormous success of the ShakeOut is to make sure that
the overall CEO Program makes progress toward all of its goals. At the present time, the Advisory Council thinks that the
revised CEO overview structure and target development should help the small CEO staff negotiate conflicting demands on
time and resources.
The Advisory Council continues, as it has for several years, to call for a forward-looking review of the SCEC CEO Program (as
opposed to the retrospective review carried out in the Fall of 2009), and we also charge this subcommittee with providing
advice in planning the review. To summarize the past recommendations, we suggested that this review involve a broad range
of disciplinary experts, e.g., sociology, social psychology, psychology, marketing, advertising, risk communication, public
science education, emergency management, and perhaps more. Its purpose would be to detect and explore potential new
ideas for the SCEC4 (and SCEC5) CEO workplan, activities and directions.

Risk Communication
The Risk Communication session at the SCEC annual meeting provided a lot of useful advice for the attendees, and clearly
caught many people’s interest. This session could serve as a useful model for future sessions on related topics. We believe
that many SCEC scientists are enthusiastic about the opportunity to learn more about effective risk communication.
The Advisory Council recommends that SCEC capitalize on the enthusiasm in the audience for more information and training.
Possible follow-up activities could include a workshop/training session for interested SCEC scientists, or more hands-on
specific training in risk communication that would provide practice in effective crisis communication. We recognize that
SCEC seek advice from Tim Sellnow and other experts about productive approaches to this process.
We continue to recommend that SCEC explore opportunities to provide risk/crisis communication training for SCEC
members likely to talk about earthquake science or earthquake hazard in southern California on the radio, in front of a
television camera, or via other public media. We note that expertise in this area is available in other centers at USC. We also
note that this training could be offered in conjunction with the SCEC Annual Meeting, and that different levels and types of
training are likely appropriate for different types and levels of SCEC participants.

Special Fault Study Areas
We anticipate that there will be multiple proposals for Special Fault Study Areas (SFSAs), and it seems clear from the meeting
that this process is in progress. The process for defining SFSAs is appropriately open, and the entire community should now
have a clear view of how it will work. We observe that SCEC is still working out exactly how these will work, and how they will
be prioritized relative to other SCEC activities. A high-impact SFSA should fit into the bigger picture of developing a physicsbased understanding of earthquake systems. One question we discussed, but did not resolve, is whether the SFSAs be
selected in part based on public utility or leveraging opportunities (“broader impacts”)? For example, should a proposed
SFSA working on a segment of a fault that poses a high hazard be prioritized over a fault that poses a lower hazard? If so,
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how much weight should be given to the hazard reduction aspect relative to the scientific questions that could be answered
there? A balance of factors should be used, but we encourage SCEC to think about how to weigh these factors in general.
We look forward to a report at the next annual meeting on the progress toward defining SFSAs.

Presenting SCEC to the Outside World
The Advisory Council affirmed the importance of the SCEC web site as the “public face” of SCEC and urges both SCEC
scientists and staff to redesign and update the website (we know that plans for this are in progress). The SCEC website
represents outreach to three separate groups: the general public, other earthquake scientists, and the SCEC collaboration.
For the most part, the latter group is likely to make use of internal mechanisms such as workshop or disciplinary group
pages, wikis, etc. The main public-facing parts of the SCEC website address mostly the first two groups. It remains difficult
to find information on the current SCEC website. It should be easy to find information about every Focus Group, Disciplinary
Group, and TAG from the front page with a minimum number of clicks.
SCEC should also consider distribution of a summary of SCEC science progress on the web. This could be based on the
presentation made annually by Greg Beroza, and it would capture the attention of other earthquake scientists, and would be
a valuable contribution that would be referenced by SCEC scientists.
We acknowledge that doing so is a challenge given the press of scientific work being pursued, and time constraints on staff.
As the website is refreshed for SCEC4, we recommend that consideration be given for easy updating of scientific content,
and that SCEC scientists be engaged in submitting graphics and text for the website (possibly through a wiki or other
collaborative internal site), so that the work of updating can be distributed.
Individual SCEC scientists can serve as effective ambassadors for SCEC and its scientific activities. We encourage SCEC
staff to provide graphic files and similar support to SCEC scientists so that they can easily incorporate SCEC logos,
community models and other products in their general scientific presentations.
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Communication, Education, and Outreach Highlights
Mark Benthien, SCEC Associate Director for CEO
Robert de Groot, SCEC Manager of Experiential Learning and Career Advancement
SCEC’s Communication, Education, and Outreach (CEO) program is an important complement to the SCEC Science Plan,
fostering new research opportunities and ensuring the delivery of research and educational products to the general public,
government agencies, the broader geoscience community, engineers, students, businesses, and the media. SCEC CEO
addresses the third element of SCEC’s mission: Communicate understanding of earthquake phenomena to the world at large
as useful knowledge for reducing earthquake risk and improving community resilience.
The theme of the CEO program during SCEC4 is Creating an Earthquake and Tsunami Resilient California. This includes:
increased levels of preparedness and mitigation; expanded partnerships with research and practicing engineers, building
officials, and others; routine training and drills; financial preparedness; and other ways to speed recovery and enhance future
resilience. Each of these activities benefit from advances in earthquake science, by SCEC scientists and others (while
tsunami research is not be a focus of SCEC, tsunami education and preparedness is an element of the CEO program and the
ECA). The goal is to prepare individuals and organizations for making decisions (split-second through long-term) about how
to respond appropriately to changing seismic and related hazards, including tsunami warnings and new technologies such as
operational earthquake forecasts and earthquake early warning.
SCEC’s Communication, Education, and Outreach (CEO) program is organized to facilitate learning, teaching, and
application of earthquake research. SCEC CEO is integrated within the overall SCEC enterprise, and engages in a number of
partnership-based programs with overarching goals of improving knowledge of earthquake science and encouraging actions
to prevent, mitigate, respond to, and recover from earthquake losses. CEO programs seek to improve the knowledge and
competencies of the general public, “gatekeepers” of knowledge (such as teachers and museums), and technical partners
such as engineers and policy makers.
SCEC CEO is organized into four interconnected thrust areas:
•

Implementation Interface connects SCEC scientists with partners in earthquake engineering research, and
communicates with and trains practicing engineers and other professionals;

•

Public Education and Preparedness thrust area educates people of all ages about earthquakes, and motivates
them to become prepared;

•

K-14 Earthquake Education Initiative seeks to improve earth science education and school earthquake safety;

•

Experiential Learning and Career Advancement provides research opportunities, networking, and more to
encourage and sustain careers in science and engineering.

SCEC CEO is led by SCEC’s associate director for CEO Mark Benthien, with Bob deGroot managing Experiential Learning
and Career Advancement programs, John Marquis as digital products manager and webmaster, David Gill as web developer,
and a legion of USC student assistants and interns each year. The Earthquake Engineering Implementation Interface between
SCEC and its research engineering partners is led by Jack Baker (Stanford) (who serves on the Planning Committee) and
Jacobo Bielak (Carnegie Mellon). Several other SCEC scientists also are regularly involved in program development, intern
mentorship, and other roles. A new subcommittee of the SCEC Advisory Council now reviews the CEO program each year.
SCEC also continues to expand its CEO activities through partnerships with groups in academia and practice. The
Earthquake Country Alliance (ECA), created and managed by SCEC, continues to grow and serve as a model for multiorganizational partnerships that we plan to establish within education and among practicing and research engineers.
SCEC CEO has been very successful in leveraging its base funding with support from the California Earthquake Authority
(CEA), FEMA, CalEMA, USGS, additional NSF grants, corporate sponsorships, and other sources. For example, for its Putting
Down Roots in Earthquake Country publication SCEC CEO has leveraged an additional $4.4 million for advertising and
printing since 2004. The 2007 Dare to Prepare campaign and ShakeOut drills in 2008 and 2009 benefited from more than $5
million in monetary and in-kind contributions by other organizations, and since 2010 FEMA has provided SCEC and its
Earthquake Country Alliance partners (via SCEC and CalEMA) nearly $1 million for ECA activities including ShakeOut and for
national ShakeOut coordination. SCEC’s intern programs have also been supported with more than $1 million in additional
support from several NSF programs and a private donor.
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SCEC Implementation Interface
The implementation of SCEC research for practical purposes depends on effective interactions with engineering researchers
and organizations, and with practicing engineers, building officials, insurers, utilities, emergency managers, and other
technical users of earthquake information. These are most effective as partnerships towards common objectives, although
trainings, tools, and other resources are also needed.

Research Engineering Partnerships
SCEC produces a large body of knowledge about the seismic hazard in California that enhance seismic hazard maps,
datasets, and models used in building codes and engineering risk assessments. The Earthquake Engineering Implementation
Interface provides the organizational structure for creating and maintaining collaborations with research engineers, in order to
ensure SCEC’s research activities are aligned with their needs. These activities include rupture-to-rafters simulations of
building response as well as the end-to-end analysis of large-scale, distributed risk (e.g., ShakeOut-type scenarios). Analysis
of the performance of very tall buildings in Los Angeles using end-to-end simulation remains a continuing task that requires
collaboration with both research and practicing engineers through PEER and other organizations. An important new
Technical Activity Group in SCEC4 is the Ground Motion Simulation Validation (GMSV) group, led by Nico Luco, which is
developing procedures for the validation of numerical earthquake simulations that are consistent with earthquake engineering
practice. Our goal of impacting engineering practice and large-scale risk assessments require even broader partnerships with
the engineering and risk-modeling communities, which motivates the activities described next.

Activities with Technical Audiences
The Implementation Interface also develops mechanisms for interacting
with technical audiences that make decisions based on understanding of
earthquake hazards and risk, including practicing engineers, geotechnical
consultants, building officials, emergency managers, financial institutions,
and insurers. This will soon include expansion of the Earthquake Country
Alliance to include members focused on mitigation, policy, and other
technical issues. SCEC is also planning training sessions and seminars for
practicing engineers and building officials to introduce new technologies
(including time-dependent earthquake forecasts), discuss interpretation and
application of simulation records, and provide a forum for SCEC scientists
to learn what professionals need to improve their practice. An example is
the annual SEAOSC Buildings at Risk Summits which SCEC has coorganized since 2011, and in 2013 will be held in both Los Angeles and San
Francisco (with SEAONC). We are also collaborating with EERI, NEES,
PEER, and others. These activities will increasingly be online, with frequent
webinars and presentations and discussions vide otaped and available for
viewing online.
To understand SCEC’s effectiveness in this area, we will track and
document use of our technical resources and information, and their impact
on practice and codes, guidelines, and standards. Those who utilize SCEC
products and information may be asked to notify us, especially partners
who understand the value to both SCEC and themselves.

SAVE THE DATE

THURS.OCT.11.2012 in LOS ANGELES, CA
The Structural Engineers Association of Southern California (SEAOSC) will be hosting our second
annual earthquake loss reduction summit on October 11, 2012 at the Westin Bonaventure in downtown
Los Angeles, California. This is a precursor to The Great California ShakeOut event that will be held
damage in earthquakes. The goals for this event are to create a forum that will not only increase the
the role of structural engineers as well as other professionals, and encourage synergy among the
structural engineering community, emergency managers, policy makers and other stakeholders. The

* Special Keynote Speaker Dr. Lucile Jones, USGS *

Agenda:
7:00a – 8:00a
8:00a – 8:10a
8:10a – 10:00a
10:00a – 10:30a
10:30a – 12:30p
12:30p – 2:00p

Registration & Breakfast
Welcome
Sessions: FEMA Initiatives, Cal EMA Initiatives, Seismic Hazard, Structural
Vulnerability Panel
Break / Exhibits
Sessions: Why Reduce Seismic Risk Panel, Risk Mitigation Programs and
Policies Panel
Lunch & Keynote Speaker Dr. Lucile Jones, USGS, & Break/Exhibits

Earthquake Loss Mitigation Technical & Policy Tracks:
2:00p – 3:30p
2:00p – 5:30p
3:30p – 4:00p
4:00p – 5:20p
5:20p – 5:30p
5:30p – 6:30p

Sessions: Public Building Panel - Track 1, Private Building Panel - Track 2, Risk
Mitigation Tools Panel - Track 3
Session:
Building Seminar - Track 4
Break / Exhibits
Sessions: Public Buildings, Private Buildings, Risk Mitigation Tools Summary Panel,
What, Why, How? Risk, Vulnerabilities & Program & Policy Strategies
Concluding Remarks
Buildings at Risk Summit Wine & Cheese Reception

*Times subject to change*
SEAOSC has partnered with several organizations in the planning of this event including the Southern
California Earthquake Center (SCEC), the California Emergency Management Agency (Cal EMA),
the Federal Emergency Management Agency (FEMA) Mitigation Directorate, the California Institute of
Technology, and the Earthquake Country Alliance (ECA). FEMA will be providing their newly developed
seismic performance assessment of buildings (FEMA P-58) seminar as an afternoon education track.
Attendees of the summit are eligible to receive 1 professional development credit for each hour
of attendance.

More information available at
www.seaosc.org/events_bar.cfm
w

More information will be available soon at www.seaosc.org/events_bar.cfm

SC EC
TM

an NSF+USGS center
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Public Education and Preparedness
This thrust area spans a suite of partnerships, activities, and products for educating the public about earthquake science and
motivating them to become prepared for earthquakes and tsunamis. To work towards these goals, we will increase the
application of social science, with sociologists and other experts.

Earthquake Country Alliance
The ECA is a public-private partnership of people, organizations, and regional alliances, each of which are committed to
improving preparedness, mitigation, and resiliency. People, organizations, and regional alliances of the ECA collaborate in
many ways: sharing resources; committing funds; and volunteering significant time towards common activities. ECA’s
mission is to support and coordinate efforts that improve earthquake and tsunami resilience. The Earthquake Country
Alliance is now the primary SCEC mechanism for maintaining partnerships and developing new products and services for the
general public. To participate, visit www.earthquakecountry.org/alliance.
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SCEC created the Earthquake Country Alliance (ECA) in 2003
and continues to play a pivotal role in developing and sustaining
this statewide (as of 2009) coalition with similar groups in the
Bay Area and North Coast. Participants develop and
disseminate common earthquake-related messages for the
public, share or promote existing resources, and develop new
activities and products. SCEC develops and maintains all ECA
websites
(www.earthquakecountry.org,
www.shakeout.org,
www.dropcoverholdon.org, and www.terremotos.org), has
managed the printing of the “Putting Down Roots” publication
series throughout the state, SCEC Associate Director for CEO
Mark Benthien serves as Executive Director of the ECA.
Feedback from selected ECA members collected through key
informant interviews, indicate that the foundation and
development of the ECA very much rests upon SCEC leadership
and its credibility and reputation as a trusted science and
research consortium. SCEC is viewed as a ‘neutral’ and trusted
leader, who employs a collaborative model to organizing
stakeholders around a common cause and event. SCEC’s
“culture of collaboration” has provided for a bottom-up rather
than a top down approach to building the ECA community.
ECA Associates benefit from their participation by coordinating their programs with larger activities to multiply their impact;
being recognized for their commitment to earthquake and tsunami risk reduction; having access to a variety of resources on
earthquake and tsunami preparedness; networking with earthquake professionals, emergency managers, government
officials, business and community leaders, public educators, and many others; and connecting with the following ECA
sector-based committees to develop customized materials and activities:
•
•
•
•
•
•
•
•
•
•
•

Businesses
Communications
EPIcenters (museums, parks, libraries, etc.)
Evaluation
Fire Advisory Cmte. (2013 subtheme)
Government EM & Elected Officials
Healthcare
K-12 Schools
Non-Profits and Faith-Based Organizations
Seniors and People with Disabilities
Speakers Bureau (Southern California)

The ECA public-private partnership is the primary organizational structure within the Public Education and Preparedness
thrust area. Due to the success of the ShakeOut, the ECA is now statewide and includes three established regional alliances.
In September, 2011 the relationship between SCEC and the ECA (managed by SCEC since it’s inception in Southern
California in 2003) was cemented via a Memorandum of Understanding specifying SCEC as the administration headquarters
of the statewide alliance and SCEC’S Associate Director for CEO as ECA’s Executive Director. The MOU describes SCEC’s
roles and responsibilities in managing the ECA under the direction of a Steering Committee comprised of three
representatives of the three regional alliances in Southern California, the Bay Area, and the North Coast. The Great California
ShakeOut has been the primary collaborative activity so far, but additional activities with measurable outcomes are also
managed or planned by the ECA. This planning builds on a California Emergency Management Agency earthquake
communications plan developed in 2009 that emphasizes the value of a statewide collaboration.
Each ECA organization, including SCEC, independently determines the commitment of the their own resources, including
human, technical, and financial resources, as they carry out the fundamental actions of this voluntary, non-binding
Agreement. As the home of ECA, SCEC allocates appropriate staff and administrative resources (phones, mailing, etc.) and
may seek additional funding for these resources in partnership with the ECA. SCEC provides mechanisms for managing
ECA-specific funding and resources that are not co-mingled with other SCEC funding, and works with ECA leadership to
ensure that such resources are allocated appropriately.
ECA 5-year goals (2012-2017):
•
•

Further develop the awareness of, engagement in, and support for the ECA among internal audiences
Cultivate collaboration among stakeholder Alliance members
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•
•

Build and maintain a community of earthquake / tsunami-ready Californians who, by demonstrating their
readiness activities within their social circles, can help foster earthquake readiness as a social movement as
well as all-hazard preparedness
Expand the community of earthquake / tsunami-ready Californians by reaching out to those who are not yet
engaged in earthquake/tsunami readiness activities

The Earthquake Country Alliance (ECA) has coordinated outreach and
recruitment for the California ShakeOut since 2008. Because of the
creation and growth of the ShakeOut, and other activities and
products, ECA has received national recognition. In 2011 ECA was
recognized by FEMA with the “Awareness to Action” award, which
resulted in SCEC’s Mark Benthien being named a “Champion of
Change” by the White House. In April 2012 ECA also received the
“Overall National Award in Excellence” at the quadrennial National
Earthquake Conference held in Memphis.

Great ShakeOut Earthquake Drills
Great ShakeOut Earthquake Drills began in southern California in 2008,
to involve the general public in a large-scale emergency management
exercise based on an earthquake on the San Andreas fault (the USGS
“ShakeOut Scenario” developed by a team of more than 300 experts
led y Dr. Lucy Jones). ShakeOut communicates scientific and
preparedness information based on 30 years of research about why
people choose to get prepared. Its purpose is to motivate everyone,
everywhere to practice earthquake safety (“Drop, Cover, and Hold
On”), and to get prepared at work, school, and home.
For the ShakeOut Scenario SCEC developed advanced simulations of
this earthquake used for loss estimation and to visualize shaking
throughout the region. In addition, SCEC also hosted the ShakeOut
website (www.ShakeOut.org) and created a registration system where
participants could be counted in the overall total. In 2008 more than 5.4
million Californians participated. While intended to be held only once,
requests from ShakeOut participants prompted partners and state
agencies to expand the event statewide as an annual ShakeOut drill on
the third Thursday of October. More than 6.9 million Californians
participated in October, 2009. This date is ideal for schools and follows
National Preparedness Month in September, allowing for significant
media exposure prior to the drill. While K-12 and college students and
staff comprise the largest number of participants, the ShakeOut has
also been successful at recruiting participation of businesses, nonprofit organizations, government offices, neighborhoods, and
individuals. Each year participants are encouraged to incorporate
additional elements of their emergency plans into their ShakeOut drill.

Growth of ShakeOut Drills
2008: 5.4 million
Southern California
2009: 6.9 million
California, New Zealand West Coast
2010: 7.9 million
California, Nevada, Guam
2011: 12.5+ million
CA, NV, GU, OR, ID, BC, and Central US (AL,
AR, GA, IN, IL, KY, MI, MO, OK, SC, TN)
2012: 19.4 million
All above plus:
AK, AZ, Southeast (DC, GA, MD, NC, SC, VA),
UT, WA, Puerto Rico, Japan (central Tokyo),
New Zealand, Southern Italy (US naval bases
and surrounding areas), and a new “Global”
site for all other areas.
2013: 20+ million?
All above except New Zealand, plus:
Rocky Mountain region (CO, WY, MT), HI, OH
(now in the Central U.S.), WV & DE (now in the
Southeast region), Northeast region (CT, PA,
MA, ME, NH, NJ, NY, PA, RI), American
Samoa, U.S. Virgin Islands, Commonwealth of
Northern Marianas Islands. Charlevoix region
of Quebec, and expansion across Japan.

In addition to its lead role in organizing the California ShakeOut, SCEC
manages a growing network of ShakeOut Regions across the country
and around the world (see www.shakeout.org). In order to develop and
maintain the ShakeOut brand and reduce potential confusion between
the different drills, SCEC works with officials in these regions and for
most hosts the website for their drill. This approach serves to
standardize earthquake messaging nationally and internationally, and
allow groups to share best practices for recruiting participation, such
as the use of social networking sites. Some ShakeOuts rely more
heavily on SCEC, while some are managing more of their content,
reviewing registrations, and more actively communicating with
participants. For example, ass part of activities for the New Madrid
earthquake bicentennial, the Central U.S. Earthquake Consortium
(CUSEC) organized the first multi-state drill in April 2011, with 3 million
participations across eleven states. CUSEC also now coordinates the
SouthEast ShakeOut which had its kick-off event at the damaged Washington Monument on the one-year anniversary of the
2011 Mineral, VA, earthquake. In total more than 19.5 million people registered to participate in 16 Official ShakeOut Regions
in 2012. The largest ShakeOut remains California, with 9.4 million participants registered in 2012.
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As of September, 2013, 23 Official ShakeOut Regions (each with their own website managed by SCEC) now span 43 states
and territories, two Canadian provinces, New Zealand, Southern Italy (U.S. Naval bases), and a rapidly growing number of
Japanese cities and prefectures. All of these areas are holding ShakeOut drills annually (see the global homepage at
www.shakeout.org), except New Zealand (every few years). In addition, people and organizations in any other state or
country can now register to be counted in
the overall global total each year. ShakeOut
websites are now online in English, Spanish,
French, Italian, and Japanese.
Recruitment is well underway for the 2013
ShakeOut on October 17 at 10:17 a.m., with
over 7.8 million participants registered in
California and more than 11.5 million
worldwide as of September 4. Including
drills held earlier in 2013, already more than
14.5 million people worldwide have have
registered in 2013. Our goal is to exceed 20
million.
FEMA provides support to SCEC to manage
each region’s ShakeOut website, create
materials, and provide other assistance.
However, each ShakeOut is only successful
when state or regional public and private
partners work together to recruit participation. One reason for ShakeOut’s success has been its practice of localizing content
for each region, so that organizers and participants take ownership of their ShakeOut (even though all websites and materials
are centrally managed). FEMA’s multidisciplinary “Whole Community” approach is essential, with customized information
provided for more than 20 audience categories (schools, families, businesses, government, nonprofit organizations,
museums, etc.). Each registered participant receives e-mail reminders as well as drill instructions, preparedness and
mitigation information, and access to a variety of resources available on their region’s ShakeOut website. These include
comprehensive drill manuals, an audio file to play during the drill, and downloadable posters, flyers, and artwork.
The ShakeOut has been the focus of significant media attention and has gone a long way to encourage dialogue about
earthquake preparedness in California. Through the ShakeOut, the ECA does more than simply inform Californians about
their earthquake risk; it has become an infrastructure for providing earthquake information to the public and involving them in
community resiliency, teaching people a life-saving response behavior while fostering a sense of community that facilitates
further dialogue. In addition to registered participants, millions more see or hear about ShakeOut via broad news media
coverage. ShakeOut generates thousands of news stories worldwide each year and has been featured on the front page of
the New York Times, on many national and local morning television programs, and even in late-night talk shows. This media
attention encourages dialogue about earthquake preparedness.
While assessing participation via
registration and showcasing ShakeOut
activities have been essential from the
start, surveys are providing insights into
what participants are learning and
improving in terms of preparedness and
mitigation. A state-sponsored survey of
California
household
earthquake
preparedness in 2008 will hopefully be
repeated regularly so that the ShakeOut
effort can be continually improved. The
ECA Evaluation Committee conducts
and encourages additional social
science research specific to the
ShakeOut.
In the future, operational earthquake
forecasts should create additional
interest for the ShakeOut drills and
increase participation and preparedness
in general (as well as interest in
earthquake science). The ShakeOut drills are also an excellent structure to prepare Californians to respond to earthquake
early warnings. For the warnings to be effective, individuals, organizations, and governments must be trained in how to
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respond appropriately given their situation. Also, the Shakeout drills continue to be an annual exercise of SCEC's postearthquake response plan. The slogan of the ECA is “we’re all in this together” and as far as ShakeOut goes, “we’ve only just
begun.”

Putting Down Roots in Earthquake Country publication series
Putting Down Roots in Earthquake Country, a 32-page handbook, has provided
earthquake science, mitigation, and preparedness information to the public
since 1995. Roots was first updated in 2004, including the creation of the
Seven Steps to Earthquake Safety to organize the preparedness content. Since
then the handbook has undergone five additional revisions and printings
totaling 3.5 million copies. The first Spanish version of Roots was produced in
2006. The Fall, 2008 version added overviews of the ShakeOut Earthquake
Scenario and the Uniform California Earthquake Rupture Forecast study (Field
et al., 2009). The 2011 version included new tsunami science and
preparedness content.
As part of the CEO evaluation, an online survey was conducted of people who
recently ordered the southern California version of Roots, and compared to
data collected when copies of the handbooks are requested. The survey
indicates a clear increase in levels of household earthquake preparedness from
the time they ordered the handbook to the time of the survey.
The Putting Down Roots framework (including the Seven Steps to Earthquake
Safety) extends beyond the distribution of printed brochures and online
versions. For example, the Birch Aquarium in San Diego and Fingerprints Youth Museum in Hemet both based earthquake
exhibits on the booklet, and the Los Angeles County Emergency Survival Program based its 2006 and 2009 campaigns on
the Seven Steps. Bogota, Colombia adapted the Seven Steps as the basis of the city’s brilliant “Con Los Pies en la Tierra”
(With Feet on the Ground) campaign (www.conlospiesenlatierra.gov.co). This partnership resulted from SCEC CEO’s
involvement in the Earthquakes and Megacities initiative.
The booklet has spawned the development of region specific versions for the San Francisco Bay Area, California’s North
Coast, Nevada, Utah, Idaho, and the Central U.S. (totaling an additional 4 million copies). In Fall 2008, SCEC and its partners
developed a new supplement to Putting Down Roots titled The Seven Steps to an Earthquake Resilient Business, a 16-page
guide for businesses to develop comprehensive earthquake plans. It and other Roots handbooks can be downloaded and
ordered from the main ECA website (www.earthquakecountry.org).
This print and online publication series remains very popular and likely will be replicated in additional regions during SCEC4,
similar to new versions produced since 2005. The existing versions will continue to be updated and improved with new
science and preparedness information. For example, tsunami content was added in 2011 to the Southern California version
of the handbook, based on content created for the 2009 version of Living on Shaky Ground. This is a similar document
published by the Redwood Coast Tsunami Workgroup that now also includes the
SCEC/ECA Seven Steps to Earthquake Safety.
Research results related to earthquake forecasting are already included in the
handbook, and this information will be updated as operational earthquake
forecasts and earthquake early warning become a reality in California.
Beyond updates focusing on content, new versions or translations of the
publication will expand the reach of Roots with particular emphasis on
underserved communities. This will involve partners that specialize in
communicating in multiple languages and via culturally appropriate channels.
Additionally, versions for low-literate or visually impaired audiences, and perhaps
for children and seniors will be pursued.
For example, in 2013 the California Earthquake Authority and California Office of
Emergency Services have supported the development of the lastest booklet in the
Putting Down Roots series, Staying Safe Where the Earth Shakes. Subject matter
experts from ECA organizations worked together to simplify the Seven Steps to
Earthquake Safety and local earthquake and tsunami hazard descriptions into a
booklet with half the number of pages of other booklets, which can be more easily
translated into multiple languages and will be produced for 8-10 regions of the
state.
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Earthquake and Tsunami Education and Public Information Centers (EPIcenters)
SCEC CEO has developed exhibits and partnered with information education venues for many years, including an interpretive
trail on the San Andreas fault at Wallace Creek, a permanent earthquake exhibit at a youth museum in Hemet, CA, a
temporary earthquake exhibit at the UCSD Birch Aquarium, and most recently with the San Bernardino County Museum
(SBCM) we are developing an interpretive site at Pallett Creek. The expansion of these partnerships, especially with the
SBCM in 2007, led SCEC to create the Earthquake and Tsunami Education and Public Information Center (EPIcenter)
Network in 2008. EPIcenters include museums, science centers, libraries, universities, parks, and other places visited by a
variety of audiences including families, seniors, and school groups. Thus far, SCEC CEO has established relationships with
over seventy institutional partners who have implemented a variety of activities including displays and talks as part of
earthquake exhibitions related to the ShakeOut, and other activities year round. The statewide Network is coordinated by
SCEC’s Robert de Groot with Kathleen Springer (San Bernardino County Museum, Redlands) Candace Brooks (The Tech
Museum, San Jose), and Emily Anderson (Discovery Museum Science & Space Center, Sacramento) coordinating Network
activities in Southern and Northern California respectively. Kathleen and Candace also are members of the statewide
Steering Committee of the Earthquake Country Alliance. Recently the Network has been collaborating with partners the
Central US (Tennessee) and in Oregon to expand activities.
These partners share a commitment to
encouraging
earthquake
and
tsunami
preparedness. They help coordinate Earthquake
Country Alliance activities in their county or
region (including ShakeOut), lead presentations
or organize events in their communities, develop
educational displays, or in other ways provide
leadership in earthquake and tsunami education
and risk reduction.
Through key informant interviews, EPIcenter
members have indicated that the EPIcenter
model produces institutional and professional
benefits which support collaboration among
partners, such as a) access to innovative,
cutting-edge earthquake science findings,
educational materials, visualizations and other
means of presenting information, b) technical
assistance with exhibit and/or gallery design, c)
earthquake science education training for
educators and interpreters, d) resource-sharing
for enhanced patron experiences and efficient
use of funds, e) increased capacity for partnership development, f) enhanced ability to apply disaster preparedness training,
g) increased credibility as perceived by institutional leadership and patrons, and h) opportunities to showcase achievements
at professional meetings and EPIcenter meetings.

Activity Highlights
San Bernardino County Museum (SBCM). In 2006 SCEC embarked on a long-term collaboration with SBCM in Redlands,
California, beginning with the development and implementation of the Living on the Edge Exhibit. This exhibit explains and
highlights natural hazards in San Bernardino County (e.g. fire, floods, and earthquakes). SCEC provided resources in the
development phase of the project and continues to supply the exhibit with copies of Putting Down Roots in Earthquake
Country. Then in 2009 the EPIcenter network collaborated with EarthScope in hosting an interpretive workshop at SBCM.
This activity broadened participation and brought a new and diverse community to the network. SCEC is now serving as a
regional coordinator for EarthScope’s program as well as building membership among EPIcenters.
As a result of the successful collaboration on Living on the Edge, SCEC was asked to participate in the development of
SBCM’s Hall of Geological Wonders. To be completed in 2014, the Hall is a major expansion of this important cultural
attraction and center of science education in the Inland Empire. One of the main objectives of the Hall is to teach about the
region from a geologic perspective. The museum is devoting a large space to the story of Southern California's landscape, its
evolution and dynamic nature. SCEC has played an ongoing advisory role, provided resources for the development of the
earthquake sections of the exhibit, and will have an ongoing role in the implementation of educational programming. The
cornerstone of this new informal learning framework is the creation of the Hall of Geological Wonders Learning Treks
Program (GeoTreks). The model outlines a K-12 field trip to the SBCM. A long-term goal of the program is to establish
individual GeoTreks for different ages of school groups and Hall of Geological Wonders exhibits. The GeoTrek activity is
based on Lesson Study, an educational approach using observations of student learning to inform small, incremental
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improvements to the lesson. Lesson Study focuses on a specific, observable learning goal, determined prior to the activity
chosen to address the particular aspect of learning.
The SBCM/SCEC collaboration continues to evolve in 2013 with the development of an innovative approach in museum
exhibit experiences, The visitor is invited to stand on the San Andreas fault at Pallett Creek. Over the last two years SBCM
and SCEC interns created the prototype of a field guide series, The San Bernardino County Museum Discover Your Backyard
Field Guides, which interprets Pallett Creek in Valyermo, CA, widely known as “the Rosetta Stone of Paleoseismology”. A reexcavated “trenchcrop” at Pallett Creek provides the basis for the field guide, which includes basic geological background as
well as lithologic and chronologic data about earthquake events as revealed at the outcrop. This is a unique approach to
informal learning, whereby visitors gain information both in a museum setting, then firsthand in the field, making their own
discoveries and connections.
Quake Catcher-EPIcenter Network. SCEC has enhanced earthquake programming and resources through working with
institutions to enhance programs aimed at floor facilitation, live interactions, and the professionaldevelopment of educators at
all levels. For example SCEC has expanded the Quake Catcher Network of low-cost seismic sensors installed at over 25
EPIcenter locations in California and Oregon. We have found that free-choice learning institutions are hungry for new
programming that will engage science educators and their students in “citizen science” projects. SCEC is collaborating with
the USGS, Stanford, NEES, and the California Geological Survey, and various members of the EPIcenter network to establish
a QCN professional development program for science educators to be administered by free-choicelearning institutions
across the Network. Once the teachers are trained to use QCN as research and classroom learning tool, we will build a
“citizen science” community among those teachers (and their students) using the local EPIcenter as a hub. The first hub has
been established a the San Bernardino County Museum in Redlands.
Other Locations. Examples of other recent activities include an exhibit in partnership with the California State University Los
Angeles Department of Geological Sciences, featuring a computer screen showing recent worldwide and local earthquakes.
Located in a common room near a major lecture hall this exhibit also displays the seven steps to earthquake safety and
components of a basic earthquake disaster supply kit. Many hundreds of students pass by the exhibit every day on their way
to class. New EPIcenter exhibits have also recently been completed at the California Academy of Sciences, San Francisco,
and the earthquake themed highway reststop in Marston, MO. Ongoing projects include the Hatfield Marine Science Center
in Newport, OR and San Diego Mesa College.
Now that the EPIcenter network is maturing, clear agreements for use of materials and participation will be developed. A set
of collateral (materials) and memoranda of understanding for their use will be created to outline the costs and benefits of
being a partner, along with responsibilities. A rigorous evaluation process will als be developed, including surveys that
members can conduct of their visitors.

Media Relations
SCEC scientists are increasingly called upon for interviews by local, national, and international reporters and documentary
producers. This is especially true after earthquakes, even those in other countries. As a result the demand on SCEC
scientists after a large California earthquake will be even greater than in previous earthquakes. In addition, the breadth of
SCEC’s research, including its information technology programs and the development of time- dependent earthquake
forecasting, will also increase the need for expanded media relations. New strategies and technologies will be developed to
meet these demands.
One such technology now available to SCEC and the ECA for ShakeOut media relations (and other ECA activities) is mediarelations software (purchased by the California Earthquake Authority) that provides current contact information for all
reporters and assignment editors, tracks news coverage, distributes news releases, and much more. Another service is also
being used by SCEC strictly for tracking news coverage and may be an alternative. Because such software can be used to
assess how research findings and other messages are being communicated to the public, we will investigate such an
investment, as suggested by the SCEC Advisory Council.
Social media capabilities are being expanded in SCEC4 (twitter.com/scec and facebook.com/scec), and will soon include the
use of podcasts, webinars and other virtual news conferences, and other technologies. SCEC and the ECA are increasing the
availability of multi-lingual resources (materials, news releases, experts, etc.) to more effectively engage all media, including
foreign media. Summer and school-year internships for journalism or communications students assist CEO staff in
developing these technologies and resources.
An important component to our media relations strategy will be media and risk communication training for the SCEC
Community. Training will likely be held each year at the SCEC Annual Meeting (the first was in 2012). New content
management software for SCEC’s web pages will allow members of the community to create online summaries of their
research, along with video recordings of presentations, as part of a new experts directory. SCEC will partner with USGS,
Caltech, and other partners to offer annual programs that educate the media on how to report earthquake science, including
available resources, appropriate experts, etc.
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K-14 Earthquake Education Initiative
The primary goal of this Initiative is to educate and prepare California students for living in earthquake country. This includes
improved standards-based earth science education as well as broadened preparedness training. The science of earthquakes
provides the context for understanding why certain preparedness actions are recommended and for making appropriate
decisions; however earthquake science and preparedness instructions are usually taught in a manner that lacks this context.
For example, earthquake science is mostly taught in the context of plate tectonics and not in terms of local hazards. Large
distant earthquakes are something that happened “over there” and local connections that are both contextual and “placebased” (such as materials specific to a school’s geographic region) are not often made.
SCEC’s position is that knowledge of science content and how to reduce earthquake risk may be best achieved through an
event-based (teachable-moment) approach to the topic. In other words, even if most earthquake content remains in
California’s sixth grade and secondary curriculum, earthquake science and preparedness education should be encouraged in
all grades when real-world events increase relevance and therefore interest. While we cannot plan when earthquakes will
happen, the annual ShakeOut drill provides teachers a new type of teachable moment for teaching earthquake science.
In addition to event-based education opportunities such as the ShakeOut, educational materials must also be improved or
supplemented to provide better information about local earthquake hazards and increase relevance for learning about
earthquakes (place-based education). SCEC’s role as a content provider is its ability to convey current understanding of
earthquake science, explain how this understanding is developed, and provide local examples. The SCEC4 focus on timedependent earthquake forecasting may take many years to appear in textbooks, yet SCEC can develop resources now.
SCEC’s approach is as follows. First, we facilitate learning experiences and materials for use with real earthquakes and the
ShakeOut drill. This will include online resources and activities, appropriate for various subjects (science, math, geography,
etc.) for teachers to download immediately after large earthquakes and prior to the ShakeOut, to be hosted on SCEC’s
website and also shared with IRIS, UNAVCO, USGS and others for their similar teachable moment resource webpages
(similarly as our coordination with IRIS and EarthScope on the Active Earth display). Second, SCEC and our education
partners will develop learning materials that complement traditional standards-based instruction with regional and current
earthquake information. Teacher workshops will be offered to introduce these resources to educators at all levels, and will
include follow-up activities over the long-term to help implement the content. Evaluation will be conducted across all
activities, perhaps involving education departments at SCEC institutions. These activities are described below.

Partnerships with Science Education Advocacy Groups and Organizations with Similar Missions
SCEC is an active participant in the broader earth science education community including participation and leadership in
organizations such as the National Association of Geoscience Teachers, the Coalition for Earth System Education, and local
and national science educator organizations such as the California Science Teachers Association (CSTA). Improvement in the
teaching and learning about earthquake science hinges on improvement in Earth science education in general. Hence, SCEC
contributes to the science education community through participation on outreach committees and work groups wherever
possible, co-hosting meetings, workshops, and building long-term sustained partnerships.
For example, SCEC collaborated with EarthScope to host a San Andreas Fault workshop for park and museum interpreters
that was held in Spring 2009. In 2013 SCEC continues to collaborate with the EarthScope workshops for Interpreters by
providing educational expertise and capitalizing on the synergism of the ShakeOut drills throughout the United States (SCEC
will be participating in the Fall 2013 EarthScope Interpreters workshop being held at Acadia National Park in advance of
Maine’s participation in the ShakeOut). In summer 2013 the SCEC participated in the first Cascadia EarthScope Earthquake
and Tsunami Education Program (CEETEP) program held at the Hatfield Marine Science Center in Newport, OR. At these
workshops SCEC provides resources and information about SCEC science, ShakeOut resourcess, and the Quake Catcher
Network. Workshop convenors have found that the ShakeOut is an important event that helps promote their program and
vice versa. For example, a group of teachers from the Oregon coast (Lincoln County) are working with education staff at
Hatfield to host a 2013 ShakeOut day which includes visiting tsunami exhibits, a drop, cover and hold on drill, and a talk
about the science of the Cascadia subduction zone.
SCEC is also completing a collaboration with IRIS and EarthScope in the development of a content set for the San Andreas
fault Active Earth Display, one of several such interactive kiosk-based websites where visitors learn about earth hazards in a
particular region. EarthScope is creating an Active Earth Display for each region covered by its Interpretive Workshops.
An update and enhancement of the Wallace Creek Interpretive Trail website is also nearly completed. LiDAR topography data
products have been added along with the development of a virtual tour of the offset channels at Wallace Creek using the B4
LiDAR data within the Google Earth environment. Finally, the virtual tour to Wallace Creek is designed as a lab activity for
introductory undergraduate geology courses to increase understanding of earthquake hazards through exploration of the
dramatic offset created by the San Andreas Fault (SAF) at Wallace Creek and Global Positioning System-derived
displacements spanning the SAF at Wallace Creek. This activity is currently being tested in courses at Arizona State
University. The goal of the assessment is to measure student understanding of plate tectonics and earthquakes after
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completing the activity. Including high-resolution topography LiDAR data into the earth science education curriculum
promotes understanding of plate tectonics, faults, and other topics related to earthquake hazards.
National Science Teachers Association and California Science Teachers Association (CSTA). Earthquake concepts are
found in national and state standards documents and SCEC is on the leading edge of engaging eduation professionals as the
New Generation Science Standards and Common Core State Standards are implemented SCEC participates in national and
statewide science educator conferences to promote innovative earthquake education and communicate earthquake science
and preparedness to educators in all states. In 2011 and 2013 SCEC has participated in the planning committee for the
annual California Science Education Conference hosted by CSTA. For the 2013 conference SCEC is sponsoring a keynote
talk given by 2007 USEIT intern alumus Emmett McQuinn. McQuinn and his team at IBM won first place in the Illustration
Category in the 2012 International Science & Engineering Visualization Challenge for the image The Connectivity of a
Cognitive Computer Based on the Macaque Brain. His talk Understanding the World with Scientific Computing will help
teachers discover how several large challenging scientific questions across domains from geophysics to neuroscience
challenges incorporating simulation, visualization, and analytics. Since 2009 SCEC has hosted a field trip for the conference
and in 2013, SCEC and the San Bernardino County Museum will host a field trip along the San Andreas fault.

Teacher Professional Development
SCEC offers teachers 2-3 professional development workshops and one multi-week professional development experience
each year with one always held at the SCEC Annual Meeting. The workshops provide connections between developers of
earthquake and tsunami education resources and those who use these resources in the classroom. The workshops include
content and pedagogical instruction, ties to national and state science education standards, and materials teachers can take
back to their classrooms Workshops are offered concurrent with SCEC meetings, at National Science Teachers Association
annual meetings, the California Science Education Conferene, and at the University of Southern California.
Since 2009, SCEC has been collaborating with the Cal State San Bernardino/EarthScope RET program led by Sally McGill.
During the course of the summer 7-10 high school teachers and their students conduct campaign GPS research along the
San Andreas and San Jacinto faults. SCEC facilitates the education portion of the project through the implementation of the
professional development model called Lesson Study. This allows for interaction with the teachers for an entire year following
their research. For the second year teachers and students participate in the SCEC Annual Meeting by participating in meeting
activities and presenting their research at one of the evening poster sessions.
Starting in 2013 SCEC has a lead role in the Education and Public Outreach program for InSight (Interior Exploration using
Seismic Investigations, Geodesy, and Heat Transport), a NASA Discovery Program mission that will place a single
geophysical lander on Mars to study its deep interior in 2016. SCEC developed the ‘Vital Signs of the Planet’ Professional
Development Program a standards-based middle and high school research experience and curriculum development program
offering strong connections to STEM research. This program continues and expands the Cal State San
Bernardino/EarthScope RET program program by providing educator fellows with authentic experiences in scientific inquiry,
encourages instructional improvement in schools, and fosters deep engagement with local underserved communities. In
2013, thirteen science educators and four students participated in the Vital Signs program and their posters are on display at
the 2013 SCEC Annual meeting. All of the teachers participated in a 5-day field research component in partnership with
California State University, San Bernardino using survey mode GPS to monitor tectonic deformation in Southern California,
and are installing QCN sensors in their classrooms.

Other Activities
“Native California is Earthquake Country!” Initiative. SCEC is working with the Sherman Indian High School in Riverside,
CA, to develop earthquake awareness and preparedness messaging, beginning with translation of “Drop, Cover, and Hold
On” into many Native American languages. Products developed in 2013 include a “Native California is Earthquake Country”
poster which was intially distributed and displayed in classrooms and dormatories at the school. Distribution has expanded
to Native American cultural centers, administrative buildings, and schools throughout Californa. Other education projects
have included In addition, many tribes are particiating in QCN. This engagement program will expand participation in the
ShakeOut, build more diverse array of EPIcenters, and create new avenues of collaboration.
Plate Tectonics Kit. This teaching tool was created to make plate tectonics activities more accessible for science educators
and their students. SCEC developed a user-friendly version of the This Dynamic Earth map, which is used by many educators
in a jigsaw-puzzle activity to learn about plate tectonics, hot spots, and other topics. At SCEC’s teacher workshops,
educators often suggested that lines showing the location of plate boundary on the back of the maps would make it easier
for them to correctly cut the map, so SCEC designed a new (two-sided) map and developed an educator kit.
ShakeOut Curricula. With the advent of the Great Southern California ShakeOut in 2008, SCEC CEO developed a suite of
classroom materials focused primarily on preparedness to be used in conjunction with the drill. An important result of the
ShakeOut is that it has enhanced and expanded SCEC’s reach into schools at all levels from county administrators to
individual classroom educators.
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Experiential Learning and Career Advancement
The SCEC Experiential Learning and Career Advancement (ELCA) program seeks to enhance the competency and diversity
of the STEM workforce by facilitating career advancement pathways that (1) engage students in STEM-based research
experiences at each stage of their academic careers, and (2) provide exposure and leadership opportunities to students and
early career scientists that engage them in the SCEC Community and support them across key transitions (undergraduate to
graduate school, etc.).

Undergraduate Internships
The ELCA program in SCEC4 is built on the foundation of our long-established USEIT and SURE internship programs that
challenge undergraduates with real-world problems that require collaborative, interdisciplinary solutions. Each summer they
involve over 30 students (including students at minority-serving colleges and universities and local community colleges). The
interns experience how their skills can be applied to societal issues, and benefit from interactions with professionals in earth
science, engineering, computer science, and policy. Some interns continue their research during the academic year
(especially USC students).
•

The Summer Undergraduate Research Experience (SURE) internship places undergraduate students in research
projects with SCEC scientists. Internships are supported from base SCEC funding and funding from internship
mentors. 254 interns have been supported since 1994. SCEC/SURE has supported students working on numerous
projects in earthquake science, including the history of earthquakes on faults, risk mitigation, seismic velocity
modeling, science education, and earthquake engineering.

•

The Undergraduate Studies in Earthquake Information Technology (USEIT) internship brings together
undergraduates from many majors and from across the country in an NSF Research Experience for Undergraduates
Site at USC. The eight-week program develops and enhances computer science skills while teaching the critical
importance of collaboration for successful learning, scientific research and product development. UseIT interns
tackle a scientific “Grand Challenge” that varies each year but always entails developing software and resources for
use by earthquake scientists or outreach professionals, including SCEC-VDO (visualization software developed and
refined each summer by UseIT interns). Since 2002, 242 students have participated.

These internship opportunities are connected into an intellectual pipeline that encourages students to choose STEM
(Science, Technology, Engineering, and Math) careers and is improving the diversity of the scientific workforce. These
programs are the principal framework for undergraduate student participation in SCEC, and have common goals of
increasing diversity and retention. In addition to their research projects, participants come together several times during their
internship for orientations, field trips, and to present posters at the SCEC Annual meeting.
Since 2002, over 1400 eligible applications for SCEC internship programs were submitted (at www.scec.org/internships), with
415 internships awarded. Leveraging of additional funding has allowed SCEC to double the number of internships offered
each year (31 in 2013). On average 30% of interns were underrepresented minority students, with some years near 50%. A
22% gender gap in 2002 has effectively been erased with near-parity since 2005. First generation college attendees have
also increased from 24% in 2004 to more than 30% in recent years. Much of the success in increasing diversity has come
from increased efforts to recruit students from other states and also from community colleges, making the internship
programs an educational resource that is available to a broader range of students.
Past interns report that their internship made lasting impacts on their course of study and career plans, often influencing
students to pursue or continue to pursue earthquake science degrees and careers. By observing and participating in the daily
activities of earth science research, interns reported having an increased knowledge about what it’s like to work in research
and education. When interns developed good relationships with their mentors, they reported an increased ability to work
independently, which coupled with networking at the SCEC annual meeting, gave them the inspiration and confidence to
pursue earth science and career options within the field. Interns also report that their experience with the SCEC network
(fellow interns, students and mentors) has been rewarding in terms of community building and networking, and a key
component in creating and retaining student interest in earthquake science and related fields.

Additional Programs
These undergraduate internship programs are the centerpiece of a high school to graduate school career pathway for
recruiting the best students, providing them with high-quality research, education, and outreach experiences, and offering
career mentoring and networking opportunities.
At the high school level, this effort is closely linked with SCEC’s K-14 Earthquake Initiative and its programs such as InSight
Vital Signs of the Planet. The goal is to provide activities that expose high school students to earthquake research, inquirybased curricula, and interactions with SCEC scientists. Students who have participated in SCEC research experiences during
high school that have now advanced to college are now beginning to participate in USEIT or a SURE.
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For graduate students, we are considering how to provide support for master’s level (including new Ph.D. students)
internships that provide unique opportunities. This will include support for cross-disciplinary computer science research by
master's students similar to the SCEC ACCESS program (which completed in 2010). Students may participate in the USEIT
program as mentors, conduct research with scientists at other SCEC institutions than their own school, and participate in
CEO activities such as media relations, curricula development, and program evaluation.
The ELCA program in development for graduate students and post-docs will be focused on collaboration, networking, and
employment opportunities, as most are supported by their institution, or with SCEC research funding. Social networking will
allow interaction across institutions and research projects. Students will be encouraged to interact within the SCEC
“collaboratory” regardless if they or their advisor has received SCEC research funding.
In addition to research and education/outreach opportunities, mentoring will be offered to help ELCA participants consider
career possibilities, and longitudinal tracking of alumni will provide data on how students are progressing.
The final element of the ELCA program is career advancement opportunities for early-career researchers, including postdocs, young faculty, and research staff. We will highlight employment opportunities via SCEC’s email list and on the SCEC
website, and perhaps also post CVs of early career researchers seeking positions. We may also provide travel support for
early career researchers to give presentations at conferences and department lectures nationwide, and provide presentation
materials so that they can highlight their role in SCEC. Also, SCEC leadership positions, especially the planning committee,
provide opportunities for exposure and career advancement.

These students from colleges and universities across the country participated in the 2013 UseIT summer
program at USC. Several will be attending the Annual Meeting to present posters, demos, and animations.
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Research Accomplishments
Greg Beroza, SCEC Deputy Director
The fundamental research goal of SCEC4 is understanding how seismic hazards change across all time scales of scientific
and societal interest, from millennia to seconds. The SCEC4 science plan was developed by the Center’s Board of Directors
and Planning Committee with broad input from the SCEC community in support of this goal. Through that process we
identified six fundamental problems in earthquake physics:
Table 3.1 Fundamental Problems of Earthquake Physics

I. Stress transfer from plate motion to crustal faults: long-term slip rates.
II Stress-mediated fault interactions and earthquake clustering: evaluation of mechanisms.
III. Evolution of fault resistance during seismic slip: scale-appropriate laws for rupture modeling.
IV. Structure and evolution of fault zones and systems: relation to earthquake physics.
V. Causes and effects of transient deformations: slow slip events and tectonic tremor.
VI. Seismic wave generation and scattering: prediction of strong ground motions
These six fundamental problems define the focus of the SCEC4 research program. They are interrelated and require an
interdisciplinary, multi-institutional approach. During the transition to SCEC4, we devel-oped four interdisciplinary research
initiatives and reformulated our working group structure in accordance with the overall research plan. We have also
formalized Technical Activity Groups (TAGs) in which groups of investigators develop and test critical methods for solving
specific forward and inverse problems. There are currently five active TAGs. We organized this report to emphasize progress
on implementing these activities - particularly those that are new to SCEC4.

Special Fault Study Areas: Milestone 6
The SCEC4 proposal made the case for focused interdisciplinary research in special fault study areas (SFSA). Complexities
associated with high slip-rate faults provide excellent targets because they are where seismic, geodetic, and geologic signals
tend to be strong, and difficult to interpret without a fully interdisciplinary approach. The San Gorgonio structural knot, where
slip on the San Andreas Fault is par-titioned onto multiple thrust- and oblique-slip strands through a compressive, 10-km
double-bend, is the prototypical SFSA. Slip-rates diminish on the San Andreas approaching this bend, suggesting it may act
as a persistent rupture barrier. Understanding whether large ruptures might propagate through the San Gorgonio Pass is
particularly important for predicting earthquake size and ground motions from future earthquakes on the southern San
Andreas. The other SFSA in development in 2012 is the Ventura Ave-nue Anticline region. We report on four developments
related to SFSA in the first year of SCEC4: (a) Poli-cy for SFSA implementation, (b) A workshop on the San Gorgonio Pass, (c)
Funded proposals focused on the Ventura Avenue Anticline Area, and (d) A forum on SFSA at the SCEC Annual Meeting. By
devel-oping a policy for initiating SFSA, and by nucleating two such areas, we have met science milestone 6 for year 1 of
SCEC4.
a. Policy for SFSA Development (posted at www.scec.org/research/sfsa.html): Special Fault Study Areas (SFSA) are
integrated, multidisciplinary projects focused on areas of complex fault behavior within southern California. There are two
primary goals of SFSA, as articulated in the SCEC4 proposal: (1) To understand how fault complexities affect the propagation
of earthquake ruptures and the heterogeneity of stress in the crust, and (2) To investigate how tremor and microseismicity
(including induced seismicity) affect the nucleation of large earthquakes. Tackling these problems will require the assembly of
teams of researchers with diverse expertise. For example, research areas of fault complexity may seek to merge geological,
seismological, and potential-field data to elucidate fault structure and paleoseismic history, integrate this information with
geodetic data to derive fault loading and stressing rates, and apply dynamic rupture simulations to explore how earth
structure and rupture history affect the potential sizes of future earthquakes. One of the anticipated advantages of SFSA is to
leverage the impact of new and/or densi-fied instrumentation. It is expected that collaborations built around SFSA will be
open to the community, and generate open community data sets.
Science Plan. Beginning in 2012, current and future SFSA are required to formulate a Science Plan that describes the general
structure and scientific questions to be addressed by the group. Groups interested in formalizing SFSA are encouraged to
self-organize and develop a Science Plan or propose a workshop (through the standard SCEC proposal process) to explore a
new SFSA.
The Science Plan for a SFSA should be developed and written by a group of SCEC investigators, and submitted in
conjunction with SCEC proposals due in early November. The plan should include (in ~2 pages plus references):
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•
•
•
•

Identification of key questions and research targets that address fundamental problems in earthquake science
with an interdisciplinary plan for achieving these goals within SCEC4
Discussion of integrative activities and broader impacts
Assessment of resources needed to achieve these goals and identification of outside resources that may be
required
Timeline identifying short and long term goals and completion date

2013 SCEC Proposals Associated with SFSA. 2013 SCEC Proposals Associated with SFSA. Each principal investigator
should submit a separate, standard 5 page SCEC proposal for 2013 that clearly ties the investigator’s work to the Science
Plan, provides additional background and details on the data collection and/or analyses to be completed by that investigator,
and includes a budget for that investigator. Each investigator’s proposal will be evaluated separately through the standard
SCEC proposal process (see 2013 SCEC Science Collaboration Plan). Workshop proposals for activities around the SFSA
should be developed according to the standard work-shop proposal process as outlined in the 2013 Collaboration Plan.

Figure 3.1. Geologic map of the San Bernadino Mountains segment of the San Andreas Fault Zone centered on San Gorgonio Pass (after Matti et al.,
2004). Understanding the complex interaction of the multiple faults across this structural knot is key to understanding the earthquake potential of the
Southern San Andreas Fault.

b. San Gorgonio Pass Workshop (June 1-2, 2012): This workshop explored the San Gorgonio Pass “knot” region as a
candidate for a SCEC Special Fault Study Area and outlined a plan to fill existing knowledge gaps. Specific topics included
the geometry of active subsurface faulting, the potential for earthquakes on the complex fault system in this region, and the
likelihood of a ‘super-earthquake’ that would propagate along the San Andreas system through the pass, leading to a very
large-magnitude and damaging event. The workshop brought together geoscientists from a wide spectrum of interests
including tectonic geomorphology, structural geology, mechanical modeling, rupture modeling, gravity and magnetic
modeling, seismology, geochronology, geodesy, and fault and rock mechanics. The first day was a blend of short science
talks on case studies with discussions of specific topics. On the second day, we took a field trip to view key sites in San
Gorgonio Pass. (For results, see: http://scec.org/workshops/2012/sgp/index.html).
c. Ventura Avenue Anticline Area: The goal of this SFSA is to focus multi-disciplinary efforts on the common problem of
understanding the structure, state of activity, slip rates, and seismic hazards of the Ventura region faults, and more generally
on assessing the degree to which these faults provide potential structural linkages for through-going, large-magnitude multisegment ruptures. Much of this research is already under way with SCEC funding, including 3D structural modeling using
industry well and seismic reflection data and newly collected high-resolution reflection data, both onshore and offshore
paleoseis-mologic work aimed at determining the slip rates of these faults and the ages and displacements of an-cient
earthquakes that they have generated, studies of tsunami records preserved in estuarine sediments, mechanical modeling of
regional fault interactions, and dynamic rupture simulations. There are plans for a SCEC workshop on this SFSA to be held in
2013.
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Figure 3.2. from Hubbard et al. (submitted) 3D cross section showing possible linkages between the fault underlying the Ventura Avenue Anticline,
and other major faults in the western Transverse Ranges. Several lines of evidence, including archeological observations at Pitas Point, indicate
extremely large earthquakes on this structure in the past, which in turns suggests these structures can rupture in a single event.

d. SCEC Annual Meeting Session: We convened a session at the SCEC Annual Meeting in September
(http://www.scec.org/meetings/2012am/agenda.html) entitled, "Super-Natural Laboratories - Special Fault Study Areas in
SCEC4." The session was chaired by Kate Scharer (USGS) and Mike Oskin (UC Davis) and featured talks by James Dolan
(USC) entitled, "The Ventura Region Special Fault Study Area: To-wards and Understanding of the Potential for Large, MultiSegment Thrust Ruptures in the Transverse Ranges" and Doug Yule (CSUN) entitle, "SCEC Workshop on San Gorgonio
Pass: Structure, Stress, Slip, and Likelihood of Through-Going Rupture."

Community Geodetic Model: Milestone 4
Densification of GPS arrays as part of Earthscope, the rapidly growing volumes of InSAR data from vari-ous satellites, and
the development of time series analysis for InSAR data all motivated the development of a Community Geodetic Model
(CGM), and we report here on progress in meeting science milestone 4. The CGM should improve geodetic studies of nonsecular strain phenomena observed in Southern Cali-fornia, including post-seismic deformation. It will be distinct from the
past SCEC Crustal Motion Map (CMM) because it will be time dependent and will incorporate InSAR data to constrain both
the vertical deformation field and small-scale details of the regional deformation. This will lead to refined and im-proved
tectonic geodesy data products for use in modeling. The CGM would be used in combination with other SCEC community
models to infer the evolution of sub-surface processes. It will also provide a time-dependent reference frame for transient
detection algorithms, as well as models of interseismic loading to evaluate stress changes and update rupture forecast
models as tectonic conditions evolve in California. The challenge of the CGM is to exploit the spatially sparse, temporally
dense 3D GPS time series and spatially dense, temporally sparse InSAR line-of-site time series consistent with GPS time
series in an appropriate projection. The CGM and activities stemming from it, was the topic of a workshop led by Jes-sica
Murray (USGS) and Rowena Lohman (Cornell) at the 2012 SCEC Annual Meeting.
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Figure 3.3. After Tong et al. (in press), upper panel shows crustal velocity model in line-of-sight (LOS) ve-locity based on regional GPS velocity field
(Smith-Konter and Sandwell, 2009). Colors represent the LOS velocity field along 13 ALOS ascending tracks. Positive velocities (red) show the
ground moving relatively away from the satellite. Small triangles are the GPS stations used to constrain the velocity model. Black lines indicate fault
traces. Lower panel shows integration of GPS and ALOS InSAR data (2006.5-2010). Ar-eas with low coherence and large standard deviation (> 6
mm/yr) are masked. Southern part of the SAFS shows the broad transition in velocity across the San Andreas and San Jacinto Faults as well as many
local features related to fault creep or land subsidence.

a. Modeling Advances in the SCEC Geodesy Community Workshop (September 9, 2012): This workshop (full report
available at: http://www.scec.org/workshops/2012/geodesy/index.html) addressed three major SCEC4 Tectonic Geodesy
modeling activities: the Community Geodetic Model (CGM), Geo-detic Transient Detection, and a new Geodetic Source
Inversion exercise.
The first portion of the workshop focused on the Community Geodetic Model (CGM). The CGM will be a time-dependent
geodetic data product that provides a reference frame for a variety of SCEC research including development and testing of
the Community Stress Model, transient detection algorithms, and studies of time-varying deformation. The initial focus of this
effort is on bringing together GPS and InSAR time series to exploit the complementary spatial and temporal features of these
two data types (Fig. 3.3). Ultimately other data types (such as strain data) may be incorporated as appropriate and if feasible.
A variety of approaches exist, and all are to some degree model-dependent. One challenge for the devel-opment of the CGM
will be to identify the most promising approaches for southern California and provide appropriate uncertainty information for
the resulting product accounting for the error sources inherent in both data types.
The primary goal of this portion of the workshop was to introduce the CGM to the SCEC community and initiate discussion.
A follow-on workshop involving scientists who are likely to be directly involved in developing and applying the CGM is
envisioned for 2013. A goal for that workshop will be establishing timelines and a work plan for generating the CGM.

SDOT and the Community Stress Model: Milestone 5
Stress and Deformation Over Time (SDOT) is a new interdisciplinary focus group in SCEC4. It is con-cerned with developing
an understanding of how stress is transmitted from the very largest (plate bounda-ry) scales, down to the scale of fault zones.
Central to this is determining what is known about the stress distribution in space and time. For this reason, we have
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undertaken the challenging task of developing Community Stress Models (CSMs) to constrain the physics of earthquakes. In
this first year of SCEC4, we have achieved science milestone 5, which describes laying the foundation for the CSMs. Building
CSMs will provide a platform where different constraints on stress can begin to be integrated and agree-ments and conflicts
between models examined in a quantitative and comprehensive way. CSMs will bear many similarities to other SCEC
community models. At long wavelengths, we can use observations from seismology and geodesy to constrain the tectonic
components of CSMs deterministically. A variety of ob-servations are relevant: focal mechanisms, fault orientations, shear
wave splitting, heat flow, stress orien-tations in boreholes, and topography. Numerous modeling approaches are available:
block and viscoelas-tic loading models to constrain stressing rates, and joint inversions that combine geodetic and focalmechanism data with gravimetric and tectonic modeling to constrain absolute stress. At short wave-lengths, the stress field
is thought to become highly heterogeneous, and it will be necessary to employ stochastic descriptions. Constraints are
available through the observable effects of stress heterogeneity on larger scale behaviors, such as on aftershock decay rates,
aftershock locations, and focal mechanism diversity.
CSMs should properly reflect “uncertainties” in an extensive and systematic fashion, both in terms of measurement and
inversion robustness issues, and in terms of alternative physical descriptions (e.g. sta-tistical vs. deterministic, fractal vs.
euclidean). The representation of such alternative hypotheses and un-certainties should ideally be in terms of
(spatiotemporally variable) probability density functions for all rel-evant tensorial components, as a function of model
assumptions and priors. Approximations and judicious parameterizations will have to be made, but the challenges will be
synergistic with other SCEC4 objec-tives, such as to better characterize the uncertainties in our other community models.
We recognize that CSMs represent a considerable challenge, and have held several workshops and dedicated considerable
time at the 2011 and 2012 Annual meetings to engage the SCEC community in this effort.
a. Workshop on Strategies for Implementing a Community Stress Model (September 14, 2011): This workshop helped
kick off the discussions of the construction of a community stress model (CSM). The workshop was held after the 2011
Annual SCEC meeting in Palm Springs (i.e., near the end of SCEC3). The program consisted of six invited presentations, 15
minutes each, four contributed five-minute discussion presentations, and extensive group discussions (total of ~two hours),
as detailed in the appendix of the workshop report. Workshop presentations were chosen to represent the observational,
theoretical, and modeling aspects involved in the construction of a CSM.
Lively discussions ensued, including on the degree of homogeneity or heterogeneity of crustal stress, how to best model it,
and how to take action to get started on the assembly of a stress indicator database. It was decided that the logical first step
for the CSM group and SCEC CSM efforts is to compile all of the existing relevant data and stress models for California, and
put them into common formats. This compila-tion should eventually become a resource for the SCEC community to be able
to easily find and use the-se data and models. Such a compilation will also facilitate comparisons between the currently
existing stress models in order to better understand where various models differ. The database will also facilitate evaluating
the relative coverage of various data/models, etc, and will help get the ball rolling on putting together a numerical
implementation of stress models overall.
It was also decided to strive to hold a follow-up CSM workshop in 2012 focused on comparing the currently existing stress
models (including the full range from geodynamic models to observational "mod-els" such as borehole measurement
compilations or focal mechanisms inversions). As one goal of the 2012 workshop, the group identified the process of coming
with specific next steps by targeting areas of differences between the existing models. Attendance of the 2012 workshop is
to be limited to contributors of data/models and representatives of user communities of the CSM, as we will be getting into
the nitty-gritty of data/model formats and comparisons. The larger community will of course be updated on our progress, and
a mailing list was established to continue the discussions related to the CSM and the CSM 2012 workshop.
b. SCEC Community Stress Model Workshop (October 15-16, 2012): This workshop of the SCEC CSM project focused on
compiling and integrating existing stress models and data contributed by the SCEC community. The workshop format was
primarily group discussions, rather than formal presenta-tions. We started off with an overview of each of the submitted
models followed by exploration of the simi-larities and differences between them. A focus of this workshop was to identify:
first steps for integrating the various data and models to build the CSM, major incompatibilities that may represent branches
in the CSM, and possible research avenues to address outstanding issues. Fig. 3.4 shows a preliminary aver-aging and
comparison of the compatibility of different stress models that came out of that workshop.
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Figure 3.4. SHmax (left) for an average stress model generated by averaging the normalized stress tensors of the models of Bird; Luttrell,
SmithKonter and Sandwell; and Yang and Hauksson. Right panel shows RMS difference of SHmax orientation of the three models relative to the
mean.

The leaders of the CSM effort, identified six specific high-priority needs for the coming year, each with an identified point-ofcontact person as follows:
•
•
•
•
•
•

Acquisition and Compilation of Borehole Data (POC: John Shaw)
Acquisition and Compilation of Geologic Data (POC: Joann Stock)
Stressing Rate Models from UCERF3 Deformation Models (POC: Liz Hearn)
Crustal Anisotropy Compilation (POC: Jeanne Hardebeck)
Compilation of Stress Estimates from Ductile Rocks (POC: Greg Hirth)
Physics-based Long-Term Deformation Models of the Southern California Lithosphere (POC: Thor-sten Becker)

Unified Structural Representation: Milestone 3
The initiative to combine the Community Fault and Velocity Models into a self-consistent Unified Structur-al Representation
(USR) began in SCEC2 and continues in SCEC4 as the need to improve and extend the USR is driven by research needs.
Versions of the CVM now directly incorporate results from full-3D waveform tomography. These methods offer clear paths for
improving the CVM’s, which are critical in ground motion simulations and, remain a key focus for SCEC4 because other
research depends on them. Through these actions, and by improving access and output options for the USR, have made a
major contribution to meeting science milestone 3.
Extension of ground motion simulations to higher frequencies requires increased accuracy in velocity representations within
the CVM’s. We have implemented a Geotechnical Layer in recent versions of CVM-H for this reason. Several research teams
are exploring the development and use of stochastic ap-proaches to characterize the variability of wavespeeds as described
below. Small-scale structure is par-ticularly important in shallow sediments for predicting strong ground motion to high
frequencies. The per-formance of these alternative parameterizations will ultimately be measured through direct comparisons
of observed and synthetic waveforms at higher frequencies, and validated as part of the newly estab-lished Ground Motion
Simulation Validation Technical Activity Group.
LiDAR, as well as relocated seismicity and focal-mechanism catalogs provide important opportunities to improve fault
geometries in the Community Fault Model (CFM). Tomographic refinements will offer new constraints on fault geometries at
depth. The CFM will need to incorporate revised, alternative represen-tations of fault geometries that properly reflect these
new constraints in hazard calculations and fault sys-tem models. A new emphasis will be on representing smaller scale
features, such as the detailed repre-sentations expected from the special fault study areas.
a. Upgrades and Improvements to the SCEC Community Fault Model: Increasing 3D fault complex-ity and compliance
with surface and subsurface data. Important upgrades to the SCEC Community Fault Model (CFM) was released as CFM
v.4.0 in Fall, 2012. The release incorporates improvements in 3D fault representations, a detailed fault surface trace layer, and
a new fault naming and numbering scheme that allows for closer links to the USGS/CGS Quaternary Fault database (Qfaults).
Fault repre-sentations in CFM are now available referenced to the modern WGS84 datum and the new surface layer in CFM
allows upgraded 3D fault models to be registered to the more detailed Qfaults and other digital fault maps. Registration of
older CFM faults to the Qfault surface traces is still ongoing. We use align-ments of hypocenters and nodal planes from
relocated earthquake catalogs (e.g., Hauksson et al., 2012; Fig. 3.5) to define better the subsurface geometry of active faults.
These new revised CFM fault models and interpretations allow for more non-planar, multi-stranded 3D fault geometry, and
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characterize a more complex pattern of fault interactions at depth. This increasing 3D fault complexity for CFM
representations is particularly evident along the multi-stranded San Andreas fault and adjacent secondary structures in the
Coachella Valley and through San Gorgonio Pass, as well as for the complex surface and subsurface ruptures associated
with the Laguna Salada and related faults involved in the El Mayor-Cucapah se-quence. The CFM fault database hierarchical
naming and numbering scheme was substantially revised and sent out for review, in order to identify areas of CFM for further
improvements and upgrades.

Figure 3.5. Relocated earthquakes (Hauksson et al., 2012) used to refine CFM 4.0.

b. Stochastic Descriptions of Basin Velocity Structure from Analyses of Sonic Logs and the SCEC Community
Velocity Model (CVM-H): The trend of numerical wave propagation studies to shorter peri-ods creates a demand for higher
resolution velocity models. An important initiative within the USR is to characterize small scale-length (<100m) structure
stochastically. Sonic logs in the Los Angeles basin to-gether with the existing CVM-H can be used to represent
compressional and shear wave slowness in the upper 3 km (Fig. 3.6). As a first step, smoothed well log data were used to
define the scale of variability present in the data, but not represented in current models. This analysis reveals a variation of
157 ms/m around a mean of 1.3 ms/m for P-wave slowness. Vertical analyses were conducted in individual wells, whereas
groups of closely spaced wells were used to analyze horizontal variability. The smallest lag where variance starts to level out
to a background level can be considered the largest correlation dis-tance. Preliminary results show a vertical correlation
distance of about 80m at which variance levels reach about 430 ms2/m2. In the horizontal analysis, variograms were
constructed with lags varying from 100 m to 8 km. This analysis showed a maximum correlation distance of about 900m
where variance reaches a high level of about 750 ms2/m2. Thus, the model analysis suggests a ratio of horizontal to verti-cal
correlation lengths of about 11:1. Other analysis suggests that wavespeed variations conform to a fractal distribution with
fractal dimensions of 1.5-1.8 and related Hurst exponents of 0.2-0.5.
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Figure 3.6. Left panels depict vertical sections through realizations of the 3D Goff-Jordan stochastic model. Far left panels show the isotropic case (η
= 1) and two levels of anisotropy (η = 5, 10) for σ =2%andν=0.8. Middle-left panels show three values of the self-affine scaling (ν = 0.8, 0.5, 0.2).
corresponding to fractal di-mensions of 3.2, 3.5, and 3.8. Right panel shows sonic logs - both smoothed (red) and raw (gray) - from which information
on small-scale wavespeed variations can be estimated.

An intermediate-term goal of these efforts is for future releases of the CVM-H to provide, as an op-tion, stochastic
representations of the finer scale velocity structure that can be used to simulate ground motions at higher frequencies. The
effects of the near-surface heterogeneities on ground motion and scattering will be tested using simulations of selected
historical earthquakes with a high density of strong motion recordings available. These simulations will be calculated for
variable values of Qs and Qp, in or-der to examine the interdependency between intrinsic and scattering attenuation on the
ground motion.
c. Full-3D Waveform Tomography for Southern California: SCEC investigators are using full 3D to-mography (F3DT) that
uses 3D SCEC Community Velocity Model Version 4.0 (CVM4) in Southern Cali-fornia as initial model, a staggered-grid finitedifference code to simulate seismic wave propagation and sensitivity (Fréchet) kernels calculated based on the scattering
integral and adjoint methods to iteratively improve the model. Both earthquake recordings and ambient noise Green’s
function data are used in our F3DT inversions. To reduce errors of earthquake sources, the epicenters and source
parameters of earthquakes used in our F3DT are inverted based on full-wave method. The resulting model shows many
features related to the geological structures at shallow depth and contrasting velocity values across faults. The perturbations
with respect to the initial model in some regions approach 40% in places where the current model is refined (such as
southern Great Valley). The waveform fittings of earthquake waveforms and ambient noise Green’s function data are both
improved after iterations. The earthquake waveform misfit and summation of square of ambient noise Green’s function group
velocity delay time between ob-served waveforms and updated synthetic waveforms are both reduced more than 50%.

Ground Motion Simulation Validation (GMSV) TAG: Milestone 7
Technical Activity Groups (TAGs) are organized within SCEC to develop and test critical methods for solving specific forward
and inverse problems. TAGs typically involve:
1.
2.
3.

posing well-defined “standard problems”
solving them by different researchers with different approaches
virtual/in person meetings to compare solutions, discuss discrepancies, and work on improvements

Ground Motion Simulation Validation (GSMV) is a TAG that was initiated in SCEC4, to validate ground motion simulations
against observed strong motion data. SCEC has recruited the involvement of earth-quake engineers and engineering
seismologists, because they are the critically important potential users of ground motion simulations. Thus, they are ideally
situated to judge whether or not ground motion simu-lations are reasonable. For this reason we have recruited substantial
involvement in this TAG by earth-quake engineers, and it is led by Nico Luco, an earthquake engineering seismologist at the
USGS. This TAG is in the early stages, but has been very active (collaborate.scec.org/gmsv) in the first year of SCEC4.
Activities to date include:
•
•
•

April 2012 Coordination Workshop - Click SCEC Award 12171 for workshop summary and report.
Special Session at 2012 SSA Annual Meeting
September 2012 Workshop - Click SCEC Award 12171 for workshop summary and report.
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•
•

SCEC Annual Meeting Session “The Importance of Faking It - Ground Motion Simulation for Earth-quake
Engineering”, featuring C.B. Crouse talk on “The Role SCEC Can Play in Improving Seismic Provisions in US
Codes through Ground-Motion Simulations”, which led to follow-up activities includ-ing
Formation of the “Committee for use of Ground-Motion Simulations in Seismic Provisions” (chaired by Crouse),
and tasked to develop long-period response spectral acceleration maps for Los Angeles re-gion for inclusion in
NEHRP and ASCE 7 Seismic Provisions and in Los Angeles City Building Code. The maps would be based on
3-D numerical ground-motion simulations, and ground motions com-puted using latest empirical groundmotion prediction equations from the on-going PEER NGA pro-ject. The project would be coordinated with
other SCEC projects, such as CyberShake and UCERF, and with the USGS national seismic hazard mapping
project.

By developing a set of standards, and a set of earthquake ground motions to validate ground motion sim-ulations against,
we have met science milestone 7.

Aseismic Transient Detection TAG: Milestone 2
The Aseismic Transient Detection TAG has developed the capability of searching systematically through geodetic data for
aseismic deformation transients. This TAG was formed during SCEC3 when SCEC leadership expressed concern that there
was little effort apparent being dedicated to detecting anomalies in geodetic observations in Southern California. Most of the
activity during SCEC3 was focused on blind tests of synthetic data, which was created by Duncan Agnew. The activity was
led by Jessica Murray USGS) and Rowena Lohman (Cornell) and the response was tremendous - to the point that a
milestone for the first year of SCEC4 is to initiate a testing center with operational transient detectors running on real data
(Fig. 3.7). The transient detection group has developed the framework for hosting detection al-gorithms that includes an
authoritative GPS data stream as well as a catalog of GCMT earthquake solu-tions through CSEP. Two detection algorithms
are currently hosted at CSEP, with differing treatments of the seasonal, coseismic and postseismic signals within the time
series. The newest algorithm also out-puts the magnitude and functional form of seasonal signals - a product that may aid in
development of the Community Geodetic Model. Thus, science milestone 2, which concerns transitioning the transient
detec-tion endeavor to operational status, has been achieved.

Figure 3.7. Screenshot of an automated email from an algorithm that is part of the test Green triangles show locations where transient behavior has
been flagged.
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Source Inversion Validation TAG: Milestone 8
The Source Inversion Validation (SIV) TAG is focused on determining what aspects of finite-source mod-els are robustly
determined. This is a challenging problem because there are strong trade-offs, for exam-ple between slip velocity and
rupture time, and because the inverse problem is underdetermined and thus has a null space that is filled according to
assumptions made by different investigators as part of the in-version process. The SIV TAG held a workshop at the SCEC
annual meeting, and there is a call among geodetic modelers to have an element of the exercise that is focused on source
estimation using geodetic data. This is an interesting adjunct to the seismic data because it is sensitive to the final slip
distribution and source geometry, but not to the time evolution of rupture. This effort is an important part of meeting science
milestone 8.

Dynamic Rupture Code Validation TAG: Milestone 8
The Dynamic Rupture Code Validation TAG is focused on developing benchmarks for dynamic rupture simulation. This is a
long-running (since 2003) and very successful TAG. Although the notion of a finite lifetime is purposely built into our
philosophy of TAGs, this TAG has been so successful, and the need for testing increasingly capable dynamic rupture
modeling algorithms that can model more complex geome-try and physics, means that this TAG is not likely to sunset soon.
Tasks for this years exercise include modeling strongly heterogeneous rupture and modeling rupture of a stepover on a
vertical strike-slip fault.

Earthquake Simulators TAG: Milestones 3, 9
The Earthquake Simulators TAG is focused on developing simplified representations of earthquake rup-ture that account for
the important effects of fault geometry, stress transfer, and rupture nucleation and dynamics, in order to develop long-term
synthetic seismicity catalogs. Different simulators take different approaches to capturing what is judged to be the essential
elements of fault systems and the physics that govern it. The latest comparison of output between competing simulators
uses a simplified version of the statewide community fault model (Fig. 3.8), such that the geometry is common to all the
simulators, to test simulator outputs.

Figure 3.8. Perspective view of simplified version of CFM with 3x3 km fault elements, that was used in the 2012 earthquake simulator comparison.
Faults are color-coded by slip rate (warmer colors = higher slip rate).

Despite the common geometry, different assumptions about, for example, visco-elasticity, the nature of friction on faults, or
the propagation of a rupture once initiated, lead to different simulator outputs. One of the important long-term goals of this
activity is to provide an approach to earthquake rupture forecasting that, for example, could be used directly as input into
earthquake rupture forecasts (Fig. 3.9), and would move beyond statistically based methods currently being considered (such
as ETAS models).
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Figure 3.9. A comparison of cumulative MFD distribution for four earthquake simulators with observed seismicity. Although the goal of earthquake
simulators is to move beyond such simple magnitude-frequency distribution characterizations of seismicity, MFDs provide a useful check.

The simulators also have the potential to play a key role in moving from time-independent earthquake rupture forecasts, to
time-dependent earthquake forecasts, because simulator output can inform the probabilities of large earthquakes triggering
other large earthquakes. Time-dependent earthquake rupture forecasts form an important part of the SCEC4 research
objectives.

Earthquake Forecasting and Predictability and UCERF3: Milestones 3, 9
The Earthquake Forecasting and Predictability interdisciplinary focus group is concerned with forecasting earthquake
behavior at short, intermediate, and long time scales. Like other such groups, it has linkages across a wide range of SCEC
activities. Both the earthquake simulator effort and UCERF are closely aligned with EFP goals and efforts. UCERF3 is a
critically important activity for SCEC, both in terms of societal impact, and because it requires us to capture what we know,
or think we know, about earthquake behavior into a forecast of likely future earthquakes. 2012 has been an exceptionally
busy year for UCERF3 activity as we strive to meet the deadline for its completion. UCERF3 has seen important inno-vations
relative to UCERF2 in the use of new magnitude-area relations, as well as new information on fault slip rates and past
earthquake history. Assumptions on fault segmentation have been relaxed, and for the first time, geodetically derived crustal
deformation models are being used directly as input into the earthquake rupture forecast. Finally, all of the information we
have, and assumptions we feel justified in making, on earthquake rates and ruptures are being assimilated into what has
come to be known as "the grand inversion" (Fig. 3.10). The grand inversion (Andrews and Schwerer, 2000; Field and Page,
2011) combines slip-rates from geodetic/geologic data, paleoseismic event rates, rupture plausibility constraints, magnitudefrequency distributions, as well as other possible a priori constraints, to solve for the magni-tude and long-term rate of each
rupture.
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Figure 3.10. Example of a potential rupture linking the Sierra Madre-Cucamonga-San Jacinto Faults in a single earthquake. The grand inversion uses
all available information to try to estimate the likely magnitude and long-term rate of that earthquake (as well as over 200,000 others).

The first year of SCEC4 has seen widespread and intense effort on bringing UCERF3 to a successful and on-time conclusion,
and to the degree that proves successful, SCEC will have reachedf science milestone 9.

SoSAFE: Milestones 6, 9
In the transition to SCEC4, the Southern San Andreas Fault Evaluation (SoSAFE) special project has be-come part of the
SCEC core program, and the SCEC collaboration was reorganized accordingly by creat-ing a SoSAFE focus group led by
Kate Scharer (USGS) and Ramon Arrowsmith (ASU). The focus of So-SAFE remains on multidisciplinary studies of the San
Andreas and San Jacinto Fault systems, with spe-cial attention to slip rates, slip per event, and past earthquake history. As
part of the SoSAFE activity in 2012, a "Fieldshop" was held at the SCEC Annual Meeting in Palm Springs. The SoSAFE
Fieldshop (Fig. 3.11) combined field activity and a workshop, and focused on field interpretation and measurement of small (<
50 m) offsets of geomorphic features along faults. Interest in this issue stems largely from the proliferation of undated, small
geomorphic offsets now used in efforts such as the Uniform California Earthquake Rupture Forecast (UCERF3) to calculate
paleo-earthquake magnitude and paleo-earthquake rupture extent and estimate future timing or slip along the faults given
standard recurrence models. The Fieldshop explored the reproducibility of field measurements of geomorphic offsets by
multiple investiga-tors and generated a rich discussion on the uncertainties and qualification of these data, and participants
came up with a set of six findings and recommendations for future work.
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Figure 3.11. The 27 participants in the Fieldshop travelled to the Mojave section of the San Andreas Fault and worked on two areas southeast of
Palmdale, CA. They mapped on two DEMs, one derived from the B4 LiDAR dataset and the other derived from a TLS scan near Littlerock CA The
participants had a mix of expe-rience but most were familiar with the goals and typical procedures for measuring offsets. These included graduate
students (8) measuring offsets for their own research, early career scientists (6), and mid-career scientists (8).

In addition to the new initiatives and TAGs, there is a great deal of science being carried out under the SCEC core program.
In the following pages we highlight a few of the notable accomplishments of the first year of SCEC4. For convenience only,
we organize them by disciplinary/interdisciplinary focus groups.

Earthquake Geology: Milestones 6, 8, 9
New technologies and new capabilities, including LiDAR and new dating techniques, are creating exciting new opportunities
in earthquake geology to answer long-standing questions that bear directly on seismic hazard evaluation. Roder et al (2012)
and Lawson et al. (2012) have reported encouraging results for K-feldspar TL dating of sediments in the Mojave. Compton
and Cowgill (2012) have used LiDAR measure-ments to document further evidence for time-dependent slip rates on the
Mojave segment of the San An-dreas Fault. Akciz et al. (2012) are developing new slip-rate estimates from the classic
Wallace Creek site, for which the original rate, which is based on just a few 14C dates. They are now in the process of dating
~50 newly collected samples. Fletcher et al. (2012) have found an order of magnitude longer recur-rence interval on the
Borreggo Fault, which ruptured in the 2010 El Mayor-Cucapah earthquake, than on the nearby Laguna Salada Fault, which
ruptured in the 1892 earthquake. Blisniuk et al. (2012) have found fairly high slip rates on the Mission Creek strand of the San
Andreas Fault in Coachella Valley (Fig. 3.12). We anticipate that in SCEC4, substantial attention will be paid to tsunami
hazard, and that earthquake geology has a key role to play in that effort; however, current efforts are limited to analysis of
potential tsunami deposits in Carpinteria Slough resulting (most likely) from large events on structures related to the nearby
Ventura Avenue Anticline.
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Figure 3.12. Blisniuk and others have carried out Uranium dating of channels deposits on the Mission Creek strand of the San Andreas in Coachella
Valley and found high geologic slip rate of ~17-24 mm/yr (17-20 mm/yr preferred) since ~50 to 70 ka.

Seismology: Milestone 1
The Southern California Earthquake Data Center continues to archive and serve seismic data and data products to the
research community. Improvements to earthquake locations and focal mechanisms are ongoing. The first year of SCEC4 saw
the publication of two important catalogs. The first is the latest ver-sion of the southern California relocated seismicity
catalog (Hauksson et al., 2012) containing high-precision locations of over 500,000 events from 1981 to June 2011. The
second is a catalog of opver 137,000 refined focal mechanisms (Yang et al., 2012). These catalogs are available at the
SCEDC. This essential activity satisfies an important part of milestone 1 (see SCEC4 Science Milestones). Kroll et al. (2012)
report that aftershock activity in the Yuha Desert region of California following the El Mayor-Cucapah mainshock was strongly
affected by the 14 June 2010 M5.7 Ocotillo, California, in a possible demonstration of a static stress change "shadow."
Shearer (2012) studied earthquake clustering in southern California and found that while some of the clustering can be
attributed to earthquake-to-earthquake triggering, as in an ETAS model, there is a sig-nificant component of clustering that
arises from underlying physical driving mechanisms, such as are often invoked to explain swarms. Chen et al. (2012)
examined compact 'bursts' of seismicity in southern California and found that 37 out of 69 exhibited statistically significant
spatial migration of seismicity. About half of the migrating swarms are best fit with linear migration velocities. The other half
are best fit with the diffusion equation, with diffusion coefficients comparable to those found in previous studies. The-se two
results suggest fluid flow as a primary driver of Southern California earthquake swarms. Chen et al. (2012) also studied
foreshock and aftershock sequences for the Landers, Hector Mine, and El Mayor-Cucapah earthquake and report the
somewhat surprising result that foreshock stress drops are systemat-ically lower than those of aftershocks in each case (Fig.
3.13).

Figure 3.13. Foreshocks are observed to have lower-than-average stress drops (red spectra) when com-pared to aftershocks from the same region
(black spectra). Individual stress drop estimates have large scat-ter, but the median stress drop is clearly lower for the foreshocks of the 1992
Landers, 1999 Hector Mine and 2010 El Major earthquakes as expressed in their stacked spectra (from left to right). The foreshocks ra-diate relatively
weaker high frequencies than the aftershocks. This difference is unlikely to be caused by at-tenuation changes induced by the mainshock, because
attenuation has been observed to increase following large earthquakes, which would produce the opposite effect.

Computational Science: Milestones 7, 8
The Computational Science disciplinary group, led by Yifeng Cui (USC) and Eric Dunham (Stanford) was formed due to the
recognition that in order to realize fully the potential benefits of high-performance com-puting, SCEC needed to devote
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greater attention to it than had been done in SCEC3, where it was pri-marily limited to specific goals under special projects.
We devoted two talks and dedicated discussion at the SCEC annual meeting to ways to broaden the penetration of HPC into
SCEC activities. Here we re-port on several projects that have recently taken advantage of HPC. Zhou et al. (2012) have
adapted the AWP code to take advantage of GPU processors for finite-difference simulation of wave propagation in 3D
media. Kozdon and Dunham (2012) have used adaptive mesh refinement (AMR) for 2D dynamic rup-ture simulations (Fig.
3.14). By varying the mesh in space and time, they were able to achieve the resolu-tion required to explore the effects of
rate-and-state friction and off-fault plasticity on dynamic rupture.

Figure 3.14. AMR in both space and time, applied to dynamic rupture modeling (Kozdon and Dunham, 2012). Gray areas on the left panel show areas
where the mesh is densified to resolve important details.

Ground Motion Prediction: Milestone 7
The Ground Motion Prediction (GMP) interdisciplinary group focuses on issues related to modeling earth-quake strong
ground motion. Research from many different fields contributes to this effort, and strong ground motion modeling has been
the topic of many special projects. Denolle et al. (submitted) have de-veloped a pathway for correcting ambient-field Green's
functions for depth of excitation and focal mecha-nism and validated the corrections against four moderate earthquakes in
southern California. An emerg-ing theme in SCEC4, called the “High-F project,” is to push ground motion simulations to
higher frequen-cies (Fig. 3.15). Taborda and Bielak (2012) have carried out simulations of the Chino Hills earthquake to 4 Hz,
but concluded that realistic earthquake simulations at frequencies higher than 1 Hz will require im-provements in velocity and
attenuation models to make synthetic results compatible with strong motion records. Shi and Day (2012) have performed
ground motion simulations for M > 7 earthquakes up to 10 Hz using 3D rupture simulations along rough faults. Olsen et al.
(2012) have explored the effect of small-scale inhomogeneities, such as those that are now being developed for CVM-H, on
the seismic wavefield at high frequencies.

Figure 3.15. Example of high-frequency ground motion simulations from Shi and Day (2012). Withers et al. (2012) performed kinematic simulations
using this geometry and compared resulting time series to stochas-tic high-frequency simulations. High frequency deterministic simulations
produced realistic time-series. Study of these new high frequency deterministic simulation techniques is an opportunity for future validation work with
hybrid stochastic methods.
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Fault and Rupture Mechanics: Milestone 8
The Fault and Rupture Mechanics (FARM) interdisciplinary group focuses on understanding earthquake rupture mechanics
through laboratory experiments, theoretical modeling, and field observations. Progress in this area is diverse and projects are
numerous; however, there are several themes emerging from the-se activities in SCEC4. Computational capabilities are
approaching the point where it is now possible to properly model dynamic rupture propagation on geometrically realistic fault
structures. This presents chal-lenging issues in how fault response is characterized, and increases the importance of the
other emerg-ing theme, which is understanding plastic, off-fault deformation. Here too there are challenges to be met, such
as the dependence on absolute stress levels, in modeling plastic deformation. Another trend that is likely to continue is the
development of comprehensive, integrative models of fault behavior. Barbot et al. (2012) developed a model of the San
Andreas Fault at Parkfield that combined dynamic rupture model-ing, seismic and geodetic observations (co-seismic, postseismic, and inter-seismic) into a consistent synoptic model for fault behavior (Fig. 3.16).
Weakening mechanisms continue to be of great interest due to their importance for understanding both earthquake physics
and earthquake strong ground motion. Bernardo et al. (2012) explored auto-acoustic weakening, which is distinct from
acoustic fluidization. They found that the effect was most im-portant at intermediate slip velocities. Platt et al. (2012) studied
strain-rate localization driven by thermal pressurization and thermal decomposition, e.g., in phyllosilicates and carbonate
components of fault gouge. They found that thermal decomposition leads to extreme localization down to zones ~30 microns
wide. Reactant depletion leads to migration of the localized straining zone, leading to complex final strain profiles. The final
deformed zone could be an order of magnitude wider than the width of the zone de-forming at a given time. Fault mineralogy
controls the migration velocity, allowing a qualitative link with field studies. Goldsby et al. (2012) used laboratory experiments
to show that the effects of flash heating saturate at slip rates of 1 m/s. Hirth et al. (2012) investigated the effects of pore fluids
near the base of the seismogenic zone. They found that high-temperature creep renders the effective pressure law less
efficient near the brittle-plastic transition, if it works at all. Clearly, there is no shortage of potential weak-ening mechanisms.
The challenge is to identify which ones are relevant to rupture in the Earth, and how to characterize them in earthquake
rupture modeling - both to improve understanding of earthquake phys-ics, and to predict strong ground motion more
accurately. This is an important, ongoing effort, and consti-tutes an important part of science milestone 8. We have worked
towards this milestone in the first year of SCEC4, but a more systematic approach in year 2 should be considered.

Figure 3.16. From Barbot et al. (2012) showing model that predicts fault slip compatible with recent (1999-2010) geodetic observations. The model
reproduces several aspects of the earthquake cycle at Parkfield on various temporal scales and can be used to study other aspects of fault slip such
as additional co-seismic weakening, the effect of fluids or remote triggering.
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SCEC4 Science Milestones
Southern California Earthquake Center, June 2013
TABLE 1. SCEC4 FUNDAMENTAL PROBLEMS OF EARTHQUAKE PHYSICS
I.
II
III.
IV.
V.
VI.

Stress transfer from plate motion to crustal faults: long-term slip rates.
Stress-mediated fault interactions and earthquake clustering: evaluation of mechanisms.
Evolution of fault resistance during seismic slip: scale-appropriate laws for rupture modeling.
Structure and evolution of fault zones and systems: relation to earthquake physics.
Causes and effects of transient deformations: slow slip events and tectonic tremor.
Seismic wave generation and scattering: prediction of strong ground motions.

Milestones
NSF has requested that we submit an annualized list of milestones as part of a revised SCEC4 plan for 2012-2017. According
to NSF instructions, these milestones are based on the six fundamental problems in earthquake physics described in the
SCEC4 proposal (see Table 1 of this supplement). Our response to the NSF request adopts the premise that milestones are
to be used by SCEC and its sponsoring agen-cies as indicators of research progress along unknown conceptual pathways
rather than, say, lists of working-group tasks, timelines for IT developments, or absolute measures of research volume from
indi-vidual research groups.
We have therefore concentrated on targets for SCEC’s interdisciplinary activities in earthquake sys-tem science, such as
those related to the SCEC Community Models, which will include a new Community Geodetic Model (CGM) and a
Community Stress Model (CSM); those related to a proposed new set of Special Fault Study Areas (SFSAs); and those
coordinated through the Technical Activity Groups (TAGs), such as the newly established Ground Motion Simulation
Validation TAG, which brings earthquake engi-neers together with ground motion modelers. Because SCEC interdisciplinary
activities in some cases depend on ancillary support from special projects (e.g., IT developments, HPC resources), reaching
some of the milestones will be contingent on receiving this ancillary support.
The milestones are organized by a numbered research topic or collaboration. The problems ad-dressed by each numbered
item are listed parenthetically at the end of each paragraph; e.g., [I-VI] indi-cates that the milestones for that topic or
collaboration are relevant to all six problems. Owing to the un-predictable nature of basic research, the milestones for the
first two years are more explicit than those for the out-years of the SCEC4 program.

Year 1 (2012-2013)
1.

2.

3.

4.

5.

Improved Observations. Archive and make available at the SCEDC waveforms, refined catalogs of earthquake
locations and focal mechanisms for the period 1981-2011. Begin cataloging validation earthquakes and
associated source descriptions and strong ground motion observations for California for use in ground motion
simulation validation. Implement automated access to EarthScope GPS data for transient detections. Initiate
planning with IRIS and UNAVCO to improve the scientific response capabilities to California earthquakes. [I-VI]
Transient Geodetic Signals. Develop data-processing algorithms that can automatically detect geodetic
transients localized within Southern California using continuously recorded GPS data. Provide access to
authoritative GPS data streams through CSEP. Implement at least two detection algorithms as continuously
operating procedures within CSEP. [V]
Community Modeling Environment. Implement, refine, and release software tools for accessing the SCEC
CVMs. Define reference calculations and evaluation criteria for 3D velocity models. Conduct comparative
evaluations among different CFMs and CVMs. Deliver statewide versions of CFMs for use by WGCEP in
UCERF3. Develop dynamic rupture verification exercises that incorporate effects of large-scale branching fault
geometry on dynamic rupture and ground motions. [II, III, IV, VI]
Community Geodetic Model. Obtain input from the SCEC community via a workshop in order to define the
conceptual and geographic scope of the CGM, including the time-independent and time-dependent model
components, the data to be assimilated into the model, and the type and spatial distribution of model output.
[I, V]
Community Stress Model. Develop a strategy for archiving and curating observational and model-based
constraints on the tectonic stress field in Southern California. Based on this strategy, begin developing
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6.

7.

8.

9.

components of the database that will underlie the CSM. Organize a SCEC collaboration to contribute existing
observational and model-based constraints to this database. [I, II]
Special Fault Study Areas. Identify requirements for SFSA Science Plans. Solicit SFSA Science Plan(s) from
SCEC community to be ratified by PC and then included into 2013 RFP. Coordinate interdisciplinary activities,
including workshops, to prototype at least one SFSA. [I-VI]
Ground Motion Simulation Validation. Develop a set of validation procedures suitable for the application of
ground motion simulations in seismic hazard analysis and earthquake engineering. Identify a set of ground
motions recorded in large California earthquakes to use for validation. Use codes available in the CME to
simulate the ground motions. Compare these simulations with the observed recordings and other empirical
models where they are well-constrained. [VI]
Source Modeling. Assess field evidence for the importance of specific resistance mechanisms during fault
rupture, and plan fieldwork to collect new diagnostic data. Develop laboratory experiments that explore novel
weakening mechanisms. Standardize observations from key earthquakes for the testing of different methods of
finite-fault source inversion, and set up standardized inverse problems as cross-validation exercises. [III, VI]
Time-Dependent Earthquake Forecasting. Support WGCEP in the development and release of UCERF3.
Reduce the updating interval of the short-term forecasting models being tested in CSEP. Improve methods for
detecting, classifying, and analyzing various types of seismic clustering. [II, V]

Year 2 (2013-2014)
1.

2.

3.

4.

5.

6.
7.

8.

9.

Improved Observations. Begin cataloging SCEC-supported geochronology analyses available for Southern
California. Complete cataloging validation earthquakes and associated source descriptions and strong ground
motion observations for California for use in ground motion simulation validation. Start comparing InSAR and
GPS data to flag any suspect data as a first step to integrated use of GPS and InSAR in the CGM. Start
developing plans for enhanced seismic instrument deployments in the SFSAs and elsewhere in Southern
California. Update coordination of earthquake response capabilities of the SCEC community with partner
organizations, including USGS, IRIS, and UNAVCO. [I-VI]
Transient Geodetic Signals. Increase the number of geodetic transient detection algorithms automated within
CSEP that continuously operate on authoritative GPS data streams. Assess and refine detection thresholds
through the use of synthetic data for a range of earthquake sizes for all operating detectors. [V]
Community Modeling Environment. Improve CVMs by applying full-3D waveform tomography to data from
hundreds of earthquakes. Perform reference calculations and apply goodness-of-fit measures to evaluate
CVMs against earthquake waveform data. Improve stochastic kinematic rupture models that incorporate source
complexity observed in dynamic rupture simulations, including supershear rupture. Provide access to the
UCERF3 statewide hazard model via the OpenSHA software platform. Develop methodology for calculating an
extended ERFs based on UCERF3. [II, III, IV, VI]
Community Geodetic Model. Start generating a unified GPS time series dataset for secular and transient
deformation and compiling LOS velocity maps from available SAR catalogs. Establish strategy for estimating
secular rate as well as temporally variable signals (e.g., seasonal, postseismic). Assess the feasibility and the
potential benefits of incorporating additional datasets (e.g., strainmeter, LiDAR) into CGM. Specify the CGM
output needed for input to the CSM and transient detection and begin providing preliminary datasets as
available. [I, V]
Community Stress Model. Populate the CSM data system with existing observational and model-based
constraints. Begin coordination efforts with developers of the CGM and earthquake models. Investigate the
variations in directions and magnitudes of stresses and stressing rates predicted by different existing models.
[I, II, IV]
Special Fault Study Areas. Solicit SFSA Science Plan(s) from SCEC Community to be ratified by PC and then
included into 2014 RFP. Re-examine requirements for SFSA Science Plans. Evaluate whether SCEC should
increase the number of SFSA-oriented studies in the SCEC base program. [I-VI]
Ground Motion Simulation Validation. Develop a list of metrics identified by earthquake scientists and
engineers as needed to validate ground motion predictions for application to seismic hazard analysis and
earthquake engineering. Use the observed ground motions of well-recorded California earthquakes to evaluate
existing ground motion simulation methods and recommend improvements. Establish the Broadband
Simulation Platform as a high-performance cyberfacility for ground motion simulation by outside research
communities, including earthquake engineers. [III, VI]
Source Modeling. Develop numerical methods that simultaneously resolve fault zone processes and largescale rupture, including fault interaction, complex geometries, heterogeneities and multiple fault physics.
Assess data available to distinguish source from path/site effects at high frequencies. Develop a methodology
for uncertainty quantification in finite-fault source inversion and back-projection source imaging, tested on
standardized data sets. [III, VI]
Time-Dependent Earthquake Forecasting. Assess the capabilities of UCERF3 for time-dependent forecasting
through comparisons with earthquake catalogs or synthetic catalogs from earthquake models. Through CSEP
and in collaboration with the USGS and CGS, test the suitability of deploying UCERF3 as an operational
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earthquake forecast. Couple UCERF3 to the Cybershake simulation suite for the Los Angeles region to
prototype a time-dependent urban seismic hazard model. [II, VI]
10. Progress Report on SCEC4 Problems. Report to the SCEC4 community and Advisory Council on the
progress made so far in formulating and testing hypotheses that address the six fundamental problem areas of
earthquake physics.

