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Part I: Project Narrative
1. Accomplishment of expected results

This report describes project activities for the duration of the grant. During the course of this project
we worked on projects to solve problems in seismology, the application of computer graphics to
specific projects in ocean sciences and the development of ocean observing systems and the design
of anew typeof display system. We list our mos sgnificant achievements be ow.

I.  Study of two significant seismic events in southern California.

Magnitude 5.2 earthquake on June 12, 2005 near Anza, CA.

We examined two unusid eventsthat followed the magnitude5.2 earthquée near thetown of Anza,
California, onJune12,2005.(1) Althoughthe main shod fault was only several kilometerslong
aftershodks stretched for at least 50 km alongthe San Jacinto Fault zone (2) There was a magnitude
4.9 earthquéke 4 days later and 72 km away, near thetown of Yucaipa We tested thehypotheses
tha the extended Anza aftershocks were triggaed by aseismic dip that followed the main shodk and
tha the close space-time proximity of the Anza and Y ucaipaearthqu&es was a coinddence. We
condudel tha the extended Anza aftershodk sequence was not out of thenorm, and indead it results
from theimproved seismic recording capabilities in southern California. Despite thefar reach of the
Anza aftershods, theratio of the expected and observed aftershodk and backgroundseismicity rates
in theregion shows tha the probability that the Y ucaipamainshodk was triggeed by the2005Anza
mainshod is 6%, at 98% confidence. We created time-lapse animationsand 3D interactive
visudizationsto assist in our andysis and in the presentation of thefind results.

Investigation of the time lag and magnitude differential between the main shock and first
aftershocks of the 31 October 2001 Anza earthquake.
Themainsho earthquée on 31 Octoba 2001had amagnitudeof M| =5.1. Thelargest aftershodk

was of magnitudeM, 2.8 (i.e., significantly smaller than themainshod). We find tha thelack of

large aftershodks in theinitia part of this aftershodk sequencesis notalimitation of thedetection
capabilities and isatrue phenomenon We suggest this relatively largemagnitudedifferentia is
dictated by a combination of factors tha indudes complexity of the San Jacinto fault system and the
lack of largeearthquéesin theregionin the past ~20years. Significant updades were madeto the
text, diagrams and visudizationsfor the research paper titled Qlftershock Detection Thresholds as a
Function of Time: Results From the ANZA Seismic Network Following the 31 October 2001 Anza,
California, My 5.1 Earthquake’. We also created an on-line supplement tha containsvisudizations

tha hdp usdiscern specifics aboutthe 2001 aftershodk sequence.
II. Design and development of a mobile multiple display system.

We collaborated with researchers at the California Inditute of Telecommunicationsand Information
Technology (Calit2) and the Center for Earth Observationsand Applications(CEOA) to design and
deploy the OMobile Interactive Imaging Multi-display EnvironmentQ(MiniMe) system. The MiniMe
comprises of a cluger of Apple Mac Mini computers and a grid of 15 Dell 240Omonitors. Atul
Nayak, the prindpd architect of this system collaborated with Greg Dawe (from Calit2) to design a
mouning solution to make the system portable. Nayak and UCSD undegraduae student Dane
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Samilo worked on porting various software suites (SAGE and COVISE) to the Mac OS X platform
for ue onthe MiniMe and related cluster computing tasks. Development of scientific tools tha use
this unique display system are ongong. The MiniMe system was used at numerous meetings,
induding Supeacomputing 2006 the Fall AGU Meeting 2006and the American Assodation for the
Advancement of Science Annud Meeting 2007,

III. 3D visualizations of the Huntington Beach experiment.

We collaborated with researchers working on the Southern California Coastal Ocean Observing
System (SCOQS) project to create high quality 3D interactive visudizations and high definition
rendaingsof sensors used for in-situ observationsin the San Pedro bay. This work was carried out
usng a visudization software tool caled GledemausOand the Autodesk Maya modding and
animation suite. Using these tools, we incorporated various heterogeneous daasets into a single
visudization Bfor example, we combined USGS aeria photography, high-resolution bathymetry and
3D modds of the sensors. We used the Optl Puter Visudization cluger (10 dud processors PC Linux
cluger) to distribute the rendaing of the high definition movies across multiple CPUs. This has
enabled usto defineareusable automated rendeing pipdine

IV. Developing visualizations for the Ocean Observatories Initiative

Oneaim of this project was to provide visudization content to Scrippsscientists (Dr. Jon Berger, Dr.
JohnOrcutt, Dr. Frank Vernon)involved in the proposd NSF Ocean Observatories Initiative (OOI)
Cyberinfrastructure (Cl) and OOI Globd Scale Observatory (GSO). We developed Google Earth
and Fledermaus interactive visudizations tha let a user navigae to the various sites in the OOI
project at coastal, regiond and globd levels. We rendeed high qudity animations (usng Autodesk
Maya) of a new type of mooring caled the Gxpandable Draft Platform® which will be one of the
central elements of theproposd GSO.

