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Project Summary

This proposal requests funding for the Southern California Earthquake Center (SCEC) for the 5-year
period from 1 Feb 2012 to 31 Jan 2017 (SCEC4). The Center coordinates basic research in earthquake
science using Southern California as its principal natural laboratory. The region is data-rich and, with an
urbanized population exceeding 20 million, it comprises the lion’s share of national earthquake risk. Ac-
cording to the Uniform California Earthquake Rupture Forecast (UCERF2), the mean probability of an
M > 7 earthquake in Southern California over the next 30 years is 82%. New research by the Southern
San Andreas Fault Evaluation (SoSAFE) project has revised the recurrence interval for the Carrizo sec-
tion of the San Andreas fault downward, to less than the open interval since its last rupture in 1857. The
entire southern San Andreas is “locked and loaded.”

SCEC Mission. SCEC’s theme of earthquake system science is reflected in its mission statement, which
emphasizes the connections between information gathering by sensor networks, fieldwork, and laboratory
experiments; knowledge formulation through physics-based, system-level modeling; improved under-
standing of seismic hazard; and actions to reduce earthquake risk and promote community resilience.
The Center is a large consortium of institutions with a national, and increasingly worldwide, distribution
that coordinates earthquake system science within Southern California, and with research elsewhere. The
16 current core institutions have all committed resources to SCEC4, and three new core institutions are
expected to join, including a consortium of 6 CalState campuses. More than 50 other institutions (11 for-
eign) are likely to participate, forming one of the largest research collaborations in geoscience. Several
other characteristics describe the Center:

- A collaboratory for earthquake system science

that includes the Community Modeling Environ- SCch;;aT::'pams e s
ment (CME), which applies high-performance Techaucat Speciaets 213! 3
computing to large-scale earthquake modeling, . UGRAD Undergraduess Stodents 10052127
and the Collaboratory for the Study of Earthquake 500 AX Partictpents 571017

Predictability (CSEP), a global infrastructure for GRAD
the prospective testing of earthquake forecasts. “
- An open “‘community of trust” that nurtures stu- =
dents and early-career scientists and shares in- 200
formation and ideas about how earthquakes work.
The Center’s working groups, workshops, field ac- - .l.IIII III
tivities, and annual meeting enable scientists to  $60 SCEC1 SCEC
collaborate over sustained periods, building strong ¢ = g et
interpersonal networks that promote intellectual -
exchange and mutual support. About two-thirds of

the total SCEC science budget directly supports
students and early-career scientists (Fig. S1).

- A reliable and trusted partner that collaborates Figure $1. Colored bars show total registrants at SCEC
. g . . . Annual Meetings, one measure of how the collaboration has
Wlth_ other Qrgangt_lons in reducing risk _and pro- grown during its 20-year history, 1991-2009. Pie chart and
moting societal resilience to earthquake disasters. table show the demographics of SCEC3. The lower bar chart
The SCEC Communication. Education. and Qut- s the history of SCEC base funding in as-spent dollars; the
’ . ’ . connected dots are the base-funding totals in 2002 dollars.

reach (CEO) program has steadily grown a di-
verse network of partnerships. Its California-wide Earthquake Country Alliance (ECA)—now compris-
ing more than 200 organizations—promotes preparedness through the popular publications that have
branched from Putting Down Roots in Earthquake Country and involves millions of California citizens

in earthquake awareness and readiness exercises through its annual ShakeOut exercises.

Intellectual Merit of the Proposed Research. Earthquakes emerge from complex, multiscale interac-
tions within active fault systems that are opaque, and are thus difficult to observe. They cascade as cha-
otic chain reactions through the natural and built environments, and are thus difficult to predict. The pro-
posed 5-year research program will pioneer time-dependent seismic hazard analysis—the geoscience
required to track earthquake cascades. This science seeks to understand the unusual physics of how
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matter and energy interact during the extreme conditions of rock failure. No theory adequately describes
the basic features of dynamic rupture, nor is one available that fully explains the dynamical interactions
within networks of faults. Progress towards a comprehensive theory will improve the predictive capabili-
ties of earthquake system science.

SCEC4 will move this 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 focus on six fundamental problems of earthquake physics:

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.