Year 3 (2014-2015)
Improved Observations. Archive and make available at the SCEDC waveforms, refined catalogs of earthquake
locations and focal mechanisms for the period 1981-2013. Continue cataloging SCEC-supported
geochronology analyses available for Southern California. Submit a proposal to NSF/Earthscope that focuses
on high-resolution imaging of SFSA and elsewhere in Southern California. Begin developing catalogs of
prehistoric surface rupturing events along major faults in the system. [I-VI]
2. Transient Geodetic Signals. Using the first two years of results from Southern California, assess the capability
and consistency of the geodetic transient detection procedures. Develop ensemble-based detection
procedures that combine the output of multiple detection algorithms. [II, V]
3. Community Modeling Environment. Incorporate results from the Salton Seismic Imaging Project into the
CVMs. Incorporate stochastic descriptions of small-scale heterogeneities into the upper layers of the CVMs,
and evaluate the importance of these heterogeneities in ground motion models. Integrate and evaluate a
statewide unified CVM suitable for 3D ground motion modeling. Incorporate new information on fault complexity
from SFSA projects into the CFM. [II, III, IV, VI]
4. Community Geodetic Model. Integrate InSAR and GPS in order to formulate a uniform resolution model for
secular surface velocities and associated uncertainties and covariances. Revise or refine the technical
specifications of the CGM based on results obtained in years 1 and 2 and input from the CSM and the Geodetic
Transient Detection TAG. Define the framework and infrastructure for maintaining CGM. Identify and test
algorithms for time-dependent InSAR analysis. [I, V]
5. Community Stress Model. Quantitatively assess discrepancies between various stress models. Begin the
process of identifying classes of alternative stress models or branches for the CSM. [I, II, IV]
6. Special Fault Study Areas. Continue to execute coordinated plans for disciplinary fieldwork and
interdisciplinary synthesis in SFSAs. Finalize the set of SFSAs to be investigated in SCEC4. [I-VI]
7. Ground Motion Simulation Validation. Develop scientific and engineering criteria for appropriate use of
deterministic and stochastic frequencies in ground motion simulations. Based on the Year-2 evaluation, assess
how future SCEC simulation efforts can best assist seismic hazard analysis, risk analysis, and earthquake
engineering. Use SCEC4 research on dynamic weakening and the effect of geometrical heterogeneity on
faulting to improve estimates of high-frequency wave excitation by seismic sources. [III, VI]
8. Source Modeling. Verify numerical methods and assess physical formulations of fault geometries. Develop and
calibrate parameterization of resistance mechanisms that are suitable for large scale models of dynamic
ruptures, including interaction with fault roughness and damage-zone properties. Develop improved source
inversion approaches with enhanced information extraction from high frequencies, including by intergration with
back-projection imaging. [III, VI]
9. Time-Dependent Earthquake Forecasting. Develop approaches for using physics-based earthquake models
in forecasting. Employ these models for studying the predictability of large events and constraining seismic
cycle parameters (maximum magnitude, inter-event time, etc.). Conduct prospective forecasting experiments in
CSEP that test the key hypotheses that underlie time-dependent forecasting methods. [II]
10. Progress Report on SCEC4 Problems. Report to the SCEC4 Community and Advisory Council on the
progress made so far in formulating and testing hypotheses that address the six fundamental problem areas of
earthquake physics and report to SCEC4 community.
1.

Year 4 (2015-2016)
1.

2.

3.

Improved Observations. Refine catalogs of prehistoric surface rupturing events along major faults in the
system and, if needed, document more events, including paleo-magnitudes, with more robust uncertainty
measurements. Initiate the use of GPS data to better constrain 3D motion observed by InSAR, especially in the
North/South direction. [I-VI]
Transient Geodetic Signals. Incorporate the CGM into the transient detection procedures as the reference
model for time-dependent geodetic signals. Using the data collected in Southern California and elsewhere on
geodetic transients, assess the observational constraints on the spectrum of deformation transients that might
be associated with earthquake processes in San Andreas Fault system. [II, IV, V]
Community Modeling Environment. Develop a prototype CyberShake hazard model for the Los Angeles
region based on extensions of UCERF3 and large suites of ground motion simulations up to 1 Hz calculated
from improved CVMs. Provide interactive access to this layered seismic hazard model. [II, III, IV, VI]
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Community Geodetic Model. Use SAR data catalogs from previous and current SAR missions to generate
LOS displacement time series over Southern California, and conduct comparisons between InSAR and GPS
time series results. [I, V]
5. Community Stress Model. Integrate the various stress model developed in years 1-3 into a full-scale version of
the CSM that includes both time-independent and time-dependent components. Begin applying results to the
problem of discriminating between competing models of fault system loading. [I, II]
6. Special Fault Study Areas. Through workshops and other collaborative mechanisms, begin to examine how
SFSAs results can be integrated into SCEC products and activities and address SCEC science questions. [I-VI]
7. Ground Motion Simulation Validation. Extend validation studies to high-frequency ground motion simulations
that incorporate improved representations of source physics, source complexity, attenuation, and highfrequency scattering by near-surface heterogeneities. [VI]
8. Source Modeling. Incorporate more realistic models of fault-resistance evolution into CFM- and CSM-based
simulations of the earthquake cycle. Compare fault interaction patterns from dynamic rupture models to
earthquake simulators. Generate a uniform database of kinematic source models of past earthquakes and
extract constraints on mechanical fault properties. Develop fundamental insight into source inversion
uncertainties and implications for seismic network design. [III, VI]
9. Time-Dependent Earthquake Forecasting. Prototype numerical forecasting earthquake models, and evaluate
their utility in developing new versions of a Uniform California Earthquake Rupture Forecast. [II]
10. Progress Report on SCEC4 Problems. Report on the progress made so far by SCEC4 investigations of the six
fundamental problem areas of earthquake physics. Synthesize the current state of interdisciplinary knowledge
in each of these problem areas, and evaluate which among the alternate hypotheses described in the SCEC4
proposal are now favored by the observational data and model-based constraints. This report will be used as
input to the SCEC5 proposal. [I-VI]
4.

Year 5 (2016-2017)
Improved Observations. Archive and make available at the SCEDC waveforms, refined catalogs of earthquake
locations and focal mechanisms for the period 1981-2015. Document results from significant earthquakes that
occurred during SCEC4. Continue refinement of the catalog of prehistoric surface rupturing events along major
faults in the system including realistic uncertainty estimates. Initiate new project for archiving and making
available InSAR datasets from Sentinel and ALOS2 acquisitions, which pertain to geological problems being
studied by SCEC investigators. Complete comparing InSAR and GPS data to flag any suspect anomalies in
GPS data as a first step to resolving discrepancies between GPS and InSAR strain rates. [I-VI]
2. Transient Geodetic Signals. Using the data collected in Southern California and elsewhere on geodetic
transients during SCEC4, assess the validated and potential utility of geodetic data in time-dependent
earthquake forecasting. [II, IV, V]
3. Community Modeling Environment. Perform reference calculations and apply goodness-of-fit measures to
evaluate a SCEC California statewide CVM using earthquake waveform data. Calculate statewide CyberShake
hazard model based on extensions of UCERF3, the California statewide CVM, and large suites of ground
motion simulations up to 1 Hz. Provide interactive and programmable access to this layered seismic hazard
model. [II, III, IV, VI]
4. Community Geodetic Model. Develop a full-scale version of the CGM that integrates data types and includes
both time-independent and time-dependent components. Provide outputs from the CGM that can be used as
input to the CSM, transient detectors, and time-dependent earthquake forecasting. [I, V]
5. Community Stress Model. Release the final SCEC4 version of the CSM and assess its implications for
earthquake physics. Recommend guidelines for future data collection and modeling studies to improve
resolution of the CSM. [I, II]
6. Special Fault Study Areas. Publish synthesis studies of the SCEC4 SFSAs. Assess the utility of these
syntheses in improving seismic hazard models for California. [I-VI]
7. Ground Motion Simulation Validation. Complete an evaluation of the simulated ground motions produced by
the current versions of the Broadband Platform and the statewide CyberShake model. [VI]
8. Source Modeling. Develop realistic broadband kinematic source models of well-recorded earthquake in
California that are consistent with source inversion and dynamic rupture modeling. Work with USGS/Golden to
migrate improvements in source inversion into operational methods. [III, VI]
9. Time-Dependent Earthquake Forecasting. Use earthquake models, the CFM and CSM, and other modeling
tools to quantify how fault-system complexities govern the probabilities of large earthquakes and rupture
sequences. [II]
10. Progress Report on SCEC4 Problems. Conduct a final assessment of SCEC4 investigations of the six
fundamental problem areas of earthquake physics, and evaluate the utility of new knowledge in timeindependent and time-dependent seismic hazard analysis. [I-VI]
1.
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Draft 2014 Science Plan
SCEC Planning Committee, September 2013

I. What’s New This Year
The Collaboration Plan is not greatly changed form last year. There are a number of small changes and suggestions
throughout the document. The most substantial changes are
1.

The 2014 Collaboration Plan recognizes the two existing Special Fault Study Areas: the San Gorgonio Pass and
Ventura Area SFSAs. We do not anticipate funding additional SFSAs in SCEC4. At several places within the RFP
there are explicit calls for targeted and integrated research on these two SFSAs, including including using newly
available lidar data sets.

2.

There is a call for improvement of the CFM where it is known to be inadequate, a call for coordination with relevant
agencies outside of Southern California, and a call for stochastic representations of fault complexity.

3.

In the area of Earthquake Forecasting and CSEP, there are calls to develop and test hypotheses critical to
forecasting large earthquakes, including those that use static stress change, those that account for faults, and to
develop approaches to evaluate forecasts generated outside of CSEP.

4.

There are specific requests in the areas of Ground Motion Prediction, the Broadband Platform, and the Earthquake
Engineering Implementation Interface. These include developing techniques for site response that can work from
Vs30, developing new validation metrics, and applying thesemetrics to ground motion simulations.

5.

There are several requests for contributions that are need to develop both the Community Geodetic Model and the
Community Stress Model.

For more specific guidance on each of these changes please see the relevant section of the Collaboration Plan.

II. Preamble
The Southern California Earthquake Center (SCEC) coordinates basic research in earthquake science using Southern
California as its natural laboratory. SCEC emphasizes the connections between information gathering networks of
instruments, fieldwork, and laboratory experiments; knowledge formulation through physics-based, system-level modeling;
improved understanding of seismic hazard; and actions to reduce earthquake risk and promote resilience. The Center is a
consortium of institutions that coordinates earthquake system science within Southern California. SCEC’s long-term goal is
to understand how seismic hazards change across all time scales of scientific and societal interest, from millennia to
seconds. The fourth phase of SCEC (SCEC4) moves earthquake science forward through highly integrated collaborations
that are coordinated across scientific disciplines and research institutions and enabled by high-performance computing and
advanced information technology. It will focuses on six fundamental problems of earthquake physics:
1.
2.
3.
4.
5.
6.

Stress transfer from plate motion to crustal faults: long-term fault slip rates.
Stress-mediated fault interactions and earthquake clustering: evaluation of mechanisms.
Evolution of fault resistance during seismic slip: scale-appropriate laws for rupture modeling.
Structure and evolution of fault zones and systems: relation to earthquake physics.
Causes and effects of transient deformations: slow slip events and tectonic tremor.
Seismic wave generation and scattering: prediction of strong ground motions.

The six fundamental problems constitute the basic-research focus of SCEC. They are interrelated and require an
interdisciplinary, multi-institutional approach. Interdisciplinary research initiatives focuses on special fault study areas, the
development of a community geodetic model for Southern California, and a community stress model. The latter is a new
platform where the various constraints on earthquake-producing stresses are integrated. Improvements are also being made
to SCEC’s unified structural representation and its statewide extensions.
Collaboration Plan. On February 1, 2012, the Southern California Earthquake Center (SCEC) transitioned from SCEC3 to
SCEC4 under joint funding from NSF/EAR and the U.S. Geological Survey. SCEC4 is funded for the period February 2012
through January 2017. This document, referred to as the Collaboration Plan, solicits proposals from individuals and groups to
participate in the third year of the SCEC4 research program.
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III. Guidelines for Proposal Submission
A.

Due Date. Friday, November 1, 2013, 5:00 pm PST. Late proposals will not be accepted. Note the different
deadline for submitting annual progress reports below.

B.

Delivery Instructions. Proposals must be submitted through the SCEC Proposal Submission System,
accessible at http://www.scec.org/proposals. See "Formatting Instructions" below for requirements and
procedure for submitting proposals.

C.

Formatting Instructions.
Cover Page. The cover page should be headed with the words "2014 SCEC Proposal" and include the Project
Title, Principal Investigator(s), Institutional Affiliation(s), Amount of Request per Investigator, Total Amount of
Request, and Proposal Category (see Section IV). Collaborative proposals involving multiple investigators
and/or institutions should list all Principal Investigators. Proposals do not need to be formally signed by
institutional representatives, and should be for one year, with a start date of February 1, 2014. Also on the cover
page, list - in order of priority - three SCEC science objectives (Section VII) that your proposal addresses (e.g.
1a, 3c and 4b). If your proposal includes undergraduate student funding, please be sure to note this on the
cover page.
Technical Description. In five pages maximum (including figures), describe the technical details of the
proposed project and how it relates to the short-term objectives outlined in the SCEC Research Priorities and
Requirements (Section VII). If the proposed project is a continuation of a previously funded SCEC project, the
technical description must also include a one-page summary of previous research results. This research
summary is part of the five-page limit. References are not included in the five-page limit. See note below on
submission of collaborative proposals.
Budget Page. Budgets and budget explanations should be constructed using NSF categories
(http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/gpg_2.jsp). Under guidelines of the SCEC
Cooperative Agreements and A-21 regulations, secretarial support and office supplies are not allowable as
direct expenses.
Current Support. Statements of current support should be included for each Principal Investigator, following
NSF guidelines (http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/gpg_2.jsp). Any proposal without a
current and pending support statement will not be reviewed.
Labeling the Submitted PDF Proposal. Proposals must be submitted as PDF documents and follow the SCEC
proposal naming convention. Investigators must label their proposals with their last name followed by 2014 (e.g.
Beroza2014.pdf). If there is more than one proposal, then the file should be labeled as follows:
Beroza2014_1.pdf (for the 1st proposal) and Beroza2014_2.pdf (for the 2nd proposal).
2013 Annual Progress Report. Scientists funded by SCEC in 2013 must submit a progress report by March
15, 2014 (5:00 pm PST). Submission of this report is critical to preparing the annual progress report to the
funding agencies. To receive 2014 SCEC funding, all prior SCEC-funded project reports must be
submitted and up to date. Reports should be a maximum of five pages (text and figures). Reports should
include references to any SCEC publication during the past year (including papers submitted and in review),
including their SCEC contribution number. Publications are assigned numbers when they are submitted to the
SCEC publication database (via http://www.scec.org/signin).
Special Note on Workshop Reports. Reports on results and recommendations of workshops funded by SCEC
in 2014 are to be submitted no later than 30 days following the completion of the workshop. The reports will be
posted on the SCEC website as soon as possible after review by SCEC directors.

D.

Principal Investigator Responsibilities. Principal investigators are expected to interact with other SCEC
scientists on a regular basis (e.g., by attending the annual meeting and presenting results of SCEC-funded
research in the poster sessions, workshops and working group meetings) and to contribute data, analysis
results, and/or models to the appropriate SCEC data center (e.g., Southern California Earthquake Data Center—
SCEDC), database, or community model (e.g., Community Velocity Model—CVM). Publications resulting
entirely
or
partially
from
SCEC
funding
must
include
a
publication
number
(http://www.scec.org/core/cis/pubsearch.php). By submitting a proposal, investigators are agreeing to these
conditions.

E.

Eligibility. Proposals can be submitted by eligible Principal Investigators from:
•

U.S. academic institutions

•

U.S. private corporations
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•

F.

International institutions (funding will mainly be for travel to SCEC-sponsored meetings in the U.S.). Due to
limited funding, requests for travel to the SCEC annual meeting must be cost shared by the international
participants. Cost sharing must be described in the proposal.

Collaborative Proposals. Collaborative proposals with investigators from the USGS are encouraged. USGS
employees should submit their requests for support through USGS channels.
Collaborative proposals involving multiple investigators and/or institutions are strongly encouraged. A
collaborative proposal should be submitted only by the lead investigator. Information on all investigators
(including budgets and current support statements) must be included in the proposal submission. Collaborative
proposals may include one extra page per investigator to report results of previous research.

G. Budget Guidance. Typical SCEC grants funded under this Science Plan fall in the range of $10,000 to $35,000.
This is not intended to limit SCEC to a fixed award amount, nor to a specified number of awards, rather it is
intended to calibrate expectations for proposals written by SCEC investigators. Field research investigations
outside southern California will not be supported.
H.

Award Procedures. The Southern California Earthquake Center is funded by the National Science Foundation
and the U.S. Geological Survey through a cooperative agreement with the University of Southern California. All
awards will be funded by subcontract from the University of Southern California.

IV. SCEC Organization
A.

Mission and Science Goal. SCEC is an interdisciplinary, regionally focused organization with a mission to:
•
•
•

Gather data on earthquakes in Southern California and other places where such data has direct relevance
to southern California
Integrate information into a comprehensive, physics-based understanding of earthquake phenomena
Communicate understanding to the world at large as useful knowledge for reducing earthquake risk

SCEC's primary science goal is to develop a comprehensive, physics-based understanding of earthquake
phenomena in Southern California through integrative, multidisciplinary studies of plate-boundary tectonics,
active fault systems, fault-zone processes, dynamics of fault ruptures, ground motions, and seismic hazard
analysis.
B.

Disciplinary Activities. The Center sustains disciplinary science through standing committees in Seismology,
Geodesy, Geology, and Computational Science. These committees are responsible for planning and
coordinating disciplinary activities relevant to the SCEC Science Collaboration Plan, and they will make
recommendations to the SCEC Planning Committee regarding support of disciplinary research and
infrastructure. High-priority disciplinary activities are summarized in Section VIII.

C.

Interdisciplinary Focus Areas. Interdisciplinary research is organized into science focus areas: Unified
Structural Representation (USR), Fault and Rupture Mechanics (FARM), Stress and Deformation Over Time
(SDOT), Earthquake Forecasting and Predictability (EFP), Ground Motion Prediction (GMP), Southern San
Andreas Fault Evaluation (SOSAFE), and Earthquake Engineering Implementation Interface (EEII). High-priority
activities are listed for each of these interdisciplinary focus areas in Section IX.

D.

Technical Activity Groups. Various groups of experts have formed Technical Activity Groups (TAGs) to verify
the complex computer calculations needed for wave propagation and dynamic earthquake rupture simulations,
to assess the accuracy and resolving power of source inversions, and to develop geodetic transient detectors
and earthquake simulators. TAGs can be thought of as "mini-collaboratories" that pose well-defined “standard
problems”, encourage solution of these problems by different researchers using different algorithms or codes,
develop a common cyberspace for comparing solutions, and facilitate meetings to discuss discrepancies and
potential improvements.

E.

Communication, Education, and Outreach. The theme of the CEO program during SCEC4 is Creating an
Earthquake and Tsunami Resilient California. CEO will continue to manage and expand a suite of successful
activities along with new initiatives, within four CEO interconnected thrust areas:
a.

The Implementation Interface connects SCEC scientists with partners in earthquake engineering
research, and communicates with and trains practicing engineers and other professionals.

b.

The Public Education and Preparedness thrust area educates people of all ages about earthquakes,
and motivates them to become prepared.

c.

The K-14 Earthquake Education Initiative seeks to improve earth science education and school
earthquake safety.
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d.

Finally, the Experiential Learning and Career Advancement program provides research opportunities,
networking, and more to encourage and sustain careers in science and engineering.

Opportunities for participating in the CEO program are described in Section XII.

V. Proposal Categories
A.

Data Gathering and Products. SCEC coordinates an interdisciplinary and multi-institutional study of
earthquakes in Southern California, which requires data and derived products pertinent to the region. Proposals
in this category should address the collection, archiving and distribution of data, including the production of
SCEC community models that are online, maintained, and documented resources for making data and data
products available to the scientific community.

B.

Integration and Theory. SCEC supports and coordinates interpretive and theoretical investigations on
earthquake problems related to the Center’s mission. Proposals in this category should be for the integration of
data or data products from Category A, or for general or theoretical studies. Proposals in Categories A and B
should address one or more of the goals in Section VII, and may include a brief description (<200 words) as to
how the proposed research and/or its results might be used in a special initiative (see Section X) or in education
and/or outreach (see Section XII).

C.

Special Fault Study Areas. Special Fault Study Areas (SFSA) are integrated, multidisciplinary projects focused
on areas of complex fault behavior within southern California. There are two primary goals of SFSA, as
articulated in the SCEC4 proposal: (1) To understand how fault complexities affect the propagation of
earthquake ruptures and the heterogeneity of stress in the crust, and (2) To investigate how tremor and
microseismicity (including induced seismicity) affect the nucleation of large earthquakes. Tackling these
problems will require the assembly of teams of researchers with diverse expertise. For example, research areas
of fault complexity may seek to merge geological, seismological, and potential-field data to elucidate fault
structure and paleoseismic history, integrate this information with geodetic data to derive fault loading and
stressing rates, and apply dynamic rupture simulations to explore how earth structure and rupture history affect
the potential sizes of future earthquakes. One of the anticipated advantages of SFSA is to leverage the impact
of new and/or densified instrumentation. It is expected that collaborations built around SFSA will be open to the
community, and generate open community data sets.
There are two SFSAs established in SCEC4: the San Gorgonio and Ventura Area SFSAs. We are approaching
the midpoint of SCEC4 and received substantial budget cuts in the second year. All signs point to continued
tight funding. Given this combination of factors, we do not anticipate developing additional SFSAs in SCEC4.
SFSA Science Plans: The SFSA Science Plans that describe the general structure and scientific questions to be
addressed by the group. The two SFSAs have had workshops with Science Plans to be written by SCEC
investigators as an outcome. These two-page science plans are due with the SCEC 2014 proposals and should
detail:
•

Identification of key questions and research targets that address fundamental problems in earthquake
science with an interdisciplinary plan for achieving these goals within SCEC4

•

Discussion of integrative activities and broader impacts

•

Assessment of resources needed to achieve these goals and identification of outside resources that
may be required

•

Timeline identifying short and long term goals and completion date

SCEC Proposals associated with a SFSA: Each PI should submit a separate, standard 5 page SCEC proposal
that clearly ties the investigator’s work to the Science Plan, provides additional background and details on the
data collection and/or analyses to be completed by that investigator, and a budget for that investigator. Each
investigator’s proposal will be evaluated separately through the standard SCEC proposal process (see
Evaluation Process and Criteria). Workshop proposals for activities around the SFSA should be developed
according to the standard workshop proposal process as outlined in the Collaboration Plan. The SFSA website
(http://www.scec.org/research/sfsa.html) contains details about the SFSA process and structure, updates from
proposed SFSA, and contact information.
D.

Workshops. SCEC participants who wish to host a workshop between February 1, 2014 and January 31, 2015
should submit a proposal for the workshop in response to this Collaboration Plan.
Please notify Tran Huynh (scecmeet@usc.edu) before submitting the proposal if you want to organize a
workshop around the time of the SCEC Leadership Retreat (June) or SCEC Annual Meeting (September). Note
that workshops scheduled in conjunction with the SCEC Annual Meeting are restricted to half-day session only.
Workshops in the following topics are particularly relevant:
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•

Organizing collaborative research efforts for the five-year SCEC program (2012-2017). In particular,
interactive workshops that engage more than one focus and/or disciplinary group are strongly
encouraged.

•

Engaging earthquake engineers and other partner and user groups in SCEC-sponsored research.

•

Participating in national initiatives such as EarthScope, the Advanced National Seismic System
(ANSS), and the George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES).

E.

Communication, Education, and Outreach. SCEC has developed a long-range CEO plan and opportunities
for participation are listed in Section XII. Investigators who are interested in participating in this program should
contact Mark Benthien (213-740-0323; benthien@usc.edu) before submitting a proposal.

F.

SCEC/SURE Intern Project. Each year SCEC coordinates the Summer Undergraduate Research Experience
(SCEC/SURE) Program, which supports undergraduate students working one-on-one with SCEC scientists on
diverse research projects. Recruitment for SURE intern mentors begins in the fall. Potential research projects
are published on the SCEC Internships website (http://www.scec.org/internships), where undergraduate
students may apply and identify their preferred projects. Interested SCEC scientists are encouraged to include
support for an undergraduate SURE intern in their SCEC proposals. SURE mentors are required to provide at
least $2500 of the $5000 intern stipend. Mentor contributions can come from any source, including SCECfunded research projects.
Questions about the SCEC/SURE Program should be referred to Robert de Groot (degroot@usc.edu).
If your proposal includes undergraduate student funding, please be sure to note this on the cover page.

G. SCEC Annual Meeting participation. This category includes proposals by investigators requesting travel
funding only for participation at the SCEC Annual Meeting. Investigators who are (a) already funded to study
projects that would be of interest to the SCEC community, and/or (b) new to SCEC who would benefit from
exposure to the SCEC Annual Meeting in order to fine-tune future proposals are encouraged to apply.

VI. Evaluation Process and Criteria
A.

Proposals should be responsive to the Collaboration Plan. A primary consideration in evaluating proposals will
be how directly the proposal addresses the main objectives of SCEC. Important criteria include (not necessarily
in order of priority):
1.

Scientific merit of the proposed research,

2.

Competence and performance of the investigators, especially in regard to past SCEC-sponsored research,

3.

Priority of the proposed project for short-term SCEC objectives as stated in the Collaboration Plan,

4.

Promise of the proposed project for contributing to long-term SCEC goals,

5.

Commitment of the principal investigator and institution to the SCEC mission,

6.

Value of the proposed research relative to its cost,

7.

Ability to leverage the cost of the proposed research through other funding sources,

8.

Involvement of students and junior investigators,

9.

Involvement of women and underrepresented groups, and

10. Innovative or "risky" ideas that have a reasonable chance of leading to new insights or advances in
earthquake physics and/or seismic hazard analysis.
B.

Proposals may be strengthened by describing:
1.

2.

Collaboration
•

Within a disciplinary or focus group

•

Between disciplinary and/or focus groups

•

In modeling and/or data gathering activities

•

With engineers, government agencies, and others.

Leveraging additional resources
•

From other agencies
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3.

4.

•

From your institution

•

By expanding collaborations

Development and delivery of products
•

Community research tools, models, and databases

•

Collaborative research reports

•

Papers in research journals

•

End-user tools and products

•

Workshop proceedings and CDs

•

Fact sheets, maps, posters, public awareness brochures, etc.

•

Educational curricula, resources, tools, etc.

Educational opportunities
•

Graduate student research assistantships

•

Undergraduate summer and year-round internships (funded by the project)

•

K-12 educator and student activities

•

Presentations to schools near research locations

•

Participation in data collection

C.

All research proposals will be evaluated by the appropriate disciplinary committees and focus groups, the
Science Planning Committee, and the Center Director. CEO proposals will be evaluated by the CEO Associate
Director and the Center Director.

D.

The Science Planning Committee is chaired by the Deputy Director and comprises the chairs of the disciplinary
committees, focus groups, and special projects. It is responsible for recommending a balanced science budget
to the Center Director.

E.

Recommendations of the planning committees will be combined into an annual spending plan and forwarded to
the SCEC Board of Directors for approval.

F.

Final selection of research projects will be made by the Center Director, in consultation with the Board of
Directors.

G. The review process should be completed and applicants notified by the end of March 2014.

VII. Coordination of Research between SCEC and USGS-EHRP
Earthquake research in Southern California is supported both by SCEC and by the USGS Earthquake Hazards Program
(EHP). EHP's mission is to provide the scientific information and knowledge necessary to reduce deaths, injuries, and
economic losses from earthquakes. Products of this program include timely notifications of earthquake locations, size, and
potential damage, regional and national assessments of earthquakes hazards, and increased understanding of the cause of
earthquakes and their effects. EHP funds research via its External Research Program, as well as work by USGS staff in its
Pasadena, Menlo Park, Vancouver (WA), Seattle, and Golden offices. The EHP also directly supports SCEC.
SCEC and EHP coordinate research activities through formal means, including USGS membership on the SCEC Board of
Directors and a Joint Planning Committee, and through a variety of less formal means. Interested researchers are invited to
contact Dr. Rob Graves, EHP coordinator for Southern California, or other SCEC and EHP staff to discuss opportunities for
coordinated research.
The USGS EHP supports a competitive, peer-reviewed, external program of research grants that enlists the talents and
expertise of the academic community, state and local governments, and the private sector. The investigations and activities
supported through the external program are coordinated with and complement the internal USGS program efforts. This
program is divided into six geographical/topical 'regions', including one specifically aimed at Southern California earthquake
research and others aimed at earthquake physics and effects and at probabilistic seismic hazard assessment (PSHA). The
Program invites proposals that assist in achieving EHP goals.
The EHP web page, http://earthquake.usgs.gov/research/external/, describes program priorities, projects currently funded,
results from past work, and instructions for submitting proposals. The EHP external funding cycle is several months offset
from SCEC's, with the RFP due out in February and proposals due in May. Interested PIs are encouraged to contact the
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USGS regional or topical coordinators for Southern California, Earthquake Physics and Effects, and/or National (PSHA)
research, as listed under the "Contact Us" tab.
The USGS internal earthquake research program is summarized by topic at http://earthquake.usgs.gov/research/topics.php.

VIII. SCEC4 Fundamental Problems of Earthquake Physics: Research Priorities and Requirements
The six fundamental problems constitute the basic-research focus of SCEC4 and are listed in the preamble. They are
interrelated and require an interdisciplinary, multi-institutional approach. Interdisciplinary research initiatives focus on special
fault study areas, the development of a community geodetic model for Southern California, and a community stress model.
The latter is a new platform where the various constraints on earthquake-producing stresses can begin to be integrated. In
addition, improvements are to be made to SCEC’s unified structural representation and its statewide extensions.
7.

Stress transfer from plate motion to crustal faults: long-term fault slip rates.
Priorities and Requirements
1a. Mapping and studying faults in Southern California to determine slip rates for faults at multiple time scales
and characterize fault zone properties for which brittle/ductile transitions have been exposed by detachment
faulting or erosion.
1b. Focused laboratory, numerical, and geophysical studies of the character of the lower crust, its rheology,
stress state, and expression in surface deformation. We will use surface-wave dispersion to improve depth
resolution relative to teleseismic studies.
1c. Regional searches for seismic tremor at depth in Southern California to observe if (some) deformation
occurs by slip on discrete structures at depth.
1d. Development of a Community Geodetic Model (CGM) for California, in collaboration with the UNAVCO
community, to constrain long-term deformation and fault-slip models.
1e. Combined modeling/inversion studies to interpret GPS and InSAR geodetic results on postseismic transient
deformation without traditional simplifying assumptions.

8.

Stress-mediated fault interactions and earthquake clustering: evaluation of mechanisms
Priorities and Requirements
2a. Improvement of earthquake catalogs, including non-point-source source descriptions, over a range of
scales. Traditional aftershock catalogs can be improved through better detection of early aftershocks. Longterm (2000-yr) earthquake chronologies, including slip-per-event data, for the San Andreas Fault system and
other major faults are necessary to constrain long-term recurrence behavior.
2b. Improved descriptions of triggered earthquakes. While temporal earthquake clustering behavior (Omori’s
Law) is well known, the spatial and coupled temporal-spatial behavior of triggered earthquakes, potentially key
diagnostics, are not well constrained.
2c. Lowered thresholds for detecting aseismic and infraseismic transients, and improved methods for
separating triggering by aseismic transients from triggering by other earthquakes.
2d. Development of a Community Stress Model (CSM) for Southern California, based on merging information
from borehole measurements, focal mechanisms, paleo-slip indicators, observations of damage, topographic
loading, geodynamic and earthquake-cycle modeling, and induced seismicity. Use of seismicity to constrain
CSM and investigate how stress may control earthquake clustering and triggering. Collaboration with other
organizations in fault-drilling projects for in situ hypothesis testing of stress levels.
2e. Development of physics-based earthquake simulators that can unify short-term clustering statistics with
long-term renewal statistics, including the quasi-static simulators that incorporate laboratory- based nucleation
models.
2f. Development of a better understanding of induced seismicity, specifically induced by geothermal power
production in the Salton Sea area, which warrant study as potential hazards.

9.

Evolution of fault resistance during seismic slip: scale-appropriate laws for rupture modeling
Priorities and Requirements
3a. Analysis of laboratory experiments on fault materials under appropriate confining stresses, temperatures,
and fluid contents/pressures through targeted experiments in collaboration with rock mechanics laboratories.
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3b. Observations of geological, geochemical, paleo-temperature, microstructural, and hydrological indicators of
specific resistance mechanisms that can be measured in the field. In particular, evidence of thermal
decomposition in exhumed fault zones. Collaboration with other organizations involved in fault-drilling projects
to measure observables for constraining coseismic resistance mechanisms, such as the temperature on faults
before and after earthquakes.
3c. Formulation of theoretical and numerical models of specific fault resistance mechanisms for seismic
radiation and rupture propagation, including interaction with fault roughness and damage-zone properties.
3d. Development of parameterized fault rheologies suitable for coarse-grained numerical modeling of rupture
dynamics and for simulations of earthquake cycles on interacting fault systems. (Currently, the constitutive laws
for co-seismic slip are often represented as complex coupled systems of partial differential equations, contain
slip scales of the order of microns to millimeters, and hence allow detailed simulations of only small fault
stretches.)
3e. Construction of computational simulations of dynamic earthquake ruptures to help constrain stress levels
along major faults, to help explain the heat-flow paradox, and to help us understand extreme slip localization,
the dynamics of self-healing ruptures, and the potential for repeated slip on faults during earthquakes.
3f. Development of computational earthquake-cycle simulators that can incorporate realistic models of faultresistance evolution during earthquake cycles and the wave-propagation that occurs during seismic events.
10. Structure and evolution of fault zones and systems: relation to earthquake physics
Priorities and Requirements
4a. Detailed geologic, seismic, geodetic, and hydrologic investigations of fault complexities at Special Fault
Study Areas and other important regions.
4b. Investigations of along-strike variations in fault roughness and complexity (including slip rate and geometry)
as well as the degree of localization and damage perpendicular to the fault.
4c. Improvements to the CFM using better mapping, including LiDAR, and precise earthquake relocations. We
will also extend the CFM to include spatial uncertainties and stochastic descriptions of fault heterogeneity.
4d. Use of special fault study areas to model stress heterogeneities both deterministically and stochastically.
We will integrate the results of these special studies into the CSM.
4e. Use of earthquake simulators and other modeling tools, together with the CFM and CSM, to quantify how
large-scale fault system complexities govern the probabilities of large earthquakes and rupture sequences.
11. Causes and effects of transient deformations: slow slip events and tectonic tremor
Priorities and Requirements
5a. Improvement of detection and mapping of the distribution of tremor across southern California by applying
better instrumentation and signal-processing techniques to data collected in the special study areas, such as
those outlined in the proposal.
5b. Application of geodetic detectors to the search for aseismic transients across southern California. We will
use the CGM as the time-dependent geodetic reference frame for detecting geodetic anomalies.
5c. Collaboration with rock mechanics laboratories on laboratory experiments to understand the mechanisms of
slow slip and tremor.
5d. Development of physics-based models of slow slip and tectonic tremor. We will constrain these models
using features of tremor occurrence and its relationship to seismicity, geodetic deformation, and tectonic
environment, as well as laboratory data.
5e. Use of physics-based models to understand how slow slip events and tremor activity affect earthquake
probabilities in Southern California.
12. Seismic wave generation and scattering: prediction of strong ground motions
Priorities and Requirements
6a. Development of a statewide anelastic Community Velocity Model (CVM) that can be iteratively refined
through 3D waveform tomography. We will extend current methods of full-3D tomography to include ambientnoise data and to estimate seismic attenuation, and we will develop methods for estimating and representing
CVM uncertainties.
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6b. Modeling of ruptures that includes realistic dynamic weakening mechanisms, off-fault plastic deformation,
and is constrained by source inversions. The priority is to produce physically consistent rupture models for
broadband ground motion simulation. An important issue is how to treat multiscale processes; specifically,
does off-fault plasticity regularize the Lorentzian scale collapse associated with strong dynamic weakening? If
not, how can adaptive meshing strategies be most effectively used to make full-physics simulations feasible?
6c. Development of stochastic representations of small-scale velocity and attenuation structure in the CVM for
use in modeling high-frequency (> 1 Hz) ground motions. We will test the stochastic models with seismic and
borehole logging data and evaluate their transportability to regions of comparable geology.
6d. Measurement of earthquakes with unprecedented station density using emerging sensor technologies (e.g.,
MEMS). The SCEC Portable Broadband Instrument Center will work with IRIS to make large portable arrays
available for aftershock and flexible array studies.
6e. Collaboration with the engineering community in validation of ground motion simulations. We will establish
confidence in the simulation-based predictions by continuing to work with engineers in validating the
simulations against empirical attenuation models and exploring coherency and other standard engineering
measures of ground motion properties.

IX. Disciplinary Activities
The Center will sustain disciplinary science through standing committees in Seismology, Geodesy, Geology, and
Computational Science. These committees will be responsible for planning and coordinating disciplinary activities relevant to
the SCEC Science Collaboration Plan, and they will make recommendations to the SCEC Planning Committee regarding the
support of disciplinary infrastructure. High-priority disciplinary objectives include the following tasks:

A. Seismology
Objectives
The objectives of the Seismology group are to gather data on the range of seismic phenomena observed in southern
California and to integrate these data into physics-based models of fault slip. Of particular interest are proposals that foster
innovations in network deployments, data collection, real-time research tools, and data processing. Proposals that provide
community products that support one or more of the SCEC4 goals or those that include collaboration with network operators
in Southern California are especially encouraged. Proposers should consider the SCEC resources available including the
Southern California Earthquake Data Center (SCEDC) that provides extensive data on Southern California earthquakes as
well as crustal and fault structure, the network of SCEC funded borehole instruments that record high quality reference
ground motions, and the pool of portable instruments that is operated in support of targeted deployments or aftershock
response.
Example Research Strategies
•

Enhancement and continued operation of the SCEDC and other existing SCEC facilities particularly the nearreal-time availability of earthquake data from SCEDC and automated access.

•

Real-time processing of network data such as improving the estimation of source parameters in relation to
faults, especially evaluation of the short-term evolution of earthquake sequences and real-time stress
perturbations on major fault segments.

•

Enhance or add new capabilities to existing earthquake early warning (EEW) systems or develop new EEW
algorithms. Develop real-time finite source models constrained by seismic and GPS data to estimate evolution
of rupture and potentially damaging ground shaking; develop strategies for robust uncertainty quantification in
finite-fault rupture models.

•

Advance innovative and practical strategies for densification of seismic instrumentation, including borehole
instrumentation, in Southern California and develop innovative algorithms to utilize data from these networks.
Develop metadata, archival and distribution models for these semi-mobile networks.

•

Develop innovative methods to search for unusual signals using combined seismic, GPS, and borehole
strainmeter data; collaborations with EarthScope or other network operators are encouraged.

•

Investigate near-fault crustal properties, evaluate fault structural complexity, and develop constraints on crustal
structure and state of stress.

•

Collaborations, for instance with the ANSS and NEES projects, that would augment existing and planned
network stations with downhole and surface instrumentation to assess site response, nonlinear effects, and the
ground coupling of built structures.
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•

Preliminary design and data collection to seed future passive and active experiments such as dense array
measurements of basin structure and large earthquake properties, OBS deployments, and deep basement
borehole studies.

•

Improve locations of important historical earthquakes.

Priorities for Seismology in 2014
13. Tremor. Tremor has been observed on several faults in California, yet it does not appear to be ubiquitous. We
seek proposals that explore the distribution and source characteristics of tremor in California and those that
explore the conditions necessary for the generation of seismically observable tremor.
14. Low-cost seismic network data utilization and archiving. Several groups are developing seismic networks
that use low-cost MEMS accelerometers. We seek proposals that would address development of seismological
algorithms to utilize data from these networks in innovative ways. We also seek proposals that would develop
metadata and archiving models for these new semi-mobile networks, as well as archive and serve these data to
the SCEC user community.
15. Short-Term Earthquake Predictability. We seek proposals that develop new methods in earthquake statistics
or analyze seismicity catalogs to develop methods for determining short-term (hours to days) earthquake
probability gain.
16. Seismicity studies in the two SFSA; Ventura and San Gorgonio. We seek proposals that use earthquake
data to map the structure and seismotectonics of these regions as part of the SFSA community effort.

B. Tectonic Geodesy
Tectonic Geodesy activities in SCEC4 will focus on data collection and analysis that contribute to improved earthquake
response and to a better understanding of fault loading and stress transfer, the causes and effects of transient deformation,
and the structure and evolution of fault zones and systems. The following are research strategies aimed at meeting these
broad objectives:
17. Contribute to the development of a Community Geodetic Model (CGM). The goal of this effort is to develop
a time-dependent geodetic data product for southern California that leverages the complementary nature of
GPS and InSAR time series data. The resulting product will consist of well-constrained, temporally and spatially
dense horizontal and vertical displacement time series that can be used in meeting a variety of SCEC4
objectives. This will require development of optimal methods for combining GPS and InSAR data, characterizing
seasonal/hydrologic/anthropogenic signals, incorporating new data, and accounting for earthquake effects as
needed. Proposals should demonstrate coordination with the overall activities and timeline of the CGM project
including ongoing compilations of GPS and InSAR data and comparison of analysis techniques. More
information can be found here: http://collaborate.scec.org/cgm.
18. Data collection and analysis designed to address specific SCEC4 research targets. Studies addressing
geodetic/geologic slip rate discrepancies, assessing the role of lower crust/upper mantle processes in driving
fault loading, developing more physically realistic deformation models, providing input to the development of
Community Stress Models, and constraining physics-based models of slow slip and tremor are encouraged, as
are studies that pursue integrated use of geodetic, geologic, seismic, and other observations targeting special
fault study areas. Proposals for the development of new data products or collection of new data should
explicitly motivate the need for such efforts and state how the resulting data or products will be used. Resulting
data should be provided for inclusion in the CGM. In compliance with SCEC's data policy, data collected with
SCEC funding must be made publically available upon collection by archiving at an appropriate data center.
Annual reports should include a description of archive activities.
19. Improve our understanding of the processes underlying detected transient deformation signals and/or
their seismic hazard implications through data collection and development of new analysis tools. Work
that advances methods for near-real-time transient detection and applies these algorithms within the SCEC
transient detection testing framework to search for transient deformation in southern California is encouraged.
Approaches that can be automated or semi-automated are the highest priority, as is their inclusion in the testing
framework now in place at SCEC. Extension of methods to include InSAR and strainmeter data and, when
available, the CGM is also a priority. Work that develops means for incorporating the output of transient
detection algorithms into time-dependent earthquake forecasting is encouraged.
20. Develop and apply algorithms that use real-time high-rate GPS data in concert with seismic data for
improved earthquake response.
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C. Earthquake Geology
Objectives
The Earthquake Geology Disciplinary Committee promotes studies of the geologic record of the Southern California natural
laboratory that advance SCEC science. Its primary focus is on the Late Quaternary record of faulting and ground motion,
including data gathering in response to major earthquakes. Geologic observations provide important contributions, either
directly or indirectly, to all six of the fundamental problems in earthquake physics identified in the SCEC4 proposal.
Earthquake Geology also fosters research activities motivated by outstanding seismic hazard issues, understanding of the
structural framework and earthquake history of special fault study areas (see Section VII, Problem 4), or will contribute
significant information to the statewide Unified Structural Representation. Collaborative proposals that cut across disciplinary
boundaries are encouraged.
Example Research Strategies
•

Gathering well-constrained slip-rates on the southern California fault system, with emphasis on major structures
(Problem 1).

•

Mapping and analysis of fault-zone properties where the seismogenic zone or brittle-ductile transition has been
exhumed (Problems 1a, 3b).

•

Paleoseismic documentation of earthquake ages and displacements, with emphasis on long paleoseismic
histories, slip-per-event, and slip-rate histories, including a coordinated effort to develop slip rates and slip-perevent history of southern San Andreas fault system (Problem 2a, in collaboration with the SoSAFE focus group).

•

Improve understanding of the architecture and tectonic activity of the Ventura and San Gorgonio Pass special
fault study areas (Problem 4a), such as using B4 and newly available Ventura lidar data sets to better define
fault traces, fault activity, and geologic structure.

•

Improvement the statewide community fault model in areas of inadequate fault representations or where new
data is available, such as using high-resolution topographic data sets to better define fault traces, spatial
uncertainty, and stochastic heterogeneity of fault geometry (Problem 4c).

•

Quantifying along-strike variations in fault roughness, complexity, strain localization, and damage in relation to
the rupture propagation processes, including evaluation of the investigating the processes and likelihood of
multi-fault ruptures (Problem 4b).

•

Validation of ground motion prediction through analysis and dating of precariously balanced rocks and other
fragile geomorphic features (Problem 6).

Geochronology Infrastructure
The shared geochronology infrastructure supports C-14, optically stimulated luminescence (OSL), and cosmogenic dating for
SCEC-sponsored research. The purpose of shared geochronology infrastructure is to allow flexibility in the number and type
of dates applied to each SCEC-funded project as investigations proceed. Investigators requesting geochronology support
should clearly state in their proposal an estimate of the number and type of dates required. For C-14 specify if sample
preparation will take place at a location other than the designated laboratory. For cosmogenic dating, investigators are
required to arrange for sample preparation. Sample preparation costs must be included in the proposal budget unless
preparation has been pre-arranged with one of the laboratories listed. Investigators are strongly encouraged to contact the
investigators at the collaborating laboratories prior to proposal submission. Currently, SCEC geochronology has established
relationships with the following laboratories:
•

C-14: University of California at Irvine (John Southon, jsouthon@uci.edu) and Lawrence Livermore National
Laboratory (Tom Guilderson, tguilderson@llnl.gov),

•

OSL: University of Cincinnati (Lewis Owen, lewis.owen@uc.edu) and Utah State University (Tammy Rittenour,
tammy.rittenour@usu.edu), and

•

Cosmogenic: Lawrence Livermore National Laboratory (Susan Zimmerman, zimmerman17@llnl.gov).

Investigators may alternatively request support for geochronology outside of the infrastructure proposal for methods not
listed here or if justified on a cost-basis. These outside requests must be included in the individual proposal budget. Please
direct questions regarding geochronology infrastructure to the Earthquake Geology group co-leader, Mike Oskin
(meoskin@ucdavis.edu).
Data Reporting Requirements
Studies under Earthquake Geology gather diverse data that are at times challenging to consistently archive per NSF data
reporting requirements. Under SCEC4, PIs will be required to provide full reporting of their geochronology samples, including
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raw data, interpreted age, and geographic/stratigraphic/geomorphic context (what was dated?). This reporting requirement
will be coordinated with the geochronology infrastructure program. A priority at the outset of SCEC4 is to do define
additional, achievable goals for geology data reporting to be followed by Earthquake Geology community.
Priorities for Earthquake Geology

•

Support integrative research at the Ventura and San Gorgonio Pass special fault study areas. A specific need for this
upcoming year is to analyze existing lidar data sets for these areas and assess whether new data are needed.

•

Prioritize and coordinate research objectives with respect to SoSAFE focus group goals, targets for slip-rate studies,
and mechanisms to achieve progress on exhumed fault-zone problems.

•

Define consistent and achievable data reporting requirements for Earthquake Geology in SCEC4. Archive data from
SCEC3.

•

Improve understanding of the seismogenic faults along the coast and offshore. Search for possible tsunami deposits
from offshore sources, including both faults and landslides.

D. Computational Science
Objectives
The Computational Science group promotes the use of advanced numerical modeling techniques and high performance
computing (HPC) to address the emerging needs of SCEC users and application community on HPC platforms. The group
works with SCEC scientists across a wide range of topics to take advantage of rapidly changing computer architectures and
algorithms. It also engages and coordinates with HPC labs/centers as well as the vendor community in crosscutting efforts
enabling SCEC petascale computing milestones. The group encourages research using national supercomputing resources,
and supports students from both geoscience and computer science backgrounds to develop their skills in the area. Projects
listing Computational Science as their primary area should involve HPC in some way; research utilizing standard desktop
computing should list the most relevant non-Computational Science disciplinary or focus group as the primary area.
Computational Requirements
If your proposed research will require substantial computing resources the Planning Committee requests that your SCEC
proposal include a brief summary of computational requirements that includes the following information:
1.

The scientific goal of your computational research

2.

The scientific software you plan to use or develop

3.

A list of computations you plan to run

4.

The estimated computing time you believe will be required,

5.

The computer resources you plan to use to perform your simulations.

Note that XSEDE startup allocations can be requested from NSF (https://www.xsede.org/allocations).
Example Research Strategies
21. Porting and optimization of high performance codes on new architectures, and utilize advanced high
performance computing programming techniques such as hybrid MPI/OpenMP, MPI/CUDA, PGAS, and autotuning.
22. Novel algorithms for earthquake simulation, particularly those that either improve efficiency and accuracy or
expand the class of problems that can be solved (e.g., adaptive mesh refinement).
23. Optimization of earthquake simulators that can resolve the faulting processes across the range of scales
required to investigate stress-mediated fault interaction, including those caused by dynamic wave propagation,
generate synthetic seismicity catalogs, and assess the viability of earthquake rupture forecasts.
24. Tools and algorithms for uncertainty quantification in large-scale inversion and forward-modeling studies, for
managing I/O, data repositories, workflow and data analysis.
25. Data-intensive computing tools, including but not limited to InSAR and geodesy, 3D tomography, crosscorrelation algorithms used in ambient noise seismology, and other signal processing techniques used, for
example, to search for tectonic tremor.
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Key Problems in Computational Science
26. Seismic wave propagation
•

Validate SCEC community velocity models.

•

Develop high-frequency simulation methods and investigate the upper frequency limit of deterministic
ground motions.

•

Extend existing simulation methodologies to a set of stochastic wavefield simulation codes that can extend
the deterministic calculations to frequencies as high as 20 Hz, providing the capability to synthesize
“broadband” seismograms.

27. Tomography
•

Assimilate regional waveform data into the SCEC community velocity models.

28. Rupture dynamics
•

Evaluate proposed fault weakening mechanisms in large-scale earthquake simulations, determine if smallscale physics is essential or irrelevant, and determine if friction law parameters can be artificially enhanced
without compromising ground motion predictions.

•

Evaluate different representations of source complexity, including stress heterogeneity, variability in
frictional properties, fault geometrical complexity, and dynamic rupture propagation in heterogeneous
media.

29. Scenario earthquake modeling
•

Model a suite of scenario ruptures, incorporating material properties and fault geometries from the unified
structural representation projects.

•

Isolate causes of enhanced ground motion using adjoint-based sensitivity methods.

30. Data-intensive computing
•

Develop computational tools for advanced signal processing algorithms, such as those used in ambient
noise seismology and tomography, as well as InSAR and other forms of geodesy.

31. Engineering applications
•

Facilitate the “rupture-to-rafters” modeling capability to transform earthquake risk management into a
Cyber Science and Engineering discipline.

X. Interdisciplinary Focus Areas
Interdisciplinary research will be organized into seven science focus areas: Unified Structural Representation (USR), Fault and
Rupture Mechanics (FARM), Stress and Deformation Over Time (SDOT), Earthquake Forecasting and Predictability (EFP),
Ground Motion Prediction (GMP) Southern San Andreas Fault Evaluation (SOSAFE) and Earthquake Engineering
Implementation Interface (EEII). Collaboration within and across focus areas is strongly encouraged.

A. Unified Structural Representation (USR)
The Unified Structural Representation group develops three-dimensional models of active faults and earth structure (velocity,
density, attenuation, etc.) for use in fault-system analysis, ground-motion prediction, and hazard assessment. This year’s
efforts will focus on (1) making improvements to existing community models (CVM, CFM) that will facilitate their uses in
SCEC science, education, and post-earthquake response planning and (2) developing methods to represent smaller scale
features, such as the detailed representations needed for the special fault study areas and stochastic variations of seismic
velocities and attenuation structure.
•

Community Velocity Model (CVM). Improve the current SCEC CVMs, with emphasis on more accurate
representations of Vp, Vs, density, attenuation, and basin structure. Generate improved mantle Vp and Vs
models, as well as more accurate descriptions of near-surface properties that can be incorporated into the
models' geotechnical layers. Perform 3D waveform tomographic inversions and ambient noise analysis for
evaluating and improving the CVMs. Develop and apply procedures (i.e., goodness-of-fit measures) for
evaluating the existing and future models with data (e.g., waveforms, gravity) to distinguish alternative
representations and quantify model uncertainties; apply these methods for well-recorded earthquakes in
southern California to delineate areas where CVM updates are needed. Develop databases, models, and model
building tools that will help facilitate expansion of the CVMs to statewide and plate-boundary scale velocity
representations. These efforts should be coordinated with the SCEC CME special project.
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•

Community Fault Model (CFM). Improve and evaluate the CFM and statewide CFM (SCFM), placing emphasis
on defining the geometry of major faults that are incompletely, or inaccurately, represented in the current
model, and on faults of particular concern, such as those that are located close to critical facilities. Refine
representations of the linkages among major fault systems. Extend the CFM to include spatial uncertainties and
stochastic descriptions of fault heterogeneity. Evaluate the CFM with data (e.g., seismicity, seismic reflection
profiles, geologic slip rates, and geodetic displacement fields) to distinguish alternative fault models. Update
the CFM-R (rectilinear fault model) to reflect improvements in the CFM. Work on the statewide CFM in regions
outside the SCEC CFM should be coordinated with the appropriate agencies (e.g., USGS for central and
northern CA).

•

Unified Structural Representation (USR). Develop better IT mechanisms for delivering the USR, particularly
the CVM parameters and information about the model's structural components, to the user community for use
in generating and/or parameterizing numerical models. Generate maps of geologic surfaces compatible with the
CFM that may serve as strain markers in crustal deformation modeling and/or property boundaries in future
iterations of the USR.

B. Fault and Rupture Mechanics (FARM)
The primary mission of the Fault and Rupture Mechanics focus group in SCEC4 is to develop physics-based models of the
nucleation, propagation, and arrest of dynamic earthquake rupture. We specifically solicit proposals that will contribute to the
six fundamental problems in earthquake physics defined in the SCEC4 proposal and enhance understanding of fault system
behavior through interdisciplinary investigation of the special fault study areas. We encourage researchers to address this
mission through field, laboratory, and modeling efforts directed at characterizing and understanding the influence of material
properties, geometric irregularities and heterogeneities in stress and strength over multiple length and time scales, and that
will contribute to our understanding of earthquakes in the Southern California fault system.
Priorities for FARM in 2014
•

Investigate the relative importance of different dynamic weakening and fault healing mechanisms, and the slip
and time scales over which these mechanisms operate (3a, 3b, 3c, 3e).

•

Determine the properties of fault cores and damage zones (1a, 1b, 3a, 3b, 4a, 4b) and characterize their
variability with depth and along strike (1a, 1b, 4a, 4b) to constrain theoretical and laboratory studies, including
width and particle composition of actively shearing zones, signatures of temperature variations, extent, origin
and significance of on- and off-fault damage, healing, and poromechanical behavior.

•

Determine the relative contribution of on- and off-fault damage to the total earthquake energy budget (3c, 4a,
4b), and the absolute levels of local and average stress (3e). Collaboration with the Community Stress Model
(CSM) TAG is encouraged.

•

Develop, test, and apply innovative source-inversion strategies to image the space-time rupture evolution of
earthquakes reliably, propose source-inversion methods with minimal assumptions, and provide robust
uncertainty quantification of inferred source parameters; collaboration with the Technical Activity Group (TAG)
on Source Inversion Validation (SIV) is encouraged.

•

Develop realistic descriptions of heterogeneity in fault geometry, rock properties, stresses and strains, and
tractable ways to incorporate heterogeneity in numerical models of single dynamic rupture events and multiple
earthquake cycles (3e, 3f, 4b, 4d, 6b). Test dynamic rupture modeling that incorporates these heterogeneities
first by verifying the computational algorithms with benchmark exercises of the Dynamic Rupture Code
Verification Technical Activity Group (TAG), then by comparing the results with geological and geophysical
observations.

•

Understand the significance of fault zone characteristics and processes for fault dynamics (3a, 3b, 3c) and
formulate constitutive laws for use in dynamic rupture models (3d).

•

Evaluate the relative importance of fault structure and branching, material properties, interseismic healing, fluid
processes and prior seismic and aseismic slip to earthquake dynamics, in particular, to rupture initiation,
propagation, and arrest, and the resulting ground motions (3c, 3d, 3f).

•

Characterize earthquake rupture, fault loading, degree of localization, role of fluids and constitutive behavior at
the base of and below the seismogenic zone (1a, 1b, 1e, 4a).

•

Develop observations of slow slip events and non-volcanic tremors in southern California and understand their
implications for constitutive properties of faults and overall seismic behavior (3a, 5a-5e).

•

Assess the predictability of rupture direction and directivity of seismic radiation by collecting and analyzing field
and laboratory data (4a, 4b), and conducting theoretical investigations to understand implications for strong
ground motion.
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•

Develop physics-based models that can describe spatio-temporal patterns of seismicity and earthquake
triggering (2e, 4e).

•

Explore similarities between earthquakes and offshore landslide sources with the goal of better understanding
their mechanics and the tsunami hazard from sources in southern California.

C. Stress and Deformation Over Time (SDOT)
The focus of the interdisciplinary focus group Stress and Deformation Over Time (SDOT) is to improve our understanding of
how faults are loaded in the context of the wider lithospheric system evolution. SDOT studies these processes on timescales
from 10s of Myr to 10s of yrs, using the structure, geological history, and physical state of the southern California lithosphere
as a natural laboratory. The objective is to tie the present-day state of stress and deformation on crustal-scale faults and the
lithosphere as a whole to the long-term, evolving lithospheric architecture, through 4D geodynamic modeling, constrained by
the widest possible range of observables from disciplines including geodesy, geology, and geophysics.
One long-term goal is to contribute to the development of a physics-based, probabilistic seismic hazard analysis for southern
California by developing and applying system-wide deformation models of lithospheric processes at time-scales down to the
earthquake cycle. These deformation models require a better understanding of a range of fundamental questions such as the
forces loading the lithosphere, the relevant rock rheology, fault constitutive laws, and the spatial distribution of absolute
deviatoric stress. Tied in with this is a quest for better structural constraints, such as on density, Moho depths, thickness of
the seismogenic layer, the geometry of lithosphere-asthenosphere boundary, as well as basin depths, rock type,
temperature, water content, and seismic velocity and anisotropy.
Projects Solicited for SDOT
•

Contributions to our understanding of geologic inheritance and evolution, and its relation to the threedimensional structure and physical properties of present-day crust and lithosphere. Contributions to efforts of
building a 4D model of lithospheric evolution over 10s of Myr for southern California.

•

Seismological imaging of crust, lithosphere and upper mantle using interface and transmission methods with
the goal of characterizing the 3D distribution of isotropic and anisotropic wave speed variations.

•

Contributions to the development of a Community Stress Model (CSM), a set of spatio-temporal (4D)
representations of the stress tensor in the southern California lithosphere. In particular, we seek compilations of
diverse stress constraints (e.g. from borehole or anisotropy measurements), geodynamic models that explore
the coupling of side, gravity, and basal loading to observed geodetic strain-rates and co-seismically imaged
stress, and studies that explore regional, well-constrained settings as test cases for larger scale models.

•

General geodynamic models of southern California dynamics to allow hypothesis testing on issues pertaining to
post-seismic deformation, fault friction, rheology of the lithosphere, seismic efficiency, the heat flow paradox,
stress and strain transients, fault system evolution, as tied in with stress and deformation measurements across
scales.

•

Development of models of interseismic and earthquake cycle deformation, including efforts to estimate slip
rates on southern CA faults, fault geometries at depth, and spatial distribution of slip or moment deficits on
faults. Assessments of potential discrepancies of models based on geodetic, geologic, and seismic data.
Development of deformation models (fault slip rates and locking depths, off-fault deformation rates) in support
of earthquake rupture forecasting.

•

Research into averaging, simplification, and coarse-graining approaches across spatio-temporal scales,
addressing questions such as the appropriate scale for capturing fault interactions, the adequate representation
of frictional behavior and dynamic processes in long-term interaction models, fault roughness, structure,
complexity and uncertainty. Modeling approaches may include analytical or semi-analytical methods, spectral
approaches, boundary, finite, or distinct element methods, and a mix of these, and there are strong links with all
other SCEC working groups, including FARM, Earthquake Simulators, and USR.

D. Earthquake Forecasting and Predictability (EFP)
The Earthquake Forecasting and Predictability (EFP) focus group coordinates five broad types of research projects: (1) the
development of earthquake forecast methods, (2) the development of testing methodologies for evaluating the performance
of earthquake forecasts, (3) expanding fundamental physical or statistical knowledge of earthquake behavior that may be
relevant for forecasting earthquakes, (4) the development and use of earthquake simulators to understand predictability in
complex fault networks, and (5) fundamental understanding of the limits of earthquake predictability.
We seek proposals that will increase our understanding of how earthquakes might be forecast, to what extent and precision
earthquakes are predictable, and what is a physical basis for earthquake predictability. Proposals of any type that can assist
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in this goal will be considered. In order to increase the amount of analyzed data, and so decrease the time required to learn
about predictability, proposals are welcome that deal with global data sets and/or include international collaborations.
For research strategies that plan to utilize the Collaboratory for the Study of Predictability (CSEP), see Section 10.2 to learn of
its capabilities. Successful investigators proposing to utilize CSEP would be funded via core SCEC funds to adapt their
prediction methodologies to the CSEP framework, to transfer codes to the externally accessible CSEP computers, and to be
sure they function there as intended. Subsequently, the codes would be moved to the identical externally inaccessible CSEP
computers by CSEP staff who will conduct tests against a variety of data as outlined in the CSEP description.
Priorities for EFP in 2014
•

Support the development of statistical or physics-based real-time earthquake forecasts.

•

Utilize and/or evaluate the significance of earthquake simulator results.

•

Study how to properly characterize and estimate various earthquake-related statistical relationships (including
the magnitude distribution, Omori law, aftershock productivity, etc.).

•

Focus on understanding patterns of seismicity in time and space, as long as they are aimed toward
understanding the physical basis of earthquake predictability.

•

Develop useful measurement/testing methodology that could be incorporated in the CSEP evaluations,
including those that address how to deal with observational errors in data sets.

•

Develop approaches to test the validity of the characteristic earthquake vs. Gutenberg-Richter earthquake
models as they are used in seismic hazard analysis.

E. Ground-Motion Prediction (GMP)
The primary goal of the Ground-Motion Prediction focus group is to develop and implement physics-based simulation
methodologies that can predict earthquake strong-motion waveforms over the frequency range 0-10 Hz. Source
characterization plays a vital role in ground-motion prediction. At frequencies less than 1 Hz, the methodologies should
deterministically predict the amplitude, phase and waveform of earthquake ground motions using fully three-dimensional
representations of Earth structure, as well as dynamic or dynamically compatible kinematic representations of fault rupture.
At higher frequencies (1-10 Hz), the methodologies should predict the main character of the amplitude, phase and waveform
of the motions using a combination of deterministic and stochastic representations of fault rupture and wave propagation.
Research Topics in GMP
•

Developing and/or refining physics-based simulation methodologies, with particular emphasis on high
frequency (1-10 Hz) approaches. This work could include implementation of simulation methodologies onto the
Broadband Simulation Platform, or implementation of more efficient approaches in wave and rupture
propagation schemes (in collaboration with CME), allowing accurate simulation of higher frequency ground
motion.

•

Waveform modeling of past earthquakes to validate and/or refine the structure of the Community Velocity
Model (CVM) (in collaboration with USR). This includes exploration and validation of the effects of statistical
models of structural and velocity heterogeneities on the ground motion, the significance of the lowest (S-wave)
velocities as frequencies increase, and development and validation of improved (possibly frequency-dependent)
attenuation (intrinsic or scattering) models in physics-based simulations (in collaboration with USR).

•

Develop and implement new models or implement existing models for frequency-dependent site effects into the
SCEC BroadBand Platform (site effects module). Because site-specific profiles are rarely available for large
scale simulations, the priority will be given to models that can work with generic site profiles or that use
simplified site factors (e.g. empirical Vs30-based factors for example). Models that require a site profile as input
will also be considered. The site effects models are to be applied to either time series or Fourier spectra to
produce time series that include site effects.

•

Incorporate off-fault plasticity into physics-based simulation methodologies used to simulate ground motions at
higher frequencies (>1Hz).

•

Development of more realistic implementations of dynamic or kinematic representations of fault rupture,
including simulation of higher frequencies (up to 10+ Hz). Possible topics include simulation of dynamic rupture
on nonplanar faults and studying the effects of fault roughness on the resulting synthetic ground motion, and
development of kinematic representations based on statistical models constrained by observed and/or dynamic
ruptures. This research could also include the examination of current source-inversion strategies and
development of robust methods that allow imaging of kinematic and/or dynamic rupture parameters reliably and
stably, along with a rigorous uncertainty assessment. Close collaboration with the Technical Activity Group
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(TAG) on Source Inversion Validation (SIV) is encouraged. Projects that involve dynamic earthquake rupture
simulations should involve preliminary code testing using benchmarks developed by the Dynamic Rupture Code
Verification Technical Activity Group (TAG).
•

Verification (comparison against theoretical predictions) and validation (comparison against observations) of the
simulation methodologies with the objective to develop robust and transparent simulation capabilities that
incorporate consistent and accurate representations of the earthquake source and three-dimensional velocity
structure. Comparison of synthetic ground motions from deterministic and stochastic approaches to data for
overlapping bandwidths. Close collaboration with the Technical Activity Group (TAG) on Ground Motion
Simulation Validation (GMSV).

It is expected that the products of the Ground-Motion Prediction group will have direct application to seismic hazard
analysis, both in terms of characterizing expected ground-motion levels in future earthquakes, and in terms of directly
interfacing with earthquake engineers in the analysis of built structures. Activities within the Ground-Motion Prediction group
will be closely tied to several focus areas, including the GMSV TAG, with particular emphasis on addressing ground motion
issues related to seismic hazard and risk (see EEII below).

F. Southern San Andreas Fault Evaluation (SoSAFE)
The SCEC Southern San Andreas Fault Evaluation (SoSAFE) Project aims to increase knowledge of slip rates, paleo-event
chronology, and slip distributions of past earthquakes, for the past two thousand years on the southern San Andreas fault
system. From Parkfield to Bombay Beach, and including the San Jacinto fault, the objective is to obtain new data to clarify
and refine relative hazard assessments for each potential source of a future 'Big One'.
Priorities for SoSAFE in 2014
•

Lengthen existing paleoearthquake chronologies or start new sites in key locations along the fault system that
will improve understanding of the last 2000 years of this fault system.

•

Determine slip rates at many time scales, so that possible system-level interaction can be documented.

•

Obtain the best possible measurements of geomorphic slip distributions from past earthquakes using field and
LiDAR approaches and to validate the different measures.

•

Explore chronometric, geomorphic, or statistical approaches to linking geomorphic offsets to dated
paleoearthquakes.

•

Use novel methods for estimating slip rates from geodetic data.

•

Investigate methodologies for integrating paleoseismic (including geomorphic measures of slip) and geologic
data into rupture histories. For example, studies may improve or inform interactions between SoSAFE results
and scenario rupture modeling or rupture forecasts.

Requests for geochronology support (e.g., to date 12 radiocarbon samples) are encouraged and shall be coordinated with
Earthquake Geology; a portion of SoSAFE funds will be contributed towards joint support for dating. We also welcome
proposals that seek to add other data (such as climate variations) to earthquake chronologies, which may be used to improve
age control, understanding of the formation of offset features, or site-to-site correlation of events.
Research by single or multi-investigator teams will be supported to advance SCEC research towards meeting priority
scientific objectives related to the mission of the SoSAFE Interdisciplinary Focus Group. SoSAFE objectives also foster
common longer-term research interests and facilitate future collaborations in the broader context of a decade-long series of
interdisciplinary, integrated and complementary studies on the southern San Andreas Fault system such as those targeted by
teams investigating Special Fault Study Areas.

G. Earthquake Engineering Implementation Interface (EEII)
The purpose of the Earthquake Engineering Implementation Interface is to create and maintain collaborations with research
and practicing engineers, much as the Seismic Hazard and Risk Analysis focus group did during SCEC3. These activities
may include ground motion simulation validation, rupture-to-rafters simulations of building response as well as the end-toend analysis of large-scale, distributed risk (e.g., ShakeOut-type scenarios). Our goal of impacting engineering practice and
large-scale risk assessments require even broader partnerships with the engineering and risk-modeling communities, which
motivates the activities described next.
Technical Activity Group (TAG) on Ground Motion Simulation Validation (GMSV)
A TAG focused on validation of ground motion simulations for use in engineering applications is developing and
implementing testing/rating methodologies, via collaboration between ground motion modelers and engineering users. The
workshops and research of this TAG to date have identified the following efforts as potential priority activities in this area.
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Proposals on these topics will be reviewed with all other SCEC proposals in January of 2014. Interested researchers are
invited to contact Dr. Nicolas Luco (nluco@usgs.gov) to discuss opportunities for coordinated research. Note that any PIs
funded to work on GMSV-related projects will become members of the TAG and will be required to coordinate with each
other, in part via participation in approximately two coordination workshops.
•

Develop validation methodologies that use elastic and inelastic response spectra, and/or other relatively simple
metrics, and demonstrate them with existing simulated ground motions and their recorded counterparts. Such
research must be coordinated with the Broadband Platform Validation Project.

•

Develop and demonstrate validation methodologies that use common models of structures of interest (e.g.
multi-degree-of-freedom nonlinear models of building or geotechnical systems) for particular engineering
applications. Such research must be coordinated with the validation efforts of the Software Environment for
Integrated Seismic Modeling (SEISM) project.

•

Develop and demonstrate validation methodologies for the use of ground motion simulations in developing
probabilistic and deterministic hazard maps for building codes. Such research must be coordinated with the
Committee for Utilization of Ground Motion Simulations (UGMS).

•

Research important ground motion or structural (e.g. building or geotechnical system) response parameters and
statistics that should be used in validation of simulations. Demonstrate similarities and differences between
otherwise parallel validation tests/ratings using these ground motion or structural response parameters.

•

Demonstrate validation methodologies with ground motions simulated with deterministic and stochastic
methods above 1 Hz.

•

Develop validated and efficient methods for either i) adjusting ground motion time series simulated by the
Broadband Platform to account for the local site conditions at historical earthquake stations; or ii) deconvolving recorded ground motion time series to a reference site condition corresponding to that for simulated
ground motions.

Improved Hazard Representation
•

Develop improved hazard models that consider simulation-based earthquake source and wave propagation
effects that are not already well reflected in observed data. These could include improved methods for
incorporating rupture directivity effects, basin effects, and site effects in the USGS ground motion maps, for
example. The improved models should be incorporated into OpenSHA.

•

Use broadband strong motion simulations, possibly in conjunction with recorded ground motions, to develop
ground motion prediction models (or attenuation relations). Broadband simulation methods must be verified (by
comparison with simple test case results) and validated (against recorded strong ground motions) before use in
model development. The verification, validation, and application of simulation methods must be done on the
SCEC Broadband Simulation Platform. Such developments will contribute to the future NGA-H Project.

•

Develop ground motion parameters (or intensity measures), whether scalars or vectors, that enhance the
prediction of structural response and risk.

•

Investigate bounds on the median and variability of ground motions for a given earthquake scenario.

Ground Motion Time History Simulation
•

Develop acceptance criteria for simulated ground motion time histories to be used in structural response
analyses for building code applications or risk analysis. This relates closely to the GMSV section above.

•

Assess the advantages and disadvantages of using simulated time histories in place of recorded time histories
as they relate to the selection, scaling and/or modification of ground motions for building code applications or
risk analysis.

•

Develop and validate modules for simulation of short period ground motions (< 1 sec) for incorporation in the
Broadband Platform.

•

Develop and validate modules for the broadband simulation of ground motion time histories close to large
earthquakes, and for earthquakes in the central and eastern United States, for incorporation in the Broadband
Platform.

•

Develop and validate modules for nonlinear site response, including models for under what circumstances
nonlinear modeling is required.
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Collaboration in Structural Response Analysis
•

Tall Buildings and Other Long-Period Structures. Enhance the reliability of simulations of long period ground
motions in the Los Angeles region using refinements in source characterization and seismic velocity models,
and evaluate the impacts of these ground motions on tall buildings and other long-period structures (e.g.,
bridges, waterfront structures). Such projects could potentially build on work done in the PEER TBI Project.

•

End-to-End Simulation. Interactively identify the sensitivity of structural response to ground motion parameters
and structural parameters through end-to-end simulation. Buildings of particular interest include non-ductile
concrete frame buildings.

•

Reference Buildings and Bridges. Participate with PEER investigators in the analysis of reference buildings and
bridges using simulated broadband ground motion time histories. The ground motions of large, rare
earthquakes, which are poorly represented in the NGA strong motion database, are of special interest.
Coordination with PEER can be done through Yousef Bozorgnia (yousef@berkeley.edu).

•

Earthquake Scenarios. Perform detailed assessments of the results of scenarios such as the ShakeOut
exercise, and the scenarios for which ground motions were generated for the Tall Buildings Initiative (including
events on the Puente Hills, Southern San Andreas, Northern San Andreas and Hayward faults) as they relate to
the relationship between ground motion characteristics and structural response and damage.

Ground Deformation
•

Investigate the relationship between input ground motion characteristics and local soil nonlinear response,
liquefaction, lateral spreading, local soil failure, and landslides -- i.e., geotechnical hazards. Investigate hazards
due to surface faulting and to surface deformation caused by subsurface faulting and folding.

Risk Analysis
•

Develop improved site/facility-specific and portfolio/regional risk analysis (or loss estimation) techniques and
tools, and incorporate them into the OpenRisk software.

•

Use risk analysis software to identify earthquake source and ground motion characteristics that control damage
estimates.

Other Topics
•

Proposals for other innovative projects that would further implement SCEC information and techniques in
seismic hazard, earthquake engineering, risk analysis, and ultimately loss mitigation, are encouraged.

XI. Special Projects and Initiatives
The following are special projects for which SCEC has obtained funding beyond the core program. This Collaboration Plan is
not for those funds, which are committed; rather it is for SCEC core funding for research projects that are consonant with
these special projects. This is consistent with SCEC policy that requires that special projects be aligned with core SCEC
goals.

A. Working Group on California Earthquake Probabilities (WGCEP)
Following the 2008 release of the Uniform California Earthquake Rupture Forecast version 2 (UCERF2), the WGCEP is now
working on finishing UCERF3, and planning for future models. Our primary goals are to relax segmentation, add multi-fault
ruptures, and include spatial-temporal clustering (earthquake triggering). As the latter will require robust interoperability with
real-time seismicity information, UCERF3 will bring us into the realm of operational earthquake forecasting (OEF). These
models are being developed jointly by SCEC, the USGS, and CGS, in close coordination with the USGS National Seismic
Hazard Mapping Program, and with support from the California Earthquake Authority (CEA).
The following are examples of SCEC activities that could make direct contributions to WGCEP goals:
•

Reevaluate fault models in terms of the overall fault connectivity (important for understanding the likelihood of
multi-fault ruptures) and the extent to which faults represent a well-define surface versus a proxy for a braided
deformation zone.

•

Develop improved or a wider range of viable deformation models (defined as giving rakes and slip rates for each
fault in a fault model, plus an "off fault" strain-rate map). Of particular interest is the extend to which slip rates
taper toward the ends of faults that terminate (do not connect with other faults).

•

Help determine the average along-strike slip distribution of large earthquakes, especially where multiple faults
are involved (e.g., is there reduced slip at fault connections?).
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•

Help determine the average down-dip slip distribution of large earthquakes (the ultimate source of existing
discrepancies in magnitude-area relationships).

•

Develop a better understanding of the distribution of creeping processes and their influence on both rupture
dimension and seismogenic slip rate.

•

Contribute to the compilation and interpretation of mean recurrence-interval constraints from paleoseismic data
and/or develop models for the probably of events going undetected at a paleosiesmic site.

•

Develop earthquake rate models that relax segmentation and include multi-fault ruptures (e.g., using physicsbased simulators).

•

Develop ways to constrain the spatial distribution of maximum magnitude for background seismicity (for
earthquakes occurring off of the explicitly modeled faults).

•

Address the question of whether every small volume of space exhibits a Gutenberg Richter distribution of
nucleations (even those on faults)?

•

Develop improved estimates (including uncertainties) of the long-term rates of observed earthquakes for
different sized volumes of space.

•

Develop methods for quantifying elastic-rebound based probabilities in un-segmented fault models.

•

Help quantify the amount of slip in the last event, and/or average slip over multiple events, on any major faults
in California (including variations along strike).

•

Develop models for fault-to-fault rupture probabilities, especially given uncertainties in fault endpoints.

•

Determine the proper explanation for the apparent post-1906 seismicity-rate reduction (the so-called Empirical
Model of previous WGCEPs). How temporally variable are seismicity rates (e.g., more so than implied by
aftershock statistics)?

•

Develop applicable methods for adding spatiotemporal clustering to forecast model s(e.g., based on empirical
models such as ETAS, or derived from physics-based simulators). Are sequence-specific parameters
warranted?

•

Is there a physical difference between a multi-fault rupture and a separate event that was triggered quickly?

•

Contribute the robust acquisition of real-time earthquake information needed for operational earthquake
forecasting (e.g., a real-time model giving the probability of undetected events as a function of time, space, and
magnitude).

•

Develop more objective ways of setting logic-tree branch weights, especially where there are either known or
unknown correlations between branches.

•

Develop easily computable hazard or loss metrics that can be used to evaluate and perhaps trim logic-tree
branches.

•

Develop techniques for down-sampling event sets to enable more efficient hazard and loss calculations.

•

Develop novel ways of testing UCERF3, especially ones that can be integrated with CSEP.

Further suggestions and details can be found at http://www.WGCEP.org, or by contacting the project leader (Ned Field:
field@usgs.gov; (626) 644-6435).

B. Collaboratory for the Study of Earthquake Predictability (CSEP)
CSEP is developing a virtual, distributed laboratory—a collaboratory—that supports a wide range of scientific prediction
experiments in multiple regional or global natural laboratories. This earthquake system science approach seeks to provide
answers to the questions: (1) How should scientific prediction experiments be conducted and evaluated? and (2) What is the
intrinsic predictability of the earthquake rupture process? Contributions may include:
•

Establishing rigorous procedures in controlled environments (testing centers) for registering prediction
procedures, which include the delivery and maintenance of versioned, documented code for making and
evaluating predictions including intercomparisons to evaluate prediction skills;

•

Constructing community-endorsed standards for testing and evaluating probability-based, alarm-based, and
event-based predictions;

•

Developing hardware facilities and software support to allow individual researchers and groups to participate in
prediction experiments;
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•

Providing prediction experiments with access to data sets and monitoring products, authorized by the agencies
that produce them, for use in calibrating and testing algorithms;

•

Working to develop seismicity forecasting models based on the Coulomb stress hypothesis that can be tested
retrospectively and prospectively within CSEP;

•

Developing methodology for forecasting focal mechanisms and assessing the skill of such forecasts;

•

Expanding the range of physics-based models to test hypotheses that some aspects of earthquake triggering
are dominated by dynamic rather than quasi-static stress changes and that slow slip event activity can be used
to forecast large earthquakes;

•

Working to develop testable fault-based forecast models;

•

Developing experiments to test basic physical principles of earthquake generation;

•

Evaluating hypotheses critical to forecasting large earthquakes, including the characteristic earthquake
hypothesis, the seismic gap hypothesis, and the maximum-magnitude hypothesis;

•

Developing prototype experiments of external forecasts and predictions (generated outside of CSEP) that are
registered and evaluated prospectively within CSEP;

•

Re-assessing the geophysical, neotectonic, and paleoseismic data on the long-term recurrence of highmagnitude events and re-examining time-dependent hazard models;

•

Reducing testing latency by reducing the updating interval of the short-term forecasting models (e.g., STEP and
ETAS) in order to explore the potential information gain in aftershock sequences. Most desirable is testing on an
event by event basis to adapt the testing frequency to the seismic activity;

•

Developing testing procedures that explicitly recognize that real-time catalogs are incomplete and have larger
errors in source parameters;

•

Establishing seismicity-based reference models as norms against which the skill of candidate models can be
evaluated;

•

Intensifying the collaboration with Japan and New Zealand with a special emphasis on the effect of the Darfield
and Tohoku-oki earthquakes, and using data collected from these sequences to retrospectively calibrate and
prospectively test improved forecasting models;

•

Initiating new experiments in existing or new testing regions; and

•

Conducting workshops to facilitate international collaboratories.

A major focus of CSEP is to develop international collaborations between the regional testing centers and to accommodate a
wide-ranging set of prediction experiments involving geographically distributed fault systems in different tectonic
environments.

C. Community Modeling Environment (CME)
The Community Modeling Environment is a SCEC special project that develops improved ground motion forecasts by
integrating physics-based earthquake simulation software, observational data, and earth structural models using advanced
computational techniques including high performance computing. CME projects often use results, and integrate work, from
SCEC groups including Interdisciplinary Focus Groups Technical Activity Groups.
The SCEC research community can contribute research activities to CME by providing scientific or computational capability
that can improve ground motion forecasts. The following paragraphs briefly describe several current CME computational
goals so researchers can propose to develop a needed element that can be integrated into a larger CME calculation.
Examples of CME research requirements include earth structural models, curated data sets to support forecast validation,
and scientific software that simulates physical processes in the earth including dynamic ruptures (such as those that are
verified in the Dynamic Rupture Code Verification Technical Activity Group (TAG)), and wave propagation simulations.
Proposals are encouraged that work towards improving the accuracy of the statewide community velocity model (SCVM).
CME computationally based research projects include three types of forecast evaluation and testing systems; transient
detection and forecast evaluation, earthquake early warning earthquake parameter and ground motion forecast evaluation,
and short-term earthquake forecast evaluation.
CME is developing ground motion simulations that produce broadband seismograms. These simulation tools include rupture
generators, low frequency wave propagation models, high frequency stochastic models, non-linear site response modules,
and validation capabilities including assembled observational strong motion data sets and waveform-matching goodness of
fit algorithms and information displays. Proposals that enhance our ability to extend ground motion simulations to higher
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frequencies through high frequency source generation models, and stochastic models of source, propagation, and site
effects are encouraged.
Ground motion simulation validation computational and organizational tools are needed to establish repeatable validation of
ground motion simulations to engineering standards. Research in this area would contribute to the efforts under the ground
motion simulation validation TAG.
Proposals that seek to use existing CyberShake simulations as a research database are encouraged.
CME is working to improve probabilistic seismic hazard calculations. CME PSHA research requires a high resolution 3D
velocity model for California, a pseudo-dynamic rupture generator capable of generating an extended earthquake rupture
forecast from UCERF3.0, highly efficient reciprocity-based seismogram calculations, and probabilistic hazard model
information system providing access to calculation results. Proposals that develop improved pseudo-dynamic models,
including parameterizations that include the possibility of super-shear rupture, are encouraged.

D. Virtual Institute for the Study of Earthquake Systems (VISES)
NSF has funded a new effort within SCEC to broaden and deepen our collaborations with Japanese earthquake scientists. A
particular emphasis will be to broaden the participation of early career scientists. Collaborative research funded through
VISES should have relevance for research questions of concern to the SCEC core program. Examples of relevant research
activities include testing earthquake forecast models, numerical simulation of earthquake ground motion to high frequencies,
ground motion simulation using dense networks of high-dynamic range sensors, and geodynamical studies of fault
interaction and deformation. Travel support to Japan for early career scientists developing collaborations with colleagues in
Japan is a priority for funding under the VISES program.
Note: Funding for successful proposals for travel to Japan will be handled from the SCEC office. Your proposed budget
should not include overhead.

E. National Partnerships through EarthScope
The NSF EarthScope project (http://www.earthscope.org) provides unique opportunities to learn about the structure and
dynamics of North America. SCEC and the NSF EarthScope program encourage proposals that integrate the goals of the
SCEC Science Plan with the many overlapping goals of the EarthScope Science Plan (http://www.earthscope.org/ESSP).
Topics of interest include applying EarthScope observational resources to SCEC science and hazard problems;
characterizing the crust and lithosphere of the natural laboratory of Southern California; exploring stress and deformation
over time using EarthScope resources (including high resolution topography); testing hypothesis and enhancing models of
earthquakes, faulting, and the rheology of the lithosphere; developing innovative contributions to identifying earthquake
hazard and community response; and promoting Earth Science literacy in education and outreach in SCEC and EarthScope
topic areas. These partnerships should seek to strengthen the connections across the organizations and leverage SCEC and
EarthScope resources.

XII. Communication, Education, and Outreach
The theme of the CEO program during SCEC4 is Creating an Earthquake and Tsunami Resilient California. CEO will continue
to manage and expand a suite of successful activities along with new initiatives, within four CEO interconnected thrust areas:
1.

The Implementation Interface connects SCEC scientists with partners in earthquake engineering research, and
communicates with and trains practicing engineers and other professionals.

2.

The Public Education and Preparedness thrust area educates people of all ages about earthquakes, and motivates
them to become prepared.

3.

The K-14 Earthquake Education Initiative seeks to improve earth science education and school earthquake safety.

4.

Finally, the Experiential Learning and Career Advancement program provides research opportunities, networking,
and more to encourage and sustain careers in science and engineering.

These thrust areas present opportunities for members of the SCEC community to partner with CEO staff. Limited funding
(typically no more than $2000-$5000) may be available as direct payments from SCEC (not subcontracts) for materials or
activities and typically does not require a formal proposal. For larger activities, joint proposals with SCEC CEO to potential
sources are the best approach. Those interested in partnering with SCEC CEO on activities, submitting a joint proposal, or in
submitting a CEO proposal responding to this Collaboration Plan should first contact the Associate SCEC Director for CEO
(Mark Benthien: benthien@usc.edu, 213-740-0323).
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Plenary Talk Presentations
Earthquake Effects on Critical Infrastructure, Tom O’Rourke (Cornell)
Sunday, September 8, 2013 (18:00)
The impact of the Canterbury Earthquake Sequence on the underground infrastructure in
Christchurch, NZ is explored with the use of an extraordinary GIS data set covering the effects of
both liquefaction-induced permanent ground deformation and transient ground motion for 3 different
earthquakes. High resolution LiDAR and geospatial analyses of earthquake-affected utility systems
are combined to develop relationships among lifeline damage and both lateral and vertical ground
deformation. The earthquake relative performance of different types of pipelines is quantified, and
lessons learned from Christchurch for Los Angeles and San Francisco, CA are discussed. To
address the need for protection against rare, high consequence events with limited financial
resources, a strategy for improving infrastructure resilience is proposed.
Tom O’Rourke is the Thomas R. Briggs Professor of Engineering in the School of Civil and
Environmental Engineering at Cornell University. He is a member of the US National Academy
of Engineering and a Fellow of American Association for the Advancement of Science. He
received a number of distinctions for his research and teaching, some of which are ASTM
C.A. Hogentogler Award, ASCE Collingwood, Huber Research, C. Martin Duke, Stephen D.
Bechtel Pipeline Engineering, and Ralph B. Peck Awards, and the British ICE Trevithick Prize.
He gave the 2009 Rankine Lecture. He served as President of the Earthquake Engineering
Research Institute. He authored or co-authored over 350 technical publications. His research
interests cover geotechnical engineering, earthquake engineering, underground construction
technologies, engineering for large, geographically distributed systems, and geographic
information technologies and database management. He served on many national advisory committees, including
the NIST Advisory Committee for Earthquake Hazards Reduction, NAE Committee on New Orleans Regional
Hurricane Protection Projects, and NSF Engineering Advisory Committee. He currently chairs the ATC 28 Technical
Committee supported by NIST to develop national roadmap for lifelines research and implementation. He has
served as chair or member of the consulting boards of many large civil construction projects, as well as the peer
reviews for projects associated with highway, rapid transit, water supply, and energy distribution systems.

New paleoseismic data from SoSAFE: time dependency and rupture patterns on the San
Andreas and San Jacinto Faults, Katherine M. Scharer (USGS)
Monday, September 9, 2013 (11:30)
The primary focus of the Southern San Andreas Fault Evaluation (SoSAFE) project is to improve the
catalogue of ground-rupturing earthquakes on the San Andreas and San Jacinto faults over the last
2000 years. New geologic data from several teams provide exciting constraints on the behavior of
these faults, calling into question existing models and revealing differences in the activity of the
faults. On the southern San Andreas fault, there are consistent patterns in paleoearthquake records:
(1) the average interval between large earthquakes is similar for proximal paleoseismic sites along
the fault, although the interval length generally increases to the southeast; and (2) at most sites,
ruptures are quasi-periodic and are slightly more consistent with time-dependent behavior,
especially when longer records are evaluated. Correlation of records along the southern San
Andreas fault reveals intriguing trends that appear to vary by section: the Carrizo and Big Bend
sections have very similar records since ca. 1300 AD, but these differ significantly from the southern
end of the Mojave section. Recent excavations on the San Gorgonio Pass fault zone do little to untie
the San Gorgonio knot, as ruptures there are far less common than earthquakes on either side,
suggesting complex and infrequent rupture patterns through the Pass are the norm. On the San
Jacinto fault, new, long paleoseismic records show little time-dependent behavior, and the
mismatch in rupture timing on the Clark and Claremont strands suggests that many ruptures do not
extend along its entire length. Taken together, the extant data may indicate that by a factor of about
three, ~200-300-km long ruptures are more common than >300-km, “1857-type” ruptures on the
San Andreas fault and <100 km long ruptures are more common than full fault ruptures on the San
Jacinto fault. Validation of these conclusions is needed, and can be achieved by the development of
high-resolution records between existing sites. Additional insight can be gained from short term slip
rates and geomorphic records of slip, especially where the latter can be paired with geochronologic
control.

Beyond the Time-Independent Uniform California Earthquake Rupture Forecast: Where
Should SCEC Go From Here? William L. Ellsworth (USGS)
Monday, September 9, 2013 (12:15)
The time-independent Uniform California Earthquake Rupture Forecast, Version 3 (UCERF3)
represents a major accomplishment of the SCEC community. The UCERF3 forecast integrates our
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current understanding of the geology, geodesy and geophysics of the San Andreas Fault system into
a comprehensive, system-level framework that will guide public policy and earthquake risk reduction
activities for years to come. This was truly a center-wide effort, with well over 100 members of the
community actively involved in the research, development, implementation, testing, and review of
everything from the numerous component parts (20 appendices for starters) to the hazard implied by
the model. As with any successful study of this magnitude, it exposed gaps in our understanding of
how both earthquakes and fault systems work, uncovered conflicts between fundamental data sets
that describe the system, revealed needs for more and better empirical measurements, and
underscored the value of theoretical advances for improving our models. In short, there is much
important science yet to be done. In this talk, I will highlight some of the key issues identified by the
Scientific Review Panel for UCERF3 through its review meetings, project workshops and outreach
activities to the broader community of earthquake professionals. Many of these questions and new
directions are also shared by members of the Working Group. A sample of frequently mentioned
issues includes:
• Will the UCERF3 model pass a Regional Earthquake Likelihood Model test?
• Does the Grand Inversion span the epistemic uncertainty in hazard?
• Are fault-to-fault jumps as prevalent in nature as modeled in UCERF3?
• The Grand Inversion represents a big step forward – but solutions to the equation set are
highly non-unique. Can solutions be more tightly constrained?
• Initial attempts to solve the Grand Inversion with individual faults obeying Gutenberg-Richter
statistics failed. Are G-R models possible?
• The discrepancies between geologic and geodetic deformation models must be telling us
something important about the loading of the fault system. What is it?
• Scaling laws play a central role in UCERF3. Can we replace them with physics-based
models?
• Many see physics-based fault simulators as the future. When will we be ready to move them
from research tools to instruments of public policy?

Recent Results from the Collaboratory for the Study of Earthquake Predictability (CSEP),
Maximilian J. Werner (Princeton)
Monday, September 9, 2013 (14:30)
The Collaboratory for the Study of Earthquake Predictability (CSEP, www.cseptesting.org) provides
a research infrastructure for the prospective, automated and independent assessment of earthquake
forecasts and predictions in a variety of tectonic settings and on a global scale. The first testing
center, the W.M. Keck Testing Center at SCEC, was launched in 2007 to conduct the first ever
prospective and comparative earthquake forecasting experiment: the Regional Earthquake
Likelihood Models (RELM) experiment, conceived by the USGS and SCEC to create and assess a
suite of five-year earthquake forecasts for California. Since then, three more testing centers have
been established in New Zealand, Europe, and Japan, and more are in development. Collectively,
these centers are evaluating over 350 forecast models that are based on a wide variety of
hypotheses about where, when and why earthquakes occur. In this presentation, I will review recent
achievements of the global CSEP community and highlight recent results from California and from
around the globe.
I will begin with results from the completed RELM experiment, which has led to important
advances in our understanding of how intermediate-term probabilistic forecasts should be specified
and assessed. RELM results are also being utilized to refine seismic hazard estimates in the most
recent version 3 of the Uniform California Earthquake Rupture Forecast (UCERF). Meanwhile,
CSEP's short-term predictability program is gaining insights into tracking and forecasting
earthquake cascades, such as the 2010 Canterbury and the 2011 Tohoku sequences. The greater
predictability of earthquakes during such periods appears ripe for use in Operational Earthquake
Forecasting (OEF), and CSEP is increasing efforts to support OEF by government agencies by
independently assessing the performance of candidate OEF models. Other ongoing CSEP activities I
will present include developing capabilities to import and evaluate external forecasts and predictions
that are produced outside of CSEP's cyber-infrastructure. Prototype experiments include seismicitybased algorithms such as the well-known M8 predictions, as well as predictions based on
electromagnetic precursors. I will conclude with future opportunities and challenges in the study of
earthquake predictability.

Variable seismic response to fluid injection in central Oklahoma, Katie M. Keranen
(Cornell), Heather Savage (LDEO), Geoffrey Abers (LDEO), & Nicholas van der Elst (LDEO)
Monday, September 9, 2013 (15:15)
Seismicity within the past 5 years in Oklahoma has been concentrated in a region of historically low
seismicity, in the central portion of the state near the towns of Jones, Prague, and Luther. From
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2009-2013, ~75% of earthquakes from the Oklahoma Geological Survey catalog occurred in this
central region (3035 earthquakes), including the largest earthquake recorded in Oklahoma and the
largest anywhere potentially related to wastewater disposal, an Mw5.7 in November 2011 near
Prague, OK. Precise relocations of aftershocks show that the tip of the initial rupture plane near
Prague is within ~200 m of active injection wells and within ~1 km of the surface; 30% of early
aftershocks occur within the sedimentary section. Importantly, the Prague region showed enhanced
remote triggering following the Mw8.8 Chile earthquake in 2010 – a phenomenon also observed at
other sites of induced seismicity in the Midwest in 2010 and 2011. This enhanced triggering provides
additional evidence that fluid pressures were nearing critical levels as the volume of injected fluid
increased after 18 years of injection. We interpret that the net fluid volume increase near Prague
lowered effective stress on reservoir-bounding faults. Near Jones and Luther, OK, earthquakes
began soon after the onset of injection; near Jones the earthquakes delineate multiple subparallel
faults updip of high-volume wastewater disposal wells while near Luther the earthquakes define a
primary fault plane. There are commonalities in the methods used for petroleum extraction from
carbonate reservoirs in central Oklahoma, involving the production of high water volumes, which
speculatively may explain the abundance of induced earthquakes recorded here. The differences in
the timing of the Prague, Jones, and Luther sequences with respect to injection, and in the spatial
distribution of seismicity, highlight the variability in seismic responses to fluid injection and
deviations from historically important case studies.

Insights into subduction thrust structure and mechanics from drilling the rupture zone of
the 2011 Tohoku-oki earthquake, Frederick M. Chester (Texas A&M)
Tuesday, September 10, 2013 (08:00)
The Japan Trench convergent margin produces frequent large interplate earthquakes greater than
M7.5, and is known to display the primary characteristics of non-accretionary margins. The 2011 Mw
9.0 Tohoku-oki earthquake demonstrates the capability of this margin to rupture the full extent of the
seismogenic zone and up-dip to the trench axis in a single great event. A variety of observations
indicate that the slip magnitude of this rupture increased towards the trench, with 50+ m of slip
occurring at the ~20-km-wide frontal prism of accreted sediments and lower trench slope. The
Integrated Ocean Drilling Program expedition 343/343T (JFAST) was designed to address
fundamental questions of earthquake physics through rapid-response drilling. The JFAST drill site is
located 6 km landward from the trench axis; three boreholes were drilled through the prism and
across the plate-boundary. Data from seismic surveys, logging while drilling, and lithologic and
structural observations of core samples document a single dominant decollement that
accommodated almost all of the interplate displacement (~3.2 km) at the drill site. The decollement
is located in sheared pelagic clay near the base of the incoming sediment section of the subducting
plate. The localization of interplate displacement to a single narrow layer of scaly clay and to
surfaces within the clay indicate the decollement is relatively weak over geologic time. Borehole
measurements of temperature across the plate boundary confirm the Tohoku earthquake ruptured
the decollement and, consistent with results of high-speed friction experiments on sheared clay, that
the decollement is extremely weak during seismic slip. These results, combined with borehole data
indicating that the current in situ stress is approximately lithostatic, support the hypothesis that
dynamic weakening of wet clay at seismic slip rates favor earthquake rupture propagation to shallow
depths even though the frictional properties of wet clay at low slip rates prohibit the nucleation of
slip instabilities. Ongoing analysis of JFAST borehole data combined with microstructural and
experimental studies of recovered core samples will contribute to a more complete understanding of
the frictional behavior and the physical mechanisms associated with dynamic weakening needed to
advance models of earthquake rupture along subduction thrusts.