V. Visualization of projected effects of sea-level rises on San Diego coastal areas.

We developed a 3D visudization of aflight over the San Diego coastal regions highlightngthose
modg likely to be affected by sealevel changes over the next century. This animation was producd
by integrating draped satellite imagery, recently acquired LIDAR data, and projected changes in sea
level according to variousocean-observing authorities. Dr. Tony Haymet, Director of Scripps
Inditution of Oceanography, presented these results at a meeting of the California Ocean Protection
Counadl in San Frandsco.

Note: In our six month Progress Report we describeg two additiond projects (MHigh-resolution Syb
bottom and Bathymetric Surveysin San Diego BayO& (High-resolution survey offshore La JollaQ,
which we do notlist in thisdoaument so tha we can keep our narative to 3 pages.

2. Unexpected results so far.

None
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3. Publications and dissemination of results.

The project webgte is http://www.siovizcenter.ucsd.edu/sandiego

* Kilb, D., V. G. Martinoy, andF. L. Vernon "Aftershod Detection Thresholdsas a Fundion of
Time: Results fromthe ANZA Seismic Network following the 31 Octobea 2001ML 5.1 Anza
Cdifornia Earthquée." Bulletin of the Seismological Sodety of America, v. 97; no. 3; p. 780
792;DO0I: 10.178501200601162007)

e Felzer, K. and D. Kilb, Orhe Southern California Anza Magnitude’5.2 Earthquée of June2005:
An Examinaion of the Extended Aftershodk Zoneand Intermediate Range Triggeaing of the
Magnitude 4.9 Y ucaipaEarthqude, (in review, 2007).

* Orcutt, J,, J. Berger, and J. Halkyard. "The NSF Ocean Observatories Initiative Globd Scale
Observatory: Expandéble Draft Platform." Eos Trans. AGU, 88(23), Jt. Assem. Suppl., Abstract
0S214-08 (2006).

* Brothes, D., G. Seitz, P. Williams, N. Driscoll, G. Kent. "Fault History and Architecture of the
Southernmog San Andreas Fault and Brawley Seismic Zone New Condraints from CHIRP Data
Acquired in theSalton Sea" Fos Trans. AGU 87, Fall Meet. Suppl., (20086.

* ImT., Nayak A., Keen C., Samilo D., Matthews J., High resolution rendaingsand interactive
visudization of the 2006 Huntington Beach experiment, Eos Trans. AGU 87(52), Fall Meet.
Suppl., Abstract IN314-1318 (2006).

* Nayak A., Dawe G., Samilo D., Keen C., Matthews J., Patel A., Im T., Orcutt J., Defanti T.,
Design of a High Resolution Scalable Cluger Based Tile Display or Earth Sciences
Visudization, Eos Trans. AGU 87(52), Fall Meet. Suppl., Abstract IN31A4-1309 (2006).

4. Development of project participants.

This project isthefirst oppotunity for thePl Atul Nayak to lead and manage a project and condud
innovdive research in thefields of display technology and scientific visudization. The project
enabled co-PI Dr. Debi Kilb to investigate seismic events and test hypothesis, especially regarding
the ability of the ANZA sensor neiwork to record earthquéaes of low magnitudes. This project has
also provided fundsfor undegraduae student Dane Samilo@ internship salary and has trained him
in cross-disciplinary research.

5. Additional funding obtained.

CEOA provided fundsfor the hardware and software required to condruct the MiniMe system. We
also leveraged technology developed by NSF-funded projects e.g. the Optl Puter.

6. What did funding from The San Diego Foundation allow you to achieve that would not
have been possible without such support?

This funding allowed usto condud research in theareas of computer science and earth sciences. We
were able to test hypothesisin seismology and develop new visudizationsand a display system tha
may definethe next generation of toolstha scientists will use to condud ther research. We are
pleased to announe that, as a direct result of aportion of thiswork, UCSD won the compeition for
the OOI CI. Some visudization produds were used to secure new funding for Scrippsand to present
Scrippsresearch to scientific audiences as well as members of our sodety, especialy in San Diego.
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Part I1: Project Budget
1. Expenditure report

All fundshave been utilized over the course of the project (projected bdance at the end of June 30
2007is expected to be $2.29). These indude salaries for Atul Nayak, Debi Kilb, Dane Samilo and
Laura CravensWertz (Project Administrative Assistant) and cods for telecommunications and
supplies. In June 2007, some project funds were also used to pay sdaries for Thomaes Im
(Programmer Andyst) and Alexande Quan (UCSD undegraduae student worker) for project
related tasks assigned to them.

Funds were also used for travel to the American Geophyscal Union Fal Meeting (Pl &
undegraduae student worker), for publishing a pgoer in the Bulletin of the Seismological Society of
America and abdracts at the American Geophysical Union Meeting and for office supplies and
books

2. How will the activities of this project be sustained in the future?
Theproject has conduded. Some of theactivities tha indudefuture development of visudizations

for Earth and ocean observatories will be continued usng fundsfromthe OOI Cyberinfrastructure
project and the NSF EarthScope project.

Page 5 of 5