Broader Impacts of the Proposed Research. The Center will translate basic research into practical
products for reducing risk and improving community resilience in Southern California and elsewhere. The
SCEC4 program will help to:

- transform long-term seismic hazard analysis, the most important geotechnology for characterizing
seismic hazards and reducing earthquake risk, into a physics-based science;

- develop operational earthquake forecasting into a capability that can provide authoritative information
about the time dependence of seismic hazards to help communities prepare for potentially destructive
earthquakes;

- enable earthquake early warning—advanced notification that an earthquake is underway and predic-
tions of when strong shaking will arrive at more distant sites—and

- improve the delivery of post-event information about strong ground motions and secondary hazards.

The Center will create, prototype, and refine these operational capabilities in partnership with the USGS
and other responsible government agencies. In addition to better earthquake forecasting and ground mo-
tion prediction models, important SCEC4 contributions will include the CSEP cyberinfrastructure needed
to evaluate prospectively and continually the performance of the operational models and their compo-
nents by comparing the forecast ground motions with those actually recorded. Its international leadership
in system science and sustained efforts to educate a diverse scientific workforce will contribute to its
broader impacts.

SCEC3 Accomplishments. The main goal of SCEC3 has been to transform probabilistic seismic hazard
analysis into a physics-based science. The core research program has focused on improving the science
basis for the two principal components of probabilistic seismic hazard analysis, earthquake rupture fore-
casting and ground motion prediction. SCEC’s basic research in Southern California has led to important
advances. This basic research has been applied to develop new seismic hazard products (UCERF2),
conduct public emergency preparedness drills (ShakeOut), create new ways of assimilating data into
models (full-3D waveform tomography), gain new insights into earthquake behavior (ground motion vari-
ability caused by dynamic source complexities), and create the first physics-based seismic hazard model
(CyberShake).

SCEC3 has pioneered novel modes of collaboration, including self-organized Technical Activity
Groups, the global CSEP, and the statewide Earthquake Country Alliance. The EPIcenters program net-
work of “free-choice” learning institutions now involves more than 50 museums, science centers, and
other informal education venues. The Center has developed intern programs that effectively recruit a di-
verse population of students into science and technology careers. SCEC3 research results are demon-
strably impacting earthquake insurance and statewide preparedness activities (e.g., ShakeOut), and they
are contributing new tools to earthquake engineering. SCEC’s research initiatives and organizational in-
novations are being emulated in other regions of high seismic risk, including Japan, China, and the Euro-
pean Union.

SCECA4 Project Plan. Seismic hazards change dynamically in time, because earthquakes release energy
on very short time scales and thereby alter the conditions within the fault system that will cause future
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earthquakes. The project’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 six fundamental problems listed under Intellectual Merit will constitute the basic-research focus of
the project. They are interrelated and require an interdisciplinary, multi-institutional approach. Each is de-
scribed by a short problem statement, a set of SCEC4 objectives, and a listing of priorities and require-
ments. Interdisciplinary research initiatives will focus on special fault study areas, the development of a
community geodetic model for Southern California (which will combine GPS and InSAR data), and a
community stress model. The latter will be a new platform where the various constraints on earthquake-
producing stresses can begin to be integrated. Improvements will be made to SCEC’s unified structural
representation and its statewide extensions.

The proposed research program will address four major challenges of earthquake system science:
(1) discover the physics of fault failure; (2) improve earthquake forecasts by understanding fault-system
evolution and the physical basis for earthquake predictability; (3) predict ground motions and their effects
on the built environment by simulating earthquakes with realistic source characteristics and three-
dimensional representations of geologic structures; and (4) improve the technologies that can reduce
long-term earthquake risk, provide short-term earthquake forecasts and earthquake early warning, and
enhance emergency response.

The SCEC4 organizational structure will comprise disciplinary working groups, interdisciplinary focus
groups, special projects, and technical activity groups. The Southern San Andreas Fault Evaluation
(SoSAFE) project, which has been funded by the USGS Multi-Hazards Demonstration Project for the last
four years, will be transformed into a standing interdisciplinary focus group to coordinate research on the
San Andreas and the San Jacinto master faults. Research in seismic hazard and risk analysis will be bol-
stered through an Implementation Interface that will include educational as well as research partnerships
with practicing engineers, geotechnical consultants, building officials, emergency managers, financial in-
stitutions, and insurers. A set of special projects funded separately by the NSF, USGS, and other agen-
cies will leverage core research support.