Uncovering the Mysteries of Tsunami Generation and Anomalous Seismic Radiation in the
Shallow Subduction Zone, Shuo Ma (SDSU)
Tuesday, September 10, 2013 (08:45)
The Japan Trench convergent The shallow reaches of subduction interfaces (upper 10 – 15 km) host
earthquakes of anomalous energy release attributes. Earthquake ruptures there can be exceptionally
tsunamigenic, but produce weak high-frequency ground motion. Numerous observations indicate
that these shallow ruptures are also associated with unusually long rupture duration, slow rupture
velocity, small stress drop, as well as low moment-scaled radiated energy. What gives rise to these
anomalous characteristics and how they relate to efficient tsunamigenesis are, however, still not well
understood.
Motivated by the critical taper theory for accretionary wedges (e.g., Davis et al., 1983; Dahlen,
1990), I will show that for a wedge on the verge of failure, pore pressure increase due to updip
rupture causes extensive Coulomb failure within the wedge, which gives rise to slow rupture velocity
and significant seafloor uplift landward from the trench (Ma, 2012; Ma and Hirakawa, 2013). During
the rupture propagation the large inelastic seafloor uplift strongly dilates the shallow-dipping basal
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fault behind the rupture front, greatly enhanced by the presence of free surface. The dilation reduces
the effective normal stress and sliding friction on the fault, and increases the dynamic stress drop
and slip velocity, such that slip-velocity time histories in the shallow section of the fault tend to have
a ‘snail-like’ shape, leading to a smooth source time function and depletion of high frequencies in
seismic radiation. I will also show that the failure in the wedge acts as a large energy sink (while
contributing to seismic moment), giving rise to distributed heat generation (i.e., small heat flow
anomaly across the fault), low moment-scaled radiated energy and small rupture directivity, which
thus provides a unifying interpretation for nearly all anomalous observations documented for shallow
subduction earthquakes. Finally I will discuss possible implications of a critically stressed crust for
the dynamics of fault system in southern California.

Back to the roots: Ductile shear zones below major faults, and stresses at the bottom of
the seismogenic crust, Yuri Fialko (UCSD)
Tuesday, September 10, 2013 (09:30)
The degree to which strain is localized in the ductile part of the lithosphere below seismogenic faults
is an outstanding issue in continental tectonics. Two classes of models have been proposed: one
postulating a broadly distributed viscous deformation in the lower crust and upper mantle (the "thin
lithosphere" model), and another one postulating localized shear well below the brittle-ductile
transition (the "thick lithosphere" model). Understanding the mechanics of lithospheric shear zones
is essential for a number of problems, including the long-term strength of the Earth's crust and
upper mantle, stress transfer from the relative plate motion to seismogenic faults, and, ultimately,
seismic hazards. We investigate the evolution of stress and strain in a ductile substrate driven by farfield plate motion and fault slip. Numerical models that incorporate laboratory-derived power-law
rheologies with Arrhenius temperature dependence, viscous dissipation, and conductive heat
transfer give rise to the long-lived fault "roots" that localize deformation below the brittle-ductile
transition. Strain localization in the viscoelastic medium in this case results from thermomechanical
coupling and power law dependence of strain rate on stress. For conditions corresponding to the
San Jacinto and San Andreas Faults in Southern California, the predicted width of the shear zone in
the lower crust is a few kilometers; this shear zone takes up more than 50% of the far-field plate
motion. Deviatoric stress in the lithosphere in our models is relatively insensitive to the water
content, the far-field loading rate, and the fault strength, and is of the order of 100 MPa.
Furthermore, stress in the lithosphere is found to inversely correlate with the velocity of relative plate
motion. We also find that the thermally-activated shear zones have little effect on postseismic
transients. It follows that additional (to thermomechanical coupling) mechanisms of strain
localization are required for a viscoelastic model to produce a vertical deformation pattern similar to
that due to afterslip on a deep extension of a fault. Possible candidates include dynamic grain recrystallization, and fabric development (mylonitization). Realistic models of long-term deformation
informed by the experimentally determined ductile properties of rocks may provide useful
constraints on the magnitude of deviatoric stress at the bottom of the seismogenic layer (the
nucleation zone of large earthquakes).

Biomarkers heat up during earthquakes: new evidence of seismic slip in the rock record,
Heather M. Savage (LDEO), Pratigya J. Polissar (LDEO), Rachel E. Sheppard (LDEO),
Hannah S. Rabinowitz (Columbia), Christie D. Rowe (McGill), James D. Kirkpatrick
(Colorado State), and Emily E. Brodsky (UCSC)
Tuesday, September 10, 2013 (10:15)
Evidence of earthquake slip in fault zones has proven somewhat elusive in the rock record. Here we
describe a new method that uses the thermal maturity of biomarkers to identify and measure the
temperature rise on faults caused by frictional sliding at earthquake slip rates. We have applied our
method to several faults, including Pasagshak Point megathrust, AK; Japan Trench at the site of
IODP Exp.343 JFAST; and Punchbowl Fault, CA. The Pasagshak Point megathrust hosts large
pseudotachylytes (frictional melts), making it the ideal place to test the concept that biomarkers
react on earthquake timescales. We find that biomarkers within the pseudotachylyte are the most
thermally mature, and that thermal maturity decays rapidly away from pseudotachylyte strands.
These results show that biomarkers do record the frictional heating that occurred during
earthquakes. Other faults, which do not show evidence of frictional heating and organic maturation,
may be sites where coseismic temperature rise was low. In addition to our field studies, we
conducted rapid heating experiments to establish the kinetic reaction rates of different biomarkers,
in order to place constraints on temperature rise. Our results have allowed us to estimate, in various
cases, frictional work, maximum fault slip and friction during sliding.

4D maps of fault aseismic slip obtained through multitemporal InSAR and time-dependent
modeling, Manoochehr Shirzaei (ASU)
Tuesday, September 10, 2013 (11:30)
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Studies of large-scale, time-dependent fault slip have been limited, due to the sparse distribution
and frequency of deformation measurements. InSAR observations have been an important addition
for nearly two decades. The continually growing SAR data set allows detecting more subtle and
longer-term variations from the secular deformation rates. Time-variable slip affects hazard
estimates in three ways; 1) it changes the estimate of a fault’s slip budget, 2) it introduces changes
in stress rate on individual fault segments that could have consequences for earthquake timing, and
3) characterizing the kinematics of time variable fault slip leads to better constraints on earth
structure and fault frictional parameters. Here, I present new advances in the field of InSAR time
series including, multitemporal single- and multi-track InSAR as well as multi-sensor-multitemporal
InSAR. These new algorithms allows resolving the high precision time series of the surface
deformation using data acquired from a single track or two overlapping tracks of same satellite or
multiple ascending and descending tracks of different satellites. Wavelet transforms are the main
component of these algorithms for pixel selection and filtering. Through a time-dependent inversion
scheme and in combination with GPS and repeating earthquakes, the InSAR deformation time series
is used to obtain the 4D map of the creep on the Hayward fault. This map includes a zone of high
slip deficit that may represent the locked rupture asperity of past and future M≈7 earthquakes. It
also comprises the source areas of the February 1996 and July 2007 slow-slip events. Moreover, the
map identifies several additional temporal variations in creep rate along the Hayward fault, the most
important one being a zone of accelerating slip just to the northwest of the major locked zone. The
fault creep imparts stress on the major locked zone at a rate of ~0.003 MPa/yr in addition to the
background loading rates. Using this map I estimate that slip-rate deficit equivalent to Mw 6.3-6.8
has accumulated on the fault, since the last event in 1868. The probability of major earthquakes can
be affected by the imparted stress from the recent earthquakes and the fault creep transients. I
estimate that the 1-day probability of a large event on the Hayward increased by up to 50% due to
the July 2007 south Oakland event (Mw4.2), highlighting the importance of short-term probability
changes due to transient stress changes.

Toward a Continuous Monitoring of the Horizontal Displacement Gradient Tensor Field
using cGPS Observations from PBO, William E. Holt (SUNY Stony Brook) and Gina
Shcherbenko (SUNY Stony Brook)
Tuesday, September 10, 2013 (12:15)
We have developed a cGPS network-processing tool for detection of anomalous strain transients
within the Plate Boundary Observatory network in southern California. Position estimates from cGPS
are interpolated (through a joint inversion of strains and position estimates) to provide a model
solution for the horizontal displacement gradient tensor field as a function of time. Regularization of
the solution is achieved by adjusting a single isotropic strain variance parameter until the reduced
chi-squared misfit between model and observed displacement approaches 1.0. Additional
constraints are provided by a priori information on fault style and orientation, along with the
application of Pacific-North America displacement boundary conditions. A geodetic reference
solution is subtracted from the epoch solution and the significance of residual strains is tested using
a t-statistic. Tests using synthetic cGPS observations, generated in the SCEC IV Transient Detection
Exercise, show that anomalous strains associated with slow-slip over 6-8 week time frames, totaling
less than 1 cm, can be detected with high confidence (assuming uncertainties in daily positions
estimates of ± 3 mm). Analysis of PBO cGPS time series since July 2010 shows a complex field of
significant anomalous strain within southern California primarily associated with post-seismic
processes. Interesting and characteristic patterns of anomalous crustal strain, generated during the
ETS slow slip events, have also been quantified for the different sections of the Cascadia subduction
zone.

High-frequency rupture dynamics and ground motion prediction, Steven M. Day (SDSU)
Tuesday, September 10, 2013 (14:30)
Empirical ground motion prediction is a relatively mature science and may in some respects be
subject to diminishing returns. This situation has given impetus to the development and application
ground motion simulation methods to address outstanding generic ground motion issues as well as
site-specific issues. Simulations based on simplified wave propagation models and kinematically
specified sources contain tuning parameters that can be calibrated to shape the ground motion
spectrum to match observations, but these parameters frequently do not have a well-established
physical interpretation. Thus, these methods have the advantage that they directly encode
observational information, but the disadvantage that they provide minimal physical basis from which
to extrapolate beyond the data to which they have been calibrated. On the other hand, dynamic
rupture models start from well-defined physical models, but until recently have lacked the model
complexity and resolution required to test their validity through meaningful comparisons with strong
motion data at frequencies beyond about 1 Hz.
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However, it is now possible to simulate dynamic rupture and ground motion for large (M > 7)
earthquakes, in 3D, while resolving frequencies up to greater than 10 Hz, over source-receiver
distances of several tens of kilometers. This capability permits ground motion from rupture
simulations to be tested quantitatively against strong motion observations over much of the
frequency and distance range of engineering interest. Simulations (e.g., Dunham et al., 2011; Shi and
Day, 2013) suggest that the departure of natural fault surfaces from planarity, i.e., fault roughness, is
an essential element in the generation of high-frequency ground motion. Rupture models that
incorporate power-law roughness, even though very oversimplified in other respects (notably the
initial stress state) predict ground motion with many of the qualitative features of recorded ground
motion. Synthetic spectral accelerations from such simulations in 3D, once averaged to remove
random site and path variations, show a remarkable degree of quantitative agreement with the
corresponding spectral averages from recorded strong motion data. These results are promising, but
preliminary and still of limited scope, and I will discuss some of the more notable limitations, as well
as some possible pathways for future research.

Using Ambient Noise Correlations for Studying Site Response, Victor C. Tsai (Caltech),
Fan-Chi Lin (Caltech), and Daniel C. Bowden (Caltech)
Tuesday, September 10, 2013 (15:15)
Over the last decade, there has been an explosion in the number of studies using ambient noise
cross correlations to perform surface-wave travel-time tomography. However, there have only been
a limited number of successful applications using ambient noise correlation amplitudes, partly due to
the difficulty in interpreting these amplitudes given realistic distributions of ambient noise. Here, we
discuss two complementary methods we are developing to overcome some of these issues and
which allow us to use noise correlation amplitudes to constrain site response.
The first method is an extension of the array-based Helmholtz wavefield estimator to analyze
surface-wave amplitudes. With this new method, spatial differential operators are applied to surfacewave travel-time and amplitude maps to account for focusing effects and directly estimate the site
response at each station. Theoretical considerations show that the method works for an arbitrary
incoming wavefield and is not affected by noise field directionality. However, the method still
assumes that noise sources within the array are weak, and can potentially also be biased by smallscale scattering. Applying the method to noise measured by southern California arrays, including the
densely spaced 5000-component Long Beach array, leads to promising results.
The second method is an extension of the classical horizontal-to-vertical (H/V) ratio method to
multi-station cross correlations. The classical method uses a single station's ambient-noise H/V
spectral ratio to estimate the local site structure. While it has been successfully applied in many
studies, there remain questions about how to best interpret these H/V observations. In contrast,
cross-correlation H/V measurements have a straightforward interpretation in terms of Rayleigh-wave
ellipticity. Correlation H/V ratios have the added benefit that multiple measurements can be made by
varying the second station, leading to more robust estimates and the ability to constrain azimuthal
variations of site response. The approach also has the nice feature that each station's noise data
can be normalized independently without affecting the H/V measurement whereas other amplitudebased correlation methods are highly affected by station normalization. Application to low-frequency
(8-30 second) USArray data suggests that the method works as expected.

Earthquake early warning: Now, or after the next big quake? Richard M. Allen (UC
Berkeley)
Wednesday, September 11, 2013 (08:00)
The science and technology behind earthquake early warning has developed rapidly over the last 5
years. The 2011 M9 Tohoku-Oki earthquake was the first major test of Japan's public alert system.
Alerts were issued successfully in the epicentral region, but the extent of the source was not
recognized, resulting in the warnings not being as widespread as they should have been. In
California we now have a demonstration system delivering alerts to test users, and this system is
currently being extended to the Pacific Northwest. Research is also underway to better characterize
large earthquake ruptures--using seismic and geodetic observation networks--and integrate this
information into existing point-source systems. Test users are receiving alerts and developing
protocols for taking actions. Some responses have already been automated, including stopping the
BART trains in the Bay Area. Legislative activity in Sacramento and Washington DC is also moving
us closer to funding a public warning system. In this talk I will summarize the status of this
community effort, and argue that the implementation of a public early warning system is now
inevitable. The only question is whether there will be the political will to do this before, or
immediately following the next big earthquake.
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Setting the stage for early earthquake alerts and warnings, Ann Bostrom (U Washington)
and John Vidale (U Washington)
Wednesday, September 11, 2013 (08:45)
Early earthquake warning (EEW) systems hold great promise. The few EEW systems deployed
around the world have helped prevent and mitigate damage from earthquakes. While the
technologies to detect threats, their reliability, and the length of time needed to achieve accuracy in
forecasts and predictions in EEW are important factors in achieving this, equally important are how
EEW rely on human mediation; channels for issuing warnings; familiarity and institutionalization of
warning procedure; settings in which systems are used; and system goals and objectives. In other
words, how early earthquake alerts and warnings are interpreted and what actions people take in
response to them depend on cognitive, emotive, social and institutional contexts, as well as on their
natural and built environment. A key lesson from prior research on hazard warnings is that people
need actionable information on what to do, not just that there is a threat. With seconds to minutes of
lead time, accomplishing this will require setting the stage for action by working with communities
and institutions to develop goals, procedures, and expectations.
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and Yossef H. Hatzor

075 Spatio-temporal evolution of seismic
clusters in southern and central California,
Ilya Zaliapin and Yehuda Ben-Zion

076 Exploring finite-slip inversion with nearfield seismic data: Analysis of the 2004

Posters 067-122
Parkfield earthquake, California, Wenyuan 087 Comparison of SHmax orientations from
Fan, Peter M. Shearer, and Peter Gerstoft
stress inversions of focal mechanisms
077 Earthquake rate changes and interevent
with 17 different strain models
distance distributions in the Brawley
determined from GPS data in southern
Seismic Zone, Andrea L. Llenos and
California: Contribution to the SCEC stress
Andrew J. Michael
model, Egill Hauksson and David Sandwell
078 Anelastic Attenuation and Elastic
088 The 2013 Mw6.6 Cook Strait earthquake,
Scattering of Seismic Waves in the Los
New Zealand: preliminary geophysical
Angeles Region, Xin Song and Thomas H.
observations and source model, Caroline
Jordan

079 Is There a Stress Threshold Required to
Trigger Remote Aftershocks (Distances
>10 Mainshock Fault Lengths)? Debi Kilb,
Lisa Linville, Kristine Pankow, Aaron
Velasco, and Chris Hayward

080 Quantifying the Seismic Hazard From
Natural and Induced Earthquakes, Justin

Holden, Ian Hamling, Bill Fry, Anna Kaiser,
Stephen Bannister, Ken Gledhill, Matt
Gerstenberger, David Harte, David
Rhoades, Martin Reyners, Yoshi Kaneko,
John Ristau, and Rafael Benites

089 PageRank for Low Frequency Earthquake
Detection, Ana C. Aguiar and Gregory

Beroza
090 Seismicity and Tectonics of the Lake
L. Rubinstein, Andrea Llenos, William L.
Ellsworth, Arthur McGarr, Andrew Michael,
Tahoe Basin through the Truckee,
Charles Mueller, and Mark Petersen
California Region, Tyler C. Seaman,

081 An Empirical Subspace Detection Method
for Earthquakes, Sarah A. Barrett and
Gregory C. Beroza

082 Characterizing Soil-Foundation-Structure
Interaction Using Experimental Data and
FEM Modeling, Sandra H. Seale, Emily
Stinson, Jamison H. Steidl, and Paul
Hegarty

083 Mainshock Static Stress Changes and
Background Stress Jointly Influence the
Distribution of Aftershock Focal
Mechanisms, Jeanne L. Hardebeck
084 Compound Earthquake Identification
Technique, Yongfei Wang, Shiying Nie,

Christine J. Ruhl, Gretchen C. Schmauder,
and Ken D. Smith

091 Rupture Complexity of the Mw 8.3 Sea of
Okhotsk Earthquake, Shengji Wei, Don
Helmberger, Zhongwen Zhan, and Robert
Graves

092 Variability of Fault Slip Behaviors along
the San Jacinto Fault, Inferred from
Characteristically Repeating Earthquake
Activity, Taka’aki Taira
093 Simulating Large-Scale Earthquake
Dynamic Rupture Scenarios Using the
ADER-DG Method, Alice-Agnes Gabriel,
Christian Pelties, and P. Martin Mai

and Sidao Ni

094 Seismic velocity structure in the Hemet
085 Deterministic high-frequency ground
Stepover and Trifurcation Areas of the San
motion using dynamic rupture along rough
Jacinto Fault Zone from double-difference
faults, small-scale media heterogeneities,
earthquake tomography, Amir A. Allam,
and frequency-dependent attenuation,
Yehuda Ben-Zion, Frank L. Vernon, and
Kyle B. Withers, Kim B. Olsen, and Steven
M. Day

086 Afterslip and Aftershocks Triggered by
Moderate Events on the San-Jacinto Fault,
Asaf Inbal, Jean-Paul Ampuero, and JeanPhilippe Avouac

Ittai Kurzon

095 Using phase coherence to search for and
examine foreshock activity, Jessica C.
Hawthorne and Jean-Paul Ampuero

096 Preliminary results from a new highresolution multichannel seismic (MCS)
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cruise in the California Borderlands,
offshore San Diego and Orange Counties,
Jayne M. Bormann, Graham M. Kent, Neal
W. Driscoll, Jillian M. Maloney, Alistair J.
Harding, and Gulsen Ucarkus

097 Seismicity in the central Gulf of California
region following the Mw 8.6 2012 Indian
Ocean earthquake, Christopher W.
Johnson and Roland Burgmann

098 New constraints on the geometry and
evolution of the Southern San Andreas
Fault and Salton Pull-apart basin, Valerie
J. Sahakian, Annie Kell, James Holmes,
Alistair Harding, Neal Driscoll, and Graham
Kent

099 Isotropic source terms of San Jacinto
earthquakes based on waveform
inversions with a generalized CAP method
and rotations of DC-constrained
mechanisms, Zachary E. Ross, Yehuda
Ben-Zion, and Lupei Zhu

100 Impedance Discontinuities in Southern
California from Teleseismic Phase
Conversions, Yaman Ozakin and Yehuda
Ben-Zion

101 Scanning San Andreas Fault near
Parkfield with a mini seismic array, Abhijit
Ghosh

102 Stress Drop and Its Uncertainty for Central
California Earthquakes M 3.8-5.5, Luyuan
Ding, Jorge Crempien, and Ralph
Archuleta

103 Dynamic Triggered Seismicity in Northern
Baja California, México Caused by Large
and Distant Earthquakes, Raúl R. Castro,
Victor Wong, Hector Gonzalez-Huizar, and
Aaron A. Velasco

104 Noise-based surface wave tomography of
the Southern California plate boundary
region, Dimitri Zigone, Yehuda Ben-Zion,
Michel Campillo, and Philippe Roux

its tectonic implication, Xiangyu Li and
105 Lack of Additional Triggered Tectonic
Chen Ji
Tremor around the Simi Valley and the San
116 Geothermal Pumping and Induced
Gabriel Mountain in Southern California,
Seismicity in Southern California
Hongfeng Yang and Zhigang Peng
Geothermal Fields, Deborah A. Weiser and
106 Analysis of Dynamic Earthquake
Lucile M. Jones
Triggering On the West Coast of the United
117 Using the Cloud Environment for Seismic
States For the El Major-Cucapah and
Networks, Robert W. Clayton, Michael
Haida Gwaii Earthquakes, Rachel L.
Hatch, Adam Arce, and Erik Gutierrez

107 Similarity Search for Continuous Seismic
Data, Ossian J. O’Reilly, Clara E. Yoon,
and Gregory C. Beroza

108 Investigating faults using seismic
interferometry, Eric Matzel
109 SKS Splitting Measurements From
ALBACORE off the coast of Southern
California, Joseph Ramsay, Paul Davis,
and Monica Kohler

110 Unified theory of microseisms and hum,
Peter Gerstoft and James Traer

111 Patterns of Seismic and Aseismic Slip on
Heterogeneous Faults, Yingdi Luo and
Jean-Paul Ampuero

112 Characterizing Train Noise in Southern
California: Implications for Automated
Tremor Detection, Tudor Cristea-Platon,
Justin R. Brown, and Jean-Paul Ampuero

113 Earthquake source tensor inversion with
the gCAP method and 3D Green’s
functions, Jianchang Zheng, Yehuda BenZion, Lupei Zhu, and Zachary Ross

114 Products and Services Available from the
Southern California Earthquake Data
Center (SCEDC) and the Southern
California Seismic Network (SCSN), Ellen
Yu, Prabha Acharya, Aparna Bhaskaran,
Shang-Lin Chen, Faria Chowdhury, and
Kate Hutton

Olson, Mani Chandy, Julian Bunn, Richard
Guy, and Ellen Yu

118 Lack of dynamic triggering of repeating
earthquakes near Parkfield, CA,
Chunquan Wu, Joan Gomberg, Eli BenNaim, and Paul Johnson

119 Extending Seismic Tomography along the
San Andreas Fault to the Lower Crust with
Low Frequency Earthquakes, Clifford
Thurber, Kara McClement, David Shelly,
Danielle Sumy, Ninfa Bennington, Dana
Peterson, Elizabeth Cochran and Rebecca
Harrington

120 Enhanced remote earthquake triggering at
fluid injection sites in the Midwestern
U.S., Nicholas J. van der Elst, Heather M.
Savage, Katie M. Keranen, and Geoffrey A.
Abers

121 Deep long-period earthquakes west of the
volcanic arc in Oregon: Direct evidence of
fluid migration through the forearc mantle
wedge, John E. Vidale, Stephen D.
Malone, Alicia J. Hotovec-Ellis, Seth C.
Moran, K.C. Creager, Heidi Houston, and
David A. Schmidt

122 Supershear Rupture of the 5 January 2013
Craig, Alaska (Mw 7.5) Earthquake, Han
Yue, Thorne Lay, Jeffrey Freymueller,
Kaihua Ding, Luis Rivera, Natalia Ruppert,
and Keith Koper

115 Rupture process of the 29 May, 2013 Mw
4.8 Isla Vista, California earthquake and

Unified Structural Representation (USR)
123 Updating the 3D fault set for the SCEC
Community Fault Model (CFM-v4) and
revising its associated fault database,
Craig Nicholson, Andreas Plesch,
Christopher Sorlien, John Shaw, and Egill
Hauksson

Posters 123-127

125 Comparison of potential-field and
seismic-velocity structure along the
Salton Sea Seismic Imaging Project
transects, northern Salton Trough,
southern California, Victoria E.

126 How much can off-fault deformation
contribute to the slip rate discrepancy
within the Eastern California Shear Zone?
Justin W. Herbert, Michele L. Cooke,
Michael Oskin, Ohilda Difo, and Karl Grette

Langenheim, Daniel S. Scheirer, Gary Fuis, 127 Effect of thrust faults on deformation
within the Eastern California Shear Zone,
Mark Goldman, Rufus Catchings, Trond
Ryberg, and Michael J. Rymer
Karl O. Grette, Justin W. Herbert, Michele
L. Cooke, Jacob A. Selander, and Michael
E. Oskin

124 Stochastic Descriptions of Basin Velocity
Structure from Analyses of Sonic Logs and
the SCEC Community Velocity Model
(CVM-H), John H. Shaw, Andreas Plesch,
and Thomas H. Jordan

Fault Rupture and Mechanics (FARM)
128 Depth extent of large earthquakes and
patterns of microseismicity: implications
from rate-and-state fault models with
enhanced coseismic weakening, Junle
Jiang and Nadia Lapusta

Posters 128-180

129 A Note on the Relation Between Fault
Roughness and Off-Fault Seismicity,
Charles G. Sammis and Stewart W. Smith

130 Fault Damage Zones of the M7.1 Darfield
and M6.3 Christchurch Earthquakes
Characterized by Fault-Zone Trapped

Waves, Yong-Gang Li, Gregory De
Pascale, Mark Quigley, and Darren Gravely

131 Distribution of deformation in a dextral
fault-tip damage zone revealed from
neotectonic mapping and high-resolution
ALSM topography, Jacob A. Selander and
Michael E. Oskin
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132 Effect of postseismic creep on earthquake
triggering, Ka Yan Semechah Lui and
Nadia Lapusta

133 The November 2011 M5.7 Oklahoma
Earthquake: Induced or Triggered?
Danielle F. Sumy, Elizabeth S. Cochran,
and Fred Aminzadeh

134 Earthquake Clustering and Triggering of
Large Events in Simulated Catalogs,
Jacquelyn J. Gilchrist, James H. Dieterich,
and Keith Richards-Dinger

135 Grain fragmentation in sheared granular
flow: weakening effects, energy
dissipation, and strain localization,
Charles K. Lieou, Ahmed E. Elbanna,
James S. Langer, and Jean M. Carlson

136 Finite difference modeling of rupture
propagation under velocity-dependent
friction and thermal weakening
processes, Otilio J. Rojas, Adelis C.
Nieves, Jaime A. Parada, and Steven M.
Day

137 Variable low-velocity rate-weakening at
the base of the seismogenic zone and
within isolated rate-weakening patches
and its influence on slip instability
development and earthquake nucleation,
Robert C. Viesca

138 Migration of the deforming zone during
seismic shear and implications for field
observations, dynamic weakening, and
the onset of melting, John D. Platt and
James R. Rice

139 The role of Coulomb stress changes in
allowing rupture of frictionally strong,
orthogonally oriented faults, William D.
Barnhart

140 Modeling the Effect of Strain Localization
and Temperature on Frictional Response
of Fault Gouges, Rui Li and Ahmed Ettaf
Elbanna

141 Laboratory and numerical investigations
of frictional properties of gabbro at low
normal stress and elevated temperatures,
Erica K. Mitchell, Kevin M. Brown, and Yuri
Fialko

142 Detecting the frictional temperature rise
during the 2011 Tohoku Earthquake using
the thermal maturity of biomarkers,
Hannah S. Rabinowitz, Heather M.
Savage, Pratigya J. Polissar, Terry A.
Plank, Christie D. Rowe, and James D.
Kirkpatrick

143 Low Coseismic Friction on the Tohoku
Fault Determined from Subsurface
Temperature Measurements, Patrick M.
Fulton, Emily E. Brodsky, Yasuyuki Kano,
James Mori, Frederick Chester, Tsuyoshi
Ishikawa, Robert N. Harris, Weirin Lin,
Nobu Eguchi, and Sean Toczko

144 Experimental investigation of high-speed
frictional properties of thick, water
saturated gouge layers: What role for
aquathermal pressurization? Kevin M.
Brown and Yuri Fialko

145 Earthquake Nucleation and Propagation
on Rate and State Faults: Single vs Two
State Variables Formulation and Evolution
by Kato-Tullis law, Xiao Ma and Ahmed E.
Elbanna

146 Dynamics of anti-plane shear ruptures
with off-fault plasticity, Ahmed E.
Elbanna and Ralph Archuleta

147 Can supershear earthquakes occur under
low overall levels of shear prestress? Vito
Rubino, Nadia Lapusta, and Ares J.
Rosakis

nonuniformly discretized rectangular
planar fault, Andrew M. Bradley
161 Biases in the Coseismic Slip Models of
Shallow Subduction Earthquakes Induced
by Using Elastic Green’s Functions, Qian
Yao and Shuo Ma

162 Internal structure of the shallow Japan
Trench décollement: insights into the
long-term evolution of the margin and
coseismic slip processes, Jamie
Kirkpatrick, Kohtaro Ujiie, Toshiaki
Mishima, Fred Chester, Christie Rowe,
Christine Regalla, Francesca Remitti,
Casey Moore, Virginia Toy, Jun Kameda,
Santanu Bose, and Monica WolfsonSchwehr

148 The SCEC-USGS Dynamic Earthquake
Rupture Code Verification Exercise –
Recent Progress, Ruth A. Harris
149 Rupture and Ground Motion Models on the
Claremont-Casa Loma Stepover of the San 163 Exploring Breakdown Energy in
Simulations of Earthquake Sequences,
Jacinto Fault, Incorporating Complex Fault
Stephen M. Perry and Nadia Lapusta
Geometry, Stresses, and Velocity
164 Deterministic Models of Aftershocks,
Structure, Julian C. Lozos, Kim B. Olsen,
David D. Oglesby, and James N. Brune

150 Dynamic rupture and ground motion
simulations with slip reactivation of the
the 2011 Mw 9.0 Tohoku earthquake, Luis
A. Dalguer and Percy Galvez

151 Towards an Adaptive and High-Order
Accurate Numerical Method for
Earthquake Rupture Dynamics in Complex
Geometries, Jeremy E. Kozdon and Lucas
C. Wilcox

152 Linking initial stress states of dynamic
rupture models of large earthquakes to
the tectonics of source regions, Benchun
Duan

153 A 2D Pseudo-Dynamic Rupture Model
Generator for Earthquakes on
Geometrically Complex Faults, Daniel T.
Trugman and Eric M. Dunham

154 Rupture Dynamics and Ground Motion
from Earthquakes on Rough Faults in
Heterogeneous Media, Samuel A. Bydlon,

Bruce E. Shaw, Keith B. Richards-Dinger,
James H. Dieterich, and Heming Xu

165 Analysis of period-dependent source
process of the 2011 Tohoku earthquake
using telesesmic body-wave data,
Hisahiko Kubo, Tomotaka Iwata, and
Kimiyuki Asano

166 M -6 laboratory earthquakes driven by
aseismic slip, Gregory C. McLaskey, Brian
D. Kilgore, Nicholas M. Beeler, and David
A. Lockner

167 Spatio-temporal evolution of the March 11
2013 Mw4.7 earthquake sequence in the
Anza section of the San Jacinto fault,
Gavin M. Rinaldo, Xiaofeng Meng, and
Zhigang Peng

168 Low Velocity Zones along the San Jacinto
Fault in Southern California Inferred From
High-Frequency Body Waves of Local
Earthquakes, Zefeng Li, Hongfeng Yang,
Zhigang Peng, Yehuda Ben-Zion, and
Frank Vernon

169 Non-central principal component analysis
of geochemical data and clay mineralogy
from the San Jacinto fault in southern
Heming Xu, Yifeng Cui, Dong Ju Choi,
California: a new method to assess
Efecan Poyraz, Keith Richards-Dinger, and
alteration intensity in fault zones, Brian G.
Jeremy E. Kozdon, and Eric M. Dunham

155 Large-Scale Earthquake Rupture
Simulations Using a Hybrid Method,
James H. Dieterich

156 Earthquake ruptures modulated by faultzone waves, Yihe Huang, Jean-Paul
Ampuero, and Don Helmberger

157 Properties of pulse-like ruptures induced
by slip-proportional backstress controlled
by fault roughness, Franklin Koch and
Jean-Paul Ampuero

158 Earthquakes that Violate Self-Similarity
Scaling Laws: Possible Explanations from
Kinematic and Quasi-dynamic
Simulations, Bryan Riel and Jean-Paul
Ampuero

159 Imaging moderate earthquake ruptures
with back-projection of seismic arrays
data, Xin Liu and Yehuda Ben-Zion
160 dc3dm: Software to efficiently form and
apply a 3D DDM operator for a

Rockwell, Gary H. Girty, and Thomas K.
Rockwell

170 Suppression of strike-slip fault systems
by crustal heterogeneities, Ivy S. Curren
and Peter Bird

171 Segmentation and step-overs along strike
slip fault systems in the inner California
borderlands: Implications for fault
architecture and basin formation, Jillian
M. Maloney, Neal W. Driscoll, Graham M.
Kent, and Daniel S. Brothers

172 Strain Localization in the Coulomb Wedge
and the Stabilizing Role of Fluids: A New
Splay Faulting Model in the Shallow
Subduction Zone, Evan T. Hirakawa and
Shuo Ma

2013 SCEC Annual Meeting | 87

POSTER PRESENTATIONS
earthquake, Chris W. Milliner, James
173 The transition from brittle faulting to
176 Seismic off-fault activity, fault roughness
Hollingsworth, James Dolan, Sebastien
thermally-activated cataclasitic flow in
and evolution during laboratory stick-slip
Leprince, and Francois Ayoub
sandstone as a function of pore fluid
experiments, Thomas H. Goebel, Thorsten
179
What can small earthquakes tell us about
W.
Becker,
Thibault
Candela,
Georg
pressure: Laboratory constrains on the
fault slip? Is less more? Justin R. Brown
Dresen, Charles G. Sammis, and Danijel
effective pressure law at the seismogenic
Schorlemmer
180 The energy budget of a fault, Elizabeth H.
depths, Taka Kanaya and Greg Hirth
Madden, Michele L. Cooke, and Jessica
177 Snap, crackle, pop: dilational fault
174 An invasion percolation model for
McBeck
breccias record seismic slip below the
earthquakes with applications to fracking,
brittle-plastic
transition,
Ben
L.
Melosh,
J. Quinn Norris, Don Turcotte, and John
Christie D. Rowe, Conrad Groenewald,
Louis Smit, and Christopher W. Lambert

Rundle

175 Slow stick–slip of serpentinite as a
possible mechanism of slow earthquakes,
Keishi Okazaki, Ikuo Katayama, and Miki
Takahashi

178 Factors controlling shallow co-seismic
deformation: Quantifying distributed coseismic deformation of the 1992 Landers

Stress and Deformation Over Time (SDOT)

Posters 181-193

181 End-User Application for Generating
186 Tectonic Evolution of Transpressional
191 Viscoelastic Perturbations to the southern
Stochastic Stress, with Applications to the
Fault Systems, Mark R. Legg
California GPS Velocity Field: Insights from
Community Stress Model, Special Fault
earthquake-cycle models with finite
187 Toward More Accurate Benchmarks and
Study Areas, and Dynamic Rupture
ruptures and viscous shear zones,
Fault Slip Inversions: Issues Encountered
Elizabeth H. Hearn
Modeling, Deborah E. Smith and Steven
When Comparing Analytical Solutions With
192 The Rheology of Lower Crustal Shear
Golden
FEM Results, Charles A. Williams and
Zones: Implications for crustal stress and
Susan Ellis
182 The SCEC Community Stress Model web
interpretation of post-seismic creep, Greg
site – v.0.1, John Yu, Thorsten W. Becker, 188 Reconciling geological and geodetic
Jeanne Hardebeck, and SCEC CSM
Hirth
models of interseismic deformation in
Working Group
193 Modeling the effect of weakening on the
Southern California, Simon D. Daout,
183 Topographic stress fields and their
structure of ductile shear zones, Rachel
Sylvain Barbot, Yuri Fialko, Zhen Liu, and
influence on faulting, Richard H. Styron
Paul Tapponnier
C. Lippoldt, Thorsten W. Becker, and John
P. Platt
and Eric A. Hetland
189 Geodetic estimates of shortening rates
184 Toward constraining absolute stress in
and vertical motion in the Western
southern California, Karen M. Luttrell,
Transverse Ranges, Kaj M. Johnson, W.C.
Bridget R. Smith-Konter, and David T.
Sandwell

185 Analog Modeling of Restraining Bends: A
Study of Strike-Slip Fault Evolution, Alex
E. Hatem, Elizabeth H. Madden, and
Michele L. Cooke

Hammond, R.J. Weldon, G. Blewitt, and R.
Burgette

190 Sixty years of viscoelastic stress transfer
across the North Anatolian fault, Phoebe
Robinson DeVries and Brendan J. Meade

Community Modeling Environment (CME)
195 Running CyberShake Seismic Hazard
Workflows on Distributed HPC Resources,
Scott Callaghan, Philip Maechling, Gideon
Juve, Karan Vahi, Robert W. Graves, Kim
B. Olsen, David Gill, Kevin Milner, John Yu
and Thomas H. Jordan

196 Accelerating CyberShake Calculations on
Petascale Heterogeneous
Supercomputers, Yifeng Cui, Efecan
Poyraz, Jun Zhou, Scott Callaghan, Philip
Maechling, Thomas Jordan, Liwen Shih
and Po Chen

197 UCVM: An Open Source Framework for 3D
Velocity Model Research, David Gill, Phil
Maechling, Thomas Jordan, Andreas
Plesch, Ricardo Taborda, Scott Callaghan,
Patrick Small

Posters 195-202

198 Full-3D waveform tomography of Southern
Octree-based Hercules Tool-chain,
Leonardo Ramirez-Guzman
California crustal structure by using
earthquake recordings and ambient noise 201 Tracing the Monterey Micro Plate towards
the Isabella Anomaly using Receiver
Green’s functions based on adjoint and
Functions and Tomography, Paul Cox and
scattering-integral methods, En-Jui Lee,
Po Chen, Thomas H. Jordan, Philip J.
Maechling, Marine Denolle, and Gregory
C. Beroza

199 An optimized parallel LSQR algorithm for
large-scale full-wave tomography based
on the scattering-integral method, Po
Chen, En-Jui Lee, He Huang, John Dennis,
and Wang Liqiang

200 3D Reciever Green's Tensors and Green
Function Database Construction Using the
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Paul Davis

202 Comparison of Observed Spatio-temporal
Aftershock Patterns with Earthquake
Simulator Results, Kayla A. Kroll, Keith B.
Richards-Dinger, and James H. Dieterich
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Ground Motion Prediction (GMP)
203 Large collaborative simulated ground
motions validation using the SCEC
BroadBand Platform, Christine A. Goulet,
Norman Abrahamson, Fabio Silva, Kathryn
E. Wooddell, Feng Wang, Paul G.
Somerville, Philip J. Maechling, John G.
Anderson, Ralph J. Archuleta, Karen
Assatourians, Gail M. Atkinson, Jeff R.
Bayless, Jorge Crempien, Steven M. Day,
Carola Di Alessandro, Douglas S. Dreger,
Robert W. Graves, Kim B. Olsen, and
Rumi Takedatsu

204 Using the Broadband Platform for Strong
Ground Motion Simulation and Validation,
Fabio Silva, Philip J. Maechling, Christine
Goulet, Paul Somerville, Thomas H.
Jordan, and Broadband Platform Working
Group

205 SCEC Broadband Platform (BBP) Phase 1
Ground Motion Simulation Results: SDSU
Module, Kim B. Olsen and Rumi
Takedatsu

206 Validation Study of Stochastic Finite Fault
Module (EXSIM) Implemented in SCEC
Broadband Platform, Karen Assatourians
and Gail Atkinson

207 Broadband Ground Motions That Include
Correlated Parameters and Complete
Green’s Functions from Kinematic
Ruptures on Finite Faults, Jorge
Crempien, Qiming Liu, Daniel Lavallee,
and Ralph J. Archuleta

208 Initial Implementation of the Composite
Source Model on the SCEC Broadband
Platform, John G. Anderson
209 Evaluation of Broadband Platform and
Ground Motion Simulation Results,
Douglas S. Dreger, Gregory C. Beroza,
Steven M. Day, Christine A. Goulet,
Thomas H. Jordan, Paul A. Spudich, and
Jonathan P. Stewart

210 Behavior of Multiple Broadband Ground
Motion Simulation Techniques for a Suite
of Earthquake Scenarios Using Multiple
Rupture Model Generators on the SCEC
Broadband Platform, Jeff R. Bayless and
Paul G. Somerville

211 Estimating site and path effects on the
ground motion sigma from the empirical
residuals of a NGA West 2 model and from
the simulated data of the CyberShake
platform, Manuela Villani and Norman
Abrahamson

212 Investigation of Ground Motions in the
Vicinity of Geometrical Fault Complexity,

Posters 203-236
213 Understanding the Magnitude Dependence 225 A 3D seismic velocity model of
Canterbury, New Zealand for broadband
of PGA and PGV: A look at differences
ground motion simulation, Robin L. Lee,
between mainshocks and aftershocks in
Brendon A. Bradley, Jarg R. Pettinga,
the NGA-West2 data and ground motion
Matthew W. Hughes, and Robert W.
from small magnitude Anza data,
Annemarie S. Baltay and Thomas C.
Hanks

214 Using the Averaging-Based Factorization
to Assess CyberShake Hazard Models,
Feng Wang, Thomas H. Jordan, Scott
Callaghan, Robert Graves, Kim B. Olsen,
and Philip Maechling

215 Equivalent Point-Source Modeling of
Moderate-to-Large Magnitude
Earthquakes and Associated GroundMotion Saturation Effects, Emrah Yenier
and Gail M. Atkinson

216 Incorporating Seismic Attenuation in
Strong Ground Motion Applications,
Michael E. Pasyanos and Arben Pitarka

217 The Shakeout earthquake scenario with
plasticity, Daniel Roten, Kim B. Olsen,
Steven M. Day, and Donat Fäh

218 Statistics of velocity structure in the Los
Angeles Area, William H. Savran, Kim B.
Olsen, and Bo H. Jacobsen

Graves

226 Systematic ground motion observations in
the 2010-2011 canterbury earthquakes,
Brendon A. Bradley

227 Pseudo-dynamic source modeling with 1point and 2-point statistics of earthquake
source parameters, Seok Goo Song, Luis
Angel Dalguer, and P. Martin Mai

228 Validation of simulated ground motions
based on evolution of intensity and
frequency content, Sanaz Rezaeian, Peng
Zhong, and Farzin Zareian

229 3-D dynamic analysis of precariously
balanced rocks under earthquake
excitation, Swetha Veeraraghavan and
Swaminathan Krishnan

230 Field Review of Fragile Geologic Feature
Studies in Southern California, Mark W.
Stirling and Dylan H. Rood

231 Verification and validation of the RANS
simulation methodologies and
SysFault_V12M software for ground
motion simulation. PART II.
Documentation for software, Alexander S.

219 Long Period (T>1 sec) ShakeOut Rupture
Simulations in Alternative 3D Seismic
Velocity Models, Robert W. Graves
220 Forecasting earthquake potential damage:
Bykovtsev and Kasimov Marat
accounting for supershear earthquake
232 Assessing IRSL contributions to OSL
rupture, Daniel Lavallee, Jan Schmedes,
signal contamination with the composition
and Ralph J. Archuleta
test in tectonic contexts, Michael J.
221 Nonlinear site response: Validation
Lawson, Steven Okubo, Jillian T.M.
Daniels, Chris McGuire, and Edward J.
exercises on site-specific and regional
Rhodes
scales, Dominic Assimaki, Jian Shi, and
233 A Vs30 Map for California incorporating
Ricardo Taborda
Geology, Topography, and In Situ
222 Maximum Future and Past Peak Ground
Measurements, Eric M. Thompson, David
Velocity (PGV) within Greater Los Angeles
J. Wald, C.B. Worden, and Chloe
Basins from San Andreas Events: Scaling
Gustafson
Relationships, Norman H. Sleep and
234
Preliminary Results on Evaluating
Brittany A. Erickson
Measured- and Estimated-VS30 Values,
223 Large Virtual Earthquakes on the San
Andreas Fault, Marine A. Denolle, Eric M.
Dunham, German A. Prieto, and Greg C.
Beroza

224 Comparison of 3D and 1D Wave
Propagation Effects in the San Francisco
Bay Area on Simulated Long Period
Ground Motion from the 1989 Loma Prieta
Earthquake, Arben Pitarka, Arthur J.
Rodgers, Anders Petersson, and Bjorn
Sjogreen

Alan Yong

235 A new site-conditions map of Southern
California based on geology and slope,
Chris J. Wills and Carlos Gutierrez

236 Comparison between Observed and
Simulated of Interstation Green's
Functions in the Osaka Sedimentary
Basin, Japan, Kimiyuki Asano, Tomotaka
Iwata, Haruko Sekiguchi, Kazuhiro Somei,
Ken Miyakoshi, Shin Aoi, and Takashi
Kunugi

Kathryn E. Wooddell, Douglas S. Dreger,
and Norman A. Abrahamson
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Earthquake Engineering Implementation Interface (EEII)
237 The Community Seismic Network and
Quake-Catcher Network: Monitoring
building response to earthquakes through
community instrumentation, Monica D.
Kohler, Ming Hei Cheng, Thomas Heaton,
Robert Clayton, Mani Chandy, Elizabeth
Cochran, and Jesse Lawrence

238 Fully Coupled Models of (Idealized)
Buildings and Seismic Waves from
Earthquakes, Alex Kinsella and Eric M.

Posters 237-240
240 Proposed parameters for the engineering
validation of ground motion simulations,
Lynne S. Burks and Jack W. Baker

Dunham

239 Tall building response to simulated pulselike ground motions, Ting Lin, Nenad
Bijelic, and Gregory Deierlein

Summer Undergraduate Research Experience (SURE)
241 A Virtual Field Excursion to Pallett Creek A New Educational Product of the San
Bernardino County Museum's Hall of
Geological Wonders Discover Your
Backyard Field Guide Series, Michelle J.
Vanegas, Kathleen Springer, Robert M. de
Groot, and Eric Scott

242 A Testbed for Modernizing Active Earth
Monitor by Replacing Flash with HTML5
and Development of the San Andreas Fault
Content set for Public Displays, Edgar

243 New Trenching Extends Previous Record
of Paleoseismic Events on the Claremont
Fault at Mystic Lake, San Jacinto Fault
Zone, California, Sally F. McGill, Matthew
J. Warbritton, Nathan W. Onderdonk, and
Thomas K. Rockwell

244 Preliminary Report on Paleoseismic
Investigation of Offset Channel Sieh31 in
the Carrizo Plain, California, Daniel
Halford, Sinan Akciz, Lisa Grant Ludwig,
Gayatri I. Marliyani, James B. Salisbury,
Emily J. Kleber, and Ramon Arrowsmith

Chu, Russ Welti, Grace Hwang, Derek
Hoang, Kevin Chan, Patrick McQuillan,
Robert de Groot, Kathleen Springer and
Bob Lillie

Posters 241-246
245 Mendenhall Glacier (Juneau, Alaska)
icequake seismicity and its relationship to
the 2012 outburst flood and other
environmental forcing, Paul M. Morgan,
Jacob I. Walter, Zhigang Peng, Jason
Amundson, and Xiaofeng Meng

246 Tectonic tremor and brittle seismic events
triggered along the Eastern Denali Fault in
northwest Canada, Jessica P.
Zimmerman, Chastity Aiken, and Zhigang
Peng

Communication, Education, & Outreach (CEO)
247 Northridge: 20 years later – a educational
web portal created for the 20th
anniversary of the Northridge earthquake
and beyond, Kathleen Springer, Erin
Burkett, Robert W. Graves, Kenneth
Hudnut, Lucile Jones, SCEC UseIT Interns
2013, Robert de Groot, Mark Benthien,
Mark Romano and Eric Scott

Posters 247-250

Partita, Guadalupe Rowley, Kathleen
249 Vital Signs of the Planet: A Professional
Springer, Joann Stock, Danielle Sumy,
Development Program for High School and
Mark Swift, Margaret Vinci, Alice Wessen,
Middle School Science Teachers Provides
Jerry Young and Rachel ZimmermanTeachers with Authentic Experiences in
Brachman
Scientific Inquiry and Encourages
250 Association of Pacific Rim Universities
Instructional Improvement in Schools
Multihazards Program: Partnering for
Through Lesson Study, Bernadette E.
Global Solutions, John B. Rundle, Takako
Vargas, Helen Corral-Bonner, Alfonso
Barrientos, Sandy Calonge, Elizabeth
Cochran, Nagin Cox, Robert M. de Groot,
Rhonda Fuller, Adrian Gamez, Matthew
Golombek, Paul Gonzales, Kristin Holland,
Kevin Hussey, Jane Houston Jones, Daniel
Keck, Mark Kline, Sally McGill, Paula

248 Data and Feature Enhancements to the
NEES@UCSB Data Portal, Matthew Cook,
Jamison Steidl, Paul Hegarty, Zack
Babtkis, Andrew Lo, and Francesco Civilini

Izumi, Yuichi Ono, Chris Tremewan, Hugo
Romero, Fumihiko Imamura, Jay Piggot,
Akira Mano, Tao Chen, Harold Yih-Chi
Tan, Panitan Lukkunaprasit Teruyuki Kato,
and Kuniyoshi Takeuchi

Earthquake Forecasting & Predictability (EFP)
251 Forecasting California Earthquakes Using
Historical Patterns of Events and Virtual
California Simulations, Michael K. Sachs,
John B. Rundle, Eric Heien, Donald
Turcotte, Burak Yikilmaz, and Louise
Kellogg

252 1/f and the Earthquake Problem: Scaling
constraints to facilitate operational
earthquake forecasting, Mark R. Yoder,

Posters 251-262

255 Extracting large earthquake probabilities
259 Revisiting the Historical Earthquake
from small-quake tidal-correlations, Karin
Catalog in Northern California, Susan E.
A. Dahmen, Braden A.W. Brinkman,
Michael LeBlanc, Yehuda Ben-Zion, and
Jonathan Uhl

256 Global Earthquake Activity Rate models
based on version 2 of the Global Strain
Rate Map, Peter Bird, Cornelis W.

John B. Rundle, and Margaret T. Glasscoe

Kreemer, Yan Y. Kagan, and David D.
Jackson

257 Pulverization provides a mechanism for
253 The Effects of Static Coulomb Stress
the nucleation of earthquakes at low
Change on Southern California Earthquake
stress on strong faults, Karen R. Felzer
Forecasting, Anne E. Strader and David D.
Jackson
258 Anthropogenic Seismicity Rates and
Operational Parameters at the Salton Sea
254 Time-independent earthquake rates for
Geothermal Field, Emily E. Brodsky and
the western US, excluding California,
Morgan P. Moschetti
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Lia Lajoie

Hough and Stacey Martin

260 Signatures of Delayed Dynamic
Triggering, Andrew A. Delorey, Paul A.
Johnson, Kevin Chao, and Kazushige
Obara

261 A New Methodology for Dynamic Network
Identification in Seismicity, João Felipe S.
Melo and Ahmed Elbanna

262 Rupture Synchronicity in Complex Fault
Systems, Kevin R. Milner and Thomas H.
Jordan

POSTER PRESENTATIONS

Collaboratory for the Study of Earthquake Predictability (CSEP)
263 An Update on the Collaboratory for the
Study of Earthquake Predictability
Activities, Maria Liukis, Danijel
Schorlemmer, John Yu, Philip Maechling,
Jeremy Zechar, Maximilian Werner,
Thomas H. Jordan and the CSEP Working
Group

264 Long-term Testing of an Operational
Earthquake Forecast Model for

Canterbury, New Zealand, Matthew C.
Gerstenberger, David Rhoades, Masha
Liukis, and Annemarie Christophersen
265 Multiplicative hybrids of models from the
five-year RELM experiment, David A.
Rhoades, Matthew C. Gerstenberger,
Annemarie Christophersen, Jeremy D.
Zechar, Danijel Schorlemmer, Maximilian
J. Werner, and Thomas H. Jordan

Working Group on California Earthquake Probabilities (WGCEP)
268 Investigation Of Fault-To-Fault Predictions 269 Fault System Connectivity and the 3rd
And Results From UCERF3, Glenn P. Biasi
Uniform California Earthquake Rupture
Forecast (UCERF3), Morgan T. Page,

Posters 263-267
266 Short-Term Earthquake Predictability in
California, Maximilian J. Werner, Agnes
Helmstetter, David D. Jackson, and Yan Y.
Kagan

267 Analyzing the evolution of total and
anomalous strain in Southern California
following the 2010 El Mayor-Cucapah
Earthquake, Gina Shcherbenko and
William Holt

Posters 268-270
270 The UCERF3 logic tree: Exploring
computations and correlations using
PSHA, Peter M. Powers

Edward H. Field, and Kevin R. Milner

Earthquake Early Warning (EEW)
271 Real-time inversion for finite fault slip
models and rupture geometry based on
high-rate GPS data, Sarah E. Minson,
Jessica R. Murray, John O. Langbein, and
Joan S. Gomberg

272 Transient gravity changes induced by
earthquake rupture and implications for
early warning, Jean-Paul Ampuero, Jan
Harms, and Surendra Nadh Somala

Posters 271-276
273 From Scaling Relationships to NearSource Tsunami Models: Complete
Characterization of Ground Motion and
Earthquake Hazards with Seismogeodesy,
Diego Melgar, Brendan W. Crowell,
Jianghui Geng, Yehuda Bock, and Jennifer
S. Haase

274 Testing the Rapid Detection Capabilities of
the Quake-Catcher Network, Angela I.

275 Estimating Seismic Intensity for Mid- to
High-rise Buildings in Earthquake Early
Warning Systems, Ming Hei Cheng,
Thomas H. Heaton, and Robert W. Graves

276 CISN Testing Center ShakeAlert
Performance Summaries, Philip J.
Maechling, Maria Liukis, Thomas H.
Jordan, and CISN ShakeAlert Working
Group

Chung, Elizabeth S. Cochran, Battalgazi
Yildirim, Carl Christensen, Anna E. Kaiser,
and Jesse F. Lawrence

Undergraduate Studies in Earthquake Information Technology (UseIT)
277 SCEC UseIT Program: Documenting the
2013 Grand Challenge and Intern
Experience, Sarah Vargas, Benjamin
Anderson, David Bolen, Jonathan Ho, Nick
Rousseau, Mark Romano, Dave Smith,
Tom Jordan, John Yu and Robert de Groot

278 SCEC UseIT Program: Visualizing Basin
Depths, Site Effects from VS30 and HAZUS
Events while improving usability and
optimizing SCEC-VDO, Taylor Hellam, Anta
Imata Safo, Diego Furtado, Jeremy Chen,
May L. Forssen, Miguel Villasana, Dave
Smith, Kevin Milner, Scott Callaghan, Nick
Rousseau, Thomas Jordan, and Robert de
Groot

Posters 277-280

279 SCEC-VDO, GIS, and OpenSHA
Implementation for the UseIT 2013 Grand
Challenge, Kimberly A. Gloersen, Miguel
Frias-Rodriguez, Ngoc Kiem, Ryan Meier,
Matthew Rieman, Kelvin Vasquez, Yao-Yi
Chiang, Nick Rousseau, Robert de Groot,
and Thomas Jordan

280 SCEC USEIT Program: Implementing GIS,
UCERF3, and OpenSHA data in SCEC-VDO,
Hannah Shamloo, Lindsay Arvin, Karina
Novoa, Dan Philo, Ani Pytlewski, Jing
Yuan, Kevin Milner, Scott Callaghan, Dave
Smith, Nick Rousseau, Yao Yi Chiang,
Thomas Jordan and Robert de Groot
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Meeting Abstracts
Strain-Rate Changes Triggered by Local and Regional Earthquakes?
Strainmeter Observations in the Anza Section of the San Jacinto Fault,
Duncan C. Agnew, Frank K. Wyatt, Billy Hatfield, and Kathleen
Hodgkinson (Poster 053)
The Anza segment of the San Jacinto Fault in southern California has not
had a large earthquake in the last 200 years, longer than for any other
part of this fault. From 1934 through 2000, there was only one
earthquake of magnitude 5 or above in this region, in 1980; since 2001
there have been three (in 2001, 2005, and 2010). On March 11 (day 70)
2013, a magnitude 4.7 event occurred in this area. Immediately following
this earthquake, changes in long-term strain rates were observed both on
the PBO borehole strainmeters (BSM's) that were installed in the region
in 2006-2007, and also on the longbase laser strainmeters (LSM's) that
have operated at Pinon Flat Observatory (PFO) since well before the
PBO.
At PFO the BSM (B084) is located inside the area enclosed by the LSM's.
Both instruments show a similar increase in the fault-parallel shear strain
following the earthquake: note that the LSM result comes from
combining results from two completely independent systems. The BSM
and LSM shears also show several episodes of more rapid slip lasting for
1-2 hr. Agreement in other components is not as good; in particular, the
NW-SE LSM shows little change, which is not the case for the faultnormal shear on the BSM. Postseismic strain changes were observed on
other PBO BSM's in the Anza area, though in some cases with
significantly different time behavior.
The LSM's at PFO have shown a similar response following the El-Mayor
Cucapah earthquake in 2010, and earlier Anza-area shocks in 2005 (mag
5.2) and 2001 (5.0) -- though not following a magnitude 5.4 in 2010. The
latter, and the El-Mayor/Cucapah earthquake, also caused strain
changes at many of the BSM's.

PageRank for Low Frequency Earthquake Detection, Ana C. Aguiar and
Gregory Beroza (Poster 089)
We have analyzed Hi-Net seismic waveform data during the April 2006
tremor episode in the Nankai Trough in SW Japan using the
autocorrelation approach of Brown et al. (2008), which detects low
frequency earthquakes (LFEs) based on pair-wise waveform matching.
We have generalized this to exploit the fact that waveforms may repeat
multiple times, on more than just a pair-wise basis. We are working
towards developing a sound statistical basis for event detection, but that
is complicated by two factors. First, the statistical behavior of the
autocorrelations varies between stations. Analyzing one station at a time
assures that the detection threshold will only depend on the station being
analyzed. Second, the positive detections do not satisfy "closure." That
is, if window A correlates with window B, and window B correlates with
window C, then window A and window C do not necessarily correlate
with one another. We want to evaluate whether or not a linked set of
windows are correlated due to chance. To do this, we map our problem
on to one that has previously been solved for web search, and apply
Google’s PageRank algorithm. PageRank is the probability of a “random
surfer” to visit a particular web page; it assigns a ranking for a webpage
based on the amount of links associated with that page. For windows of
seismic data instead of webpages, the windows with high probabilities
suggest likely LFE signals. Once identified, we stack the matched
windows to improve the SNR and use these stacks as template signals to
find other LFEs within continuous data. We compare the results among
stations and declare a detection if they are found in a statistically
significant number of stations, based on multinomial statistics. We
compare our detections using the single-station method to detections
found by Shelly et al. (2007) for the April 2006 tremor sequence in
Shikoku, Japan. We find strong similarity between the results, as well as
many new detections that were not found using templates from known
LFEs. This approach should improve our ability to detect LFEs within
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weak tremor signals where they are not already identified, and should be
broadly applicable to earthquake swarms and sequences.

Seismic velocity structure in the Hemet Stepover and Trifurcation Areas
of the San Jacinto Fault Zone from double-difference earthquake
tomography, Amir A. Allam, Yehuda Ben-Zion, Frank L. Vernon, and Ittai
Kurzon (Poster 094)
We present tomographic images of crustal velocity structures in the
Hemet Stepover and Trifurcation areas of the San Jacinto Fault Zone
(SJFZ) based on double-difference inversions of earthquake arrival times.
We discretize both regions with a horizontal 250m grid spacing and a
vertical 500m spacing within 50km by 50km by 20km volumes. We invert
for VP, VS, and hypocenter location using data from 16064 earthquakes
recorded at 136 stations. In total, we use 266,969 P and 148,249 S
arrivals to constrain the seismic velocity structures in the two regions.
With large numbers of both arrivals, we are able to obtain images of VP
and VS at similar resolutions, enabling us to make spatial maps of and
interpret the VP/VS ratios. Though ray coverage is limited at shallow
depths, we obtain high-fidelity images of seismic velocities from 2 to 12
km, and validate the results using checkerboard tests. The tomographic
images indicate that the velocity of the trifurcation area as a whole is
lower than adjacent unfaulted material. We interpret a 4km-wide low
velocity zone in the trifurcation itself as fault zone damage related due to
high VP/VS ratio. We also observe clear velocity contrasts across the
Buck Ridge, Clark, and Coyote Creek segments of the SJFZ. The Anza
segment of the SJFZ, to the NW of the trifurcation area, displays a strong
(up to 27%) contrast of VS from 2km to 9km. In the Hemet Stepover, a
low velocity zone between the Claremont and Casa Loma Strands
narrows with depth, with clear velocity contrasts observed across both
segments. A roughly 10km-wide zone of low velocity and low VP/VS ratio
at the NW tip of the Hot Springs fault is indicative of either
unconsolidated sediments associated with the San Jacinto basin, or
fluid-filled cracks within a broad deformation zone. Relocated seismicity
tends to align with the surface traces of the various fault strands, though
it is offset to the northeast of the Casa Loma-Clark strand and to the
southwest of the Hot Springs fault, possibly indicating dipping fault
structure.

Earthquake early warning: Now, or after the next big quake?, Richard M.
Allen (Talk Wed 08:00)
The science and technology behind earthquake early warning has
developed rapidly over the last 5 years. The 2011 M9 Tohoku-Oki
earthquake was the first major test of Japan's public alert system. Alerts
were issued successfully in the epicentral region, but the extent of the
source was not recognized, resulting in the warnings not being as
widespread as they should have been. In California we now have a
demonstration system delivering alerts to test users, and this system is
currently being extended to the Pacific Northwest. Research is also
underway to better characterize large earthquake ruptures--using seismic
and geodetic observation networks--and integrate this information into
existing point-source systems. Test users are receiving alerts and
developing protocols for taking actions. Some responses have already
been automated, including stopping the BART trains in the Bay Area.
Legislative activity in Sacramento and Washington DC is also moving us
closer to funding a public warning system. In this talk I will summarize the
status of this community effort, and argue that the implementation of a
public early warning system is now inevitable. The only question is
whether there will be the political will to do this before, or immediately
following the next big earthquake.

Transient gravity changes induced by earthquake rupture and
implications for early warning, Jean-Paul Ampuero, Jan Harms, and
Surendra Nadh Somala (Poster 272)
The transient deformation induced by earthquake slip generates
instantaneous changes in the Earth’s gravity field at all distances. This
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provides, in principle, a new means for instantaneous estimation of
source parameters, which could contribute to reduce the blind zone in
earthquake early warning systems for large ruptures. Earthquake-induced
transient gravity changes at regional distances are small compared to the
detection capabilities of conventional sensors. However, technological
advances on gravity sensors in the seismic frequency band are emerging
in the theoretical physics community, driven by the goal of testing
Einstein’s geometric theory of gravity by observing gravitational waves
from astrophysical sources at cosmological distances, e.g. colliding and
exploding stars. Scientists around the world are currently working on
technologies to improve gravity strain meters such as torsion-bar
antennae, or atom interferometers with the ultimate goal to detect
gravitational waves in the frequency range 0.1 Hz to 1 Hz. Whereas it is
expected that the sensitivity required for gravitational-wave detection in
this frequency range will not be developed within the next one or two
decades, the sensitivity to detect terrestrial gravity perturbations caused
for example by fault rupture may be realized much earlier. Here we
present first results obtained from numerical and analytical studies of
gravity perturbations from fault rupture. We find that the transient gravity
perturbation induced by a moment tensor point source in an unbounded
medium, before the arrival of seismic waves to the gravity sensor, is
proportional to the second time integral of the seismic moment, decays
as 1/r^5 and has a distinctive azimuthal dependence. The relevance of
these analytical results is confirmed by conducting spectral element
numerical simulations in more realistic configurations. We show that the
gravity perturbations will be easily visible in gravity strain meters
assuming a strain sensitivity of 10^(-16) / rtHz at 0.1 Hz, i.e. 4 orders of
magnitude less sensitive than required for gravitational-wave detection.
Based on these results, we discuss the possible impact of gravity strain
meters when implemented in earthquake early warning systems.

Initial Implementation of the Composite Source Model on the SCEC
Broadband Platform, John G. Anderson (Poster 208)
The composite source model (Zeng, Anderson, and Yu, 1994, Geophys.
Res. Lett. 21, 725) was proposed for generating calibrated synthetic
strong motion accelerograms useful for engineering applications. A
version has now been implemented on the Broadband Platform (BBP) of
the Southern California Earthquake Center (SCEC). This is part of a SCEC
validation exercise to compare computed ground motions by several
techniques with observed ground motions for a set of selected scenarios,
and also with ground motion prediction equations for magnitude and
distance ranges that are well constrained by data. To generate the
synthetics, a composite source is used for the slip function on the fault,
and synthetic Green's functions calculated for a layered half space are
used for the wave propagation at both low and high frequencies, up to 25
Hz in this application. These are combined using the representation
theorem to create synthetic seismograms from a finite fault. The
composite source is a distribution of overlapping circular subevents
placed at random on the fault surface. The size distribution of the
subevents follows a Gutenberg-Richter distribution. Each subevent
radiates a Brune pulse for the subevent magnitude and subevent stress
drop. In the resulting simulations, the low-frequency agreement is
controlled by the seismic moment, while the high frequencies are
controlled by the subevent stress drop. Calibrations of the subevent
stress drop for the trial events led to selection of a constant value (7.5
MPa) for the initial comparison with other methods, but dependence on
magnitude and/or mechanism should not be ruled out.
The BBP implementation requires standardizing the parameter selection.
One critical element is dealing with the dependence of Q on depth. The
distance dependence of observed spectral shapes requires a very high
frequency-independent component of Q at seismogenic depths but very
low values in the near-surface layers.
The initial BBP version is reasonable in terms of overall bias. However
high frequency Green's functions in flat layers introduce partial shadow
zones at some distances that are more prominent than in observations,
introducing an implementation challenge. Features of the composite
source model that were not implemented for the first version, or that
need additional calibration, include effects of scattering and Q, including
Q for P-waves.

GPS as a high resolution technique for evaluating water resources
available to California, Donald F. Argus, Yuning Fu, and Felix W. Landerer
(Poster 044)
GPS is accurately recording vertical displacements of Earth's surface in
elastic response to seasonal changes in water storage in California.
California's mountains subside up to 12 mm in the fall and winter due to
the load of snow and rain, then rise an identical amount in the spring and
summer when the snow melts, rainwater runs off, and soil moisture
evaporates. GPS resolves the distribution of mass change across
California's physiographic provinces at a resolution of 50 km, better than
inferred using GRACE gravity measurements. Seasonal water oscillations
are large in the Klamath, California Coast, southern Cascade, and Sierra
Nevada mountains, and decrease sharply east into the Great Basin and
west toward the Pacific coast. GPS provides an independent
determination of California water storage, indicating water storage to be
50% larger than in hydrology model NLDAS–Noah, likely due to larger
fluctuations of snow and reservoir water than in the model. Knowing how
water deforms solid Earth will result in a better understanding of GPS
observations of earthquake strain accumulation.

Comparison between Observed and Simulated of Interstation Green's
Functions in the Osaka Sedimentary Basin, Japan, Kimiyuki Asano,
Tomotaka Iwata, Haruko Sekiguchi, Kazuhiro Somei, Ken Miyakoshi, Shin
Aoi, Takashi Kunugi (Poster 236)
The Osaka sedimentary basin in Japan is a Quaternary basin filled by the
Plio-Pleistocene Osaka group, terrace deposits, and alluvium deposits
with thickness of 1 to 3 km over the bedrock, and it is surrounded by
mountain ranges formed by active fault systems. The Uemachi active
fault system also underlies the Osaka urban area. In order to predict
strong ground motions for future events of the Uemachi fault and others,
the detailed basin velocity structure model is indispensable as well as the
detailed source fault models. Another important issue in the Osaka basin
is long-period ground motion caused by huge subduction zone
earthquakes in the Nankai trough since long-period ground motions are
extremely amplified in the sedimentary basin as observed during the
2011 Tohoku earthquake. The velocity structure of the Osaka basin has
been extensively investigated by using various geophysical techniques
such as reflection surveys, microtremor measurements, boring
exploration, and gravity surveys. Based on these surveys and ground
motion simulations for observed moderate events, its 3D basin velocity
structure models have been developed and improved for decades (e.g.,
Kagawa et al., 1993; Horikawa et al., 2003; Iwata et al., 2008; Iwaki and
Iwata, 2011).
The number of available observed events which excited long-period
ground motions are limited. Alternatively, we planned to use interstation
Green's functions approximated by the cross-correlations between two
stations. We temporarily installed velocity sensors at 15 sites inside the
basin to record microtremors continuously from March 2011 to March
2013. The seismic interferometry technique is applied to continuous
microtremor records for retrieving interstation Green's functions. Both
Rayleigh- and Love-wave type signals are identified in the frequency
range 0.1-0.5 Hz (period range 2-10s) at most station pairs. Theoretical
interstation Green's functions are simulated using the FDM and the
present 3D basin velocity structure model. We used the newly developed
three-dimensional velocity structure model for the Osaka basin by
Sekiguchi et al. (2013). The simulation reproduced the observed Green's
functions fairly well, but we found some discrepancy between them for
some station-pairs in terms of travel times. More improvement of the
velocity structure model is still necessary.

Validation Study of Stochastic Finite Fault Module (EXSIM) Implemented
in SCEC Broadband Platform, Karen Assatourians and Gail Atkinson
(Poster 206)
The stochastic finite fault model of Motazedian and Atkinson (2005) and
Boore
(2009),
as
implemented
in
the
EXSIM
program
(www.seismotoolbox.ca) is among the Southern California Earthquake
Center (SCEC) broadband earthquake ground motion simulation
modules. Proper implementation of this module requires validation of the
model input elements. The validation is carried out by pseudo response
spectral (PSA) comparisons of simulations with seven well recorded
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earthquakes in California and Japan as well as ground-motion prediction
equations (GMPEs) from the Next-Generation-Attenuation (NGA) project.
These simulation exercises show that EXSIM simulations’ average
spectral amplitudes (in different period and distance bands) are in very
good agreement with real records and predictions from GMPEs. When
comparing simulations with records from individual earthquakes, the
average error has been within 18% and average absolute error has been
within 82% from observations in all period bands, for the seven events
studied. These statistics reflect implementation using basic regionspecific parameters, with no attempt to fit each earthquake individually.
The important input parameters are the stress parameter and the
attenuation model, and an adjustment to the Brune point-source
spectrum for the sub-events to introduce a “double-corner” apparent
source spectrum effect (Atkinson and Silva, 1997) that improves the
performance of EXSIM at longer periods.
These studies confirm previous conclusions (Motazedian and Atkinson,
2005) that average PSA from EXSIM simulations don’t vary much from
one random slip realization to another. We find that the mean bias is
correctly reproduced using 5 to 10 realizations for large events (M>6.5),
while smaller events may need 10 to 20 realizations. The average bias
computed from an individual earthquake (comparing EXSIM PSA to
recorded PSA), within the 0.1s to 1.0s period band, can be used to infer
an event specific stress parameter. These event-specific stress
parameters vary from 100bars to 240bars for the seven study events in
California and Japan.

Nonlinear site response: Validation exercises on site-specific and
regional scales, Dominic Assimaki, Jian Shi, and Ricardo Taborda (Poster
221)
Our ability to accurately predict nonlinear site effects is inversely
proportional to their complexity and the size of the affected area.
Phenomena such as landslides and liquefaction require elaborate models
that are computationally intense, and need input data from expensive site
characterization studies. Elaborate models thus become prohibitively
costly and inefficient for regional earthquake simulations. As part of
SCEC, we have focused on developing a model that can predict
nonlinear site response in a cost-effective manner, given the scarcity of
input parameters and the computational constraints that broadband
ground motion simulations entail. Our current 1D model can simulate
time-varying amplification effects and co-seismic permanent
deformations at non-liquefiable sites. While it compares in accuracy to
elaborate models, it requires a very small number of input parameters
and is made accessible to the non-expert user. The only necessary input
is shear wave velocity, and decisions on additional parameters such as
attenuation and basic nonlinear properties --if unavailable-- can be made
by the black-box, at the expense of parametric uncertainty reflected on
the response variance.
We here present two validation studies of our model. In the first, we
quantified the model accuracy on the site scale, by comparing surface
predictions to observations at 23 KIK-Net stations that have recorded
several strong events, including the 2011 Tohoku earthquake. Our results
have shown remarkable agreement with observations. Although the
model is computationally efficient for site-specific studies, it is not for
regional simulations, at least not yet. It can, however, be used to develop
site-specific amplification factors. So far, we have used the model to
compute amplification factors at approximately 200 strong motion
stations in SC. In the second study, we are adding these factors in the
Chino Hills scenario by Taborda and Bielak (2012). We purposefully
chose a small event for this step; if we aspire to predict nonlinear effects
for large events, we should first verify that the available tools improve
simulated ground motions for small events. We will quantify this
improvement by comparing the ground motion goodness-of-fit to those
computed using empirical Vs30-based factors. The simulations are in
progress at the time of this submission, but we are hopeful that partial
results will be available at the time of the SCEC annual meeting.

Seamless Synthetic Aperture Radar Archive for Interferometry Analysis,
Scott Baker, Gwen Bryson, Brian Buechler, Charles Meertens, Chris
Crosby, Eric Fielding, Jeremy Nicoll, Choonhan Youn, and Chaitanya Baru
(Poster 049)
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The NASA Advancing Collaborative Connections for Earth System
Science (ACCESS) seamless synthetic aperture radar (SAR) archive
(SSARA) project is a 2-year collaboration between UNAVCO, the Alaska
Satellite Facility (ASF), the Jet Propulsion Laboratory (JPL), and
OpenTopography at the San Diego Supercomputer Center (SDSC) to
design and implement a seamless distributed access system for SAR
data and derived data products (i.e. interferograms). A major milestone
for the first year of the SSARA project was a unified application
programming interface (API) for SAR data search and results at ASF and
UNAVCO (WInSAR and EarthScope data archives) through the use of
simple web services. A federated query service was developed using the
unified APIs, providing users a single search interface for both archives
(http://www.unavco.org/ws/brokered/ssara/sar/search). A command line
client that utilizes this new service is provided as an open source utility
for the community on GitHub (https://github.com/bakerunavco/SSARA).
Further API development and enhancements added more InSAR specific
keywords and quality control parameters (Doppler centroid, faraday
rotation, InSAR stack size, and perpendicular baselines). To facilitate
InSAR processing, the federated query service incorporated URLs for
DEM (from OpenTopography) and tropospheric corrections (from the JPL
OSCAR service) in addition to the URLs for SAR data. This federated
query service will provide relevant QC metadata for selecting pairs of
SAR data for InSAR processing and all the URLs necessary for
interferogram generation. Future development efforts will establish an
InSAR data products repository at UNAVCO.

Understanding the Magnitude Dependence of PGA and PGV: A look at
differences between mainshocks and aftershocks in the NGA-West2 data
and ground motion from small magnitude Anza data, Annemarie S.
Baltay and Thomas C. Hanks (Poster 213)
We build an earthquake-source based model to explain the magnitude
dependence of PGA (peak ground acceleration) and PGV (peak ground
velocity) observable in the NGA-West2 ground motion database and
empirically based ground motion prediction equations (GMPEs). This
simple model is based on a point-source, constant stress drop (Δσ)
Brune model, including the high-frequency attenuation parameter (fmax¬
or κ), random vibration theory (RVT) and a finite-fault assumption. This
simple approach explains the magnitude dependence of PGA and PGV in
the NGA-West2 ground motion data, and matches the GMPEs well.
Using this model as a reference condition, we explore secondary
dependencies, such as the difference in ground motion between
mainshocks and aftershocks, and the magnitude dependence of ground
motion from small magnitude earthquakes. In the NGA-West2 database,
which consists of over 20,000 records of events from 3< M < 8,
mainshocks are defined as Class 1 events, and on-fault aftershocks as
Class 2. By comparing the median ground motion of these events with
our source-based model, we can distinguish overall differences in stress
drop associated with Class 1 vs. Class 2 events. We find that when taken
all together, Class 2 events have slightly lower stress drop than Class 1
events. This suggests that the Class 2 events, on-fault aftershocks, may
be re-rupturing damaged fault areas yielding lower stress drops. We
observe more scatter in this model-based stress drop for the Class 2
events as compared to the mainshocks, similar to what is observed in
seismologically based source studies. We also consider the magnitude
dependence of very small magnitude data, 0<M<3, recorded on the Anza
network of southern California. In order to determine the dependence of
PGA and PGV on magnitude, a consistent magnitude scale is necessary.
Anza data are typically reported with local magnitude, ML, so we make a
theoretically based empirical correction to convert to moment magnitude
M. The small magnitude Anza data display the magnitude dependence
expected given the aforementioned source model, that is, log10 PGA (or
PGV) ~ 1.5 M. This relationship means that the near-site attenuation is
strong, affecting frequencies lower than the expected high corner
frequencies of these events, implying that accurately measuring corner
frequency, and hence stress drop, from these small magnitude data is
very difficult if not impossible, without specific knowledge of the near-site
attenuation.

Detecting Faults in Southern California using Computer-Vision
Techniques and Uninhabited Aerial Vehicle Synthetic Aperture Radar
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(UAVSAR) Interferometry, Magali Barba, Christine L. Rains, Wesley A. von
Dassow, Jay W. Parker, and Margaret T. Glasscoe (Poster 050)
Knowing the location and behavior of active faults is essential for
earthquake hazard assessment and disaster management and response.
In Interferometric Synthetic Aperture Radar (InSAR) images, faults are
revealed as linear discontinuities. Currently, interferograms are manually
inspected to locate faults. During the summer of 2013, the NASA-JPL
DEVELOP California Disasters team contributed to the development of a
method to expedite fault detection in California using remote-sensing
technology. The team utilized InSAR images created from polarimetric Lband data from NASA’s Uninhabited Aerial Vehicle Synthetic Aperture
Radar (UAVSAR) project.
A computer-vision technique known as “edge-detection” was used to
automate the fault-identification process. We tested and refined an edgedetection algorithm under development through NASA’s Earthquake Data
Enhanced Cyber-Infrastructure for Disaster Evaluation and Response (EDECIDER) project. To optimize the algorithm we used both UAVSAR
interferograms and synthetic interferograms generated through Disloc, a
web-based modeling program available through NASA’s QuakeSim
project.
The edge-detection algorithm detected seismic, aseismic, and coseismic slip along faults that were identified and compared with
databases of known fault systems. Our optimization process was the first
step toward integration of the edge-detection code into E-DECIDER to
provide decision support for earthquake preparation and disaster
management. E-DECIDER partners that will use the edge-detection code
include the California Earthquake Clearinghouse and the US Department
of Homeland Security through delivery of products using the Unified
Incident Command and Decision Support (UICDS) service.
Through these partnerships, researchers, earthquake disaster response
teams, and policy-makers will be able to use this new methodology to
examine the details of ground and fault motions for moderate to large
earthquakes. Following an earthquake, the newly discovered faults can
be paired with infrastructure overlays, allowing emergency response
teams to identify sites that may have been exposed to damage. The
faults will also be incorporated into a database for future integration into
fault models and earthquake simulations, improving future earthquake
hazard assessment. As new faults are mapped, they will further
understanding of the complex fault systems and earthquake hazards
within the seismically dynamic state of California.

Modeling strains associated with fluid extraction, Andrew J. Barbour,
Duncan C. Agnew, and Frank K. Wyatt (Poster 054)
A class of strain signals found in data from a number of borehole
strainmeters in the Plate Boundary Observatory network is believed to be
associated with pumping of nearby water wells. In order to test the
connection between fluid extraction and deformation, we have collected
a multi- year record of the pump activity at two actively-pumped wells
near the pair of strainmeters at the Pathfinder Ranch, a summer camp
located in the Garner Valley in southern California. The data we have
collected indicate strong correlations between (1) times of fluid extraction
and the onset of significant strain and pore-fluid pressure changes, and
(2) cumulative extraction volumes and the sizes of the pressure and strain
perturbations. In order to model these observations, we use a sum of K
autoregressive models to create a statistical description of the effect, and
a poroelastic model to create a physical description. We show that for K
= 2 the mixture model adequately preserves both long- and short-term
effects, and can be used to construct a ‘correction series’ from the binary
pumping series in a numerically efficient manner. Spatiotemporal strain
and pore- fluid pressure fields associated with episodes of fluid
extraction are simulated in a layered, radially extensive poroelastic
medium. Based on the interpretations of our parameter exploration, the
simplest model which fits the observed strains and pressures is a two
layer model where rigid bedrock having relatively high diffusivity is
overlain by roughly 100 meters of alluvium having slightly higher
diffusivity and behaving as an unconfined aquifer system. The lack of a
strong contrast in diffusivity between lithologic units suggests that the
bedrock material has a relatively high density of hydraulically conductive
fractures; borehole logging data and drillers’ logs corroborate this.
Further, the requirement that both layers have high conductivity helps

explain the relatively low sensitivity of the aquifer system to dynamic
strains from teleseismic surface waves and solid earth tides.

The role of Coulomb stress changes in allowing rupture of frictionally
strong, orthogonally oriented faults, William D. Barnhart (Poster 139)
Earthquake rupture along on a fault perpendicularly oriented to the
initiating fault represents a geometrically and mechanically unfavorable
condition; however, ruptures with such an orientation have been
observed in a variety of plate tectonic settings. Examples include the
1987 Superstition Hills, 1992 Big Bear, 2010 Darfield, and 2011 Sumatra
earthquakes. Previous work on single earthquakes, earthquake
sequences, and complex fault networks hypothesized that abnormally
low fault friction may permit such occurrences. In this work, we examine
two strike-slip earthquakes (2010.12.20 Mw6.5, 2011.01.26 Mw6.2) in
southern Iran that occurred on frictionally strong fault planes oriented
perpendicular to each other using high quality, spatially dense InSAR
observations. We show that slip during the first earthquake reorients the
local stress field to favor slip on the previously unfavorably oriented fault,
which subsequently slipped in the second event. This result is robust for
a range of frictional coefficients (μ=0.2-0.8), with the greatest stress
increases corresponding to high frictional coefficients, indicating that low
friction is not required to encourage slip on orthogonal faults. We use this
result to explore potential triggering scenarios for earthquakes in the
Imperial Valley, specifically studying the effect of an E-W oriented fault
rupture, such as the 2005 Obsidian Buttes Swarm, on the southern San
Andreas.

An Empirical Subspace Detection Method for Earthquakes, Sarah A.
Barrett and Gregory C. Beroza (Poster 081)
Subspace detection uses the singular value decomposition of a design
set of waveforms to find orthonormal representations (left singular
vectors) that portray common characteristics of the seismograms. The
first singular vector carries the dominant information common to the
group of events, and as a result, closely resembles the stack of the
design set. For a dense cluster of earthquakes, the second singular
vector contains information representative of slight offsets in event
location. This vector closely resembles the time derivative of the stack.
Successive singular vectors contain information that is less important to
representing the entire group. The singular vectors can be scanned
through a continuous record, much like template matching, to identify
earthquakes missing from the catalog. We use an empirical
representation of the subspace by building a matrix comprised of two
rows: the stack and the stack derivative, weighted by their respective
singular values, to scan through the continuous catalog. We show an
application to a Southern California sequence in which the use of an
empirical subspace detects more uncataloged events with a lower false
detection than using a stack alone. We suggest that template detection
might be improved by using a matrix of the template and its time
derivative with minor additional computational cost.

Slow slip, tremor, and microseismicity in the Hikurangi subduction zone,
New Zealand, during 2010 and 2011, Noel M. Bartlow, Laura M. Wallace,
R. John Beavan, Stephen Bannister, and Paul Segall (Poster 065)
Recently, tectonic tremor has been observed on the Parkfield segment of
the San Andreas Fault (Shelly, Nature, 2010), and slow slip is assumed to
accompany this tremor although geodetic instruments have not directly
observed it. Subduction environments where slow slip is geodetically
observed have higher slip magnitudes and a more favorable geometry for
geodetic detection. Slow slip events may increase stress on seismically
locked regions, with implications for time dependent seismic hazard. It is
therefore important to study the relationship between tremor and slip in
multiple subduction environments to learn what conclusions can be
applied to the San Andreas tremor by extrapolation. For example, tremor
and slip appear to be collocated in Cascadia (Bartlow et al, GRL, 2011)
however this does not appear to hold everywhere. Here we present a
time-dependent GPS inversion of 12 SSEs during the complex 20102011 SSE sequence in the Hikurangi subduction zone, North Island, New
Zealand, which was previously observed by Wallace et al, JGR, 2012. We
find that some SSEs are associated with seismicity that is likely triggered
by the slow slip, with magnitudes reaching M5. While most SSEs in
Hikurangi are not accompanied by observed tremor, Ide, JGR, 2012 and

2013 SCEC Annual Meeting | 95

MEETING ABSTRACTS
Fry et al, GRL, 2011 found tremor near the long-term Manawatu SSE.
This tremor is offset from, rather than co-located with, the geodetically
inferred slipping region.

Behavior of Multiple Broadband Ground Motion Simulation Techniques
for a Suite of Earthquake Scenarios Using Multiple Rupture Model
Generators on the SCEC Broadband Platform, Jeff R. Bayless and Paul G.
Somerville (Poster 210)
Simulations were performed on the SCEC Broadband Platform for a suite
of earthquake scenarios, using multiple rupture generators (GP and
UCSB) and three broadband simulation techniques (GP, UCSB, SDSU).
RotD50 was computed at 60 total sites in 20 and 40 kilometer distanceto-rupture bands around the fault plane for each scenario/rupture
generator/simulation technique combination, using the default parametric
settings for each technique. The spectral amplitude predictions were
compared between each simulation technique over the period range of
0.01-10 seconds in order to provide insight as to how the methods, in
their default form, compare given the same input rupture model. These
insights serve as a baseline for referencing the future differences
observed between models; a) when default settings are adjusted and b)
for forward earthquake validations and simulations, to allow for
meaningful comparisons. In addition to analyzing the average results with
respect to spectral period, spatial comparison results are presented in
map form – both to compare simulation techniques with each other, and
to compare simulation predictions with those of several Ground Motion
Prediction Equations.

Paleoearthquake evidence at the Elizabeth Lake paleoseismic site,
Mojave section of the San Andreas fault, California, Sean P. Bemis, Kate
Scharer, James Dolan, Alexandra Hatem, Chris Milliner, Ann Hislop,
Corey Burkett, Mary Barr and Ryan Witkosky (Poster 028)
Ongoing paleoseismic investigations near Elizabeth Lake, CA, have
significantly advanced our understanding of the structural and
stratigraphic preservation of late Holocene earthquakes along the Mojave
section of the San Andreas fault (SAF). We trenched the Elizabeth Lake
site in 1998 and 2012, targeting a 40 m by 350 m fault-parallel
depression bounded by two sharp scarps oriented N65°W. In 1998, we
excavated trench "ERT" and established that recent fluvial units buried
the fault, which guided the 2013 trench locations targeting the most
recent events on the SAF. Trench EL1 in 2012 was excavated across a
50 cm high, fault-parallel ridge ~1 m from the NE scarp. EL1 revealed a
localized fault zone within the trough between the ridge and the scarp,
and deposits that thickened into the depression. Trench EL2 was
excavated across the SW scarp and exposed two massive, gravelly
debris flow units and no evidence of faulting. In summer 2013 we
excavated four new trenches across the NE scarp. Two trenches (EL3
and EL4) near ERT display two recent faulting events over an ~10 m wide
zone. These events are separated by a single soil horizon. We assume
the most recent event to be evidence of the 1857 Fort Tejon earthquake;
pending radiocarbon dates and pollen analyses should help to determine
if the penultimate event is the 1812 Wrightwood earthquake or an earlier
event. Trenches EL5 and EL6, located in the eastern half of the site,
exposed thinly bedded fine sand and organic-rich horizons, providing the
best stratigraphy at the site. In EL5, faulting is localized within an ~1 m
wide fault zone with sheared bedrock on the NE side, which limited our
ability to distinguish separate rupture events. Trench, EL6 was excavated
in an intermediate location in order to exploit the good stratigraphy of
EL5 and the broader fault zone observed in EL3/EL4, and contains
evidence of two to three earthquakes. Our trenching demonstrates that
the surface trace of the SAF is linear through much of the Elizabeth Lake
paleoseismic site and that the depression likely results from the damming
of alluvial fans and drainages by offset across the fault rather than from
the formation of pull-apart basins across a fault step-over. Abundant
charcoal and organic material collected in the 2013 trenches will provide
geochronologic control for the ages of the events, and help to constrain
the rupture extent of the last few earthquakes on the Mojave section of
the SAF.

Evolution of the Puente Hills Thrust Fault, Kristian J. Bergen, John H.
Shaw, and James F. Dolan (Poster 013)
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This study aims to assess the evolution of the blind Puente Hills thrust
fault system (PHT) by determining its age of initiation, lateral propagation
history, and changes in slip rate over time. The PHT presents one of the
largest seismic hazards in the US, given its location beneath downtown
Los Angeles. The PHT is comprised of three fault segments: the Los
Angeles (LA), Santa Fe Springs (SFS), and Coyote Hills (CH). The LA and
SFS segments are characterized by growth stratigraphy where folds
formed by uplift on the faults have been continually buried by sediment
from the Los Angeles and San Gabriel rivers. The CH segment is
characterized by onlapping growth stratigraphy. This depositional setting
gives us the opportunity to measure uplift on the LA and SFS segments,
and minimum uplift on the CH segment, as the difference in sediment
thicknesses across the buried folds. Identifying time-correlative
stratigraphic markers for slip rate determination in the basin has been a
problem for researchers in the past, however, as the faunal assemblages
observed in wells are time-transgressive. To overcome this, we utilize the
sequence stratigraphic model and well picks of Ponti et al. (2007) as a
basis for mapping time-correlative sequence boundaries throughout our
industry seismic reflection data from the present to the Pleistocene. From
the Pleistocene to Miocene we identify additional sequence boundaries
from imaged sequence geometries and by correlating industry well
formation tops. The sequence boundaries are used to build threedimensional surfaces in the modeling program Gocad, from which we
measure the change in thicknesses across the folds. Along with
published age constraints, these can provide uplift rates between each
sequence boundary. Our results show three phases of deformation on
the LA and SFS segments: An early period characterized by faultpropagation or structural wedge kinematics that terminated in the early
Pleistocene and was followed by a period of quiescence. The faults were
reactivated in the middle Pleistocene and propagated upward to
detachments, with the deformation characterized by fold-bend folding
kinematics. Slip on the LA segment decreases westward, suggesting
lateral growth in that direction. Our work highlights the need to assess
along-strike variability in slip rate when assessing the seismic hazard of a
compressional fault, as measurements at marginal sites may significantly
underestimate fault activity.

Investigation Of Fault-To-Fault Predictions And Results From UCERF3,
Glenn P. Biasi (Poster 268)
Two potential applications of Coulomb stress change models were
considered during Uniform California Earthquake Rupture Forecast 3
(UCERF3) development (Field et al., 2012). In the first, Coulomb stress
communication was used as a plausibility filter to decide whether rupture
on one fault could jump to another fault and continue. The strength of
stress communication is estimated by placing a small dislocation on one
fault and estimating the stress communicated to another. Coulomb
stress changes are not, in general, symmetric, so calculations were run in
both directions. Positive stress changes above a minimum amount are
considered grounds to consider the rupture plausible and to accept it
into the pool of ruptures for which a rate would be calculated. With over
240,000 ruptures in the UCERF3 inversion there was understandable
interest in keeping the total from growing further. A second use of
Coulomb linking stresses is based on the section-to-section interaction
strength within ruptures. Parsons et al. (2012) suggest that average or
minimum Coulomb linking stress in ruptures should correlate with
probabilities developed by the earthquake rupture forecast. Some
difficulty with this approach might be anticipated. Even in presenting the
approach, Parsons et al. (2012) find that “high rates are assigned [by the
Grand Inversion] to unlikely ruptures that have geometric complexity
and/or long gaps”, and conclude that expert geologic conclusions and/or
dynamic rupture simulations will be necessary to quantitatively predict
eventual rupture ranking. UCERF3 used only the first of these Coulomb
stress linking methods. Neither application of Coulomb stress linking has
been independently validated.
We explore some of the reasons for the unsatisfying predictive
performance of average and minimum Coulomb linking stress methods
for ranking or estimating earthquake probability as determined in
UCERF3. Rupture length contributes if several favorable links give a good
average to a rupture that hides the role of a difficult link. We also have
developed a physically reasonable alternative rupture filter that avoids
some of the weaknesses in Coulomb linking stress constructions and
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may have value for screening input ruptures. Estimates from this
alternative approach also can be interpreted directly in terms of
probability, and thus making testable predictions about rupture
favorability.

Global Earthquake Activity Rate models based on version 2 of the Global
Strain Rate Map, Peter Bird, Cornelis W. Kreemer, Yan Y. Kagan, and
David D. Jackson (Poster 256)
Global Earthquake Activity Rate (GEAR) models have usually been based
on either relative tectonic motion (fault slip rates and/or distributed strain
rates), or on smoothing of seismic catalogs. However, a hybrid approach
appears to perform better than either parent, at least in some
retrospective tests.
First, we construct a Tectonic (“T”) forecast of shallow (≤ 70 km)
seismicity based on global plate-boundary strain rates from version 2 of
the Global Strain Rate Map. Our approach is the SHIFT (Seismic Hazard
Inferred From Tectonics) method described by Bird et al. [2010, SRL], in
which the character of the strain rate tensor (thrusting and/or strike-slip
and/or normal) is used to select the most comparable type of plate
boundary for calibration of the coupled seismogenic lithosphere
thickness and corner magnitude. One difference is that activity of
offshore plate boundaries is spatially smoothed using empirical halfwidths [Bird & Kagan, 2004, BSSA] before conversion to seismicity.
Another is that the velocity-dependence of coupling in subduction and
continental-convergent boundaries [Bird et al., 2009, BSSA] is
incorporated.
Another forecast component is the smoothed-seismicity (“S”) forecast
model of [Kagan & Jackson, 1994, JGR; Kagan & Jackson, 2010, GJI],
which was based on optimized smoothing of the shallow part of the
GCMT catalog, years 1977-2004. Both forecasts were prepared for
threshold magnitude 5.767.
Then, we create hybrid forecasts by one of 3 methods: (a) taking the
greater of S or T; (b) simple weighted-average of S and T; or (c) log of the
forecast rate is a weighted average of the logs of S and T. In methods (b)
and (c) there is one free parameter, which is the fractional contribution
from S. All hybrid forecasts are normalized to the same global rate.
Pseudo-prospective tests for 2005-2012 (using versions of S and T
calibrated on years 1977-2004) show that many hybrid models
outperform both parents (S and T), and that the optimal weight on S is in
the neighborhood of 5/8. This is true whether forecast performance is
scored by Kagan’s [2009, GJI] I1 information score, or by the S-test of
Zechar & Jordan [2010, BSSA]. These hybrids also score well (0.97) in the
ASS-test of Zechar & Jordan [2008, GJI] with respect to prior relative
intensity.

New geological slip rate estimates for the Mission Creek strand of the
San Andreas fault zone, Kimberly D. Blisniuk, Katherine Scharer, Warren
D. Sharp, Roland Bürgmann, Michael J. Rymer, and Patrick Williams
(Poster 032)
The potential for a large-magnitude earthquake on the southern San
Andreas fault zone (SAFZ) is generally considered high. However, the
proportion of slip accommodated by each of its three major fault strands
(Mission Creek, Banning, and Garnet Hill, from north to south) in the Indio
Hills is poorly constrained. Each of these strands cut through San
Gorgonio Pass west to the Los Angeles metropolitan region. To better
assess the relative importance of these faults and their potential for a
major earthquake, we dated offsets at two sites on the Mission Creek
fault in the central Indio Hills, an offset channel at Pushawalla Canyon
and an offset debris cone at a small unnamed canyon located ~1.5 km
farther southeast. Previous work on this strand at Biskra Palms, in the
southern Indio Hills, demonstrated a slip rate between 12 and 22 mm/yr,
with a preferred rate of 14-17 mm/yr (Behr et al., GSAB, 2010). It is
generally assumed that the slip rate on the Mission Creek fault decreases
northwestwards from Biskra Palms (e.g. Fumal et al., BSSA, 2002)
towards these two sites in the central Indio Hills. However, our initial
results from uranium-series dating of pedogenic carbonate and 10Be
cosmogenic exposure dating of surface clasts from deposits offset 1.31.6 km since ~70 ka and 44-50 m since ~2.5 ka indicate that during the
late Pleistocene and Holocene slip on the Mission Creek fault in the
central Indio Hills has occurred at a relatively constant and unexpectedly

high rate of ~20 mm/yr. Combined with published paleoseismic studies
for the Mission Creek fault, which show an average earthquake
recurrence interval of 225 years for the past 5 events since 900 AD
(Fumal et al., 2002), these data imply an average slip-per-event of ~4.5
m. The last earthquake to rupture this section of the Mission Creek fault
occurred over 300 years ago (ca. 1690), which indicates that ca. 5.0 to
7.5 m of strain may have accumulated since the last surface-rupturing
event. While additional work is needed to better understand how slip
along the SAFZ is partitioned in the northwestern Indio Hills, the new
data underscore the seismic hazard posed by the Mission Creek fault in
this region.

Preliminary results from a new high-resolution multichannel seismic
(MCS) cruise in the California Borderlands, offshore San Diego and
Orange Counties, Jayne M. Bormann, Graham M. Kent, Neal W. Driscoll,
Jillian M. Maloney, Alistair J. Harding, and Gulsen Ucarkus (Poster 096)
In August of 2013, a team of scientists from the Scripps Institution of
Oceanography and the University of Nevada, Reno will conduct a low
energy marine seismic survey using a 300-m-long, 48-channel streamer
with a boomer/sparker source to map fault structures in the inner
California Borderlands (ICB). We will collect approximately 2000 line-km
of high-res data to complement the 1979 reprocessed Chevron MCS
dataset. The new high-resolution dataset will image shallow deformation
associated with the Newport-Inglewood/Rose Canyon fault, the San
Mateo-Carlsbad Trend, and the Oceanside Blind Thrust. Observations
from the reprocessed Chevron dataset suggest that deformation in the
ICB is best explained by a model of extensional and compressional stepovers in a dextral fault system rather than by a model that invokes the
reactivation of detachment faults by the Oceanside Blind Thrust. We will
present the first images from the newly collected dataset to help to
differentiate between competing models of ICB deformation. An
additional 200 line-km of high-resolution MCS data will be collected on
the shelf offshore of the San Onofre Nuclear Generating Station. These
data will be used identify research targets for a 3-D P-cable cruise
scheduled for October, 2013.

Comparison of measured near-field vertical displacements for the 2010
El Mayor-Cucapah earthquake with predicted displacements from
independently-derived finite-fault models, Adrian Borsa, Yuri Fialko,
Ramon Arrowsmith, Craig Glennie, Alejandro Hinojosa, Jean-Bernard
Minster, Edwin Nissen and Michael Oskin (Poster 060)
The April 4, 2010 El Mayor-Cucapah earthquake has been the focus of an
extensive field and remote-sensing effort to characterize the full 3D
displacement field of the rupture. Some of these results (e.g. correlation
of SAR and SPOT raster data, InSAR-derived horizontal slip) have been
combined with seismic data to yield finite-fault slip models that have
elucidated details of the rupture that would have been obscured or
poorly-characterized with seismic data alone. These slip models are not
constrained by measurements of vertical displacement, but they do
provide predictions of vertical displacement that are consistent with the
other observables used to create the models.
Differential lidar techniques using pre- and post-event airborne lidar data
have recently yielded full 3D surface displacement fields within a few km
of the El Mayor-Cucapah rupture. We compare measured near-field
vertical displacements from differential lidar with predicted
displacements obtained by embedding two publically-available finitefault models (Wei et al., 2012; Y. Fialko, unpublished) in a simple elastic
half-space. Both models yield vertical diplacements that agree in
distribution and magnitude with those from differential lidar, except 1.) in
the compliant sediments of the Laguna Salada and 2.) in areas where
bending strains exceeded the expected strength limits for upper-crustal
rock and small scarps appear to have relieved some of this strain.
From the coseismic response across the Plate Boundary Observatory's
small-aperture borehole strainmeter array at Anza, CA, we also show that
although an isotropic elastic half-space is appropriate for modeling the
behavior of crustal rock in the near field, it is inconsistent with the pattern
of far-field strain to the northwest of the epicenter.

Setting the stage for early earthquake alerts and warnings, Ann Bostrom
and John Vidale (Talk Wed 08:45)
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Early earthquake warning (EEW) systems hold great promise. The few
EEW systems deployed around the world have helped prevent and
mitigate damage from earthquakes. While the technologies to detect
threats, their reliability, and the length of time needed to achieve
accuracy in forecasts and predictions in EEW are important factors in
achieving this, equally important are how EEW rely on human mediation;
channels for issuing warnings; familiarity and institutionalization of
warning procedure; settings in which systems are used; and system
goals and objectives. In other words, how early earthquake alerts and
warnings are interpreted and what actions people take in response to
them depend on cognitive, emotive, social and institutional contexts, as
well as on their natural and built environment. A key lesson from prior
research on hazard warnings is that people need actionable information
on what to do, not just that there is a threat. With seconds to minutes of
lead time, accomplishing this will require setting the stage for action by
working with communities and institutions to develop goals, procedures,
and expectations.

dc3dm: Software to efficiently form and apply a 3D DDM operator for a
nonuniformly discretized rectangular planar fault, Andrew M. Bradley
(Poster 160)
My poster will describe dc3dm, a free open source software (FOSS)
package that efficiently forms and applies the linear operator relating slip
and traction components on a nonuniformly discretized rectangular
planar fault in a homogeneous elastic (HE) half space. This linear operator
implements what is called the displacement discontinuity method (DDM).
(The software will likely not yet be available at the time of this meeting.)
The key properties of dc3dm are: 1. The mesh can be nonuniform. 2.
Work and memory scale roughly linearly in the number of elements
(rather than quadratically). 3. The order of accuracy of my method on a
nonuniform mesh is the same as that of the standard method on a
uniform mesh.
Property 2 is achieved using my FOSS package hmmvp [AGU 2012]. A
nonuniform mesh (property 1) is natural for some problems. For example,
in a rate-state friction simulation, nucleation length, and so required
element size, scales reciprocally with effective normal stress. Property 3
assures that if a nonuniform mesh is more efficient than a uniform mesh
(in the sense of accuracy per element) at one level of mesh refinement, it
will remain so at all further mesh refinements.

Systematic ground motion observations in the 2010-2011 canterbury
earthquakes, Brendon A. Bradley (Poster 226)
This poster presents an examination of ground motion observations from
20 near-source strong motion stations during the most significant 10
events in the 2010-2011 Canterbury earthquake sequence to examine
region-specific systematic effects. The non-ergodic ground motion
prediction methodology is applied to the dataset to determine the
systematic features of the between- and within-event residuals based on
the New Zealand-specific Bradley (2010) ground motion prediction
equation. On the basis of similar site-to-site residuals 15 of the 20
stations are grouped into four sub-regions: the Central Business District;
and Western, Eastern, and Northern suburbs. Mean site-to-site residuals
for these sub-regions then allows for the possibility of non-ergodic
ground motion prediction over sub-regions of Canterbury, rather than
only at strong motion station locations. The ratio of the total non-ergodic
vs. ergodic standard deviation is found to be, on average, consistent with
previous studies, however it is emphasized that on a site-by-site basis
the non-ergodic standard deviation can easily vary by ±20%.

Anthropogenic Seismicity Rates and Operational Parameters at the
Salton Sea Geothermal Field, Emily E. Brodsky and Lia Lajoie (Poster 258)
Geothermal power is a growing energy source; however, efforts to
increase production are tempered by concern over induced earthquakes.
Although increased seismicity commonly accompanies geothermal
production, induced earthquake rate cannot currently be forecast based
on fluid injection volumes or any other operational parameters. We show
that at the Salton Sea Geothermal Field, the total volume of fluid
extracted or injected tracks the long-term evolution of seismicity. After
correcting for the aftershock rate, the net fluid volume (extractedinjected) provides the best correlation with seismicity in recent years. We
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model the background earthquake rate with a linear combination of
injection and net production rates that allows us to track the secular
development of the field as the number of earthquakes per fluid volume
injected decreases over time.

Mobile Laser Scanning for Earthquake Studies and Rapid Response,
Benjamin A. Brooks, Ken Hudnut, Sinan Akciz, Katherine M. Scharer,
Jaime Delano, Craig Glennie, Darren Hauser, Carol Prentice and Stephen
DeLong (Poster 027)
Mobile Laser Scanning (MLS) is a new tool for collecting LiDAR (LIght
Detection And Ranging) topographic data. MLS combines regional-scale
coverage of Airborne Laser Swath Mapping (ALSM) with high data
density, autonomy, and easy deployment of Terrestrial Laser Scanning
(TLS). MLS systems have been too expensive and cumbersome for
individual researchers;recently, however, we developed a compact, lowcost system that is, to the best of our knowledge, currently unique. The
system can be deployed on a variety of platforms including balloons,
vehicles, and backpacks. Operation protocol includes establishing a local
GPS base station with a 1Hz sampling rate, although, if other similar
stations are operating within ~10km, the local base station is not
required. Because the inertial navigation system relies on GPSdetermined heading, maintaining good GPS sky view is essential to MLS
point cloud quality. Testing indicates that the point cloud, acquired
without independent georeferencing, has an accuracy of ~5cm
(horizontal) and ~10cm (vertical) in an absolute reference frame We
present case studies of the Carrizo and Mojave sections of the San
Andreas fault which highlight different aspects of MLS data acquisition.
In the Carrizo section, we explored if higher-resolution topographic data
of offset stream channels could help reconcile whether ~5m or ~10m
surface displacements occurred during the Mw 7.9 Fort Tejon 1857
earthquake. We used the MLS system mounted on a backpack to survey
11 ~5m offset streams over a period of 3 days. Similarly, in ~ 6 hours we
performed a ~ 2.5km long backpack scan southwest from Littlerock
Creek along the Mojave section. Due in part to the many offset dry
channels and to previous interpretations suggesting the possibility of
rupture during both the 1812 and 1857 earthquakes, this section is one
of the more intensively scrutinized areas along the entire San Andreas
fault. In our backpack surveys, the swath width was ~25m and point
density was on the order of 1000s pts/m^2 in comparison to swath
widths of 2-2.5km and density of 1-4 pts/m^2 for previously collected
ALSM data. Typically, these MLS parameters allow construction of digital
elevation models with grid spacing smaller than 10cm in comparison to
50cm grid cell size for ALSM data. For both case studies, we explore
how higher resolution data sets affect both the interpretation of
geomorphic features and offset estimates derived from them.

What can small earthquakes tell us about fault slip? Is less more?, Justin
R. Brown (Poster 179)
Smaller, less than Mw 2 earthquakes, occur frequently in southern
California. These earthquakes, although timid, reveal a plethora of
information with respect to the mechanics of fault slip and future
locations of larger fault rupture. In this study, I show that the detection of
smaller earthquakes illuminates fault structures in the Los Angeles Basin
(LAB) in addition to an assessment of local earthquake tomography (LET)
on these faults. In the LAB, I find from cross-correlation and doubledifference methods that smaller events exist in the LAB. The events are
detected using running autocorrelation and matched filter techniques in a
fashion similar to low frequency earthquake detection in subduction
zones. The locations and LET in this study reveal fault structures
throughout the LAB, which should augment the underlying knowledge of
earthquake hazards in southern California.

Experimental investigation of high-speed frictional properties of thick,
water saturated gouge layers: What role for aquathermal pressurization?,
Kevin M. Brown and Yuri Fialko (Poster 144)
A number of dynamic weakening mechanisms were proposed based on
high-speed friction experiments on solid rock samples. Most of the
existing experiments lack a thick gouge layer and pore fluids, both of
which are believed to be important for natural seismogenic faults. For
example, among other possible mechanisms, we plan to specifically
address any transition to aquathermal pressurization related weakening
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that should take over as slip velocities accelerate above 0.001 to 1mm/s.
We have modified our rotary shear experimental apparatus to allow tests
on saturated granular materials. The prototype sealing system has been
tested at low pressures and works well for clay-rich materials. We
present preliminary results from dry and saturated tests on a shale (~20%
clay, ~80% silt) conducted in a low-pressure system. The dry tests on 12cm thick gouges reveal little or no weakening forvelocities of 10 cm/s
and stresses of 2.5 MPa. Indeed, even at 50 cm/s little or no weakening
occurred. We were also unable to melt the slip interface (unlike in
previous studies with solid rock samples and thin gouge layers). In
contrast, under the same conditions saturated samples did exhibit
progressive weakening at 5-10 cm/s velocities. There may also be
indications of initial dilatation effects with increased initial peak strengths
in the saturated tests. Next, we plan to compare and contrast the
frictional responses of dry and wet samples from SAFOD. The highspeed rotary friction apparatus will be capable of effective stresses of 510 MPa, fluid pressures of 5-10 MPa, and velocities between 0.1 cm/s
and 1-2 m/s. We will be also able to measure the sample dilation and
permeability across the slip interface. We plan to extend the low velocity
range down to 0.01mm/s and increase the fluid pressure and effective
stress levels to several tens of megapascals. Results of this work will
have implications for the earthquake rupture dynamics, fault
segmentation, rupture barriers, mode-switching from stable creep to
unstable sliding. Our results also bear on the efficiency of the
aquathermal processes, and highlight the need to better constrain in situ
nucleation parameters (dilation, permeability, fluid and rock
compressibilities, shear zone thickness, etc.).

Cascading Disaster Assessment for the ShakeOut Earthquake Scenario,
Erin R. Burkett (Poster 036)
The interrelated nature of cascading consequences during and after
disasters is an important part of understanding and prioritizing potential
action strategies for increased resilience. The ShakeOut Earthquake
Scenario is a study that has previously helped identify a number of
physical, social, and economic consequences and resilience strategies
for a modeled plausible major earthquake in southern California. The
ShakeOut Scenario has provided a framework upon which we can now
also assess the relationships between potential consequences by
analyzing the interdependencies between vulnerabilities, beyond the
direct or separately-addressed first-order effects from shaking, fires, or
interruptions to transportation, water, or power services. In this study we
further tabulate potential system failures addressed within the ShakeOut
Scenario, with a focus on identifying the interconnections between
consequences to better identify significant vulnerabilities and prioritize
associated recommended actions.

Proposed parameters for the engineering validation of ground motion
simulations, Lynne S. Burks and Jack W. Baker (Poster 240)
We propose a list of ground motion parameters that are empirically
robust and important to engineering analysis, and can therefore be
studied to validate new methods of ground motion simulation. The
primary list of parameters includes correlation of epsilon across periods,
ratio of Sa-RotD100 to Sa-RotD50, and the ratio of inelastic to elastic
displacement, all of which have reliable empirical models against which
simulations can be compared. We also describe several secondary
parameters, such as directivity pulses and structural collapse capacity,
that do not have a robust empirical model but are very important for
engineering analysis. We then demonstrate the application of these
parameters to example simulations from the SCEC Broadband study
13.6 computed using a variety of methods, like stochastic finite fault
(EXSIM), Graves-Pitarka hybrid broadband (GP), and composite source
model (CSM). In general, each simulation method matches the empirical
model for certain parameters and not others, indicating that engineers
need to carefully validate all parameters relevant to their application
before using ground motion simulations.

Rupture Dynamics and Ground Motion from Earthquakes on Rough Faults
in Heterogeneous Media, Samuel A. Bydlon, Jeremy E. Kozdon, and Eric
M. Dunham (Poster 154)
Heterogeneities in the material properties of Earth’s crust scatter
propagating seismic waves. The effects of scattered waves are reflected

in the seismic coda and depend on the amplitude of the heterogeneities,
spatial arrangement, and distance from source to receiver. In the vicinity
of the fault, scattered waves influence the rupture process by introducing
fluctuations in the stresses driving propagating ruptures. Further
variability is introduced by geometric complexity of fault surfaces and the
stress changes that accompany slip on rough surfaces. Our goal is to
better understand the origin of complexity in the earthquake source
process, and to quantify the relative importance of source complexity
and scattering in causing incoherence of high frequency ground motion.
Using a 2D high order finite difference rupture dynamics code, we
nucleate ruptures on either flat or rough faults that obey strongly rateweakening friction laws. These faults are embedded in domains with
spatially varying material properties characterized by Von Karman
autocorrelation functions and their associated power spectral density
functions, with variations in wave speed of ~5-10%. Flat fault simulations
demonstrate that off-fault material heterogeneity, at least with this
particular form and amplitude, has only a minor influence on the rupture
process (i.e., fluctuations in slip and rupture velocity). In contrast,
ruptures histories on rough faults in both homogeneous and
heterogeneous media include much larger short-wavelength fluctuations
in slip and rupture velocity. We therefore conclude that source
complexity is dominantly influenced by fault geometric complexity. To
examine contributions of scattering versus fault geometry on ground
motions, we compute spatially averaged root-mean-square (RMS)
acceleration values as a function of fault perpendicular distance for a
homogeneous and several heterogeneous media. At distances less than
~6 km from the fault, RMS acceleration values from simulations with
homogeneous and heterogeneous media are similar, but at greater
distances the RMS values associated with heterogeneous media are
larger than those of homogeneous media. The magnitude of this
divergence increases with the amplitude of the heterogeneities. This
finding is attributed to the scattering of coherent pulses into multiple
pulses of decreased amplitude that subsequently arrive at later times.

Verification and validation of the RANS simulation methodologies and
SysFault_V12M software for ground motion simulation. PART II.
Documentation for software, Alexander S. Bykovtsev and Kasimov Marat
(Poster 231)
The RANS presents the second part of documentation on simulation
methodology and SysFault_V12M software utilizing technical optimal
approach and RANS simulation methodologies which includes stable
source mechanism parameters in consideration for multi-segmented
faults.
The PartII of Documentation presents detailed description of Software for
ground motion simulation and based on analytical solutions presented in
PartI. We present detailed description of Software with examples of
application for different scenarios of ground motion simulation generated
by complex system of ruptures with multiple segmentations. The
documentation presents a clear flow of information about developed
software
with
background,formulation,assumptions,limitations,examples,potential
applications of the methodology and software, software necessary input
software output,etc. It is our great achievements that produced
SysFault_V12M Software for a several seconds generate time history for
displacement,velocities and accelerations for multi-segmented faults.
RANS software may be very easy modified and adapted for new tasks
and authors cannot see any problems to implement the software on the
SCEC broad-band platform or any other platforms.
Presented software is a part of PEER NGA East Project-Validation of
Strong Ground Motion Simulations Preliminary Results. The main results
of workability of software were presented during NGA-East for CENA
SSHAC Workshop 2. VERIFICATION AND VALIDATION RESULTS,
October
13,2011–Proponent
Discussions,Berkeley,webpage:
http://peer.berkeley.edu/ngaeast/events.html.
The RANS methodology and software will be more practical for proper
seismic design of nuclear facilities (located in the zone of less than 10 km
from the fault) where deterministic simulated ground motion records for
displacement, velocity and acceleration are mandatory. Current version
of software was successfully used for study fault segmentations effects
on simulation of long-period seismic motions and seismic load for Diablo
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Canyon Nuclear Power Plant. Results for several scenarios rupture
propagation along Shoreline Fault zone with 6 segments and Luis Bay
Fault zone with 5 segments will be presented.
The authors of this documentation have a big library which includes more
comprehensive examples that showcase other features of
SysFault_V12M_001. The request for documentation may be send to email bykovtsev1@yahoo.com with any questions. Also, documentation
will be available during SCEC 2013

Running CyberShake Seismic Hazard Workflows on Distributed HPC
Resources, Scott Callaghan, Philip Maechling, Gideon Juve, Karan Vahi,
Robert W. Graves, Kim B. Olsen, David Gill, Kevin Milner, John Yu and
Thomas H. Jordan (Poster 195)
SCEC has developed the CyberShake simulation platform to perform
physics-based probabilistic seismic hazard analysis (PSHA) using 3D
deterministic wave propagation simulations. CyberShake performs PSHA
by simulating a tensor-valued wavefield of Strain Green Tensors, and
then using seismic reciprocity to calculate synthetic seismograms for
about 415,000 events per site of interest. These seismograms are
processed to compute ground motion intensity measures, which are then
combined with probabilities from an earthquake rupture forecast to
produce a site-specific hazard curve. Seismic hazard curves for
hundreds of sites can be used to calculate a seismic hazard map for a
region.
We present a recently completed PHSA study in which we calculated
four CyberShake seismic hazard maps for the Southern California area to
compare how CyberShake hazard results are affected by different SGT
computational codes (AWP-ODC and AWP-RWG) and different
community velocity models (CVM-S4 v11.11 and CVM-H v11.9). We
present our approach to running workflow applications on distributed
HPC resources, including systems without support for remote job
submission. We show how our approach extends the benefits of
scientific workflows, such as job and data management, to large-scale
applications on Track 1 and Leadership class open-science HPC
resources. We used our distributed workflow approach to perform
CyberShake Study 13.4 on two new NSF open-science HPC computing
resources, Blue Waters and Stampede, executing over 470 million tasks
to calculate physics-based hazard curves for 286 locations in the
Southern California region. For each location, we calculated seismic
hazard curves with two different community velocity models and two
different SGT codes, resulting in over 1100 hazard curves.
We will report on the performance of this CyberShake study, four times
larger than previous studies. We will examine the challenges we face
applying these workflow techniques to additional open-science HPC
systems. We will also present the seismic hazard maps calculated with
CyberShake Study 13.4 and discuss the effects of SGT computational
code and velocity model selection on CyberShake seismic hazard.

Paleoseismology and slip rate of the Garnet Hill Fault at Whitewater Hill,
Jose E. Cardona (Poster 031)
The Garnet Hill Fault is the least understood of three fault splays that
comprise the San Andreas Fault System in the northern Coachella Valley.
Its rupture history and slip rate are unknown. We are trying to understand
if this fault is an active structure that ruptures during large San Andreas
Fault system earthquakes. The results will not only help fill a
paleoseismic slip rate gap, but will also provide information towards
solving several of SCEC’s fundamental problems of earthquake physics,
such as; 1) establish long-term (2,000 year) earthquake chronologies, 2)
include slip-per-event data for the San Andreas Fault system, 3)
contribute toward the science plan of the San Gorgonio Pass Special
Fault Study Area through detailed geologic investigations of one
component of the fault system, 4) and finally to improve SCEC’s
Community Fault Model. The Garnet Hill Fault is estimated to be ~30 kmlong surface trace extending from Edom Hill on the SE to a short
distance west of Whitewater River where it appears to merge with the
Banning strand of the San Andreas Fault and San Gorgonio Pass Fault
Zone. The Garnet Hill Fault dips NNE and transitions from an oblique,
right-reverse fault at its extreme western end to a right-lateral strike slip
fault at its eastern end. Previous researchers model the Garnet Hill Fault
as a Holocene, left-stepping strike-slip fault with actively growing folds at
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each step-over, and south verging reverse, or thrust faults bridging the
stepover. The study will aim to also quantify the slip that is carried by the
Garnet Hill Fault. Later this fall we have plans to excavate across a scarp
in late Holocene alluvium at a site near the I-10/Hwy 62 interchange. We
plan to excavate two 3-4 m-deep, 30 m-long trenches here, and to use
carbon-14 dating of detrital charcoal to determine the ages of any
angular unconformity between deformed and undeformed alluvial strata.
These results can be used to constrain the ages of ruptures of the Garnet
Hill Fault and test whether these events correlate in time with known
ruptures on other San Andreas Fault strands in San Gorgonio Pass
(~14th century) and the Coachella Valley (late 17th century).

Dynamic Triggered Seismicity in Northern Baja California, México Caused
by Large and Distant Earthquakes, Raúl R. Castro, Victor Wong, Hector
Gonzalez-Huizar, and Aaron A. Velasco (Poster 103)
We search for potential changes in seismicity in northern Baja California,
Mexico caused by the passing of surface waves from distant
earthquakes. We analyze the seismicity that occurred one month before
and one month after the Mw 9.1 Tohoku-Oki, Japan earthquake and
other two large earthquakes, the February 27, 2010 Central Chile (Mw
8.8) earthquake and the April 11, 2012 Northern Sumatra (Mw 8.6)
earthquake. The northern region of Baja California is characterized by a
mountain range composed of crystalline rocks. These Peninsular Ranges
exhibit high microseismic activity and moderate size earthquakes. In the
eastern region of Baja California shearing between the Pacific and the
North American plates takes place and the Imperial and Cerro Prieto
faults generate most of the seismicity related with the interaction of these
plates. The seismicity in these regions is monitored by the seismic
network RESNOM operated by the Centro de Investigación Científica y
de Educación Superior de Ensenada (CICESE). This network consists of
13 three-component seismic stations that transmit the signal in real time
to Ensenada.
We use the seismic catalog of RESNOM to search for changes in local
seismic rates occurred after the passing of surface waves generated by
the three large earthquakes studied. When we compare one month of
seismicity before and after the Mw9.1 Japan earthquake, the biggest of
the three events analyzed, we observe absence of triggered seismicity in
the northern Peninsular Ranges and an increase of seismicity south of
the Mexicali valley, where the Imperial fault jumps southwest and the
Cerro Prieto fault continues south. We also observe an increase of
seismicity rate in the Cucapah fault region, and in the San Pedro Martir
fault region.
The Cucapah fault region, the most active of the three regions during the
studied period, shows an increase of seismicity several days after the
2010 Chile (Mw 8.8) and the 2011 Japan (Mw 9.1) earthquakes. This
observation can be interpreted as evidence of delayed seismicity and
may confirm the observation of Rubinstein et al. (2009) that earthquakes
tend to be triggered in regions with high ambient seismicity rates. We
observed delayed triggering of earthquakes generated by two of the
three remote earthquakes analyzed. These observations can be
explained by dynamic triggering of prolonged fault creep as proposed by
Shelly et al. (2011).

An optimized parallel LSQR algorithm for large-scale full-wave
tomography based on the scattering-integral method, Po Chen, En-Jui
Lee, He Huang, John Dennis, and Wang Liqiang (Poster 199)
The LSQR algorithm developed by Paige and Saunders (1982) is
considered one of the most efficient and stable methods for solving
large, sparse, and ill-posed linear (or linearized) systems. In seismic
tomography, the LSQR method has been widely used in solving
linearized inversion problems. As the amount of seismic observations
increase and tomographic techniques advance, the size of inversion
problems can grow accordingly. Currently, a few parallel LSQR solvers
are presented or available for solving large problems on supercomputers,
but the scalabilities are generally weak because of the significant
communication cost among processors. In this paper, we present the
details of our optimizations on the LSQR code for, but not limited to,
seismic tomographic inversions. The optimizations we have implemented
to our LSQR code include: reordering the damping matrix to reduce its
band-width for simplifying the communication pattern and reducing the
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amount of communication during calculations; adopting sparse matrix
storage formats for efficiently storing and partitioning matrices; using the
MPI I/O functions to parallelize the date reading and result writing
processes; providing different data partition strategies for efficiently using
computational resources. A large seismic tomographic inversion
problem, the full-3D waveform tomography for Southern California, is
used to explain the details of our optimizations and examine the
performance on Yellowstone supercomputer at the NCAR-Wyoming
Supercomputing Center (NWSC). The results shown that the required
wall time of our code for the same inversion problem is much less than
that of the LSQR solver from the PETSc library(Balay et al., 1997).

Estimating Seismic Intensity for Mid- to High-rise Buildings in
Earthquake Early Warning Systems, Ming Hei Cheng, Thomas H. Heaton,
and Robert W. Graves (Poster 275)
Earthquake Early Warning systems typically provide estimation of
earthquake magnitude, epicenter location and warning time to their
users, as well as an estimate of intensity measure (IM) at the user’s
location. However, often the user of such system will be residing in a
building. The shaking experienced by a user in a tall building will be
significantly different from that on the ground and this shaking can
change significantly from one building to another and also from one floor
to another. During the M9 Tohoku earthquake in Japan on 2011, roof
accelerations on some tall buildings in the Tokyo metropolitan area were
amplified by a factor of 3.5 compared to the ground motions. This paper
shows a robust and fast method to predict the characteristics of shaking
that can be expected in mid- to high-rise buildings.
Current state-of-the-art in seismology can provide realistic estimates of
the time history of shaking based on knowledge of the location of an
earthquake and a site within a 3-D model of seismic velocities. The strain
Green's tensor can be used to relate the seismic wave properties
between the source location and the user's location. Strain Green’s
tensors used for the sites of interest in this study are adopted from the
Southern California Earthquake Center’s (SCEC) CyberShake project. In
practice, this information is pre-computed and stored in a database. The
corresponding building responses at the users' locations are then
estimated using finite element models and simplified models such as
shear beam models. Once users provide their street address and floor
location, the seismic intensity of their floor can be quickly provided from
the database during an earthquake event. A message, including
expected shaking level and shaking duration, will be sent to the users,
and such information has been shown to be capable of mitigating panic
and confusion. Different locations, including downtown Los Angeles (a
site with many tall buildings), West Pasadena (a hard rock site), and the
freeway inter-change between route 91 and I-710 (a Los Angeles basin
site), will be used to demonstrate sensitivity of the predicted shaking
intensity to the relative geometry of the earthquake/building pair.

Insights into subduction thrust structure and mechanics from drilling the
rupture zone of the 2011 Tohoku-oki earthquake, Frederick M. Chester
(Talk Tue 08:00)
The Japan Trench convergent margin produces frequent large interplate
earthquakes greater than M7.5, and is known to display the primary
characteristics of non-accretionary margins. The 2011 Mw 9.0 Tohokuoki earthquake demonstrates the capability of this margin to rupture the
full extent of the seismogenic zone and up-dip to the trench axis in a
single great event. A variety of observations indicate that the slip
magnitude of this rupture increased towards the trench, with 50+ m of
slip occurring at the ~20-km-wide frontal prism of accreted sediments
and lower trench slope. The Integrated Ocean Drilling Program
expedition 343/343T (JFAST) was designed to address fundamental
questions of earthquake physics through rapid-response drilling. The
JFAST drill site is located 6 km landward from the trench axis; three
boreholes were drilled through the prism and across the plate-boundary.
Data from seismic surveys, logging while drilling, and lithologic and
structural observations of core samples document a single dominant
decollement that accommodated almost all of the interplate
displacement (~3.2 km) at the drill site. The decollement is located in
sheared pelagic clay near the base of the incoming sediment section of
the subducting plate. The localization of interplate displacement to a

single narrow layer of scaly clay and to surfaces within the clay indicate
the decollement is relatively weak over geologic time. Borehole
measurements of temperature across the plate boundary confirm the
Tohoku earthquake ruptured the decollement and, consistent with results
of high-speed friction experiments on sheared clay, that the decollement
is extremely weak during seismic slip. These results, combined with
borehole data indicating that the current in situ stress is approximately
lithostatic, support the hypothesis that dynamic weakening of wet clay at
seismic slip rates favor earthquake rupture propagation to shallow
depths even though the frictional properties of wet clay at low slip rates
prohibit the nucleation of slip instabilities. Ongoing analysis of JFAST
borehole data combined with microstructural and experimental studies of
recovered core samples will contribute to a more complete
understanding of the frictional behavior and the physical mechanisms
associated with dynamic weakening needed to advance models of
earthquake rupture along subduction thrusts.

Results from the San Bernardino Mountains GPS network: velocities of
sites in the vicinity of the San Andreas fault in Southern California
, Barry Chew, Sally McGill, Josh Spinler, Rick Bennett, Mike Floyd, and
Gareth Funning (Poster 040)
In July 2013, a group of 11 undergraduates, 12 high school and middle
school science teachers and one museum staff member set up GPS
receivers and antennas over benchmarks to collect data at 37 locations
in the San Bernardino Mountains and adjacent valleys and high desert
terrain in San Bernardino and Riverside counties in Southern California.
The data were collected in order to estimate the velocity of movement of
the benchmarks due to bending of the Pacific and North American plates
across the transform plate boundary. Previously published GPS data for
southern California have a marked gap within the San Bernardino
Mountains. Since 2002, our group has been collecting GPS data to fill in
that gap. The velocities for most of our stations are now well constrained.
Sites on both sides of the San Andreas Fault are moving northwestward,
with sites farther southwest moving at a progressively faster rate as
elastic strain accumulates across the locked faults of the plate boundary.
Horizontal velocities (relative to stable North America) of sites within our
study area range from 13.8 mm/yr in the northeastern section to 37.2
mm/yr in the southwestern section. Results of elastic modeling of our site
velocities to infer fault slip rates are presented in a companion poster by
W. Nelson and others.

A Testbed for Modernizing Active Earth Monitor by Replacing Flash with
HTML5 and Development of the San Andreas Fault Content set for Public
Displays, Edgar Chu, Russ Welti, Grace Hwang, Derek Hoang, Kevin
Chan, Patrick McQuillan, Robert de Groot, Kathleen Springer and Bob
Lillie (Poster 242)
The goal of this project was to update the Active Earth museum kiosk
software to use HTML5 and Javascript instead of Adobe Flash. Progress
was made toward rewriting the code for the page and topic navigation of
the Active Earth Monitor by replacing the Flash banner with one that
relies on JavaScript, CSS3, and DOM manipulation techniques. Because
Apple iOS devices such as the iPad and iPhone do not support Adobe
Flash, rewriting the software should allow future Active Earth content sets
to now be viewed on many more devices, overcoming Flash's inherent
limitations. Progress in attaining this goal was made through testing
various approaches to find solutions to common issues such as crossdomain policy violations, including the use of IFRAMEs and DIVs. These
changes should allow a wider variety of kiosks to display Active Earth
content, and make the software easier to modify and update, in the
future. Additionally, using a mockup created in Adobe InDesign, a 22page content set for the Active Earth kiosk program was completed. This
content set was developed in collaboration with the Incorporated
Research Institutions for Seismology (IRIS) as part of the deliverables for
one of the EarthScope Workshops for Park and Museum Interpreters
held at the San Bernardino County Museum in 2009. This content set
focuses on the San Andreas fault, earthquake basics, earthquake
research tools, and tips for living (and staying alive) in earthquake
country. Each page contains graphics and animations, many created by
SCEC interns in the Undergraduate Studies in Earthquake Information
Technology Program using SCEC Virtual Display of Objects (SCEC-VDO).
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SCEC-VDO is an open-source software that enables interactive, 3D
display of diverse geo-referenced datasets for analysis, presentation, and
publication. Considerable portions of the content for were also drawn
from existing content sets developed by IRIS, EarthScope, UNAVCO, and
other collaborators.

Testing the Rapid Detection Capabilities of the Quake-Catcher Network,
Angela I. Chung, Elizabeth S. Cochran, Battalgazi Yildirim, Carl
Christensen, Anna E. Kaiser, and Jesse F. Lawrence (Poster 274)
The Quake-Catcher Network (QCN) is a versatile network of MEMS
accelerometers that are used in combination with distributed volunteer
computing to detect earthquakes around the world. Using a dense
network of QCN stations installed in Christchurch, New Zealand after the
2010 M7.1 Darfield earthquake, hundreds of events in the Christchurch
area were detected and rapidly characterized. When the M6.3
Christchurch event occurred on 21 February 2011, QCN sensors
recorded the event and calculated its magnitude, location, and created a
map of estimated shaking intensity within 7 seconds of the earthquake
origin time. Successive iterations improved the calculations and, within
24 seconds of the earthquake, magnitude and location values were
calculated that were comparable to those provided by GeoNet.
We have rigorously tested numerous methods to create a working
magnitude scaling relationship. In this presentation, we show a drastic
improvement in the magnitude estimates using the maximum
acceleration at the time of the first trigger and updated ground
accelerations from one to three seconds after the initial trigger. 75% of
the events rapidly detected and characterized by QCN are within 0.5
magnitude units of the official GeoNet reported magnitude values, with
95% of the events within 1 magnitude unit.
We also test the QCN detection algorithms using higher quality data from
the SCSN network in Southern California. We examine a dataset of M5
and larger earthquakes that occurred since 1995. We present the
performance of the QCN algorithms for this dataset, including time to
detection as well as location and magnitude accuracy.

Using the Cloud Environment for Seismic Networks, Robert W. Clayton,
Michael Olson, Mani Chandy, Julian Bunn, Richard Guy, and Ellen Yu
(Poster 117)
Seismic networks have two major problems when it comes to monitoring
significant earthquakes. The first is robustness in that they are usually
located in the region they are reporting on, and hence the central analysis
center is a single point of failure in the system. The second is in providing
enough computational power to handle a large earthquake and its
aftershock sequence, while bearing the cost of keeping these computers
idle most of the time.
Cloud computing such as the services offered by Amazon or Google,
provides an alternative solution that address both of these problems.
Instead of having the stations send their data to a central facility, the data
can be sent directly to the cloud, which means that it is transmitted out
of the region and is stored redundantly in multiple centers. An integral
part of cloud computing is the ability to add processors as the load
increases. This means that the computational power scales up (and
down) with the activity.
In this poster we report our experience on using the cloud for the
Community Seismic Network (CSN). The CSN has approximately 200
stations in the Pasadena region, and to this we have added the data from
400 accelerometers that are part of the Southern California Seismic
Network (SCSN), for a total of over 600 sensors. The CSN sensors send
their data directly to an application in the Google App Engine where they
are processed by an automatically expandable number of virtual
computers. The data are currently downloaded a day later for archival in
local disk arrays, but we plan to start using cloud storage for the
permanent archives. At that point there will be no more local
infrastructure other than the sensors themselves.

Does the slip rate of the San Jacinto fault vary along strike? Constraints
from campaign GPS data, John P. Conrad and Gareth J. Funning (Poster
042)
With its close proximity to large population centers, the San Jacinto fault
(SJF), a major component of the plate boundary system in southern
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California, has the potential to instill numerous casualties and property
damage. As a relatively young fault, morphologically, the SJF is made up
of numerous discontinuous strands and segments, leading to disparate
geologic slip rates and complicating their estimation. In the most recent
Uniform California Earthquake Rupture Forecast, the modeled slip rates
for the northern SJF are variable, from 6.0 mm/yr on the San Bernardino
section to 14.8 mm/yr in Anza. Since fault slip rates control the
accumulation of moment deficit on a fault, such a reduction should
correspond with a proportional reduction in seismic hazard. The San
Bernardino segment slip rate was lowered from the previous UCERF
forecast and is a factor of 1/3 less than the segment immediately south
of it, yet no new data was introduced to substantiate this change.
Velocity fields modeled from GPS data collected over 25 years will
validate whether GPS velocities are consistent with the UCERF 2 slip
rates.
To accomplish this, we process data from over 100 continuous and
survey GPS sites with epochs from 1995 to 2013 within the Western
United States. Data sources include locally collected data from UC
Riverside campaigns, as well as campaign data archived at the Southern
California Earthquake Center, UNAVCO, and SOPAC and continuous
data from the IGS and Plate Boundary Observatory. Site positions are
estimated using GAMIT 10.5 in the ITRF 2008 reference frame. Upon
processing of all data, time series for each site for each year are
reviewed for general trends, inconsistencies, and outliers. After this is
completed, a multiyear velocity solution is processed and reprocessed to
iteratively refine the a priori coordinates and velocities for all sites used.
Using the velocity field thus produced with GLOBK, we determine the slip
rate at various locations along the SJF using fault-normal velocity profiles
of sites at a range of distances from the fault trace.
Preliminary results indicate that may be an overall northwestward
decrease in fault parallel velocities along the Anza and San Jacinto Valley
sections on the order of 0.5 to 1.5 mm/yr although this is equivalent to
the uncertainties in our velocities. Presently, we have insufficient data at
present to resolve any slip rate changes between the San Bernardino
Valley and Claremont strands of the fault.

Data and Feature Enhancements to the NEES@UCSB Data Portal,
Matthew Cook, Jamison Steidl, Paul Hegarty, Zack Babtkis, Andrew Lo,
and Francesco Civilini (Poster 248)
As part of the Network for Earthquake Engineering and Simulation
(NEES), UCSB maintains and operates numerous permanently
instrumented geotechnical field sites. These sites record strong motions
and pore pressure response to earthquakes and are used for active
testing. The data from these sites provide valuable records for
researchers and engineers. To make these data available to the research
community, the data are collected, processed, and published to the
NEES@UCSB Data Portal, a web-based data dissemination tool. A
variety of search parameters allow a person to find recorded data based
on parameters such as station, location, or magnitude. Then the selected
data can be viewed within the data portal or waveform viewer, and
downloaded in an assortment of formats including ASCII, miniSEED, or
SAC. To extend the scope and availability of recorded data,
enhancements to the NEES@UCSB Data Portal include a renovated
appearance and structure, the addition of new datasets, and the
introduction of new features and capabilities. The updated data portal
now includes two new datasets from the SCEC Borehole Instrumentation
Program and the Greek ITSAK EUROSEISTEST array. Improvements to
the functionality of the data portal now include a PGA search parameter,
waveform previewer, and data downloading process. As the
dissemination of data for research becomes more prevalent, continuing
updates to the NEES@UCSB Data Portal will incorporate seismic data
from CGS, a COSMOS data format, and a web app interface to access
the underlying database.

A Potential Paleotsunami Shell-Hash layer from the Los Penasquitos
Marsh, San Diego County, California., Jeremy Cordova, Brady Rhodes,
Matt Kirby, Nicole Bonuso, and Robert Leeper (Poster 002)
The Los Penasquitos Marsh is one of a series of coastal wetlands
between San Diego and Orange County that formed within stream valleys
that were flooded and filled with sediment during early Holocene sea-
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level rise. In order to test the hypothesis that these wetlands contain a
record of prehistoric tsunamis, 21 reconnaissance gouge cores between
48 and 321 cm in length were collected and described in the field. Nearly
all of the cores contained a single peaty layer in the top 20-40 cm,
underlain by interbedded fine-medium gray sand and mud. The
stratigraphy in the cores is generally consistent with the complete infilling
of a lagoon behind a baymouth bar during the mid-late Holocene. Five of
the cores, ranging from 1.0-1.4 km inland from the present beach,
intersect a distinctive 0.5 – 12.0 cm-thick shell-hash layer at a depth of
between 233 and 280 cm beneath the modern surface.
Based on this discovery, we collected a 285 cm long 5-cm diameter core
using a Livingstone Piston corer. In this core the 10 cm-thick shell hash
layer consists of angular fragments up to 1 cm of broken shells in a
coarse sandy matrix that include the following genera: Mitrella, Venus,
Spirotropis, Pecten, and Nassarius. This assemblage suggests a quiet
water, marine source – from the lagoon and/or offshore. The core was
also analyzed for loss on ignition (LOI) at both 550° and 950°C and
magnetic susceptibility (ms). The LOI550 data are unremarkable
throughout the core, and the LOI950 data show an expected spike within
the shell-hash layer. The ms data show very low values for the lagoonal
muds and sands, but a pronounced spike within the shell hash layer. We
hypothesize that the anomalously high ms value for the shell hash layer
indicates a substantial component from an offshore source, where
heavier magnetic minerals may have accumulated seaward of the
baymouth bar. If correct, this layer may represent a large-wave event,
either a storm or tsunami. Three C-14 dates (uncorrected for the marine
reservoir) on shell fragments cluster between 1720-1850 cal yrs BP.

Tracing the Monterey Micro Plate towards the Isabella Anomaly using
Receiver Functions and Tomography, Paul Cox and Paul Davis (Poster
201)
We are testing two hypotheses on the origin of the 'Isabella tomographic
anomaly’, which has been interpreted as either a lithospheric
delamination (Ducea and Saleeby, 1998) or a remnant of the Farallon
plate attached to the Montray micro plate (Wang	
  et al., 2013). P-wave
receiver functions and tomography based on teleseismic events recorded
by 37 permanent stations and 4 newly installed stations were used to
construct a simple geometry tomographic model of the Isabella anomaly,
and to test whether the Monterey micro plate can be connected with the
location of the Isabella anomaly. A rectangular block model was used to
fit the arrival time residual pattern, and the best fit model has its top
surface located at 50km below the Great Valley. The thickness of the
model block is 90km thick, and it dips 60º towards the Sierra Nevada.
Our receiver functions suggest that the remnant Fallaron plate is not
stalled at the base of the crust beneath the Coast Ranges as has been
suggested from refraction studies (Brocher et al., 1999). Instead we
suggest that the oceanic crust of the remnant Fallaron plate can be
observed beneath the Moho as a low velocity zone located between
continental and oceanic mantle. The receiver functions define a
continuous low velocity zone that gently dips towards the Sierra Nevada
from 30 km depth below the Coast Ranges to 50 km depth below the
Great Valley. This result is consistent with the location of the Isabella
anomaly modeled by the rectangular block. The combined results of the
receiver functions and tomography study suggests that the origin of the
Isabella anomaly is a remnant of the Farallon plate, and that the initially
low angle of subduction of the Farallon plate in the west increases its dip
below the Great Valley to the east.

Paleotsunami Research at the Seal Beach Wetlands, Seal Beach,
California, D’lisa O. Creager, Brady P. Rhodes, Matthew E. Kirby, and
Robert J. Leeper (Poster 004)
The Seal Beach Marsh is located inside the Seal Beach Naval Weapons
Station in north Orange County, CA. The wetland formed as a result of
flooding and infilling of topographic lowlands during early Holocene sealevel rise. The Seal Beach marsh may contain a record of prehistoric
tsunami and other paleoseismic data because the marsh is a low-energy
depositional environment and historic anthropogenic disturbance is
limited. To test if the marsh has a record of tsunami, sixteen
reconnaissance gouge cores between 150 and 240 cm in length were
collected and described in the field. The reconnaissance cores showed

peaty organic layers interbedded with mud and sand. To investigate the
stratigraphy at greater depths, a 377-cm vibracore was collected.
Preliminary analyses of the vibracore show the top 15 cm is modern
marsh. From 15 to 107 cm below land surface (bls), peaty mud and mud
of varying thicknesses are interbedded. At 118 cm bls, a 10-cm thick
sand layer covers mud at a sharp irregular contact. A 10-cm sand layer
with an irregular basal contact at 137-cm bls covers peaty mud that
consists of 50% organic matter. Peaty mud transitions to mud at 140 cm
bls. Alternating mud and muddy sand layers of varying thickness
continue to 246 cm bls. At 250 cm bls, a 2-cm thick mud layer caps a
muddy peat layer. Mud at 270 cm bls extends down until a sharp
irregular contact is made with a sand layer at 356 cm. A 21-cm thick
sand layer marks the base of sediment recovery in the vibracore. The
core was analyzed for loss on ignition (LOI) at 550°C (% total organic
matter) and 950°C (% total carbonate) as well as magnetic susceptibility
(CHI) at 1-cm intervals. These analyses confirm the existence of several
organic-rich zones alternating with organic-poor mud. Our working
hypothesis is that these peaty layers represent repeated subsidence of
the marsh, perhaps related to seismic activity on the Newport-Inglewood
Fault zone. Microfossil identification will be used to confirm that these
alternating layers represent abrupt environmental changes, and C-14
ages will document the chronology of subsidence.

Broadband Ground Motions That Include Correlated Parameters and
Complete Green’s Functions from Kinematic Ruptures on Finite Faults,
Jorge Crempien, Qiming Liu, Daniel Lavallee, and Ralph J. Archuleta
(Poster 207)
Since Haskell’s seminal 1964 paper, there have been numerous
implementations of his approach that simulate ground motions from
kinematic representations of propagating slip on a finite fault. Of course,
the fundamental difficulty is that one does not know any of the
parameters (slip, sliprate, rupture velocity) as a function of time and
space on the fault. There are no physical laws that prescribe these
parameters in space and time. Thus one must follow a method by which
these parameters are systematically specified on the fault. Computing
the ground motion for locations not on the fault requires knowing the
Green’s function for the medium—another fundamental difficulty. The
two basic axioms of the UCSB implementation of broadband kinematic
simulations is 1) that the slip rate time function on the fault generates the
entire spectrum of frequencies in the radiated waves and 2) that these
waves all propagate in the same medium. Following the work of Liu et al.
(2006) and Schmedes et al. (2013), we recognize that the kinematic
source parameters are correlated (2-point statistic) and that each
parameter has its own distribution (1-point statistic). The correlations and
the distributions were based on analysis of the kinematic parameters
resulting from more than 300 dynamic simulations that used a slip
weakening friction constitutive relationship between slip and stress. As
part of the SCEC effort to validate broadband simulations with records
from past earthquakes, we have modified the power law spectrum for
slip used in Schmedes et al. (2013) to include a von Karman wavenumber
spectrum for slip when one dimension of the fault is much greater than
the other. We have also added a Gusev (2011) parameter that allows
more variability in the local rupture velocity at short time scales. In the
SCEC validation we have found that the Green’s functions, including the
specification of frequency dependent attenuation, significantly affect the
outcome—as would be expected. We have modified the Zhu and Rivera
(2000) frequency/wavenumber 1D Green’s function code to include a
frequency-dependent Q. However, because the UCSB method uses the
same Green’s functions for high and low frequencies, we find that the
specification of the Green’s functions may not be consistent for both low
and high frequencies.

Characterizing Train Noise in Southern California: Implications for
Automated Tremor Detection, Tudor Cristea-Platon, Justin R. Brown, and
Jean-Paul Ampuero (Poster 112)
Constructing an automatic discriminator for tectonic tremors in Southern
California, especially within the Anza Gap, has proved to be challenging.
In early efforts in the area tremor-like periods were identified based on
the short term average to long term average ratio and interstation
coherency of signal envelopes at borehole stations. However, this
approach did not prove robust to some forms of cultural noise. Some of
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the resulting tremor-like periods were in fact determined to be associated
with train traffic in the Coachella Valley. Our research focused on
characterising the duration and spectra of this noise and use this
information to improve a tectonic tremor detection algorithm.
With a reported average of 85 freight trains moving daily through the
Coachella Valley, half heading north and half south, their presence is
constantly being recorded by the seismic stations surrounding the area.
Stations on rock sites to within 20 km of the train tracks, like CI.WWC
and CI.PSD, record train traffic only when two trains cross each other
heading different directions and if the ambient noise is low enough. This
also holds true for the AZ.PFO and PB.B084 pair of surface-borehole
stations located in the mountains more than 40 km from the train tracks
and because of this, numerous events in a tremor catalog (2008-2009) of
the region contain false alarms. Spectral analysis of these contaminants
illustrated a unique spectral feature, a “bump” in frequency at about 3-4
Hz. Spectrograms over several hours reveal a persistent hum bandlimited between 3 and 4 Hz on the horizontal components and around 10
Hz on the vertical components. The characteristics of train induced noise
found here will be of future help to the design of an automated tectonic
tremor detector. Moreover, the capability to record these waves at long
distances from anthropogenic moving sources running virtually along the
San Andreas fault opens intriguing prospects for extracting information
about the seismic response of the Coachella Valley at high frequencies
that are not accessible to studies based on microseism noise.

Accelerating CyberShake Calculations on Petascale Heterogeneous
Supercomputers, Yifeng Cui, Efecan Poyraz, Jun Zhou, Scott Callaghan,
Philip Maechling, Thomas Jordan, Liwen Shih and Po Chen (Poster 196)
Using CyberShake, SCEC has created the first physics-based
probabilistic seismic hazard analysis (PSHA) models of the Los Angeles
region from suites of simulations comprising ~10^8 seismograms. The
current models are, however, limited to low seismic frequencies (≤ 0.5
Hz). To increase the maximum simulated frequency to above 1 Hz and
produce a California state-wide model, we have transformed the GPUbased Anelastic Wave Propagation code (AWP-ODC) to include strain
Green’s tensor (SGT) calculations to accelerate CyberShake calculations.
We demonstrate the performance and scalability of this solver optimized
for the heterogeneous Blue Waters system at NCSA and Titan system at
ORNL. The high performance of the wave propagation computation,
coupled with CPU/GPU co-scheduling capabilities of our workflowmanaged systems, make a statewide hazard model a goal reachable with
existing supercomputers.

Suppression of strike-slip fault systems by crustal heterogeneities, Ivy S.

exemplify the fault zone development observed in these experiments
(e.g., Walker Lane, CA-NV).

Extracting large earthquake probabilities from small-quake tidalcorrelations, Karin A. Dahmen, Braden A.W. Brinkman, Michael LeBlanc,
Yehuda Ben-Zion, and Jonathan Uhl (Poster 255)
It has long been speculated that correlations between tidal stresses and
large earthquakes may be used to predict future seismic events. This
may not actually be practical, however, as only 1% of the earthquakes
correlate significantly with tides [1,2]. Yet, recent observational-data
analyses by Tanaka [3,4] indicate that tidal stresses correlate significantly
with small earthquakes, just before large earthquakes occur. Here we
present a probabilistic model of earthquake statistics to test whether
correlations between small quakes and tidal stresses can predict
impending large earthquakes. Our model predicts that strong correlations
can be observed when tidal amplitudes are a small fraction of the typical
stress drop caused by a large earthquake on the fault. For these
amplitudes, we can compute the probability that a large earthquake will
occur after a time period of significant correlations between small
earthquakes and periodic stresses. In addition, our model can
accommodate other kinds of stress perturbations, including seismic
waves from other nearby faults. The model takes into account the effect
of disorder in the fault structure on the earthquake statistics and the
stress distribution across the fault. We anticipate that our model will be a
useful tool for developing new analyses of earthquake correlation
statistics, from which we may be able to extract the probabilities of
impending large earthquakes.
[1] Braden A. W. Brinkman, Michael LeBlanc, Yehuda Ben-Zion,
Jonathan T. Uhl, and Karin A. Dahmen, "Extracting large earthquake
probabilities from small-quake tidal-correlations", submitted for
publication, 2013.
[2] D. A. Lockner and N. M. Beeler, "Premonitory slip and tidal triggering
of earthquakes," J. Geophys. Res., vol. 104, p. 20133, 1999.
[3] S. Tanaka, "Tidal triggering of earthquakes precursory to the recent
Sumatra megathrust earthquakes of 26 December 2004 (Mw 9.0), 28
March 2005 (Mw 8.6), and 12 September 2007 (Mw 8.5)," Geophys. Res.
Lett., vol. 37, p. L02301, 2010.
[4] S. Tanaka, "Tidal triggering of earthquakes prior to the 2011 TohokuOki earthquake (M_w 9.1)," Geophys. Res. Lett., vol. 39, p. L00G26,
2012.

Dynamic rupture and ground motion simulations with slip reactivation of
the the 2011 Mw 9.0 Tohoku earthquake, Luis A. Dalguer and Percy

Curren and Peter Bird (Poster 170)

Galvez (Poster 150)

Although transform (strike-slip on land) faults are a defining feature of
plate tectonics, plate boundary models show several regions where
shearing is the primary regional deformation mechanism that completely
lack or have underdeveloped strike-slip fault systems with respect to
their slip rate. Regions that exhibit rapid toroidal (shearing) flow as
indicated by GPS velocities, focal mechanisms, and/or neotectonic
models but lack pervasive strike-slip faulting tend to possess common
features that predate shearing, such as: (1) extensive fracturing
perpendicular or sub-perpendicular to the shear plane (e.g., South
Iceland Seismic Zone and Walker Lane, CA), and/or (2) regional cover of
flood basalts or andesites containing columnar joints (e.g., Brothers Fault
Zone, Oregon). We present a new plane-stress finite-strain analog model
created to investigate the evolution of primary deformation zones in pure
strike-slip fault systems where crustal heterogeneities emulating (1) and
(2) exist prior to shear initiation. Experimental results indicate that, in
comparison to systems with originally pristine surfaces, strike-slip fault
systems containing preexisting structures develop more distributed
geometries and that more than twice as much net offset is required for
throughgoing strike-slip faulting to occur. These results provide new
insight for kinematic interpretations of structural data from fault systems
on Earth, Venus and other terrestrial bodies where crustal heterogeneities
such as shear-plane perpendicular fractures and/or basaltic or andesitic
flood basalts are present prior to shear initiation. Direct and independent
confirmation of fault zone suppression could be provided through
detailed geologic analyses of underdeveloped fault zones on Earth that

The 2011 Mw9 Tohoku earthquake generated such as vast geophysical
data that allows studying with an unprecedented resolution the spatialtemporal evolution of the rupture process of a mega thrust event. Joint
source inversion of teleseismic, near-source strong motion and
coseismic geodetic data reveal an evidence of slip reactivation process
at areas of very large slip.
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These two possible repeating slip identified by source inversions can
create two waveform envelops well distinguished in the observed ground
motion pattern.
A possible physical mechanism to explain the slip reactivation could be a
thermal pressurization process occurring in the fault zone. In fact,
Kanamori & Heaton, (2000) proposed that for large earthquakes frictional
melting and fluid pressurization can play a key role of the rupture
dynamics of giant earthquakes. If fluid exists in a fault zone, an increase
of temperature can rise up the pore pressure enough to significantly
reduce the frictional strength. Therefore, during a large earthquake the
areas of big slip persuading strong thermal pressurization may result in a
second drop of the frictional strength after reaching a certain value of
slip. Following this principle, we adopt for slip weakening friction law and
prescribe a certain maximum slip after which the friction coefficient
linearly drops down again. The implementation of this friction law has
been done in the latest unstructured spectral element code
SPECFEM3D, Peter et. al. (2012). The non-planar subduction interface
has been taken into account and place on it a big asperity patch inside
areas of big slip (>50m) close to the trench. Within the first 2km bellow
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the trench a negative stress drop has been imposed in order to represent
the energy absorption zone that attenuates a high frequency radiation at
the shallow part of the suduction zone. In order to account for the high
frequency radiation detected by back projection techniques at depth, we
model small asperities in our dynamic rupture model. Finally, a
comparison of static geodetic free surface displacement and synthetics
has been made to obtain our best model. We additionally compare
seismograms with the aim to represent the main features of the strong
ground motion recorded from this earthquake. Moreover, the spatialtemporal rupture evolution detected by back projection at down dip is in
a good agreement with the rupture evolution of our dynamic model.

Reconciling geological and geodetic models of interseismic deformation
in Southern California, Simon D. Daout, Sylvain Barbot, Yuri Fialko, Zhen
Liu, and Paul Tapponnier (Poster 188)
Relative motion between North America and Pacific Ocean plates is
expressed in California in part by major strike-slip faults. But some
relative convergence is evidenced by the presence of thrusts and oblique
strike-slip faults. Reconciling these structural features into a selfconsistent kinematic fault model is challenging but is primordial for
realistic seismic hazards assessment: Fault geometry affects stress
distribution, amplitude of slip rates, fault slip orientation, fault slip
dynamics, and overall fault segment interactions.
Using a combination of synthetic aperture radar (InSAR) and GPS, we
assess the merit of two end-member models of interseismic strain
accumulation across the San Andreas Fault system in Southern
California. A first model includes vertical faults with roots extending at
depths down to at least the mantle. In this case, fault slip and off-fault
deformation are aligned with fault trace, the roots of fault segments never
intersect at depth and localized slip at crustal depth transitions to
broader shear zones in the mantle. In the second model the Elsinore (EF),
San Jacinto (SJF) and San Andreas (SAF) Faults connect to a basal
detachment along a suture line at crustal depth. Slip on the subhorizontal, intra-crustal, décollement is oblique and accommodates both
convergent and transform components of relative plate motion.

observations over much of the frequency and distance range of
engineering interest. Simulations (e.g., Dunham et al., 2011; Shi and Day,
2013) suggest that the departure of natural fault surfaces from planarity,
i.e., fault roughness, is an essential element in the generation of highfrequency ground motion. Rupture models that incorporate power-law
roughness, even though very oversimplified in other respects (notably the
initial stress state) predict ground motion with many of the qualitative
features of recorded ground motion. Synthetic spectral accelerations
from such simulations in 3D, once averaged to remove random site and
path variations, show a remarkable degree of quantitative agreement with
the corresponding spectral averages from recorded strong motion data.
These results are promising, but preliminary and still of limited scope,
and I will discuss some of the more notable limitations, as well as some
possible pathways for future research.

Signatures of Delayed Dynamic Triggering, Andrew A. Delorey, Paul A.
Johnson, Kevin Chao, and Kazushige Obara (Poster 260)
We examined two events off the east coast of Japan with magnitudes of
5.5 and 5.7 identified by Pollitz et al., [Nature, 2012] as part of a global
fivefold increase in M ≥5.5 events for six days following the 11 April 2012
M 8.6 east Indian Ocean earthquake (IOE). These two events occurred
~30 and ~50 hours after the IOE and are located in the aftershock zone
of the 11 March 2001 M 9.0 Tohoku-Oki earthquake (TOE). By examining
the earthquake catalog and using high frequency coherence across
nearby HINET borehole stations as a proxy for the rate of local seismic
emission, we find an apparent migration of seismicity from northnortheast to south-southwest that encompasses both of the largest
events in the sequence as well as a few smaller clusters of seismicity that
are activated or reactivated shortly after the IOE. Additionally, nearby
GPS stations indicate changes in the slip rate before, during, and after
the IOE that are consistent with changes in seismicity and inter-event
times.

This study attempts to reconcile both geological and geodetic model and
to explore the potential hazards associated with thrust faults in Southern
California.

Dynamic perturbations produced by large earthquakes have been
observed to trigger distant earthquakes both instantaneously and after
delays of hours to days. In the case of instantaneous triggering the
evidence usually consists of observations of the triggered event initiating
during the passing of body or surface waves from the triggering event. In
the case of delayed triggering the evidence usually consists of a
statistically unusual rate of seismicity in a region that experiences high
amplitude (>10-7) and long duration dynamic strains from the triggering
event. The significant unanswered question is if an event that is part of a
statistical anomaly is indeed triggered after a delay, what happens during
the delay between the time of the dynamic perturbation and the triggered
event? Earthquakes could be triggered directly through a cascading
sequence or indirectly through a triggered slip event, changing pore
pressures, or some other non-linear process in the fault zone initiated by
the dynamic perturbation.

High-frequency rupture dynamics and ground motion prediction, Steven

Large Virtual Earthquakes on the San Andreas Fault, Marine A. Denolle,

As a point of comparison, we focus on a perpendicular profile across the
EF, SJF and SAF near the Salton Sea. Using a deep fault geometry
parallel to the SAF (model 1), Fialko (2006) explained both InSAR line-ofsight displacements and GPS. We show that the same geodetic data can
be explained equally well with an oblique décollement (model 2). Both
models can explain equally well geodetic data of individual segments of
the SAF taken in isolation. The décollement model, however, can explain
simultaneously the relative motion across different segments of the SAF.

M. Day (Talk Tue 14:30)
Empirical ground motion prediction is a relatively mature science and
may in some respects be subject to diminishing returns. This situation
has given impetus to the development and application ground motion
simulation methods to address outstanding generic ground motion
issues as well as site-specific issues. Simulations based on simplified
wave propagation models and kinematically specified sources contain
tuning parameters that can be calibrated to shape the ground motion
spectrum to match observations, but these parameters frequently do not
have a well-established physical interpretation. Thus, these methods
have the advantage that they directly encode observational information,
but the disadvantage that they provide minimal physical basis from which
to extrapolate beyond the data to which they have been calibrated. On
the other hand, dynamic rupture models start from well-defined physical
models, but until recently have lacked the model complexity and
resolution required to test their validity through meaningful comparisons
with strong motion data at frequencies beyond about 1 Hz.
However, it is now possible to simulate dynamic rupture and ground
motion for large (M > 7) earthquakes, in 3D, while resolving frequencies
up to greater than 10 Hz, over source-receiver distances of several tens
of kilometers. This capability permits ground motion from rupture
simulations to be tested quantitatively against strong motion

Eric M. Dunham, German A. Prieto, and Greg C. Beroza (Poster 223)
Seismologists increasingly turn to physics based simulations to predict
shaking from scenario earthquakes for seismic hazard analysis, but the
accuracy of wave propagation simulations depends on our limited
knowledge of the Earth's shallow structure. To be trusted, those
simulations have to be validated against data. We undertake this task
using the ambient seismic field. Denolle et al. (2013) develop a new
technique that uses Green’s functions from the ambient seismic field to
predict long period ground motion from realistic earthquakes. This
technique was validated against moderate earthquakes in southern
California that are small enough to be treated as point sources. In the
present study, we use the representation theorem to sum over multiple
point sources in order to simulate earthquakes that involve extended
rupture. We treat the seismic stations from a temporary array deployed
along the southern segment of the San Andreas Fault as virtual sources
and convolve them with rupture scenarios used in CyberShake
simulations to estimate the long period shaking in the greater Los
Angeles area. This pilot experiment allows us to explore the coupling
between rupture directivity and basin effects in seismic amplification as
well as the role of a waveguide effect in the San Gorgonio pass area that
have been observed in large earthquake simulations.
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Status of GPS Network Operations at USGS Pasadena, Daniel N.
Determan, Aris G. Aspiotes, Ken W. Hudnut, Nancy E. King, and Keith F.
Stark (Poster 041)
The USGS Pasadena field office operates 104 permanent, continuouslyoperating GPS stations in southern California. Most stations are in the
urban Los Angeles area and along the southern San Andreas fault.
Station construction began in 1994 and continues today. Most sites were
built in 1998-2001 as part of the Southern California Integrated GPS
Network (SCIGN) project. One new station with both seismic and GPS
instrumentation was established at Cook’s Ranch (COKG) this year.
Cooperators are proposing new sites where critical infrastructure crosses
the fault, including the fresh water supply lines crossing on the Casa
Loma section of the San Jacinto fault (MWD), Elizabeth Lake Tunnel
(LADWP), and locations where the proposed high speed rail crosses
major faults. The USGS GPS network in southern California currently
uses two types of geodetic grade GPS receivers; the Trimble NetRS at 20
locations and the TOPCON Net-G3A at 84 locations. The Ashtech Z-XII
receivers were phased out this year. The new TOPCON receivers can
track other Global Navigation Satellite Systems (GNSS) such as
GLONASS. There are 21 “co-located” stations that have seismic broadband and strong motion sensors as well as GPS equipment. All GPS
receivers record 1 sample every 15 seconds. Almost all transmit their
data using phone lines, spread spectrum radios, cell modems, and the
Internet, to a database where the data are processed and archived.
Additionally, over 90% of the GPS stations stream real-time high rate (1
sample per second) data, which scientists and others can download
immediately from anywhere in the world. Planned improvements for next
year include installing 40 new Trimble NetR9 receivers acquired by
Caltech through an Urban Area Security Initiative (UASI) grant and the
streaming of real-time high-rate data with minimal data gaps by all
stations. There is also potential for adding up to 50 newly constructed,
co-located seismic/GPS sites through a second Caltech proposal for
UASI funding. One important goal, currently the highest priority of the
GPS network is to add a geodetic component to complete an effective
earthquake early warning system.

Stress Drop and Its Uncertainty for Central California Earthquakes M 3.85.5, Luyuan Ding, Jorge Crempien, and Ralph Archuleta (Poster 102)
In previous studies where stress drop (tau) is estimated from the
displacement spectrum of body waves (Brune, 1970,1971), the standard
deviation of tau (std-tau) is around a factor of four (Cotton et al., 2013). In
this method the std-tau is primarily due to uncertainty in the corner
frequency (fc) because tau has a strong dependence on fc (proportional
to fc^3). An alternative approach is to compute tau based on the
acceleration spectrum, using the root-mean-square amplitude (A-rms) for
frequencies greater than fc (Hanks, 1979). To compare these two
methods we use borehole recordings at the Hollister downhole array
(Steidl, 2006); earthquakes have M>3.8 to ensure a good signal to noise.
The recordings at depth are uncontaminated by near surface attenuation.
However, the whole path attenuation must still be accounted for. To date
we have analyzed 5 earthquakes (M 3.8-4.5) at hypocentral distance 8-17
km and 6 earthquakes (M 3.9-5.5) at hypocentral distance 26-76 km. We
find that it is critically important to correct the spectrum for attenuation.
For these earthquakes we used a Q model of Q=Qo x f^0.6. We find an
average t* (=travel time/Qo) near 5.5 for 8 of the earthquakes. After
correcting for Q, the spectrum has an ω^2 shape for frequencies up to 70
Hz for the close distances (before the Nyquist frequency of instrument)
and up to 40 Hz for the far distances (after which the noise comes in).
This bandwidth allows for a stable estimate of the rms acceleration. With
the corrected spectrum we estimated fc, the low-frequency asymptote
(to determine seismic moment) and the rms acceleration. Using the Arms method we find nearly the same mean value of tau: 1.3 MPa and 1.0
MPa for close and far distances, with an uncertainty of a factor of 1.9 and
2.1, respectively. Whereas the same spectra produce a Brune tau of 1.1
MPa and 0.3 MPa for close and far distances, with an uncertainty of a
factor of 3.5 and 3.4, respectively. Our analysis suggests that we can use
the A-rms method for estimating tau for distances as large as 76 km
provided we correct the spectrum for whole path attenuation. This
analysis suggests that the intrinsic variability in earthquake stress drop is
around a factor of 2.106
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Geodetic Imaging for Science and Decision Support, Andrea Donnellan,
Jay W. Parker, Margaret T. Glasscoe, Marlon Pierce, Jun Wang, and John
Rundle (Poster 051)
NASA’s Uninhabited Aerial Vehicle Synthetic Aperture Radar (UAVSAR)
has been collecting data over California since late 2009. It was used to
image the 2010 El Mayor – Cucapah earthquake and extensive slip on
faults north and north east of the rupture. The interferometric phase
maps of geodetic displacements are exceptionally high definition (pixel
size is roughly 7 m).
QuakeSim presents UAVSAR, fault, and GPS observations in a mapbased service, enabling users to better understand surface deformation.
UAVSAR shows that the Imperial, Superstition Hills, and East Elmore
Ranch faults all slipped in response to the El Mayor – Cucapah event.
Horizontal, right-lateral slip ranges from 1 mm on the northern half of the
Superstition Hills fault 15 mm on the southern half and 43 m on the
Imperial fault. Slip on the East Elmore Ranch fault is more likely to be
extensional on a normal fault that is buried.
We have developed an automated approach to detecting faults and other
lineations directly from the UAVSAR unwrapped phase product that
corresponds to a single-component deformation map. We’ve developed
a Canny edge detection algorithm that is sensitive to faults that are
oriented cross to the flight line. Reasonable maps of lineations in the
Salton Trough occur for a user set threshold of detection of 3 mm: higher
values result in a loss of interesting lineations; lower ones produce
excess clutter.
The new edge detection algorithm for finding faults can input to
forecasting, deformation modeling, and risk analysis. Earthquake Data
Enhanced Cyber-Infrastructure for Disaster Evaluation and Response (EDECIDER) combines remote sensing data and modeling to provide
decision support for earthquake disaster management and response. It
produces standards compliant map data products using a service based
GIS model for its products for different users with multiple service
protocols (e.g. KML, WMS, WFS, and WCS). Data products include slope
change and strain magnitude and aftershock forecasts. Products are
triggered from the USGS earthquake feed and are posted to the EDECIDER webpage, a mobile interface, and UICDS. A KML service
provides infrastructure information from the FEMA HAZUS database
through UICDS and the mobile interface.

Evaluation of Broadband Platform and Ground Motion Simulation Results,
Douglas S. Dreger, Gregory C. Beroza, Steven M. Day, Christine A.
Goulet, Thomas H. Jordan, Paul A. Spudich, Jonathan P. Stewart (Poster
209)
The SCEC Broadband Platform (BBP) recently completed its first phase
and a panel was convened to review the results in terms of capabilities
for simulating 5% damped pseudo spectral acceleration. Five broadband
ground motion simulation methods were implemented on the platform
and evaluated. Ground motions were simulated for magnitude-distance
bins for comparison with established ground motion prediction equations
(GMPEs), and with respect to observations from seven earthquakes from
tectonically active regions. For each event 40 stations were selected
providing good azimuthal and distance coverage from each source,
whenever possible. A metric based on median PSA was computed from
the two horizontal components for 63 discrete periods ranging from 0.01
to 10 seconds. For each event, simulations were computed for 50 finitesource, kinematic slip models, and goodness-of-fit (GOF) parameters
were computed from the residual between the mean natural log of
observed to simulated ground motions. The review panel examined the
mean GOF, and the mean of the absolute GOF for each simulation case.
The results were binned according to distance (0-5, 5-20, 20-70, 70-200
km) and period (0.01-0.1, 0.1-1, 1-3, and more than 3 seconds). The
simulation results from the five approaches were evaluated with a simple
pass/fail criteria (0.35/0.69 natural log units), where the failure threshold
indicates a failure bias of more than a factor of two, and the pass criteria
at long periods may be thought of as consistent with a 0.1 unit of
magnitude uncertainty. Furthermore the distance dependence of the
GOF, and the GOF metrics were compared to those for established
GMPEs.
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The result of the review indicates that the BBP was successful in the
design of a stable, version-controlled numerical test platform in which
simulation codes are run by a third party, and output are processed with
common plotting and statistics algorithms to facilitate review. The BBP
successfully provided a framework in which both individual and
comparative analysis of the simulation methods was possible. The results
of this first stage indicate that three methods are suitable for broadband
simulation of spectral accelerations from 0.01 to 3 seconds period and
the entire distance range although increased bias is found in all methods
above 1 second period.

Linking initial stress states of dynamic rupture models of large
earthquakes to the tectonics of source regions, Benchun Duan (Poster
152)
Initial stress states of dynamic rupture models may be the most
important while the least constrained parameter. In theoretical studies of
spontaneous rupture problems, initial stresses on the fault (and the
medium) may be assumed to be uniform, such as in examining
supershear rupture, or off-fault non-elastic energy loss problems.
Stochastic initial stresses are also used in rupture propagation problems,
in particular for realistic ground motion predictions with dynamic sources.
In studying dynamic rupture propagation on geometrically complex
faults, a uniform regional stress field is usually resolved onto differently
oriented fault segments.
Complex rupture processes in recent large earthquakes, such as the
2008 M7.9 Wenchuan earthquake and the 2012 Indian Ocean M8.6 and
M8.2 earthquakes, reveal that heterogeneous initial stress fields in terms
of either heterogeneous stress orientations or heterogeneous (principal)
stress ratios or combinations of the two may be needed. Spontaneous
rupture modeling provides a means to explore what kinds of initial stress
fields may allow ruptures to have propagated in the ways they did. In this
type of studies, I propose to start with principal stress components and
introduce heterogeneities in terms of stress orientations or stress ratios
or combinations of the two in setting up initial stress fields for dynamic
rupture models. Stress heterogeneities can be linked to the tectonic and
local geology of source regions. For example, in an attempt to
reproducing dynamic branching and incomplete slip partitioning in the
Wenchuan earthquake, I find that heterogeneous stress ratios between
the two branched faults are needed, and some stress rotations are also
suggested. We can link these heterogeneities to the tectonic and local
geology of the Longmenshan fault system.

Dynamics of anti-plane shear ruptures with off-fault plasticity, Ahmed E.
Elbanna and Ralph Archuleta (Poster 146)
We investigate the effect of off-fault plasticity on the dynamics of antiplane shear ruptures propagating on frictional interfaces characterized by
linear slip weakening friction and instantaneous healing at zero slip rate.
We implement the friction formulation in ABAQUS/ Explicit through a user
subroutine. The yield surface is modeled by Drucker-Prager criterion and
kinematic hardening. We explore the dynamics for a wide range of
confining pressure as well as the strength parameter.
We find that the rupture speed quickly accelerates to values near its
limiting speed even in the presence of off-fault dissipation. Off-fault
plasticity, however, limits the peak slip rate compared to the linear elastic
case. The increase in slip with propagation distance in the former case is
achieved by changing the shape of the slip pulse making its peak
broader. For constant pressure, the width of the plastic zone increases
with propagation distance. To simulate depth dependence, we model
cases with linearly varying pressure and found that the width of the
plastic zone does not necessarily increase as the value of confining
pressure decreases.
By nucleating the rupture near a strong boundary the propagation
assumes the slip pulse mode. We vary the value of slip weakening
distance in the friction law, the prestress distribution and the normal
stress values along the fault strike to determine conditions under which a
self-similar or steady state pulse can propagate. We also investigate the
effect of prestress heterogeneities on the development of off-fault
plasticity and the final length of the rupture. We discuss the implications
of our results for energy partitioning and constraints on prestress
distribution for real earthquakes.

Scarp degradation of the 2010 El Mayor-Cucapah surface rupture
captured by annual t-lidar surveys, Austin J. Elliott, Michael E. Oskin,
Peter O. Gold, Alejandro Hinojosa-Corona, Richard Styron, and Michael
H. Taylor (Poster 014)
We document the rapid onset of surface processes acting on the scarp
formed by surface rupture of the Borrego and Paso Inferior faults during
the 2010 M7.2 El Mayor-Cucapah earthquake. By differencing high
resolution topography we collected in repeat terrestrial lidar surveys, we
identify and quantify both processes that degrade the surface record of
faulting and processes that preserve buried evidence of coseismic fault
rupture. Our initial scans took place two weeks after the 4 April 2010
earthquake, specifically targeting surface rupture through four different
substrates: bedrock, Quaternary fanglomerate, active channel sand
deposits, and active silt dunes. One year later, in spring 2011, we
repeated t-lidar surveys of all four sites. Differencing lidar-derived DEMs
to calculate fine-scale elevation changes in the first year postearthquake, we document the two main variables controlling the type and
extent of erosion: substrate cohesiveness and scarp facing direction.
Substrate cohesiveness dictates the degree to which erosive processes
act to relax the scarp, however, scarp locations that favor fluvial
processes suffer rapid, localized erosion of vertical scarp faces,
regardless of substrate. Although aeolian and hillslope processes operate
over a greater along-strike distance, fluvial processes concentrated in
pre-existing bedrock gullies transport a far greater volume of material
across the scarp. The differential lidar also reveals rapidly growing debris
cones and complete infilling of fissures at the base of the scarp,
indicating that the common stratigraphic paleoevent indicators—colluvial
wedges and fissure fills—reliably bracket an earthquake to within one
year of its occurrence, even in this hyper-arid environment. Our surveys
represent important benchmarks to track both the evolution of a
coseismic scarp and the rate and spatial distribution of geomorphic
processes following a known disturbance to the landscape. Such ground
based lidar surveys represent the best way to capture and preserve
minute details of surface faulting, but the long data processing times
associated with tripod scanning warrant improved methods for efficient
event response. We plan to install a network of survey benchmarks as
ground control points for improvement of survey accuracy, precision, and
documentation of any ongoing tectonic deformation.

Beyond the Time-Independent Uniform California Earthquake Rupture
Forecast: Where Should SCEC Go From Here?, William L. Ellsworth (Talk
Mon 12:15)
The time-independent Uniform California Earthquake Rupture Forecast,
Version 3 (UCERF3) represents a major accomplishment of the SCEC
community. The UCERF3 forecast integrates our current understanding
of the geology, geodesy and geophysics of the San Andreas Fault
system into a comprehensive, system-level framework that will guide
public policy and earthquake risk reduction activities for years to come.
This was truly a center-wide effort, with well over 100 members of the
community actively involved in the research, development,
implementation, testing, and review of everything from the numerous
component parts (20 appendices for starters) to the hazard implied by
the model. As with any successful study of this magnitude, it exposed
gaps in our understanding of how both earthquakes and fault systems
work, uncovered conflicts between fundamental data sets that describe
the system, revealed needs for more and better empirical measurements,
and underscored the value of theoretical advances for improving our
models. In short, there is much important science yet to be done. In this
talk, I will highlight some of the key issues identified by the Scientific
Review Panel for UCERF3 through its review meetings, project
workshops and outreach activities to the broader community of
earthquake professionals. Many of these questions and new directions
are also shared by members of the Working Group. A sample of
frequently mentioned issues includes:
• Will the UCERF3 model pass a Regional Earthquake Likelihood Model
test?
• Does the Grand Inversion span the epistemic uncertainty in hazard?
• Are fault-to-fault jumps as prevalent in nature as modeled in UCERF3?
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• The Grand Inversion represents a big step forward – but solutions to
the equation set are highly non-unique. Can solutions be more tightly
constrained?
• Initial attempts to solve the Grand Inversion with individual faults
obeying Gutenberg-Richter statistics failed. Are G-R models possible?
• The discrepancies between geologic and geodetic deformation models
must be telling us something important about the loading of the fault
system. What is it?
• Scaling laws play a central role in UCERF3. Can we replace them with
physics-based models?
• Many see physics-based fault simulators as the future. When will we be
ready to move them from research tools to instruments of public policy?

A Finite Difference Method for Earthquake Cycles in Heterogeneous
Media: Alternating Sub-basin and Surface-rupturing Events on Faults
Crossing a Sedimentary Basin, Brittany A. Erickson and Eric M. Dunham
(Poster 069)
We present a numerical method for earthquake cycle simulations that
includes a volume discretization of the off-fault material to accommodate
spatially variable elastic properties. The method is developed for the twodimensional antiplane shear problem of a vertical strike-slip fault with
rate-and-state friction. The equations of linear elasticity are discretized
with summation-by-parts finite differences. The system is loaded at the
remote boundaries to capture the effect of slow tectonic forcing. To
facilitate efficient solution, we employ the radiation-damping
approximation, rather than rigorously including inertial dynamics. We
compare earthquake cycles in a homogeneous half-space with those in
which the upper portion of the fault cuts through a sedimentary basin of
varying basin depth and basin shear modulus. In a homogeneous halfspace, events rupturing the full seismogenic depth occur periodically.
Event sequences are more complex in basin models, with one or several
sub-basin events confined to the lower section of the fault followed by a
much larger, surface-rupturing event that breaks through the basin.
Greater basin depth or more compliant basin material promote the
emergence of these sub-basin ruptures, which nucleate in the
seismogenic zone below the basin but are unable to penetrate through
the sedimentary basin. We found that these sub-basins ruptures leave
stress concentrations near the lower edge of the basin, which facilitate
subsequent events to reach Earth's surface. Predicted surface velocities
are essentially identical before sub-basin events and surface-rupturing
events, suggesting that geodetic observations would not be useful in
predicting the rupture mode. The alternating sequence of sub-basin and
surface-rupturing events would complicate interpretation of paleoseismic
data. This finding might help explain discrepancies between geodetic
and geologic estimates of recurrence intervals on faults passing through
basins, such as the San Jacinto and San Andreas faults in Southern
California. We also speculate that a similar phenomenology might occur
in subduction zones, with most megathrust events stopping at the downdip limit of the accretionary prism and only a few breaking through to the
trench.

Sparse imaging of postseismic afterslip following the Tohoku
earthquake, Eileen L. Evans and Brendan J. Meade (Poster 063)
Geodetic observations following the 2011 Mw 9.0 Tohoku earthquake
record postseismic deformation and provide constraints on the spatial
and temporal evolution of postseismic afterslip. Understanding the
behavior of postseismic afterslip is essential for testing hypotheses
related to Coulomb failure theory, characteristic rupture theory, and the
existence of mechanical asperities. Traditional geodetic imaging methods
rely on the assumption that slip varies smoothly, which limits resolution
of slip boundaries that may bear on interpretation of the frictional
properties of the fault. As an alternative, we apply a sparsity-promoting l1
regularization algorithm (lasso) to estimate postseismic afterslip based on
horizontal GPS displacements following the Tohoku earthquake. In
addition to a classical near logarithmic increase in displacement with
time, we estimate faster slip rates north of the hypocenter near the region
of the 1994 Mw 7.7 Sanriku earthquake, which also had large postseismic
afterslip associated with it. With sharpened imaging of the spatial and
temporal evolution of postseismic slip, we can begin to compare slip
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boundaries with theoretical and mechanical expectation to identify
variations in the material properties of subduction zone interfaces.

Exploring finite-slip inversion with near-field seismic data: Analysis of
the 2004 Parkfield earthquake, California, Wenyuan Fan, Peter M.
Shearer, and Peter Gerstoft (Poster 076)
Most common finite-slip inversion schemes are model-searching
techniques conducted in the time domain. In this study, a frequencybased inversion method is proposed. It makes fewer assumptions than
most current methods. Due to spatial-temporal trade-offs in the time
domain, rupture velocity can bias the estimation when it is considered
constant. Our approach does not prescribe the rupture velocity and slip
rate functions. The model is also over-parameterize to avoid bias from
too few unknowns. By dividing the fault plane into subfault patches, slip
rate spectra and recorded spectra are formulated into a linear
relationship. To provide good spatial resolution (~2 km), slip rate spectra
are fit up to 3 Hz. Our objective function and constraints are convex, thus
the global minimum can be found by convex optimization, which assures
our solution is always unique. Physically plausible regularization
constraints are used to stabilize the inversion and suppress the errors
introduced by a simplified seismic velocity structure. Based on a Green’s
function sensitivity analysis, the model is also weighted during inversion
to overcome spatially uneven resolution due to limited data coverage.
After obtaining the spectrum for each fault patch, results are inverse
Fourier transformed into the time domain. To demonstrate our approach,
we analyze the well-studied 2004 Parkfield earthquake and compare our
results to previous slip models and dynamic simulation results.
Ultimately, we hope to achieve an improved understanding of the
resolution limits and uncertainties in kinematic source inversions.

The interplay of fault geometry and uplift in the Coachella Valley and
Mecca Hills, Laura A. Fattaruso, Michele L. Cooke, and Rebecca J.
Dorsey (Poster 033)
Three-dimensional mechanical models of the San Andreas fault (SAF)
system in Southern California produce viable simulations of deformation
that match geologic observations and demonstrate the first-order impact
of fault geometry on uplift patterns. One region where the Southern
California Earthquake Center’s Community Fault Model (SCEC CFM) fault
geometry may be inaccurate is in and adjacent to the Coachella valley.
To date, mechanical models of the Coachella valley segment of the SAF
have assumed a vertical orientation for this fault, but recent studies of
seismicity and geodetically observed strain suggest that this segment of
the fault may dip 60°-70° to the northeast. Additionally, secondary faults
in the Mecca Hills that play an important role in local uplift have been left
out of previous modeling studies. Sediments record significant recent
uplift and subsidence near these secondary faults. Adding these faults to
the mechanical models may allow models to reproduce finer-scale faultcontrolled deformation. Incorporating fault geometry that can account for
observed uplift patterns in the Mecca Hills and Coachella Valley will
improve the accuracy of the CFM in the Coachella Valley, which is critical
for rupture and hazard modeling that identify regions most susceptible to
earthquake damage.
We have tested three BEM models for the active geometry of the
Coachella Valley segment of the SAF: Model V contains a vertical
Coachella segment, Model D contains a northeast 65˚ dipping Coachella
segment, and Model H contains a vertical Coachella segment plus a subparallel northeast dipping fault at depth, the geometric interpretation of
seismicity that follows the representation of the SCEC CFM version 4.0.
Models V and H both produce uplift between the SAF and San Jacinto
fault that is more uniformly distributed than geologic observations
suggest, and fail to produce uplift in the Mecca Hills. Model D produces
tilting of the Coachella Valley consistent with geologic observations of
tilting between the San Jacinto and San Andreas faults. Model D also
produces relative subsidence SW of the fault and localized uplift in the
Mecca Hills that better match the geologic observations. Our results thus
agree with other studies that suggest the Coachella segment of the SAF
dips 60-70˚ to the NE.

Pulverization provides a mechanism for the nucleation of earthquakes at
low stress on strong faults, Karen R. Felzer (Poster 257)
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Modeling studies show that because the stress at the crack tip of a
propagating earthquake is much larger than average fault prestress,
strength must be much higher than fault stress to produce stoppable
ruptures with pulse-like propagation [Noda et al., 2009]. This agrees with
observations that faults are strong [Townend and Zoback, 2000] while
fault stress at rupture is low [Spudich et al. 1998; Hardebeck and
Michael, 2004; Noda et al., 2009; Hasegawa et al. 2011]. The
mechanisms that allow for earthquake propagation under low stress/high
strength conditions, however, namely high fault tip stresses and sharp
fault weakening at high slip speeds, do not operate prior to earthquake
nucleation. So how earthquakes can start under such conditions remains
a stubborn problem.
To search for answers I look at the process of aftershock triggering. It
has been shown that both aseismic events [Pollitz and Johnston, 2006;
Llenos et al. 2009] and nuclear test blasts [Parsons and Velasco, 2009]
are ineffective aftershock triggers. Both of these phenomena are
relatively low in high frequency energy. I propose that high frequencies
could severely weaken the fault at a point, thus allowing for earthquake
nucleation, as follows: 1) High frequency accelerations (> 150 Hz, which
can propagate up to 100 km at depth (Leary, 1995)) impact a vulnerable
spot on the fault, causing pulverization and the creation of new fault
gouge, following the mechanism detailed by Reches and Dewers (2005).
2) The creation of fresh fault gouge moves the fault patch from a velocity
weakening to a velocity strengthening friction, as has been seen in the
laboratory [Beeler et al. 1996]. 3) Long period dynamic stress and static
stress changes from the mainshock cause the pulverized patch to creep
4) After a small amount of creep, slip localization occurs in the fresh
gouge causing a sharp drop in strength [Reches and Lockner, 2010], and
a shift back to the velocity weakening regime [Beeler et al,1996]. The
pulverized, weakened point may now be pushed to final failure by
surrounding afterslip, becoming part of the formal aftershock sequence,
or manifest as a separate earthquake if the final trigger is later fluid flow,
slow earthquake slip, a long period wave arrival from a distant
earthquake, or other stress transferring event.

Back to the roots: Ductile shear zones below major faults, and stresses
at the bottom of the seismogenic crust, Yuri Fialko (Talk Tue 09:30)
The degree to which strain is localized in the ductile part of the
lithosphere below seismogenic faults is an outstanding issue in
continental tectonics. Two classes of models have been proposed: one
postulating a broadly distributed viscous deformation in the lower crust
and upper mantle (the "thin lithosphere" model), and another one
postulating localized shear well below the brittle-ductile transition (the
"thick lithosphere" model). Understanding the mechanics of lithospheric
shear zones is essential for a number of problems, including the longterm strength of the Earth's crust and upper mantle, stress transfer from
the relative plate motion to seismogenic faults, and, ultimately, seismic
hazards. We investigate the evolution of stress and strain in a ductile
substrate driven by far-field plate motion and fault slip. Numerical models
that incorporate laboratory-derived power-law rheologies with Arrhenius
temperature dependence, viscous dissipation, and conductive heat
transfer give rise to the long-lived fault "roots" that localize deformation
below the brittle-ductile transition. Strain localization in the viscoelastic
medium in this case results from thermomechanical coupling and power
law dependence of strain rate on stress. For conditions corresponding to
the San Jacinto and San Andreas Faults in
Southern California, the predicted width of the shear zone in the lower
crust is a few kilometers; this shear zone takes up more than 50% of the
far-field plate motion. Deviatoric stress in the lithosphere in our models is
relatively insensitive to the water content, the far-field loading rate, and
the fault strength, and is of the order of 100 MPa. Furthermore, stress in
the lithosphere is found to inversely correlate with the velocity of relative
plate motion. We also find that the thermally-activated shear zones have
little effect on postseismic transients. It follows that additional (to
thermomechanical coupling) mechanisms of strain localization are
required for a viscoelastic model to produce a vertical deformation
pattern similar to that due to afterslip on a deep extension of a fault.
Possible candidates include dynamic grain re-crystallization, and fabric
development (mylonitization). Realistic models of long-term deformation
informed by the experimentally determined ductile properties of rocks

may provide useful constraints on the magnitude of deviatoric stress at
the bottom of the seismogenic layer (the nucleation zone of large
earthquakes).

Repeated Large Slow Slip Events at the Southcentral Alaska Subduction
Zone, Yuning Fu, Jeff Freymueller, and Donald Argus (Poster 066)
An ongoing Slow Slip Event (SSE) in the southcentral Alaska subduction
zone is identified using GPS measurements. This is the second large SSE
in this region since modern geodetic measurements became available in
1993. We divide the ongoing SSE into two phases according to their
transient displacement time evolution; their slip distributions are similar to
each other but slip rates are slightly different. This ongoing SSE occurs
downdip of the main asperity that ruptured in the 1964 Alaska
earthquake, on the same part of the subduction interface as the earlier
1998–2001 SSE. The average slip rate of this SSE is ∼4–5 cm/yr, with a
cumulative moment magnitude of Mw 7.5 (Mw 7.3 and Mw 7.1 For
Phases I and II, respectively) through the end of 2012. The time and
space dependence of the GPS displacements suggest that the slip area
remained nearly the same during Phase I, while the slip rate increased
with time. The SSEs occur on a transitional section of the subduction
plate interface between the fully locked updip part and the freely slipping
deeper part. During the 1964 earthquake, slip on the region of the SSE
was much lower than slip in the updip region. Based on this observation
and the repeated SSEs, we conclude that this part of the interface slips
repeatedly in SSEs throughout the interseismic period and does not build
up a large slip deficit to be released through large slip in earthquakes. We
will test to use GRACE measured seasonal mass variation to model and
then correct GPS vertical seasonal hydrological loading deformation, so
we can make GPS vertical component more useful for transients event
study.

Geometry Of The San Andreas Fault In The Salton Trough And Its Effect
On Simulated Shaking For A Rupture Similar To That Of The Great
California Shakeout Of 2008, Gary S. Fuis, Klaus Bauer, Robert W.
Graves, Brad Aagaard, Rufus D. Catchings, and Mark R. Goldman (Poster
073)
The southernmost San Andreas fault (SAF) zone, in the northern Salton
Trough, is considered likely to produce a large-magnitude, damaging
earthquake in the near future (Jones et al., 2008, USGS OFR). The
geometry of the SAF and adjacent sedimentary basins will strongly
influence energy radiation and strong ground motion during a future
rupture. The Salton Seismic Imaging Project (SSIP) was undertaken, in
part, to provide more accurate information on SAF and basin geometry in
this region.
We report interpretations of seismic profiles in the Salton Trough (Lines
4-7) which cross the Coachella Valley or Salton Sea in a faultperpendicular fashion. On three lines (4, 6, 7), seismic imaging, potentialfield studies, and (or) earthquake hypocentral relocations provide
evidence that active strands of the SAF dip moderately NE. Importantly,
on Line 4, we have obtained a reflection image of the SAF zone, in the
depth range of 5-10 km, that coincides with the microearthquake pattern
here (Hauksson et al., 2012, BSSA). We interpret a moderate northeast
dip (~60 deg.) for the SAF, as previously reported by Fuis et al. (2012,
BSSA).
We used a 3D finite-difference wave propagation method to model
shaking in southern California expected from rupture on the SAF with the
propeller-shaped geometry reported by Fuis et al. (2012), and we have
compared this shaking to that modeled from the generally vertical
geometry used in the Great California ShakeOut (Jones et al., 2008). Our
results were obtained by projecting the kinematic 2008 ShakeOut rupture
onto the newly characterized, dipping SAF geometry. Southeast of Cajon
Pass, where the change in fault dip between the propeller and 2008
ShakeOut geometries ranges from 10 to 50 deg., new modeled ground
motions are systematically increased on the NE side (hanging wall) by as
much as a factor of 2 and decreased on the SW side (footwall) by a
similar amount compared to the shaking estimated in the 2008 ShakeOut
rupture scenario. For the region northwest of Cajon Pass, this pattern is
reversed despite the fact that the fault geometry is basically the same for
the two models (vertical dip). We interpret this pattern to result from
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radiation pattern and directivity effects being carried northward from the
southern portions of the fault.

Low Coseismic Friction on the Tohoku Fault Determined from Subsurface
Temperature Measurements, Patrick M. Fulton, Emily E. Brodsky,
Yasuyuki Kano, James Mori, Frederick Chester, Tsuyoshi Ishikawa,
Robert N. Harris, Weirin Lin, Nobu Eguchi, and Sean Toczko (Poster 143)
The amount of frictional resistance on a fault during an earthquake is an
outstanding unknown of earthquake physics. Heat around the fault after
an earthquake can provide insight, as it records the integrated energy
dissipated by friction. In July 2012, the JFAST project (IODP Expedition
343/343T) installed a temperature observatory across the fault that
generated the March 2011 Mw9.0 Tohoku earthquake where slip was
~50 m near the trench. After 9 months, the complete sensor string was
recovered, implying there was negligible afterslip at this location during
the deployment. The data reveal a 0.31oC temperature anomaly at the
plate boundary fault requiring 28 MJ/m2 of dissipated earthquake
energy. The corresponding effective friction coefficient of 0.08 is
considerably smaller than static values for most rocks (0.6) and
compatible with high-velocity friction experiments on the fault core
material. The corresponding coseismic frictional stress of ~0.6 MPa
suggests nearly complete stress drop locally.

Investigating earthquake self-similarity using a 20-year catalog of
source parameters derived from InSAR data, Gareth J. Funning, Ana M.
Ferreira, Jennifer M. Weston, and Hannah Bloomfield (Poster 048)
The question of how moment release in earthquakes scales to other
earthquake source parameters, such as fault length and average slip, is a
long-standing controversy (e.g. Scholz, 1982, 1994; Romanowicz, 1992).
It is a problem that speaks to issues of earthquake source mechanics,
specifically the self-similarity of earthquakes – is stress drop constant
across all magnitudes? Theoretically, two end-member scaling models
have been proposed – the so-called ‘W-model’, whereby seismic
moment scales linearly with fault length, and the alternative ‘L-model’,
where moment scales with the square of fault length. A W-model implies
a constant stress drop for all earthquakes in the same tectonic setting,
and therefore that earthquakes are self-similar. The L-model does not
imply self-similarity, suggesting that ‘large earthquakes’ (i.e. earthquakes
that rupture the full thickness of the brittle upper crust) grow by
increasing their rupture length, with average slip being proportional to
fault length.
To address this problem, we compile source parameter information from
over 130 published studies of 101 individual earthquakes (Mw 4.7-9.0)
studied using InSAR. There are several reasons to suggest that this
information will be highly suitable for the study of earthquake scaling. The
high spatial resolution and centimetric precision of InSAR data provide
strong constraints on estimates of fault length and slip, in particular. In
addition, in a previous study, we found good agreement between
moment estimates from InSAR studies and the Global CMT catalog,
derived from long-period seismic data (Weston et al., 2011).
Considering events of all mechanisms together, we find a scaling
relationship between moment (M0) and fault length (L), such that M0 ∝
L^1.8. We find differences in this power law exponent with mechanism
type, with thrust events showing an exponent of 2.0, consistent with Lmodel scaling, and strike-slip events an exponent of 1.6. These results
do not favor self-similarity, however some authors have suggested that
both self-similarity and quasi-L model scaling could be maintained if
earthquake slip in the largest events penetrates beneath the brittleductile transition (Shaw and Wesnousky, 2008). Systematic comparisons
of the depths of the base of the slipping zone from large earthquakes,
compared with seismic evidence such as the depths of microseismicity
and/or aftershocks in the epicentral areas may be one way of evaluating
this hypothesis in future.

Simulating Large-Scale Earthquake Dynamic Rupture Scenarios Using
the ADER-DG Method, Alice-Agnes Gabriel, Christian Pelties, and P.
Martin Mai (Poster 093)
We present a large scale earthquake dynamic rupture scenario based on
the 1994 Northridge blind thrust event in Southern California. Starting
from this well documented and extensively studied event, we intend to
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understand the ground-motion generated from complex fault systems
within a three-dimensional Earth structure which includes the relevant
high frequency content. This is achieved by incorporating the effects of
complex fault geometry, topography, heterogeneous background stress
conditions, frictions laws and a realistic velocity model. The impact and
balance of ground motion variation arising from various physical
properties is the subject of on-going physics-based earthquake scenario
simulations. The physical problem is challenging for current numerical
methods with respect to both algorithmic and computational complexity,
and thus requires advanced optimization strategies.
In this presentation we will demonstrate the benefits of using modern
numerical methods to support physic-based ground motion modeling
and research. For this purpose, we utilize SeisSol an arbitrary high-order
derivative Discontinuous Galerkin (ADER-DG) scheme to solve the
spontaneous rupture problem with high-order accuracy in space and
time using three-dimensional unstructured tetrahedral meshes.
We first verify the method in various advanced test cases of the
‘SCEC/USGS Dynamic Earthquake Rupture Code Verification Exercise’
benchmark suite, including branching and dipping fault systems,
heterogeneous background stresses, bi-material faults and rate-andstate friction constitutive formulations. Then, we study the dynamic
rupture process and generated ground motions using a 3D mesh of the
Northridge fault which we constructed from geological constraints such
as high-resolution topography data and the SCEC Community Fault
Model.

Long-term Testing of an Operational Earthquake Forecast Model for
Canterbury, New Zealand, Matthew C. Gerstenberger, David Rhoades,
Masha Liukis, and Annemarie Christophersen (Poster 264)
Following the Canterbury earthquake sequence, a forecast model is
being used for decision-making on building standards and urban
planning for the rebuilding of Christchurch. This is a hybrid model, with
contributions from two short-term, two medium-term and four long-term
forecasting models. It estimates the earthquake occurrence in the
Canterbury region for the next 50 years. The models contributing to the
hybrid model are individually very different, but are designed to capture
different known features of earthquake occurrence. The short-term
models describe the way in which aftershock rates typically decay
following a large event. The medium-term models exploit the observation
that small earthquakes often precede larger ones. The long-term models
describe the average rate at which earthquakes of magnitude 5 or greater
are expected to occur in the long term. The weighting that each
individual model received in the hybrid model was decided by expert
elicitation. We tested the individual and hybrid models over 26 years for
New Zealand, starting in 1986 when there was a major improvement in
the quality of the earthquake catalogue. We also estimated the optimal
hybrid model.
We applied both the CSEP N-test and T-test. Overall, the models tended
to under-predict the number of earthquakes. This was due to the large
number of earthquakes that occurred towards the end of the test
period.(2009 M7.8 Dusky Sound; 2010 M7.1 Darfield/Canterbury). The
hybrid model was shown to be more informative than most of the
individual models for most of the time, even when looking ahead for 25
years. However, the further ahead the forecast is, the less informative it
becomes. It becomes more informative for distant time periods when the
earthquakes since 2009 are left out of the tests.
The best fitting hybrid model gives greater weight to the medium-term
models and less weight to the short-term models than the operational
model does; but the best model for the whole of New Zealand is not
necessarily the best for Canterbury. The gradual decay of aftershocks
over many years is the most predictable feature of future earthquakes in
Canterbury where the deformation rate is low. The time scales for
medium-term clustering are not well established for such slowly
deforming regions. Therefore, the hybrid model, which has contributions
from four very different long-term models, is likely to be more informative
than most of the individual models over the next 50 years.

Unified theory of microseisms and hum, Peter Gerstoft and James Traer
(Poster 110)
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Interaction of ocean surface-waves forces water-column pressure
fluctuations that generate both double-frequency (DF) microseisms and
hum. Prior treatment of non-linear ocean wave interactions has focused
on the special case of opposing waves, which generate DF pressure
fluctuations that do not decay with depth. Such fluctuations interact with
the seabed at any depth. We consider arbitrary 2D surface-wave spectra
and integrate over all possible pairings of wavevectors, directions and
frequencies to obtain a full second-order spectrum for a perturbation
expansion of pressure. Obliquely interacting waves generate evanescent
pressure fluctuations, at frequencies corresponding to observations of
both DF microseisms and the Earth’s hum. Such fluctuations will only
interact with the seabed in shallow water. They are generated both by
arbitrary pairs of interacting wave trains and by a single wave train
containing a spread of directions. As their generation does not require
precise wave states, they are likely ubiquitous in shallow water.

Scanning San Andreas Fault near Parkfield with a mini seismic array,
Abhijit Ghosh (Poster 101)
Parkfield segment of the San Andreas Fault (SAF) and surrounding area
host a unique blend of abundant regular earthquakes and tremor. It
presents an opportunity to study a wide spectrum of the fault slip and
explore possible connection between the end members of this spectrum.
Substantial tremor activity has been reported at the southeastern edge of
the patch that repeatedly breaks to produce damaging magnitude 6
earthquakes. I design and install a mini seismic array near Parkfield about
8 kms southwest of the surface trace of the SAF. The array consists of 18
3-component seismic stations with about 300 meters station spacing.
The array, with an aperture of ~1 km, is located at Shandon and currently
fully operational. So far, I analyze one month of continuous data and
preliminary results indicate that the Shandon array is recording seismicity
of the surrounding faults with high sensitivity. Application of a beambackprojection algorithm [Ghosh et al., 2009] detects about ~300
minutes of tremor activity in a month using only the Shandon array (no
network station is used). This is about 5 times more duration of tremor
activity compared to a standard tremor detection technique [Nadeau and
Guilhem, 2009] using data from existing seismic network that includes
High-Resolution Seismic Network borehole stations and newly installed
TremorScope stations. The array analyses show slowness parameters
consistent with the majority of tremor being located at the southeastern
and northwestern edge of the Parkfield rupture patch. Both are
previously identified tremor sources, with the southeastern source near
Cholame being the more active one by far. I found, however, that both
sources are producing comparable duration of tremor activity. In
addition, it appears that the array detects tremor that is not located at the
SAF. Further investigation is being done to ascertain this possible tremor
source. Overall, only a month of preliminary analyses using a solo array
shows a significant improvement in tremor detection compared to a
standard method using existing seismic network. The Shandon array is
producing an enhance image of the base of the seismogenic zone where
tremor occurs and detecting possible new sources. A higher level of
tremor detection combined with a more complete and detail
spatiotemporal distribution of tremor would lead to a better
understanding of the dynamics of fault slip and possible interaction
between fast and slow earthquakes.