The theme of the CEO program during SCEC4 will be creating an earthquake and tsunami resilient
California. 1t will prepare individuals and organizations for making decisions (split-second and long-term)
in response to changing seismic hazards and introduce them to the new technologies of operational
earthquake forecasting and earthquake early warning. A public education and preparedness thrust area
will educate people of all ages—in California, across the country, and internationally—about earthquakes,
and motivate them to become prepared. A K-14 earthquake education initiative will seek to improve earth
science education and school earthquake safety, and SCEC’s experiential learning and career advance-
ment program will provide students and early-career scientists with research opportunities and networking
to encourage and sustain careers in science and engineering.

The SCEC leadership is committed to the growth of a diverse scientific community, and the SCEC4
diversity plan provides a strategy and review process to pursue this goal. It recognizes that the most ef-
fective long-term strategy is to promote diversity among students and early-career scientists; i.e., to ad-
dress the “pipeline problem.”

The SCEC4 management plan contains specific “smart & green” objectives that will contribute to a
sustainable future for the Center. The Center will continue to work towards an effective post-earthquake
scientific response, in coordination with the USGS, California Geological Survey, and other organizations.
SCEC scientists collaborate in a rich programmatic environment; therefore, an acronym guide is provided
in the last page of the supplementary documents section.



l. Introduction

The Southern California Earthquake Center (SCEC) was
created as a Science & Technology Center (STC) on Febru-
ary 1, 1991, with joint funding by the National Science Foun-
dation (NSF) and the U. S. Geological Survey (USGS).
SCEC graduated from the STC Program in 2002, and was
funded as a stand-alone center under cooperative agree-
ments with both agencies in two consecutive phases, SCEC2
(1 Feb 2002 to 31 Jan 2007) and SCEC3 (1 Feb 2007 to 31
Jan 2012). This proposal requests an extension of those
agreements for the 5-year period from 1 Feb 2012 to 31 Jan

2017 (SCECA4).

Box 1.1. SCEC Mission Statement

» Gather data on earthquakes in Southern
California and elsewhere

+ 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 and improving community
resilience

SCEC coordinates basic research in earthquake science using Southern California as its principal
natural laboratory. The Center’s theme of earthquake system science is reflected in its mission statement
(Box 1.1), which emphasizes the connections between information gathering by sensor networks, field-
work, and laboratory experiments; knowledge formulation through physics-based, system-level modeling;
improved understanding of seismic hazard; and actions to reduce earthquake risk and promote commu-
nity resilience. This mission statement will guide SCECA4.

Figure 1.1. Perspective of California, looking northwest
and showing elements of the Unified Structural
Representation (USR): (a) traces of active faults (yellow
lines) and the San Andreas master fault (red lines),
(b) the statewide Community Fault Model (CFM), and
(c) statewide Community Velocity Model (CVM).

This proposal is well aligned with the USGS
strategic plan, specifically its National Hazards,
Risk, and Resilience Assessment Program [7]. It
will address the six “Grand Challenges for Disaster
Reduction” articulated by the National Science and
Technology Council [2 and the three grand chal-
lenges developed in the NSF 2009 GeoVision Re-
port [A: (a) understanding and forecasting the be-
havior of a complex and evolving Earth system,
(b) reducing vulnerability and sustaining life, and
(c) growing the geosciences workforce of the fu-
ture. The SCEC4 program will coordinate research
on the first three grand challenges in the 2009
Long-Range Science Plan for Seismology [4:
(1) How do faults slip? (2) How does the near-
surface environment affect natural hazards and
resources? (3) What is the relationship between
stress and strain in the lithosphere?