Earthquake Clustering and Triggering of Large Events in Simulated
Catalogs, Jacquelyn J. Gilchrist, James H. Dieterich, and Keith RichardsDinger (Poster 134)
We investigate large event clusters (e.g. earthquake doublets and triplets)
wherein secondary events in a cluster are triggered by stress transfer
from previous events. We employ the 3D boundary element code
RSQSim with a California fault model to generate synthetic catalogs
spanning from tens of thousands up to a million years. The simulations
incorporate rate-state fault constitutive properties, and the catalogs
include foreshocks, aftershocks and occasional clusters of large events.
Here we define a large event cluster as two or more M≥7 events within a
few years. Most clustered events are closely grouped in space as well as
time. Large event clusters show highly productive aftershock sequences
where the aftershock locations of the first event in a cluster appear to
correlate with the location of the next large event in the cluster. We find
that the aftershock productivity of the first events in large event clusters

is roughly double that of the unrelated, non-clustered events and that
aftershock rate is a proxy for the stress state of the faults. The
aftershocks of the first event in a large-event cluster migrate toward the
point of nucleation of the next event in a large-event cluster.
Furthermore, following a normal aftershock sequence, the average event
rate increases prior to the second event in a large-event cluster. These
increased event rates prior to the second event in a cluster follow an
inverse Omori’s law, which is characteristic of foreshocks. Clustering
probabilities based on aftershock rates are higher than expected from
Omori aftershock and Gutenberg-Richter magnitude frequency laws,
which suggests that the high aftershock rates indicate near-critical
stresses for failure in a large earthquake.

UCVM: An Open Source Framework for 3D Velocity Model Research,
David Gill, Phil Maechling, Thomas Jordan, Andreas Plesch, Ricardo
Taborda, Scott Callaghan, Patrick Small (Poster 197)
Three-dimensional (3D) seismic velocity models provide fundamental
input data to ground motion simulations, in the form of structured or
unstructured meshes or grids. Numerous models are available for
California, as well as for other parts of the United States and Europe, but
models do not share a common interface. The Unified Community
Velocity Model (UCVM) software, developed by researchers at SCEC, is
an open source framework designed to provide a cohesive way to
interact with seismic velocity models.
We describe the several ways in which we have improved the UCVM
software over the last year. We have simplified the UCVM installation
process by automating the installation of various community codebases,
improving the ease of use. We discuss how UCVM software was used to
build velocity meshes for high-frequency (4Hz) deterministic 3D wave
propagation simulations, and how the UCVM framework interacts with
other open source resources, such as NetCDF file formats for
visualization.
The UCVM software uses a layered software architecture that
transparently converts geographic coordinates to the coordinate systems
used by the underlying velocity models and supports inclusion of a
configurable near-surface geotechnical layer, while interacting with the
velocity model codes through their existing software interfaces.
Our recent UCVM installation improvements bundle UCVM with a setup
script, written in Python, which guides users through the process that
installs the UCVM software along with all the user-selectable velocity
models. Each velocity model is now easily downloaded and installed via
the script. UCVM is often run in specialized high performance computing
(HPC) environments, so we have included checks during installation to
alert users about potential conflicts.
We also describe how UCVM can create an octree-based database
representation of a velocity model which can be directly queried by 3D
wave propagation simulation codes using the open source etree library.
We will discuss how this approach was used to create an etree for a 4-Hz
Chino Hills simulation.
Finally, we show how the UCVM software can integrate NetCDF utility
code to produce 3D velocity model files compatible with open source
NetCDF data viewers. This demonstrates that UCVM can generate
meshes from any compatible community velocity model and that the
resulting models can be visualized without the need for complex
secondary tools.

SCEC-VDO, GIS, and OpenSHA Implementation for the UseIT 2013 Grand
Challenge, Kimberly A. Gloersen, Miguel Frias-Rodriguez, Ngoc Kiem,
Ryan Meier, Matthew Rieman, Kelvin Vasquez, Yao-Yi Chiang, Nick
Rousseau, Robert de Groot, and Thomas Jordan (Poster 279)
The 2013 Undergraduate Studies in Earthquake Information Technology
(UseIT) GIS/Data Team created models for the use of accurate (Southern
California Earthquake Center Visual Display of Objects (SCEC-VDO)
visualizations of magnitude 6.5 to 6.9 earthquakes in areas across
Southern California, to educate the general public about the hazards of
“Northridge-size” events. Utilizing the OpenSHA (Seismic Hazard
Analysis) earthquake software, a working list of hazard curves were
compiled for highly populated regions throughout Southern California.
The UCERF2 (Uniform California Earthquake Rupture Forecast) and
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UCERF3 models within the Hazard Curve application aided in the
determination of faults that were participating in particular rupture events.
In addition, contribution rates of each specific faults were provided by
the Hazard Curve application. After gathering information from UCERF2
and UCERF3, a comparison and analysis of the data was conducted.
This provided insight as to which faults in particular regions had a higher
hazard potential. Implementation of data into the ShakeMap application
of OpenSHA followed the disaggregation of fault contribution rates that
were provided by the Hazard Curve application. ShakeMap not only
allowed the GIS/Data Team to produce models of the intensity of shaking
for a predicted earthquake rupture, but also the probability of a rupture
occurring within fifty years. Earthquake scenario data from ShakeMap
was then implemented into Hazard United States (HAZUS). The
implementation of HAZUS allowed the generation of population and
building exposure models, to be utilized by the public.

Seismic off-fault activity, fault roughness and evolution during laboratory
stick-slip experiments, Thomas H. Goebel, Thorsten W. Becker, Thibault
Candela, Georg Dresen, Charles G. Sammis, and Danijel Schorlemmer
(Poster 176)
Fault roughness can strongly influence the dynamics of large
earthquakes from nucleation to propagation and arrest. Additionally,
roughness may also influence the distribution of micro-seismic events at
increasing distances from the main slip surface. Here, we investigate in a
series of experiments the connection between fault roughness and
acoustic emission (AE) density as a function of fault-normal distance
during triaxial loading of rough, slip surfaces. Our experiments reveal a
power-law decay in AE activity with increasing fault-normal distances.
The power-law exponents are sensitive to fault roughness and normal
stress so that larger normal stresses and increased roughness lead to a
slower spatial decay in AE density.
To investigate the role of additional structural complexity that is present
in natural fault zones, we conducted a series of experiments on faults
that developed from incipient, naturally rough surfaces. During these
experiments, we loaded the samples under high confining pressures (150
MPa) thus promoting unstable sliding and stick-slip fault motion. AE
density distributions were determined for individual interslip periods and
connected to fault structure observed in post-experimental computer
tomography scans and thin-sections. We identified a core deformation
zone that was characterized by consistently high AE activity and
predominantly granular material, as well as an off-fault damage zone
which showed a power-law activity decay and decreasing micro-crack
density. The exponents of the power-law increased systematically with
successive stick-slip events so that later interslip periods exhibited a
more rapid spatial decay of AE activity. This decay and the connected
localization of AEs closer to the slip surfaces are likely an expression of
decreasing fault zone complexity and roughness with successive stickslip events. Our results are largely in agreement with theoretical studies
and observations of across-fault seismicity distributions in California
suggesting a connection between off-fault seismicity, fault roughness
and stress over a wide range of scales. Establishing a mapping between
off-fault activity exponents, fault stresses and roughness, could be an
important tool for advancing the understanding of mechanics and hazard
potentials of faults.

Aperture of the northern and central Gulf of California since 9 to -1 Ma
BP, using an instantaneous kinematic plate tectonics model, Jose Javier
Gonzàlez-Garcìa, Javier Alejandro Gonzàlez-Ortega, and Juan Antonio
Madrid-Gonzàlez (Poster 062)
The position of points over the earth surface is conveniently represented
in a terrestrial (earth center fixed) reference frame, one that is rotating in
some well defined way with the earth. In order to represent actual, past
and future positions, we use the International Terrestrial Reference
Frame, with kinematic plate tectonic models in a no-net rotation mode.
Here we use the Pacific-Northamerica (PA-NA) plate motion model with
Northamerica plate fixed. In our case, the actual shoreline of Mexico
mainland is maintained fixed for visual purpose. We show the translation
of the Baja California peninsula, traveling as PA-NA, since 9 Ma BP to 1
Ma AP. We made a “calibration” of few kinematic plate tectonic models
in PA-NA zone constraining the stable Mendocino Triple Junction (MTJ;
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40.384°N ±2 km, 124.88°W +2, -4 km). Those models can be divided in
two groups: space geodesy and geological.
A preliminary result shows that geodesy models are a better
representation of a constant kinematic plate tectonic motion, as
compared with geological ones (using actual directions of transform
faults, seafloor spreading anomalies with and without earthquake slip
vectors). We select GEODVEL plate motion model, which uses four
space geodesy techniques: VLBI, SLR, DORIS and GPS. The aperture of
the northern and central Gulf of California is adjusted by the evolution of
the MTJ and a “virtual” southeastern end triple junction, which is not
coincident with the Rivera Triple Junction.
We also observe that GEODVEL is not well constrained at Guadalupe
and Socorro islands, which are supposed to be part of Pacific plate, but
with 2.5 and 7.0 mm/yr residual, respectively. In order to contrast the
contribution of Guadalupe GPS measurements on a more absolute
angular velocity vector for Pacific plate, we are planning to survey again
Guadalupe island,ASAP.

The Agua Tibia-Earthquake Valley Fault Zone: reorganization of tectonic
slip between the northern Elsinore and southern San Jacinto fault zones,
Erik M. Gordon, Thomas K. Rockwell, and Gary H. Girty (Poster 008)
The Agua Tibia-Earthquake Valley (ATEV) fault system parallels the Julian
section of the Elsinore fault, extending from the Palomar Mtn area
southeast to Whale Peak in the Anza Borrego State Park area.
Geomorphological observations were conducted using Google Earth
imagery and field checked by foot to determine which fault elements
have sustained late Quaternary and Holocene activity, based on scarps
and offsets of Quaternary deposits. Clusters of smaller northeast-striking
faults were also identified and examined that lie between the ATEV fault
and the San Jacinto fault in the Vallecitos and Fish Creek Mountains
area. Some of these smaller faults also have indications of late
Quaternary activity, with scarps in bedrock and alluvium. Orientations of
these active faults are grouped into two primary directions and compared
to the average orientations of the Elsinore and San Jacinto faults. One of
these groups trends close to parallel to the Elsinore and San Jacinto
faults, whereas the other is roughly orthogonal. In contrast, more
westerly striking faults of the Hot Springs fault zone (also called the San
Felipe fault zone of Steely et al., 2009) do not exhibit evidence of late
Quaternary activity, and the Lancaster fault segment appears to have
been inactive for at least several hundred thousand years. The observed
geomorphological evidence along with the fault orientation data suggest
a model in which the ATEV system has superseded the older, Hot
Springs fault system, which is likely Pliocene in age, and now acts as the
primary conduit in actively transferring slip from the northern Elsinore
fault to the southern San Jacinto fault. The Palomar-Agua Tibia Mountain
and Vallecito-Fish Creek Mountain uplifts are interpreted as large
pressure ridge systems that accommodate this transfer from the Elsinore
fault to the ATEV fault, and then to the southern San Jacinto fault.

Large collaborative simulated ground motions validation using the SCEC
BroadBand Platform, Christine A. Goulet, Norman Abrahamson, Fabio
Silva, Kathryn E. Wooddell, Feng Wang, Paul G. Somerville, Philip J.
Maechling, John G. Anderson, Ralph J. Archuleta, Karen Assatourians,
Gail M. Atkinson, Jeff R. Bayless, Jorge Crempien, Steven M. Day, Carola
Di Alessandro, Douglas S. Dreger, Robert W. Graves, Kim B. Olsen, and
Rumi Takedatsu (Poster 203)
We summarize the procedure for a large-scale set of validation exercises
conducted with the SCEC Broadband Simulation Platform (BBP). The
BBP provides the flexibility to select from alternative modules for
generating earthquake ruptures, modeling wave propagation, and for
uniformly processing the large amount of data. The current project is
driven by the needs of two ground motions projects that are developing
ground motion prediction equations (GMPEs) to be used in seismic
hazard analyses for regions were recorded data is limited. The validation
exercise is currently targeted to pseudo-spectral acceleration (PSA) with
a goal to define methods that can be used for forward simulations to
supplement the recorded dataset. The validation consists of two
complementary approaches: Part A involves comparison of simulated
ground motions with recordings from specific earthquakes and Part B
compares median ground motion prediction equation results for
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hypothetical earthquakes with the median prediction from the BBP
methods. For Part A, 23 earthquakes were selected from both active and
stable continental regions. Because the emphasis is on the validation of
the rupture characterization and wave propagation, the observed ground
motions are empirically adjusted to a common reference (rock) site
condition. Each earthquake is characterized by a limited set of eventspecific parameters (e.g., magnitude, fault dimensions and geometry)
while the detailed rupture processes (e.g., slip distribution) come directly
from the different simulation methodologies. For Part B, we use several
scenarios for which selected GMPEs are well constrained by the relative
abundance of recorded ground motions. For both approaches, 50
rupture realizations are run for each event. While most of the BBP
methods produce time series, the evaluation procedures for validation
are geared toward engineering-based metrics such as aggregate residual
bias of average horizontal component PSA response. Additional
statistical and visualization tools were integrated into the BBP to ensure
uniform results for the evaluation, including metrics for different distance
and frequency ranges.

Long Period (T>1 sec) ShakeOut Rupture Simulations in Alternative 3D
Seismic Velocity Models, Robert W. Graves (Poster 219)
Ground motion simulations computed in the SCEC 3D Community
Velocity Model Version 4 (CVM-S4) for a Mw7.8 southern San Andreas
earthquake nucleating at Bombay Beach (ShakeOut) are found to
produce strong amplification effects due to a combination of rupture
directivity and basin response effects. For example, simulated peak long
period (T > 1 sec) ground velocities exceeded 50 cm/s throughout most
of the Los Angeles basin region, with the largest values (> 200 cm/s)
occurring in the region joining the San Gabriel and Los Angeles basins
near Whittier-Narrows (e.g., Bielak et al, 2010). Additional studies showed
the level of amplification to be sensitive to dynamic rupture complexity
(Olsen et al, 2009), and, in particular, rupture speed along the fault
(Graves et al., 2008; Day et al., 2011). Here, I examine the effect on
ground motion levels for the ShakeOut scenario due to variations in the
3D seismic velocity structure by considering two additional CVMs: CVMH11.9.0 (the “Harvard” model updated by waveform tomography, Tape et
al, 2009) and CVM-Si23 (CVM-S4 updated by waveform tomography,
Chen et al, 2011). With respect to the CVM-S4 simulations, both CVMH11.9.0 and CVM-Si23 produce lower ground motions in the LA region
and higher ground motions in the Ventura basin region. For the LA
region, the reduction in amplitude is much greater for CVM-H11.9.0 with
peak ground velocities (PGV) about 2-3 times lower throughout the LA
basin region compared to only a 20-30% reduction for CVM-Si23.
However in the Ventura region, the increase for CVM-H11.9.0 is about 23 relative to CVM-S4, compared to an increase of about 30-50% for
CVM-Si23. Preliminary assessment of these results suggests two primary
factors controlling the ground motion changes: 1) since the shear wave
velocity along the fault in the new CVMs is different, the percentage of
the rupture that is near or above the shear wave speed is also different,
thus affecting the strength of rupture directivity; and 2) the basin shear
wave velocities are generally lower in CVM-H11.9.0, which coupled with
the geometry and structure of the basins, affects the strength of wave
guide effects for longer period motions. In addition to demonstrating the
impact on ground motion estimates using these new CVMs, these results
also reinforce the importance of considering uncertainty in 3D seismic
velocity structure when using ground motion simulations to characterize
long period seismic hazard.

Effect of thrust faults on deformation within the Eastern California Shear
Zone, Karl O. Grette, Justin W. Herbert, Michele L. Cooke, Jacob A.
Selander, and Michael E. Oskin (Poster 127)
The discontinuous active faults of the Eastern California Shear Zone
(ECSZ) accommodate a significant portion of the on-going strain
between the Pacific-North America plates. These structures have
generally been believed to accommodate strike-slip motion along series
of NW-SE striking right-lateral and E-W striking left-lateral faults. This
conceptual model, which serves as the basis for regional seismic hazard
analysis, neglects several mapped thrust fault structures within the
southern ECSZ. We incorporate recently mapped thrust faults (e.g.
Selander and Oskin, 2012) into a regional 3D mechanical model to

explore the impact of these thrusts on the distribution of strike-slip rates,
uplift patterns and off-fault deformation.
Our fault configuration is based on the SCEC Community Fault Model
(CFM) with modifications that more accurately follow the mapped active
fault traces (Herbert et al, this meeting). To assess the impact of thrust
faults we add to this model 1) a NE-dipping segment of the Calico fault
that extends north from the CFM fault’s tip 2) a blind north-vergent thrust
east of the Lenwood fault, 3) a west dip to the previously vertical northern
segment of the Lenwood fault and 4) the Mud Hills thrust, which joins
with the Calico and Blackwater faults (Selander and Oskin, 2012). The
inclusion of thrust faults creates areas of significant surface uplift that
correspond well to locales where geomorphology suggests recent uplift.
Furthermore, adding these thrust faults results in overall more accurate
estimates of strike-slip rates, as new strike-slip rates are much closer to
the geologic slip rates observed in the field. The off-fault deformation in
the region is decreased with the inclusion of these thrust faults. A portion
of the off-fault strain that earlier models produced within zones between
discontinuous strike slip faults is now accommodated as slip along the
thrust faults. Seismic hazard estimates may be in error if they do not
consider the role of these thrusts in both accommodating strain and
interacting with nearby strike-slip faults.

A High Resolution Lake Cahuilla Chronology to Constrain Earthquakes on
the Southern San Andreas System, Erik Haaker, Nicholas Weldon, Ray
Weldon, and Thomas Rockwell (Poster 034)
We are working on developing a high-resolution chronology of Lake
Cahuilla in which to place the rupture history of major faults of the
southern San Andreas fault (SAF) system. We worked on two
fundamentally different aspects: 1) correlation of lake strata using oxygen
and carbon isotopic ratios; and 2) direct dating of dead stumps that grew
below the shoreline of Lake Cahuilla.
To potentially correlate individual lake strata, we collected 164
freshwater mollusk samples for isotopic analysis from 3 sites with
sediments from the past ~7 lakes. We analyzed the 4 most common
species (Physa sp., Anadonta sp., Melanoides sp., Amnicola sp.) for
δ18O and δ 13C. The preliminary results show variations ranging from 1
to 4 per mil in δ18O and 1 to 7 per mil in δ13C from a single species from
a single lake. Multi-shell averages of δ18O and δ13C values differ among
species in a single lake and from lake to lake for a single species. Most of
the samples analyzed were Physa, because it is abundant, large, and
easily sampled; however, Physa shows the second to most scatter
between individuals. Melanoides shows the least scatter (1.5 per mil
δ18O and <1 per mil δ 13C) within a single lake, making it the best
candidate for providing a rough proxy of lake chemistry. Variations
between lakes at single sites suggest correlation by isotopic composition
of mollusk shells is likely, but more work is needed to test uniqueness of
each site or lake.
14C dating of in situ dead stumps provides better constraints on the
final filling of Lake Cahuilla. Age data collected from dead stumps below
the shoreline indicates when Lake Cahuilla was dry. Dating these dry
periods also provides constraints on when Lake Cahuilla was full, during
which the bushes die. We sampled and dated stumps from 20 sites at
elevations ranging from +7m to -45m that were inundated by the last
highstand of Lake Cahuilla. Dating the outer and inner portions of the
wood yields ages that, along with the historical record, indicate that the
stumps grew sometime between AD 1705 and 1720. Combined with the
historical record, tree ring records from the Colorado Plateau, and
calculations that require lake desiccation to be mostly complete by 1774,
the most recent lake must represent a fairly brief filling around AD 17171726. As the most recent large rupture of the southern SAF occurred
during this lake highstand, these new dates move the timing of this
earthquake forward by several decades into the 18th century.

How well do surface offsets represent earthquake slip at depth?, David
E. Haddad, Olaf Zielke, and Ramon Arrowsmith (Poster 016)
Earth's topography preserves evidence of past earthquakes as localized
strain along fault scarps and fractures or distributed strain via off-fault
folding and warping. These structures may be modified postseismically
via afterslip and geomorphically degraded years to decades after
rupturing. We investigate how well displaced geomorphic markers
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represent coseismic slip as it is transmitted from the seismogenic layer
through to Earth's surface. We use lidar-derived measurements of singleand multi-event offset geomorphic markers to provide constraints on
surface slip distributions of past earthquakes. Using FIMozFric, a
numerical
earthquake
simulator
that
incorporates
complex
geomechanical properties of the seismogenic layer, we test various fault
structural configurations and mechanical properties of recent and
historical earthquakes. Initial simulations investigate the effect of simple
fault complexities, such as stepovers and bends, on surface offsets using
a simple two-layered seismogenic zone geometry. We then explore the
effect of varying the mechanical complexity of the seismogenic zone by
varying the relative geometries of the velocity-weakening and velocitystrengthening portions, thus simulating the variable mechanical
properties of the upper lithosphere through which earthquakes
propagate. Initial results show that, as expected, the geometrical
complexity of faults controls the distribution of surface slip. Furthermore,
our simulations demonstrate that the mechanical configuration of the
seismogenic layer within which faults are embedded affects how slip is
distributed along single fault geometries and partitioned across zones
with multiple fault strands. Variability in the depth of the velocityweakening/velocity-strengthening interface appears to control the
magnitude of single-event surface slip. These results shed light on the
ability to confidently interpret paleoseismic and topographic records of
the magnitude and recurrence of earthquakes, especially in relation to
slip in a single earthquake. This is an especially important insight for
efforts such as UCERF3 that aim to use lidar-derived slip in the most
recent event as geologic constraints for expected slip magnitudes of
future earthquakes but without accounting for the detailed lithology and
structure of a fault zone.

Preliminary Report on Paleoseismic Investigation of Offset Channel
Sieh31 in the Carrizo Plain, California., Daniel Halford, Sinan Akciz, Lisa

changes in stress. Here I study the distribution of focal mechanisms of
southern California earthquakes before and after four M≥6.7 mainshocks,
using the focal mechanism catalog of Yang et al. (BSSA, 2012).
The aftershock focal mechanism distributions are broadly similar to the
pre-mainshock mechanism distributions in the same spatial area. There
are coseismic changes in the distributions of focal mechanisms, and
these changes correlate well with the modeled mainshock static stress
changes. The mechanism orientations that become relatively more
common after the mainshock are well-oriented for static stress change
triggering, while those that become relatively less common are poorly
oriented. The observable impact of the static stress changes on the focal
mechanisms spans regions experiencing a ~0.02 MPa to ~5 MPa
absolute static stress change.
The aftershocks, like the pre-mainshock earthquakes, are generally welloriented for failure in the background stress field. This means that the
aftershock focal mechanisms are consistent in orientation with both the
background stress and the static stress change, although not necessarily
optimally-oriented in either stress field. This is possible because a single
focal mechanism can be consistent with multiple stress fields if it is not
required to be optimally-oriented, and because the aftershocks
preferentially occur in locations where the mainshock static stress
change and the background stress have similar orientation.
Close to the mainshock, in regions experiencing ≥5 MPa absolute static
stress change, ~15% of aftershock mechanisms are very different from
the pre-mainshock mechanisms and are not consistent with the
background stress. Most of these outlier mechanisms correspond to
failure on plane orientations that were active in the background stress
field, but slip with a different rake direction in the aftershocks. This
implies that the background stress influences the focal mechanism
distribution by controlling the orientations of available fault planes.

Grant Ludwig, Gayatri I. Marliyani, James B. Salisbury, Emily J. Kleber,
Ramon Arrowsmith (Poster 244)

The SCEC-USGS Dynamic Earthquake Rupture Code Verification Exercise
– Recent Progress, Ruth A. Harris (Poster 148)

Surface slip reconstructions of past earthquakes serve to formulate
conceptual models for the recurrence of earthquakes along faults. One of
the most influential reconstructions made along the San Andreas Fault
(SAF) is the M 7.9 1857 Fort Tejon surface rupture trace through the
Carrizo Plain. Recent work has suggested that slip during the 1857 Fort
Tejon earthquake was 5-6 m, significantly lower than the previously
reported 8-10 m. This potentially revises a key portion of the data upon
which current conceptual models for earthquake recurrence and seismic
hazard of Southern California are built. However, since airborne LiDAR
datasets have become widely used to characterize slip along active
faults, it has become important to conduct detailed geologic quality
check by excavating key sites to negate discrepancies of LiDar data
analysis. Our study site, known as Sieh 31, is located between the Bidart
Fan and Wallace Creek research sites in the Carrizo National Monument.
In the summer of 2013, we opened three trenches (~ 20 m long, 1 m wide
and 3 m deep) parallel to the SAF and perpendicular to the Sieh31
channel margins to characterize the buried channel geometry. Buried
channel geometry may or may not resemble the current
geomorphological expression of the channel. For full documentation, the
entire channel was scanned by a backpack mounted TLS (Terrestrial
Laser Scanner) prior to excavation. All trench walls were scanned by a
short range TLS (Leica C10) to form a detailed, georeferenced point
cloud for channel margin modeling for future excavations. Trenches were
photographed without grid and mosaicing was done using Agisoft
PhotoScan. One trench wall was gridded and mosaiced with Photoshop
for method comparison purposes. Stratified alluvial fan deposits were
photologged at 1:20 and channel margins and its fill were photologged at
1:10. Buried channel geometry, implications based on current results and
the justification for full 3D excavation will be presented.

We summarize recent progress by the SCEC-USGS Dynamic Rupture
Code Verification Group, that examines if the results produced by
researchers’ earthquake simulation codes agree with each other when
computing benchmark scenarios of dynamically propagating earthquake
ruptures. To date we have tested the codes against benchmarks that
incorporate a range of features, including a single planar vertical fault, a
single planar dipping fault, slip-weakening, rate-state, and thermal
pressurization friction, elastic and plastic off-fault behavior, complete
stress drops that lead to supershear rupture velocities and extreme
ground motion, and, heterogeneous initial stresses. Our most recent
benchmarks have involved complexities in fault geometry, with
computationally simulated earthquakes spontaneously propagating on
parallel non-co-planar vertical strike-slip faults and on branching vertical
strike-slip faults. The parallel strike-slip fault case has been discussed in
the published literature over the past decades, from both observational
and theoretical perspectives, and the results are sometimes used in
hazard estimates for multi-fault earthquake ruptures. The branching fault
case has been a focus of study due to its potential application to a
number of geologically hazardous settings. Group members used their
individual computer codes and achieved satisfactory agreement among
the codes’ results for both sets of these recent benchmarks, the parallel
faults and the branched faults. Our next benchmark exercise will continue
on the theme of complex fault geometry and investigate the case of a
geometrical asperity on an otherwise planar fault. We also plan to work
on developing suitable quantitative metrics for our code comparisons.
For more information about our group and our work, please see our
SCEC website, scecdata.usc.edu/cvws, and our group’s overview
papers, Harris et al., Seismological Research Letters, 2009 and 2011.

Mainshock Static Stress Changes and Background Stress Jointly
Influence the Distribution of Aftershock Focal Mechanisms, Jeanne L.
Hardebeck (Poster 083)
The majority of studies that establish the link between mainshock stress
changes and triggered earthquakes are based on observations of
earthquake rate changes. Changes in the distribution of earthquake focal
mechanisms can also provide insight into how fault systems respond to
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Pleistocene offset and constraints on the South Bristol Mountains Fault,
eastern Mojave Desert., Janet C. Harvey and Joann Stock (Poster 009)
The South Bristol Mountains Fault zone is one of a series of faults in the
eastern Mojave block of the Eastern California Shear Zone (ECSZ), east
of recent surface ruptures in the western and central Mojave Desert.
While these eastern faults do show minor evidence for Pleistocene
activity (Phelps et al, 2012, Bedford et al, 2006), there is a generally
recognized trend of Late Neogene right lateral shear initiation and motion
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in the eastern Mojave block and a subsequent shift to Quaternary activity
along the faults of the western Mojave block. Net slip is constrained for
some eastern block faults but temporal control is lacking, except for the
Stateline Fault (Guest et al, 2007). ~ 24 km total offset along the BristolGranite Mountains fault zone is measured from the >18 Ma Lost Marble
gravel (Lease et. el., 2011); total offset along the Southern Bristol
Mountains of ~6 km has been proposed from the offset pre-Paleogene
plutons (Miller 1982), while the Broadwell Lake fault and Ludlow fault
have poorly defined total slip estimates and little age control. Ideally,
timescales would be measured from offset markers of known age but
these are rare for the eastern ECSZ faults, due to the discontinuous late
Neogene sedimentation in the elevated bedrock regions and later
Quaternary resurfacing in the intervening desert washes. Recent mapping
in the Bristol Mountains Wilderness Area has identified an incremental
fault slip marker for the SBMFZ within the oldest preserved desert
varnished alluvial terraces. The Bristol Mountains “onyx” is a restricted
outcrop of silicified bedded limestone with historical mining activity. The
limestone region is accessed by two washes that merge as they drain
northeast towards the Soda Lake basin, crossing the SBMFZ. Distinctive
clasts of the resistant onyx are found in desert varnished terraces now
dextrally offset from the current drainage by up to 3.5 km. The oldest
preserved alluvial fan remnants in the region are generally early
Pleistocene in age. Further south a band of incised conglomerate, early
Pleistocene to Pliocene in age, is cut by the SBMFZ and the Broadwell
Lake fault although drainage reorganization and headward erosion into
the SBMFZ have removed fault-proximal deposits that would allow a
precise reconstruction. These incremental slip markers provide stronger
evidence and constraints than previously documented for Pleistocene
deformation within the eastern Mojave block.

Analysis of Dynamic Earthquake Triggering On the West Coast of the
United States For the El Major-Cucapah and Haida Gwaii Earthquakes,
Rachel L. Hatch, Adam Arce, and Erik Gutierrez (Poster 106)
Recent studies indicate that the passage of seismic waves from large
earthquakes may trigger small earthquakes at regional distances. Our
interests are in examining any local triggering throughout Western North
America by the surface waves of the Haida Gwaii 2012 earthquake in
British Colombia and in California by the 2010 El Mayor-Cucapah
earthquake, also known as the Baja California Easter earthquake.
Because these small triggered events are hidden in the ground motion
signal produced by the surface waves from the large earthquake, we
high-pass filter waveforms from broadband, short period and strong
motion seismometers to detect any small triggered events by visual
inspection. To this end, we have processed 380+ seismograms from
stations in the Pacific Northwest and California.
We will present maps of the results of our analysis and will show
waveforms of possible triggered earthquakes. During the course of our
investigation, waveforms from multiple California stations appeared to
show evidence of local triggering due to the passage of large amplitude
waves of the El Mayor-Cucapah earthquake. Yet with further analysis, we
found that at several tens of stations many of these instances were in
fact a consistent, yet unfamiliar form of instrumental noise. We will
present several examples of this signal and additional evidence as to the
cause of its occurrence. Not considering these specific waveforms, we
have identified tens of seismograms that indicate possible triggering.

Analog Modeling of Restraining Bends: A Study of Strike-Slip Fault
Evolution, Alex E. Hatem, Elizabeth H. Madden, and Michele L. Cooke
(Poster 185)
Restraining bends between discrete strike-slip faults migrate and evolve
over time, by propagation of new faults and abandonment of fault
segments. Such processes are poorly constrained in space and time,
leaving open questions about how strike-slip faults interact over geologic
time. Scaled analog modeling using wet kaolin allows our team to make
qualitative observations and quantitative analyses about restraining bend
evolution. We document fault initiation and fault abandonment to see
how restraining bends overcome initial mechanical inefficiencies. For
example, restraining bends with sharper bends have greater initial
mechanical inefficiency than shallow bends, and may abandon the
restraining segment and grow new faults rather than maintaining slip

along the restraining bend. The propagation of new faults may increase
the mechanical efficiency of the strike-slip system. In experiments, wet
kaolin is laid over two basal plates with restraining bend geometry and
0.5 mm/minute displacement is applied at the remote edge of one plate
to induce deformation. Deformation is captured in photographs taken at
1 minute intervals, then analyzed using Particle Image Velocimetry (PIV),
particle tracking software. Restraining bends within the claybox grow
new oblique-slip faults outboard of the initial restraining segment on one
or both sides of the restraining bend. New faults often link with initial
faults. At high strains, some models develop imbricate thrust systems.
We quantify the evolving fault systems using slip efficiency, a ratio of
measured slip per image to applied plate displacement. Straight faults
(kink angle=0°) have high slip efficiency and accommodate nearly all
applied displacement. At first, there is a period of distributed deformation
(i.e. curving of reference lines along the surface) and low shear strain over
a wide region. Once shear strain localizes along the faults, slip begins.
Initially, low angle restraining bends (kink angle=15°) have greater slip
efficiency than high angle bends. However, the mechanical efficiency of
high angle systems (kink angle=30°) increases as new faults form and link
with the existing faults. This suggests restraining bends are mechanical
inefficiencies along strike-slip fault systems; faults overcome such
inefficiencies by abandoning high angle, moderately efficient structures in
favor of propagating oblique-slip faults.

Comparison of SHmax orientations from stress inversions of focal
mechanisms with 17 different strain models determined from GPS data in
southern California: Contribution to the SCEC stress model, Egill
Hauksson and David Sandwell (Poster 087)
Using 170,000 earthquake focal mechanisms (1981–2010), Yang and
Hauksson (2013) inverted for the state of stress in the southern California
crust. They also determined the regional variations in the maximum
horizontal compressive stress (SHmax) from the stress field. The SHmax
is best resolved where seismicity rates are high and sufficient data are
available to constrain the stress field.
We compare the regional variations in SHmax trends across southern
California with 17 different published strain models determined from GPS
data. In general there is a -5 degree average rotation between the strain
models and SHmax. A typical standard deviation is 15 degrees.
The detailed regional variations in the SHmax trends are very similar to
the pattern of the GPS-measured maximum shortening axes of the
surface strain rate tensor field although the strain field tends to be
smoother, and possibly appears to capture some of the upper-mantle
deformation field.
We also compare the second invariant of rate with the rate of seismicity
across southern California with the strain rate in these 17 different
models. Preliminary results suggest that most seismicity occurs in
regions of average strain rate. We will also explore these data sets in the
context of the nascent SCEC community stress model.

Using phase coherence to search for and examine foreshock activity,
Jessica C. Hawthorne and Jean-Paul Ampuero (Poster 095)
We use a frequency-domain cross-correlation technique to search for
and examine seismic precursors to earthquakes. The technique requires
that the precursor and the earthquake be recorded at multiple stations or
on multiple components. Subsets of the recorded signals then result
from common path effects or source-time functions. In the frequency
domain, this results in a set of phases that are coherent among groups of
four recordings. We can use this coherence to detect and examine
signals that originate near recorded earthquakes but may result from
complicated source-time functions. First, we examine a 20-second-long
seismic precursor to a M 3.9 earthquake in central Alaska, as observed
by Tape et. al., 2013. We confirm that the precursor and the earthquake
travel similar paths before reaching the stations and that the precursor
originates from within a few kilometers of the earthquake. Second, we
begin a systematic search for seismic precursors to earthquakes in
southern California, where they have not been previously noted.

Viscoelastic Perturbations to the southern California GPS Velocity Field:
Insights from earthquake-cycle models with finite ruptures and viscous
shear zones, Elizabeth H. Hearn (Poster 191)
2013 SCEC Annual Meeting | 115

MEETING ABSTRACTS
Surface velocities near active faults may be perturbed relative to a longterm or (for regular earthquakes) a cycle-average velocity, because of
viscoelastic relaxation of the lower lithosphere. These perturbations may
be estimated using earthquake-cycle models, given Holocene slip rates,
information on past large earthquakes, high-precision GPS data, and
constraints on the viscoelastic rheology and structure of the crust and
upper mantle. If the perturbations are small, geodetic slip rates inferred
from elastic block models should match Holocene rates, unless slip rates
vary over timescales longer than the recurrence interval. If the
perturbations are large, geodetic and Holocene slip rates should differ.
For example, the GPS and Holocene slip rate discrepancies for the
Carrizo Plain and Mojave segments of the SAF may be explained if the
mantle effective viscosity is 10^18 - 10^19 Pa s (Johnson et al., 2007;
Chuang and Johnson, 2011; Hearn et al., 2013).
To explore this phenomenon further, I have developed a suite of finitefault earthquake-cycle models incorporating layered viscoelastic
structure and a viscous shear zone that extends the SAF downward into
the mantle asthenosphere. A range of characteristic earthquake
magnitudes for the SAF is explored. For Mw = 7.9 characteristic
earthquakes, a perturbation (or “ghost transient”) comparable in
magnitude to that produced by model M1 of Hearn et al. (2013) results
for asthenosphere effective viscosities below 10^19 Pa s. For smaller
characteristic earthquakes, the long-wavelength perturbation is usually
too small to significantly affect surface velocities. In all cases, rapidly
decaying, widespread postseismic deformation results from relaxation of
the viscous shear zone, though either depth-dependent or Burgers (timedependent) viscosity per unit width is required to preserve stationary,
localized interseismic deformation in the near to intermediate field.
Long-term, regional-scale deformation models are needed to estimate
stresses and stressing rates for the SCEC CSM, particularly between the
brittle-ductile transition and the mantle asthenosphere. Such models,
which typically do not represent the seismic cycle, may be calibrated to
geodetic velocity data if the velocity field is corrected (iteratively) for
ghost transients associated with fault segments that produce 'large'
earthquakes. My goal is to clarify where the magnitude cutoff is for
southern California.

SCEC UseIT Program: Visualizing Basin Depths, Site Effects from VS30
and HAZUS Events while improving usability and optimizing SCEC-VDO,
Taylor Hellam, Anta Imata Safo, Diego Furtado, Jeremy Chen, May L.
Forssen, Miguel Villasana, Dave Smith, Kevin Milner, Scott Callaghan,
Nick Rousseau, Thomas Jordan, and Robert de Groot (Poster 278)
The 2013 Undergraduate Studies in Earthquake Information Technology
(USEIT) Development team added multiple capabilities to SCEC Virtual
Display of Objects (SCEC-VDO) for the 2013 Grand Challenge. One major
task given to the Development Team was to produce a plugin to display
basin depth data based on iso-velocity models from the Unified
Community Velocity Model (UCVM). This allowed the CVM-SI23, the
CVM-H and the CVM-S4 models to be visualized, offering comparisons
between the data in an interactive, three-dimensional space. Presently,
the Los Angeles Basin and the Salton Trough can be displayed at isovelocities of either 1.0, 2.5 or 3.0 kilometers per second. Additionally, the
Development Team also implemented a plugin showing site effects of the
average shear velocity down to 30 meters (Vs30) in a map representation,
which can display both the Wills Map and the Wald/Allen Global Map.
Included among these plugins are GIS Natural Hazard “HAZUS” data
depicting estimated losses from potential earthquakes. Lastly, the
Development Team also increased the user functionality of SCEC-VDO
by repairing software bugs encountered by the Production and GIS
Teams. Future improvements include further optimization in user-friendly
capabilities with the ability to display other iso-velocities beyond 1.0, 2.5
and 3.0 kilometers per second as well as other basins in California.

How much can off-fault deformation contribute to the slip rate
discrepancy within the Eastern California Shear Zone?, Justin W.
Herbert, Michele L. Cooke, Michael Oskin, Ohilda Difo, and Karl Grette
(Poster 126)
The kinematic assumptions of geodetic inversions for fault slip require
that the slip sums to the (plate) boundary velocity. This assumption
neglects permanent off-fault deformation, which could account for

116 | Southern California Earthquake Center

discrepancies between geologic and geodetic slip rate estimates, such
as across the Eastern California Shear Zone (ECSZ). We use threedimensional mechanical models to assess if unaccounted permanent
strain surrounding faults could contribute to slip rate discrepancies
across disconnected faults within the ECSZ. We modified fault
configurations derived from the Southern California Earthquake Center’s
Community Fault Model (CFM) to better represent the disconnected
nature of active faults in the ECSZ. In this region, the CFM includes
several currently inactive or non-existent fault segments. Fault segments
that have not been active within the last 700 ka were removed from the
model geometry. The models with revised fault geometry produce slip
rates that better match geologic strike-slip rates, thus validating the
revisions to the fault geometry. Off-fault deformation is concentrated near
fault tips, step overs, and fault jogs where local gradients in slip may
localize stresses and promote permanent off-fault deformation. Within
these models, off-fault deformation accounts for 40 ± 23% of the total
strain across the ECSZ. This suggests that a significant portion of the
discrepancy between the geologic slip rates and rates from geodetic
inversions in the ECSZ could owe to the inversion models’ assumption of
zero permanent off-fault deformation. The Mojave Desert portion of the
ECSZ is one of the most discontinuous sets of dextral faults within the
Pacific-North America plate boundary and may represent an upper range
for the amount of such deformation expected along other crustal-scale
fault zones. The role of off-fault deformation on seismic hazard will
depend on whether off-fault deformation occurs seismically and
increases hazard or aseismically, reducing the overall hazard.

Near field 3D displacement of El Mayor-Cupapah Earthquake: A hybrid
approach., Alejandro Hinojosa-Corona, Francisco Limon, Edwin Nissen,
Craig Glennie, Aravindhan Krishnan, Michael Oskin, Ramon Arrowsmith,
Sebastian Leprince, Srikanth Saripalli, Sergio Arregui, Adrian Borsa,
Oliver Kreylos, Divya Banesh and John Fletcher (Poster 061)
The surface rupture produced on April 4th of 2010 by the M 7.2 El
Mayor-Cucapah Earthquake is an ideal target to be analyzed by remote
sensing techniques. It produced over 100 km of scarps, with vertical and
horizontal slip on the order of 2 to 3 m in scarcely vegetated, rugged
terrain underlain by mostly igneous rocks. A 3D displacement field (DF)
was calculated by matching pre- to post-event airborne LiDAR point
clouds through the Iterative Closest Point (ICP) algorithm, which first
segments the point clouds into discrete windows, and for each,
iteratively converges on a rigid body transformation comprising a
translation and a rotation that best aligns the pre- to post-event point
clouds. After testing different window sizes, we used a square window
100m a side. The El Mayor-Cucapah LiDAR data sets present special
challenges for the ICP technique. The point clouds differ considerably in
point density, by ~1:700. This, and the lower precision of the preearthquake data, limit the accuracy of the DF results. Despite these
issues, the vertical and East-West (E-W) components of the DF from ICP
very clearly delineate the trace of the surface rupture, showing east-side
down dextral-normal motion in agreement with field measurements and
the focal mechanism reported for this event. A systematic error in the
LiDAR instrument used for the pre-event survey caused severe distortion
of the North-South (N-S) component of the LiDAR returns. After
reprocessing the source pre-event point cloud in various ways to correct
for the systematic error, a more plausible pattern for the N-S component
was obtained for the DF. To have another perspective for the horizontal
DF, a subpixel correlation analysis of optical satellite images before and
after the earthquake, was performed using the COSI-Corr software. We
combined the N-S component from this analysis with the E-W and
vertical components of the ICP results, and present the analysis of the
resulting DF. We also compare the results from ICP and COSI-Corr
individually for each of the horizontal components. Both methods
delineate very clearly the rupture, and agree in direction with small
discrepancies in magnitude for the horizontal DF. Results from far field
deformation measurements obtained from different remote sensing
techniques, such as GPS and InSAR, could be fused with the near-field
LiDAR and COSI-Corr results to provide a synoptic view of the strain
induced by earthquakes such as the El Mayor-Cucapah event.
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Strain Localization in the Coulomb Wedge and the Stabilizing Role of
Fluids: A New Splay Faulting Model in the Shallow Subduction Zone, Evan
T. Hirakawa and Shuo Ma (Poster 172)
Coseismic slip on splay faults has been widely recognized in conjunction
with several large earthquakes in the shallow subduction zone (e.g., the
1964 Alaska earthquake). Large amounts of seafloor uplift due to the
steep dips of these faults coupled with shorter tsunami travel times
allowed by the landward location of the splay faults relative to the trench
leads to the possibility of catastrophic tsunamis. Here we propose a new
framework for understanding splay faulting in subduction zones based on
the Coulomb wedge theory (Dahlen, 1990; Wang and Hu, 2006), which
assumes that the material in the wedge is on the verge of failure
everywhere and has been used to explain several long-lasting mysteries
associated with shallow subduction earthquakes (Ma, 2012; Ma and
Hirakawa, 2013). Our new model comprises a shallow dipping thrust fault
and has no preexisting splays. By incorporating undrained inelastic offfault response into dynamic rupture model, we show that splay faults
materialize in the form of inelastic strain localization, and the ability to
generate them has a strong dependence on dynamic pore pressure
variations. Specifically, we demonstrate that the potential to generate
splay faults is mainly influenced by the Skempton’s coefficient. For
relatively large Skempton’s coefficients off-fault failure is broadly
distributed throughout the wedge (Ma, 2012; Ma and Hirakawa, 2013).
However the inelastic strain localizes for low Skempton’s coefficients,
and splay faults are formed, which significantly affects seafloor uplift. We
also show that splay fault rupture strongly influences the rupture on the
main fault, and in some cases it is able to halt the main fault’s rupture.
This new framework of splay fault development unifies our understanding
of different faulting characteristics in shallow subduction zones and
tsunamigenesis.

The Rheology of Lower Crustal Shear Zones: Implications for crustal
stress and interpretation of post-seismic creep., Greg Hirth (Poster 192)
A limitation in the application of experimental flow laws is that lab data
are often obtained from single phase aggregates, rather than rocks.
Using a combination of microstructural observations, thermobarometry,
metamorphic petrology and thermochronology (where possible), we have
repeatedly identified scenarios where shear zone rheology appears to
operate at conditions where the nominally stronger multi-phase rock
deforms by diffusion creep (Newtonian) and the single-phase regions of
the same rocks deform by dislocation creep (Power-Law) of the weak
phase. Examples include mafic rocks from the oceanic crust (Mehl and
Hirth, 2008), hydrated mafic rocks from lower continental crust (Getsinger
et al., 2013) and ophiolites (Homburg et al., 2010), and peridotites from
both oceanic transform (Warren and Hirth, 2006) and ophilites (Skemer et
al., 2010). In each case, the extrapolation of experimental data provide
evidence that the texture of the poly-phase rock evolves such that the
effective viscosity of poly-phase regions deforming by diffusion creep is
comparable to that of the single-phase regions deforming by dislocation
creep. As such, these scenarios suggest that in many situations using
dislocation creep flow laws for single phase aggregates actually provides
a reasonable approximation for shear zone rheology. In this presentation,
I will provide examples of these scenarios, discuss mechanisms for the
grain size evolution of the poly-phase rocks that facilitate the production
of the “uniform viscosity layers” in shear zones, and the implications of
these observations for the rheology of shear zones and the interpretation
of post-sesimic geodetic data.

The 2013 Mw6.6 Cook Strait earthquake, New Zealand: preliminary
geophysical observations and source model, Caroline Holden, Ian
Hamling, Bill Fry, Anna Kaiser, Stephen Bannister, Ken Gledhill, Matt
Gerstenberger, David Harte, David Rhoades, Martin Reyners, Yoshi
Kaneko, John Ristau, and Rafael Benites (Poster 088)
The Mw6.6 Cook Strait earthquake struck at shallow depths beneath
central New Zealand on July 21st 2013. The epicentre was located
offshore, ~20km from the nearest settlement and ~50 km from the capital
city of Wellington, where peak ground accelerations up to 0.27 g were
recorded. Two significant foreshocks of magnitude Mw 5.5 and 5.8
occurred in the two days preceding the main event. In central Wellington,
some recorded spectral accelerations were up to 33% current building

design level and accordingly superficial damage occurred for some
buildings. The earthquake sequence was the most significant in the
region since the establishment of modern geophysical networks and
provides valuable data for seismic hazard research.
We present preliminary results from a range of geophysical
investigations of the Cook Strait sequence. The region is characterized
by historically high levels of seismicity and several major active fault
structures including the west-dipping subduction interface at ~25 km
depth. The seismicity to date has largely occurred on an unmapped
structure at depths of 6 – 18 km, and generally follows a northeastsouthwest trend.
Regional moment tensor solutions indicate that the main event and
dominant aftershock activity have strike-slip mechanisms. In constrast
events in the northeastern part of the aftershock zone, including the two
foreshocks, are consistently associated with reverse faulting
mechanisms. Geodetic and strong motion data inversions for the main
event are compatible and suggest bilateral rupture on a northeastsouthwest trending plane with slip of up to 1 m. The impact of the
earthquake on the regional seismicity is also investigated through various
modelling techniques.117

Toward a Continuous Monitoring of the Horizontal Displacement Gradient
Tensor Field using cGPS Observations from PBO, William E. Holt and Gina
Shcherbenko (Talk Tue 12:15)
We have developed a cGPS network-processing tool for detection of
anomalous strain transients within the Plate Boundary Observatory
network in southern California. Position estimates from cGPS are
interpolated (through a joint inversion of strains and position estimates) to
provide a model solution for the horizontal displacement gradient tensor
field as a function of time. Regularization of the solution is achieved by
adjusting a single isotropic strain variance parameter until the reduced
chi-squared misfit between model and observed displacement
approaches 1.0. Additional constraints are provided by a priori
information on fault style and orientation, along with the application of
Pacific-North America displacement boundary conditions. A geodetic
reference solution is subtracted from the epoch solution and the
significance of residual strains is tested using a t-statistic. Tests using
synthetic cGPS observations, generated in the SCEC IV Transient
Detection Exercise, show that anomalous strains associated with slowslip over 6-8 week time frames, totaling less than 1 cm, can be detected
with high confidence (assuming uncertainties in daily positions estimates
of ± 3 mm). Analysis of PBO cGPS time series since July 2010 shows a
complex field of significant anomalous strain within southern California,
primarily associated with post-seismic processes. Interesting and
characteristic patterns of anomalous crustal strain, generated during the
ETS slow slip events, have also been quantified for the different sections
of the Cascadia subduction zone.

Revisiting the Historical Earthquake Catalog in Northern California,
Susan E. Hough and Stacey Martin (Poster 259)
The magnitudes of moderate historical earthquakes in the greater San
Francisco Bay Area, California, have been estimated using modern
methods, but the intensity assignments used in these analyses have not
been reconsidered since the seminal work by Toppozada. Since that time
there has been a growing recognition, in part due to intensity data
collected by the USGS “Did You Feel It?” (DYFI) system, that many early
intensity assignments were too high. We revisit archival accounts for 81
events with previously estimated magnitudes above 5.0. Using two wellcalibrated methods to analyze the intensity values, revised magnitudes
are generally lower than earlier estimates. Lower magnitudes are
supported by direct comparisons with DYFI distributions from recent
events such as the 2003 San Simeon earthquake. However, the results
support the conclusion of Toppozada et al. (2002) that the June 1838
earthquake was a large (low- to mid-M7) event. We discuss other notable
events, including the 31 March 1898 Mare Island earthquake. The revised
magnitude of this event (5.8) is more consistent than the earlier estimate
with the absence of surface rupture. Using the revised historical catalog
and the instrumental catalog, we reconsider evidence for the so-called
seismic cycle. Although Hardebeck et al. (2008) conclude there is no
evidence for clustering beyond that predicted by an ETAS (epistemic
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triggering of aftershock) model, the conceptual understanding of a
seismic cycle has long been based on apparent evidence that regional
seismic activity increases prior to a large event. The apparently high rate
of historical earthquakes in Northern California has moreover been the
basis of the so-called empirical model.

Earthquake ruptures modulated by fault-zone waves, Yihe Huang, JeanPaul Ampuero, and Don Helmberger (Poster 156)
Mature faults such as the San Andreas, San Jacinto, Landers and Nojima
faults are usually surrounded by damaged rocks that have lower seismic
wave velocities than their host rocks. Such low-velocity fault zones are
usually several-hundred-meters wide and develop a complex yet
interesting wave field when earthquakes happen. Waves are reflected at
the interface between fault zones and host rocks. Beyond critical
reflections, head waves are generated on the interface. Each wave can
cause either increase or drop of stresses on the fault, depending on its
polarity. These waves can interact with earthquake ruptures and
modulate rupture properties, such as rupture speed, slip rate and rise
time.
Moreover, waveform modelling suggests that Q inside fault zones can be
very low, e.g., in the range of 10 to 80. Since reflected waves inside fault
zones usually have a characteristic frequency of several Hz, they can be
severely attenuated if Q is very low. Furthermore, the damaged rocks
inside fault zones are likely to undergo plastic deformation and cause
new permanent damage, which in turn can modulate earthquake rupture
as do pre-existing fault zones.
In our presentation, we will address the following question: how do the
waves inside fault zones modulate earthquake ruptures? We will present
numerical simulations of ruptures in both elastic fault zones and inelastic
fault zones with attenuation and off-fault plasticity. We will then present a
wave-field analysis to understand the role of each type of fault zone
wave. Our conclusions are as follows: 1) Reflected waves can induce slip
pulses and significantly change the rise time. 2) Head waves can cause
temporal change of stresses on the fault and oscillations of rupture
speed. In sufficiently wide fault zones, head waves can lead to a
permanent transition to supershear rupture. 3) Attenuation mitigates the
generation of short rise-time slip pulses if Q is fairly small. 4) Fault zones
can cause a rotation of the background stress field, which influences the
distribution of coseismic off-fault plastic deformation. Spatially periodic
patterns of plastic deformation are formed due to oscillating rupture
speed, which may leave a permanent signature in geological record.

Extremely Shallow Extensional Faulting Near Geothermal Fields, Kenneth
W. Hudnut, Shengji Wei, Andrea Donnellan, Eric J. Fielding, Robert W.
Graves, Donald V. Helmberger, Zhen Liu, Jay W. Parker and Jerome A.
Treiman (Poster 058)
Surface faulting has been discovered in association with a shallow
extensional M 4.9 earthquake, the source properties of which have also
been studied by modeling of broadband seismic data and geodetic
imagery. This M 4.9 and also a M 4.6 shallow normal event occurred late
in the Brawley Swarm of August 2012, a dominantly strike-slip sequence
with events up to M 5.5 (Hauksson et al., SRL 2013 and Wei et al., GRL
2013). The point source waveform inversions reveal normal mechanisms
and centroid depths of ~2.5 km for both events, while the modeling of
the geodetic data indicates a compatible depth of ~2.0 km. The M 4.9
event had unusually large (~40 cm) and sudden (~1.0 – 1.5 km/sec) slip,
considering its extremely shallow depth. The earlier and larger strike-slip
events during the Aug. 2012 swarm were on a left-lateral SW- NE
oriented vertical planar cross-fault, whereas the M 4.6 and M 4.9
occurred on a SSW-NNE oriented, west- dipping plane. UAVSAR
imagery revealed a surface fault rupture that was subsequently confirmed
and documented in the field in May 2013. West-down surface slip
occurred, up to 18 ± 2 cm along breaks extending ~3.5 km along a NNE
orientation, and ruptured beneath and under a railroad track and pipeline
(without breaking them). UAVSAR and seismological data were used
jointly to image the source properties of the M 4.9 earthquake in detail.
The joint inversion indicates that seismic energy was radiated by slip of
up to 40 cm on a fault plane extending from the surface to a depth of
only ~3 km, extending ~4 km along-strike, and dipping ~45° west, with
west side down slip. Up to 18 cm/s ground motion were observed at four
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seismic stations within 10 km which are modeled by northward rupture
directivity with rupture speed of ~1.0-1.5 km/s. Although most energy in
Brawley Seismic Zone swarms is released in deeper and larger strike-slip
events, we observe surprisingly that the recent cases of surface faulting
in 2005 on the Kalin fault and 2012 preferentially involve normal fault
surface slip in close proximity to geothermal fields, as did the 2006
Morelia fault case. The Aug. 2012 case was the latest of three minor
extensional surface ruptures, each associated with moderate seismic
activity near geothermal fields. We compare this latest case, with its ~3.5
km surface break, and the two earlier examples with ~0.5 km (2005) and
~2.0 km (2006) long surface breaks with similar NE-SW to NNE-SSW
orientations. All three cases had tectonic surface slip of greater than 15
cm but less than 30 cm, involved mostly normal fault slip, and occurred
within extensional step-over zones between the San Andreas and
Imperial faults (2005 & 2012), and between the Imperial and Cerro Prieto
faults (2006).

Afterslip and Aftershocks Triggered by Moderate Events on the SanJacinto Fault, Asaf Inbal, Jean-Paul Ampuero, and Jean-Philippe Avouac
(Poster 086)
The San-Jacinto Fault (SJF) is one of the most active faults in southern
California, which together with the southern San-Andreas Fault
accommodates a large fraction of the total accumulated strain within the
plate boundary. Seismicity along the SJF is distributed over several fault
segments with distinct spatio-temporal characteristics. One of these
segments, also known as the Anza seismic gap, is a 20 km long strand of
the fault almost devoid of seismicity. Several M>6 events occurred along
the SJF over the past 100 years, none of which is thought to have
ruptured the gap (Sanders and Kanamori, 1984). In recent years, four M45 events occurred south of the gap. Despite their moderate magnitudes,
these earthquakes triggered rich aftershock sequences and pronounced
post-seismic slip. This complex pattern of seismic and aseismic
deformation along the SJF has important implications for seismic hazard
estimation, and may also entail clues about the physical processes that
govern fault slip at depth. Here we perform a joint inversion of the
aftershocks and geodetic data sets in order to recover the evolution of
post-seismic slip on the SJF. We analyze continuous strain records from
PBO borehole instruments installed within a few kilometres from the trace
of the SJF. These sites recorded an abrupt, weeks long increase in strain
rate following three M4-5 events that occurred in 2005, 2010, and 2013.
A similar, yet shorter response was observed following the 2010 M7.2 El
Mayor-Cucapah earthquake. These episodes were accompanied by
increased seismicity rates which decayed to the background level
according to the modified Omori law.
The aftershocks data set is used to improve the limited sensitivity of
geodetic data sets to deep fault slip. Our approach is based on the
Dieterich's (1994) aftershock model for the response of a fault governed
by rate-and-state friction to a stress perturbation. Based on this
formulation, we are able to infer the stress time-histories of individual
fault patches from the observed changes in seismicity rates. This new
approach provides resolution power at depths inaccessible to the surface
geodetic network. Moreover, it allows us to gain important insights onto
the fault mechanical properties. We apply this inversion scheme to the
M5.4, 2010 and M4.7, 2013 events. Remarkably, we find that the
cumulative moment released post-seismically is comparable or larger
than the co-seismic moment release. Most of the post-seismic slip
occurred below 12km, near the bottom of the seismogenic zone in our
study area.

NSF-PRISM Scholars Use GPS to Investigate Fault Slip Rates in Southern
California, Lowell Andrew R. Iporac, Isabella Benitez, Karmina Diaz,
Marlene Noriega, Vanessa Vega, Sally McGill, Joshua Spinler and Rick
Bennett (Poster 038)
The NSF-funded PRISM (Proactive Recruitment in Introductory Science
and Mathematics) program provides research experiences for freshmen
and sophomore college students. PRISM scholars at California State
University, San Bernardino have been gathering GPS data in order to
study the tectonic shift of the Pacific and North American plates along
two major faults: the San Andreas (SAF) and San Jacinto (SJF). This
research has been ongoing since 2002 and is being used to measure the
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direction and rates of a number of survey benchmarks, from which we
can model the rate at which the faults have been shifting. The San
Bernardino Mountains region had previously not been sufficiently
investigated due to difficulties in access and permitting. The GPS data
collected in 2013 are being processed at the University of Arizona. We
conducted one-dimensional elastic modeling using GPS data collected
up through 2012. After ad hoc testing of a number of different slip rate
combinations for 14 faults, with locking depths held fixed near the
maximum depth of seismicity, we found that SAF and SJF are the fastest
moving faults in Southern California with 10 mm/yr for SAF and 9 mm/yr
for SJF. Other models, however, can also fit the data reasonably well
with slip rates for either fault ranging from 0 to 20 mm/yr.

An Analysis of the Aftershocks from the 2011 Oklahoma Earthquake
Sequence, Marius P. Isken (Poster 067)
Marius P Isken, Walter D Mooney, Elizabeth Cochran
A sequence of three earthquakes occurred in November, 2011 east of
Oklahoma City. The highest magnitude event was a Mw 5.6 earthquake
on November 6, 2011. The rupture occurred at an estimated depth of 5
km on a right-lateral strike-slip fault and was preceded by a Mw 4.7
foreshock 21 hours before the main event (US Geological Survey, 2011).
Subsequently aftershocks followed within the same fault complex, with
one earthquake exceeding Mw 4.7. A linear array of ten seismographs
recorded 16 aftershocks Mw > 3. We present an analysis of the depthdependent whispering gallery waves propagating though a shallow
gradient zone. Also an analysis of the near-field apparent attenuation that
reveals an decay of R^-1.2 and relocation of the hypocenters with a
double-difference method.

New structures from the southern tip of the San Andreas fault zone near
Durmid Hill, Susanne U. Janecke and Daniel Markowski (Poster 012)
Field testing of a new kinematic model of the southern tip of the San
Andreas fault (SAF) in the Durmid Hill area shows that contraction, rather
than extension associated with the Extra fault zone to the southwest,
dominate the area. Results from the first phase of a field study to remap
structures between Bombay Beach and Salt Creek indicate a
contractional stepover between the main SAF and an active but
previously unmapped dextral fault zone near the northeast shore of the
Salton Sea. This “Shoreline strand of the SAF system” may have a
branch point with the main SAF at San Gorgonio Pass. There are many
small to medium-displacement left-lateral and left-oblique faults and
damage zones with east to NNW strikes between the main and Shoreline
strands of the SAF. These cross faults roughly parallel fold axes and
produced broad damage zones without a central slip surface in the mudrich sediment of Durmid Hill. Damage zones contain fault blocks that
resemble boudins but record brittle slip instead of ductile flow. ESEtrending folds are the other structural features between the main and
Shoreline strands of the SAF. The main SAF zone is characterized by an
extremely well developed damage zone that is up to 0.5 km wide and
focused in mud- and gypsum-rich sediment southwest of the SAF. The
intense shearing, subsidiary faulting, brecciation, and folding in the
damage zone persists from north of Salt Creek to ~3 km NW of Bombay
Beach. There, Pleistocene sediment cover the SAF, its entire damage
zone, and both sides of the SAF. The ~0.78 Ma Bishop Tuff is near the
base of the stratigraphic section that overlies the deactivated piece of the
SAF. The ~1 Ma replacement of this piece of the SAF is probably another
manifestation of the early Pleistocene reorganization described in
Janecke et al 2010 GSASP along the San Jacinto fault zone. The
“replacement piece” of the main SAF is probably located a few
kilometers farther to the east, but it is so new that it is difficult to locate.
The stratigraphic units in the Durmid Hill area consist of Ocotillo,
Brawley, Borrego, Arroyo Diablo, and Olla formations, and possibly even
Imperial Group rocks. The Extra fault zone does not appear to be an
important structural element in the Durmid Hill area, except potentially in
the poorly exposed area around Bombay Beach. Contractional strains
across the strands of the SAF in the Durmid Hill area may inhibit the
nucleation of large ruptures there.

Depth extent of large earthquakes and patterns of microseismicity:
implications from rate-and-state fault models with enhanced coseismic
weakening, Junle Jiang and Nadia Lapusta (Poster 128)
The size and scaling of large earthquakes depend on their depth extent,
which is often assumed to be determined by either the fault locking
depth or the depth extent of microseismicity. Fault models based on
standard rate-and-state laws support such assumptions, interpreting the
locked zones as areas of velocity-weakening (VW) properties which
support earthquake nucleation and the deeper creeping fault extensions
as areas of velocity-strengthening (VS) properties that inhibit earthquake
slip. However, enhanced co-seismic weakening of fault friction,
documented in laboratory experiments at high slip rates and supported
by theoretical studies, could be active not only in the VW part of the fault
but also in the deeper VS fault extensions. As earthquake rupture
penetrates into the creeping fault areas, it significantly increases slip
rates there, potentially activating the co-seismic weakening and turning
the stable fault areas into seismogenic ones.
We study the observables arising in strike-slip fault models as a result of
the interaction between the shallower VW regions and deeper VS
extensions with and without the enhanced co-seismic weakening.
Considering co-seismic weakening due to thermal pressurization (TP) of
pore fluids, we adopt depth-dependent permeability and shear-zone
width. Due to the combination of the two factors, TP-induced co-seismic
weakening can stop being efficient, and hence seismic slip may stop, at
different depths, either above, at, or below the rate-and-state VW/VS
boundary. The resulting depth extent of the largest events significantly
affects the microseismicity patterns throughout the post- and interseismic periods, resembling high-resolution observations on San
Andreas Fault, e.g., seismic streaks on the Parkfield segment and
seismic quiescence on the Carrizo segment. This finding opens an exiting
possibility that microseismicity patterns may be used to determine the
depth extent of past large events. We will report on our current study on
how the depth extent of large events affects strength and frequency
content of the near-field co-seismic ground motion.

Seismicity in the central Gulf of California region following the Mw 8.6
2012 Indian Ocean earthquake, Christopher W. Johnson and Roland
Burgmann (Poster 097)
On April 12, 2012 a Mw7.0 earthquake occurred in the Gulf of California
22 hours after the arrival of teleseismic surface waves from the Mw 8.6
2012 east Indian Ocean earthquake and may represent a delayed
dynamically triggered event. In the six days following the Mw8.6
mainshock, global seismicity increased for M>=5.5 events in regions that
experienced the largest strains during the passage of Love waves (Pollitz
et al., 2012). The Gulf of California is one of these regions and
experienced 0.1 micostrains during the passage of the surface waves.
Here, we analyze catalog data and local seismic records from the
RESBAN network operated by Centro de Investigación Científica y de
Educación Superior de Ensenada (CICESE) in order to establish the time
of any local increase in activity before the Gulf of California earthquake.
Cataloged seismicity data indicates a 100-day period of quiescence
before the Indian Ocean earthquake for M<3.5 events within 100 km of
the Mw7.0 hypocenter. Using seismic records we observe earthquakes
not listed in the catalog records and establish a substantial increase in
activity 7 hours before the Mw7.0 mainshock. The time of the activity
increase is 1 hour after the arrival of surface waves from a regional
Mw6.7 earthquake located in the Michoacán subduction zone ~1500 km
to the southeast. We are presenting the preliminary seismicity results and
timing with respect to transient stress perturbations.

Geodetic estimates of shortening rates and vertical motion in the
Western Transverse Ranges, Kaj M. Johnson, W.C. Hammond, R.J.
Weldon, G. Blewitt, and R. Burgette (Poster 189)
We examine GPS-derived horizontal and vertical motions in the Big Bend
regions of the San Andreas fault including the Ventura Basin, Western
Transverse Ranges, and Santa Maria basin. We supplement the UCERF3
geodetic velocity field with vertical GPS rates obtained from all of the
available high precision geodetic networks in southern California such as
the EarthScope Plate Boundary Observatory and SCIGN networks. We
analyze raw GPS observations using the GIPSY-OASIS software, and
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align the solutions to the newly updated NA12 reference frame, which is
derived from ITRF2008. Vertical data are considered if the station has at
least 4 years of data, have time series that are fit well by linear plus
seasonal terms plus steps from known equipment change events and
earthquakes.
Horizontal contraction rates across the Ventura Basin are high, of order
60-70 nano-strain/yr, equivalent to 6-7 mm/yr of shortening over 100 km.
The Ventura Basin is presently subsiding ~0.5 mm/yr. Uplift rates of ~1
mm/yr are observed in the Big Bend along with high horizontal shear
strain rates of 80-100 nano-strain/yr. The Santa Ynez Mountains north of
Ventura Basin are uplifting ~0.5 mm/yr. Shear strain rates within the
Santa Maria Basin are 3-5 times lower than in the Ventura Basin and
vertical rates are nearly zero.
In light of the new vertical GPS velocity field in this region, we reexamine
elastic models of fault slip rates and intersesimic strain accumulation. We
consider possible sources of vertical motions including elastic,
recoverable strains due to fault locking, deep interseismic creep on
reverse faults and associated plate flexure in the Western Transverse
Ranges, inelastic strains associated with Big Bend, and viscoelastic flow
in the mantle. Attributing the vertical signal to fault strain accumulation
requires accounting for hydrological sources and the lingering effects of
glacial isostatic adjustment, for which global models predict a down to
the west trend in the region.

Rapid, decimeter-resolution fault zone topography from Structure-fromMotion (SfM), Kendra Johnson, Edwin Nissen, J. Ramon Arrowsmith,
Srikanth Saripalli, Patrick McGarey, Katherine Scharer, Patrick Williams
(Poster 015)
Recent advances in the generation of high-resolution topography have
revolutionized our ability to detect subtle geomorphic features related to
ground-rupturing earthquakes. Currently, the most popular topographic
mapping methods are airborne lidar and terrestrial laser scanning (TLS).
Though powerful, these laser scanning methods have some inherent
drawbacks: lidar is expensive and can be logistically complicated, while
TLS is time consuming even for small field sites and suffers from patchy
coverage due to its restricted field-of-view. An alternative mapping
technique, called Structure from Motion (SfM), builds upon traditional
photogrammetry to reproduce the topography and texture of a scene
from photographs taken at varying viewpoints. The improved availability
of cheap, unmanned aerial vehicles (UAVs) as camera platforms further
expedites data collection by covering large areas efficiently with optimal
camera angles. Here, we introduce a simple UAV- or balloon-based SfM
mapping system which can produce dense point clouds and subdecimeter resolution DEMs registered to geospatial coordinates using
either the photographs' GPS tags or a few ground control points. The
system is ideally suited for studying ruptures of prehistoric, historic, and
modern earthquakes in areas of sparse or low-lying vegetation. We use
two sites from southern California faults to illustrate. The first is the ~0.1
km2 Washington St site, on the Banning strand of the San Andreas fault
near Thousand Palms. A DEM with ~700 pts/m2 was produced from 230
photos collected on a balloon platform flying at 50 m above ground level
(AGL). The second site is the Galway Lake Rd site, which spans a ~1 km
strip of the Landers earthquake rupture. The 100 pts/m2 DEM was
produced from 267 photos taken with a balloon platform at 60 m AGL.
We compare our SfM results to existing laser scanning datasets. Each
survey required less than 2 hours for setup and data collection, an
allotment much lower than would be required for TLS. Processing time is
somewhat slower, but depends on the quality of the DEM desired and is
almost fully automated. The SfM point cloud densities are comparable to
TLS but exceed the density of most airborne lidar and the orthophotos
(texture maps) from the SfM are valuable complements to the DEMs. The
SfM topography illuminates features along the faults that can can be
used to measure offsets from past ruptures, offering the potential to
enhance regional seismic hazard analyses

The transition from brittle faulting to thermally-activated cataclasitic
flow in sandstone as a function of pore fluid pressure: Laboratory
constrains on the effective pressure law at the seismogenic depths, Taka
Kanaya and Greg Hirth (Poster 173)

120 | Southern California Earthquake Center

We conducted triaxial compression experiments on quartz sandstone to
investigate the roles of pore pressure on the brittle-ductile transition
(BDT) in the crust. Fontainebleau sandstone with a porosity of 13% was
deformed at a temperature of 900°C, confining pressure of 175 MPa, and
pore pressure ratio, λ = Pf/Pc, of 0-1. On the basis of σ -ε curves,
acoustic emissions (AE), microstructures, and strain field mapped using
fiducial markers, three modes of failure are identified as a function of
pore pressure. At 0.28 < λ < 1, brittle faulting occurs at ε = 1.5-5% with a
surge in AE; ε 11 and ε 12 and intense intragranular fractures localized
within <15% of the sample. At λ = 0, the sandstone undergoes thermallyactivated cataclasitic (semi-brittle) flow, which involves significant strain
hardening, post-peak weakening at dσ/dε ~ -4 GPa, and through minor
dynamic faulting with diffusive surges in AE at ε = 8%. Shear-enhanced
compactive flow is indicated by a reduction in porosity and increase in
ε11, both by several %, crushed grains, and mm-size shear fractures
oriented at high angles to loading, while near-fault ε12 extending over
40% of the sample. At 0.06 < λ < 0.15, we observe overall characteristics
similar to those at λ = 0, except that the peak strength is substantially
reduced, and modest weakening at -2 GPa leads to quasi-static faulting
without significant AE at ε = 7-9%. Microstructures indicate more
pronounced shearing and less grain crushing than at λ = 0, likely due to a
reduced effective normal stress at grain junctions.
We conclude that the roles of pore pressure on the BDT are intricate and
may not follow the linear relation assumed on the basis of Terzaghi’s
effective pressure law. Specifically, changes in peak strength and in
acoustic emission and underlying post-peak weakening behavior are not
a simple linear function of differential pressure (Pc - Pf). In contrast,
frictional strength increases linearly with differential pressure and is
consistent with Byerlee’s law. Our results support that the transition from
brittle faulting to semi-brittle flow in the seismogenic zone occurs at a
greater depth as pore pressure elevates; however, quantification of such
a relation is not straightforward. The effects of pore pressure on strain
weakening rate through thermally-activated poroplastic processes may
give rise to a richness in the slip behavior along tectonic faults, e.g.,
whether a fracture propagates spontaneously.

Variable seismic response to fluid injection in central Oklahoma, Katie M.
Keranen, Heather Savage, Geoffrey Abers, and Nicholas van der Elst (Talk
Mon 15:15)
Seismicity within the past 5 years in Oklahoma has been concentrated in
a region of historically low seismicity, in the central portion of the state
near the towns of Jones, Prague, and Luther. From 2009-2013, ~75% of
earthquakes from the Oklahoma Geological Survey catalog occurred in
this central region (3035 earthquakes), including the largest earthquake
recorded in Oklahoma and the largest anywhere potentially related to
wastewater disposal, an Mw5.7 in November 2011 near Prague, OK.
Precise relocations of aftershocks show that the tip of the initial rupture
plane near Prague is within ~200 m of active injection wells and within ~1
km of the surface; 30% of early aftershocks occur within the sedimentary
section. Importantly, the Prague region showed enhanced remote
triggering following the Mw8.8 Chile earthquake in 2010 – a phenomenon
also observed at other sites of induced seismicity in the Midwest in 2010
and 2011. This enhanced triggering provides additional evidence that
fluid pressures were nearing critical levels as the volume of injected fluid
increased after 18 years of injection. We interpret that the net fluid
volume increase near Prague lowered effective stress on reservoirbounding faults. Near Jones and Luther, OK, earthquakes began soon
after the onset of injection; near Jones the earthquakes delineate multiple
subparallel faults updip of high-volume wastewater disposal wells while
near Luther the earthquakes define a primary fault plane. There are
commonalities in the methods used for petroleum extraction from
carbonate reservoirs in central Oklahoma, involving the production of
high water volumes, which speculatively may explain the abundance of
induced earthquakes recorded here. The differences in the timing of the
Prague, Jones, and Luther sequences with respect to injection, and in
the spatial distribution of seismicity, highlight the variability in seismic
responses to fluid injection and deviations from historically important
case studies.
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Is There a Stress Threshold Required to Trigger Remote Aftershocks
(Distances >10 Mainshock Fault Lengths)?, Debi Kilb, Lisa Linville,
Kristine Pankow, Aaron Velasco, and Chris Hayward (Poster 079)
There have been many recent advances in our understanding of the
physics governing remotely triggered aftershocks (Distances>10
mainshock fault lengths), yet questions still remain. One unsolved
question is “Does there exists a stress threshold required to trigger
remote earthquakes?” To help answer this, we use data from the
EarthScope USArray Transportable Array (USArray TA). The ~70 km
uniform spacing of the USArray TA stations across the contiguous USA
allows us to examine characteristics of remote triggering within a variety
of tectonic provinces, background seismicity rates, and within regions of
both documented cases of triggered earthquakes and areas of no known
triggered earthquakes. For 15 M>8 mainshocks that occurred during the
USArray TA deployment, we use a frequency domain detection method
to detect earthquakes that occur within 3-hours of the mainshock origin
time. We qualitatively examine these high-frequency signals to identify
those that are likely signatures from local earthquakes. We do not
presume these earthquakes are necessarily remotely triggered by the
larger mainshock, instead we simply flag them labeling them “locations
where local earthquakes were recorded in the mainshock coda”. For
each mainshock, we create maps of the mainshock generated peak
amplitudes (e.g., radial, transverse and vertical velocity). On each peak
amplitude map we mark the location of the flagged stations. Examining
the juxtapositions of these two mapped quantities we can begin to
assess if a correlation exists between flagged stations and regions of
high stresses and also assess to what extent, if any, the correlation
between high stresses and flagged stations is repeatable from
mainshock to mainshock.

Fully Coupled Models of (Idealized) Buildings and Seismic Waves from
Earthquakes, Alex Kinsella and Eric M. Dunham (Poster 238)
The standard approach to simulate building response to earthquakes
employs a one-way coupling from the Earth to the building. The forces
exerted by buildings on the Earth, and the resultant waves, are ignored.
In other words, simulations in a building-free Earth model are used to
generate free-field seismograms, which are then input into building
models. Free-field motions at a few sites from a vast number of
earthquake sources can be efficiently generated by exploiting elastic
reciprocity theorems, as with the strain Green tensor formalism employed
in the CyberShake effort. We explore a simple extension to this approach
that accounts rigorously for the presence of buildings and associated
structure-soil-structure interactions. Buildings are idealized as point
sources because seismic wavelengths under consideration are much
longer than the buildings’ foundations. Forward simulations of waves
generated by point forces applied at the sites of interest need only store,
in addition to strains at earthquake subfaults, displacements at other
sites. We show how these time series can then be used, together with
building-to-building interaction operators, to compute the response of
buildings located at all sites. While the formalism is applicable to 3D
heterogeneous Earth models, we have focused thus far on the 2D
antiplane shear problems (homogeneous half-space and layer-over-halfspace) that can be solved analytically. Both single-degree-of-freedom
oscillators and beam models have been used for buildings. Preliminary
results suggest that while interactions between different buildings can be
handled correctly under the point building approximation, the proper
calculation of building self-interactions requires explicit consideration of
the finite extent of the buildings’ foundations.

Internal structure of the shallow Japan Trench décollement: insights into
the long-term evolution of the margin and coseismic slip processes,
Jamie Kirkpatrick, Kohtaro Ujiie, Toshiaki Mishima, Fred Chester, Christie
Rowe, Christine Regalla, Francesca Remitti, Casey Moore, Virginia Toy,
Jun Kameda, Santanu Bose, and Monica Wolfson-Schwehr (Poster 162)
The 2011 MW 9.0 Tohoku-oki earthquake ruptured to the Japan Trench,
with largest coseismic slip occurring on the shallow part of the
décollement. To better understand the controls on rupture propagation
and slip, the structure and composition of the décollement near the
trench were investigated during Integrated Ocean Drilling Project
Expedition 343 (the JFAST project). The plate boundary décollement is

localized upon a ≤4.86 m thick layer of pelagic clay. Stratigraphic
discontinuities at the base of the hangingwall, top of the footwall and
surrounding a horse of intra-décollement mudstone show that the fault
contains multiple slip surfaces, although most of these were not
recovered. The décollement damage zone is <10 m wide in both the
overlying frontal prism and down-going Pacific plate showing that longterm displacement on the plate boundary fault near the Japan Trench is
extremely localized and in turn suggesting the fault is weak relative to the
bounding sediments. A pervasive composite foliation, or scaly fabric,
defined by striated, lustrous surfaces enclosing lenses of less fissile
phacoids is distributed throughout the décollement clay. The asymmetry
of phacoids is consistent with top-to-the-trench shear sense. Several
narrow, planar discontinuities crosscut the scaly fabric, truncating or
disrupting the foliation and in one case juxtaposing domains of the clay
with different foliation orientation and intensity, indicating relative
displacement. The scaly fabric is indicative of distributed shear across
the recovered interval (~1 m), and may represent deformation at
interseismic strain rates. The sharp discontinuities within the décollement
clay, however, resulted from slip localization. They are similar to
structures produced in friction experiments conducted at coseismic slip
rates suggesting they may record earthquake deformation.

Vital Signs of the Planet: Southern California Educators Contribute to
Crustal Deformation Studies Within San Bernardino and Riverside
Counties, Mark Kline, Sally McGill, Mark Swift, Alfonso Barrientos, Sandy
Calonge, Helen Corral-Bonner, Robert de Groot, Rhonda Fuller, Adrian
Gamez, Paul Gonzales, Kristen Holland, Dan Keck, Guadalupe Rowley,
Bernadette Vargas, Jerry Young, Joshua Spinler, Rick Bennett, Mike
Floyd and Gareth Funning (Poster 037)
In conjunction with California State University, San Bernardino, Inland
Empire high school teachers participating in the Vital Signs of the Planet
professional development program (JPL/SCEC) used GPS to monitor
movement along the San Andreas and San Jacinto faults within the
Inland Empire, San Bernardino Mountains and high desert regions of
Southern California since 2002. Stations observed in 2013 were selected
from those that previously had relatively poorly constrained time series,
so as to contribute useful new velocity constraints for use by the SCEC
community and others. Procedures for the study included setting up a
tripod (or spike mount), antenna and receiver over existing survey
monuments for an 8-hour period each day for 5 days. GPS data were
processed at the University of Arizona and benchmark positions were
compared to those in previous years. Time series graphs were used to
estimate the north, east and vertical velocities of each site. Velocities for
our sites were combined with velocities from SCEC’s Crustal Motion
Model version 4 (Shen et al. 2011) and with velocities from continuous
GPS stations archived at the Plate Boundary Observatory. Onedimensional elastic modeling of the combined data set was used to infer
fault slip rates within a transect across the plate boundary through the
San Bernardino Mountains. Results indicate that the combined slip rate
of the 14 faults within our transect is 45-46.5 mm/yr. The San Andreas
(SAF) and San Jacinto (SJF) faults have the highest rate of movement
with a combined slip rate of 20-22.5 mm/yr. This is substantially less than
the published 35 mm/yr slip rate of the SAF alone in central California.
Nonetheless our inferred slip rates for the SAF and SJF are consistent
with previously published slip rates for these faults in southern California
over late Quaternary time scales. The two faults are so close together
within our transect that their slip rates are strongly inversely related and
cannot be distinguished from each other. Our best-fitting model
apportions slip equally between the two faults (10 mm/yr each), but
models with SAF slipping ~ 20 mm/yr and SJF slipping 0 mm/yr (or vice
versa) also fit the observed site velocities relatively well.

Properties of pulse-like ruptures induced by slip-proportional backstress
controlled by fault roughness, Franklin Koch and Jean-Paul Ampuero
(Poster 157)
The geometrical roughness of a fault surface can affect earthquake
rupture and wave radiation. For instance, high-frequency energy is
radiated away from irregularities due to local changes in rupture speed.
Here we attempt to develop relations between the statistics of fault
roughness and macroscopic properties of earthquake rupture such as
rise time, rupture speed, final slip and peak slip velocity. Theory and
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dynamic rupture simulations indicate that rough faults introduce a drag
resistance that takes the form of back-stresses proportional to slip. The
coefficient of proportionality depends on the amplitude and spectrum of
fault roughness. These back-stresses slow down the slip and lead to
pulse-like rupture propagation. Despite all the complexity caused by a
rough interface, the slip on the fault can be approximated by adding a
slip-strengthening backstress to a planar fault. Here we conduct a
systematic set of simulations of 2D dynamic rupture on a planar fault with
slip-proportional backstress. We determine how the rise time, rupture
speed, final slip and peak slip velocity depend on the ratio between slipweakening rate and the coefficient of proportionality between slip and
backstress, which encapsulates the statistics of fault roughness at
smaller scales, and on the background shear stress. These dynamic
rupture simulations are complemented by direct numerical solutions of
the steady-state pulse problem.

The Community Seismic Network and Quake-Catcher Network:
Monitoring building response to earthquakes through community
instrumentation, Monica D. Kohler, Ming Hei Cheng, Thomas Heaton,
Robert Clayton, Mani Chandy, Elizabeth Cochran, Jesse Lawrence
(Poster 237)
The Community Seismic Network (CSN) and Quake-Catcher Network
(QCN) are dense networks of low-cost ($50) accelerometers that are
deployed by community volunteers in their homes in California. In
addition, many accelerometers are installed in public spaces associated
with civic services, publicly-operated utilities, university campuses, and
high-rise buildings. Both CSN and QCN consist of observation-based
structural monitoring which is carried out using records from one to tens
of stations in a single building. We have deployed about 150
accelerometers in a number of buildings ranging between five and 23
stories in the Los Angeles region. In addition to a USB-connected device
which connects to the host’s computer, we have developed a standalone sensor-plug-computer device that directly connects to the internet
via Ethernet or WiFi. In the case of CSN, the sensors report data to the
Google App Engine cloud computing service consisting of data centers
geographically distributed across the continent. This robust infrastructure
provides parallelism and redundancy during times of disaster that could
affect hardware. The QCN sensors, however, are connected to netbooks
with continuous data streaming in real‐time via the distributed computing
Berkeley Open Infrastructure for Network Computing software program
to a server at Stanford University. In both networks, continuous and
triggered data streams use a STA/LTA scheme to determine the
occurrence of significant ground accelerations. Waveform data, as well
as derived parameters such as peak ground acceleration, are then sent
to the associated archives. Visualization models of the instrumented
buildings’ dynamic linear response have been constructed using Google
SketchUp and MATLAB. When data are available from a limited number
of accelerometers installed in high rises, the buildings are represented as
simple shear beam or prismatic Timoshenko beam models with soilstructure interaction. Small-magnitude earthquake records are used to
identify the first two pairs of horizontal vibrational frequencies, which are
then used to compute the response on every floor of the building,
constrained by the observed data. The approach has been applied to a
CSN-instrumented 12-story reinforced concrete building near downtown
Los Angeles. The frequencies were identified directly from spectra of the
8 August 2012 M4.5 Yorba Linda, California earthquake acceleration time
series. When the basic dimensions and the first two frequencies are input
into a prismatic Timoshenko beam model of the building, the model
yields mode shapes that have been shown to match well with densely
recorded data. For the instrumented 12-story building, comparisons of
the predictions of responses on other floors using only the record from
the 9th floor with actual data from the other floors shows this method to
approximate the true response remarkably well.

Rheological controls on the seismicity and fault zone structure of
oceanic transform faults, Arjun H. Kohli, Jessica M. Warren, and Mark

reinforced by laboratory studies of pure olivine powder, which show the
onset of stick-slip deformation at 600 °C. However, recent studies of OTF
seismicity employing ocean-bottom instruments reveal earthquakes
occurring at depths corresponding to ~1000 °C in modeled thermal
structure. Additionally, these deployments reveal complex rupture
patterns, showing foreshock regions behaving as barriers to quasiperiodic, large events. This seismological heterogeneity is interpreted to
result from along-strike variations in fault zone material properties, which
allow enhanced fluid circulation to inhibit rupture in the apparent barrier
zones.
To further investigate controls on OTF seismicity and fault zone structure,
we conducted micromechanical, petrologic, and laboratory observations
of dredge peridotite mylonite samples from the Shaka Transform Fault,
Southwest Indian Ridge. Petrographic characterization reveals growth of
a hydrous amphibole phase as well as planar mineral fluid inclusions.
Additionally, orthopyroxene porphyroclasts show cataclastic deformation
accommodated on grain-scale faults filled by recrystallized olivine. These
observations, coupled with P-T constraints from the hydration reaction
and modeled geotherm, suggest that brittle deformation in peridotite and
hydration by seawater extends to depths corresponding to ~900 °C.
Preliminary laboratory torsion tests on these samples reinforce our
estimates, showing the onset of stick-slip from stable creep at 900 °C
and 300 MPa. We also examined lower strain samples and find little to no
preserved evidence of hydration at the brittle-ductile transition. However,
in contrast to the unaltered mylonites these samples show significant
fracture and growth of low temperature hydrous phases, suggesting that
the feedback between hydration and strain localization represents a first
order control on fracture toughness in the seismogenic zone.
Consequently, we propose that hydration and rheological evolution of
peridotite at the brittle-ductile transition may explain observations of OTF
seismicity above 600 °C, as well as the variations in fault zone properties
that control along-strike rupture dynamics.

Towards an Adaptive and High-Order Accurate Numerical Method for
Earthquake Rupture Dynamics in Complex Geometries, Jeremy E. Kozdon
and Lucas C. Wilcox (Poster 151)
Earthquake rupture dynamics is a multiscale process. The implication of
this for numerical methods is that several orders of magnitude more
resolutions can be required near the fault (especially around the nearly
singular rupture front) than is needed to resolve the frequencies of
interest in the wave propagation. This is particularly true when laboratory
measured friction parameters are used in numerical simulations, which
leads to resolution constraints on the fault on the order of millimeters.
Adaptive mesh refinement has been proposed as a way to overcome this
computational bottleneck (Kozdon and Dunham, SCEC, 2012). Namely, it
was shown that resolution could be selectively and dynamically allocated
near the fault with much coarser resolution being used in the volume.
That said, in this previous work significantly higher resolution was
required off than fault than expected. One possibility is that the high off
fault resolution requirements were a results of excessive numerical
dissipation of the low-order method used in the volume.
Motivated by this, we have begun to develop a high-order accurate
adaptive mesh refinement code for earthquake rupture dynamics
(available at http://bfam.in). High-order accuracy comes from the use of
high-order accurate finite difference methods and/or discontinuous
Galerkin methods. Spatial adaptivity is handled using the p4est library,
which can efficiently handled complex geometries and has been shown
to scale efficiently on over 10 thousand processors (Burstedde, Wilcox,
Ghattas, SISC, 2011). Temporal adaptivity will be handled using local
time stepping. Here, we will present results validating our implementation
of a discontinuous Galerkin method using SCEC dynamic rupture code
validation test problems.

Comparison of Observed Spatio-temporal Aftershock Patterns with
Earthquake Simulator Results, Kayla A. Kroll, Keith B. Richards-Dinger,

Zimmerman (Poster 022)

and James H. Dieterich (Poster 202)

Oceanic transform faults (OTFs) play a critical role in the tectonic water
cycle by enabling circulation of seawater along associated fault zone
structures. Teleseismic studies of OTFs reveal seismicity or interpreted
brittle deformation in peridotite below 600 °C. These observations are

Due to the complex nature of faulting in southern California, knowledge
of rupture behavior near fault step-overs is of critical importance to
properly quantify and mitigate seismic hazards. Estimates of earthquake
probability are complicated by the uncertainty that a rupture will stop at

122 | Southern California Earthquake Center

MEETING ABSTRACTS
or jump a fault step-over, which affects both the magnitude and
frequency of occurrence of earthquakes. In recent years, earthquake
simulators and dynamic rupture models have begun to address the
effects of complex fault geometries on earthquake ground motions and
rupture propagation. Early models incorporated vertical faults with highly
simplified geometries. Many current studies examine the effects of varied
fault geometry, fault step-overs, and fault bends on rupture patterns;
however, these works are limited by the small numbers of integrated fault
segments and simplified orientations. The previous work of Kroll et al.,
2013 on the northern extent of the 2010 El Mayor-Cucapah rupture in the
Yuha Desert region uses precise aftershock relocations to show an area
of complex conjugate faulting within the step-over region between the
Elsinore and Laguna Salada faults. Here, we employ an innovative
approach of incorporating this fine-scale fault structure defined through
seismological, geologic and geodetic means in the physics-based
earthquake simulator, RSQSim, to explore the effects of fine-scale
structures on stress transfer and rupture propagation and examine the
mechanisms that control aftershock activity and local triggering of other
large events. We run simulations with primary fault structures in state of
California and northern Baja California and incorporate complex
secondary faults in the Yuha Desert region. These models produce
aftershock activity that enables comparison between the observed and
predicted distribution and allow for examination of the mechanisms that
control them. We investigate how the spatial and temporal distribution of
aftershocks are affected by changes to model parameters such as shear
and normal stress, rate-and-state frictional properties, fault geometry,
and slip rate.

Analysis of period-dependent source process of the 2011 Tohoku
earthquake using telesesmic body-wave data, Hisahiko Kubo, Tomotaka
Iwata, and Kimiyuki Asano (Poster 165)
The source process of the 2011 Tohoku earthquake (Mw9.0) is
considered to be period-dependent (e.g., Ide et al., 2011; Koper et al.,
2011; Lay et al., 2012) after the comparison between the slip model from
long-period (10s~) seismic waves and the excitation zones of shortperiod (0.1-10s) seismic waves. They concluded that the huge slip
occurred in the shallow source area, while short-period seismic waves
are mainly radiated from the deep source area. However, their
discussions were based on qualitative comparison of the results obtained
by different methods and quantitative comparison between source
models having different period-bands have not been made. Therefore,
the construction of the source models for different period-bands by a
common method is necessary to directly compare the source models
analyzed with different period-bands and to make a further analysis of
the source characteristics of the 2011 Tohoku earthquake. In this study,
we performed source inversions for various period-bands using
teleseismic body-wave and constructed the source models of the 2011
Tohoku earthquake for different period-bands. Then, based on the spatial
differences of slip-velocity time function in different period-bands, we
studied the source characteristics of the 2011 Tohoku earthquake.
Source process is analyzed by kinematic linear waveform inversion with
multiple time windows (Hartzell and Heaton, 1983). The representation of
slip time history of each subfault, the propagation velocity of the first time
window, and the assumed fault plane are referred to Kubo and Kakehi
(2013). The Green's functions are the same as those used in Kubo and
Kakehi (2013).
The comparison in different period-bands among the estimated source
models shows that the behavior of the fault rupture off Miyagi region in
the period-band of 50-100s differs from that in the period-band of 1050s. The source process in the period-band of 50-100s is characterized
by the shallow long-duration rupture at 40-80s. On the other hand, the
source process in the period-band of 10-50s consists of not only the
above shallow rupture but also the rupture extending to deep area from
the hypocenter. The rupture in this area can be divided to two stages (040s and 40-80s). In the first stage, the rupture propagated from the
hypocenter to the deep area and radiated the seismic waves at the
period of 10-25s. In the second stage, the rupture occurred again at the
deep area radiating the broadband seismic waves.

Comparison of potential-field and seismic-velocity structure along the
Salton Sea Seismic Imaging Project transects, northern Salton Trough,
southern California, Victoria E. Langenheim, Daniel S. Scheirer, Gary
Fuis, Mark Goldman, Rufus Catchings, Trond Ryberg, and Michael J.
Rymer (Poster 125)
Gravity data provide information on the crustal structure of the Salton
Trough that complements seismic velocity data recently obtained as part
of the Salton Sea Seismic Imaging Project (SSIP). The potential-field
analysis benefits from nearly uniform coverage of the Salton Trough.
Density and velocity are related properties and thus forward gravity
models using the velocity structure from SSIP provide a means to refine
our interpretation of the crustal structure. An earlier comparison of gravity
with crustal tomography (Langenheim and Hauksson, 2001) indicated
that 10-km spacing of the tomographic model was too coarse to image
the basin beneath Coachella Valley. New 2-D forward gravity models
based on seismic-velocity structure were created using the Gardner
relationship to convert velocity to density for velocities less than 6 km/s
and the Christensen and Mooney relationship for velocities of 6 km/s or
more. The gravity anomalies predicted from the seismic velocity structure
for Lines 4-7, that cross the northern Salton Trough, compare to first
order with the isostatic gravity anomalies, if basement velocities are less
than 6-6.5 km/s. Unfortunately, basement velocities (greater than 6-6.25
km/s) are not well resolved along Lines 4-7. Densities measured on
basement on both sides of the northern Salton Trough do not predict
seismic velocities of more than 6.5 km/s. Comparison of the observed
isostatic and predicted gravity anomaly along Line 1 (along the trough
axis) indicates a systematic mismatch that becomes more significant to
the southeast (20-25 mGal). Measurements of basement density along
both flanks of the Coachella Valley do not decrease northward
systematically, and thus cannot account for the observed mismatch. The
isostatic correction, using a sea-level thickness of 25 km, does not fully
remove the effects of crustal thinning beneath the Salton Trough. One
feature that can explain the systematic mismatch is northward thinning of
a mafic mid-crustal layer, a feature that has been well documented
farther south, in the Imperial Valley.

Forecasting earthquake potential damage: accounting for supershear
earthquake rupture, Daniel Lavallee, Jan Schmedes, and Ralph J.
Archuleta (Poster 220)
In a 2012 paper discussing the transition to supershear rupture for 3D
crack model, Bizari and Das conclude that this transition have important
implications “for earthquake engineers considering the generation of
damaging waves from earthquakes in order to construct earthquakeresistant structures.” Several authors argue that, when compared to
subshear earthquake rupture, supershear earthquake rupture may
significantly affect the distributions of ground motion metrics such as the
peak ground acceleration (PGA) and of peak ground velocity (PGV). We
are now in position to investigate the PGA and PGV distributions
generated by supershear earthquake ruptures and to assess the potential
damage resulting from superhear ruptures when compared to subshear
ruptures.
Using a slip-weakening dynamic model of rupture, we generated
earthquake scenarios that provided the spatio-temporal evolution of the
slip on the fault and the radiated field at the free surface. Considering a
set of scenarios that are statistically equivalent, we observe that in some
scenarios, the rupture propagates at subshear speed while in other
scenarios, the rupture propagates at supershear speed on some parts of
the fault surface. For both types of scenarios (mixture of supershear and
subshear speeds and only subshear), we compute the peak ground
accelerations (PGA) regularly distributed over the Earth’s surface. We
then calculate the probability density functions (PDF) of the PGA. For
both types of scenarios, the PDF curves are asymmetrically shaped and
asymptotically attenuated according to a power law. This behavior of the
PDF is similar to that observed for the PDF curves of PGA recorded
during earthquakes.
Based on the observation that the shape of PGA distribution generated
by a rupture propagating at subshear speed is similar to the shape of
PGA distribution generated by a rupture propagating at supershear
speed, one can assume that the two distributions are related by a scaling
transformation. Assuming that both distributions can be parameterized
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with a lognormal probability law, we derive the scaling relation. Using the
Instrumental Intensity scale developed by USGS, we compared the
potential damage for the three following distributions: the PGA
distribution generated by subshear rupture earthquake, the “rescaled”
PGA distribution generated by subshear rupture earthquake and PGA
distribution generated by supershear rupture earthquake.

Assessing IRSL contributions to OSL signal contamination with the
composition test in tectonic contexts., Michael J. Lawson, Steven Okubo,
Jillian T.M. Daniels, Chris McGuire, and Edward J. Rhodes (Poster 232)
Optically Stimulated Luminescence (OSL) and Infrared Stimulated
Luminescence (IRSL) have been applied to the dating of many tectonic
contexts. Regionally, however, quartz- based OSL is often characterized
by dim emission and can suffer from signal contamination due to small
mineral inclusions. The OSL signal contributions from these inclusions
may dominate the measured signal, given that feldspar often has an
inherently brighter signal than quartz, but can suffer from anomalous
fading. Previously, we presented a signal composition test (Lawson et al.,
2012) which utilizes thermal quenching and susceptibility to infrared
bleaching to assess the contributions of quartz emissions to the total
OSL signal. We have made additional measurements, assessing to what
degree small volumes of feldspar can affect quartz OSL age results, and
their subsequent effect upon the composition test. Further, we are
investigating the geologic, geochemical and physical controls on OSL
and IRSL behavior, using a variety of tools, including energy-dispersive
X-ray (EDAX) spectroscopy to better understand how mineralogy can
affect luminescence behavior. Single grain IRSL has been routinely used
to date sediments, however in some locations, feldspar luminescence
characteristics are significantly poorer than in others. We are actively
looking at new ways to access what makes a sample work, either with
OSL or IRSL, and access the best possible way to date sediments.

Full-3D waveform tomography of Southern California crustal structure by
using earthquake recordings and ambient noise Green’s functions based
on adjoint and scattering-integral methods, En-Jui Lee, Po Chen,
Thomas H. Jordan, Philip J. Maechling, Marine Denolle, and Gregory C.
Beroza (Poster 198)
We apply a unified methodology for seismic waveform analysis and
inversions to Southern California. To automate the waveform selection
processes, we developed a semi-automatic seismic waveform analysis
algorithm for full-wave earthquake source parameters and tomographic
inversions. The algorithm is based on continuous wavelet transforms, a
topological watershed method, and a set of user-adjustable criteria to
select usable waveform windows for full-wave inversions. The algorithm
takes advantages of time–frequency representations of seismograms and
is able to separate seismic phases in both time and frequency domains.
The selected wave packet pairs between observed and synthetic
waveforms are then used for extracting frequency-dependent phase and
amplitude misfit measurements, which are used in our seismic source
and structural inversions.
Our full-wave waveform tomography uses the 3D SCEC Community
Velocity Model Version 4.0 as initial model, a staggered-grid finitedifference code to simulate seismic wave propagations. The sensitivity
(Fréchet) kernels are calculated based on the scattering integral and
adjoint methods to iteratively improve the model. We use both
earthquake recordings and ambient noise Green’s functions, stacking of
station-to-station correlations of ambient seismic noise, in our full-3D
waveform tomographic inversions. To reduce errors of earthquake
sources, the epicenters and source parameters of earthquakes used in
our tomographic inversion are inverted by our full-wave CMT inversion
method. Our current model shows many features that relate to the
geological structures at shallow depth and contrasting velocity values
across faults. The velocity perturbations could up to 45% with respect to
the initial model in some regions and relate to some structures that do
not exist in the initial model, such as southern Great Valley. The
earthquake waveform misfits reduce over 70% and the ambient noise
Green’s function group velocity delay time variance reduce over 90%
when compared with that at the initial stage.
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A 3D seismic velocity model of Canterbury, New Zealand for broadband
ground motion simulation, Robin L. Lee, Brendon A. Bradley, Jarg R.
Pettinga, Matthew W. Hughes, and Robert W. Graves (Poster 225)
This poster presents a new 3D seismic velocity model of Canterbury,
New Zealand. The model explicitly represents the Canterbury
sedimentary basin and other significant geologic horizons, which are
expected to have important implications for observed ground motions.
The model utilizes numerous sources of data, including 3D regional
tomography with a variable-depth inferred Moho, seismic reflection
survey lines, spectral analysis of surface waves, and geotechnical
borelogs which provide velocity constraints over their respective ranges
of application. The model was subsequently benchmarked using general
empirical correlations, such as that of Brocher (2005). The model
provides Vp, Vs and density over a grid of input points, and is presently
being utilized in broadband ground motion simulations of the 2010-2011
Canterbury earthquakes. Comparison of simulated ground motions with
those observed in the 2010-2011 Canterbury earthquakes will help
provide a better understanding of the salient physical processes which
characterized the unique set of strong ground motions recorded in these
multiple earthquake events.

Does Evidence of Abrupt Coseismic Subsidence and Tsunami During the
Late Holocene Exist in Seal Beach Marsh Stratigraphy?, Robert J. Leeper,
Brady P. Rhodes, Matthew E. Kirby, Katherine M. Scharer, D'lisa O.
Creager, and Dylan J. Garcia (Poster 003)
The Newport-Inglewood Fault Zone (NIFZ) is a major right-lateral strikeslip fault in southern California. The NIFZ is seismically active and
structurally complex. The North Branch fault of the NIFZ strikes
northwest through the Seal Beach marsh where fault geometry produces
a small, localized depression. Sixteen gouge cores were taken during
paleotsunami fieldwork at the Seal Beach marsh. The cores penetrated
depths with a range of 150 and 240 cm below the land surface (bls) and
recovered estuarine sediment interbedded with mud-capped organic
layers. Three Livingstone piston and three vibracores penetrated depths
with a range of 350 and 425 cm bls and recovered estuarine sediment
interbedded with mud-capped organic layers, and two shell-hash
deposits. Piston core #SBPC12-014 revealed a muddy sand layer at 325
cm depth that contained a 2-cm thick shell-hash. Vibracore #SB002-VC
exposed a sand layer at 400 cm depth containing a 10-cm thick shellhash.
It is possible that the mud-capped organic layers at depth are the result
of abrupt coseismic subsidence. In marsh settings, abrupt subsidence
would cause an immediate rise in relative sea level. Deposition during
such an event would be characterized in marsh stratigraphy by an abrupt
change from peaty (subaerial) sediment to mud, and a microfossil
assemblage that changes from brackish to marine. We have cursory
microfossil data from one core that show this pattern. Additionally, the
shells in the hash could have originated in a lagoon or offshore; the spike
in magnetic susceptibility across the shell-hash boundary suggests they
originated offshore. We use a multi-proxy methodology to quantitatively
characterize the stratigraphy. The methodology includes laboratory
analyses such as loss on ignition at 550°C (% total organic matter) and
950°C (% total carbonate), magnetic susceptibility (CHI), grain size
distribution, identification of microfossils (diatoms and foraminifers), and
radiocarbon geochronology. We also use a “criteria matrix” established
during a similar paleoseismic study along the San Gregorio fault in
northern California (Koehler, 2005). This multi-proxy approach may lead
to an understanding of the possible paleoseismic and paleotsunami
record contained within Seal Beach marsh stratigraphy, localized
coseismic deformation, and seismic hazard associated with the North
Branch fault of the Newport-Inglewood Fault Zone.

Tectonic Evolution of Transpressional Fault Systems, Mark R. Legg
(Poster 186)
Major transpressional fault systems in the southern California coastal and
offshore region pose severe earthquake hazards to the region with the
potential for strong ground shaking and local tsunami inundation.
Geological structure inherited from Neogene oblique rifting of the Inner
Borderland was reactivated by post-Miocene oblique convergence when
the locus of plate boundary deformation jumped eastward to the
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southern San Andreas and Gulf of California transform fault systems.
Crustal thinning during oblique rifting followed by basin inversion and
uplift raised lower crustal structure to shallow depths or the seafloor
where imaging with high-resolution geophysics enable detailed mapping
of complex fault systems. Linked networks of middle Miocene
transtensional
structures
including
low-angle
normal
faults
(detachments), high-angle strike-slip faults (transforms) and obliquenormal faults may result in large complex earthquake ruptures. Three
major transpressional fault systems are investigated to map the complex
faulting and related deformation: 1) San Clemente fault system (Santa
Cruz-Catalina Ridge); 2) Palos Verdes fault system (PV, San Pedro Bay);
3) Newport-Inglewood-Rose Canyon fault system (NIRC, South Coast).
Uplifted basin sediments record the evolution and character of the
deformation.
A model for transpression and restraining bend development is based on
changing relative plate motions and boundary geometry. In Phase 1,
right-stepping en echelon transform faults form to link extensional “pullapart” basins during oblique-rifting. In Phase 2, northward rotation of the
relative plate motion vector and the eastward jump in the plate boundary
create transpression on NW-trending transform faults and inversion of
Miocene basins. The THUMS-Huntington Beach fault may represent the
last stage where a former transform fault was abandoned as new faults
by-pass the restraining bend. The PV and NIRC fault zones provide
straighter paths for right-slip. The same process occurred at the Santa
Catalina restraining bend and is active now at the San Bernardino
Mountains segment of the San Andreas fault. Repeated structural style
reveals the active process of transpressional fault system evolution within
the PAC-NAM plate boundary in southern California. Process details,
including strain partitioning between strike-slip and dip-slip, provide
important criteria to estimate the character of large complex earthquakes
that may strike this heavily populated region.

Modeling the Effect of Strain Localization and Temperature on Frictional
Response of Fault Gouges, Rui Li and Ahmed Ettaf Elbanna (Poster 140)
Numerous fault and experimental observations suggest that during
earthquakes and landslides, strain localizes to a very narrow layer that
might be 1mm wide or less. Understanding the dynamics of strain
localization and the associated shear heating is thus important for
development of more realistic friction and rupture models.
In this research we use a rate and state formulation, based on the Shear
Transformation Zone theory, to describe the response of sheared gouge
layers under a wide range of slipping conditions with and without shear
localization. To account for shear heating, microslip at the grain contact
level is modeled as a thermally activated process with temperature
dependent activation energy. This enables a smooth transition between
different slip mechanisms that are activated at different temperatures. We
quantify how the direct effect, evolution effect and the slip weakening
distance are influenced by the development of the shear band as well as
different specimen characteristics (e.g. grain size) and initial conditions
(e.g. initial void ratio). We consider a wide range of base slip rates as well
as different amplitudes of velocity stepping.
Our results suggest that both the direct and evolution effects increase
with increasing base velocity and the amplitude of the velocity steps. This
is observed in both the homogeneous and localized cases. However, in
the presence of shear banding the values of these parameters are higher.
Strain localization also reduces the slip weakening distance leading to a
more rapid drop in the frictional strength. However, in both cases, the
slip weakening distance tends to increase with slip rate. We observed,
however, that shear banding does not alter the values of the rate
parameter A’ at which the transition from rate strengthening to rate
weakening occurs in the homogeneous case. Finally we show that shear
heating enhances strain localization and reduces the sliding shear stress
which ultimately leads to a decrease in the portion of energy dissipated
as frictional heat. We plan to implement our model in a 1D elastodynamic
model to explore the influence of shear banding on rupture nucleation,
propagation and statistics.

Rupture process of the 29 May, 2013 Mw 4.8 Isla Vista, California
earthquake and its tectonic implication, Xiangyu Li and Chen Ji (Poster
115)

The offshore region of Goleta and Santa Barbara is seismic active. Large
and moderate earthquakes such as 1925 ML 6.8 and 1978 ML 5.1 (Mw
5.9) Santa Barbara earthquakes, produced large property damage and
fatalities. However, the causative fault planes of these two earthquakes
are still debated, presumably due to limited observations. On 29 May
2013, a Mw 4.8 earthquake occurred about 5 km west offshore of the Isla
Vista, California at a depth of 10 km. This earthquake is the largest event
in this region since the 1978 Santa Barbara earthquake and has been
reasonably well recorded by the CISN and CGS strong motion networks.
Eight of them are located within 20 km away from the epicenter. The
observed peak ground acceleration is 0.265 g. The study of this
earthquake shall shed some light on the seismo-tectonic activity of Santa
Barbara Chanel. The CISN focal mechanism based on long period
seismic signals and the distribution of relocated aftershocks suggest that
the 2013 Isla Vista earthquake is a pure thrust failure on a north dipping
low angle (~30°) fault plane orienting N287°E, consistent with the local
tectonic setting. However, preliminary analysis to the strong motion data
reveals a much complexity rupture process with at least two subevents
with different focal mechanisms.

Fault Damage Zones of the M7.1 Darfield and M6.3 Christchurch
Earthquakes Characterized by Fault-Zone Trapped Waves, Yong-Gang Li,
Gregory De Pascale, Mark Quigley, and Darren Gravely (Poster 130)
To characterize the subsurface structure of the damage zones caused by
the 2010-2011 Canterbury earthquake sequence in New Zealand's South
Island, we installed two short linear seismic arrays, Array 1 across
Greendale Fault (GF) surface rupture and Array 2 over the surface
projection of the blind Port Hills Fault (PHF) that ruptured in the 2010
M7.1 Darfield and 2011 M6.3 Christchurch earthquakes, respectively. We
recorded 853 aftershocks for ~4 months after the Christchurch
earthquake. Fault-zone trapped waves (FZTWs) were identified at Array 1
for aftershocks occurring on both the GF and the PHF. The post-S
duration of these FZTWs increases as focal depths and epicentral
distances from the array increase, showing an effective low-velocity
waveguide formed by severely damaged rocks existing along the GF and
PHF at seismogenic depths. Locations of aftershocks generating
prominent FZTWs delineates the subsurface GF rupture extending
eastward as bifurcating blind fault segments an additional ~5-8 km
beyond the mapped ~30-km surface rupture into a zone with comparably
lower seismic moment release west of the PHF rupture which extends
westward along Christchurch aftershock lineament to within 5.3 ± 1 km
of the subsurface GF. The propagation of FZTW through the intervening
‘gap’ indicates moderate GF-PHF structural connectivity. We interpret
this zone as a fracture mesh reflecting the interplay between basement
faults and stress-aligned microcracks that enable the propagation of
PHF-sourced FZTWs into the GF damage zone. Preliminary simulations
of observed FZTWs suggest that the GF rupture zone is ~200-250-m
wide, consistent with the surface deformation widths, in which velocities
are reduced by 35-55% with the maximum reduction in the ~100-m-wide
damage core zone corresponding to surface and shallow subsurface
evidence for discrete fracturing. The damage zone extends down to the
depth of ~8 km or deeper, consistent with hypocentral locations and
geodetically-derived fault models. We examined the possible temporal
change in wave velocity for repeated aftershock occurring just before
and after the large aftershocks and measured ~2% decrease of seismic
velocity with fault rocks due to co-seismic damage by a M5.3 aftershock
on May 9, 2011 occurring within the east portion of GF rupture zone,
consistent with our interpretation of the low-velocity rupture zone on the
GF being at least partially softened in the Canterbury earthquake
sequence. Our study also illuminates a potential approach to investigate
the blind segment of a rupture zone using FZTWs recorded at the seismic
array deployed across its surface section.

Low Velocity Zones along the San Jacinto Fault in Southern California
Inferred From High-Frequency Body Waves of Local Earthquakes, Zefeng
Li, Hongfeng Yang, Zhigang Peng, Yehuda Ben-Zion, and Frank Vernon
(Poster 168)
Natural fault zones have regions of brittle damage leading to a lowvelocity zone (LVZ) in the immediate vicinity of the main fault interface.
The LVZ may amplify ground motion, modify rupture propagation, and
impact derivation of earthquke properties. Here we image low-velocity
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fault zone structures along the San Jacinto Fault (SJF), southern
California, using waveforms of local earthquakes that are recorded at
several dense arrays across the SJFZ. We use generalized ray theory to
compute synthetic travel times to track the direct and FZ-reflected waves
bouncing from the FZ boundaries. This method can effectively reduce the
trade-off between FZ width and velocity reduction relative to the host
rock. Our preliminary results from travel time modeling show the clear
signature of LVZs along the SJF, including the segment of the Anza
seismic gap. At the southern part near the trifrication area, the LVZ of the
Clark Valley branch (array JF) has a width of ~200 m with ~55%
reduction in Vp and Vs. This is consistent with what have been
suggested from previous studies. Similarly, the northwestern end of the
Clark Valley branch (array DW) has a LVZ that is ~220m wide with ~45%
reduction in Vp and Vs. In comparison, we find that the velocity reduction
relative to the host rock across the Anza seismic gap (array RA) is ~50%
for both Vp and Vs, nearly as prominent as that on the southern
branches. The width of the LVZ is ~230 m. In addition, the LVZ across
the Anza gap appears to locate in the northeast side of the RA array,
implying potential preferred propagation direction of past ruptures.

Grain fragmentation in sheared granular flow: weakening effects, energy
dissipation, and strain localization, Charles K. Lieou, Ahmed E. Elbanna,
James S. Langer, and Jean M. Carlson (Poster 135)
Abstract: Grain fragmentation is observed in sheared gouge material and
has important implications for earthquake fault rupture and slip
dynamics. In this presentation, we describe the shear flow of a
disordered granular material, incorporating grain fracture into the sheartransformation-zone (STZ) theory of amorphous deformation adapted to
systems in which the inter-particle interaction is of a hard-core nature. To
this end, we develop the equations of motion for this system within the
framework of nonequilibrium statistical thermodynamics. For hard-core
systems, the amount of internal, configurational disorder is characterized
by the compactivity X, which measures volume increments associated
with changes in configurational entropy. Grain breakage is described by
a constitutive equation for the temporal evolution of a characteristic grain
size a, based on a comparison between the energy scales for driven
granular motion and the generation of new grain surfaces. We show that
if the granular material is sufficiently aged, or if the shear rate is
sufficiently slow, spatial inhomogeneity in configurational disorder results
in strain localization; particles within the shear band are finely
comminuted compared to those away from the the shear band. However,
if the amount of aging is small, or if the shear rate is fast enough, strain
localization does not occur. We also show that grain splitting contributes
significantly to comminution at small shear strains, while grain abrasion
becomes dominant at large shear displacements.

Tall building response to simulated pulse-like ground motions, Ting Lin,
Nenad Bijelic, and Gregory Deierlein (Poster 239)
Assessment of structural performance through nonlinear dynamic
analysis typically relies on the use of recorded ground motions. Given the
limited strong motion recordings, the recent development of earthquake
simulations from the earth science community provides an attractive
alternative. Good agreement between simulated and recorded ground
motions in the low frequency range is especially promising for the study
of long-period structures. In addition, the presence of pulse-like features
in ground motions typically translates to larger seismic demands on a
structure. This work focuses on the seismic response of a tall building
subjected to ground motions exhibiting pulse-like characteristics. Pulse
periods and amplitudes are considered in recorded and simulated
motions to examine their effects on engineering demand parameters
such as story drift ratios and floor accelerations. The implications for the
use of pulse-like ground motion simulations in nonlinear dynamic
analyses of tall buildings are discussed.

Interseismic strain localization in the San Jacinto fault zone, Eric O.
Lindsey, Valerie J. Sahakian, Yuri Fialko, Yehuda Bock, Sylvain Barbot,
and Thomas K. Rockwell (Poster 052)
We present an updated set of secular velocities across the San Jacinto
fault at Anza from GPS and InSAR observations that reveal a 2-3km-wide
shear zone deforming at a rate that exceeds the background strain rate
by approximately a factor of two. Recent re-occupations of survey-mode
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GPS monuments installed in the early 1990s yield velocity estimates with
an accuracy on par with continuous GPS in the area, and show a pattern
of elevated strain across the fault consistent with InSAR observations
from ERS-1/2 spanning 1992-2006. Additional GPS occupations of an
alignment array installed in 1990 across the fault trace allow us to rule
out shallow creep as a possible contributor. The zone of enhanced
deformation coincides with a tomographically imaged seismic low
velocity zone (Allam and Ben-Zion, 2012), and is asymmetric with respect
to the fault trace. We find that the seismically inferred reduction in shear
modulus of a factor of 1.2 to 1.6 can explain only about half of the strain
rate anomaly, assuming the locking depth is 15km as suggested by the
pattern of microseismicity. We conclude that the additional strain may be
explained either by a reduced yield stress resulting in distributed inelastic
deformation within the shallow fault zone, or by heterogeneous frictional
properties at the base of the seismogenic zone that permit both robust
creep and microseismicity.

Modeling the effect of weakening on the structure of ductile shear zones,
Rachel C. Lippoldt, Thorsten W. Becker, and John P. Platt (Poster 193)
The strain localization required for initiating and maintaining a plate
boundary cannot be explained by linear composite rheologies alone.
Within lithospheric ductile shear zones, more complex rheologies,
accounting for feedback mechanisms, are required to generate a selfweakening system in which increases in strain-rate correlate with
decreasing viscosity. We investigate deformation as a function of depth
across an infinitely long strike slip fault using a 2.5D finite element model
based on an expansion of the MATLAB based finite element program
MILAMIN. These findings by Platt and Behr detail earlier suggestions how
grain-size reduction in shear zones may be a critical factor in maintaining
weak plate boundaries. The effects of microstructural weakening are
incorporated into the model by using empirically derived flow laws that
account for localization through grain size reduction by dynamic
recrystallization. We observe the resulting cumulative width of the shear
zones as a function of depth as the system evolves over geologic
timescales. At any given temperature, the width of the shear zone is
mainly controlled by the velocity boundary conditions as they dictate the
ambient stress of the rock.

Imaging moderate earthquake ruptures with back-projection of seismic
arrays data, Xin Liu and Yehuda Ben-Zion (Poster 159)
We attempt to image bursts of radiation, and especially the initial and
arrest phases of earthquake ruptures with array processing methods. As
an initial effort, we experiment with the MUSIC (MUltiple SIgnal
Classification) algorithm (e.g., Schmidt 1986; Meng et al., 2011) on
synthetic and real data. The forward synthetic calculations are based on
several point sources approximating a strike slip rupture propagating to
the north. Waveforms around the P wave arrivals are back-projected to
the source region at a fixed depth. The results based on back projection
from one array indicate that the source is moving north in an oblique path
with pseudo-spectrum that is elongated in the source-receiver direction.
When results from two different arrays are combined, the ambiguity of
source location due to the elongated pseudo-spectrum is reduced. We
plan to use the method also on several moderate earthquakes on the San
Jacinto fault. Updated results will be presented in the meeting.

Image Southern California crustal deformation from InSAR time series
analysis, Zhen Liu, Paul Lundgren, and Zheng-Kang Shen (Poster 046)
Differential interferometric synthetic aperture radar (InSAR) provides
capability to image surface deformation of plate boundary zones at fine
spatial resolution with coarse temporal sampling along the satellite lineof-sight (LOS) direction. More than 18 years of extensive SAR data
collection over southern California makes it now possible to generate a
long time interval InSAR-based LOS velocity map to examine the
resolution of both steady-state and transient deformation processes. We
present InSAR time series analysis results of crustal deformation in
southern California using the extensive catalog of ERS-1/2 and Envisat
data since 1992. We apply a variant of the Small Baseline Subset (SBAS)
time series analysis approach to derive InSAR LOS velocity map and time
series. When applicable, a GPS derived crustal model is used to
constrain long wavelength deformation signals while estimating and
removing orbital ramp error. The spatiotemporal details of deformation
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signals provided by InSAR measurements, when combined with in-situ
continuous GPS, enable the separation of tectonic and nontectonic
sources. Following the observation of long-term transient across Eastern
California Shear Zone from our preliminary analysis, we extend our
analysis to other descending and ascending tracks in the region. We
characterize spatial variation of tectonic and transient deformation and
examine the time dependency of resulting deformation patterns.

wastewater disposal and energy production, may change the
seismogenic processes for induced seismicity if it exists in this region
and what methods are best able to detect the signature of human
activity.

An Update on the Collaboratory for the Study of Earthquake Predictability
Activities, Maria Liukis, Danijel Schorlemmer, John Yu, Philip Maechling,

Oglesby, and James N. Brune (Poster 149)

Jeremy Zechar, Maximilian Werner, Thomas H. Jordan and the CSEP
Working Group
(Poster 263)
The Collaboratory for the Study of Earthquake Predictability (CSEP)
supports a global program to conduct prospective earthquake forecast
experiments. There are now CSEP testing centers in California, New
Zealand, Japan, and Europe, and 364 models are under evaluation.
In this presentation, we describe how the SCEC testing center has
evolved to meet CSEP objectives and share our experiences in operating
the center. The SCEC testing center has been operational since
September 1, 2007, and currently hosts 1-day, 3-month, 1-year and 5year forecasts, both alarm-based and probabilistic, for California, the
western Pacific, and a global testing region. We are currently working to
reduce testing latency and to develop procedures to evaluate externallyhosted forecasts and predictions. These efforts are related to CSEP
support of the USGS program in operational earthquake forecasting and
a Department of Homeland Security project to register and test external
forecast procedures from experts outside seismology.
We describe the open-source CSEP software that is available to
researchers
as
they
develop
their
forecast
models
(http://northridge.usc.edu/trac/csep/wiki/MiniCSEP). We also discuss
how we apply CSEP infrastructure to geodetic transient detection and
the evaluation of ShakeAlert system for earthquake early warning (EEW),
and how CSEP procedures are being adopted for intensity prediction and
ground motion prediction experiments.

Earthquake rate changes and interevent distance distributions in the
Brawley Seismic Zone, Andrea L. Llenos and Andrew J. Michael (Poster
077)
The Brawley Seismic Zone (BSZ), located in the Salton Trough of
southern California, has a long history of earthquake swarm activity and a
high level of geothermal energy exploitation activity. A swarm occurred in
August 2012 near the North Brawley Geothermal Field (NBGF), which
raised the question of whether it and other recent earthquake rate
changes may have been induced by fluid extraction and injection activity
(e.g., Chen and Shearer, JGR, 2011; Brodsky and Lajoie, Science, 2013).
We explore this issue by examining earthquake rate changes and
interevent distance distributions in two geothermal fields in the region,
the NBGF and the Salton Sea Geothermal Field (SSGF) In Oklahoma and
Arkansas, where considerable wastewater injection occurs, increases in
background seismicity rate and aftershock productivity and decreases in
interevent distance have been diagnostic of fluid-injection induced
seismicity (Llenos and Michael, BSSA, in press). Here we test if similar
changes occur that may be associated with fluid injection and extraction
at the two geothermal fields.
We identify clusters in earthquake catalogs from 1981-2012 in the SSGF
and the NBGF, then compute interevent distances within each cluster.
Preliminary results suggest that in both fields, the interevent spacing
does not appear to change significantly with the start of fluid injection or
extraction in 1982. We also use the stochastic Epidemic-Type Aftershock
Sequence (ETAS) model (Ogata, JASA, 1988) to determine if changes in
the underlying earthquake driving processes, either natural or due to
geothermal exploitation activities, have occurred in the BSZ, as shown by
statistically significant changes in the model parameters. While increases
in the background seismicity rate and aftershock productivity parameters
were associated with fluid-injection induced earthquake rate changes in
Oklahoma and Arkansas, preliminary results indicate that similar changes
are not as apparent in the BSZ. The higher heat flow and natural
geothermal seismic activity in the BSZ, or differences between

Rupture and Ground Motion Models on the Claremont-Casa Loma
Stepover of the San Jacinto Fault, Incorporating Complex Fault Geometry,
Stresses, and Velocity Structure, Julian C. Lozos, Kim B. Olsen, David D.
We use the 3D finite element method to conduct dynamic models of
rupture and resulting ground motion on the Claremont-Casa Loma
stepover of the northern San Jacinto Fault. This is a 25 km long
extensional stepover with an average separation of 4 km, with a shorter
segment positioned between the two main strands at the northern end of
the overlap. Each strand also contains considerably smaller scale
geometrical complexity, so we model this realistic complexity (drawn
from the USGS Quaternary Fault Database and the SCEC CFM) within
the individual fault strands. We incorporate a realistic velocity structure
(the SCEC CVM-S), a realistic regional stress field with an orientation
taken from seismicity relocation literature, and several stochastic selfsimilar shear stress distributions. As we incorporate more types of
complexity, the specific effects of any individual factor become less
apparent within the overall rupture behavior. We also find that the
distribution of high and low shear stress that arises from combining
regional and stochastic stress fields, rather than the magnitude of the
stresses, has the strongest control over where rupture terminates. The
effects of the velocity structure are far more apparent in the ground
motions than in the rupture endpoints. Using a regional stress field alone,
as well as with the combined regional/stochastic stress realization, we
find that the stepover present a significant barrier to rupture, regardless
of our choice of initial nucleation point, and that it is difficult for rupture to
propagate the full length of either fault segment. Greater heterogeneity of
stresses tends to produce shorter ruptures. Within this result, we find
that the Claremont strand is more favorable for long ruptures than the
Casa Loma strand is. Though geometrical complexity and stress
complexity control rupture behavior, ground motion intensity and
distribution are controlled largely by the velocity structure, which we have
clipped to ensure that we are resolving frequencies up to 1 Hz. The
strongest motions produced in these models are in the San Bernardino
basin, which lies along the Claremont strand 10 km northwest of the
stepover region. While directivity effects do contribute to the ground
motion distribution, particularly in the near field, they are secondary to
the effects of the velocity structure.

Effect of postseismic creep on earthquake triggering, Ka Yan Semechah
Lui and Nadia Lapusta (Poster 132)
Studies of small repeating earthquake sequences are important in
characterizing fault frictional properties. Some of the repeating
sequences located close to each other appear to interact, such as the LA
and SF sequences on the creeping section of the San Andreas Fault in
California, which are close to the SAFOD drilling site. In this study, our
goal is to quantify the interaction of repeating earthquakes in the
framework of rate-and-state fault models. Such models can reproduce
the behavior of isolated repeating earthquake sequences. Our model
consists of repeating earthquakes occurring on two small velocityweakening (VW) patches embedded into a larger velocity-strengthening
(VS) fault area.
Our simulations show several types of stress transfer that occur between
the VW patches which host the repeating sequences. When an
earthquake occurs on one patch, it causes a direct static stress increase
on the other patch, a direct static stress increase on the VS area
surrounding the other patch that leads to a higher stressing rate on that
patch, and an additional evolving stress increase due to the postseismic
creep that is largest in the areas immediately next to the earthquake and
then travels through the VS region. We find that this last contribution, that
of the traveling postseismic slip, is the dominating factor in triggering
rupture on the other VW patch. That findings is based on the comparison
of the time advance of the triggered earthquake in our simulation and in
the Coulomb failure model which only accounts for the direct stress
increase on the patch due to an earthquake on the other patch. The
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difference between the time advance in the two models can be as large
as 75% of the original recurrence time interval. These results show the
great importance of the evolving stress increases on earthquake
triggering, which are primarily due to the postseismic creep in our
simulations. However, similar effects should occur due to aseismic
transients that have been observed on a number of faults.

frequency ground motion. Numerous observations indicate that these
shallow ruptures are also associated with unusually long rupture
duration, slow rupture velocity, small stress drop, as well as low momentscaled radiated energy. What gives rise to these anomalous
characteristics and how they relate to efficient tsunamigenesis are,
however, still not well understood.

Patterns of Seismic and Aseismic Slip on Heterogeneous Faults, Yingdi

Motivated by the critical taper theory for accretionary wedges (e.g., Davis
et al., 1983; Dahlen, 1990), I will show that for a wedge on the verge of
failure, pore pressure increase due to updip rupture causes extensive
Coulomb failure within the wedge, which gives rise to slow rupture
velocity and significant seafloor uplift landward from the trench (Ma,
2012; Ma and Hirakawa, 2013). During the rupture propagation the large
inelastic seafloor uplift strongly dilates the shallow-dipping basal fault
behind the rupture front, greatly enhanced by the presence of free
surface. The dilation reduces the effective normal stress and sliding
friction on the fault, and increases the dynamic stress drop and slip
velocity, such that slip-velocity time histories in the shallow section of the
fault tend to have a ‘snail-like’ shape, leading to a smooth source time
function and depletion of high frequencies in seismic radiation. I will also
show that the failure in the wedge acts as a large energy sink (while
contributing to seismic moment), giving rise to distributed heat
generation (i.e., small heat flow anomaly across the fault), low momentscaled radiated energy and small rupture directivity, which thus provides
a unifying interpretation for nearly all anomalous observations
documented for shallow subduction earthquakes. Finally I will discuss
possible implications of a critically stressed crust for the dynamics of
fault system in southern California.

Luo and Jean-Paul Ampuero (Poster 111)
Geological studies of exhumed faults and seismological observations
reveal interesting aspects of fault heterogeneity. We thus carried
numerical studies to explore the implications of fault heterogeneity on the
organization of seismicity and transient aseismic slip. Our quasi-dynamic,
continuum models are based on laboratory derived rate-and-state friction
with heterogeneity introduced by spatial distributions of characteristic
slip distance (Dc). We considered two types of faults, a simple strike-slip
fault and a typical subduction fault; and two types of spatial distribution
of Dc, a model with uniformly random log Dc distribution, and a
hierarchical model of asperities with self-similar power-law asperity size
distribution and Dc value proportional to asperity size. Our systematic
study shows that by varying the distribution of Dc value, we are able to
reproduce a wide variety of macroscopic fault behaviors ranging from
characteristic seismic events to steady-slip. For different combinations of
minimum and maximum Dc values on a fault we simulated multiple
earthquake cycles with a total duration long enough to characterize the
general behavior of the fault: characteristic (regularly repeating events
that break the whole fault), non-characteristic (events with a range of
magnitudes, in some cases with a complex but repeating pattern),
aseismic transients and steady slip. We found that non-characteristic
seismicity behavior occurs only over a relatively narrow range of Dc
distributions. We extended our study in this regime and observed
complex sequences of seismic events ranging over two orders of
magnitude of seismic moments. We generated a synthetic catalog
containing over 10,000 events and studied their source scaling relations.
The catalog shows a transition in the moment magnitude (M0) - rupture
area (A) scaling, from M0~A3/2 at low magnitudes to M0~A at large
magnitudes, controlled by the effect of the finite seismogenic depth. Our
modeling provides promising insight on the connections between the
microscopic properties of the heterogeneous fault and the macroscopic
behavior of the fault. The transition from seismic to aseismic events and
steady-slip in these models may shed light on the transient behaviors of
faults.

Toward constraining absolute stress in southern California, Karen M.
Luttrell, Bridget R. Smith-Konter, and David T. Sandwell (Poster 184)
The SCEC Community Stress Model (CSM) project has collected
estimates of the stress field orientation from earthquake focal
mechanisms and predictions of stress field orientation and magnitude
from physics based models. In this study, we attempt to reconcile three
of these CSM contributions, along with the fault orientations and slip
directions indicated in the SCEC Community Fault Model (CFM).
Incorporating physics based models of topographic support establishes
a minimum level of differential stress sustained in the southern California
crust in order to maintain both observed surface topography and gravity
levels and observed faulting style and orientation.
The three CSM contributions compared in this study are 1) a stress
orientation field interpreted earthquake focal mechanisms, submitted by
Yang et al.; 2) an estimate of the crustal scale stress field required to
support observed surface gravity and topography, submitted by Luttrell
et al.; and 3) an estimate of stress accumulation near locked fault
segments, submitted by Smith-Konter et al. Goodness of fit is assessed
using multiple testing parameters that account for faulting style and
principal stress orientation. Overall, these comparisons indicate crustal
scale differential stress (σ1-σ3) of at least 50 MPa.

Uncovering the Mysteries of Tsunami Generation and Anomalous Seismic
Radiation in the Shallow Subduction Zone, Shuo Ma (Talk Tue 08:45)
The shallow reaches of subduction interfaces (upper 10 – 15 km) host
earthquakes of anomalous energy release attributes. Earthquake ruptures
there can be exceptionally tsunamigenic, but produce weak high-
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Earthquake Nucleation and Propagation on Rate and State Faults: Single
vs Two State Variables Formulation and Evolution by Kato-Tullis law,
Xiao Ma and Ahmed E. Elbanna (Poster 145)
Earthquake nucleation and propagation has been studied extensively
within the framework of single rate and state formulation with either the
aging or the slip evolution laws. In this presentation we report on our
ongoing work on simulating earthquake cycles on faults described by the
two state variables formulation of the rate and state law. Beside the slip
and aging evolution law we also consider the composite state law
proposed by Kato and Tullis [2001].
The two state formulation has been found to provide a closer description
of observed relaxations following jumps over a wide range of sliding
speeds. Gu and Rice (1984) has also shown through a quasi-static
stability analysis that the two state formulation may lead to chaotic
vibrations for a range of wavenumbers and slip rates. Meanwhile,
compared to the slip and aging laws, the composite law matches better
the observations in both the slide-hold-slide experiments and the velocity
stepping tests.
We use the Spectral Boundary Integral Equation method [Lapusta et al.,
2000] to simulate ruptures on 2D anti-plane faults embedded in an elastic
full space. We show that nucleation using the composite law is very
similar to nucleation using slip law. There are differences in the cycle
simulation results between the two laws, however. The two state
variables formulation, compared to the single state one, is found to lead
to a richer dynamic response with more complex instability patterns. Our
investigation will enable us to quantitatively determine the influence of
using different friction and evolution laws on the details of the different
phases of the seismic cycle.

Shallow velocity structure in the Imperial Valley region of Southern
California, Yiran Ma, Joann M. Stock, John A. Hole, and Gary S. Fuis
(Poster 035)
The Imperial Valley, located south of the Salton Sea of Southern
California, contains a pull-apart basin formed by the on-going oblique
extension between the southernmost San Andres fault and the northern
Imperial fault. In this very seismically active area, the earthquakes tend to
occur in the form of seismic swarms (e.g. events in August 2012), often
related to the geothermal systems in the valley. Previous active seismic
studies (e.g. Fuis et al. 1979, Parsons and McCarthy 1996) have revealed
major crustal structures including the shallow basin structures in the
valley and surroundings, based primarily on 2D models. A better 3D
structure model is still awaiting construction to provide improved
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information on the location of earthquakes, faults, fault-zone properties,
and the evolution of the basin. The 2011 Salton Seismic Imaging Project
(SSIP) deployed a seismic array at 2-km grid spacing in the central
northern part of the valley (Line 11), and three longer seismic lines across
the valley with active sources (Lines 1, 2, and 3). Here we will present the
shallow (to 8-km depth) 3D structure in this region obtained by modeling
the traveltimes of the first arrivals in these recordings and from earlier
experiments.
We have processed arrivals from all shots at all receivers, from SSIP
dataset, in the region south of the Salton Sea. Relevant data from the
1979 Imperial Valley experiment has also been used. The 3D structure of
the valley was inverted from the surface to 8-km depth using the
technique of Hole (1992). On average, the velocity increases rapidly from
~2 km/s at the surface to 5.6 km/s at 5 km depth, a velocity range
corresponding to the unmetamorphosed sediments (Fuis et al. 1984).
Below 5-km depth, velocity increases slowly to 6.3 km/s at 8-km depth, a
velocity range corresponding to the metasedimentary rocks, or
“basement” (Fuis et al. 1984). In depth slices, geothermal areas are
characterized by high velocity zones. Specifically, we observe a high
velocity region southeast of the 2012 Brawley swarms, which align along
the boundary of the velocity contrast. We will relocate those swarms
using our new model. Despite the less dense ray coverage west of the
valley, the velocity contrast between the West Mesa and the valley is
evident. The Superstition Hills fault appears to be underlain by a
comparatively lower velocity structure connecting southeastward to the
Imperial fault. We will incorporate more data to improve the results.

Cosmogenic exposure dating of paleo-rockfall deposits, Christchurch,
New Zealand, Ben H. Mackey and Mark C. Quigley (Poster 019)
The 22nd February 2011 MW 6.2 Christchurch earthquake occurred on a
previously unrecognized blind thrust fault and generated severe localized
vertical ground accelerations (>2 g). Constraining rupture history for such
faults is challenging as there is no surface evidence of faulting (e.g.,
scarps, fault traces) which can be studied directly. However, the
earthquake generated a range of secondary effects, including extensive
rockfall and cliff collapse at many locations around the Port Hills south of
Christchurch, remnants of a Miocene strato-shield volcanic complex.
Many of these sites also exhibit pre-historic rockfall deposits. Here we
ask whether ancient rockfall deposits can serve as off-fault evidence for
paleo-earthquakes, and can be used to constrain the timing of previous
episodes of severe shaking?
Our site at Rapaki Bay west of Lyttelton is ideally suited for analysis of
paleo-rockfall events as it has a prominent 60 m high sub-vertical cliff
comprised of stratified lava flows, and a 600-m-long fore-slope. The site
experienced significant, well-documented rockfall in 2011 (but not during
smaller earthquakes), and has large (2-10 m diameter), lichen-covered
boulders scattered down slope and partially embedded in late
Quaternary loess and colluvium.
We employ cosmogenic exposure dating of paleo-rockfall boulders to
establish the timing of boulder emplacement. The basalt rock contains
abundant clinopyroxene (augite) which is able to quantitatively retain
cosmogenic 3He. This approach requires constraining the inherited 3He
from non-cosmogenic sources, the potential cosmogenic exposure while
boulders are on the cliff, and the background erosion rate.
The probability distribution of exposure ages from the surface of prehistorically emplaced boulders show significant clustering of ages in the
mid Holocene, with a long tail of individual ages out to ~60 ka.
Comparison with numerical modeling of a range of rockfall event
scenarios reveals the measured age distribution is most readily explained
by a rare mid-Holocene rockfall event, with older exposure ages likely
attributable to inheritance acquired on the cliff face prior to failure.

The energy budget of a fault, Elizabeth H. Madden, Michele L. Cooke,
and Jessica McBeck (Poster 180)
Laboratory experiments show that faults grow and coalesce by a variety
of mechanisms, presenting a challenge to models of fault and fault
system evolution. GROW (GRowth by Optimization of Work) is a new
algorithm that automates fault growth while adhering to the principals of
linear elastic fracture mechanics. In GROW, faults evolve to maximize the
efficiency of the entire system by minimizing the work (or energy)

expended during deformation. By taking this global approach, GROW
accounts for the multiple mechanisms contributing to fault propagation.
The total work of deformation is the sum of work from frictional heating,
uplift against gravity, internal strain energy, seismic energy and fault
propagation energy: Wtot = Wfric + Wgrav + Wint + Wseis + Wprop.
GROW allows these 5 work components to be quantified. Conservation
of energy demands that external, tectonic work acting on the system
(Wext) always equals Wtot, though deformation can redistribute work
between these 5 components. In addition, Wseis, Wprop and Wfric
release energy from the system as seismic waves, fracture energy and
frictional heat; any change in external work (∆Wext) due to deformation
must equal the sum of these losses. For a frictionless fault with no
gravitational effects, the budget simplifies to Wext = Wint + Wprop +
Wseis. When such a fault is critically stressed (i.e. when Wext is just large
enough to induce fault growth), the increase in mechanical efficiency
provided by growth is equal to the energy needed for propagation:
∆Wext = ∆ Wprop + ∆ Wseis. This simplifies further because ∆Wseis is
negligibly small. Simulations in GROW of laboratory experiments on an
open fault in gypsum subject to biaxial compression find that ∆Wext =
∆Wprop = 304 J/m2. This ∆ Wprop is equivalent to the critical energy
release rate Gc and is a material property. For a closed fault, the budget
becomes Wext = Wint + Wprop + Wfric + Wseis and GROW finds that
∆Wext = ∆Wprop + ∆Wfric + ∆Wseis = 373 J/m2. Neglecting ∆Wseis, the
additional energy lost from this system is the work done against friction:
∆Wfric = 70 J/m2. Quantifying the components of Wtot in this way
provides unprecedented insight into the fault energy budget. The
partitioning of work between these components is likely to change with
fault or fault system growth and GROW is a powerful tool with which to
study this evolution. Future work will scale these analyses to studies of
San Jacinto fault system development over geologic time.

CISN Testing Center ShakeAlert Performance Summaries, Philip J.
Maechling, Maria Liukis, Thomas H. Jordan, and CISN ShakeAlert
Working Group (Poster 276)
SCEC and CISN ShakeAlert researchers have developed an operational
testing system for the CISN ShakeAlert system called the CISN Testing
Center (CTC). The CTC generates two main types of ShakeAlert
performance summaries: (1) Event Summaries (for each significant
California event), and (2) Cumulative Summaries (for ShakeAlert system
performance over a specific period of time). Event Summaries are
generated for each M3.0 and larger ANSS catalog California earthquake.
Event Summaries show performance of the individual ShakeAlert
algorithms, and the performance of the Decision Module that sends the
public communications. Cumulative Summaries show ShakeAlert
performance for a given earthquake catalog. In general, CTC Cumulative
Summaries compare ShakeAlert forecast parameters, such as location
and magnitude, against final observed parameters in the ANSS
earthquake catalog.
The CTC processing system uses the SCEC CSEP open-source scientific
testing framework to automate the test processing. This testing
framework provides tools to retrieve catalog data retrieval for ANSS and
other catalog sources, software utilities for filtering earthquake catalogs
by region and magnitude, and utilities for automating performance
summary generation. The CTC system calculates performance
summaries for the CISN ShakeAlert system on a daily basis. Each day,
twenty-four hours of California earthquakes are retrieved from the ANSS
catalog, and the testing center retrieves ShakeAlert logs for each event,
and compares the forecasts to the observations. The CTC testing
approach is intended to be open, transparent, and well defined so that all
testing center results can be reproduced externally.
The CTC ShakeAlert testing system provides standardized, and
repeatable, testing of the ShakeAlert algorithms and decision modules,
along with overall ShakeAlert system performance evaluation, providing
robust testing capabilities with low development and operations cost by
leveraging the capabilities of the CSEP testing center software.

The equake-rc online platform, Paul M. Mai and Kiran K. Thingbaijam
(Poster 072)
We develop the online platform http://equake-rc.info for collaborative
research on earthquake sources. The three main features of the platform
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are (1) finite-fault earthquake source models (SRCMOD) database, (2)
Source Inversion Validation (SIV) Benchmarks and its Wiki, and (3)
software Codes for Earthquake Rupture and ground-motion Simulation
(CERS). SRCMOD collects and disseminates source models of past
earthquakes. SIV aims at benchmarking the current state-of-the-art in
earthquake source inversions and developing robust approaches to
quantify uncertainties in the source models. CERS currently has three
software packages. These include RupGen for generating synthetic
earthquake rupture models, Stress2Slip for computing on-fault static
stress changes corresponding to a slip distribution, and BB-Simulation
for computing and integrating high frequency synthetics with low
frequency waveforms to generate hybrid broadband seismograms. We
envision that this online platform becomes a useful in advancing research
on earthquake source processes and earthquake engineering.

Segmentation and step-overs along strike slip fault systems in the inner
California borderlands: Implications for fault architecture and basin
formation, Jillian M. Maloney, Neal W. Driscoll, Graham M. Kent, and
Daniel S. Brothers (Poster 171)
Reprocessed, industry multichannel seismic reflection data and high
resolution Chirp data were examined to characterize the geometry and
recency of faulting in the inner California borderlands (ICB). Two endmember models have been proposed to explain the deformation
observed in the ICB. One model invokes reactivation of detachment
faults by the Oceanside Blind Thrust (OBT) to explain the deformation
and margin architecture (e.g., San Mateo/Carlsbad Trend). In contrast,
the other model explains the deformation by step-overs along the strikeslip fault systems. Several observations in both the southern and central
portions of the ICB are more consistent with the step-over model than
the regional blind thrust model. For example, regions in the ICB exhibit
both tensional and compressional structures across the margin, which
are more readily explained by the strike slip model. Localized
compression and extension occurs as predicted at fault bends and stepovers. Furthermore, strike slip fault systems that bound extensional
regions (i.e., San Diego Bay) exhibit localized normal deformation as they
approach the releasing step-overs. In addition, onlapping turbidites
reveal that the deformation becomes younger toward the east, an
observation not consistent with a westward verging blind thrust fault
system. Finally, rotational deformation previously attributed to a splay off
the OBT instead appears to be a southward transported gravitational
slide deposit. In summary, the nested high-resolution Chirp and MCS
data have provided new constraints on ICB tectonic deformation and
margin architecture, which are best explained by step-overs on strike slip
fault systems.

Fault Slip Rates and Interseismic Deformation in the Ventura Basin
Region, CA, Scott T. Marshall, Gareth J. Funning, and Susan E. Owen
(Poster 057)
To better constrain fault slip rates and patterns of interseismic
deformation in the greater Ventura basin region of southern California, we
present results from analysis of GPS and InSAR data and threedimensional mechanical and kinematic models of active faulting.
Anthropogenic motions are detected in several localized zones, but in
contrast to the nearby Los Angeles basin, these nontectonic motions do
not significantly affect the vast majority of the current continuous GPS
site locations. GPS measures contraction rates across the Ventura basin
of ~7 mm/yr. oriented west-northwest with rates decreasing to the west
and east. The Santa Barbara channel is accommodating ~6.5 mm/yr. in
the east and ~2.5 mm/yr in the western portions of N/S contraction.
Inversion of the horizontal GPS velocities highlights a zone of localized
fast contraction rates following the Ventura basin.
Using a mechanical model driven by geodetically-calculated strain rates,
we show that there are no significant discrepancies between short term
slip rates captured by geodesy and longer term slip rates measured by
geology. Mechanical models reproduce the first-order interseismic
velocity and strain rate patterns, but fail to reproduce strongly localized
contraction in the Ventura basin and produce too much strain away from
the basin. This shortcoming is most likely dominantly due to the
inadequate homogeneous elastic properties of the model; however,
because significant shortening is not resolved onto fault slip in the
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mechanical model, this suggests that the CFM fault structure is underconnected, or may be missing a through-going fault that roughly follows
the trend of the Ventura basin. Simple kinematic dislocation models (and
existing two-dimensional models of the region) match horizontal rates
well, but predict significant uplift gradients which are not observed in the
GPS data. Layered elastic dislocation models with a low modulus upper
layer can match the horizontal contraction rates with slower slip rates,
but still mismatch vertical GPS velocities. In the end, the mechanical
model appears to provide the best fit to all available data (geologic and
geodetic), although significant modification of the CFM and
improvements to the mechanical model’s elastic structure are necessary
to reproduce all of the geodetic data

Investigating faults using seismic interferometry, Eric Matzel (Poster 108)
Seismic interferometry has proven to be a powerful method for imaging
the Earth's interior. To date, much of the work in seismic interferometry
has used ambient noise correlation, which isolates the seismic energy
between pairs of seismometers. This has resulted in sharp images of the
crust and upper mantle, particularly in areas with dense seismic
networks. Curtis et al. (2009) demonstrated that we can reverse the
geometry of the problem to focus instead on the energy between pairs of
earthquakes. The Virtual Seismometer method (VSM) involves correlating
the coda of pairs of events recorded at individual stations and then
stacking the results to obtain an estimate of the Green's function (EGF)
between the two sources. By effectively replacing each earthquake with
a "virtual seismometer" recording all the others, VSM isolates the portion
of the data that is sensitive to the source region and significantly
improves our ability to see into tectonically active features. VSM is
proving to be a powerful method for studying individual earthquakes and
the source region.
In this study, we focus on a region in Southern California which has
thousands of precisely located earthquakes (Hauksson, et al. 2011). We
use synthetic methods (SPECFEM and WPP) to develop and refine the
methodology, particularly focusing on the effects of source geometry. We
then apply VSM to explosions from the Salton Seismic Imaging Project.
The exact size, location and timing of those explosions allows us to
define the resolution of the method against real data. Finally we use data
from well located earthquakes to investigate the Imperial Fault and
Brawley Seismic Zone. When the two earthquakes are roughly in line with
the path to the recording instruments, VSM obtains a good estimate of
the Green's function along the path between them, modified by the
source parameters. As the line between the events falls off the azimuth to
the recorders, VSM diverges more from the true GF, but still provides a
measure of the source region.
Using this technique, we are able to recover the EGF between pairs of
earthquakes, relocate the earthquakes in time and space, measure the
source-time function and source magnitude, and image the structure
along the path between them.

Fault coupling and potential for earthquakes on the creeping section of
the Central San Andreas Fault, Jeremy L. Maurer, Kaj Johnson, and Paul
Segall (Poster 055)
The San Andreas Fault (SAF) has been known historically to produce
large earthquakes in northern California along the northern coast section
and in southern California along the Carrizo and Mojave sections.
However, it is currently unclear whether the 150-km long central creeping
section between these two sections could also rupture in large
earthquakes. This section of the fault is known to be creeping at the
surface, and in some areas may creep at nearly the long-term slip rate.
We invert Global Positioning System (GPS) and Interferometric Synthetic
Aperture Radar (InSAR) data to estimate the degree of locking on the
central San Andreas Fault (CSAF) that place bounds on potential moment
release. We use an elastic block model to compute present-day creep
rates on the CSAF and compare these rates to seismicity patterns and
observed surface creep rates. We find the inferred moment accumulation
rate on the fault is highly dependent on the long-term fault slip rate,
which is poorly constrained along the CSAF. The inferred potency
accumulation rates on the creeping section, defined to be the seismic
moment rate divided by shear modulus, range from 3.28x104 to
5.85x107m3/yr. The equivalent 150-year recurring earthquake magnitude
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is Mw = 5.5 – 7.2 for a long-term slip rate of 26 mm/yr and Mw = 7.3–
7.65 for a long-term slip rate of 34 mm/yr. Although it is unclear how
much of the accumulating moment would be released in future
earthquakes, comparisons of slip distributions with seismicity indicate a
possible locked patch between 10 and 20 km depth on the CSAF that
could potentially rupture with Mw=6.5.

Assessing the variability in strain accumulation and release through time
along the Central Garlock fault: results from a new late Holocene slip
rate, Lee M. McAuliffe, James F. Dolan, Ed Rhodes, and Sally F. McGill
(Poster 011)
Detailed measurements of small scale geomorphic offsets and optically
stimulated luminescence (OSL) dating reveal an elevated late Holocene
slip rate of the Garlock fault that is twice as fast as the long term rate.
Specifically, new advances in single grain feldspar IRSL (Infra-Red
Stimulated Luminescence) dating have allowed us to accurately date 29
new luminescence samples from 3 alluvial fans (7 pits) that are laterally
offset 23±2 meters along a 1.7 km stretch of the Garlock fault at
Christmas Canyon. Our calculated Holocene slip rate of ~12 mm/yr is
significantly faster than the longer-term latest Pleistocene to early
Holocene rate of ~7 mm/yr (Clark and Lajoie, 1974; McGill and Sieh,
1993; McGill et al., 2009; Ganev et al., 2012). This new slip rate provides
insight into the behavior of the Garlock fault on 103 timescales and
further validates the suggestion that the Garlock fault experiences
earthquake cycle effects, with periods of high strain accumulation and
release followed by periods of slow strain accumulation and little activity.
The current state of the Garlock fault, in which geodetic measurements
record little to no strain accumulation across the fault, suggests the fault
is in a strain accumulation lull. This new data provides a unique
opportunity in which we can compare Holocene slip rates at multiple time
intervals with a well-constrained late Holocene paleoseismic record. The
most recent earthquake cluster observed at El Paso Peaks (Dawson et
al., 2003) corresponds to a period of elevated strain release averaged
over the past 2 ka. Inasmuch as this includes the ongoing ~500-yearlong lull since the MRE, the slip rate during the four-event cluster
between ~2 ka and ~1550 AD must have been even faster.

New Trenching Extends Previous Record of Paleoseismic Events on the
Claremont Fault at Mystic Lake, San Jacinto Fault Zone, California, Sally
F. McGill, Matthew J. Warbritton, Nathan W. Onderdonk, and Thomas K.
Rockwell (Poster 243)
The Mystic Lake paleoseismic site is located within a small (.4-km-wide)
step over within the Claremont fault zone in the northern San Jacinto
Valley. Trenches excavated at the site in 2009 and 2010 provided
exposures of seven ground-rupturing earthquakes in the upper 1.5 m of
strata. A 4-meter deep trench excavated in 2012 revealed evidence for
four older earthquakes, bringing the total to eleven events since about
A.D. 300, yielding an average recurrence interval of 140-160 years. The
record reveals fairly regularly repeating earthquakes about every 110
years from AD ~300-1000 (events 6-11), followed by a gap of at least 200
years, with no earthquakes between AD1000-1200. This was followed by
five events between about AD1250-1800, and the present open interval
of ~200 years.
Comparison of the Mystic Lake paleoseismic record to that at Hog Lake,
on the Clark fault, farther southeast along the San Jacinto fault zone,
shows that 5 out of 11 events at Mystic Lake overlap such that they may
be the same earthquake (or closely timed events) as those at Hog Lake.
Six out of eleven Mystic Lake events do not overlap with events at Hog
Lake. Thus, some past events have jumped the step-over between the
Claremont and Casa Loma-Clark faults, whereas others have not.
The dry winter of 2012-13 allowed us to excavate a 5-meter deep trench
in June 2013. This trench exposed additional evidence for the events
discovered in prior trenches, as well as revealing evidence for three, and
possibly four additional, older earthquakes. The events were expressed
as upward terminations of faults and clay seams, fissure fills, folding and
angular unconformities, thickening of units across faults, and pinching of
units against paleoscarps. We collected 143 detrital charcoal samples,
which will be used to constrain the timing of the new events and to refine
the timing of the previously recognized events. We anticipate that this
longer record will allow better comparisons of the earthquake history at

Mystic Lake with paleoseismic records from other nearby sites to help
evaluate patterns of strain distribution along the San Jacinto fault in the
late Holocene.

M -6 laboratory earthquakes driven by aseismic slip, Gregory C.
McLaskey, Brian D. Kilgore, Nicholas M. Beeler, and David A. Lockner
(Poster 166)
We report observations of the interaction between slow, predominantly
aseismic slip and small earthquakes in a suite of laboratory experiments
conducted on a 1.5 m granite block. The rupture areas of these M -6
laboratory-generated earthquakes are typically less than 0.1% of the
total fault area and are completely contained within the interior of the 2.0
by 0.4 m laboratory fault. The ground motions produced by these
extremely small seismic events are recorded with an array of
piezoelectric sensors which have been calibrated against the radiated
waves from ball impact. Their seismic source spectra are consistent with
common earthquake scaling laws derived from observations of larger
natural earthquakes. However, these small events differ significantly from
typical earthquakes in that they never occur on their own as a slipping
patch surrounded by locked fault. Instead, they only occur in response to
larger-scale aseismic slip of the surrounding fault, at aseismic slip rates
greater than ~50 microns/s. We detect this aseismic slip on the surface
trace of the fault with an array of slip sensors, and we infer aseismic slip
within the sample from local stress changes detected with an array of
strain gages and lower frequency ground deformation detected with the
piezoelectric sensors. We find that the spatial dimensions of the M -6
earthquakes (~ 10 mm) are much smaller than our estimates of h*, the
minimum length scale for instability that we would expect based on the
laboratory conditions (5 MPa normal stress, and 10s of microns surface
roughness). Our results indicate that locally strong fault patches can slip
unstably and radiate seismic waves even if they are significantly smaller
than h* as long as they are rapidly stressed by aseismic slip of
neighboring fault sections. In most of the seismogenic crust we would
expect that h* is small compared to the rupture area of earthquakes.
Since seismic coupling is low on the laboratory fault and h* is large
relative to the rupture areas of potential earthquakes, the interactions
between aseismic and seismic slip observed in the laboratory may be
similar to processes occurring on plate interfaces with low seismic
coupling and relatively large h* such as creeping fault sections that
predominantly produce small repeating earthquakes or the deep extent
of fault zones where relative fault motion occurs as slow slip
accompanied by tremor and low frequency earthquakes.

From Scaling Relationships to Near-Source Tsunami Models: Complete
Characterization of Ground Motion and Earthquake Hazards with
Seismogeodesy, Diego Melgar, Brendan W. Crowell, Jianghui Geng,
Yehuda Bock, and Jennifer S. Haase (Poster 273)
Recent developments in real-time combination of strong motion and GPS
data streams (seismogeodetic) have been proven to provide a complete
record of strong motion displacement. We will demonstrate that this
combination can also provide estimates of permanent and dynamic
coseismic ground tilts at a point, whereas at present only dynamic tilts
are measured with either a cumbersome dense seismic array or an
expensive ring laser gyroscope.
Furthermore we will show the contributions of the seismogeodetic
technique to all aspects of earthquake hazard determination. Using
seven earthquakes in Japan and California ranging in moment magnitude
from 4.6 to 9.0, seismogeodetic waveforms are used to rapidly compute
magnitude through scaling of P wave amplitude and peak ground
displacement. The addition of the low frequency component from GPS
allows rapid distinction of earthquake size for events at the high end of
the magnitude scale, unlike seismic acceleration and velocity data that
saturate for earthquakes greater than M 7 to 8.
Employing data from the 2011 Mw 9.0 Tohoku-oki, Japan we will also
discuss how mm-level three-dimensional accuracy and improved
estimation of coseismic deformation permits rapid characterization of the
earthquake source with minimal assumptions. Using a novel approach to
account for fault finiteness, we generate an accurate centroid moment
tensor solution independently of any constraint on the slab geometry
followed by a finite fault slip model. The replay of GPS and seismic data
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demonstrates that robust models could have been made available within
3 min of earthquake initiation.
We then test the capacity of these static finite fault slip models to
produce reliable tsunami forecasts. First we demonstrate the ability of the
seismogeodetic source models to forecast near-source tsunamis in ~3
minutes after earthquake origin time (OT). We show that these models,
based on land-borne sensors only tend to underestimate the tsunami but
are good enough to provide a realistic first warning.
Finally we demonstrate that rapid ingestion of offshore shallow water
(100 - 1000 m) wave gauge data significantly improves the model
forecasts and possible warnings. We ingest data from 2 near-source
ocean-bottom pressure sensors and 6 GPS buoys into the earthquake
source inversion process. Tsunami Green functions (tGFs) are generated
using the GeoClaw package, a benchmarked finite volume code with
adaptive mesh refinement. These tGFs are used for a jo

A New Methodology for Dynamic Network Identification in Seismicity,
João Felipe S. Melo and Ahmed Elbanna (Poster 261)
Recently, there has been a breakthrough in the development of
mathematical tools for network science enabling systematic identification
of time-dependent graph structure from complex, spatio-temporal data
sets (Porter et al., 2009; Mucha et al., 2010). The method is referred to as
multislice community detection; in this presentation we report on our
progress in applying this method to seismological data.
The method begins with identification of a set of nodes. With each node
is associated some raw data consisting of one or more time-dependent
signals or other characteristic properties. From this data, multidimensional correlations are computed across the set of nodes, and also
in time, at one or more resolutions. A community detection algorithm
partitions the nodes into modules, which are collections of nodes that
exhibit a strong correlation based on an appropriate null test. The relative
correlation between different modules is also computed, so that output
consists of time dependent measures of structure both within and
between groups. In this manner, the data is partitioned into an evolving
network, without introducing biases or ad hoc assumptions associated
with binning. This method has received widespread attention as perhaps
the first and only existing method for systematic dynamic graph
partitioning. The method has been successful also in some cases for
identifying unexpected precursors signaling upcoming change.
We have found that at the largest available spatial and temporal scales
for observations, the multislice method is capable of identifying
earthquake communities as the optimal definition of an underlying fault
network structure that fits the spatio-temporal distribution of
earthquakes. We have used bare earthquake data for Southern California
independent of the current assumed fault network structures and applied
the multislice method to partition earthquakes into modules. We also
considered the evolution of the community structure as a function of
different temporal and spatial length scales and are capable of identifying
persistent correlation structures. We will build on our results to determine
the complete spatio-temporal behavior of triggered earthquakes and
aftershock sequences, which is a potential key to hazard diagnostics. We
also plan to use the method to provide physical constraints on correlation
structures during dynamic earthquake ruptures that will be potentially
useful for earthquake simulators.

surface ranging between 90 ± 14° and 50 ± 23°, and have a sub-parallel
undulating geometry with amplitudes and wavelengths of 0.9 ± 0.4 cm
and 10.9 ±1.8 cm, respectively. Crackle breccia textures give way to
more chaotic breccias but dominant large clast sizes create low D-values
of 1.47 ± 0.37, suggesting a short-lived shear strain history. This is
further supported by the lack of gouge or cataclasite along slip surfaces,
showing there was insufficient grinding to build up a layer of wear
material. As the breccias are only found in dilational jogs and extensional
stepovers, we conclude that extensional failure is the major control on
breccia formation. Equally oriented quartz plastic stretching lineations
and brittle slicken lines indicate a consistent slip direction during
changes between frictional slip and plastic creep. Lastly, a plastic
deformation overprint on some breccias requires formation below the
brittle-plastic transition. We use slip distance to estimate earthquake
magnitudes <Mw3.0.

Factors controlling shallow co-seismic deformation: Quantifying
distributed co-seismic deformation of the 1992 Landers earthquake,
Chris W. Milliner, James Hollingsworth, James Dolan, Sebastien Leprince,
and Francois Ayoub (Poster 178)
We use COSI-Corr, a sub-pixel optical image correlation program, to coregister, ortho-rectify, and correlate pairs of high-resolution NAPP aerial
photos taken before and after the 1992 Landers (Mw 7.3) earthquake.
These analyses reveal patterns of along- and across-strike near-field coseismic deformation during this event. Specifically, using this technique
we are able to measure the detailed horizontal displacement field
produced by this earthquake. COSI-Corr offers the advantage of
measuring displacement over a far wider aperture than that available to
field geologists, who are often restricted to a relatively small number of
discrete offset markers. Thus, where field measurements underestimate
those determined by optical image correlation, we assume this difference
to result from distributed deformation that was not mapped during field
surveys. We extract stacked displacement profiles from the COSI-Corrderived displacement maps, taken every 138m along the entire length of
the Landers rupture. The magnitude of off-fault displacement is
calculated by taking the difference between 1051 COSI-corr
measurements and 863 published co-seismic displacement data
measured by field geologists. Furthermore, using displacements
measured by COSI-Corr we can quantify the width of the deformation
zone across the fault by measuring the distance between the minimum
and maximum displacements on either side of the fault. We find the FZW
to vary from a few 10s of meters to as much 250 m. However, because
COSI-corr can only detect deformation at the ≥~ 10 cm level, the FZW
may be wider. To improve the robustness of the FZW measurement, we
utilize synthetic tests to understand the bias caused by the correlator
window. We find the artificial smoothing of the FZW can be corrected for.
This correction, however, is strongly dependent on the magnitude of the
displacement. Additionally, we investigate the control of near-surface
materials on the degree of distributed deformation by comparing the
calculated value of off-fault deformation to published geological maps of
Landers rupture. Knowledge of the location, width and magnitude of
distributed deformation for the Landers rupture has implications for
insight into mechanics of fault zones and the potential for
underestimation of fault slip rates derived from surface measurements,
and thus seismic hazard.

Snap, crackle, pop: dilational fault breccias record seismic slip below the
brittle-plastic transition, Ben L. Melosh, Christie D. Rowe, Conrad

Rupture Synchronicity in Complex Fault Systems, Kevin R. Milner and

Groenewald, Louis Smit, and Christopher W. Lambert (Poster 177)

While most investigators would agree that the timing of large
earthquakes within a fault system depends on stress-mediated
interactions among its elements, much of the debate relevant to timedependent forecasting has been centered on single-fault concepts, such
as characteristic earthquake behavior. We propose to broaden this
discussion by quantifying the multi-fault concept of rupture synchronicity.
We consider a finite set of small, fault-spanning volumes and identify the
discrete event times at which each volume participates in a rupture
above a magnitude threshold. The main object of our analysis is the
complete set of event time differences, which we take to be a random
process with an expected density function. We call this function the autocatalog density function (ACDF) for a single volume and the crosscatalog density function (CCDF) between separate volumes. For a

Implosion fault breccias have been proposed to mark sites of earthquake
rupture, however, quantitatively distinguishing fast from slow slip
dilational breccias has not yet been achieved. Recent advances in
dynamic fracture studies provide some diagnostic indicators of fast slip
breccia formation, these include: 1) high fracture density, 2) large angles
between fractures and the slip surface, and 3) a sub-parallel curved or
undulating geometry between adjacent fractures. We present new
quantitative geologic evidence of dilational fault breccias with attributes
highly similar to fast-slip fracture networks created in experiments.
Preserved in a mid-crustal exposure of the Pofadder Shear Zone, located
in Namibia and South Africa, breccia fracture networks display densities
ranging from 0.5 – 2.4 (fractures/cm), form angles with the principle slip
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renewal process, the ACDF can be written in terms of convolutions of the
interevent-time distribution, and many of its properties (e.g., large-t
asymptotes) can be derived analytically. If two catalogs are completely
asynchronous, the CCDF collapses to an asymptote given by the
harmonic mean of the ACDF asymptotes. Synchronicity can therefore be
characterized by the variability of the CCDF about this asymptote. We
preform this analysis on a million-year California catalog generated by the
RSQSim earthquake simulator. At interseismic (Reid) time scales, we
observe pairs of fault segments that are tightly locked, such as the
Cholame and Carrizo sections of the San Andreas Fault (SAF), where the
CCDF and two ACDFs are nearly equal; segments out of phase (CarrizoSAF/Coachella-SAF and Coachella-SAF/San Jacinto), where the CCDF
variation is an odd function of time; and segments where events are in
phase with integer ratios of recurrence times (2:1 synchronicity of
Coachella-SAF/Mojave-SAF and Carrizo-SAF/Mojave-SAF). At nearseismic (Omori) time scales, we observe various modes of clustering,
triggering, and shadowing in RSQSim catalogs; e.g., events on MojaveSAF trigger Garlock events, and events on Coachella-SAF shut down
events on San Jacinto. Therefore, despite its geometrical complexity and
multiplicity of time scales, the RSQSim model of the SAF system exhibits
a variety of synchronous behaviors that increase the predictability of
large ruptures within the system. A key question for earthquake
forecasting is whether the real San Andreas system is equally, or much
less, synchronous.

Real-time inversion for finite fault slip models and rupture geometry
based on high-rate GPS data, Sarah E. Minson, Jessica R. Murray, John
O. Langbein, and Joan S. Gomberg (Poster 271)
We present a semi-analytical Bayesian inversion methodology for
determining both the spatial distribution of slip and the orientation of the
fault plane in real-time based on high-rate GPS data. There are three
main advantages to this source modeling methodology. The first is that,
by using a Bayesian approach, we can obtain a stable solution for what is
generally a poorly-constrained inverse problem, and we can do this
without the use of non-physical smoothing constraints. Second, because
our methodology is semi-analytical, and thus computationally
inexpensive, we can estimate the slip model and fault geometry, along
with the uncertainties associated with our estimate, in real-time as the
earthquake rupture evolves, making this inversion approach particularly
useful for earthquake early warning. Third, since we solve for the full finite
fault slip model and fault plane orientation, the inversion results could
potentially be used to produce better shaking forecasts and tsunami
hazard assessments and for other earthquake rapid response needs. We
will present our inversion methodology and the results of a series of
performance tests using data from both scenario events and real
earthquakes including the 2011 great Tohoku-oki earthquake. In these
tests, we are able to recover both the fault plane orientation and a coarse
distributed slip model for each event. We are also able to determine the
total moment released by the earthquake rupture as it evolves. Because
our semi-analytical inversion methodology is very computationally
efficient, the latency associated with estimating the source model is
controlled by the duration of the rupture and the time needed for
information to propagate to the receivers and not by the computational
cost of the source modeling.

Laboratory and numerical investigations of frictional properties of
gabbro at low normal stress and elevated temperatures, Erica K.
Mitchell, Kevin M. Brown, and Yuri Fialko (Poster 141)
We conducted a series of frictional sliding experiments on fine grained
gabbro, a rock representative of oceanic crust, at low normal stress (5
MPa) and elevated temperatures (20 – 450 ºC) to explore the rate-state
frictional properties at conditions thought to be representative of slow
slip events (SSEs) near the bottom of the seismogenic plate interface in
subduction zones. We used a direct shear apparatus that is capable of
producing large total slip (many tens of centimeters). The gouge layer is
naturally introduced between solid rock samples during and after an
initial long “run-in” period. Since this apparatus has a relatively low
stiffness (8 MPa/mm) compared to widely used triaxial types (100
MPa/mm), it more readily encourages stick-slip behavior under velocityweakening conditions. In our experiments, we observed stable sliding at
low temperatures (20 -150 ºC), stick-slip at high temperatures (400 - 450

ºC), and a transitional “episodic slow slip” behavior at intermediate
temperatures (200-350 ºC). Our experimental results suggest that there is
a continuum of slip modes, as predicted by rate-state theory, and
observed on natural faults. At temperatures of 150 ºC and below, we
performed velocity stepping tests between 0.001 and 0.01 mm/s to
directly measure the rate-state parameters a, b, Dc, and μo. Since the
samples did not stably slide at temperatures above 150 ºC, we could not
directly measure the rate-state parameters. Instead, we solved the ratestate constitutive equations, and performed a grid search through the
rate-state parameters to find those that produced the smallest misfit
between the experimental data and model predictions at each
temperature tested. Our results show a monotonic decrease in (a-b) with
temperature from 0.002 at 20 ºC to -0.016 at 450 ºC. For comparison,
triaxial experiments of He et al. (2006) performed on gabbro gouge at 300
MPa show (a-b) decreasing from 0.005 at 100 ºC to 0.001 at 500 ºC, and
a sharp drop to -0.01 at 615 ºC, accompanied by stick-slip behavior. As
noted by He et al., positive values of (a-b) in their and previous triaxial
experiments may be due to small total slip (a limitation of the triaxial
setup). Our results highlight the importance of gouge fabric development
and temperature effects on frictional properties of natural faults. We also
find that at temperatures above 300 ºC slip events are preceded by
enhanced creep, which cannot be easily reproduced by rate-state
models.

Mendenhall Glacier (Juneau, Alaska) icequake seismicity and its
relationship to the 2012 outburst flood and other environmental forcing,
Paul M. Morgan, Jacob I. Walter, Zhigang Peng, Jason Amundson, and
Xiaofeng Meng (Poster 245)
Glacial outburst floods occur when ice-dammed lakes or other reservoirs
on the glacier release large volumes of water usually due to the failure of
an ice dam. In 2011 and 2012 these types of floods have occurred at
Mendenhall Glacier in Southeast Alaska, 15 km northwest of Juneau. The
floods emanated from a lake within a remnant branch of Mendenhall
Glacier, called Suicide Basin, and rapidly changed the levels of
Mendenhall Lake. Homes on the shore of Mendenhall Lake were
threatened by rapidly rising lake levels during such floods. We analyze
data from a set of 4 short and broadband period seismometers placed in
ice-boreholes in an array on Mendenhall Glacier for a period of 4 months
in 2012. We also examine the outburst flood that occurred between July
4th and 8th 2012. We first manually pick icequakes as high-frequency
bursts recorded by at least two stations. Next, we use a matched-filter
technique to help complete the icequake record by detecting missed
events with similar waveforms to those hand-picked events. While highfrequency noise was present during the flooding, the impulsive icequake
activity did not appear to be modulated significantly during periods of
flooding, suggesting that the flooding does not significantly deform the
overlying ice. Impulsive icequake activity appears to show strongly
diurnal periodicity, indicating that the icequakes were mainly caused by
expansion/contraction of ice during daytime. We also analyze the activity
in concert with GPS velocity and meteorological data from the area. By
analyzing the temporal and spatial patterns of the events we hope to
reveal more about the fundamental processes occurring beneath
Mendenhall.

Time-independent earthquake rates for the western US, excluding
California, Morgan P. Moschetti (Poster 254)
Smoothed seismicity rates derived from earthquake catalogs are
commonly used to help characterize the lateral distribution and rate of
seismic sources for probabilistic seismic hazard analyses. We adaptively
smooth earthquake epicenters from the western United States excluding
California (WUSexCA) to produce an estimate of the time-independent
seismicity rate. Adaptive smoothing follows the method of Helmstetter et
al., whereby the smoothing distance applied to each earthquake
epicenter is the distance to its nth nearest neighbors. Following previous
work, we optimize the neighbor number using likelihood estimations (Ltest) that evaluate the likelihood of observing the lateral distribution of
seismicity rates from recent times given a seismicity rate forecast model
from the smoothed seismicity models. Likelihood testing requires that the
earthquake catalog be separated into early and later parts, which form
the sub-catalogs used to construct forecast and testing models,
respectively. We evaluate 5- and 10-year testing models to select an

2013 SCEC Annual Meeting | 133

MEETING ABSTRACTS
optimal neighbor number of three. Because the minimum magnitudes of
completeness (Mc) for the WUSexCA are significantly higher than most
areas within California, which have received significant attention, and
because of the lower seismicity rates than in California, average
distances between epicenters are larger in the WUSexCA than within the
California state boundaries, and the adaptively smoothed seismicity
maps are smoother than the maps produced for California. In addition to
identifying optimal smoothed seismicity models from the likelihood
calculations for a single completeness level, we also optimize smoothed
seismicity from various completeness levels between 1930 and 1980. We
find that recent completeness level generates the highest likelihood.

Application of supervised neural network meta-attributes to 3D seismic
data for detection and visualization of shallow faults and fluid flow
pathways offshore southern Costa Rica, Stephanie Nale, Jared W.
Kluesner, Eli Silver, Nathan L. Bangs, and Kirk D. McIntosh (Poster 071)
We apply supervised neural network meta-attributes to detect shallow
faults and fluid flow pathways in the CRISP 3D seismic volume offshore
southern Costa Rica. Data collected during the CRISP seismic survey in
spring 2011 aboard the R/V Marcus G. Langseth included high-resolution
multi-beam bathymetry backscatter data and an 11 x 55 km grid of 3D
seismic reflection data, extending across the upper shelf, slope and
trench axis. We utilize the OpendTect software package and commercial
plugins to calculate probable faults and fluid migration pathways within
the sedimentary section of the 3D seismic volume. We apply a dipsteering filter to precondition the seismic volume, followed by selecting a
series of dip-steered seismic attributes as input into the neural network
algorithm to enhance seismic discontinuities caused by faults and fluid
pathways. User-picked points for fault/non-fault and chimney/nonchimney help to train neural network algorithms, outputting a fault
probability cube and chimney cube, respectively. Results of the metaattributes within the sedimentary section of the CRISP 3D dataset reveal
a dense network of intersecting normal faults trending approximately N-S
and E-W, with fluid pathways commonly detected at fault intersections.
Dip-steered horizon mapping and fault cube visualizations are used to
measure displacement on faults, to identify growth faults, and to examine
relative offset of faults. Further analyses of fault cube imaging will
determine relative ages of fault sets to establish a deformation history of
the margin. Analyses of the CRISP seismic survey dataset demonstrate
the application of neural network meta-attributes as a powerful toolset for
detection, visualization, and interpretation of geologic discontinuities
such as faults and fluid migration pathways in 3D seismic data.

Using GPS to Investigate Slip Rates on Faults along the Plate Boundary
near San Bernardino, CA, Walter W. Nelson, Sally F. McGill, Joshua C.
Spinler, Rick A. Bennett, Michael Floyd, and Gareth J. Funning (Poster
039)
The purpose of this study is to enhance our understanding of strain
distribution among the faults of the Pacific-North American plate
boundary system in Southern California. Previous studies have
suggested a discrepancy between slip rates measured geologically
versus geodetically for the San Bernardino strand of the San Andreas
fault, with geologic studies yielding somewhat higher slip rates than
geodetic studies. We have been investigating this discrepancy since
2002 by collecting new Global Positioning System (GPS) data from
sparsely surveyed areas within the San Bernardino Mountains and
vicinity. We have acquired new velocities from 39 benchmarks, and used
a one-dimensional elastic half-space method to model these data, along
with additional crustal velocities from the Southern California Earthquake
Center’s Crustal Motion Model 4 (CMM4) and from continuous GPS
stations archived at the Plate Boundary Observatory. We tested over 7
million different slip rate combinations for 14 faults within a transect
across the plate boundary through the San Bernardino Mountains. Our
best fitting model assigns a slip rate of 7 mm/yr for the San Andreas fault
and 13 mm/yr for the San Jacinto fault. These results are similar to prior
geodetic studies but present a slightly lower San Andreas fault slip rate
than geologically measured rates for the last ~35 ka.

Updating the 3D fault set for the SCEC Community Fault Model (CFM-v4)
and revising its associated fault database, Craig Nicholson, Andreas
Plesch, Christopher Sorlien, John Shaw, and Egill Hauksson (Poster 123)

134 | Southern California Earthquake Center

We continue to upgrade and improve the SCEC Community Fault Model
(CFM) and to register updated CFM faults to the digital USGS Quaternary
fault surface traces. New, revised 3D fault models for several major faults
are now available, including the San Andreas from Parkfield to Cajon
Pass, Garlock, Imperial-Brawley, Hollywood-Raymond, Landers-Joshua
Tree, Lenwood-Lockhart, Laguna Salada-Indiviso, Sierra Cucapah, Oak
Ridge-Northridge, San Gabriel, Santa Susana, San Fernando, Verdugo,
Sierra Madre-Cucamonga and other faults, as well as for several
intervening cross faults. Preliminary 3D models were also added for
offshore Inner Borderland faults, including Carlsbad, Coronado Bank,
Descanso, as well as others in the onshore and offshore Ventura and
Santa Maria basins. These new models expand the lexicon of revised 3D
fault models previously developed for CFM-v4 that include the San
Andreas fault (SAF) from San Gorgonio Pass to the Salton Sea, the
adjacent Mecca Hills-Hidden Springs, the San Jacinto, the ElsinoreLaguna Salada and the Agua Tibia-Earthquake Valley fault systems.
These new models allow for more non-planar, multi-stranded 3D fault
geometry, are more consistent with alignments of relocated hypocenters
and focal mechanism nodal planes, and have a higher concentration of
hypocenters within close proximity (±1 km) of the modeled 3D slip
surface. The new 3D fault models also help characterize a more complex
pattern of fault interactions at depth between various fault sets and
linked fault systems. Along the SAF through San Gorgonio Pass, this
includes blind, sub-parallel, en echelon oblique faults beneath the pass, a
new model for the San Gorgonio Pass thrust and its relation to the North
Palm Springs fault, and fault models for the Crafton Hills complex. Fault
splays and secondary strands for the steep-to-west-dipping Laguna
Salada-Indiviso fault were updated, and their spatial relationship to the
steep-to-east-dipping strands of the Sierra Cucapah fault and cross
faults in the Yuha Desert were better resolved. With this expanded CFM
fault set, we finalized our new fault ID hierarchical name and numbering
scheme for the associated fault database. However, this process of
updating 3D fault models and continued model evaluation for CFM is still
on-going. We received a number of rankings and reviews of previous
CFM faults, and strongly encourage participation by the SCEC
community to help us further review and improve these latest 3D fault
models for CFM.

An invasion percolation model for earthquakes with applications to
fracking, J. Quinn Norris, Don Turcotte, and John Rundle (Poster 174)
A 2D square grid of bonds is considered. Each bond is assigned a
random strength in the range 0-1. Fluid is injected into a central site and
flows through the weakest bond. The process is continued forming a
cluster of connected bonds with no internal loops. The expansion of the
clusters occurs in “bursts” associated with the values of clusters of weak
bonds. The bursts satisfy power law (Gutenberg-Richter) frequency area
statistics. The pattern of cluster growth strongly resembles earthquake
rupture propagation. It is also consistent with the micro-seismicity
associated with the high volume fracking of tight shale gas and oil
reservoirs.

Similarity Search for Continuous Seismic Data, Ossian J. O’Reilly, Clara
E. Yoon, and Gregory C. Beroza (Poster 107)
Cross-correlation of seismic data streams with a priori known waveform
templates has emerged as an effective tool to identify the occurrence of
similar seismic signals; yet, this approach is difficult if the form of the
templates is unknown. This challenge has been partially met by
constructing waveform templates using reoccurring seismic signals
sharing similar waveforms. This waveform similarity arises because the
Earth’s structure is essentially time invariant at the temporal scales
considered in seismology.
The problem of finding similar waveforms without known templates has
been approached previously by segmenting incoming seismic data
streams into multiple overlapping windows, each with a fixed length and
lag, followed by matched filtering using each window as a template. An
immediate shortcoming of this strategy is that it is computationally
expensive; it scales quadratically with the number of lags needed, which
limits the analysis to time series of short duration.
The principal concept behind our approach, which enables scalable
similarity search is to use a hierarchical approach to investigate only a
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small, near-constant sized subset of all possible waveform pairs for each
query. In computer science and related fields, there are efficient
techniques to solve this problem, which appears in numerous
applications. Here, we bring these techniques into detection seismology.
As a first step, we present a prototype database application that relies on
a fingerprinting scheme that produces numerous high-dimensional
sparse binary data representations of the windowed data streams (each
fingerprint is significantly compressed compared to the actual window).
These fingerprints encode key features of the actual window, enabling
comparison among fingerprints rather than cross-correlating windows for
comparison. Further dimensionality reduction is then applied to each
fingerprint and similar fingerprints are grouped together using localitysensitive hashing. Developing these approaches for seismology will
enable search for similarity of massive volumes of continuous seismic
data and decrease computational time relative to conventional matched
filter techniques.

Earthquake Effects on Critical Infrastructure, Tom O’Rourke (Talk Sun
18:00)

slip scenarios were evaluated at 20 km and 50 km from the fault. The
methods were assessed based on the bias of the median PSA for the 7
events in Part A, and on a specified acceptance criterion compared to
NGA-West2 GMPEs in Part B.
One of the 5 methods was the hybrid method BBtoolbox version 1.4,
combining low-frequency (LF) deterministic synthetics with highfrequency (HF) scattering functions, convolved with an appropriate
source-time function (Mai et al., 2010; Mena et al., 2010). In the validation
exercise, the LFs are generated using GFs and the kinematic source
generator module by Graves and Pitarka (2010, ‘GP’), identical to those
used by the GP method in the exercise. BBtoolbox V1.4 merges LFs and
HFs at a specified frequency by adjusting the level of the HF acceleration
spectra to the corresponding LF spectral value at the merging frequency.
This procedure was introduced by Mai et al. (2010), in part to minimize
glitches in the BBs at the merging frequency. While this approach tends
to work well for LFs calculated in well-constrained 3D structural models,
its accuracy for 1D structural models averaged over a region was found
to generate, at times, strongly biased HF PSA levels. This bias did not
permit BBtoolbox V1.4 to pass the SCEC validation phase 1.

The impact of the Canterbury Earthquake Sequence on the underground
infrastructure in Christchurch, NZ is explored with the use of an
extraordinary GIS data set covering the effects of both liquefactioninduced permanent ground deformation and transient ground motion for
3 different earthquakes. High resolution LiDAR and geospatial analyses
of earthquake-affected utility systems are combined to develop
relationships among lifeline damage and both lateral and vertical ground
deformation. The earthquake relative performance of different types of
pipelines is quantified, and lessons learned from Christchurch for Los
Angeles and San Francisco, CA are discussed. To address the need for
protection against rare, high consequence events with limited financial
resources, a strategy for improving infrastructure resilience is proposed.

In order to obtain more accurate BB synthetics, we made two significant
changes to BBtoolbox V1.4. First, we modified the merging procedure in
BBtoolbox V1.4 to scale the HFs to a theoretical spectral level at the
merging frequency (GP eq. 10 at 1Hz), rather than the level of the LFs. In
addition, we used a new source-time function for convolution of the
scattering functions, with rise-time scaled as a function of moment. The
revised BBtoolbox V1.5 (‘SDSU BBP module’) was one of three methods
that satisfied the overall acceptance criteria of the Part A and B
validations. In this poster, we describe details of the changes made to
produce BBtoolbox V1.5, as well as Part A and B validation results for
the SDSU module.

Slow stick–slip of serpentinite as a possible mechanism of slow
earthquakes, Keishi Okazaki, Ikuo Katayama, and Miki Takahashi (Poster

Origins of Variability in Fault-Rupture Slip Measurements: Comparison of
Field Observations to Airborne, Differential, and Terrestrial LiDAR from
the 2010 El Mayor-Cucapah Earthquake, Michael Oskin, Jaime Delano,

175)
Slow earthquakes have been detected at the plate interface in the corner
of the mantle wedge of subduction zones, and at depths slightly greater
than the seismogenic zone of megathrust earthquakes. Slow earthquake
events are characterised by a different scaling law to regular
earthquakes, because they have relatively long durations in order to
release the seismic moment. Serpentinite is likely to be present in the
source region of slow earthquakes, and it plays an important role in
triggering such events. In this study, we conducted frictional experiments
on antigorite serpentinite under hydrothermal conditions in order to
understand the scaling law of slow earthquakes, potentially caused by
the unique frictional behaviour of a serpentinized fault zone. Slow stick–
slip was observed at temperatures that were close to but lower than the
dehydration temperature of antigorite (450 to 550 °C), and the slow stick–
slip events were characterised by relatively long durations and small
stress drops during slip. However, this type of behaviour was not
observed at higher temperatures when the serpentines were completely
dehydrated. The recovered fault products of the slow stick–slip events
were partially dehydrated, suggesting that deformation along the fault
zone resulted in the localized shear heating and dehydration of
serpentine. The occurrence of slow stick–slip is consistent with the
temperature range found in the corner of the mantle wedge in SW Japan
and Cascadia, where slow earthquakes occur. The scaling law of slow
stick–slip in the serpentinite gouge is distinct from that of regular stick–
slip, but similar to that of slow earthquakes. We propose that slow
earthquakes can be triggered by shear-induced dehydration of the
serpentinized plate interface.

SCEC Broadband Platform (BBP) Phase 1 Ground Motion Simulation
Results: SDSU Module, Kim B. Olsen and Rumi Takedatsu (Poster 205)
SCEC has completed phase 1 of its BBP ground motion simulation
results, evaluating the potential application in engineering applications of
the resulting PSAs generated by 5 different methods. The evaluation
included Part A, where the methods were evaluated based on the bias of
simulation results to observations for 7 well-recorded historical
earthquakes with station distances between 1 and 193 km, and Part B,
where simulation results for Mw6.2 and Mw6.6 strike-slip and reverse-

Divya Banesh, Alejandro Hinojosa, Craig Glennie, and Austin Elliott
(Poster 018)
Fault-slip measurements from fresh surface ruptures help to constrain
crustal rheology and earthquake recurrence models. Traditional field
measurements often display variation of a meter or more over distances
of a few hundred meters or less. Such results imply large strains (~1%) in
the near-surface volume of rock surrounding a fault. In this view, the local
maxima of slip measurements are interpreted as closest to the fault slip
at seismogenic depth. Alternatively, fault-slip variation could be an effect
of under-reported measurement uncertainty, and thus a mean value of
slip measurements may better predict fault slip at depth. To test these
alternatives we compared field measurements of fault slip to three types
of lidar-derived measurements for portions of the 2010 El Mayor
Cucapah earthquake surface rupture: post-earthquake terrestrial lidar
(>1000 pts/m2), post-earthquake airborne lidar (9 pts/m2), and differential
airborne lidar (5 to 100 m spacing). For dip-slip faulting within the Paso
Inferior Accommodation zone, we find post-earthquake lidar superior to
field measurements in capturing distributed faulting and warping around
the main surface break. From interpretation of across-fault swaths of
post-earthquake lidar point returns, it is often possible to completely
recover total fault throw as determined from the vertical component of
differential airborne lidar. For the dominantly strike-slip Borrego fault, we
find that post-earthquake airborne lidar data alone produces results
inferior to field measurements. This arises because high-quality field
measurements focus on fine features below resolution of airborne lidar,
such as contacts between surficial deposits and micro-topography.
Terrestrial lidar captures these features better than airborne lidar, yielding
slip measurements that compare favorably with the field. We validate
these results with three-dimensional differential lidar derived from
iterative closest-point matching, which shows that for both dip-slip and
strike-slip fault cases that along-fault strains are about 0.1% over
kilometer length-scales. For the oblique-slip Borrego fault case, underreported horizontal measurement uncertainty contributes a larger share
of the variability in field measurements than distributed deformation.
Conversely, variability in dip-slip field measurements is due
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predominantly to distributed deformation and diffuse surface faulting,
resulting in under-estimation of fault slip at depth.

SeisSol: The ADER-DG method for seismic wave propagation and
earthquake rupture dynamics, Christian Pelties, Alice Gabriel, Luca

Impedance Discontinuities in Southern California from Teleseismic Phase
Conversions, Yaman Ozakin and Yehuda Ben-Zion (Poster 100)

Passone, Alex Breuer, Sebastian Rettenberger, and Atanas Atanasov
(Poster 070)

We attempt to image the Moho and other quasi-horizontal interfaces in
the plate boundary region in southern California that lead to generation of
converted seismic phases. As an initial effort, we estimate receiver
functions by iterative time domain deconvolution with special attention to
the possible existence of crustal velocity contrasts across large faults
(e.g. Schulte-Pelkum and Ben-Zion 2012). Conversions of receiver
functions from time domain into spatial domain employ detailed VP and
VS velocity models for the area (Allam and Ben-Zion, 2012) that are
merged with the larger scale SCEC community velocity model for depths
greater than 30 km. Initial computations show shallow crust beneath the
northern end of the Salton trough which gradually gets thicker to the
east. Near the Salton Sea, shallow Moho is observed as expected. In the
North end of the Salton trough, the Moho depth varies smoothly between
30 km and 40 km in SW-NE direction. Several rapid changes in the
crustal thickness are also observed along different profiles across San
Andreas and San Jacinto faults.

Fault System Connectivity and the 3rd Uniform California Earthquake
Rupture Forecast (UCERF3), Morgan T. Page, Edward H. Field, and Kevin
R. Milner (Poster 269)
We discuss the importance of fault system connectivity in the context of
the 3rd Uniform California Earthquake Rupture Forecast (UCERF3). In
UCERF3, assumed fault connectivity affects the maximum magnitude
allowed on each modeled fault. Due to slip-rate balancing, the assumed
maximum magnitude affects the rates of events in the model. This impact
is not only local; in fact, global magnitude distribution constraints can link
event rates on a fault to connectivity assumptions made for faults
elsewhere in the system. We discuss several aspects of the UCERF3
model that suggest that fault connectivity in the model is underestimated.
For example, UCERF3 rupture rates underpredict empirical rates of multifault ruptures. Furthermore, underpredictions of event rates on the
Southern San Andreas fault, relative to paleoseismic data, could be
indicative of a lack of connectivity on secondary faults. Certainly, to date,
the attention given to the connectivity of the model in the UCERF
process is not in proportion with its impact on the system-wide behavior
of the model. Future probabilistic seismic hazard analyses should focus
more on connectivity issues and, if possible, better modeling the
epistemic uncertainty in this regard.

Incorporating Seismic Attenuation in Strong Ground Motion Applications,
Michael E. Pasyanos and Arben Pitarka (Poster 216)
In a recent paper, we presented a lithospheric attenuation model that we
have developed for the crust and upper mantle of North America. The
model showed significant variations in Q not only between the Central
and Eastern United States (CEUS) and the Western United States (WUS),
but also within these broad regions. We found that use of the model
could reduce the misfit between observed and predicted ground motion
parameters relative to the 1-D ground motion prediction equations
(GMPEs). The inclusion of a variable attenuation model is particularly
important in regions where there are rapid changes between tectonics
regions, including offshore regions that transition between oceanic and
continental crust, as well as areas with rapid changes in sedimentary
structure such as the Mississippi Embayment or San Francisco Bay.
Here, we explore the use of GMPEs based on the observed attenuation
structure. We will first run a series of 3D ground motion simulations in the
San Francisco Bay Area with varying Q structure to show its effect on the
calculated waveforms and on ground motion parameters. We will then
test the use of the model in predicting ground motion parameters (e.g.
spectral accelerations) for a series of recent earthquakes in North
America. We would particularly like to explore how high-resolution
attenuation models can be included in future ground motion calculations
and probabilistic seismic hazard estimates.
This work performed under the auspices of the U.S. Department of
Energy by Lawrence Livermore National Laboratory under Contract DEAC52-07NA27344.
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We will present the software package SeisSol for seismic wave
propagation and earthquake rupture dynamics. The numerical
discretization is based on the Arbitrary high-order DERivatives
Discontinuous Galerkin (ADER-DG) method. The ADER-DG method
enables high-order accuracy in space and time on three-dimensional
unstructured tetrahedral meshes. A tetrahedral element discretization
enables rapid and automatized mesh generation as well as geometrical
flexibility. Features such as mesh coarsening and local time stepping can
be applied to reduce computational efforts without introducing numerical
artifacts. The method is well suited for parallelization and large scale
high-performance computing since only directly neighboring elements
exchange information via numerical fluxes. The concept of fluxes is a key
ingredient of the numerical scheme as it governs the numerical
dispersion and diffusion properties and allows to accommodate for
boundary conditions, empirical friction laws of dynamic rupture
processes, or potentially the combination of different element types and
non-conforming mesh transitions.
The accuracy of the method for modeling dynamic rupture was
demonstrated in relevant SCEC ‘Dynamic Earthquake Rupture Code
Verification Exercise’ benchmarks. We are confident that the advanced
geometrical flexibility combined with the enhanced accuracy will make
the ADER-DG method a useful tool to study earthquake dynamics on
complex fault systems in realistic rheologies.
SeisSol aims to be an all-in-one software package including a suite of
pre- and post-processing tools which provide solutions for automated
CAD and mesh generation, scientific data processing and visualisation.
This presentation outlines the SeisSol project and focuses on recent
technical developments, namely parallel I/O based on HDF5 and netCDF,
and the optimization of this relatively new numerical method which
cannot make use of established libraries due to its specific demands.

Exploring Breakdown Energy in Simulations of Earthquake Sequences,
Stephen M. Perry and Nadia Lapusta (Poster 163)
The energy budget of earthquakes is a question of significant
fundamental and practical interest. Using rate-and-state continuum fault
models that produce earthquake sequences, we focus on exploring the
breakdown energy portion G of this budget and its relation to the
characteristic slip distance L of rate-and-state friction, a parameter often
selected based on numerical tractability. We explore values of L ranging
two orders of magnitude and calculate breakdown energy for events with
various amounts of slip. We compare our results to calculations of G for
natural earthquakes and find our computed values to be reasonable.
However, we find nearly-constant values of G across a range of slips for
a given L, as well as decreasing G with smaller values of L, as expected
based on prior studies. Hence simulations with laboratory-like values of L
(0.001-0.1 mm), necessary for producing microseismicity, would result in
breakdown energies too small for large events, compared with
observations.
We also report on our ongoing work, which is directed towards building
models with event-dependent breakdown energy G, as observed on
natural faults, by accounting for additional physical phenomena present
during the earthquake rupture. One option is to prescribe a slip-rate limit
on the fault (after Andrews, JGR, 2005). This provides a proxy for off-fault
damage caused by the propagating rupture and leads to an increase in G
with the event size. We also consider a model with dynamic weakening
due to thermal pressurization of pore fluid within the fault core. As shown
by Rice (JGR, 2006) based on a simple kinematic model of fault slip, the
continuing weakening of fault with slip results in G increasing with slip in
a manner similar to observations. We compare the behavior of our fully
dynamic models involving thermal pressurization to those mentioned
above that do not, focusing on the variations in breakdown energy G with
the event magnitude. One of our goals is to explore which models with
variable breakdown energy reproduce the observations of roughly
constant stress drops across events of several orders of magnitude.
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Comparison of 3D and 1D Wave Propagation Effects in the San Francisco
Bay Area on Simulated Long Period Ground Motion from the 1989 Loma
Prieta Earthquake, Arben Pitarka, Arthur J. Rodgers, Anders Petersson,
and Bjorn Sjogreen (Poster 224)
We performed 1D and 3D ground motion simulations in the San
Francisco Bay area using kinematic rupture models for the M6.9 Loma
Prieta earthquake. The selected rupture models were generated on the
SCEC Broad-Band Ground Motion Simulation Platform using Graves and
Pitarka (2010) method. Broadband seismic data from the Berkeley Digital
Seismic Network (BDSN), and strong motion data from the USGS and the
California Geological Survey (CGS) strong motion arrays were used in the
analysis. The simulations were performed in the frequency range of 0.01
to 1.3 Hz using an anelastic 3D finite-difference method (Petersson and
Sjogreen, 2010) and the USGS San Francisco Bay area 3D velocity
model, Version 8.3.0 (Brocher, 2008), including surface topography.
The objective of our investigation is to evaluate three-dimensional wave
propagation effects on long-period ground motion from large
earthquakes in an area with complex underground structure, and
compare the efficiency of 3D and 1D velocity models at capturing such
effects. We will show results of our analysis using waveform comparison,
and goodness of fit of spectral responses between simulated and
recorded ground motion, as well as between 3D and 1D simulated
ground motions, with respect to spectral period, fault distance, and basin
depth.

Migration of the deforming zone during seismic shear and implications
for field observations, dynamic weakening, and the onset of melting,
John D. Platt and James R. Rice (Poster 138)
Prior work in our group has shown how micron-scale strain rate
localization can be explained using models for thermal pressurization and
thermal decomposition in fluid-saturated gouge materials. Using
parameters modeling a typical centroidal depth for a crustal seismogenic
zone we predicted localized zone thicknesses in line with laboratory
(Brantut et al., 2008; Kitajima et al., 2010) and field (Chester and Chester,
1998; Heermance et al., 2003; De Paola et al., 2008) observations.
Further work has shown that the localized zone need not remain in a
single location and may migrate across the gouge layer, in agreement
with laboratory observations that show a thickening of the highly
localized material with slip, and a distinct banded structure within the
highly localized material (T. Mitchell, priv. comm.; Kitajima et al., 2010).
We show how thermal pressurization and thermal decomposition lead to
this migration for a gouge layer with uniform properties. In addition we
show that straining migrates towards pre-existing regions within the
gouge layer that generate or trap pore pressures more efficiently.
Numerical simulations show that the deforming zone moves towards
regions of low hydraulic diffusivity. Similarly, regions of high reactant
mass fraction allow more vigorous thermal decomposition and thus
attract straining.
The migration outlined above has three important consequences: (1)
Migration must be taken into account when inferring the width of the
deforming zone from field observations. Even when the zone of localized
straining is only a few tens of microns wide, migration can lead to a final
strain profile with a zone of roughly uniform strain on the order of a
millimeter wide. (2) For thermal pressurization the width of the deforming
zone largely controls the initial weakening of the fault. A pre-existing zone
of low hydraulic diffusivity localizes straining more efficiently leading to
faster weakening. Thus, dynamic weakening may be controlled by the
gouge properties in the region most susceptible to strain rate localization.
(3) Migration of the localized zone distributes heating over a broader
region, leading to a much lower temperature rise when compared with a
stationary shear zone. Our results rarely show temperatures above the
melting temperature, providing a plausible explanation for the fact that
melt signatures are rarely observed on mature faults active at shallower
crustal depths.