A. Southern California as a Natural Laboratory

Southern California is SCEC’s natural laboratory for
the study of earthquake physics and geology. This
tectonically diverse stretch of the Pacific-North
America plate boundary contains a network of sev-
eral hundred active faults organized around the
right-lateral San Andreas master fault (Fig. 1.1). Its
geographic dimensions are well-suited to system-
level earthquake studies: big enough to contain the
largest (M8) San Andreas events, which set the
system’s outer scale, but small enough for detailed
surveys of seismicity and fault interactions. The
entire fault network is seismically active, making the
region one of the most data-rich, and hazardous, in
the nation. Research on fundamental problems in
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Figure 1.2. A plot of time since the last event vs. mean recurrence interval for
sections of the southern San Andreas fault (red points) and other strike-slip
faults in California and elsewhere. The arrow indicates the reduction in the
mean recurrence interval for the Carrizo section implied by the new SoSAFE
data. The color contours show the 30-year earthquake probabilities computed
from a Brownian Passage Time (BPT) renewal model. The points for the five
major southern San Andreas fault sections lie in the upper triangle; i.e., the
entire fault is now “locked and loaded".
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Figure 1.3. Four chapters of the Earthquake Country Alliance
(colored areas) and locations of the EPlcenters (colored symbols),
two key partnerships developed by the SCEC CEO program.

this well-instrumented natural laboratory has
been progressing rapidly (see §ll). SCEC co-
ordinates a broad collaboration that builds
across disciplines and enables a deeper un-
derstanding of system behavior than would
be accessible by individual researchers or
institutions working alone.

Catastrophes like the 12 Jan 2010 Haiti
(M7.0) and the 27 Feb 2010 Chile (M8.8)
earthquakes underline the urgency in SCEC’s
mission. Southern California is home to an
urbanized population exceeding 20 million,
and it comprises the lion’s share of the na-
tional earthquake risk [4]. According to the
Uniform California Earthquake Rupture Fore-
cast (UCERF2), the chances of an M>7
earthquake in Southern California over the
next 30 years are 82% + 14% [6]. Moreover,
new research by the Southern San Andreas
Fault Evaluation (SOSAFE) project has dem-
onstrated that the seismic hazard from the
southern San Andreas Fault is higher than
even the recent UCERF2 estimates [7]. In
particular, the recurrence interval for the Car-
rizo section of the fault has been revised from
a previous estimate of over 200 years to 140
years or less [89, which compares to the
153-year interval since its last rupture (1857).
Urgency comes from a recognition that the
entire southern San Andreas is “locked and
loaded” (Fig. 1.2).

SCEC’s research in Southern California
has led to the development of important ad-
vances, including a Unified Structural Repre-
sentation (Fig. 1.1), the statewide UCERF2,
and the CyberShake physics-based hazard
model. The Center has pioneered novel
modes of collaboration, including self-
organized Technical Activity Groups (TAGSs),
the global Collaboratory for the Study of
Earthquake Predictability (CSEP), and the
statewide Earthquake Country Alliance
(Fig.1.3). The EPlcenters program, coordi-
nated through the Earthquake Country Alli-
ance (ECA), now involves more than 50 mu-
seums, science centers, and other informal
education venues (Fig.1.3). The research ini-
tiatives and organizational innovations devel-
oped by SCEC in Southern California are be-
ing emulated in other regions of high seismic
risk and promoted by SCEC’s growing net-
work of national and international partner-
ships.



B. SCEC as a Virtual Organization Table 1.1. SCEC3 Member Institutions (September 1, 2009)

SCEC is a truly distributed organization, Core Institutions (16) Participating Institutions (57)
a realization of NSF’s original vision of California Institute of Technology Appalachian State University; Arizona State University; Berkeley
“ i ” Columbia University Geochron Center; Boston University; Brown University; Cal-Poly,
centers-without-walls”, and a prOtOtype Harvard University Pomona; Cal-State, Chico; Cal-State, Long Beach; Cal-State,
. . Massachusetts Institute of Technology Fullerton; Cal-State, Northridge; Cal-State, San Bernardino;
for the Organlzat|0n3| StrU CtUreS needed San Diego State University California Geological Survey; Carnegie Mellon University; Case
H H H Al H Stanford University Western Reserve University; CICESE (Mexico); Cornell
tO Coordlnate the Inte rdISCIPIInary’ mUItI- U.S. Geological Survey, Golden University; Disaster Prevention Research Institute, Kyoto
institutional science of Comp|ex natural U-S. Geological Survey, Menlo Park  University (Japan); ETH (Switzerland); Georgia Tech; Institute of
« . » y U.S. Geological Survey, Pasadena Earth Sciences of Academia Sinica (Taiwan); Earthquake
Systems ( System science ) SCEC’s University of California, Los Angeles  Research Institute, University of Tokyo (Japan); Indiana
University of California, Riverside University; Institute of Geological and Nuclear Sciences (New