The UCERF3 logic tree: Exploring computations and correlations using
PSHA, Peter M. Powers (Poster 270)
The logic tree is a cornerstone of probabilistic seismic hazard analyses
(PSHAs). Used correctly, a logic tree represents the epistemic uncertainty

in seismic source and ground motion models, which may then be used to
quantify uncertainty in the hazard computed in a PSHA. By virtue of their
branching nature, logic trees often grow to have tens, if not hundreds of
thousands of branches, for example: the Uniform California Earthquake
Rupture Forecast version 3 (UCERF3) and the central and eastern U.S.
seismic source characterization project (CEUS SSC). Furthermore,
hazard at a site is often made up of contributions from hundreds of
sources, each of which can have numerous logic tree realizations.
Computational requirements rise dramatically and understanding
interdependencies and correlations between branches becomes
increasingly difficult as the number of branches grows. To better
understand the implications of the UCERF3 logic tree on seismic hazard
and identify computational redundancies, I use two visualization
techniques—tornado diagrams and stacked histograms of branch
weights. Tornado diagrams of logic trees (after Porter et al., 2012)
illustrate the relative influence of logic tree nodes (branching points) and
allow one to examine the effect of altering single branch choices relative
to a reference branch. The reference branch can be the branch with a
hazard metric of interest (e.g., the ground motion with a 2% in 50 year
probability of being exceeded) closest to the mean or median value of the
metric for the entire weighted logic tree, or some other arbitrary choice.
Stacked histograms of branch weights are binned according to
probabilistic ground motion value and colored by logic tree branch. With
one histogram per logic tree node, one can identify correlations between
branches. These representations of the UCERF3 logic tree help identify
branches that can be removed to reduce computational demands
without significantly changing the computed hazard.

Detecting the frictional temperature rise during the 2011 Tohoku
Earthquake using the thermal maturity of biomarkers, Hannah S.
Rabinowitz, Heather M. Savage, Pratigya J. Polissar, Terry A. Plank,
Christie D. Rowe, and James D. Kirkpatrick (Poster 142)
The 2011 Tohoku earthquake had unprecedented up-dip slip
propagation. To better understand the potentially unusual fault frictional
properties, we investigate the strength of the fault through frictional
heating. Here, we use a novel method to detect temperature rise along
faults: the thermal destruction of organic molecules. We measure longchain unsaturated alkenone contents in IODP Expedition 343 (JFAST)
samples from accretionary wedge, incoming plate, and the décollement
to characterize the destruction of these organic molecules as a result of
coseismic heating.
In order to meaningfully interpret the alkenone measurements, the initial
pre-heating alkenone concentrations must be established. We use trace
elements to correlate the highly out-of-sequence JFAST sediments to the
initial alkenone stratigraphy in nearby reference site, DSDP Site 436.
Some sediments found in the JFAST fault zone, notably Eocene brown
pelagic clays, were deposited devoid of alkenones, while others (Miocene
clays) were not. Thus, stratigraphic correlations are essential to
quantifying the fraction of original alkenones destroyed due to fault
heating.
JFAST samples exhibit relatively constant alkenone concentrations at
depths ranging from 690.5 to 810 mbsf. Below this depth, as the
décollement is approached, alkenone concentrations decrease
dramatically in a non-systematic way. To calculate temperature rise from
the change in alkenone concentration, we conduct hydrous pyrolysis
experiments with which we establish kinetic parameters for alkenone
destruction at elevated temperature and short, seismically relevant time
scales. Experiments are conducted at times ranging from 30 to 120
minutes and temperatures ranging from 20 to 350 °C on homogenized
late-Pleistocene sediments from core RC14-99 (also located in the
Western Pacific). These experiments demonstrate that alkenones are
indeed reactive on short time scales and, therefore, a good indicator of
heating on faults during short, coseismic time spans. We use these
experimentally obtained kinetic parameters to constrain the maximum
temperature achieved during earthquake slip given reasonable
earthquake slip times and thermal diffusion rates.

3D Reciever Green's Tensors and Green Function Database Construction
Using the Octree-based Hercules Tool-chain, Leonardo Ramirez-Guzman
(Poster 200)
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I present a highly efficient algorithm implementation to compute Green's
Functions in complex velocity models. Following Lee et al. (2011), I
tested Receiver Green's Tensor (RGT) calculations using the octreebased finite element tool-chain Hercules (Tu et al., 2006). The
computation was carried out for each RGT by three wave propagation
simulations with an orthogonal impulsive load at the receiver location. I
stored the strain field at the desired source locations. The resulting
tensors were treated separately to generate synthetic seismograms by
applying reciprocity. All computations were tuned in a parallel framework
that speeds up the calculation of these time histories. I present
satisfactory comparisons for a 1D model and a complex 3D structure of
forward simulations with a defined source against results computed with
the method outlined. The goal of this research is to develop infrastructure
which will provide information on source parameters that can be used in
near real-time earthquake response systems.

SKS Splitting Measurements From ALBACORE off the coast of Southern
California, Joseph Ramsay, Paul Davis, and Monica Kohler (Poster 109)
The development and evolution of the Pacific-North America plate
boundary offshore Southern California is of great geodynamical interest.
For better understanding the Asthenospheric and Lithospheric
Broadband Architecture from the California Offshore Region Experiment
(ALBACORE) was initiated. ALBACORE is a network of 24 broadband
and 10 short-period ocean bottom seismometers (OBSs) deployed
across the southwestern region of the Pacific-North American plate
boundary. Other than at scattered island stations present seismic arrays
end at the coastline. The experiment is intended to study many aspects
of the Pacific North American plate boundary. In this study we calculate
SKS splitting parameters in an effort to measure the anisotropy of the
region. Once orientations of the OBSs are established (due to twisting
during deployment), we calculate SKS splitting parameters by minimizing
energy in the transverse component. Both individual and stacking
measurements are used. These measurements are then compared to
nearby island and coastal stations.

Sedimentological Evidence of the 1812 Santa Barbara Tsunami in
Carpinteria Marsh, CA, Laura C. Reynolds, Alexander R. Simms, Baird L.
King, Robert Peters, Thomas Rockwell, Ana Ejarque, Scott Anderson
(Poster 005)
The Santa Barbara coast is at risk for tsunamis generated from tectonic
movement, as well as from submarine landslide movement in the Santa
Barbara Channel. Historical documents and other records indicate Santa
Barbara has experienced approximately sixteen historical tsunamis, the
largest of which may have occurred on Dec 21, 1812, following a
magnitude ~7.1 earthquake. We propose that an anomalous sand
deposit, Sand Facies One (SF1), which is found within the first meter of
sediment throughout Carpinteria Marsh in Carpinteria, CA, may represent
deposition related to this event. We have collected over 24 vibracores, up
to 4.1 m in length, and three Geoprobe cores to ~14 m depth in
Carpinteria Marsh. A sand horizon with characteristics associated with
SF1 occurs in the majority of the vibracores and exhibits
sedimentological characteristics associated with a tsunami genesis such
as: fining upward grain size, sharp or erosional basal contact, and
thinning of the deposit landward. Mineralogy and deposit geometry are
used to determine a marine versus terrestrial origin for the layer. It is
difficult, however, to differentiate between storm and tsunami deposits
based purely on the sedimentary characteristics of a deposit. We show
that an improved age chronology, which includes exotic pollen
stratigraphy and radiocarbon data, indicates an age range appropriate for
the 1812 event but does not exclude regional flooding events
documented in the 1860s. Over 25 radiocarbon ages indicate average
sedimentation rates of ~1.5m/1000 yrs prior to the 1700s and rates as
high as ~3.5m/1000yrs since the 1700s. These prehistoric sedimentation
rates are consistently higher than estimated sedimentation rates for other
estuaries in southern and central California, perhaps due to higher
subsidence rates or other climatic or environmental conditions. We use
the characteristics of SF1 to determine if similar layers occur at other
depths in the Geoprobe cores. Preliminary core descriptions indicate that
there is at least one layer that exhibits characteristics similar to SF1 and
may indicate the occurrence of a similar inundation event. We conclude
that tsunami deposition related to the 1812 event is a possible
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explanation for SF1, but additional analyses are needed to rule out other
flooding events. Whether storm or tsunami, the deposit’s characteristics
imply inundation at a scale and intensity that would be detrimental to the
low lying areas of the Santa Barbara coast.

Validation of simulated ground motions based on evolution of intensity
and frequency content
, Sanaz Rezaeian, Peng Zhong, and Farzin Zareian (Poster 228)
We assess the validity of simulated ground motions using a vector of
ground motion characteristic measures defined at the time-series level.
Simulated ground motions are validated against records of historic
events by examining three metrics that characterize and quantify the
evolution of intensity, predominant frequency, and bandwidth of the
ground motion over time. These time-varying properties of earthquake
ground motions are important in engineering applications because they
influence the structural response. We introduce five additional
parameters that are derived from the overall shape of the aforementioned
metrics. These parameters that are compared for simulated and recorded
motions represent the total energy, effective duration, time at the middle
of strong shaking phase, frequency at the time of strong shaking, and
rate of change of frequency in time. This method of validation
complements other methods which focus on comparing structural
responses for simulated and recorded motions by performing structural
analyses on Single Degree of Freedom (SDOF) and Multi Degree of
Freedom (MDOF) systems. Although examining the structural response
shows the similarities and differences between simulated and recorded
motions in terms of basic engineering demand parameters, it does not
address why such differences exist at the time-series level. The ground
motion simulation validation methodology presented in this poster
addresses this shortcoming.

Multiplicative hybrids of models from the five-year RELM experiment,
David A. Rhoades, Matthew C. Gerstenberger, Annemarie
Christophersen, Jeremy D. Zechar, Danijel Schorlemmer, Maximilian J.
Werner, Thomas H. Jordan (Poster 265)
In the Regional Earthquake Likelihood Models (RELM) experiment in
California, the performance of a variety of earthquake forecasting models
was compared over a five-year test period. First-order analysis of the
results by the Collaboratory for the Study of Earthquake Predictability
(CSEP) showed the HKJ smoothed-seismicity model by Helmstetter et al.
to be the best performing model, and a Bayesian analysis of additive
hybrids showed that no linear combination of the models could
outperform the best individual model to any appreciable extent. A
different picture emerges when multiplicative hybrids are considered. We
construct optimal multiplicative hybrids involving the HKJ model with
each of the other models in turn. The HKJ model is treated as a baseline
likelihood model and is not transformed in any way. The other models are
treated as indexes of earthquake occurrence and are transformed using
an order-preserving function applied to their total rate in each spatial cell,
summed over magnitude bins. Three parameters are fitted by maximum
likelihood to optimise the transformation. These involve logarithmic and
power terms and a normalising constant.
In many cases the information gains relative to the HKJ model are
appreciable. In the mainshock+aftershock class for the whole test region,
hybrids with the Bird and Liu NeoKinema model and the Holliday et al.
Pattern Informatics model both give an information gain per earthquake
(IGPE) close to 0.3. For southern California, the Shen et al. geodetic
model gives an IGPE of more than 0.5, the Ward geodetic, Ward combo,
and Kagan et al. models give an IGPE of about 0.2. On the other hand,
hybrids with the Wiemer-Schorlemmer ALM and Ebel models, which are
based on seismicity data alone, give little or no information gain over the
Helmstetter et al. model. An observed trend is that larger information
gains are obtained when the contributing models involve markedly
different concepts or data. This is consistent with the early work of Aki
and Utsu, which suggested that multiplicative probability gains could be
obtained when combining information from independent earthquake
precursors. The results from retrospective fitting need to be confirmed by
further prospective tests. Multiplicative hybrids will be useful for
assimilating new datasets into forecasting models and for combining
models from CSEP forecasting experiments at all time-scales.
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The Search for a Paleotsunami Record in the Coastal Wetlands of
Southern California: A Progress Report, Brady P. Rhodes, Matthew E.

We will show examples of successful sediments dating, and demonstrate
how these methods can contribute to the SCEC mission.

Kirby, and Robert J. Leeper (Poster 001)

Earthquakes that Violate Self-Similarity Scaling Laws: Possible
Explanations from Kinematic and Quasi-dynamic Simulations, Bryan Riel

The coastal wetlands of Southern California provide the most promising
environment for the deposition, preservation, and recognition of
sandy/gravely tsunami deposits. To begin a search for a tsunami record,
we chose to focus on, from south to north, Oneonta Slough (OS) south of
San Diego, Los Penasquitos Marsh (LPM) within the Torrey Pines
Reserve, San Elijo Lagoon (SEL) just south of Encinitas, and the Seal
Beach Wetlands (SBW) within the Seal Beach Naval Weapons Station.
These sites were chosen based on the relative lack of anthropogenic
disturbance, and the ability of obtaining a research permit. Fieldwork in
all of these sites is limited to 3-4 months in the fall and winter due to the
long breeding seasons of endemic endangered species.
Reconnaissance fieldwork has included the description of over 60 gouge
cores of between 1 and 5 m depth. Cores from OS, LPM, and SEL
generally contain a single organic rich (peaty) zone extending 10-30 cm
from the surface, overlying interbedded mud and fine-medium sand
layers consistent with the infilling of tidal lagoons that formed behind
baymouth bars following early Holocene sea-level rise. Cores from SBW
contain a much more complicated stratigraphy that includes multiple,
peaty zones interlayered with mud, suggesting episodic subsidence of
the marsh. We are currently investigating the hypothesis that this
stratigraphy originated due to coseismic subsidence related to seismicity
along the Newport-Inglewood fault zone.
In LPM and SBW, reconnaissance cores intersected distinctive shellhash layers up to 10 cm thick. Larger diameter cores, collected using a
Livingstone piston corer and a vibracorer, were collected to analyze
these layers. Preliminary data suggest that the shells were derived at
least in part from quiet water areas of the lagoon, or seaward of the
beach. These layers at both sites show a significantly higher magnetic
susceptibility than the enclosing lagoonal mud and sands, thus favoring
an offshore source. Shell samples from this layer at LPM yielded C-14
dates of 1895, 1795, and 1835 cal yrs BP (not corrected for the marine
reservoir).

and Jean-Paul Ampuero (Poster 158)
The 1999 Izmit earthquake in western Turkey was preceded by several
foreshocks of Mw < 3. The foreshocks’ similarity in spectral shapes and
nearly constant corner frequencies imply a constant duration for all
events. However, the wide range of observed magnitudes for the shocks
is inconsistent with the self-similarity scaling relation between duration
and magnitude. Similar results from studies of repeating earthquakes in
the San Andreas fault suggest reloading of stress on a single fault
patch/asperity with a constant area. Constant rupture area leads to
seismic moments and stress drops that are entirely dependent on slip.
For this study, we seek a different class of models: rather than enforce a
constant rupture area, we investigate the effects of variations in fault
geometry and rupture behavior on the observed moment and stress drop
of seismic events. Specifically, we perform a suite of kinematic
simulations with planar sources defined by a fixed dimension along the
rupture direction and a varying second dimension, allowing us to quantify
the dependence of the seismic spectral response on source aspect ratio,
area, rupture velocity, and directivity. These simulations necessarily
violate the self-similarity scaling relations between large and small events
and provide a straightforward mechanism for generating events with
constant durations and varying seismic moments.

Future work will involve additional coring at LPM and SBW to delineate
the extent of the fossil hash layers, and new work at Bolsa Chica Marsh,
south of SBW to help delineate the extent of subsidence and its relation
to the Newport-Inglewood fault zone.

To test the feasibility of these rupture scenarios in realistic fault
environments, we perform three-dimensional quasi-dynamic simulations
of a fault with small, brittle asperities distributed within a larger velocityweakening patch. We mimic the kinematic simulations by distributing the
asperities such that successive ruptures increase the total rupture area
but maintain a constant along-rupture dimension. Then, a foreshock
sequence is initiated by placing these asperities near the edge of the
large patch where significant aseismic creep is expected. The seismic
moment of each successive foreshock grows systematically as the
rupture area increases while the fixed along-rupture dimension maintains
constant foreshock duration. The overall consistency between the
kinematic and quasi-dynamic simulations thus makes progress towards
explaining the types of nucleation signals we might expect in similar
tectonic environments.

Development of new chronological approaches for dating sediment using
IRSL of K-feldspar single grains, Edward J. Rhodes, Michael J. Lawson,

Spatio-temporal evolution of the March 11 2013 Mw4.7 earthquake
sequence in the Anza section of the San Jacinto fault, Gavin M. Rinaldo,

Wendy Barrera, Jillian TM. Daniels, Nathan D. Brown, Chris McGuire,
Tomas Capaldi, Steve Okubo and Evan Wolf (Poster 020)
The luminescence dating and research laboratory was established just
over two years ago at UCLA. Since that time, we have measured
luminescence ages for several hundred samples, and have been actively
assessing different sampling strategies, preparation procedures,
measurement protocols and analysis methods. Southern California is rich
in geomorphic, sedimentary and environmental contexts where reliable
age estimation of the depositional event can contribute greatly to our
understanding of past climates and environments, of high magnitude
events, and of particular significance for the SCEC community, the timing
of past earthquake events and the rates of slip on a fault. Working closely
with colleagues at other institutions, we have explored many different
aspects of the raw materials available to us at different paleoseismic and
slip rate sites, and have developed a range of chronological tools well
suited for application to these contexts.
We describe the approaches that we find work well in Southern
California and other tectonically active areas such as Tibet, Mongolia and
New Zealand. We assess the potential for achieving reliable dating of
sediments over the time range of 10 – 1,000,000 years, for dating high
energy gravel deposits with few sand lenses, and ways to determine
optimal age control using short sequences of samples. We are currently
exploring enhanced methods to assess the source of signal components
in terms of contributing mineral species, to improve counting efficiency
using enhanced gravity separation techniques, and robust statistical
methods to separate grains with different luminescence characteristics.

Xiaofeng Meng, and Zhigang Peng (Poster 167)
The San Jacinto fault zone is a region of high seismicity in southern
California and a major component of the San Andreas fault system. It
experiences numerous low magnitude earthquakes (M<1) that go
undetected every day. On March 11 2013, an Mw 4.7 earthquake struck
near the Anza section of the San Jacinto fault, which is ~13 km in depth.
The main shock was followed by an energetic aftershock sequence, with
~1200 aftershocks listed in the Southern California Seismic Network
(SCSN) catalog in 10 days following the main shock. Furthermore, strain
meters near the Anza section showed a clear change in the local strain
field in the next a few weeks after the main shock. This event provides a
unique opportunity to test whether the deep creeping drives seismicity
on the San Jacinto fault, which is suggested by Wdowinski [2009].
However, many small magnitude aftershocks may be missing from the
SCSN catalog due to the extreme high seismicity rate. Therefore, we
utilize a waveform-based matched filter technique to systematically
detect missing earthquakes 5 days before to 10 days after the main
shock. The 15-day continuous data are recorded at 48 stations from the
AZ, PB and YN networks. A total of 2050 earthquakes in the immediate
vicinity of the main shock listed in the SCSN catalog from November
2011 to May 2013 are used as templates. In total, we detect 7466
earthquakes, which is approximately 6 times more than the SCSN
catalog. The enhanced catalog has a typical aftershock decay pattern as
predicted by the Omori’s law. In addition, the mainshock was preceded
by a foreshock sequence that started about 30 minutes before. The
detected events also show that the aftershock sequence may migrate
both along the fault strike and away from the fault. We plan to relocate all
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detected events and examine the mechanisms driving the
foreshock/aftershock sequence. By systematic analysis of this sequence,
we hope to better understand the mechanics of this complex fault and its
effect on seismicity patterns.

Sixty years of viscoelastic stress transfer across the North Anatolian
fault, Phoebe Robinson DeVries and Brendan J. Meade (Poster 190)
Since 1939, eleven Mw>6.7 strike-slip earthquakes have ruptured across
the North Anatolian fault in Turkey from east to west. The series began
with the 1939 Erzincan earthquake in eastern Turkey, and the most
recent 1999 Izmit earthquake extended the pattern of ruptures into the
Sea of Marmara in western Turkey. The time between seismic events in
this westward progression has ranged from years to decades, much
greater than the timescale of seismic wave propagation (seconds). This
lag time between the ruptures is a challenge for rapid static or dynamic
stress triggering explanations of the earthquake sequence. However, the
delayed triggering of these earthquakes may be explained by the
propagation of earthquake-generated diffusive viscoelastic fronts within
the upper mantle that slowly increase the Coulomb failure stress at each
hypocenter. Using a three-dimensional semi-analytic code that can
incorporate arbitrary earth layers with linear rheologies (Maxwell and
Burgers), we examine the predicted time-evolution of Coulomb failure
stress changes along the North Anatolian Fault due to viscoelastic stress
transfer, and find good agreement in both sequence and location with the
historical earthquakes.

Non-central principal component analysis of geochemical data and clay
mineralogy from the San Jacinto fault in southern California: a new
method to assess alteration intensity in fault zones, Brian G. Rockwell,
Gary H. Girty, and Thomas K. Rockwell (Poster 169)
We present a new method to analyze geochemical data and derive
translation invariant alteration intensity values within the framework of the
fault zone architecture using non-central principal component analysis,
applied here to the Clark strand of the San Jacinto fault in southern
California. We also provide clay mineralogy analyses of each fault zone
architectural element, which directly relates to corresponding alteration
intensity values.
PC1 derived from non-central principal component analysis explains
99.7% of the simplicial variability of the spread of A-CN-K data about a
calculated compositional linear trend. Alteration intensity factors for each
sample analyzed from the various architectural components of the fault
zone were derived from orthogonal projection onto the calculated
compositional linear trend. Results from a one-way ANOVA indicate that
at least one significant difference across the group of means of alteration
intensity factors are statistically different at the 95% confidence level
(omnibus p = 0.0001). Post hoc routines indicate that the mean of the
alteration intensity factors for the fault core are different than the means
obtained from the transition and damage zones. In contrast, at the 95%
confidence level, the means of the transition and damage zones are not
statistically distinguishable. The results of XRD work completed during
this study revealed that the < 2 micron fraction is composed primarily of
illite/smectite with ~15% illite in the damage zone, of illite/smectite with
~30% illite in the transition zone, and of discreet illite with very minor
smectite in the fault core.
Based on the above results, it is speculated that when fault zones are
derived from tonalitic wall rocks at depths of ~0.4 km, the onset of
illite/smectite to illite conversion will occur when alteration intensity
factors exceed 0.20 ± 0.12, the average alteration intensity factor
calculated for the transition zone. Under such conditions during repeated
rupturing events, acidic fluids with elevated temperatures (≥ ~125° C) are
flushed through the fault core. Over time, the combination of shearing,
fragmentation, and relatively elevated temperatures eventually
overcomes the kinetic barrier for the illite/smectite to illite transition. Such
settings and processes are unique to fault zones, and as a result, they
represent an underappreciated setting for the development of illite from
illite/smectite.

Finite difference modeling of rupture propagation under velocitydependent friction and thermal weakening processes, Otilio J. Rojas,
Adelis C. Nieves, Jaime A. Parada, and Steven M. Day (Poster 136)
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It is argued in the seismological literature that two significant weakening
mechanisms of fault strength during earthquake ruptures are the
coupling of flash heating of microscopic asperity contacts during highvelocity sliding (>~ 0.1 m/sec), and the decay of the compressive normal
stress due to the thermally-induced increase of pore pressure. In this
work, we conduct finite difference simulations of mode II dynamic
ruptures along a straight fault embedded in an elastic medium where the
constitutive friction law accounts for a strong weakening behavior of the
friction coefficient at high velocities and the thermal pressurization of
pore fluid. Thus, the mathematical model is given by linear
elastodynamics at off-fault points combined to non-linear boundary
conditions at the sliding interface. In our numerical implementation, we
use as a starting point the fourth-order Mimetic Operators with SplitNodes (MOSN) method for rupture simulations on velocity-and-state
frictional interfaces that applies implicit time integration of the semidiscrete elastic-fault system which is highly stiff at early stages of the
rupture propagation process. Here, we add a computationally efficient
integration of the coupled diffusion equations for temperature and pore
pressure evolution that uses memory variables to account for the Green´s
convolution integrals. Our preliminary results show a good agreement
with those from a semi-analytical boundary integral equation method
(BIEM) in both mechanical and diffusion variables, but further studies are
currently underway to fully assess convergence and accuracy properties
of our scheme.

Isotropic source terms of San Jacinto earthquakes based on waveform
inversions with a generalized CAP method and rotations of DCconstrained mechanisms, Zachary E. Ross, Yehuda Ben-Zion, and Lupei
Zhu (Poster 099)
We analyze source tensor properties of moderate sized earthquakes in
the complex trifurcation area of the San Jacinto Fault Zone, CA, with a
focus on isotropic (ISO) radiation that may be produced by rock damage
in the source volumes. The earthquake source tensors are derived with a
generalized version (Zhu and Ben-Zion 2013) of the CAP waveform
inversion methodology (Zhu and Helmberger 1996). The generalized
method includes a parameter zeta that represents the relative strength of
the isotropic source component. The inversions perform a grid search for
ISO, CLVD and double couple (DC) source terms that minimize the misfit
between predicted and observed seismograms. A number of
earthquakes examined are found to have explosive isotropic components
with zeta values of 0.03-0.25 corresponding to ~0-6% of the total
seismic potency/moment. A bootstrap resampling indicates that five
events have statistically significant zeta values. The effect of possible
mapping of a CLVD component onto the DC and ISO components is
studied via synthetic tests using the same station configurations and
distance scales involved in the real event inversions. The results indicate
that the CLVD component predominantly maps onto the DC component
when the CLVD term is constrained to be zero in the inversions.
Extensive testing of velocity model perturbation analysis is conducted to
ensure that random fluctuations are not likely to produce isotropic
components as large as observed. The existence of ISO components is
also supported by space-time variations of DC-constrained mechanisms
of aftershocks near the ends of moderate/large events (Ross and BenZion 2013).

The Shakeout earthquake scenario with plasticity, Daniel Roten, Kim B.
Olsen, Steven M. Day, and Donat Fäh (Poster 217)
A major challenge in seismic hazard assessment consists in the
prediction of near-source ground motions resulting from large, rare
earthquakes, which are not well represented in observed data. Realistic
simulation of both the rupture dynamics and wave propagation during
such events should be based on rheology models which are able to
describe plastic yielding on and off the fault as well as nonlinear damping
in soils near the surface. Towards this goal we have implemented the
Drucker-Prager yield condition based on the return map algorithm in the
highly scalable AWP-ODC finite difference code. We use the Shakeout
earthquake scenario, using a kinematic source description (Graves et al.,
2008), to study how plasticity on and off the fault and near the surface
would affect ground motions during a M 7.8 earthquake on the Southern
San Andreas fault.

MEETING ABSTRACTS
Because the plastic material parameters required for the yielding model
(i.e., friction angle and cohesion) are poorly constrained, we derive them
from known geophysical properties defined in the SCEC community
velocity model (CVM version 4). We experiment with different cohesion
models, partly basing our choice on empirical equations developed for
wellbore stability problems, which relate unconfined compressive
strength (UCS) in sedimentary rock to Young's modulus. We also
consider published laboratory results that characterize the UCS in the
Tertiary sedimentary formations and basement rocks underlying the Los
Angeles and San Gabriel basins.
We find that long-period ground motions in the downtown Los Angeles
area, amplified by a wave guide of interconnected sedimentary basins,
could be significantly reduced as compared to visco-elastic solutions,
even for conservative values of cohesion. This reduction can mostly be
attributed to plasticity on and off the fault. For the frequency range
considered in our scenario (0 - 0.5 Hz), plastic yielding in the shallow lowvelocity deposits of the Los Angeles basin becomes only important if the
sediments are assumed to be nearly cohesionless.
These results indicate that more research is warranted into the dynamics
of rupture and wave propagation in nonlinear media. They may also
suggest a need to develop community structural models that contain
information on plastic parameters based on geotechnical and
geophysical data as well as visco-elastic parameters.

Can supershear earthquakes occur under low overall levels of shear
prestress?, Vito Rubino, Nadia Lapusta, and Ares J. Rosakis (Poster 147)
Homogeneous faults require a high level of shear prestress to propagate
at supershear speeds, according to well-established theories. Yet
numerous field observations reveal that supershear earthquake
propagation occurs on mature strike-slip faults that may operate at low
overall levels of shear prestress. Recently, numerical simulations (Liu and
Lapusta, 2008) have shown that faults with patches of higher stress or
lower strength can transition to supershear speeds under a much wider
range of prestress conditions than what is obtained in models with
homogeneous strength. Motivated by these findings, we carry out a
combined laboratory and numerical study of how the speed of
earthquake ruptures, as well as their accumulated slip and resulting
seismic radiation, are affected by several fault inhomogeneity features
likely to be present on natural faults. In our experimental setup,
earthquakes are mimicked by dynamic rupture propagating along an
inclined frictional interface formed by two Homalite plates under
compression (e.g., Rosakis et al., 2007). We have performed numerical
simulations to design suitable experiments that would allow the patches
of higher stress or lower strength to cause supershear transition. In
particular, we have determined the patch properties (such as the patch
size and location on the fault) which can be manufactured in our
specimens and for which the effect on the rupture speed is most evident.
We will report our progress on incorporating such inhomogeneity patches
into our experiments and on visualizing their effects on the rupture speed
and wave radiation with full-field techniques. The Digital Image
Correlation (DIC) method coupled with high-speed photography will
enable us to visualize the patch effects. We will report on our
advancements in this full-field cutting-edge technique which, for the first
time, will allow for DIC measurements at such high rates.

Quantifying the Seismic Hazard From Natural and Induced Earthquakes,
Justin L. Rubinstein, Andrea Llenos, William L. Ellsworth, Arthur McGarr,
Andrew Michael, Charles Mueller, Mark Petersen (Poster 080)
In the past 12 years, seismicity rates in the central and eastern United
States (CEUS) have increased. In 2011, three M ≥ 5 earthquakes
occurred, causing millions of dollars in damage. Much of the increase in
seismicity is believed to have been induced by wastewater from oil and
gas activity that is injected deep underground. This includes damaging
earthquakes in southern Colorado, central Arkansas, and central
Oklahoma in 2011. Earthquakes related to oil and gas activities
contribute significantly to the total seismic hazard in some areas of the
CEUS, but most of the tens of thousands of wastewater disposal wells in
the CEUS do not cause damaging earthquakes. The challenge is to
better understand this contribution to the hazard in a realistic way for

those wells that are inducing earthquakes or wells that may induce
earthquakes in the future.
We propose a logic-tree approach to estimate the hazard posed by the
change in seismicity that deemphasizes the need to evaluate whether the
seismicity is natural or man-made. We first compile a list of areas of
increased seismicity, including areas of known induced earthquakes.
With the zones of increased seismicity defined, we then estimate the
earthquake hazard for each zone using a four-branch logic tree: (1) The
increased seismicity rate is natural, short-term variation within the longerterm background seismicity rate. Thus, these earthquakes would be
added to the catalog when computing the background seismicity rate. (2)
The increased seismicity rate represents a new and permanent addition
to the background seismicity. (3) Induced earthquakes account for the
increased rate and they should be expected to continue. Estimating the
hazard from these induced events requires the specification of a
magnitude-frequency distribution specific to the induced earthquakes. (4)
The increased seismicity rate will decay back to the background
seismicity rate. This would apply to the decay of a natural aftershock
sequence or earthquake swarm, as well as the decay of an induced
earthquake sequence where the fluid injection has been terminated.
Based on the understanding of an individual earthquake sequence, one
could apply these logic tree branches as appropriate. For some
earthquake sequences, some branches might have zero weight, e.g., if
one is certain that the earthquakes are induced. Varying the weights of
the logic-tree branches gives a natural way to integrate uncertainty into
the calculations of hazard.

Association of Pacific Rim Universities Multihazards Program: Partnering
for Global Solutions, John B. Rundle, Takako Izumi, Yuichi Ono, Chris
Tremewan, Hugo Romero, Fumihiko Imamura, Jay Piggot, Akira Mano,
Tao Chen, Harold Yih-Chi Tan, Panitan Lukkunaprasit Teruyuki Kato, and
Kuniyoshi Takeuchi (Poster 250)
Earthquakes, tsunamis, volcanoes, hurricanes/typhoons/cyclones and
floods are common threats for many societies on the Pacific Rim’s ‘Ring
of Fire’. To address these shared threats, the APRU Multi-Hazards
Program aims to build safer and more disaster resilient societies through
education, research and partnerships. To do this, the Program is working
to harness the collective capabilities of APRU universities for cuttingedge research on disaster risk reduction and recovery, the sharing of
strategies to cope with campus disaster risk management, and to
contribute to international policy making processes on disaster risk
reduction. In particular, the Program focuses on better strategies to deal
with low-frequency high impact disasters. The APRU Multi-Hazards
Program builds upon the strengths of eight APRU Multi-hazards
symposia over the past decade in countries spanning the Pacific ‘Ring of
Fire’. An APRU program hub has recently been established at the
International Research Institute of Disaster Science (IRIDeS) with an
International Core Group chaired by Professor Yuichi Ono and
coordinated by Associate Professor Takako Izumi of Tohoku University
leading the program. A key milestone for the Program is to develop a
strong presence and contribution to the UN World Conference on
Disaster Reduction in 2015 to be hosted in Sendai, Japan. To facilitate
this, Tohoku University is hosting an annual summer school for disaster
risk reduction for APRU university faculty, staff and students to
complement the annual Multi-Hazards Symposium to be hosted by
National Taiwan University in 2013 and University of Chile for 2014 (TBC).

Forecasting California Earthquakes Using Historical Patterns of Events
and Virtual California Simulations, Michael K. Sachs, John B. Rundle,
Eric Heien, Donald Turcotte, Burak Yikilmaz, and Louise Kellogg (Poster
251)
Virtual California is a robust earthquake simulator capable of producing
many thousands of years of events on the major faults in California. We
present a technique that compares simulated sequences of events with
historical event sequences. The result of this comparison is a forecast of
future events. As background we will also describe internal details of the
Virtual California earthquake simulator.

New constraints on the geometry and evolution of the Southern San
Andreas Fault and Salton Pull-apart basin, Valerie J. Sahakian, Annie
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Kell, James Holmes, Alistair Harding, Neal Driscoll, and Graham Kent
(Poster 098)
In the recent geologic past, the Salton pull-apart basin, northern Imperial
Fault (IF) and Southern San Andreas Fault (SSAF) have been part of an
evolving tectonic regime, subject to strain partitioning. This part of the
North American/Pacific plate boundary has the potential for generating a
large earthquake. Several lines of active-source seismic reflection and
refraction data in the Salton Sea were analyzed to understand better the
fault interactions and evolution in this region by investigating the SSAF
geometry, stratigraphy, and velocity structure. These data, collected in
conjunction with the Salton Seismic Imaging Project (SSIP) include two
fault-perpendicular lines: one adjacent to the southern terminus of the
SSAF (Line 7), and one just south of the terminus (Line 8). We present
results from Multi Channel Seismic (MCS) data along Line 7, and
refraction data along Lines 7 and 8. Velocity models along these lines
were constructed from the refraction data. Included in the Line 7 model is
an interface representing a strong reflector observed in the MCS data,
which helps to constrain the raypaths and velocities in the model. Line 7
MCS data image stratigraphic layers thickening to and dipping down to
the east towards the SSAF, indicative of a westward-dipping, oblique
strike-slip fault. The refraction data along this line are consistent with a
westward dipping SSAF and a down the west normal component. We
present velocity models for Line 7 and 8, as well as resolution tests
supporting the fault's geometry. The results from these two lines and a
fault parallel line suggest that the SSAF is dipping to the west and is in
transtension. We propose that the SSAF has migrated northward through
time, partitioning its strain onto the IF. As the IF migrates northwards it
forms the Salton pull-apart basin.

Refining the South-Central San Andreas Fault Slip Rate at the 6 ka
Timescale: Phelan Creeks, James B. Salisbury, Emily Kleber, Sinan Akciz,
Ramon Arrowsmith, Gayatri Marliyani, Lisa Grant Ludwig, Daniel Halford
(Poster 026)
Geologic slip rates of active faults are essential for seismic hazard
analysis, and their comparison with decadal geodetic measurements can
be used to assess the constancy of strain accumulation and earthquakemodulated strain release. The Phelan Creeks paleoseismic site is located
along the San Andreas Fault (SAF) 1.6 km southeast of Wallace Creek
(WC) in the Carrizo Plain -- a region with simple fault geometry and the
highest millennial slip rate in California (>3 cm/yr). Despite this, the
geologic slip rate of the Carrizo is defined from only a few published sites
with limited age geochronological constraints: Van Matre Ranch (VMR),
with channels offset ~26 m in ~850 yrs (~31 mm/yr), and Wallace Creek,
with channels offset 128 m in ~3,780 yrs (~34 mm/yr) and ~475 m in
~13,250 yrs (~36 mm/yr). The Phelan Creeks area consists of three
downstream channel complexes on the southwest side of the SAF that
have emanated from a pair of feeder channels ("Little" and "Big" Phelan
Creeks) on the northeast of the SAF. These channels have recorded
progressive incision, offset, and abandonment along the SAF with offsets
of ~16.5 m, ~130 m, and ~230 m. Dating the ~230 m offset channels at
Phelan Creeks provides the opportunity to fill a spatio-temporal gap in
age-offset constraints (between VMR at 10^3 yrs & WC at 10^4 yrs) and
test the hypothesis that there is minimal slip-rate variability along the
south central SAF in the Carrizo Plain during the last 15,000 years. We
present logs from three trenches in the ~230 m offset channel pair.
Trenches exposed complex sequences of cut-and-fill stratigraphy that
represent timing of initial incision and subsequent channel processes as
they were fault-offset to the northwest and eventually beheaded. Extreme
bioturbation precludes dating the uppermost channel deposits which
would be useful for timing of last fill before beheading. Stratified alluvial
fan material, channel deposits, and interfingering colluvial wedges were
sampled for Radiocarbon (14C) and Optically Stimulated Luminescence
(OSL) dating. Geochronological constraints will be useful for assessing
fault slip rate variability, and understanding the sedimentologic and
pedogenic evolution of cut-and-fill sequences in the semi-arid Carrizo
Plain.

A Note on the Relation Between Fault Roughness and Off-Fault
Seismicity, Charles G. Sammis and Stewart W. Smith (Poster 129)
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Powers and Jordan (2010) observed that the seismicity density profile
perpendicular to a suite of strike slip fault segments in California all had
the same general shape: a uniform density from the fault axis to a
distance of a few hundred meters followed by a power-law decrease to
the distance at which seismicity reached the background level, typically
one or two kilometers. They interpreted these profiles in terms of
Dieterich and Smith’s (2009) 2‐D simulations of the elastic stress
concentrations produced by slip on a fractal fault where the fault was
represented as a fractal curve having dimension 1<D1<2. In this model
the stress perturbation decreased as a power of distance with a slope
approximately equal to . Powers and Jordan (2010) interpreted the
roughness in the Dieterich and Smith model as the along-strike
roughness, which is strictly true as long as it does not vary with depth.
For a vertical strike-slip fault, this would be the case if the roughness
were caused by bends or jogs in the fault plane that extended over the
entire seismogenic depth. Their observation that 1<D1<2 for major strikeslip faults in both northern and southern California argues for this
structure. However, their observation that D1=2.30±0.25 for the Parkfield
does not seem to fit this interpretation, since D1 for a two dimensional
roughness must lie between one and two. One explanation for the
unusually fast decrease in off-fault seismicity adjacent to the Parkfield
segment is that the fault roughness must be treated as a 2D self-affine
surface (like topography), which has a fractal dimension 2<D2<3. In this
study we take the seismic energy radiated on and near the fault plane at
Parkfield as a proxy for fault surface roughness and use Fourier analysis
to find its fractal dimension. We measure D2=2.3, consistent with the
value inferred from the seismicity density profile. Physically, the faster fall
off for the higher dimensional surface is a simple consequence of elastic
perturbation theory: the stress perturbation from a 2-D asperity with
dimension a (e.g., a pressurized borehole) decreases as (a/r)2 while that
from a 3-D asperity (e.g., a pressurized sphere) as (a/r)3. Recent
laboratory studies of the spatial structure of off-fault acoustic emissions
support this interpretation.

Biomarkers heat up during earthquakes: new evidence of seismic slip in
the rock record, Heather M. Savage, Pratigya J. Polissar, Rachel E.
Sheppard, Hannah S. Rabinowitz, Christie D. Rowe, James D. Kirkpatrick,
Emily E. Brodsky (Talk Tue 10:15)
Evidence of earthquake slip in fault zones has proven somewhat elusive
in the rock record. Here we describe a new method that uses the thermal
maturity of biomarkers to identify and measure the temperature rise on
faults caused by frictional sliding at earthquake slip rates. We have
applied our method to several faults, including Pasagshak Point
megathrust, AK; Japan Trench at the site of IODP Exp.343 JFAST; and
Punchbowl Fault, CA. The Pasagshak Point megathrust hosts large
pseudotachylytes (frictional melts), making it the ideal place to test the
concept that biomarkers react on earthquake timescales. We find that
biomarkers within the pseudotachylyte are the most thermally mature,
and that thermal maturity decays rapidly away from pseudotachylyte
strands. These results show that biomarkers do record the frictional
heating that occurred during earthquakes. Other faults, which do not
show evidence of frictional heating and organic maturation, may be sites
where coseismic temperature rise was low. In addition to our field
studies, we conducted rapid heating experiments to establish the kinetic
reaction rates of different biomarkers, in order to place constraints on
temperature rise. Our results have allowed us to estimate, in various
cases, frictional work, maximum fault slip and friction during sliding.

Statistics of velocity structure in the Los Angeles Area, William H. Savran,
Kim B. Olsen, and Bo H. Jacobsen (Poster 218)
With recent advancements in supercomputing, the highest frequency of
3D deterministic earthquake simulations has reached 5-10Hz, the range
required by engineers for structural design. However, realistic ground
motion estimation at such frequencies assumes complexity of both the
earthquake source and surrounding medium on the order of 10-100 m.
While such small-scale heterogeneities may significantly affect
earthquake ground motions in geologic basins, they are not included in
state-of-the-art 3D velocity models, and have no prospect of
characterization by direct measurements. Instead, we propose to include
statistical models of the small-scale crustal heterogeneities in the 3D
velocity models. As a first step toward this goal, we have collected
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readily available near-surface velocity data, including several datasets.
We used direct and indirect Vs30 values as well as shallow and deep
downhole velocity logs from oil exploration and geotechnical surveys. We
analyze this data using a moving-window variogram method to estimate
statistical parameters from the data set assuming a fractal distribution.
Our preliminary results show Hurst exponents in the range of
approximately 0 to 0.3 and vertical correlation lengths on the order of 100
meters. The next step is to validate the observationally-constrained
model of near-surface heterogeneities. We simulate 0-5 Hz visco-elastic
wave propagation for the 2008 Mw5.4 Chino Hills, CA, earthquake in
statistical models superimposed on the Southern California Earthquake
Center (SCEC) Community Velocity Model (CVM) version 4, and compare
the results to strong-motion data. We use a parallel staggered-finitedifference code (AWP-ODC) for the simulations in a 56 km x 40 km
section of the Los Angeles basin with a minimum S-wave velocity of 200
m/s. We find amplification/de-amplification of peak ground velocities of
approximately up to a factor of two, and that strong motion records
provide useful constraints on the parameters of the statistical model. In
addition, we find that widely used estimates of anelastic S-wave
attenuation for the Los Angeles basin may need to be tuned, when the
statistical model is included.

New paleoseismic data from SoSAFE: time dependency and rupture
patterns on the San Andreas and San Jacinto Faults, Katherine M.
Scharer (Talk Mon 11:30)
The primary focus of the Southern San Andreas Fault Evaluation
(SoSAFE) project is to improve the catalogue of ground-rupturing
earthquakes on the San Andreas and San Jacinto faults over the last
2000 years. New geologic data from several teams provide exciting
constraints on the behavior of these faults, calling into question existing
models and revealing differences in the activity of the faults. On the
southern San Andreas fault, there are consistent patterns in
paleoearthquake records: (1) the average interval between large
earthquakes is similar for proximal paleoseismic sites along the fault,
although the interval length generally increases to the southeast; and (2)
at most sites, ruptures are quasi-periodic and are slightly more
consistent with time-dependent behavior, especially when longer records
are evaluated. Correlation of records along the southern San Andreas
fault reveals intriguing trends that appear to vary by section: the Carrizo
and Big Bend sections have very similar records since ca. 1300 AD, but
these differ significantly from the southern end of the Mojave section.
Recent excavations on the San Gorgonio Pass fault zone do little to untie
the San Gorgonio knot, as ruptures there are far less common than
earthquakes on either side, suggesting complex and infrequent rupture
patterns through the Pass are the norm. On the San Jacinto fault, new,
long paleoseismic records show little time-dependent behavior, and the
mismatch in rupture timing on the Clark and Claremont strands suggests
that many ruptures do not extend along its entire length. Taken together,
the extant data may indicate that by a factor of about three, ~200-300km long ruptures are more common than >300-km, “1857-type” ruptures
on the San Andreas fault and <100 km long ruptures are more common
than full fault ruptures on the San Jacinto fault. Validation of these
conclusions is needed, and can be achieved by the development of highresolution records between existing sites. Additional insight can be
gained from short term slip rates and geomorphic records of slip,
especially where the latter can be paired with geochronologic control.

Implications for San Andreas fault ruptures based on new evidence from
the Cabazon, CA paleoseismic site, San Gorgonio Pass Fault Zone,
Katherine Scharer, Doug Yule, Lisa Wolff, and Ryan Witkosky (Poster 029)
The 10-km section of the San Gorgonio Pass fault zone (SGPFZ)
between the Banning and San Bernardino strands of the San Andreas
fault is composed of roughly orthogonal, alternating strike slip and thrust
fault sections. In order to investigate whether the complexity of the fault
system is a barrier to thoroughgoing ruptures and consequently a limit on
earthquake magnitude, we excavated a mega-trench across a
compressional section of the SGPFZ approximately 2 km northeast of
Cabazon, CA. The mega-trench was located at the base of the San
Bernardino Mountains and exposed Pleistocene Cabazon Formation in
the hanging wall block, thrust over Holocene alluvial units. Sediments in
the 9-m-deep trench consisted of boulder to cobble debris flow deposits

and silty sand fluvial sequences, which buried and were interbedded with
incipient soil horizons. We present evidence for five earthquakes in the
mega-trench, determined by several generations of fault scarps buried by
progressively younger sediments. Vertical separation for each event was
small, on the order of 30 to 60 cm at the paleo-ground surfaces.
Preliminary radiocarbon dating of charcoal collected from the deformed
sediments constrains the five observed events to the past ~6000 years
and the most recent event to ca. 500-700 years ago; additional dates are
pending that will enable us to determine the age of each earthquake.
Based on the existing age control, the average earthquake recurrence
interval for the SGPFZ is ~1400 years, seven times longer than the
average interval for neighboring sections on the southern San Andreas
fault. If the earthquakes recorded at the Cabazon site record great San
Andreas fault ruptures like those modeled in the 2008 ShakeOut
Scenario, much of the vertical slip must occur within the bedrock in the
hanging wall or in blind faults in the alluvium below the site. Alternatively,
these earthquakes may represent more local, M6-M7 events that rupture
the San Gorgonio Pass and possibly portions of the San Andreas fault.
Either result requires that other strands of the SGPFZ must be active to
maintain slip across this complex system.

Integrating InSAR and GPS data to measure crustal deformation: Insights
on resolution from sensitivity tests, Chelsea P. Scott and Rowena B.
Lohman (Poster 045)
A crustal deformation map across the complex fault systems of Southern
California may lead to an improved understanding of the regional state of
stress, tectonic motion throughout the seismic cycle, and seismic hazard
near densely-populated regions. The dense spatial resolution and
sensitivity to vertical deformation of Interferometric Synthetic Aperture
Radar (InSAR) datasets may increase the accuracy of inferred motion
relative to results based solely on Global Position System (GPS) data.
However, some critical issues must be addressed before these
complementary datasets can be combined into a single map. The
different spatial and temporal sampling rates inherent to InSAR and GPS
data types require a careful consideration of how the two data sets are
weighted and combined.
In anticipation of assimilating InSAR and GPS data into a single
deformation map, we explore how differences in sampling of the true
deformation field and noise sources contribute to errors in the inferred
motion. The choice of weighting and the contribution from noise may
impact not only the inferred 3D velocity vector but also potential
conclusions drawn from the map (e.g. fault locking depth and slip rate).
We build a series of synthetic models aimed at emulating interseismic
and seasonal signals, as well as sources of white and spatially coherent
noise present in InSAR and GPS datasets. We evaluate the potential
resolution gained from the inclusion of InSAR data and identify problems
that may arise if signals are sampled by a single data type. Our
conclusions, which may help characterize the resolution of deformation
maps built from both InSAR and GPS data will be critical to choices
made by researchers constructing future velocity maps or incorporating
the results of such maps into other research initiatives.

Characterizing Soil-Foundation-Structure Interaction Using Experimental
Data and FEM Modeling, Sandra H. Seale, Emily Stinson, Jamison H.
Steidl, and Paul Hegarty (Poster 082)
Using a fully instrumented soil-foundation-structure-interaction (SFSI)
test structure installed at the Garner Valley field site, NEES@UCSB hopes
to improve understanding of SSI and study temporal changes in
structural response. The SFSI test structure is unique in its ability to
record in situ response of a structure to ambient earthquakes. In
addition, a 1DOF shaker is attached to the underside of the roof and runs
every night. This nightly experiment has provided a valuable data set that
documents changes in structural behavior with changes in the
environment such as seasonal fluctuations in temperature and ground
water level.
We present 3 years worth of nightly test data and calculate the primary
resonance modes of the SFSI structure. The first resonance frequency of
5.7Hz shows a "split" during warmer weather and there is a correlation
between resonance and temperature and water table depth.
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We also present the results of a SAP 2000 FEM model of the SFSI
structure. In order to obtain the first resonance mode of 5.7Hz, springs
with respective vertical and horizontal stiffness of 30,000 and 15,000
kn/m3 were applied, which is consistent with the typical subgrade
modulus of silty sand. Synthetic response of the structure was
computed, using free field data from events recorded at GVDA. There is
excellent agreement between the synthetic records and the recorded
response of the SFSI structure.

Seismicity and Tectonics of the Lake Tahoe Basin through the Truckee,
California Region, Tyler C. Seaman, Christine J. Ruhl, Gretchen C.
Schmauder, and Ken D. Smith (Poster 090)
East dipping range bounding normal faults, NE-trending sinistral, and
NW-trending dextral strike-slip faults of the Tahoe-Truckee, CaliforniaNevada area define the transtensional strain environment of the Northern
Walker Lane. North of Long Valley, California, the Sierran front is
comprised of a series of left-stepping normal faults that terminate in the
northern Lake Tahoe basin area. Directly north of Lake Tahoe, slip is
transferred through the Truckee, California area and northward through a
complex distribution of primarily conjugate strike-slip and minor normal
fault systems. The recent identification of the Polaris fault zone extends
Northern Walker Lake Belt dextral slip south of the Mohawk Valley fault
zone to Truckee. The region accommodates as much as 10 mm/yr of
dextral shear and has a history of M6+ earthquakes. In contrast to the
general lack of background seismicity associated with major range
bounding normal faults in the Tahoe region, there is abundant seismicity
north of the Lake through this slip transfer zone (i.e., focal mechanisms of
small magnitude earthquakes provide limited constraints on the dips of
major range bounding normal faults). A NE-SW-trending zone of
seismicity north of Lake Tahoe and extending into southeast Reno,
Nevada, includes several M4+ strike-slip and normal faulting sequences,
and numerous identifiable structures. An M4.5 (2004), M4.8 (2005), and
associated general increase in seismicity in the N. Tahoe area may have
been triggered by broader deformation resulting from a Moho-depth dike
injection event in late 2003 (von Seggern et al., 2008). We incorporate
moment tensor solutions, short-period focal mechanisms, and highprecision event locations to model slip transfer processes between the
northern extent of primary range front faults in the Lake Tahoe basin
through the North Lake Tahoe area and into the strike-slip faults of the
Northern Walker Lane Belt.

Distribution of deformation in a dextral fault-tip damage zone revealed
from neotectonic mapping and high-resolution ALSM topography, Jacob
A. Selander and Michael E. Oskin (Poster 131)
Fault segmentation and connectivity controls potential earthquake sizes
and seismic hazard. Because longer fault ruptures produce larger
earthquakes, it is important to understand the processes by which faults
lengthen and how strain is distributed into the crust surrounding fault
tips. Also, deformation in fault-tip damage zones could contribute to
additional seismic hazard via earthquakes on unknown or blind
secondary faults, and some strain may accumulate aseismically,
reducing overall hazard. To investigate spatial and temporal styles and
patterns of deformation at a fault tip, we studied the northwestern Gravel
Hills Fault (GHF) in the central Mojave Desert, California. The ~65 kmlong GHF is an actively propagating dextral fault that terminates at its
northwestern end into a 4km-long, 7km-wide, ~200m deep topographic
depression. This fault tip lies 25 km southeast of the Garlock fault, and
there are no obvious connections from the northern GHF to the Garlock
or other nearby active faults. Field observations and interpretation of new
ALSM topographic data collected for this study shows the distribution of
deformation along the GHF and beyond the termination of faulting. A set
of active en-echelon faults and gentle folds define a 3km-wide
deformation zone that extends 10km along strike of the GHF. The faults
record polyphase histories with initial dip-slip motion transitioning to
dextral slip with propagation of the GHF. Analysis of syn-tectonic
stratigraphy proximal to the fault tip shows that a depocenter formed and
migrated northwest ahead of the GHF, consistent with elastic strain
distribution in the crust at the termination of dextral fault rupture. This
suggests that a portion of coseismic elastic strain has accumulated
permanently in the volume of rock surrounding the tip of the GHF. We
interpret our results to infer a spatio-temporal sequence of deformation in
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the fault-tip damage zone ahead of the GHF: First, long-wavelength (510km) gentle warping accumulates ahead of the fault tip, followed by
short-wavelength (0.5-1km) folds associated with the leading edge of
faulting in the damage zone. Faulting initiates as en-echelon reverse
faults, evolving to dextral slip with accumulated displacement. From our
analysis we conclude that not all strain in the GHF damage zone
accumulated through surface rupturing earthquakes; rather a component
is accumulated aseismically through permanent, non-elastic deformation
of the surrounding crust.

The search for repeating earthquakes in the northern San Francisco Bay
area, Nader Shakibay Senobari and Gareth J. Funning (Poster 068)
Repeating earthquakes (REs) are sequences of identical repeating
events, which are recurring either irregularly (aperiodic) or nearly regularly
(quasi-periodic). There are two important characteristics of the events in
a RE sequence: they have the same source characteristics (i.e.
magnitude and mechanism) and they have the same location and
therefore their waveforms at the same stations are extremely similar.
Several authors have proposed that the quasi-periodic REs result from
recurrent rupture of a small locked patch on a fault surface surrounded
by a larger area of creep. The implication is that any detection of
characteristic REs along a fault can be interpreted as a signature of the
creep at depth on that fault. In addition, REs can be used for locating
faults and determining their geometries at depth. In this study, we are
looking for REs on the northern Rodgers Creek and southern Maacama
faults near Santa Rosa, CA. There is some observational evidence for
creep along portions of these faults (e.g. from InSAR, alignment arrays
and offset cultural features) but the depth of creep on both faults is still
unknown. Finding the locations of REs in this area, and combining them
with geodetic data, will help us to place stronger constraints on the
distributions of aseismic slip on both the Rodgers Creek and Maacama
faults.
In order to identify such events, we use data from the Northern California
Seismic Network (NCSN) for the period from 1984 to July 2013. We used
earthquake waveforms from 2080 events located inside a 25 by 30 km
area around Santa Rosa. We choose 7 stations located both inside and
outside the selection area at distances of up to 50 km. We calculate the
coherence for all pairs of events for each station during the time that the
sensor has not been changed (mostly from 1987 to 2013). We align the
waveforms using P arrival times from the NCSN catalog. The time
windows for the seismogram analysis are set at 0.2 sec before and 10.2
sec after the P-wave arrivals. This time window always contains the S
phase, which guarantees that the waves have the same S-P time (i.e. the
same location) if they have high cross-correlation coefficients. We
calculate the cross-correlation function by allowing a maximum time shift
of 0.5 sec (50 samples) in the time domain. An earthquake pair is chosen
to be a candidate for REs when the maximum cross-correlation
coefficients at 1–15 Hz are larger than 0.95 at four or more stations. We
then link a pair of REs with another pair if the two share the same
earthquake.
We find 49 such clusters of highly correlated events that are candidates
for RE sequences. Using the northern California double-difference
earthquake catalog (Waldhauser and Schaff, 2008), we find that they are
mostly located close to the Rodgers Creek fault trace. In order to confirm
whether these clusters are indeed REs, additional tests (e.g. phase and
amplitude coherence, time recurrence, visually inspect) must be
performed.

SCEC USEIT Program: Implementing GIS, UCERF3, and OpenSHA data in
SCEC-VDO, Hannah Shamloo, Lindsay Arvin, Karina Novoa, Dan Philo, Ani
Pytlewski, Jing Yuan, Kevin Milner, Scott Callaghan, Dave Smith, Nick
Rousseau, Yao Yi Chiang, Thomas Jordan and Robert de Groot (Poster
280)
The goals of the 2013 Undergraduate Studies in Earthquake Information
Technology (USEIT) Grand Challenge were to display important
components of the new Uniform California Earthquake Rupture Forecast
Version 3 (UCERF3), Northridge-size earthquakes, and software
improvements in SCEC Virtual Display of Objects (SCEC-VDO). SCECVDO is an object-oriented, open source, visualization for displaying
earthquake science. As the Production Team, our role was to develop
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visualization products for the Grand Challenge using SCEC-VDO. Given
the new UCERF3 data, we compared UCERF2 models and highlighted
the contrast between the two. As the 20th Anniversary of the January
17th 1994 Northridge Earthquake approaches, USEIT interns have
collaborated to commemorate and reinforce the importance of
understanding earthquakes in Southern California. The Production Team
accomplished this task by working with the GIS/Data Team in order to
update hazard data in Northridge and other parts of Southern California
including population densities, infrastructure and causality probabilities.
In order to complete the 2013 Grand Challenge, close and concentrated
collaboration with the Development Team was also necessary so that the
ideas and responsibilities of the Production Team could be performed
through SCEC-VDO. The Production Team created over 40 visualizations
that could be used by researchers to communicate earthquake science
to a wide variety of audiences.

Deterministic Models of Aftershocks, Bruce E. Shaw, Keith B. RichardsDinger, James H. Dieterich, and Heming Xu (Poster 164)
While a wide variety of physical models have given a broad set of
candidates able to explain the temporal dependence of aftershocks,
explaining the spatial dependence of aftershocks remains an open
challenge. Statistical models assuming a spatial dependence have been
widely used to simulate synthetic aftershock sequences. Combined
physical and statistical models have recently been developed as well. But
a deterministic physical model which reproduces these observations
remains, to our knowledge, thus far unachieved. A key difficulty is
explaining the rich population of aftershocks on --or close to-- the
rupture surface, where, nominally, shear stresses would have been
expected to be reduced. Dieterich and co-workers have suggested one
potential explanation, that fault roughness creates stress heterogeneities
which then trigger aftershocks close to the rupture surface. Here, we
extend this idea looking at impacts of multiple rough strands on fault
mechanics and earthquake dynamics. To do this, we generalize the
RSQSim rate-and-state friction earthquake simulator in two ways. First,
we allow for remote loading, rather than backslip loading, so the system
chooses how it partitions slip. Second, we use multiple subparallel fault
strands, something the boundary element method is found to be capable
of handling. We find a number of interesting features. First, multiple
rough strands allows a fault system to behave much more like a
smoother fault, diminishing locking effects through cooperative system
motions. Next, we examine aftershocks on the subparallel fault strands.
As hoped for, we find a rich population of aftershocks along areas which
have ruptured. To examine further this potential physical explanation,
quantitative measures of the spatial dependence and productivity of
aftershocks are presented and compared with observations.

Stochastic Descriptions of Basin Velocity Structure from Analyses of
Sonic Logs and the SCEC Community Velocity Model (CVM-H), John H.
Shaw, Andreas Plesch, and Thomas H. Jordan (Poster 124)
A trend of numerical wave propagation studies to shorter periods (> 2 Hz)
has been facilitated by sustained increases in computational power, and
has created a demand for higher resolution velocity models (e.g., Olsen
and Jacobsen, 2011). Building such models is challenging, in part
because geologic and seismologic data indicate that fine-scale elastic
inhomogeneities can be strong in sedimentary basins and have spatially
anisotropic statistical distributions (Magistrale et al., 1996; Süss and
Shaw, 2003; Brocher, 2005). While we have local measures of fine-scale
velocity structure (down to meter scales) along boreholes with sonic logs,
there is not a sufficient density of such samples to facilitate the
development of a deterministic regional model. Thus, we propose to
develop a statistical description of fine-scale velocity structure, informed
by these local observations, to enhance the community models so that
they can support higher-frequency simulations. This past year, we
analyzed wells in the Los Angeles basin and characterized the fine-scale
velocity structure that is not represented in the current community
velocity model (CVMH 11.9). We examined 103 wells with sonic logs in
the basin extending to depths of 6.5 km. Moreover, we have assessed
vertical and horizontal correlations of this fine-scale velocity (Vp)
structure using a closely spaced subset of these wells. Most recently, we
have analyzed a larger subset of closely spaced wells in an area covered
by 3D seismic reflection data to explore further the horizontal correlation

lengths of velocity structure. Our goal is to use these measure to develop
stochastic representation of fine-scale velocity structure that can be
incorporated into new versions of the CVMH.

Analyzing the evolution of total and anomalous strain in Southern
California following the 2010 El Mayor-Cucapah Earthquake, Gina
Shcherbenko and William Holt (Poster 267)
Anomalous strain in Southern California has been detected and
calculated using continuous GPS observations from PBO over various
time epochs ranging from 1 day to 2 years. Detailed epoch analyses of
strain anomalies following the 2010 El Mayor-Cucapah and 2012 Brawley
Swarm events revealed extensive postseismic deformation and
unloading on portions of the San Andreas Fault south of the Garlock
Fault. Total accumulated strains and anomalous strains are summed to
analyze their evolution in the 2 years following El Mayor-Cucapah
earthquake and leading up to the 2012 Brawley Earthquake Swarm.

Organic thermal maturity as a proxy for frictional fault heating:
experimental constraints on biomarker kinetics at earthquake
timescales, Rachel E. Sheppard, Pratigya J. Polissar, and Heather M.
Savage (Poster 021)
The temperature rise during an earthquake is a reliable indicator of shear
strength and localization along faults. We examined the thermal alteration
of organic compounds in fault zones. Methylphenanthrenes are a type of
organic molecule whose chemical alteration when exposed to heat is the
basis for the established methylphenanthrene index MPI-1, which is
correlated to vitrinite reflectance. However, previous experiments
examining the kinetics of these reactions were conducted at longer time
periods than suitable for the duration of temperature rise during an
earthquake. We conducted twelve hydrous pyrolysis experiments in a
small, low-thermal inertia stainless steel reactor to study how
methylphenanthrenes change under controlled conditions at short
timescales. Experiments were conducted with Woodford Shale, a wellstudied benchmark for organic thermal maturity, under hydrous anoxic
conditions. From each experiment, phenanthrenes were analyzed in the
solid residue (the rock sample that would be taken from an exhumed
fault) and the expelled liquid (pyrolyzate, the mixture of water and
expelled oil). These experiments sought to determine the changes in
MPI-1 that result from controlled periods of heating at various
temperatures (unheated and 265-345oC) and durations (15-160 minutes
for
the
heated
samples).
Our
results
demonstrate
that
methylphenanthrenes are sensitive to minutes of heating, and are thus
effective paleothermometers for fault zones. The change in
methylphenanthrenes with time and temperature allowed us to determine
the activation energy and pre-exponential factor for the MPI-1 alteration,
allowing temperatures during earthquakes to be constrained from the
biomarker data.
As methylphenanthrenes are consistently found in faults shallower than 4
km, this method will allow for more accurate estimation of the maximum
temperature rise that occurred during slip on previously studied faults.
Our kinetics were applied to estimate the temperature rises of the Muddy
Mountain Thrust in Nevada, the Punchbowl fault in Southern California,
and the proto-decollement on Sitkinak Island, Alaska. All three faults
show no difference in MPI-1 on- and off-fault. Our methylphenanthrene
kinetics were applied to these faults to more accurately estimate the
maximum temperature rise that could have occurred without raising the
temperature enough to be detected in the methylphenanthrene record of
thermal maturity.

4D maps of fault aseismic slip obtained through multitemporal InSAR
and time-dependent modeling, Manoochehr Shirzaei (Talk Tue 11:30)
Studies of large-scale, time-dependent fault slip have been limited, due
to the sparse distribution and frequency of deformation measurements.
InSAR observations have been an important addition for nearly two
decades. The continually growing SAR data set allows detecting more
subtle and longer-term variations from the secular deformation rates.
Time-variable slip affects hazard estimates in three ways; 1) it changes
the estimate of a fault’s slip budget, 2) it introduces changes in stress
rate on individual fault segments that could have consequences for
earthquake timing, and 3) characterizing the kinematics of time variable
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fault slip leads to better constraints on earth structure and fault frictional
parameters. Here, I present new advances in the field of InSAR time
series including, multitemporal single- and multi-track InSAR as well as
multi-sensor-multitemporal InSAR. These new algorithms allows
resolving the high precision time series of the surface deformation using
data acquired from a single track or two overlapping tracks of same
satellite or multiple ascending and descending tracks of different
satellites. Wavelet transforms are the main component of these
algorithms for pixel selection and filtering. Through a time-dependent
inversion scheme and in combination with GPS and repeating
earthquakes, the InSAR deformation time series is used to obtain the 4D
map of the creep on the Hayward fault. This map includes a zone of high
slip deficit that may represent the locked rupture asperity of past and
future M≈7 earthquakes. It also comprises the source areas of the
February 1996 and July 2007 slow-slip events. Moreover, the map
identifies several additional temporal variations in creep rate along the
Hayward fault, the most important one being a zone of accelerating slip
just to the northwest of the major locked zone. The fault creep imparts
stress on the major locked zone at a rate of ~0.003 MPa/yr in addition to
the background loading rates. Using this map I estimate that slip-rate
deficit equivalent to Mw 6.3-6.8 has accumulated on the fault, since the
last event in 1868. The probability of major earthquakes can be affected
by the imparted stress from the recent earthquakes and the fault creep
transients. I estimate that the 1-day probability of a large event on the
Hayward increased by up to 50% due to the July 2007 south Oakland
event (Mw4.2), highlighting the importance of short-term probability
changes due to transient stress changes.

The Importance of Glacial-Isostatic Adjustment in Determining Rates of
Crustal Deformation along the Pacific Coast of the USA and Mexico,

Using the Broadband Platform for Strong Ground Motion Simulation and
Validation, Fabio Silva, Philip J. Maechling, Christine Goulet, Paul

Maximum Future and Past Peak Ground Velocity (PGV) within Greater Los
Angeles Basins from San Andreas Events: Scaling Relationships, Norman

Somerville, Thomas H. Jordan, and Broadband Platform Working Group
(Poster 204)
The Southern California Earthquake Center (SCEC) Broadband Platform
is a collaborative software development project involving SCEC
researchers, graduate students, and the SCEC Community Modeling
Environment. The Broadband Platform is open-source scientific software
that can generate broadband (0-100Hz) ground motions for earthquakes,
integrating complex scientific modules that implement rupture
generation, low and high-frequency seismogram synthesis, non-linear
site effects calculation, and visualization into a software system that
supports easy on-demand computation of seismograms.
The Broadband Platform operates in two primary modes: validation
simulations and scenario simulations. In validation mode, the Platform
runs earthquake rupture and wave propagation modeling software to
calculate seismograms of a historical earthquake for which observed
strong ground motion data is available. Also in validation mode, the
Platform calculates a number of goodness of fit measurements that
quantify how well the model-based broadband seismograms match the
observed seismograms for a certain event. In scenario mode, the
Platform can run simulations for hypothetical (scenario) earthquakes. In
this mode, users input an earthquake description, a list of station names
and locations, and a 1D velocity model for their region of interest, and the
Broadband Platform software then calculates ground motions for the
specified stations.
By establishing an interface between scientific modules with a common
set of input and output files, the Broadband Platform facilitates the
addition of new scientific methods, which are written by earth scientists
in a number of languages such as C, C++, Fortran, and Python. The
Platform’s modular design also supports the reuse of existing software
modules as building blocks to create new scientific methods. Working in
close collaboration with scientists and research engineers, the SCEC
software development group continues to add new capabilities to the
Broadband Platform and to release new versions as open-source
scientific software distributions that can be compiled and run on many
Linux computer systems. Our latest release includes the addition of 3
new simulation methods and several new data products, such as map
and distance-based goodness of fit plots. Finally, as the number and
complexity of simulations increase, we have added batching utilities to
substantially improve support for running large-scale simulations on
computing clusters.
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Alexander R. Simms and Kurt Lambeck (Poster 024)
Many constraints on the rate of tectonic uplift along the active Pacific
Coast margin of central North America are determined from the
difference between global sea levels and the modern elevation of uplifted
marine terraces. However, modern glacial-isostatic adjustment (GIA)
theory suggests that the elevations of past sea levels are not constant
throughout the globe. Hence, assuming a sea-level history deduced from
far away locations may not be an appropriate reference curve for
calculating tectonic uplift rates along the Pacific Coast of North America
and elsewhere. In this study, we compute the GIA contributions to
examine their impact, if any, on geographic variations in sea-level
elevations over the last glacial-eustatic cycle, including their effects on
using marine terrace elevations to determine uplift rates. Our results
show that, in the absence of tectonics, sea levels varied along the Pacific
margin during marine isotope stages (MIS) 5e, 5c, 5a, and 3 as well as
the Last Glacial Maximum. Some of the best age and elevation
constraints on sea-level highstands along the Pacific Coast were
obtained from the southern California Coast but our model results
suggest that if the GIA effects are ignored the resulting uplift rates for
locations north of San Simeon or south of the USA-Mexico border may
be in substantial error. Hence, current rates of uplift for many parts of the
Pacific Coast of central North America deduced from marine terraces
should be revised to reflect the important variations in the magnitude of
past sea levels that occur as a function of location due to GIA.

H. Sleep and Brittany A. Erickson (Poster 222)
Major earthquakes on the San Andreas Fault produce strong Love waves
within greater Los Angeles basins. Scaling relations for past maximum
peak ground velocity (PGV) and future nonlinear attenuation arise
because dynamic strain within the uppermost few hundred meters is
approximately (particle velocity)/(phase velocity). The dynamic stress is
this strain times the rigidity G. In regions of initially stiff (high G) exhumed
sedimentary rocks, G self-organizes so that it increases linearly to some
damage depth Z. Damage and nonlinear attenuation occur when
dynamic stress exceeds frictional strength (density*gravity*depth-fluid
pressure)*(coefficient of friction). The shallow rock cracks frictionally and
becomes more compliant in each major event until a critical rigidity
versus depth is achieved where damage in typical events stochastically
restores cracks that healed between events. The S-wave velocity then
increases with the square root of depth down to Z. Post-seismic healing
does not significantly affect this relationship within active areas. For 1857
and earlier events, the Greater Los Angeles water table was shallow to
artesian. Assuming hydrostatic fluid pressure, density 2250 kg/m3, 3-4
sec period waves, and a coefficient of friction of 1 yields past PGV of 1.7
to 0.4 m/s assuming S-wave velocity at 50 m depth of 500 and 1000 m/s.
Nonlinear attenuation in such self-organized regions goes from moderate
to strong once the PGV and dynamic strain of past strong events is
exceeded. Nonlinear attenuation changes from very shallow depths to
the full depth of the damaged zone Z. In regions where G increases
slowly with depth, the depth of nonlinear behavior and nonlinear
attenuation increase gradually with PGV. Human-made drawdown of the
water table in Greater Los Angeles since 1857 is significant. For example,
the drawdown of ~60 m in Central Los Angeles has increased the
amplitude of the Love wave that propagates linearly by up to 25%.
Attention needs to be given to localities (waveguide gates) where SCEC
community models show that strong Love enter the basins. Future
earthquake damage from liquefaction is already a criterion for managing
Greater Los Angeles ground water. Serious consideration should be
given to keeping the water table shallow within waveguide gates to
nonlinearly attenuate surface waves before they impinge on the rest of
the basin, as numerical calculations become more informative.

End-User Application for Generating Stochastic Stress, with Applications
to the Community Stress Model, Special Fault Study Areas, and Dynamic
Rupture Modeling, Deborah E. Smith and Steven Golden (Poster 181)
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Understanding the 3D crustal stress field and its spatial variation for
different regions in the Earth’s crust is a critical component for any
earthquake hazard assessment or dynamic rupture modeling. Given that
tectonically active areas can be geometrically complex, filled with
fracture networks at different scales on which dislocations occur, and the
slip in earthquake dislocations can be quite variable spatially, it is
reasonable to assume that stress is spatially variable or heterogeneous at
some scale.
Based on the model of Smith and Heaton [2011], but with expanded
options, we have built a downloadable software application that allows
the end-user to generate their own stochastic spatially-variable stress.
The application is intended to be utilized by scientists who wish to add a
2D stochastic stress overlay to their fault planes for dynamic rupture
simulations or add a 3D stochastic overlay to their regional stress
models. As in Smith and Heaton [2011], the model is controlled by two
primary stochastic parameters: 1) alpha, which is the linear fall-off of the
spectral amplitude as a function of spatial frequency along any 1D line
and 2) HR, which is the relative amplitude of the spatial variation to the
spatial mean at some outer scale.
The new application is written in C/C++, leading to runtime performance
gains of an order of magnitude or more compared to an original MATLAB
prototype. Further optimizations reduce its memory use, a limiting factor
for stress model size. The application also includes some new features,
such as an option to generate a divergence-free 2D and 3D stochastic
stress, which is particularly important for dynamic rupture simulations. It
also includes the new ability to automatically scale the filtering with the
fractal dimension of the grid, be it 1D, 2D, 3D, or anything inbetween.
This application addresses three key SCEC4 goals: 1) It can generate
stochastic stress heterogeneity for the Community Stress Model of
Southern California. 2) It can produce finer scale stochastic stress
heterogeneity for special fault study areas. 3) Last, the divergence-free
version of the code could create stochastic pre-stresses appropriate for
dynamic rupture modelers. A beta version is available at the following
website, https://www.dtm.ciw.edu/users/golden/randstress/.

Pseudo-dynamic source modeling with 1-point and 2-point statistics of
earthquake source parameters, Seok Goo Song, Luis Angel Dalguer, and
P. Martin Mai (Poster 227)
Ground motion prediction is an essential element in seismic hazard and
risk analysis. Empirical ground motion prediction approaches have been
widely used in the community, but efficient simulation based ground
motion prediction methods are needed to complement empirical
approaches, especially in the regions with limited data constraints.
Recently, dynamic rupture modeling has been successfully adopted in
physics-based source and ground motion modeling, but it is still
computationally demanding and many input parameters are not well
constrained by observational dat Pseudo-dynamic source modeling
keeps the form of kinematic modeling with its computational efficiency,
but also tries to emulate the physics of source process. In this paper we
develop a statistical framework that governs the finite-fault rupture
process with 1-point and 2-point statistics of source parameters in order
to quantify the variability of finite source models for future scenario
events. We test this method by extracting 1-point and 2-point statistics
from dynamically derived source models and simulating a number of
rupture scenarios, given target 1-point and 2-point statistics. We propose
a new rupture model generator for stochastic source modeling with the
covariance matrix constructed from target 2-point statistics, i.e., autoand cross-correlations. Our sensitivity analysis of near-source ground
motions to 1-point and 2-point statistics of source parameters provides
insights into relations between statistical rupture properties and ground
motions. We observe that larger standard deviation and stronger
correlation produce stronger ground motions in general. The proposed
new source modeling approach will contribute to understanding the
effect of earthquake source on near-source ground motion
characteristics in a more quantitative and systematic way.

Anelastic Attenuation and Elastic Scattering of Seismic Waves in the Los
Angeles Region, Xin Song and Thomas H. Jordan (Poster 078)

The accuracy of earthquake simulations needed for physics-based
seismic hazard analysis depends on good information about crustal
structure. For low-frequency (f < 0.3 Hz) simulations, the most important
structural parameters are the seismic wave velocities, but as the
frequencies increase, seismic wave attenuation becomes more
important. We compare attenuation models that have been recently used
in the CyberShake hazard model (Graves et al., 2011) and other
simulation studies for the Los Angeles region (Olsen et al., 2009; Taborda
& Bielak, 2013) with constraints from local earthquake data out to 10 Hz,
which include those from Hauksson & Shearer’s (2006) attenuation
tomography as well as our own measurements. We show that the
velocity-attenuation scaling relationship for shear waves employed by
CyberShake (QS = 50VS, where VS is in km/s) provides a good
approximation to the average crustal structure at f = 0.3 Hz, but it does
not capture the lateral variations in QS at shallow depths. Moreover, this
frequency-independent model is inconsistent with the high QS values
observed throughout most of the crust at f > 1 Hz. The data indicate a
frequency-dependent attenuation of the form QS ~ fγ, where 0.5 ≤ γ ≤ 0.8.
Anomalously low QS factors are observed at very shallow depths, which
can be explained by a combination of anelastic attenuation and elastic
scattering. The scattering parameters are roughly consistent with smallscale, near-surface heterogeneities observed in well-logs and seismic
reflection surveys in the Los Angeles basin. High-frequency scattering
may also play a role in explaining Hauksson & Shearer’s (2006)
observation that the QP/QS ratio is anomalously low (~ unity). We
summarize the observations in a new attenuation and scattering model
for the CyberShake region that is laterally heterogeneous and frequency
dependent.

New investigations of the October 1999 Hector Mine Earthquake surface
rupture, Frank J. Sousa, Janet C. Harvey, Ken W. Hudnut, Sinan O. Akciz,
and Joann M. Stock (Poster 010)
We report on new field and computer based investigation of the surface
rupture of the October 16, 1999 Hector Mine Earthquake. In cooperation
with the United States Marine Corps Air Ground Combat Center
Twentynine Palms (MCAGCC), our team was allowed ground and aerial
access to the extent of the surface rupture for limited times during
October - December 2012. This locale is an excellent natural laboratory
for detailed study of a major earthquake surface rupture because: 1)
complete circumscription within the boundaries of MCAGCC severely
limit both past and future human disruption of the rupture; 2)
groundbreaking aerial LiDAR survey carried out six months after the
earthquake was followed up by a higher density, wider swath LiDAR
survey in May 2012, making this rupture perhaps the most completely
physically documented of any major rupture. Due to time constraints
imposed by MCAGGC we focused our new research effort along the ~8
km long maximum slip zone of the rupture, roughly corresponding to the
zone of >4 m dextral offset. Our investigation includes 1) walking this
entire section of the fault and making >30 measurements of dextral slip
while photo documenting the current state of the rupture; 2) creating a
difference raster for the entire 8 km maximum slip zone from exactly
congruent DEM’s made from the 2000 and 2012 LiDAR data sets; 3)
documenting the fault traces with a Trimble GeoXH GPS unit (+/- 10 cm);
4) carrying out field checks of a small number of computer-based offset
measurements made using the 2000 LiDAR dataset; and 5) highresolution low-altitude (<100 m AGL) photography of the maximum slip
zone during a helicopter overflight. To date, important results include: 1)
identification of two new maximum slip locations where features are
offset 7.9 m +/- 0.5 m and 6.7 m +/- 0.5 m; 2) a database of >30 offset
measurements; 3) clear changes in fracture visibility in the field, with
some fractures more visible, and others no longer visible, compared to
the 1999-2000 studies; and 4) examples of a few field checks that both
strongly agree and disagree with computer based LiDAR offset
measurements.

Northridge: 20 years later – a educational web portal created for the 20th
anniversary of the Northridge earthquake and beyond, Kathleen Springer,
Erin Burkett, Robert W. Graves, Kenneth Hudnut, Lucile Jones, SCEC
UseIT Interns 2013, Robert de Groot, Mark Benthien, Mark Romano and
Eric Scott (Poster 247)
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On January 17, 1994, a M6.7 earthquake jolted Northridge, California,
resulting in the worst natural disaster to ever befall California as well as
the costliest earthquake in U.S. history. For the 10 million people who
experienced this quake, it remains powerfully in our collective
consciousness. But as we commemorate this event, how best do we
communicate to the generation who missed this temblor the ongoing
risks offered by a southern California rife with faults and stored
earthquake potential?
Fast forward to January 17, 2014 and beyond: an educational
opportunity in the making. We have created a teachable moment for the
public – to learn and reflect, to share and to act. Northridge: 20 Years
Later is a two-decade educational timeline, a retrospective, and a vehicle
for future learning. The web portal and virtual exhibit teems with content,
graphics and video recounting the events of January 1994, revealing
advances in earthquake science and mitigation since that quake, and
relating the real experiences and lessons learned over the past two
decades. The website weaves the science of the Northridge earthquake
with risk communication and preparedness messaging, empowering the
public so that they can make themselves safer. Video interview accounts
of those who experienced the earthquake are tied to the Northridge
ShakeMap and the Community Internet Intensity maps. Utilizing social
media, this site seeks to organically turn into a conversation, allowing the
public to share their own experiences. Science and earthquake hazards
are communicated to the media and the public via engaging
visualizations courtesy of SCEC and their UseIT intern program. With the
premise of “What if a Northridge sized earthquake happened near you?”
the interns created SCEC –VDO (3-D movies), incorporating GIS tools for
exploring the new UCERF V3.3 data, producing visualizations of
earthquake hazard in locations throughout southern California. The
USGS-produced ShakeMaps of the same areas create powerful
complementary graphic imagery. This content segues into the
development and implementation of earthquake early warning and the
ShakeAlert system. Finally, the website content will be woven into the
San Bernardino County Museum’s Hall of Geological Wonders, whose
educational focus makes topical connections to our region; this new
science-based educational product will provide tangible links between
the exhibits and the natural world.

Field Review of Fragile Geologic Feature Studies in Southern California,
Mark W. Stirling and Dylan H. Rood (Poster 230)
We present the results of a field-based review of “well studied” fragile
geologic feature (FGF) sites in southern California. Specifically, we
examine the data, issues and interpretations associated with each FGF
site. Our field review was conducted in September 2012 and comprised
FGF sites in Kern County (hanging wall of White Wolf Fault), Kern
Canyon/Lake Isabella, Lovejoy Buttes (Mojave Desert, near the San
Andreas Fault), Roundtop (between Elisinore and San Jacinto Faults),
Pioneertown area (near Pinto Mountain Fault), Morro Bay (uplifted paleosea stacks near the offshore Hosgri fault), and Red Rock Canyon
(hoodoos near the Garlock fault). We conclude that there is a distribution
of fragilities at each FGF site, the importance of which needs to be better
understood. We consider the most fragile FGFs to be relatively rare
features, so therefore see issues associated with basing fragility
estimates on these most fragile FGFs. In all sites visited, the most fragile
FGFs appear to be no more than a few in number (sometimes just one),
yet the surrounding rock mass is of suitable form (lithology, outcrop
morphology, joint spacing) for formation of hundreds (if not thousands) of
these features. In other words, if the ground motions at these sites are
consistent with the fragility of the most fragile FGFs, then there should be
many more PBRs preserved due to favourable geology and outcrop
morphology. Instead, semi-FGFs are more abundant in these areas. We
therefore hypothesize that the most fragile FGFs are rarities (statistical
remnants) that have somehow survived during earthquake motions, and
that semi-FGFs show a more “representative fragility” that may be a
better constraint on the hazard at the sites. Though we consider the
semi-FGFs to be a more realistic test for the hazard, we still observe
inconsistencies with hazard maps at some sites (e.g. Lovejoy Buttes).

The Effects of Static Coulomb Stress Change on Southern California
Earthquake Forecasting, Anne E. Strader and David D. Jackson (Poster
253)
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In previous studies, we confirmed an association between static
Coulomb stress change and earthquake location in southern California,
when resolving stress tensors onto uniformly oriented northwest rightlateral strike-slip planes (Deng & Sykes, 1997). Using an optimized index
function to convert static Coulomb stress change into normalized
seismicity rates, we found that the Coulomb stress-based forecasts were
not significantly more effective indicators of future earthquake locations
than forecasts based on smoothed seismicity (Hiemer et al., 2011). These
results were likely due to Coulomb stress uncertainties, particularly near
stress singularities at the ends of fault sections where many earthquakes
occurred.
We evaluate hybrid Coulomb stress/smoothed seismicity earthquake
forecasts against those with earthquake rates derived from only one
component, within a southern California study area (32°N-37°N latitude,
122°W-114°W longitude). Using a weighted linear combination of
earthquake rates derived from static Coulomb stress change and
smoothed seismicity, we mitigate the effects of stress uncertainty
through increasing the influence of Coulomb stress on earthquake rates
with increasing distance from faults. We also evaluate time-dependent
Coulomb stress earthquake forecasts based on rate-and-state friction
(Toda & Enescu, 2011 and Dieterich, 1996) against a Poissonian null
hypothesis, from the 10/16/1999 Hector Mine earthquake to the 4/4/2010
El Mayor Cucapah earthquake. From numerical integration, we establish
a normalized seismicity rate for each day, during the target time interval,
from Coulomb stress evolution and the times since all preceding source
earthquakes. During each day we assume seismicity follows a Poissonian
process, with expected rates defined as the rate-and-state seismicity
rates. By pseudo-prospectively testing these spatial and spatiotemporal
earthquake forecasts, we ascertain the role of static and quasi-static
Coulomb stress change in indicating future earthquake locations and
times.

Topographic stress fields and their influence on faulting, Richard H.
Styron and Eric A. Hetland (Poster 183)
Large mountains place gravitational loads on the crust around them,
generating stresses that are comparable in magnitude to tectonic
stresses, and may be resolved as significant shear and normal stresses
on nearby faults. Due to their magnitude (>10 MPa for shear stress and
>50 MPa for normal stress given a 2-3 km high mountain range) and
spatial variation, topographic stresses can potentially influence fault
rupture. To investigate this, we first calculate the topographic stress
tensor field in the upper crust and then resolve the stresses onto
embedded faults. Following Liu and Zoback (1992), we quantify the
stress field by creating Green's functions for each stress tensor
component from Boussinesq's solution for a vertical point load on the
surface of an elastic halfspace, convolving the functions with a digital
elevation model, then correcting for the irregular surface boundary and
topographic spreading forces using Cerruti's solution for a horizontal
point load on the halfspace surface. Thus far we have studied the
Longmen Shan region (China) to compare topographic stresses to the
coseismic slip distribution from the 2008 Wenchuan events, and have
preliminary results for stresses on the Wasatch fault zone (Utah, USA).
Our general results show that the influence of topographic stresses on
faults is dependent on the geometry of the faults and topography; for
example, topographic shear stresses may be resolved as thrust sense on
shallowly-dipping frontal thrusts but normal sense on steeper reverse
faults beneath the range. Therefore, topographic stresses may interfere
positively or negatively with tectonic stresses. Additionally, irregular or
isolated geomorphic features may cause localized changes in both shear
and normal stress on nearby faults that may impact rupture processes. In
the Longmen Shan, the patterns of coseismic slip and topographic
stresses suggest that topography inhibited fault slip on the Beichuan
fault. For instance, topographic dip-slip shear stresses are normal-sense,
dip-slip and normal stresses are negatively correlated with coseismic slip
distance, and slip maxima occur in areas where topographic stresses are
locally lower. However, topographic stresses in the Wasatch fault zone
are normal shear sense (complimenting tectonic stress), and shallow
normal stresses are elevated in some locations thought to be rupture
barriers.
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The November 2011 M5.7 Oklahoma Earthquake: Induced or Triggered?,
Danielle F. Sumy, Elizabeth S. Cochran, and Fred Aminzadeh (Poster 133)
On 6 November 2011, a M5.7 right-lateral strike-slip earthquake ruptured
a section of the Wilzetta fault that strikes approximately N55E in Prague,
Oklahoma. This earthquake was preceded by a right-lateral strike-slip
M5.0 foreshock that occurred on 5 November 2011 and followed by a
left-lateral strike-slip M5.0 aftershock that occurred on 8 November 2011.
Seismicity during the sequence delineates three distinct near-vertical
fault planes. The M5.0 foreshock was within several hundred meters of
two active, high-volume injection wells, and thus was interpreted as
potentially induced by Keranen et al. [2013]. Immediately following the
M5.0 foreshock, three temporary seismometers were installed, with
additional 44 stations installed after the M5.7 mainshock. These 47
stations recorded thousands of foreshocks and aftershocks that
surrounded the three M≥5.0 events.
We hypothesize that while the M5.0 foreshock (Event A) is potentially
induced by anthropogenic activities, the static stress change imparted by
this event triggered the M5.7 mainshock (Event B). To investigate this
hypothesis, we calculate the static Coulomb stress change on 110 focal
mechanism solutions examined in this study. Many of the focal
mechanisms are consistent with the rupture planes defined by the
seismicity of Events A and B. However, several of the focal mechanism
solutions exhibit dip-slip focal mechanisms and/or are more consistent
with the M5.0 aftershock (Event C). Event C occurs on a previously
unmapped, east-west striking left-lateral fault plane, which differs
substantially from the orientation of Events A and B. The diverse range of
focal mechanism solutions suggests complex fault interactions within the
Wilzetta fault system.
Based on these focal mechanism solutions, we investigate the static
stress changes imparted on the aftershocks that result from each of the
M≥5.0 earthquakes. We find that the stress change induced by the Event
A increases the stress at the hypocentral location of Event B. However,
the model results suggest approximately 40% of the events, including
Event C, experience a Coulomb stress decrease. This result likely reflects
a limitation of the Coulomb modeling, but could also suggest fluid
migration and/or dynamic stress triggering may play a role. Thus, while
we find that wastewater fluid injection may be to blame for the M5.0
foreshock, static stress changes are responsible for triggering the
mainshock.

Variability of Fault Slip Behaviors along the San Jacinto Fault, Inferred
from Characteristically Repeating Earthquake Activity, Taka’aki Taira
(Poster 092)
Characteristically repeating earthquakes (CREs) are a sequence of events
that have nearly identical waveforms that have hypocenters that are
coincident to resolutions of a few meters. Events in repeating earthquake
sequences have nearly the same magnitudes and have recurrence
intervals, that generally vary in proportion to the inverse of the creep rate
on the fault where the CREs are located. The location, magnitude and
recurrence interval properties of the sequences can be used to infer the
spatial and temporal distribution of deep aseismic slip rates that are
continually loading the asperities of the sequences to repeated failure. In
effect, the sequences can act as creepmeters at seismogenic depths. We
systematically search for CREs along the San Jacinto Fault, by analyzing
about 20 years of historical seismic data (1992-2013) recorded from the
Anza Broadband Seismic Network and California Integrated Seismic
Network. To identify smaller CREs, we also integrate high-quality data
(2006-2013) from an array of borehole network operated by Plate
Boundary Observatory. Seismograms from 25,000 Anza local
earthquakes that were occurred within 25 km from the epicenter of the
2005 Mw 5.2 Anza earthquake. Following Nadeau and McEvilly (2004,
Science) and Zhao and Peng (2009, GJI), we use a waveform crosscorrelation approach with a 5.12-sec time window beginning with the first
P-phase arrival. This time window typically includes the direct S-wave
and S-coda. We evaluate the waveform similarity for a pair of
seismograms in the vertical component with an 8-24 Hz bandpass filter
based on the waveform cross-correlation coefficient and the phase
coherency. To minimize the false detection of repeating earthquakes, we
identify a pair of earthquakes as repeaters if both cross-correlation

coefficient and the coherency are greater than 0.95 obtained from at
least two stations. Our preliminary result shows that a set of CRE
sequences are located near the depth of the brittle-ductile transition (~15
km depth) and below the locking depth (11 +/- 2 km) estimated by
Wdowinski (2009, NatureGeo), which may suggest that the CREs reflect
deep fault slips along the San Jacinto fault.

New Constraints on the Active Tectonics of Southern California Revealed
by Cluster Analysis of GPS Velocities, Wayne Thatcher, James C. Savage,
and Robert W. Simpson (Poster 043)
We apply cluster analysis of the southern California GPS velocity field
(from the 2014 USGS National Seismic Hazard Map data base with
standard deviations < 1 mm/yr) to objectively define regions of possible
block-like behavior and to determine velocity gradients that locate the
most important faults and the elastic strain associated with them. Ten
well resolved clusters are statistically significant and spatially distinct
with small overlap. In map view, the cluster solutions shows bands of
relatively constant velocity sub-parallel to the San Andreas (SAF) and San
Jacinto (SJF) faults and the major faults of the eastern Mojave shear zone
(EMSZ). These bands are due both to elastic strain accumulation on the
SAF and relative motion across lower slip rate faults in the EMSZ and Los
Angeles and Ventua basins.
At the largest scale, cluster analysis results show two main trends. One
defines the SJ and SA faults from northwest of the Salton Sea to
Parkfield; the second boundary suggests that the defined Eastern
California Shear Zone could be extended farther south to the Salton Sea.
The short ~80-km-long San Gorgonio Pass-San Bernardino Mountains
segment of theSAF that lies between the two main trends has a much
lower slip rate, ~7 mm/yr of right-lateral oblique convergence.
As generally shown by previous GPS and geologic studies, right-lateral
strike-slip movement rates vary considerably along the SAF. In the
Imperial Valley the rate is ~40 mm/yr; east of the Salton Sea it drops to
~20 mm/yr, with 10-15 mm/yr having been shunted westward to the SJF;
north of the Salton Sea ~10-15 mm/yr of strike-slip is transferred to the
faults of the eastern Mojave; therefore the east-trending faults of San
Gorgonio Pass take up only ~5 mm/yr of strike slip and ~equal amounts
of north-south shortening; on the Mojave segment of the SAF the slip
rate increases to ~15-20 mm/yr in the vicinity of Cajon Pass because of
transfer of SJF slip back onto the San Andreas; northwest of Tejon Pass
the rate increases again to the north to 25-30 mm/yr on the SAF on
Carrizo Plain and at Parkfield. We speculate this increase is due to
transfer of motion on E-W oriented thrust faults in the Los Angeles and
Ventura Basins along the right-lateral western San Gabriel fault back onto
the SAF near Tejon Pass. Although there is general agreement with
geologic slip rates, our GPS rates for the San Gorgonio and Mojave
segments of the SAF differ significantly from consensus geologic
estimates.

A Vs30 Map for California incorporating Geology, Topography, and In Situ
Measurements, Eric M. Thompson, David J. Wald, C.B. Worden, and
Chloe Gustafson (Poster 233)
In many earthquake hazard applications, such as ground motion
prediction equations (GMPEs), building codes, and earthquake hazard
mapping, site response is often estimated through empirical correlations
with the average shear-wave velocity to 30 m depth (Vs30). These
applications therefore depend on availability of Vs30 maps at local
regional, and global scales. Vs30 data, however, is sparse, and a second
proxy is needed to estimate Vs30 at unsampled locations. We present a
new Vs30 map for California, which accounts for observational
constraints from multiple sources and spatial scales, such as geology,
topography, and in situ Vs30 measurements. We apply the kriging-witha-trend mathematical framework to combine these constraints for
predicting Vs30. For the Vs30 trend, we start with geology-based Vs30
values and identify two distinct trends between topographic slope and
the residuals from the geology Vs30 model. One trend applies to all the
Quaternary alluvium (Qal) geologic units (including those in the Imperial
Valley and the Los Angeles Basin) as well as Qal,fine. The second is
slightly stronger and applies to Pleistocene sedimentary units (incluing
Qoa, Qs, and QT). The kriging-with-a-trend framework ensures that the
resulting map of California is locally refined to reflect the rapidly
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expanding database of Vs30 measurements. This method for mapping
Vs30 is analogous to the method of mapping ground motion intensities
that is currently employed by ShakeMap, where the spatial proxy (eventcorrected
GMPEs)
is
locally
refined
to
reflect
the
instrumental/macroseismic observations. We compare the accuracy of
the new mapping method to previously developed maps of Vs30 for
California. We also illustrate the sensitivity of ground motions to the new
Vs30 map by comparing real and scenario ShakeMaps with Vs30 from
our new map to those for existing Vs30 maps.

Extending Seismic Tomography along the San Andreas Fault to the Lower
Crust with Low Frequency Earthquakes, Clifford Thurber, Kara
McClement, David Shelly, Danielle Sumy, Ninfa Bennington, Dana
Peterson, Elizabeth Cochran and Rebecca Harrington (Poster 119)
Similarities within families of low frequency earthquakes (LFE's) occurring
within non-volcanic tremor (NVT) beneath the San Andreas fault (SAF) in
central California facilitates applying high-precision location techniques
to the LFE's and tomographic imaging of the tremor zone. This will allow
us to examine the geometry and character of the SAF deep in the crust
and evaluate the lithologies and physical conditions (e.g., fluid content)
surrounding the tremor zone. We build on the work of Shelly and
coworkers (Shelly et al., 2009; Shelly and Hardebeck, 2010) to stack and
pick LFE "tremorgrams" for temporary stations and other stations not
previously analyzed. Our initial work focused on the 2001-2002 PASO
array and 15 LFE families directly beneath it. Augmenting our existing
PASO earthquake and explosion dataset with the LFE picks allows us to
extend our PASO tomographic model deeper to include the tremor zone,
where we find slightly reduced Vp and more sharply reduced Vs near the
LFE locations. We are expanding our work to include PASO records of
more distant LFE families as well as other seismic stations. We find that
the high amplitudes and more frequent recurrence of LFE's SE of PASO
results in high quality stacks for most PASO stations. We can also
produce good stacks for weaker, less frequent LFE's NW of PASO. We
will present examples of our new tremorgrams along with preliminary LFE
relocations.
There are three main goals for this project. One is to extend the existing
Vp model and develop a new Vs model to cover the depth range of the
NVT present beneath the SAF near Parkfield. The presence of ambient
and triggered NVT in this area has mainly been attributed to the presence
of fluids (Ghosh et al., 2008; Peng et al., 2008, 2009; Nadeau and
Guilhem, 2009; Thomas et al., 2011; Hill et al., 2013). The velocity models
we will develop will also help constrain the lithologies and conditions
present in the NVT zone. The second is to locate all well-recorded LFE
families in the region using new data from the multiple networks and
arrays. Previous studies have yielded different results for the depths of
LFE's and NVT, their degree of spatial clustering, and their epicenters
relative to the SAF surface trace. These differing results lead to different
conclusions about the origin and nature of SAF NVT. A third is to develop
a 3D regional Vs model for determining improved earthquake locations
and for carrying out waveform modeling and geodetic calculations.

Documenting at least 1300 years of aseismic slip: en-echelon shear
bands and small-scale ground cracking at the Dry Lake Valley
Paleoseismic site along the central San Andreas Fault, Nathan A. Toké, J.
Barrett Salisbury, J Ramón Arrowsmith, Lawrence T. Kellum, Ephram
Matheson, J. Kade Carlson, Daniel Horns, Tsurue Sato, Nicole Abueg,
James Anderson and Jeff Selck (Poster 025)
Observations of major subduction zone earthquakes and results from
numerical modeling of faults have demonstrated that the creeping
sections of plate boundary faults can participate in large ruptures. It is
therefore important that the geological record of slip along the central
creeping section of the San Andreas Fault (SAF) be documented for
better characterization of earthquake hazard throughout California and
for understanding the range of behaviors of faults with potentially mixed
seismic and aseismic strain release. We opened nine trenches in 2012
and 2013 near the center of the creeping section of the SAF at the Dry
Lake Valley paleoseismic site (DLV site; 36.46791, -121.05564). Here, the
surface trace steps several times, forming sag ponds and pressure ridges
within a low-relief alluvial fan complex sloping to the southwest. We
trenched both sag pond and fan stratigraphy, revealing a record of

150 | Southern California Earthquake Center

deformation extending back more than 1300 years. This record was
documented by constructing 3D surface models and orthorectified
photomosiacs of the trench walls using structure from motion as
implemented in Agisoft Photoscan. The resulting geometric models and
high resolution texture maps provide valuable base information for
documenting trench exposures. The primary structures observed in these
trenches are discontinuous, left-stepping, en-echelon shear bands that
are oriented 5-45 degrees NE from the nearby trend of the SAF. These
oblique shear bands are localized within multiple 0.2-0.5 m fault zones
spanning a 6-14 m width beneath each geomorphic expression of the
fault. Across these oblique shear structures, we observed small to
modest apparent vertical displacements. Some structures were
continuous into the surface stratigraphy whereas other structures
terminated beneath the soil A-horizon. Within some of these fault zones,
we also observed small cracks, less than 5 cm wide, filled with fine
sediment. Although the DLV site does not preserve any unequivocal
evidence of large ground rupturing earthquakes within the upper 2-3
meters of fault zone stratigraphy, it does preserve a spectacular record of
aseismic fault creep. Filled ground cracks likely indicate that this part of
the fault has experienced multiple periods of accelerated fault creep
perhaps due to moderate magnitude earthquakes along the creeping
section of the fault or due to larger earthquakes along adjacent locked
sections of the fault.

Is there a discrepancy between geological and geodetic slip rates along
the San Andreas Fault System?, Xiaopeng Tong, Bridget Smith-Konter,
and David Sandwell (Poster 056)
NO. Several previous inversions for slip rate along the San Andreas Fault
System (SAFS), based on elastic half-space models, show a significant
discrepancy between the geological and geodetic slip rates along a few
major fault segments. In this study we use a more realistic model
representing an elastic plate (schizosphere) over a viscoelastic half-space
(plastosphere) to demonstrate that there is no significant discrepancy
between long-term geologic and geodetic slip rates. The model includes
~ 50 major fault segments having steady slip from the base of the locked
zone to the base of the elastic plate and episodic shallow slip based on
known ruptures and geologic recurrence intervals. The slip rates are
constrained by 1989 present-day velocity measurements from
EarthScope GPS and high-resolution interseismic velocity data from Lband InSAR onboard ALOS. Five models with different rheological
properties, including an elastic half-space, are tested in a slip-rate
inversion. A model with a thick elastic plate (60 km) and half-space
viscosity of 10^19 Pa s is preferred because it produces the smallest
misfit to both the geodetic data and the geological slip rates. We find that
the geodetic slip rates from the 60 km thick plate model agree to within
the bounds of the geological slip rates, while the rates from the halfspace model disagree on certain important fault segments such as the
Mojave and the North Coast segment of the San Andreas fault. In
particular, along the Mojave segment the recovered geodetic slip rate is
24.7 mm/yr for the half-space model but our result comes closer to the
preferred geological rates of 34 mm/yr using a 60 km thick plate model
(27.5 mm/yr) and a 30 km thin plate model (34.4 mm/yr). The plate
models have generally higher slip rates than the half-space model
because most of the faults along the SAFS are late in the earthquake
cycle so today they are moving slower than the long-term cycle-averaged
velocity as governed by the viscoelastic relaxation process.

Late-Quaternary evolution of the eastern Sierra Madre Fault Zone in the
San Gabriel Valley, southern California, Jerome A. Treiman (Poster 007)
The Sierra Madre Fault Zone exhibits a history of southward migration of
active thrust faulting, first recognized by Bull (1978) and also noted by
Tucker and Dolan (2001). Furthermore, in the Azusa Quadrangle the
outboard faulting shows a history of migration from west to east so that
the western expression is more mature than that to the east.
The principal and oldest fault is the Sierra Madre Fault with fault strands
within and at the base of the steep mountain front. Outboard faults
include the Duarte Fault and several lesser faults within the hanging wall
of the Duarte Fault. Some of the following is based on geomorphic
interpretation and awaits subsurface investigation to verify the model.
Historic development has masked some of the features which are
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nevertheless still visible in vintage aerial photography and early
topographic surveys.
In the western part of the area a somewhat mature piedmont exists, with
the city of Bradbury occupying the piedmont surface and the floors of
several incised valleys. Uplift of this block between the Sierra Madre and
Duarte faults was apparently uneven with a graben forming within the
block. The graben has intermittently dammed the local antecedent
drainages. Surfaces, presumed to be correlative and on the order of 100200 ka, can be seen at different elevations and slopes. The youngest
inset Holocene surfaces are being incised anew upstream of the fault,
indicating more recent uplift.
The middle part of the area, in the city of Azusa, shows a less mature
uplift. A faulted syncline has dammed or diverted drainage from the
north, although one prominent antecedent drainage still traversed the
uplift in historic time. Holocene faulting along the southern margin of the
uplift falls largely along bedding planes and appears to veer into the fold
and then step downsection to the east. The Duarte Fault is emerging
farther to the south.
Immediately east of Azusa, in the city of Glendora, the outboard faults do
not appear to have reached the surface yet, but young deformation is
indicated by a low upwarp that is locally incised by antecedent
drainages.

A 2D Pseudo-Dynamic Rupture Model Generator for Earthquakes on
Geometrically Complex Faults, Daniel T. Trugman and Eric M. Dunham
(Poster 153)
Geologic observations indicate that faults are fractally rough surfaces,
with deviations from planarity at all length scales. We present a kinematic
rupture generator that that emulates the strong dependence of
earthquake source parameters on local fault geometry observed in
dynamic models of ruptures on nonplanar faults. This “pseudo-dynamic”
model is based on a statistical analysis of ensembles of two-dimensional
plane strain rupture simulations on fractally rough faults. We observe
strong anti-correlation of the magnitude of the final slip distribution,
rupture velocity, and peak slip velocity with the local fault slope for rightlateral strike-slip ruptures. The heterogeneity in these earthquake source
parameters excites high-frequency seismic waves that are consistent
with observed strong motion records. While accurate modeling of this
high-frequency motion is critical to seismic hazard analysis, dynamic
rupture simulations are currently too computationally inefficient to be of
practical use in such applications. We find that the seismic waves excited
by the pseudo-dynamic model have similar intensity and spectral content
to the analogous dynamic model, allowing for the model’s future
application in efficient earthquake simulations that accurately quantify
high-frequency ground motion.

Using Ambient Noise Correlations for Studying Site Response, Victor C.
Tsai, Fan-Chi Lin, and Daniel C. Bowden (Talk Tue 15:15)
Over the last decade, there has been an explosion in the number of
studies using ambient noise cross correlations to perform surface-wave
travel-time tomography. However, there have only been a limited number
of successful applications using ambient noise correlation amplitudes,
partly due to the difficulty in interpreting these amplitudes given realistic
distributions of ambient noise. Here, we discuss two complementary
methods we are developing to overcome some of these issues and which
allow us to use noise correlation amplitudes to constrain site response.
The first method is an extension of the array-based Helmholtz wavefield
estimator to analyze surface-wave amplitudes. With this new method,
spatial differential operators are applied to surface-wave travel-time and
amplitude maps to account for focusing effects and directly estimate the
site response at each station. Theoretical considerations show that the
method works for an arbitrary incoming wavefield and is not affected by
noise field directionality. However, the method still assumes that noise
sources within the array are weak, and can potentially also be biased by
small-scale scattering. Applying the method to noise measured by
southern California arrays, including the densely spaced 5000component Long Beach array, leads to promising results.
The second method is an extension of the classical horizontal-to-vertical
(H/V) ratio method to multi-station cross correlations. The classical

method uses a single station's ambient-noise H/V spectral ratio to
estimate the local site structure. While it has been successfully applied in
many studies, there remain questions about how to best interpret these
H/V observations. In contrast, cross-correlation H/V measurements have
a straightforward interpretation in terms of Rayleigh-wave ellipticity.
Correlation H/V ratios have the added benefit that multiple
measurements can be made by varying the second station, leading to
more robust estimates and the ability to constrain azimuthal variations of
site response. The approach also has the nice feature that each station's
noise data can be normalized independently without affecting the H/V
measurement whereas other amplitude-based correlation methods are
highly affected by station normalization. Application to low-frequency (830 second) USArray data suggests that the method works as expected.

Holocene folding deformation associated with large uplift events on the
Ventura Avenue Anticline, Gulsen Ucarkus, Neal Driscoll, Daniel Brothers,
Graham Kent, and Thomas Rockwell (Poster 006)
The Ventura Avenue anticline (VAA) lies within the Transverse Ranges
structural province of southern California, an east-west trending fold and
thrust belt superposed on the northwest structural grain of California. The
VAA has experienced nearly 2.7 km of structural uplift (relief) since fold
initiation about 200-300 thousand years ago, yielding a life history uplift
rate of 9-13 mm/yr. Mapped and dated Holocene marine terraces
between Ventura and Carpenteria reveal that large uplift events occurred
at about 0.8 ka and 1.9 ka; the recurrence of such events is in the range
of a thousand years. The VAA trends offshore to the west and is buried
by sediment from Rincon Creek. This sediment completely obscures the
surficial expression of the fold between Rincon Point and Punta Gorda,
indicating that Holocene sedimentation has kept pace with fold growth.
Given the high sedimentation rate, each uplift event should be captured
by stratigraphic rotation, onlap, and angular unconformities. With that
perspective, we acquired a very high-resolution (decimeter) CHIRP
seismic reflection data across the VAA offshore Rincon Point in the
summer of 2013 to differentiate each folding/uplift event that is captured
in the Holocene sediment record. Our preliminary observations from
CHIRP data along the Rincon Anticline suggest that; (1) eastward, where
sediment supply is low, unraveling the fault is difficult; (2) moving
westward, where sediment supply increases and outpaces the
deformation (i.e., there is no surface expression of the anticline) individual
events are recognized by divergent packages north of the anticline; and
(3) south of the anticline, the stratigraphic packages are flat-lying and
onlap the anticline. These results, taken together with the onshore
trenching, provide new constraints on the timing and geometry of the
deformation associated with the Ventura Avenue Anticline trend.

Enhanced remote earthquake triggering at fluid injection sites in the
Midwestern U.S., Nicholas J. van der Elst, Heather M. Savage, Katie M.
Keranen, and Geoffrey A. Abers (Poster 120)
A dramatic increase in seismicity in the Midwestern United States may be
related to increased deep wastewater injection. We systematically
examined sites of potential anthropogenic seismicity for evidence of
remote earthquake triggering, which could indicate high fluid pressure
and critically stressed faults. Using a cross-correlation method to
enhance earthquake catalogs for individual TA stations, we found that
regions of anthropogenic seismicity are also susceptible to earthquake
triggering from natural transient stresses carried by seismic waves of
large remote earthquakes. We detected triggered earthquakes following
the three largest dynamic strain events since 2010, including triggering
by the 2010 Mw 8.8 Maule, Chile, earthquake at Prague, OK, and
Trinidad, CO, and triggering by the 2011 Mw 9.1 Tohoku-Oki earthquake
at Snyder, TX. Each of these sites hosted larger earthquakes (Mw 4.55.7) within the next 6 to 20 months. Enhanced triggering susceptibility
could therefore be an advance indicator that fluid injection has brought
the regional fault system to a critical state. Remote triggering is strongest
at sites where the onset of seismicity lagged injection by many years, and
where high swarm activity had not yet begun. The sites that triggered
during the 2010 Chile earthquake did not trigger in the subsequent 2011
Tohoku earthquake, which suggests the importance of local conditions or
a long recharge period for the triggering mechanism. By analogy with
natural dynamic triggering at hydrothermal sites, we invoke a mechanism
involving fracture unclogging or dynamic permeability enhancement, in

2013 SCEC Annual Meeting | 151

MEETING ABSTRACTS
which the seismic waves alter subsurface fluid flow and accelerate
pressure changes on already critically stressed faults.

A Virtual Field Excursion to Pallett Creek - A New Educational Product of
the San Bernardino County Museum's Hall of Geological Wonders
Discover Your Backyard Field Guide Series, Michelle J. Vanegas,
Kathleen Springer, Robert M. de Groot, and Eric Scott (Poster 241)
The San Bernardino County Museum’s (SBCM) Hall of Geological
Wonders seeks to create innovative science education opportunities
where none currently exist. Exhibits that are imbued with the process of
scientific inquiry and communicated and justified by using evidencebased explanations connected to current scientific knowledge are the
hallmark of the Hall. With our educational focus that clearly makes topical
connections to our region, the cornerstone of this new informal learning
framework is the creation of the “Discover your Backyard” field trip
guides and web-based virtual field experiences that will complement the
exhibits, providing access for all. Together with the new Learning Treks
Program (GeoTreks), educational pathways for K-12 education, these
new educational products will provide tangible links between the exhibits
and the natural world, as well as providing professional development
opportunities for educators.
Our earthquake science exhibits explain why southern California is a land
creased and broken by faults, highlighting the San Andreas fault. In our
Paleoseismology exhibit, a walk-in, recreated paleoseismic trench, with
an interactive inviting visitors to interpret earthquake events from San
Andreas fault peels from Pallett Creek and Wrightwood. We teach that
paleoseismology is a major line of evidence for understanding
earthquakes past, present, and future.
In an innovative approach in museum exhibit experiences, we invite our
visitor to the field, to stand on the San Andreas fault at Pallett Creek. The
SBCM and SCEC interns created the prototype of a field guide series,
The San Bernardino County Museum Discover Your Backyard Field
Guides, which interprets Pallett Creek in Valyermo, CA, widely known as
“the Rosetta Stone of Paleoseismology”. A re-excavated “trenchcrop” at
Pallett Creek provides the basis for the field guide, which includes basic
geological background as well as lithologic and chronologic data about
earthquake events as revealed at the outcrop. This is a unique approach
to informal learning, whereby visitors gain information both in a museum
setting, then firsthand in the field, making their own discoveries and
connections. To take the experience to another level by adding a large
amount of educational content to this field experience, we have created
the prototype of the Pallet Creek Virtual Field Trip, in which topics are
explored in greater depth than can be achieved in the exhibit or the field
guide.

Vital Signs of the Planet: A Professional Development Program for High
School and Middle School Science Teachers Provides Teachers with
Authentic Experiences in Scientific Inquiry and Encourages Instructional
Improvement in Schools Through Lesson Study, Bernadette E. Vargas,
Helen Corral-Bonner, Alfonso Barrientos, Sandy Calonge, Elizabeth
Cochran, Nagin Cox, Robert M. de Groot, Rhonda Fuller, Adrian Gamez,
Matthew Golombek, Paul Gonzales, Kristin Holland, Kevin Hussey, Jane
Houston Jones, Daniel Keck, Mark Kline, Sally McGill, Paula Partita,
Guadalupe Rowley, Kathleen Springer, Joann Stock, Danielle Sumy, Mark
Swift, Margaret Vinci, Alice Wessen, Jerry Young and Rachel
Zimmerman-Brachman (Poster 249)
The JPL InSight E/PO team and SCEC along with California State
University San Bernardino (CSUSB), USGS, and the San Bernardino
County Museum engaged science educators in the Vital Signs of the
Planet Professional Development Program, a standards-based middle
school and high school research experience and curriculum development
program offering strong connections to STEM research.
Teachers participated in tours and interacted with scientists at Caltech,
JPL, USGS, and USC. They were briefed on topics including seismic
hazards, the Quake Catcher Network, GPS, and earthquake information
technology. While at JPL, the teachers toured labs and learned about the
InSight (Interior Exploration Using Seismic Investigations and Heat
Transport) mission to Mars.
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An important aspect of this experience was participation in a 5-day field
research component, wherein teachers contributed to ongoing research
on crustal movement along the San Andreas fault lead by Sally McGill of
CSUSB. Teachers plotted data collected through GPS and utilized
modeling programs for analysis of slip rate around the fault.
The combination of these experiences lead to the development and
eventual implementation of one lesson in each of these focus areas:
Comparing Earth and Mars, using of GPS for monitoring plate movement,
heat and energy, and the Quake Catcher Network.
Using the Lesson Study approach, a professional development process
where teachers systematically examine their practice, participants
identified where their students encounter learning challenges. Taking into
consideration the Next Generation Science Standards, teachers
collaborated to develop lessons that focused on what teachers want
students to learn rather than on what teachers plan to teach.

SCEC UseIT Program: Documenting the 2013 Grand Challenge and Intern
Experience, Sarah Vargas, Benjamin Anderson, David Bolen, Jonathan
Ho, Nick Rousseau, Mark Romano, Dave Smith, Tom Jordan, John Yu
and Robert de Groot (Poster 277)
The 2013 Undergraduate Studies in Earthquake Information Technology
(UseIT) Media Team was charged with documenting the experiences of
the 2013 UseIT interns including how they addressed the Grand
Challenge. The Media Team developed a ten-minute documentary film
that provides a multisensory first-hand account of the challenges and
successes experienced by student researchers working in a
multidisciplinary and collaborative working environment. Through
producing this documentary, the Media Team learned effective
approaches to communicate the UseIT program to future interns, the
SCEC community and its supporters, funding agencies, and most
importantly how program participants are making tangible contributions
to earthquake research. In order to share the interns’ summer
experience, the Media Team must began by understanding the basics of
earthquake science and research as well as the components of the
program most essential to SCEC’s mission. Producing a documentary
requires the methods of working backwards or what is called “reverse
engineering.” The process begins with basic concept drawing and
filming. Upon completion of these tasks we transfer and sort all materials
into Avid Media Composer, the editing software, and begin the “rough
cut.” The script is then written in the editing process as we progress
toward the “final cut.” After everything has been polished the Media
Team produced a short documentary that will not only display the
journey of the 2013 UseIT intern class but the progress they have made
in creating visualizations that better communicate the earthquake
research conducted by SCEC and its collaborators.

3-D dynamic analysis of precariously balanced rocks under earthquake
excitation, Swetha Veeraraghavan and Swaminathan Krishnan (Poster
229)
Analyzing the toppling behavior of precariously balanced rocks (PBR) can
provide limits on the largest ground motions (of the type that the rocks
are sensitive to) that could have occurred at the rock sites in the time that
they have been precarious. Until now, PBRs have been modeled as 2-D
blocks with 2 points of contact. 2-D models with multi-point contact and
3-D models incorporating realistic geometry behave distinctly different
from the idealized 2-D block with 2 point of contact. Therefore, we are
creating detailed 3-D models of some of the PBRs that have been
imaged using Terrestrial Laser Scanning (TLS) and photogrammetric
techniques in order to analyze the toppling behavior accurately. To
establish the proof of concept, we are modeling the Echo Cliff PBR which
is located in the Western Santa Monica Mountains. Under the
assumption that the rock and the pedestal behave like rigid bodies, we
use rigid body dynamics to solve for the response of the rock to different
ground motions. We consider the rock and the pedestal to be separate
rigid bodies with the interaction between them modeled using normal
contact forces and frictional forces. The response of the rock is
determined using force and moment balance equations. We are
validating this algorithm by conducting shake table tests on small rocks.
We are also analyzing the 3-D response of the rock to idealized saw
tooth ground velocity pulses with varying peak ground velocity (PGV),
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time period (T) and number of cycles (n) to characterize the nature of
ground motion that can topple the rock. It then follows that such ground
motion could not have occurred at the rock site from regional
earthquakes. We are in the process of creating models and performing
similar analyses on several PBRs in Southern California to help improve
seismic hazard maps and also to validate ground motion simulations.

Deep long-period earthquakes west of the volcanic arc in Oregon: Direct
evidence of fluid migration through the forearc mantle wedge, John E.
Vidale, Stephen D. Malone, Alicia J. Hotovec-Ellis, Seth C. Moran, K.C.
Creager, Heidi Houston, David A. Schmidt (Poster 121)
Deep long-period earthquakes (DLPs), seismic events defined by their
low-frequency waveforms, with extended codas and depths to 45 km,
have mostly been observed near volcanic centers.
Here we report on newly-recognized DLPs observed in four places in
western Oregon with routine seismic network processing by the Pacific
Northwest Seismic Network. The DLPs are remarkable for (1) their depths
near the Moho (35-45 km), and (2) their epicenters, 20 to 80 of km west
of the volcanic arc and its previously recognized DLPs and (3)
considerable 15 to 30 km distance above the slab. Their extended codas
and generally similar appearance to DLPs beneath volcanic centers imply
a similar source mechanism, likely involving migration of fluids.
These “offset DLPs” are occurring near the top of the mantle wedge,
which is thought to be serpentinized, stagnant, and cold (Bostock et al.,
Nature, 2002). We suggest that these unusual events are caused by
fluids rising from the subducting slab. These offset DLPs may (1) mark a
previously unrecognized fluid pathway from slab to volcano through the
ostensibly stagnant wedge, or (2) mark a location where fluids have been
drawn west from the conventionally-assumed vertical feeders for
volcanoes at 80-100 km depth on the slab, or (3) mark a region in which
mantle corner flow is heating and dehydrating serpentinite.
As far as we know, these are the first DLPs to be observed in the forearc
of a subduction-zone system.

Variable low-velocity rate-weakening at the base of the seismogenic
zone and within isolated rate-weakening patches and its influence on
slip instability development and earthquake nucleation, Robert C. Viesca
(Poster 137)
Laboratory observation of rock friction showing strength changes with
evolving slip rate or state forms the basis for the frictional description
underlying current earthquake cycle models at crustal and microseismic
scales. The crux of these models is the heterogeneity of the rate- and
state-dependent frictional parameters, specifically the parameter a/b,
which separates steady-state rate-weakening behavior (0&lt;a/b&lt;1)
from rate-strengthening (a/b&gt;1). At the crustal scale, model
heterogeneity typically takes the form of constant rate-weakening
behavior downdip followed by an abrupt linear transition to ratestrengthening at some depth. The models admittedly extend a frictional
description taken from lab observations at low slip rates (~mm/s or less)
up to seismic slip rates (~m/s), making the seismogenic zones
synonymous with rate-weakening regions. However, the potential
existence at depth of dynamic weakening mechanisms (e.g., thermal
pressurization of pore fluid or flash-heating of asperity contacts) provides
a means of weakening at seismic slip rates, implying that the uniform,
large-scale distribution of low-velocity rate-weakening behavior is not
necessary to support large events and that the actual distribution may be
more complex than assumed.
However, regions with low-velocity rate-weakening are still necessary in
this framework for the emergence of a slip instability on a slowly slipping
fault and the subsequent nucleation of a dynamically propagating
rupture. Using the aging-law form of state evolution, we examine the
development of slip instability within such regions allowing for variations
in the parameter a/b. We find that the introduction of such heterogeneity
results in the creation of preferential nucleation sites (in the form of
attracting fixed points of a dynamical system), and may significantly
influence characteristic quantities such as moment release and
nucleation patch length scales (relative to those under homogeneous
frictional properties). We examine two illustrative scenarios: (1) the abrupt
interruption, with a rate-strengthening patch, of the rate-weakening

portion of the linear transition at the base of the seismogenic zone, and
(2) the problem of a circular rate-weakening patch embedded in a ratestrengthening region where the parameter a/b transitions from a value of
1 along the borders to a minimum at the center. We solve for the
asymptotic behavior during the development of the slip instability.

Estimating site and path effects on the ground motion sigma from the
empirical residuals of a NGA West 2 model and from the simulated data
of the CyberShake platform, Manuela Villani and Norman Abrahamson
(Poster 211)
The main scope of this study is to identify the repeatable effects due to
specific ray paths and sites that are included in the standard deviations
of the ground motion prediction equations. If sufficient data are available,
maps of site and path effects can be developed to account for these
effects in seismic hazard analyses (SHA). One promising method to
develop enough data is to use numerical simulations with 3D crustal
structure. We evaluate the ability of numerical simulations to capture the
repeatable site and path due to the 3D crustal structure. We used two
sets of residuals of the response spectral values for southern California.
The first one is an empirical set derived from the Abrahamson, Silva and
Kamai (2013) GMPE, one of the NGA West 2 attenuation models. Only
data from southern California are considered and recording sites with at
least 5 observations are used. The final empirical dataset consists of a
total 1776 records with 3≤Mw≤7.3 (307 with Mw≥5) and rupture
distances between 0.1 and 200 km. The second set is from simulated
waveforms of the CyberShake platform. For each of the 63 sites in the
Los Angeles basin ≈415,000 simulations were available.
The comparison of the residuals at T=3s (lower usable limit of
CyberShake) shows that the site terms are similar for the CyberShake
simulations and the empirical data. The path terms from the two sets are
also correlated for some locations, but the correlation is weaker than for
the site term. The standard deviations of the 3s response spectral values,
after removing site and path terms, are similar. The intra-event
CyberShake residuals, after accounting for the site-specific terms, are
used to show that the path effects and the consequent reduction in the
standard deviation for a single ray path computed from small-tomoderate magnitude events are a reliable estimate of those generated by
large magnitude events, generally insufficient in the empirical datasets.
However, the comparisons of source- and path- terms maps pose limits
on the use of the maps from the simulated data in a SHA.
Finally, the method of a fully non-ergodic site-specific SHA is outlined,
providing examples of maps of the location-, site- and path-terms. The
total variability of the ground motion is reduced, but the median estimate
can either increase or decrease accordingly to the added site- path- and
source-terms. The epistemic uncertainty of the latter should then be
carefully accounted for in a logic tree methodology.

Using the Averaging-Based Factorization to Assess CyberShake Hazard
Models, Feng Wang, Thomas H. Jordan, Scott Callaghan, Robert Graves,
Kim B. Olsen, and Philip Maechling (Poster 214)
The CyberShake project of Southern California Earthquake Center
(SCEC) combines stochastic models of finite-fault ruptures with 3D
ground motion simulations to compute seismic hazards at low
frequencies (< 0.5 Hz) in Southern California. The first CyberShake
hazard model (Graves et al., 2011) was based on the Graves & Pitarka
(2004) rupture model (GP-04) and the Kohler et al. (2004) community
velocity model (CVM-S). We have recently extended the CyberShake
calculations to include the Graves & Pitarka (2010) rupture model (GP10), which substantially increases the rupture complexity relative to GP04, and the Shaw et al. (2011) community velocity model (CVM-H), which
features different sedimentary basin structures than CVM-S. Here we
apply the averaging-based factorization (ABF) technique of Wang &
Jordan (2013) to compare CyberShake models and assess their
consistency with the hazards predicted by the Next Generation
Attenuation (NGA) models (Power et al., 2008). ABF uses a hierarchical
averaging scheme to separate the shaking intensities for large ensembles
of earthquakes into relative (dimensionless) excitation fields representing
site, path, directivity, and source-complexity effects, and it provides
quantitative, map-based comparisons between models with completely
different formulations. The CyberShake directivity effects are generally
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larger than predicted by the Spudich & Chiou (2008) NGA directivity
factor, but those calculated from the GP-10 sources are smaller than
those of GP-04, owing to the greater incoherence of the wavefields from
the more complex rupture models. Substituting GP-10 for GP-04 reduces
the CyberShake-NGA directivity-effect discrepancy by a factor of two.
The CyberShake basin effects are generally larger than those from the
three NGA models that provide basin-effect factors. However, the basin
excitations calculated from CVM-H are smaller than from CVM-S, and
they show a stronger frequency dependence, primarily because the shear
velocities in the deeper parts of the basins are, on average, lower in
CVM-H. Owing to this difference, the substitution of CVM-H for CVM-S
reduces the CyberShake-NGA basin-effect discrepancy. Among the NGA
models, that of Abrahamson & Silva (2008) is the most consistent with
the CyberShake CVM-H calculations, with a basin-effect correlation
factor greater than 0.9 across the frequency band 0.1-0.3 Hz.

Space geodetic observations and modeling of postseismic deformation
due to the 2005 M7.6 Kashmir (Pakistan) earthquake, Kang Wang and
Yuri Fialko (Poster 064)
We analyze the L-band ALOS and C-band ENVISAT Interferometric
Synthetic Apetrure data from the epicentral area of the 2005 magnitude
7.6 Kashmir (Pakistan) earthquake that occurred on the south-western
edge of Himalaya. ENVISAT data are available from both the descending
and ascending orbits, and span a time period of 3 years immediately
following the earthquake (2005-2008), with monthly acquisitions.
However, the ENVISAT data are highly decorrelated due to high
topography and snow cover. ALOS data are available from the ascending
orbit, and span a time period of ~2.5 years between 2007-2009, over
which they remain reasonably well-correlated. We derive the mean lineof-sight (LOS) postseismic velocity maps in the epicentral area of the
Kashmir earthquake using persistent scatterer method for ENVISAT data,
and selective stacking for ALOS data. LOS velocities from all data sets
indicate an uplift in the hanging wall of the earthquake rupture over the
entire period of SAR observations (2005-2009). Models of poroelastic
relaxation predict uplift of both the footwall and the hanging wall, while
models of viscoelastic relaxation below the brittle-ductile transition
predict subsidence of both the footwall and the hanging wall. Therefore
the observed pattern of surface velocities suggests that the early several
years of postseismic deformation were dominated by afterslip on the
fault plane. Kinematic inversions of InSAR data, as well as forward
models of stress-driven creep confirm that the observed deformation is
consistent with afterslip, primarily downdip of the seismic asperity. We
use the InSAR data and modeling results to place contraints on the
effective viscosity of the ductile substrate in the study area. We show
that in order to prevent surface subsidence, the effective viscosity has to
be greater than 10^19 Pa s. The data also appear to require lateral
heterogeneities in the rate-state frictional properties of the fault at the
bottom of the seismogenic zone and/or and below the brittle-ductile
transition.

Compound Earthquake Identification Technique, Yongfei Wang, Shiying
Nie, and Sidao Ni (Poster 084)
Evidence is presented which suggest that the Dec 9 2003, Virginia
earthquake may have been a double event that occurred on probably two
separate, subparallel thrust faults. In reference to current research work,
some hypothesized conditions for this earthquake are controversial. For
example, events which occurred different subparallel fault planes may
have totally distinct focal mechanisms instead of similar ones as brought
up in previous work. The studying of this earthquake including the source
parameter determination of each sub-event will be helpful to the
understanding of earthquake dynamics. However, mixed up seismic
signals of two distinctive sources will definitely increase difficulty of
inversion. As to common events, the method(Cut and Paste) has been
proven effective for resolving source parameters, which jointly use body
wave and surface wave with independent time shift and weights. CAP
could resolve fault orientation and focal depth using grid search
algorithm. We utilize novel computational platform, GPU, when
simultaneously inversing source properties of all individual sub-events, in
order to accelerate speed. Thanks to advantages on multiple dimension
storage and processing in GPU, we obtain excellent performance of the
revised code on GPU-CPU combined architecture and the speedup
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factors can be as high as 40x-90x compared to classical cap on
traditional CPU architecture. We tried to verify its validation and accuracy
by artificial compound earthquakes and good performance has been
obtained. Each single parameter of sub-event can be recovered well.
Further verification has been done by inversing artificially mixed up
genuine events which occurred Nov.5 and 9, 2011 in Oklahoma State. In
the end, we attempted to deal with complexity of teleseismic events.
Under the conditions that 1-D earth structure cannot be revised more
accurately, we attribute residual misfits to source aspects, therefore
multiple-points models are used to fit seismograms in the scale of long
wavelength. Several compound earthquakes based on this model are
inversed, for instance, Sep 18, 2011 North Sikkim earthquake consisting
of distinct two major earthquakes with different focal mechanisms and
parts of May 12 Wenchuan aftershocks with typically doublets or triblets.

Rupture Complexity of the Mw 8.3 Sea of Okhotsk Earthquake, Shengji
Wei, Don Helmberger, Zhongwen Zhan, and Robert Graves (Poster 091)
A finite slip model is derived for the 2013 Mw 8.3 Sea of Okhotsk
Earthquake (Z=610km), by inverting the calibrated teleseismic Pwaveforms. The path calibration established by the impulsive Mw6.7
aftershock and the update of source time function allows the velocity
waveform inversion up to 1Hz. The inversion shows that the earthquake
ruptured on a 10° dipping rectangular fault zone (140 km x 50 km) and
evolved into a sequence of 4 large sub-events (E1-E4) with an average
rupture speed of 4.0 km/s. The rupture process can be divided into two
main stages. The first propagated south, rupturing sub-events E1, E2 and
E4. The second stage (E3) originated near E2 with a delay of 12 s and
ruptured northwards, filling the slip-gap between E1 and E2. This
kinematic process produces an overall slip pattern similar to shallow
swarms, e. g. the 2012 Brawley swarm, except it occurs over a
compressed time span of about 30s and without many aftershocks,
suggesting that sub-event triggering for deep events is significantly more
efficient than for shallow events.

Geothermal Pumping and Induced Seismicity in Southern California
Geothermal Fields, Deborah A. Weiser and Lucile M. Jones (Poster 116)
Induced earthquakes have been recognized for decades and observed in
New Zealand, Switzerland, the US and elsewhere. Many factors can
induce seismicity, including changes in pore pressure, temperature,
volume, and chemistry. When fractured rock is injected with fluid, the
effective normal stress and coefficient of friction are lowered and the
rock is brought closer to failure. In this study, we examine the
relationship between seismicity and geothermal pumping.
We have obtained monthly injection and production data from the CA
Department of Conservation for the Salton Sea Geothermal Field,
Brawley Geothermal Field, and other California geothermal fields. We
compare the temporal distribution of injection, production, fluid volume
change (injection volume – production volume), and seismicity to
determine if there are changes in the pumping rates that correspond to
changes in seismicity rates. We observe a qualitative correlation between
times of maximum fluid volume change and high seismicity levels, in
particular, contemporaneous with the 2005 Obsidian Butte earthquake
swarm. We also examine how changes in injection and production rates
affect the Gutenberg-Richter b-value, earthquake depth, and focal
mechanisms.

Recent Results from the Collaboratory for the Study of Earthquake
Predictability (CSEP), Maximilian J. Werner (Talk Mon 14:30)
The Collaboratory for the Study of Earthquake Predictability (CSEP,
www.cseptesting.org) provides a research infrastructure for the
prospective, automated and independent assessment of earthquake
forecasts and predictions in a variety of tectonic settings and on a global
scale. The first testing center, the W.M. Keck Testing Center at SCEC,
was launched in 2007 to conduct the first ever prospective and
comparative earthquake forecasting experiment: the Regional
Earthquake Likelihood Models (RELM) experiment, conceived by the
USGS and SCEC to create and assess a suite of five-year earthquake
forecasts for California. Since then, three more testing centers have been
established in New Zealand, Europe, and Japan, and more are in
development. Collectively, these centers are evaluating over 350 forecast
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models that are based on a wide variety of hypotheses about where,
when and why earthquakes occur. In this presentation, I will review
recent achievements of the global CSEP community and highlight recent
results from California and from around the globe.
I will begin with results from the completed RELM experiment, which has
led to important advances in our understanding of how intermediate-term
probabilistic forecasts should be specified and assessed. RELM results
are also being utilized to refine seismic hazard estimates in the most
recent version 3 of the Uniform California Earthquake Rupture Forecast
(UCERF). Meanwhile, CSEP's short-term predictability program is gaining
insights into tracking and forecasting earthquake cascades, such as the
2010 Canterbury and the 2011 Tohoku sequences. The greater
predictability of earthquakes during such periods appears ripe for use in
Operational Earthquake Forecasting (OEF), and CSEP is increasing
efforts to support OEF by government agencies by independently
assessing the performance of candidate OEF models. Other ongoing
CSEP activities I will present include developing capabilities to import
and evaluate external forecasts and predictions that are produced
outside of CSEP's cyber-infrastructure. Prototype experiments include
seismicity-based algorithms such as the well-known M8 predictions, as
well as predictions based on electromagnetic precursors. I will conclude
with future opportunities and challenges in the study of earthquake
predictability.

Short-Term Earthquake Predictability in California, Maximilian J. Werner,
Agnes Helmstetter, David D. Jackson, and Yan Y. Kagan (Poster 266)
To investigate the predictive skills of earthquake forecasting models, we
developed a suite of event-based and short-term forecasting models for
California. The event-based forecasts are specified by the conditional
intensity function of the ETAS (Epidemic-Type AfterShock) class and
evaluated using their exact likelihood functions, rather than the discrete,
grid-based, Poisson likelihood function currently used in CSEP
experiments. We evaluated the influence of eight popular spatial
triggering kernels on the probability gain and found that power-law
kernels with scale parameter that grows with mainshock rupture length
work best. We also found that lowering the learning catalog threshold to
m2+ improves forecasts of target earthquakes m3.95+, providing further
evidence that small quakes improve the predictive skill of clustering
models. To probe the importance of anisotropic spatial aftershock
patterns, we compare three methods: early-aftershock smoothing, focal
mechanism-based directionality, and elliptical spatial kernels.
Event-based forecasting solves several shortcomings in the current
CSEP experiment design, but involve a potentially costly numerical
integration. A simpler solution to increase probability gains is to reduce
the forecast horizon from one day to one hour or less. To compete in
such a class, and to understand the influence of forecast horizon on
probability gain, we developed sub-24 hour earthquake forecasts based
on the ETAS model [Werner et al., 2011] and two new models K2 and K3
[Helmstetter and Werner, 2013], which are based entirely on adaptive
kernel smoothing of seismicity in time, space and magnitude. 1-hour
forecasts reach gains of 200 over time-independent, spatially-varying
forecasts – significantly larger than the gains of 55 of 24-hour forecasts.
Since installation of ETAS and K3 within CSEP in September 2012, 30
earthquakes m ≥ 3.95 have occurred within the testing region. Although it
is too early to judge the practical significance of these results, all models
thus far perform better than any other installed one-day model, including
the STEP model by Gerstenberger et al. [2005] and the critical-branching
model by Kagan and Jackson [2010].

Textural recognition of shallow pulverization of sandstone in the damage
zone along the San Jacinto fault, southern California, Joe Whearty,
Thomas Rockwell, and Gary Girty (Poster 023)
We present new evidence for the production of shallow damage in
Quaternary sandstones along the San Jacinto fault (SJF), a right lateral
strike-slip fault of the southern San Andreas fault system in southern
California. The Bautista Formation, a moderately bedded plutonoclastic
unit, bounds the southwest side of the SJF in Rockhouse Canyon, Anza
Borrego State Park. We studied exposures located at ~20 m and ~100 m
below the top of the Bautista alluvial fill. These depths are inferred to
represent total burial depths for studied exposures. The age of the

deposits is inferred to be middle Quaternary, and other exposures of the
Bautista Formation along the Coyote Creek fault contain the Bishop and
Thermal Canyon ashes, supporting this inference.
Thin sections collected in a traverse extending from near the SJF fault
core laterally into the damaged sandstone at the lower Rockhouse
Canyon exposure show extensive in situ fracturing or pulverization that is
similar to that documented along the San Andreas fault in Pliocene
sandstones (Dor et al., 2009). In contrast, in the upper Rockhouse
Canyon exposure, sandstone exhibits only very minor evidence of
fracturing. From these observations, we infer that the onset of strong
pulverization likely occurs at depths as shallow as 100 m. At the
microscopic level, the combination of abundant mode 1 fractures and the
lack of evidence from shearing suggests that the observed pulverization
is the result of dilation, probably as a consequence of the sudden
decrease of normal stress as ruptures propagated along the fault.
We are conducting additional analysis to better understand the chemical
and physical processes in a near surface faulting environment.
Quantifying elemental mobility and compositional mass balance
throughout the damage zones will give us a better insight into the role of
fluid migrations at the time of rupture, while resolving the clay mineralogy
within the fault will test whether there has been sufficient heat and
pressure to force the conversion of illite-smectite to illite at this shallow
depth.

Tectonic geomorphology of the San Timoteo Badlands: New insights from
OSL and LiDAR data, Cary S. Wicker (Poster 017)
The San Jacinto fault zone is one of the most active branches of the San
Andreas fault system. At its northern end, a restraining bend in the rightlateral Claremont strand has contributed to the formation of the 20km
long San Timoteo Badlands. The formation of badlands topography is
being accelerated at its southern end by interaction with the right-lateral
Casa Loma strand to the west, forming the San Jacinto pull-apart basin.
Therefore, much of the topography is being formed because of basin
subsidence rather than “uplift”.
This study looks to build upon evidence from previous work in the
badlands to form a clearer picture of the relationship between
topographic response and tectonics along the Claremont fault. In the San
Timoteo Badlands, several elevated geomorphic surfaces have been
preserved that are composed of Holocene and late Pleistocene fluvial
sediments. These sediments are suitable for optically stimulated
luminescence (OSL) dating, and provide geochronologic information to
compare with existing geomorphic data. Preliminary dates of these
sediments range from 53 ky to 8 ky. Surfaces preserved higher up in the
badlands are older, whereas those of lower elevation and closer
proximity to the Claremont fault are younger in age.
Using LiDAR data to obtain topographic profiles, preliminary rates of
minimum vertical displacement were calculated based on the projected
heights of the surfaces above the Claremont fault. Higher surfaces with
older OSL dates yield higher rates of minimum displacement (> 1 m/kyr),
while younger and lower surfaces yield rates of much lower minimum
displacement (< 0.5 m/kyr). These lower rates are probably caused by
structurally controlled basin subsidence in the San Jacinto Valley, which
has lowered outlet elevation and also increased volume loss in this area.
Correlative surfaces on the southwest side of the fault are assumed to be
buried under recent basin fill sediments, and if these surfaces were
correlated they would presumably yield higher rates of displacement than
the rates obtained in this study.
Another aspect of this study compares badlands stream profiles and
stream-gradient index (SL) values obtained from LiDAR and GPS with
data from a 10m DEM. Overall, for stream profiles < 0.5 km long, LiDAR
and GPS data is preferred, but for profiles > 1km, there is no difference in
the interpretation of these data even though slight variations are
noticeable.

Toward More Accurate Benchmarks and Fault Slip Inversions: Issues
Encountered When Comparing Analytical Solutions With FEM Results,
Charles A. Williams and Susan Ellis (Poster 187)
Geodetic inversions for fault slip have traditionally relied on elastic halfspace solutions (e.g., Okada, 1985; 1992) to represent the surface
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deformation due to slip on a fault patch. In recent years, the finite
element method (FEM) has become more attractive due to its ability to
represent complex material property variations and other features such
as surface topography. Many scientists are reluctant to make use of the
FEM however, due to difficulties encountered when trying to exactly
match the FEM solution with the analytical solution. We examine a
number of issues that can prevent a suitable comparison of the two
methods. These include: 1) A fundamental difference in the method of
representing fault slip (constant slip patches vs. piecewise continuous
slip); 2) Proper discretization of the domain; 3) Adequate representation
of the far-field boundary conditions for the FEM.
We explore how to address these various issues and we then compare
synthetic inversion results for three different scenarios: 1) Synthetic data
created using an Okada solution (homogeneous material properties); 2)
Synthetic data created using a FEM solution (homogeneous material
properties); 3) Synthetic data created using a FEM solution
(heterogeneous material properties). Cases 1) and 2) will help us to
understand the differences that are purely due to the solution
formulation, while case 3) will allow us to investigate the complexities
introduced by having variations in elastic properties. A better
understanding of the differences between analytical and FEM solution
will help to prepare us for the next generation of fault slip inversions.

A new site-conditions map of Southern California based on geology and
slope, Chris J. Wills and Carlos Gutierrez (Poster 235)
Correlations between geologic units and shear wave velocity form the
basis of a series of maps developed over the past 15 years to estimate
average shear-wave velocity to 30m (Vs30). Wills et al.’s (2000) sitecondition map for California was found to correlate with seismic
amplification (Field, 2000) and was adopted as a standard depiction for
many applications of seismic shaking estimates (ShakeMap for example).
Wills and Clahan (2006) modified that map to show simplified geologic
units and corresponding Vs30 values. Preparation of this map raised a
number of questions on how best to distinguish units within younger
alluvium. Wills and Gutierrez (2010) found that a simple system based on
surface slope could be used to subdivide the younger alluvium into three
classes that have distinct Vs30 ranges. The classes defined by slope
have approximately the same variability in Vs30 as the previously defined
classes, but the total number of classes is reduced and the system can
be easily applied to other tectonically active areas. We have now applied
the system of Wills and Gutierrez (2010) to create a new map of southern
California using the most detailed available geologic maps. Use of more
detailed geologic maps, from 1:250,000 scale to 1:24,000 for much of
southern California, results in a much more detailed and accurate
depiction of the surficial geology and, we anticipate, a more detailed and
accurate depiction of seismic amplification due to the near-surface
materials.

Deterministic high-frequency ground motion using dynamic rupture
along rough faults, small-scale media heterogeneities, and frequencydependent attenuation, Kyle B. Withers, Kim B. Olsen, and Steven M. Day
(Poster 085)
The accuracy of earthquake source descriptions is a major limitation in
high-frequency (~>1 Hz) deterministic ground motion prediction, which is
critical for performance-based design by building engineers. We address
this issue by an attempt to quantify the contributions to high-frequency
ground motion from both small-scale fault geometry and media
complexity and perform validation against recent Next Generation
Attenuation (NGA) relations. Specifically, we use ground motion
synthetics using dynamic rupture propagation along a rough fault
imbedded in a velocity structure with small-scale heterogeneities
described by a statistical model (Shi and Day, 2013). The rupture
irregularity caused by fault roughness generates high-frequency
accelerations with near-flat power spectra up to almost 10 Hz. We then
use the moment-rate time histories from the dynamic rupture simulation
as a kinematic source to extend the ground motions out to farther
distances (35 km+) from the fault with a highly scalable fourth-order
staggered-grid finite difference method (AWP-ODC). The latter wave
propagation simulations use a characteristic 1D rock model with and
without small-scale heterogeneities. We find that our simulations are
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within one inter-event standard deviation of the median up to 10 Hz as
given by recent NGA relations. Small-scale heterogeneities tend to
increase the elastic spectral accelerations at the higher frequencies.
To address the effects of small-scale fault and media complexity it is
important to model anelastic attenuation as accurately as possible.
Below about 1 Hz, observations show that a frequency-independent Q
relationship is appropriate. This has been modeled in many simulations
with good accuracy using the coarse-grained approach of Day (1998) for
a 3D anelastic medium, and was used in our simulations described
above. At higher frequencies, however, ground motion data indicates that
anelastic attenuation falls off as frequency increases. Here, we implement
frequency-dependent Q in AWP via a power-law function, Q=Q0*f^n,
where Q is the quality factor and f is frequency, and Q0 and n are
constants that may vary with the region of interest. We modify the
coarse-grained approach, using least squares to optimize the weighting
of the anelastic functions to fit a target Q(f) function. To validate our
method, we compare the finite difference synthetics seismograms
computed with AWP with those from a frequency-wavenumber code to
account for dispersion.

Evidence for five paleoearthquakes on the San Gorgonio Pass Fault Zone
in the last 6000 years, Lisa R. Wolff, Doug Yule, Katherine Scharer, Ryan
Witkosky, Ian Desjarlais, and Brittany Huerta (Poster 030)
Previous paleoseismic research at the San Gorgonio Pass Fault zone
(SGPFZ) shows two large, surface-rupturing earthquake occurred in the
last ~1200 years, an average interval that is twice as long as neighboring
sections of the San Andreas fault (SAF). Unlike the rest of the SAF, the
SGPFZ consists of short, interconnected fault segments that could
present geometric limits to ruptures through the Pass. To test if large,
infrequent earthquakes are the norm for the SGPFZ, we excavated a
mega-trench (9 m deep, 45 m long, 30 m wide) in Summer 2013, 2 km
NW of Cabazon, CA. Deposits in the trench are derived from two
sediment sources, Lion Canyon, a large drainage that taps the southern
edge of the San Bernardino Mountains, and a small unnamed side
canyon that debouches directly across the trench site. Lion Canyon
sediment packages are grey alluvium varying from silty sand layers to
well-sorted, lenticular lenses and planar bedded, pebble and gravel
channel-fill sequences. Conversely, the unnamed canyon sediments are
dominated by tan to orange gravel and include medium to thick massive
tabular layers of muddy, sandy gravels with poorly sorted gravels. The
deposits are interpreted as a mixing of hillslope colluvium from the side
canyon with fluvial and debris flow deposits issuing from both sources.
We identified 5 surface-rupturing events using fault terminations and
angular unconformities between sub-horizontal, on-lapping deposits that
bury deformed hanging wall and footwall strata. Two primary thrust fault
zones separated by ~20 m, oriented N45°E, 30° NW. The SE fault zone
ruptured during the most recent earthquake with a vertical separation of
~60 cm. At lower trench depths, the SE fault zone has additional splays
and an abrupt increase in vertical separation (~100 cm), which we
interpret as evidence for an older event. The NW fault zone places middle
Pleistocene Cabazon Formation over Holocene gravels with vertical
offsets of 20-60 cm and shows evidence of 3 earthquakes on several
fault splays. Initial radiocarbon dates indicate the base of the
stratigraphic section is ~6000 years old. In-progress radiocarbon age
data and further stratigraphic and structural analysis will provide
additional constraints on the rupture history of the San Andreas Fault
system in the San Gorgonio Pass.

Investigation of Ground Motions in the Vicinity of Geometrical Fault
Complexity, Kathryn E. Wooddell, Douglas S. Dreger, and Norman A.
Abrahamson (Poster 212)
Currently, the SCEC Broadband Platform (BBP) models only a single
planar rupture geometry. Simulating complex fault geometries requires
generating ruptures on a series of separate, single rectangular faults and
then adding the seismograms in the time domain, accounting for the time
differences between ruptures when combining the seismograms from
each of the individual segments. Conceptually, this can be achieved in
one of two ways. Assuming a two-segment fault, one approach is to
generate a hypocenter on one segment and allow a mature rupture front
to develop and propagate onto the second segment. The second
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approach is to rupture one segment and then initiate a new earthquake at
the edge of the second segment, resulting in a new rupture front on the
second fault segment. Each of these approaches, however, implies
something different about the physics of how complex ruptures occur
and the resulting ground motion directivity. The first approach could
represent, for example, a fault that changes geometry but maintains
contact between the segments. In this case, directivity is in the alongstrike direction once a mature rupture front has developed. In the second
approach, where there is clear separation between the segments,
directivity is radial from the hypocenter at the segmentation point where
the second rupture is generated. For sites located close to such fault
segment boundaries the nature of ground motions could differ between
these two cases.
In this study we use a simplified rectangular fault geometry and compare
the ground motions at a series of stations for these two end-member
cases to demonstrate the effect of adding a segmentation point and
allowing re-rupture of the second segment. Under the current BBP
configuration, the simplified fault geometry is necessary to allow the
same rupture front to pass through both fault segments. However, we
additionally propose an alternate way to use the BBP to compute
composite seismograms for complex fault geometries. In this alternate
approach a rupture (or series of ruptures) is generated along a straight,
rectangular fault plane. Simulations for the desired fault geometry are
obtained through combining seismograms from strategically located
stations, thus “bending” the fault plane. This approach allows greater
flexibility in creating rupture scenarios with complex geometries that do
not conform to a pure end-member case.

Lack of dynamic triggering of repeating earthquakes near Parkfield, CA,
Chunquan Wu, Joan Gomberg, Eli Ben-Naim, and Paul Johnson (Poster
118)
Dynamic stress carried by transient seismic waves has been found
capable of triggering earthquakes instantly in various tectonic settings.
However, the observations of delayed triggering are still illusive and the
mechanisms are not well understood. The development in cataloging
repeating earthquakes, or earthquakes occurred repeatedly at the same
location, provide an ideal dataset to test the relatively longer-term effects
of the transient dynamic perturbations on the timing of earthquake
occurrence. Here we utilize a repeating earthquake catalog of 165
families with ~2500 repeating earthquakes to test whether dynamic
perturbations from regional and teleseismic earthquakes could change
the occurrence time of the following repeating earthquakes. We select
only the repeating earthquakes before the 2004 M6 Parkfield earthquake
to exclude the effects from the large local event. We apply a Monte-Carlo
approach to compare the observed number of shortened recurrence
times following dynamic perturbations with the number from randomized
perturbations. Our results show no clear correlation between shortened
recurrence times of repeating earthquakes and the dynamic
perturbations, which suggest there is no long-term influence of the
dynamic perturbations on repeating earthquake recurrence, or the
changes in recurrence times are not detectable in our case. We test the
robustness of the Monte Carlo approach using a synthetic repeating
earthquake catalog. The simulation results suggest that, when the
changes in the recurrence times induced by dynamic perturbations are
small enough, they are likely masked by the random variation of the
recurrence time and not detected by the approach.

Large-Scale Earthquake Rupture Simulations Using a Hybrid Method,

elements (second term, representing the element interactions) and the
memory requirement per process is easy to exceed the usable memory
per core, for example, 1.3GB per core on Kraken for two million fault
elements. It is seen that while the number of MPI processes increases,
the first term appears to be comparable to the second term. To improve
the solution bandwidth with a large number of elements on the existing
computing facilities, we use the hybrid method MPI +OPENMP to reduce
the effect of the first term by grouping many cores to accommodate one
MPI process so as to reduce the number of MPI processes
consequently. This method certainly enhances the solution bandwidth,
for example, making possible the simulations of 2 million elements over
Kraken.
The RSQSim computational algorithm flow per transition loop may be
sketched as
1. find local minimum dt for transitions;2. find global minimum dt;3.
advance states
where dt is the time step. The critical part is to find the global minimum
for dt (MPI_Allreduce) and thus the collective operation is definitely
involved and very expensive with a large number of cores.Therefore
another benefit using the hybrid method is to greatly reduce the intraprocess communications. The performance of the pure MPI and hybrid
methods is found comparable for different fault element numbers on the
supercomputers.
An example calculation was performed for earthquake occurrence by the
fault system in 63419 years. The fault patch is 3km x 3km and the
calculation was performed with 128 cores in 1.5 hours for this simple
model. The resulting seismicity is also calculated using the simulator's
earthquakes.

Refining the Magnitude of the Shallow Slip Deficit, Xiaohua Xu, Xiaopeng
Tong, David T. Sandwell, and Christopher W.D. Milliner (Poster 059)
Geodetic inversions for co-sesimic slip for several major strike-slip
ruptures (magnitude > 7) reveal that a peak in slip occurs between
depths of 2 km and 9 km with a 10-40% reduction in slip at shallower
depth. This has been termed the shallow slip deficit (SSD). The
magnitude of this deficit is based on slip inversions using interferometric
synthetic aperture radar (InSAR) and GPS data (e.g., Simons et al. 2002,
Fialko 2004, Fialko et al. 2005). One potential uncertainty in these
inversions is that the interferometric phase is commonly decorrelated
close to the rupture. A lack of near-fault data could result in an
underestimate of the magnitude of the shallow slip. In this study we try to
improve the coverage of the near-field InSAR data using improved InSAR
processing methods: 1) improved phase filtering (non boxcar) to better
resolve areas of high phase gradient; 2) model-dependent range
corrections to better align the images where offsets are large; 3) more
complete phase unwapping by using SNAPHU that applies Lp-norm
minimization to match the local derivatives with the measured derivatives
as close as possible, and 4) carefully masking areas where geologists
noted ground rupture. Our weighed slip inversion is based on improved
line-of-sight unwrapped phase and azimuth offset from along track
interferogram as well as pixel tracking offsets. In the case of the 1992
Landers these refinements provide significantly better phase recovery
close to the fault, approaching from mean distances of approximately
5.6km(Asc Data) and 3.6km(Des Data) to less than 2km. Using these
refined InSAR data we hope to provide improved estimates on the
magnitude of the SSD.

Heming Xu, Yifeng Cui, Dong Ju Choi, Efecan Poyraz, Keith RichardsDinger, and James H. Dieterich (Poster 155)

An Integrated InSAR and GPS Study of Interseismic Deformation at the
Nicoya Peninsula, Costa Rica, Lian Xue, Susan Schwartz, and Zhen Liu

We use the rate and state-dependent fault properties to simulate the
earthquake ruptures using the XSEDE computing facilities in this study.
The current rupture model, RSQSim, uses 3D boundary elements to
discretize the fault surface. Earthquakes initiate at some elements,
dependent on the stressing conditions, and propagate toward other
elements using the interaction matrix. The central feature of this model is
the use of event-driven computational steps as opposed to time stepping
at closed spaced intervals to speed up. The memory per MPI process
used in this parallel implementation is related to the number of elements,
the number of MPI processes and the number of earthquakes desired. It
is clear the memory requirement increases with the squared number of

(Poster 047)
Subduction zones generate the Earth’s largest and most destructive
earthquakes. The mechanical properties of plate interfaces along
subduction zones can be highly heterogeneous with some regions
rupturing in great earthquakes and others hosting slow slip and tremor.
Accurate measurements of interseismic deformation along the
subduction zones are critical to resolve locking portions on the plate
interface that are accumulating elastic strain. Thanks to gently dipping
subduction geometry, the Nicoya Peninsula, Costa Rica lies directly
above the interpolate seismogenic zone thus enables improved
resolution on interplate coupling. We use interferometric Synthetic
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Aperture Radar (InSAR) data from Japanese ALOS PALSAR sensor from
2007 to 2011to image interseismic deformation in Nicoya Peninsula. A
GPS-derived model of strain accumulation on the plate interface is used
to constrain long-wavelength deformation signals while correcting
residual orbital and/or ionospheric phase noise. We estimate the average
line-of-sight (LOS) interseismic velocity map from the stacking of 10
interferograms with duration longer than 2 yrs, and from the Small
Baseline Subset (SBAS) time series analysis method. Both stacking and
SBAS approach produce comparable results and show that the InSAR
can recover subtle long wavelength deformation signals due to elastic
loading successfully. In comparison with point based GPS data that have
coarse spatial coverage and less accurate vertical measurement, InSAR
LOS measurements are spatially dense and more sensitive to the vertical
deformation.



Constraining ground motion parameters and determining the historic
earthquake that damaged the vaults underneath the Old City of
Jerusalem, Gony Yagoda-Biran and Yossef H. Hatzor (Poster 074)
Evidence for seismically induced damage are preserved in historic
masonry structures below the Old City of Jerusalem at a site known
locally as the ”Western Wall Tunnels” complex, possibly one of the most
important tourist attractions in the world. In the tunnels, structures dated
to 500 BC and up until modern times have been uncovered by recent
archeological excavation. One of the interesting findings is a 100 m long
bridge, composed of two rows of barrel vaults, believed to have been
constructed during the 3rd century AD to allow easy access to the
Temple Mount. In one of the vaults a single masonry block is displaced 7
cm downward with respect to its neighbors. Since the damage seems
seismically driven, back analysis of the damage with the numerical
Discontinuous Deformation Analysis (DDA) method was performed, in
order to constrain the peak ground acceleration (PGA) that had caused
the damage. First the numerical method used for back analysis was
verified with an analytical solution for the case of a rocking monolithic
column, then validated with experimental results for site response
analysis. The verification and validation prove the DDA is capable of
handling dynamic and wave propagation problems.
Next, the back analysis was performed. Results of the dynamic numerical
simulations suggest that the damage observed at the vault was induced
by seismic vibrations that must have taken place before the bridge was
buried underground, namely when it was still in service. We find that the
PGA required for causing the observed damage was high – between 1.5
and 2 g. The PGA calculated for Jerusalem on the basis of established
attenuation relationships for historic earthquakes that struck the region
during the relevant time period is about one order of magnitude lower:
0.14 and 0.48 g, for the events that took place at 362 and 746 AD,
respectively. This discrepancy is explained by local site effects that must
have amplified bedrock ground motions by a factor of up to 10. This
result clearly illustrates the significance of incorporating local site effects
when assessing the seismic hazard associated with specific regions in
general, and particularly in cities where soft layers separate between the
bedrock and the ground surface.

Lack of Additional Triggered Tectonic Tremor around the Simi Valley and
the San Gabriel Mountain in Southern California, Hongfeng Yang and
Zhigang Peng (Poster 105)
We conduct a systematic search of tectonic tremor triggered by distant
large earthquakes around the Simi Valley (SV) and the San Gabriel
Mountain (SGM) in southern California. Out of 59 large earthquakes
between 2000 and 2013, only the 2002 Mw 7.9 Denali Fault earthquake
triggered clear tremor in the region. The observed travel times of the
triggered tremors are consistent with theoretical predictions from tremor
sources that are spatially clustered in the SV, close to the rupture zone of
the 1994 Mw 6.7 Northridge earthquake. We also estimate the triggering
stress threshold as ∼12 KPa from measuring the peak ground velocities
near the tremor source. The lack of clear tremor beneath the SGM
provides a “negative” example for a region where tremor is expected to
occur because of clear evidence of fluid-rich zones at the middle crust.
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The results imply that the necessary conditions for tremor to occur are
more than fluid-induced low effective normal stress.

Biases in the Coseismic Slip Models of Shallow Subduction Earthquakes
Induced by Using Elastic Green’s Functions, Qian Yao and Shuo Ma
(Poster 161)
Elastic dislocation theory has been widely used to infer earthquake
rupture processes in the shallow subduction zone. However, the
assumption that materials deform elastically during the rupture process is
questionable. In the classic critical taper theory of accretionary wedges
(Davis et al., 1983; Dahlen, 1990) the overriding wedge is on the verge of
Coulomb failure everywhere. Due to the proximity to failure updip rupture
on a shallow-dipping plate interface can significantly increase the pore
pressure, lowering the wedge strength and leading to widespread
Coulomb failure in the wedge, which is greatly enhanced by the shallow
dip of the fault (Ma, 2012). The extensive failure in the wedge gives rise to
slow rupture velocity and large seafloor uplift. It also leads to the
deficiency of high-frequency seismic radiation and low moment-scaled
radiated energy (Ma and Hirakawa, 2013), which has been documented
for shallow subduction zone earthquakes (especially tsunami
earthquakes) for decades.
The displacement field calculated by incorporating this poroplastic
mechanism is distinctly different from the one predicted by an elastic
model – the slip near the trench is small and the largest seafloor uplift is
landward from the trench. If this mechanism operates during the rupture
process how biased can the inverse models by using elastic Green’s
functions be? Could the large inferred slip near the trench for the 2011
Tohoku earthquake be manifestations of extensive failure in the wedge?
In this work, we will use elastic Green’s functions to invert the numerically
simulated seafloor displacement field by incorporating this poroplastic
mechanism and discuss these issues.

Equivalent Point-Source Modeling of Moderate-to-Large Magnitude
Earthquakes and Associated Ground-Motion Saturation Effects, Emrah
Yenier and Gail M. Atkinson (Poster 215)
We examine the ability of the equivalent point-source modeling approach
to predict the ground motions from large earthquakes. We consider
ground motions as originating from an equivalent point source, and
mimic finite-fault effects by treating the motion as emanating from a
virtual point (not a real point in space), such that ground motions are
correctly predicted at close distances. This is achieved by using an
effective distance metric R = (D^2 + h^2)^0.5, where D is the actual
distance and h is a “pseudo-depth” term that accounts for saturation
effects.
We model the source and attenuation attributes of well-recorded M6+
earthquakes compiled from different geographic regions, identifying
trade-offs between modeling parameters through analysis of Fourier
amplitudes for several alternative attenuation models. We select the bestfitting attenuation model for each earthquake by regression analysis,
using the residual statistics as a statistical constraint, and the known
seismic moment as a physical constraint.
We find that close-distance saturation occurs at about 15 km or less for
M6-M7 earthquakes while ground-motion saturation effects may extend
to 40 km for large magnitudes (M > 7). The apparent source spectra of
most M6+ earthquakes can be modeled by using a simple Brune pointsource model. For a few of the M6+ earthquakes, notably those in
California, we observe a spectral-sag at intermediate frequencies. For
such earthquakes, a double-corner point-source model provides a better
match than the Brune model. We conclude that an equivalent pointsource model based on the effective distance concept can successfully
predict the average ground motions from M6+ earthquakes at a wide
distance range, including close distances (<20 km). The modeling of this
suite of large events with a simple point-source provides a useful
benchmark against which other more detailed models can be compared.

1/f and the Earthquake Problem: Scaling constraints to facilitate
operational earthquake forecasting, Mark R. Yoder, John B. Rundle, and
Margaret T. Glasscoe (Poster 252)
The difficulty of forecasting earthquakes can fundamentally be attributed
to the self-similar, or “1/f”, nature of seismic sequences. Specifically, the
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rate of occurrence of earthquakes is inversely proportional to their
magnitude m, or more accurately to their scalar moment M. With respect
to this “1/f problem,” it can be argued that catalog selection (or
equivalently, determining catalog constraints) constitutes the most
significant challenge to seismicity based earthquake forecasting. Here,
we address and introduce a potential solution to this most daunting
problem. Specifically, we introduce a framework to constrain, or partition,
an earthquake catalog (a study region) in order to resolve local seismicity.
In particular, we combine Gutenberg-Richter (GR), rupture length, and
Omori scaling with various empirical measurements to relate the size
(spatial and temporal extents) of a study area (or bins within a study
area), in combination with a metric to quantify rate trends in local
seismicity, to the local earthquake magnitude potential – the magnitudes
of earthquakes the region is expected to experience. From this, we
introduce a new type of time dependent hazard map for which the tuning
parameter space is nearly fully constrained. In a similar fashion, by
combining various scaling relations and also by incorporating finite
extents (rupture length, area, and duration) as constraints, we develop a
method to estimate the Omori (temporal) and spatial aftershock decay
parameters as a function of the parent earthquake's magnitude m and
the catalog completeness magnitude mc. From this formulation, we
develop an ETAS type model that overcomes many point-source
limitations of contemporary ETAS. These models demonstrate promise
with respect to earthquake forecasting applications. Moreover, the
methods employed suggest a general framework whereby earthquake
and other complex-system, 1/f type, problems can be constrained from
scaling relations and finite extents.

Preliminary Results on Evaluating Measured- and Estimated-VS30
Values, Alan Yong (Poster 234)
Measurement-based VS30 (time-averaged shear-wave velocity to a
depth of 30 meters) are often sparse or not readily obtainable. Until they
become available, engineers have instead relied on proxy-based
approaches. Many of these promising methods—employing geology
[Wills et al., 2000 (W00); Wills and Clahan, 2006 (WC06)], topographic
slope [Allen and Wald, 2009 (AW09)], or, terrain classification [Yong et al.,
2012 (Y12)]—were calibrated on varying quantities of measured- and
inferred-VS30 values from (effectively) the same limited database. To
evaluate the performance of estimated-VS30 against newly available
measurement-based values, this study collected data for 482 sites in
California. Next, the Y12 model was recalibrated (herein: Y13), using the
same bootstrap-averaging technique but with measured data, and
compared against the observations and other models. Based on the
mean-squared-errors (MSE) between the Y12 and Y13 models, the Y13
estimates appeared to have improved by 4%. Overall, W00 (median
VS30) has the least misfits, followed by WC06, W00 (mean VS30), Y13,
Y12, and AW09. The average difference between all models is 14%, with
the least (< 0.6%) between W00 (mean VS30) and WC06, and, greatest
(32%) between W00 (medium VS30) and AW09. When compared against
W00 (medium VS30), Y12 and Y13 differ by 17 and 13%, respectively.
When comparing the residuals [ln(VS30, measured/VS30, estimated)]
against measured values, the models exhibit a strong trend where each
model consistently over-predicts VS30 at the lower velocity ranges and
under-predicts at higher velocities. Because topographic gradient is
either an explicit parameter in some models (WC06, AW09, Y12 and
Y13), or is implicit in others [W00 (median and mean VS30)], the
dependence could explain the similarities in trend; nevertheless, further
investigations are necessary. These results more importantly imply that
the proxies may not accurately reflect the potential for amplification of
ground motions at the NEHRP Site Class C–E range, which typically
describes features such as basins and alluvial fans where dense urban
enclaves are often situated. Although data at higher velocities seem to
indicate the same limitation of proxy-based approaches, there are not
enough data for a substantive conclusion at this time. Measured-VS30
should be used whenever possible, however, in the absence of
measurements, the aforementioned ranking can potentially provide
guidance on the use of proxy-based models.

Products and Services Available from the Southern California Earthquake
Data Center (SCEDC) and the Southern California Seismic Network

(SCSN), Ellen Yu, Prabha Acharya, Aparna Bhaskaran, Shang-Lin Chen,
Faria Chowdhury, and Kate Hutton (Poster 114)
Currently the SCEDC archives continuous and triggered data from nearly
7410 data channels from 512 SCSN recorded stations, processing and
archiving an average of 17,000 earthquakes each year. The SCEDC
provides public access to these earthquake parametric and waveform
data through its website www.data.scec.org and through client
applications such as STP and DHI. This poster will describe the most
significant developments at the SCEDC in the past year.
• The SCEDC obtained a document object identifier (doi).
doi:10.7909/C3WD3xH1 Please refer to the doi when citing data
downloaded from the SCEDC.
• In addition to the real time GPS displacement waveforms now archived
at SCEDC, we will also begin archiving seismogeodetic displacement
and velocity waveforms produced by the California Real Time Network.
These waveforms are computed by combining the 1 sps real time GPS
solutions with 100 Hz accelerometer data. They are archived at regular
intervals and converted into miniseed format by SCEDC.
• A result of the SCEDC's development of the Station Information System
(SIS) is an archive of the SCSN’s telemetry information. The “first hop”
and “last hop” of the data path is tracked in SIS.
• The SCEDC has a new version of web STP in beta testing. Users can
either use the form or call the service via curl or wget. The user can
retrieve continuous or triggered waveform data, as well as download
phase data for events in the SCEDC earthquake catalog.
• The SCEDC, in collaboration with ANSS regional seismic networks, the
California Geological Survey and the US Strong Motion Project, is
working on an extension of FDSN StationXML that would include
instrumentation as well as the response information.
• The SCEDC is developing a search interface for its focal mechanism
catalog. In the past year the SCSN has transitioned from generating the
solutions using the FPFIT algorithm in post processing, to generating
solutions automatically and manually using the HASH method.
• The SCEDC has done performance tests with putting the SCEDC’s
Recent Earthquake Map in Amazon Web Services (AWS). Our findings
show that the map stored in AWS has better performance serving
requests in times of high demand than our local servers. This should
allow us to allocate the appropriate computational resources to serving
the map in both times of high and low demand.
• The SCEDC has increased its storage capacity to 160TB and will be
replacing its database servers this year.

The SCEC Community Stress Model web site – v.0.1, John Yu, Thorsten
W. Becker, Jeanne Hardebeck, and SCEC CSM Working Group (Poster
182)
SCEC has committed to the development of the Community Stress
Model (CSM). The CSM is to consist of a set of models of the 4D
lithospheric stress field in southern California, and to a set of procedures
to validate such models with a wide range of constraints. We present and
compare a range of candidate stress and stressing-rate models as
submitted by SCEC researchers on occasion of the 2012 and 2013 CSM
workshops in a unified framework. Moreover, we introduce the prototype
SCEC CSM web site, along with initial model validation procedures (at
this point limited to comparisons with constraints from the World Stress
Map). We envision the SCEC CSM web site to grow into a clearing house
for candidate releases and model testing and welcome community input
and discussion of best practices and desired features of a future release.

Supershear Rupture of the 5 January 2013 Craig, Alaska (Mw 7.5)
Earthquake, Han Yue, Thorne Lay, Jeffrey Freymueller, Kaihua Ding, Luis
Rivera, Natalia Ruppert, Keith Koper (Poster 122)
Supershear rupture, in which a fracture’s crack tip expansion velocity
exceeds the elastic shear wave velocity, has been extensively
investigated theoretically and experimentally, and previously inferred
from seismic wave observations for six continental strike-slip
earthquakes. We find extensive evidence of supershear rupture
expansion of an oceanic interplate earthquake, the 5 January 2013, Mw =
7.5, Craig, Alaska earthquake. This asymmetric bilateral strike-slip
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rupture occurred on the Queen Charlotte Fault, offshore of southeastern
Alaska. Direct observations of shear shock-waves for several regional
seismic stations, with path calibrations provided by an empirical Green’s
function approach, indicate a supershear rupture process. Several
waveform inversion and modeling techniques were applied to determine
the rupture velocity and space-time distribution of slip using regional
seismic and geodetic observations. Both theoretical and empirical
Green’s functions were used in the analyses, with all results being
consistent with a rupture velocity of 5.5 to 6 km/s, exceeding the crustal
and upper-mantle S-wave velocity and approaching the crustal P-wave
velocity. Supershear rupture occurred along ~100 km of the northern
portion of the rupture zone, but not along the shorter southern rupture
extension. The direction in which supershear rupture developed may be
related to the strong material contrast across the continental-oceanic
plate boundary, as predicted theoretically and experimentally. The shear
and surface wave shock-waves involve strongly enhanced ground
motions at azimuths oblique to the rupture direction, emphasizing the
enhanced hazard posed by supershear rupture of large strike-slip
earthquakes.

Spatio-temporal evolution of seismic clusters in southern and central
California, Ilya Zaliapin and Yehuda Ben-Zion (Poster 075)
We examine evolutionary patterns of seismic clusters and their relations
to (i) heat flow, rock types and seismogenic depth, (ii) structure of the
regional fault network and (iii) occurrence times of large near-by
earthquakes. The analyses are based on our recent methodology for
detection and classification of seismic clusters, and new high-quality
relocated catalogs of southern and central California. The novelty of this
study is in systematic uniform analysis of thousands of robustly detected
seismic clusters of small-to-medium magnitude events, as opposed to
the handful of largest clusters analyzed in most studies. Our previous
research established the existence of three types of earthquake clusters
(burst-like, swarm-like, and singles) of small-to-medium magnitude, and
demonstrated that the cluster type is closely related to the heat flow and
other properties governing the effective viscosity of a region. The
continuing work focuses on spatio-temporal evolution of different cluster
types in relation to seasonal patterns, activity switching between different
areas, and systematic patterns preceding large events. The results so far
document (i) activity switching of small-to-medium magnitude
earthquakes between different faults, (ii) mild seasonal fluctuations of
intensity of such events, and (iii) several premonitory patterns that are
seen most clearly near Parkfield.

Earthquake source tensor inversion with the gCAP method and 3D
Green’s functions, Jianchang Zheng, Yehuda Ben-Zion, Lupei Zhu, and
Zachary Ross (Poster 113)
We develop and apply a method to invert earthquake seismograms for
source properties using a general tensor representation and 3D Green’s
functions. The method employs (i) a general representation of earthquake
potency/moment tensors with double couple (DC), compensated linear
vector dipole (CLVD), and isotropic (ISO) components, and (ii) a
corresponding generalized CAP (gCap) scheme where the continuous
wave trains are broken into Pnl and surface waves (Zhu & Ben-Zion,
2013). For comparison, we also use the waveform inversion method of
Zheng & Chen (2012) and Ammon et al. (1998). Sets of 3D Green's
functions are calculated on a grid of 1 km3 using the 3-D community
velocity model CVM-4 (Kohler et al. 2003). A bootstrap technique is
adopted to establish robustness of the inversion results using the gCap
method (Ross & Ben-Zion, 2013). Synthetic tests with 1-D and 3-D
waveform calculations show that the source tensor inversion procedure
is reasonably reliable and robust. As initial application, the method is
used to investigate source properties of the March 11, 2013, Mw=4.7
earthquake on the San Jacinto fault using recordings of ~45 stations up
to ~0.2Hz. Both the best fitting and most probable solutions include ISO
component of ~1% and CLVD component of ~0%. The obtained ISO
component, while small, is found to be a non-negligible positive value
that can have significant implications for the physics of the failure
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process. Work on using higher frequency data for this and other
earthquakes is in progress.

Noise-based surface wave tomography of the Southern California plate
boundary region, Dimitri Zigone, Yehuda Ben-Zion, Michel Campillo, and
Philippe Roux (Poster 104)
We use ambient noise tomography to investigate the crustal structures of
the Southern California plate boundary region with a focus on the San
Jacinto Fault Zone. A network consisting of 154 broadband and short
period sensors is used to estimate the Green’s functions of surface
waves propagating between station pairs. To obtain better signal to noise
ratios in the noise correlation functions, we adopt a procedure using
short time windows (4 hr). Energy tests are performed on the data to
remove effects of transient sources and instrumental problems.
After computing the correlations functions, we perform Optimal Rotation
Algorithm (ORA) calculations (Roux, 2009) to better take into account the
unfavorable directive ambient seismic noise that is coming mainly from
the Pacific in Southern California. This method is used to make travel
time measurements on the vertical, radial and transverse components
that can be used to evaluate dispersion using frequency-time analysis for
periods between 1-20 seconds. After rejecting paths without sufficient
signal to noise ratios, we invert the velocity measurements using the
Barmin et al (2001) approach on a 1.5 km grid size.
The obtained group velocity maps reveal complex structures with clear
velocity contrasts across sections of the San Jacinto fault zone, along
with low velocity damage zones and basins. We also find a strong group
velocity contrast across the southern part of the San Andreas Fault
where the Salton trough produces a slower southwest block. The group
velocities are inverted to 3D images of shear wave speeds using the
linear inversion method of Hermann and Ammon (2002). The results show
flower-type damage structures in the top few km of the crust around the
SJFZ that are in agreement with, and complement, earthquake
tomography studies in the region.

Tectonic tremor and brittle seismic events triggered along the Eastern
Denali Fault in northwest Canada, Jessica P. Zimmerman, Chastity Aiken,
and Zhigang Peng (Poster 246)
Deep tectonic tremor has been observed in a number of plate-bounding
tectonic environments around the world. It can occur both spontaneously
(i.e. ambient) and as a result of small stress perturbations from passing
seismic waves (i.e. triggered). Because tremor occurs beneath the
seismogenic zone (> 15 km), it is important to understand where and how
tremor occurs to discern its relationship with shallower earthquakes. In
this study, we search for triggered tremor and brittle seismic events
along the Eastern Denali Fault (EDF) in northwest Canada, an intraplate
strike-slip region where previously tremor has not been observed. We
retrieve seismic data for 19 distant earthquakes from 9 broadband
stations monitored by the Canadian National Seismograph Network
(CNSN). We apply high-pass or band-pass filters to the seismic data to
suppress signals from distant events and search for local sources.
Triggered tremor signals exhibit high-frequency contents, have long
duration (> 15 s), are coincident with passing surface waves of the
distant earthquakes, and are observable among nearby stations. Using
this simple approach, we have identified 4 mainshocks that triggered
tremor in our study region: the 2011/03/11 Mw9.1 Tohoku, 2012/04/11
Mw8.6 Sumatra, 2012/10/28 Mw7.7 Haida Gwaii, and 2013/01/05 Mw7.5
Craige earthquakes. Our initial locations indicate that the tremor source
occurs on or near the southeastern portion of the EDF near the fault
trace. In addition to the triggered tremor sources, we also identified many
“brittle” events with very short durations triggered by the Rayleigh waves
of the 2012/10/28 Mw7.7 Haida Gwaii earthquake. While we were unable
to locate these brittle events, they appear to be seismically similar to
triggered icequakes observed in Antarctica (Peng et al., 2013) and occur
during the dilatational strain changes caused by the Rayleigh waves.
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MA Shuo, SDSU 161, 172, Tue0845
MA Xiao, UIUC 145
MACKEY Ben, U Canterbury 019
MADDEN Elizabeth, UMass 180, 185
MADRID Juan, CICESE 062
MAECHLING Philip, SCEC/USC 195, 196, 197,
198, 203, 204, 214, 263, 276
MAI Paul, KAUST 072, 093, 227
MALONE Stephen, U Washington 121
MALONEY Jillian, SIO/UCSD 096, 171
MANO Akira, Tohoku U 250
MARAT Kasimov, Reg Acad of Nat Sci 231
MARKHAM Christopher, UC Berkeley
MARKOWSKI Daniel, Utah State 012
MARLIYANI Gayatri, ASU 026, 244
MARQUIS John, SCEC/USC
MARSAGLIA Kathleen, CSUN
MARSHALL Scott, Appalachian State 057
MARTIN Stacey, Victoria U Wellington 259
MATHESON Ephram, UVU 025
MATZEL Eric, LLNL 108
MAURER Jeremy, Stanford 055
MCAULIFFE Lee, USC 011
MCBEAN Alexa, UNR
MCBEAN Kevin, UNR
MCBECK Jessica, UMass 180
MCCARTHY Jill, USGS
MCCLEMENT Kara, U Wisconsin 119
MCCRINK Timothy, CGS
MCGAREY Patrick, ASU 015
MCGARR Arthur, USGS 080

MCGILL Sally, CSUSB 011, 037, 038, 039, 040,
243, 249
MCGUIRE Richard, CSUN
MCGUIRE Christopher, UCLA 020, 232
MCINTOSH Kirk, UCSC 071
MCLASKEY Gregory, USGS 166
MCQUILLAN Patrick, IRIS 242
MCRANEY John, SCEC/USC
MEADE Brendan, Harvard 063, 190
MEERTENS Charles, UNAVCO 049
MEIER Men-Andrin, ETH Zürich
MEIER Ryan, USC 279
MELGAR Diego, SIO/UCSD 273
MELO João Felipe, UIUC 261
MELOSH Ben, McGill U 177
MENCIN David, UNAVCO
MENG Xiaofeng, Georgia Tech 167, 245
MENG Lingsen, UC Berkeley
MERRIAM Martha, Caltrans
MICHAEL Andrew, USGS 077, 080
MILLER M. Meghan, UNAVCO
MILLINER Chris, USC 028, 059, 178
MILNER Kevin, SCEC/USC 195, 262, 269, 278,
280
MINSON Sarah, USGS 271
MINSTER Jean, UCSD 060
MISHIMA Toshiaki, Osaka City U 162
MITCHELL Erica, SIO/UCSD 141
MIYAKOSHI Ken, Kyoto 236
MOORE J. Casey, UCSC 162
MORAN Seth, USGS 121
MORELAN Alexander, UC Davis
MORGAN Paul, UCSC 245
MORI James, Kyoto 143
MOSCHETTI Morgan, USGS 254
MOTAMED Ramin, UNR
MUELLER Charles, USGS 080
MULDER Taimi, GS of Canada
MURRAY Mark, New Mexico Tech
MURRAY Jessica, USGS 271
NAEIM Farzad, John A Martin
NAIF Samer, SIO/UCSD
NALE Stephanie, UCSC 071
NELSON Walter, Sewanee 039
NEWMAN Susan, SSA
NGET David, Cal Poly Pomona
NI Sidao, U Sci &Tech China 084
NICHOLSON Craig, UCSB 123
NICOLL Jeremy, ASF 049
NIE Shiying, U Sci & Tech China 084
NIEVES Adelis, U Central Venezuela 136
NISSEN Edwin, CSM 015, 060, 061
NORIEGA Marlene, CSUSB 038
NORRIS Jaren, UC Davis 174
NOVOA Karina, PCC 280
O’REILLY Ossian, Stanford 107
O’ROURKE Tom, Cornell Sun1800
OBARA Kazushige, ERI Tokyo 260
ODLUM Margo, UCLA
OGLESBY David, UC Riverside 149
OHLAND G. Harris, Cal Poly Pomona
OKAMOTO Taro, Tokyo Inst Tech
OKAZAKI Keishi, Brown 175
OKUBO Steven, UCLA 020, 232
OKUMURA Koji, Hiroshima U
OLSEN Kim, SDSU 085, 149, 195, 203, 205, 214,
217, 218
OLSON Michael, Caltech 117
ONDERDONK Nathan, CSULB 243
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ONO Yuichi, Tohoku U 250
ORTEGA Gustavo, Caltrans
OSKIN Michael, UC Davis 014, 018, 060, 061,
126, 127, 131
OWEN Susan, NASA JPL 057
OZAKIN Yaman, USC 100
PACE Alan, Petra Geotechnical
PAGE Morgan, USGS 269
PANKOW Kristine, U Utah 079
PARADA Jaime, U Central Venezuela 136
PARKER Jay, NASA JPL 050, 051, 058
PARTITA Paula, 249
PASSONE Luca, KAUST 070
PASYANOS Michael, LANL 216
PAULSON Elizabeth, USC
PAZOS Celia, Cal Poly Pomona
PELTIES Christian, LMU Munich 070, 093
PENG Zhigang, Georgia Tech 105, 167, 168, 245,
246
PERRY Stephen, Caltech 163
PETERS Robert, Robert Peters Geologic 005
PETERSEN Mark, USGS 080
PETERSON Dana, U Wisconsin 119
PETERSSON Anders, LLNL 224
PETTINGA Jarg, U Canterbury 225
PHILO Daniel, CSUF 280
PIERCE Marlon, NASA JPL 051
PIGGOT Jeremy, APRU 250
PITARKA Arben, LANL 216, 224
PLANK Terry, Boston U 142
PLATT John, Harvard 138
PLATT John, USC 193
PLESCH Andreas, Harvard 123, 124, 197
POLET Jascha, Cal Poly Pomona
POLISSAR Pratigya, LDEO 021, 142, Tue1015
PORRITT Robert, USC
POWERS Peter, USGS 270
POYRAZ Efecan, SDSC 155, 196
PRENTICE Carol, USGS 027
PRIETO German, U los Andes 223
PURASINGHE Ruwanka, City of LA
PURASINGHE Rupa, CSULA
PYTLEWSKI Ani, Lyndon State 280
QIU Hongrui, USC
QUIGLEY Mark, U Canterbury 019, 130
RABINOWITZ Hannah, Columbia 142, Tue1015
RAINS Christine, CSUN 050
RAMIREZ-GUZMAN Leonardo, UNAM 200
RAMSAY Joseph, UCLA 109
RATHJE Ellen, UT Austin
RAZAFINDRAKOTO Hoby, KAUST
RECHES Ze'ev, U Oklahoma
REGALLA Christine, Penn State 162
REMITTI Francesca, UNIMORE 162
REMMENGA Kyle
RETTENBERGER Sebastian, TU München 070
REYNERS Martin, GNS Science 088
REYNOLDS Laura, UCSB 005
REZAEIAN Sanaz, USGS 228
RHOADES David, GNS Science 088, 264, 265
RHODES Brady, CSUF 001, 002, 003, 004
RHODES Edward, UCLA 011, 020, 232
RICE James, Harvard 138
RICE Johnathan, UCSB
RICHARDS-DINGER Keith, UC Riverside 134,
155, 164, 202
RIEL Bryan, Caltech 158
RIEMAN Matthew, West Chester U Penn 279
RINALDO Gavin, Georgia Tech 167

RISTAU John, GNS Science 088
RIVERA Luis, IPGS 122
ROBINSON DEVRIES Phoebe, Harvard 190
ROCKWELL Brian, SDSU 169
ROCKWELL Thomas, SDSU 005, 006, 008, 023,
034, 052, 169, 243
RODGERS Arthur, LLNL 224
ROJAS Otilio, U Central Venezuela 136
ROMANO Mark, USC 247, 277
ROMERO Hugo, U Chile 250
ROOD Dylan, SUERC 230
ROSAKIS Ares, Caltech 147
ROSINSKI Anne, CGS
ROSS Zachary, USC 099, 113
ROTEN Daniel, ETH Zürich 217
ROUSSEAU Nick, SCEC 277, 278, 279, 280
ROUX Philippe, UJF/IPGP 104
ROWE Christie, UCSC 142, 162, 177, Tue1015
ROWLEY Guadalupe, Ontario HS 037, 249
RUBINO Vito, Caltech 147
RUBINSTEIN Justin, USGS 080
RUHL Christine, UNR 090
RUNDLE John, UC Davis 051, 174, 250, 251,
252
RUPPERT Natalia, AEIC 122
RYAN Kenny, UC Riverside
RYBERG Trond, GFZ Potsdam 125
RYMER Michael, USGS 032, 125
SACHS Michael, UC Davis 251
SAHAKIAN Valerie, SIO/UCSD 052, 098
SALIN Aaron, UT Austin
SALISBURY James, ASU 025, 026, 244
SAMMIS Charles, USC 129, 176
SANDWELL David, UCSD 056, 059, 087, 184
SARIPALLI Srikanth, ASU 015, 061
SATO Tsurue, ASU 025
SAVAGE Heather, LDEO 021, 120, 142,
Mon1515, Tue1015
SAVAGE James C., USGS 043
SAVRAN William, UCSD/SDSU 218
SCANLON Emma, USGS
SCHARER Katherine, USGS 003, 015, 027, 028,
029, 030, 032, Mon1130
SCHEIRER Daniel, USGS 125
SCHMAUDER Gretchen, UNR 090
SCHMEDES Jan, UCSB 220
SCHMIDT David, U Oregon 121
SCHORLEMMER Danijel, USC 176, 263, 265
SCHROEDER Sean, Cal Poly Pomona
SCHWARTZ Susan, UCSC 047
SCHWARTZ David, USGS
SCOTT Chelsea, Cornell 045
SCOTT Eric, SBCM 241, 247
SEALE Sandra, NEES@UCSB 082
SEAMAN Tyler, UNR 090
SEGALL Paul, Stanford 055, 065
SEITZ Gordon, CGS
SEKIGUCHI Haruko, Kyoto 236
SELANDER Jacob, UC Davis 127, 131
SELCK Jeff, UVU 025
SELIGSON Hope, MMI Engineering
SHAKIBAY SENOBARI Nader, UC Riverside 068
SHAMLOO Hannah, CSUN 280
SHARE Pieter-Ewald, USC
SHARP Warren, BGC 032
SHAW John, Harvard 013, 123, 124
SHAW Bruce, LDEO 164
SHCHERBENKO Gina, SUNY Stony Brook 267,
Tue1215
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SHEARER Peter, UCSD 076
SHELLY David, USGS 119
SHEN Zheng-Kang, NSF 046
SHEPPARD Rachel, LDEO 021, Tue1015
SHERVAIS Katherine, Colorado State
SHI Zheqiang, SDSU
SHI Jian, 221
SHIH Liwen, U Houston 196
SHIRZAEI Manoochehr, ASU Tue1130
SILVA Fabio, SCEC/USC 203, 204
SILVER Eli, UCSC 071
SIMILA Gerry, CSUN
SIMMS Alexander, UCSB 005, 024
SIMPSON Robert, USGS 043
SJOGREEN Bjorn, LANL 224
SLEEP Norman, Stanford 222
SMALL Patrick, SCEC/USC 197
SMIT Louis, U Cape Town 177
SMITH Deborah, CIW 181
SMITH Stewart, U Washington 129
SMITH Ken, UNR 090
SMITH Dave, USC 277, 278, 280
SMITH-KONTER Bridget, UTEP 056, 184
SOMALA Surendra Nadh, Caltech 272
SOMEI Kazuhiro, Kyoto 236
SOMERVILLE Paul, URS 203, 204, 210
SONG Seok Goo, ETH Zürich 227
SONG Xin, USC 078
SORLIEN Christopher, UCSB 123
SOUSA Frank, Caltech 010
SPINLER Joshua, Arizona 037, 038, 039, 040
SPRINGER Kathleen, SBCM 241, 242, 247, 249
SPUDICH Paul, USGS 209
STARK Keith, SCIGN 041
STEIDL Jamison, UCSB 082, 248
STEWART Jonathan, UCLA 209
STINSON Emily, UCSB 082
STIRLING Mark, GNS Science 230
STOCK Joann, Caltech 009, 010, 035, 249
STRADER Anne, UCLA 253
STYRON Richard, U Michigan 014, 183
SUMY Danielle, USGS 119, 133, 249
SWANSON Brian, CGS
SWIFT Mark, SBCM 037, 249
TABORDA Ricardo, CERI 197, 221
TAIRA Taka’aki, UC Berkeley 092
TAKAHASHI Miki, GS of Japan 175
TAKEDATSU Rumi, SDSU 203, 205
TAKEUCHI Kuniyoshi, Yamanashi U 250
TAN Harold, Natl Taiwan U 250
TANIMOTO Toshiro, UCSB
TAPPONNIER Paul, IPGP 188
TAYLOR Michael, U Kansas 014
THATCHER Wayne, USGS 043
THINGBAIJAM Kiran, KAUST 072
THIO Hong Kie, URS
THOMPSON Thomas, Harvard
THOMPSON Eric, SDSU 233
THURBER Clifford, U Wisconsin 119
TOCZKO Sean, JAMSTEC 143
TOKE Nathan, UVU 025
TONG Xiaopeng, SIO/UCSD 056, 059
TOWNSEND Meredith, Stanford
TOY Virginia, Otago 162
TRAER James, SIO/UCSD 110
TREIMAN Jerome, CGS 007, 058
TREMEWAN Chris, APRU 250
TRUGMAN Daniel, LANL 153
TSAI Victor, Caltech Tue1515
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TULLIS Terry, Brown
TURCOTTE Donald, UC Davis 174, 251
TURINGAN Maria, IGPP/SIO/UCSD
TYMOFYEYEVA Ekaterina, SIO/UCSD
UCARKUS Gulsen, SIO/UCSD 006, 096
UHL Jonathan, UIUC 255
UJIIE Kohtaro, U Tsukuba 162
VADMAN Michael, CSUN
VAHI Karan, ISI/USC 195
VAN DER ELST Nicholas, LDEO 120, Mon1515
VANEGAS Michelle, CSULA 241
VARGAS Sarah, Chaffey College 277
VARGAS Bernadette, Etiwanda HS 037, 249
VASQUEZ Kelvin, ELAC 279
VEERARAGHAVAN Swetha, Caltech 229
VEGA Vanessa, CSUSB 038
VELASCO Aaron, LANL 079, 103
VERNON Frank, UCSD 094, 168
VIDALE John, U Washington 121, Wed0845
VIESCA Robert, Tufts 137
VILLANI Manuela, ARUP London 211
VILLASANA Miguel, PCC 278
VINCI Margaret, Caltech 249
VON DASSOW Wesley, Lafayette College 050
WALD David, USGS 233
WALLACE Laura, UTIG 065
WALLING Melanie, Lettis Consultants
WALLS Christian, UNAVCO
WALTER Jacob, UCSC 245
WANG Jun, Indiana 051
WANG Kang, SIO/UCSD 064
WANG Yongfei, UCSD/SDSU 084
WANG Feng, USC
WANG Fei, USGS
WANG Honglei, USGS
WANG
Feng, VPAC 203, 214
WARBRITTON Matthew, Saint Louis U 243

WARD Steven, UCSC
WARREN Jessica, Stanford 022
WATSON-LAMPREY Jennie, Watson-Lamprey
WEI Shengji, Caltech 058, 091
WEISER Deborah, UCLA 116
WELDON Ray, U Oregon 034, 189
WELDON Nicholas, 034
WELTI Russ, IRIS 242
WERNER Maximilian, Princeton 263, 265, 266,
Mon1430
WESNOUSKY Steven, UNR
WESSEN Alice, NASA JPL 249
WESTON Jennifer, U East Anglia 048
WHEARTY Joe, SDSU 023
WHITCOMB James, NSF
WHITTAKER Andrew, MCEER/U Buffalo
WICKER Cary, CSULB 017
WILCOX Lucas, NPS 151
WILLIAMS Charles, GNS Science 187
WILLIAMS Patrick, SDSU 015, 032
WILLS Chris, CGS 235
WITHERS Kyle, SDSU 085
WITKOSKY Ryan, Caltech 028, 029, 030
WOLF Evan, UCLA 020
WOLFE Cecily, USGS
WOLFF Lisa, CSUN 029, 030
WOLFSON-SCHWEHR Monica, U New
Hampshire 162
WONG-ORTEGA Victor Manuel, CICESE 103
WOODDELL Kathryn, PG&E 203, 212
WORDEN Charles, USGS 233
WU Chunquan, LANL 118
WU Francis, USC/SUNY Binghamton
WYATT Frank, UCSD 053, 054
WYMAN Dana, Stanford
XU Xiaohua, IGPP/SIO/UCSD 059
XU Heming, SDSC/UCSD 155, 164
XUE Lian, UCSC 047

YAGI Yuji, U Tsukuba
YAGODA-BIRAN Gony, UNR 074
YANG Hongfeng, Georgia Tech 105, 168
YAO Qian, UCSD/SDSU 161
YENIER Emrah, Western U Canada 215
YIKILMAZ Burak, UC Davis 251
YILDIRIM Battalgazi, Stanford 274
YODER Mark, UC Davis 252
YONG Alan, USGS 234
YOON Clara, Stanford 107
YOUN Choonhan, SDSC 049
YOUNG Jerry, Painted Hills MS 037, 249
YOUNG Karen, USC
YU Ellen, Caltech 114, 117
YU Junjie, Caltech
YU John, USC 182, 195, 263, 277
YUAN Jing, USC 280
YUE Han, UCSC 122
YULE Doug, CSUN 029, 030
YUN Sang-Ho, NASA JPL
ZALIAPIN Ilya, UNR 075
ZAREIAN Farzin, UC Irvine 228
ZECHAR Jeremy, ETH Zürich 263, 265
ZENG Yuehua, USGS
ZHAN Zhongwen, Caltech 091
ZHENG Jianchang, USC 113
ZHONG Peng, UC Irvine 228
ZHOU Jun, SDSC 196
ZHU Lupei, Saint Louis U 099, 113
ZIELKE Olaf, KAUST 016
ZIGONE Dimitri, USC 104
ZIMMERMAN Jessica, Texas A&M 246
ZIMMERMAN Mark, U Minnesota 022
ZIMMERMAN-BRACHMAN Rachel, NASA JPL
249
ZINKE Robert, USC
ZUZA Andrew, UCLA
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SCEC INSTITUTIONS

The Southern California Earthquake Center (SCEC) is an institutionally based organization
that recognizes both core institutions, which make a major, sustained commitment to
SCEC objectives, and a larger number of participating institutions, which are selfnominated through the involvement of individual scientists or groups in SCEC activities
and confirmed by the Board of Directors. Membership continues to evolve because
SCEC is an open consortium, available to any individual or institution seeking to
collaborate on earthquake science in Southern California.

Core Institutions and Representatives
USC, Lead

Harvard

UC Los Angeles

UC Santa Cruz

USGS Pasadena

Tom Jordan

Jim Rice

Peter Bird

Emily Brodsky

Rob Graves

Caltech

MIT

UC Riverside

UNR

Nadia Lapusta

Tom Herring

David Oglesby

Glenn Biasi

CGS

SDSU

UC San Diego

USGS Golden

Chris Wills

Steve Day

Yuri Fialko

Jill McCarthy

Columbia

Stanford

UC Santa Barbara

USGS Menlo Park

Bruce Shaw

Paul Segall

Ralph Archuleta

Ruth Harris

Core institutions are designated
academic and government research
organizations with major research
programs in earthquake science. Each
core institution is expected to contribute
a significant level of effort (both in
personnel and activities) to SCEC
programs, as wells as a yearly minimum
of $35K of institutional resources (spent
in-house on SCEC activities) as
matching funds to Center activities. Each
core institution appoints an Institutional
Director to the Board of Directors.	
  

SCEC membership is open to participating institutions upon application. Eligible
institutions may include any organization (including profit, non-profit, domestic, or
foreign) involved in a Center-related research, education, or outreach activity. An
invitation was sent this summer to all SCEC3 domestic participating institutions and
institutions new to SCEC that were funded in 2012 to apply for participating institution
status in SCEC4, as called for in the SCEC by-laws. As of August 2012, the following
institutions have applied for participating institution status for SCEC4 (2012-2017).

Domestic Participating Institutions and Representatives
Appalachian State

Colorado Sch. Mines

Smith

U Illinois

U Wisconsin Madison

Scott Marshall

Edwin Nissen

John Loveless

Karin Dahmen

Clifford Thurber

Arizona State

Cornell

SUNY at Stony Brook U Kentucky

URS Corporation

J Ramon Arrowsmith

Rowena Lohman

William Holt

Sean Bemis

Paul Somerville

Brown

Georgia Tech

Texas A&M

U Massachusetts

Utah State

Terry Tullis

Zhigang Peng

Judith Chester

Michele Cooke

Susanne Janecke

CalPoly Pomona

Indiana

U Alaska Fairbanks

U Michigan Ann Arbor

Utah Valley

Jascha Polet

Kaj Johnson

Carl Tape

Eric Hetland

Nathan Toke

CSU Fullerton

JPL

UC Berkeley

U New Hampshire

WHOI

David Bowman

Andrea Donnellan

Roland Bürgmann

Margaret Boettcher

Jeff McGuire

CSU Long Beach

Oregon State

UC Davis

U Oregon

Nate Onderdonk

Andrew Meigs

Michael Oskin

Ray Weldon

CSU San Bernardino

Penn State

UC Irvine

U Texas El Paso

Sally McGill

Eric Kirby

Lisa Grant Ludwig

Bridget Smith-Konter

Carnegie Mellon

Purdue

U Cincinnati

U Texas Austin

Jacobo Bielak

Andrew Freed

Lewis Owen

Whitney Behr

International Participating Institutions
Academia Sinica (Taiwan)

ERI Tokyo (Japan)

Nat’l Central U (Taiwan)

CICESE (Mexico)

ETH Zürich (Switzerland)

Nat’l Chung Cheng (Taiwan)

DPRI Kyoto (Japan)

IGNS (New Zealand)

Nat’l Taiwan U (Taiwan)

U Western Ontario (Canada)

Participating institutions do not
necessarily receive direct support from
the Center. Each participating institution
(through an appropriate official) appoints
a qualified Institutional Representative
to facilitate communication with the
Center. The interests of the participating
institutions are represented on the Board
of Directors by two Directors At-Large.	
  

Apply as a Participating Institution
E-mail application to John McRaney
[mcraney@usc.edu]. The application
should come from an appropriate official
(e.g. department chair or division head)
and include a list of interested faculty
and a short statement on earthquake
science research at your institution.
Applications will be approved by a
majority vote of the SCEC Board of
Directors.
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