cyberinfrastructu re has been hlgh“ghted University of California, San Diego Zealand); Jet Propulsion Laboratory; Los Alamos National
by the NSF Cyberinfrastructu re COUnC” University of California, Santa Barbara Laboratory; Lawrence Livermore National Laboratory; National

. R University of California, Santa Cruz Taiwan University (Taiwan); National Central University (Taiwan);
[ 7q and in other NSF reports on virtual university o: glevada. Rcem; ghio State Univer;ity. Oregon State University; Pennsylvasnia
. . University of Southern California (lead) State University; Princeton University; Purdue University; SUNY
Organlzatlons (VOS) [ 77] The SCEC4 at Stony Brook; Texas A&M University; University of Arizona; UC,
. ra “ Berkeley; UC, Davis; UC, Irvine; University of British Columbia
plan Contalns SpeCIfIC Smart & green (Canada); University of Cincinnati; University of Colorado;
” 1 1 i i New SCEC4 Core Institutions: University of lllinois; University of Massachusetts; University of
opjectives that will contripute to a
. California Geological Survey Miami; University of Missouri-Columbia; University of New
Sustalnab|e futu re for the Center (See University of California, Davis Hampshire; University of Oklahoma; University of Oregon;
. . . University of Texas-El Paso; University of Utah; University of
CalState C rt Y h Y g Y
§| II.LE and §|V) Here we describe five aistate Lonsortium Western Ontario (Canada); University of Wisconsin; University of
H : : ’ . Wyoming; URS Corporation; Utah State University; Woods Hole
important dimensions of SCEC’s orga Oceanographic Instiution

nizational capabilities.

1. SCEC is a large consortium of institutions with a national, and increasingly worldwide, distribution
that coordinates earthquake science within Southern California, and with research elsewhere. Currently,
there are 16 “core institutions” that commit sustained support to SCEC, as well as 57 “participating institu-
tions”, self-nominated through participation of their scientists and students in SCEC research (Table 1.1).

The current core institutions have all committed resources to SCEC4. Two new institutions have re-
quested to join the core (see attached letters)—the California Geological Survey (CGS) and California
State University Center for Collaborative Earthquake Science (CSUCCES), a consortium of 6 CalState
campuses dedicated to the study of earthquakes and

earthquake hazards—and the University of California et TS

at Davis is exploring becoming a core institution. We * N s iala

propose to include CalState—the nation’s largest uni- e . UGRAD ercash s ol B

versity system and one of its most diverse—as a “dis- so0 S All Participants 57130| 7

tributed” core institution. We will designate one seat e

on the SCEC4 Board of Directors for CSUCCES, and *°

the participants will split the costs of the $35K per year 300 -,

matching funds. (As with all core institutions, these

funds will be expended internally for SCEC-related 20

activities.) This initiative, led by Prof. David Bowman 100 l .II II

of CalState Fullerton, will benefit an outstanding group o 2] . e e e B

of faculty and students who contribute substantially to PR - T

the SCEC research program. D15, ] e e e e e e A
The SCEC community comprises one of the larg- szo NSF base tunding

est formal research collaborations in geoscience. - ..-..--.-Es_c_—s_bzng-.-...

Among the most useful measures of SCEC size are =~ 1991 1993 1995 1997 1989 2001 2003 2005 2007 2009

the number of people on the Center’'s email list (1186

on February 24, 2010), active SCEC participants on Figure 1.4. Colored bars show total registrants at SCEC
. ) ’ . Annual Meetings, one measure of how the collaboration has

SCEC pI‘OJeC.tS (892), .and the registrants at t_he SCE_C grown during its 20-year history, 1991-2009. Pie chart and

Annual Meeting (476 in 2009). Annual Meeting regis- table show the demographics of SCEC3. The lower bar chart

trations for SCEC’s entire 19-year history and other is the history of SCEC base funding in as-spent dollars; the

demographic information are shown in Fig. 1.4 connected dots are the base-funding totals in 2002 dollars.

2. SCEC is a collaboratory for earthquake system science that uses advanced IT to synthesize and
validate system-level models of earthquake processes. Components include the Community Modeling
Environment (CME) and the Collaboratory for the Study of Earthquake Predictability (CSEP). SCEC
strives to be a world-leading VO through the innovative use of “vertically integrated” platforms—
cyberinfrastructure that combines hardware (equipment), software (knowledge tools), and wetware (pro-



fessional expertise) to solve system-level problems. The functioning platforms of the CME collaboratory,
which apply high-performance computing and communication (HPCC) to large-scale earthquake model-
ing, are diagrammed in Fig. 2.26. Further collaboratory innovations are proposed for SCEC4 (see §l1I.C).

3. SCEC is an open community of trust that nurtures early-career scientists and shares information
and ideas about how earthquakes work. The Center's working groups, workshops, field activities, and
annual meeting enable scientists to collaborate over sustained periods, building strong interpersonal net-
works that promote intellectual exchange and mutual support. In particular, SCEC encourages colleagues
with creative physics-based ideas about earthquakes to formulate them as hypotheses that can be tested
collectively. An advantage is that researchers with new hypotheses are quickly brought together with oth-
ers who have observational insights, modeling skills, and knowledge of statistical testing methods.

Participation in SCEC is open, and the participants are constantly changing. At our 2009 Annual
Meeting, 121 of the participants (1 in 4) were new registrants. About two-thirds of the total SCEC science
budget directly supports students (over 400 in 2009) and early-career scientists (over 100). SCEC has
also developed a set of undergraduate and graduate intern programs that recruit a diverse population of
students into earthquake science and technology (see §lI.B). More than 260 students have participated in
these highly rated programs, which feed an effective career-development pipeline. About 30% of SCEC
participants are women and 7% under-represented minorities. The number of women serving on the
SCEC Planning Committee has increased from 3 in 2006 (13%) to 8 in 2010 (33%), consistent with
SCEC’s diversity plan, which calls for recruiting women scientists into leadership positions.

4. SCEC is a reliable and trusted partner that collaborates with other organizations in reducing risk
and promoting societal resilience to earthquake disasters. SCEC has partnered with the USGS and CGS
to create UCERF and coordinate SoSAFE, with UNAVCO to transfer 125 stations of the SCIGN array to
the PBO in Southern California, and with the Computational Infrastructure for Geodynamics (CIG), the
Geosciences Network (GEON), and the Incorporated Research Institutions for Seismology (IRIS) to de-
velop user-friendly software packages, IT tools, and educational products. The SCEC Communication
Education and Outreach (CEO) program has steadily grown a diverse network of partnerships. The
statewide ECA now comprises more than 200 partner organizations, and has greatly increased public
participation in earthquake awareness and readiness exercises. The ECA, managed through SCEC’s
Communication, Education and Outreach (CEO) program, now sponsors yearly preparedness exer-
cises—the Great California ShakeOut—that involve millions of California citizens and expanding partner-
ships with government agencies, nongovernmental organizations, and commercial enterprises. The CEO
program has used SCEC research in developing effective new mechanisms to promote community pre-
paredness and resilience, including the many publications that have branched from the original SCEC
publication, Putting Down Roots in Earthquake Country (see Fig. 2.24). Letters expressing the enthusi-
asm of some of our key partners in participating in SCEC4 are included in the supplementary documents
section.

5. SCEC is an international CSEP Natural Laboratories & Testing Centers 'wmem E—
leader that inspires interdisciplinary it i g -
collaborations, and it involves many . 7] ™ pr-an N

scientists from other countries. Cur- Jesting Center
rently, 11 leading foreign universi- | Testing Center

ties and research organizations are

enrolled as participating institutions o An i
(Table 1.1), and others are involved

through CSEP (Fig. 1.5), bilateral M
memoranda of understanding, and

multinational collaborations, such

as the Global Earthquake Model
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contributions by the foreign partici-
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their own institutions.
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