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1.0 Abstract:  We propose to invert for structure and time-dependent parameters in the upper crust associated with both strike-slip and thrust earthquakes in southern California.  We have collected GPS and ground-based geodetic data both before and after the Northridge, Kern County, and Hector Mine earthquakes.  These data sets represent the rapidly increasing SCIGN data and associated data types such as triangulation and inSAR, and so the combined inversions will pioneer methods for larger-scale automated SCIGN data inversion and interpretation. We will extend our three-dimensional finite element code to invert for structure and time dependent rheology of the crust surrounding the earthquakes.  The geometric structure is fairly well determined from other techniques, thereby providing validation of the structural part of the inversion.  These known parameters will provide constraints for the unknown rheological parameters.  Ultimately we will strive to determine whether the viscosity in the lower crust is linear or nonlinear.  Knowledge of these parameters is critical to understanding the rate and style of stress transfer between fault systems.  In this work we will: 1) process recently collected GPS data from the three regions of interest; 2) extend the finite element code to compute the sensitivities of the observable quantities on the structural and rheological parameters; 3) develop an inversion scheme for the finite element code using genetic algorithms, downhill simplex, or conjugate gradient approach; 4) estimate the rheological parameters of the regions of interest.
2.0 Technical Plan

2.1 Research to Be Undertaken

We will develop a new methodology for inversion of surface geodetic data.  Realistic viscoelastic stress and flow requires simulation that includes such complications as vertical layering, lateral heterogeneities, imbedded faults that cut at arbitrary angles, and surface topography.  Our forward model is a sophisticated parallel finite element model under development through other funding.  It is designed for solving and displaying stress and displacement in a rheologically diverse faulted crust region, and will run efficiently on the largest-scale parallel computers.  Several inversion techniques will be built around this forward model and evaluated for scientific utility and performance.  Data sets from three significant Southern California earthquake events will form the test suite of the inversion system, demonstrating its capabilities and aiming to uncover geometric structure and rheology implicit in the data. Consistent inversion with a rheologically diverse temporal and 3-D model will support simultaneous inversion of triangulation, inSAR and SCIGN GPS data. Inversions will progress from relatively simple co-seismic elastic location determination to discrimination of rheological properties of the lower crust including viscosity, that rely on the full spatio-temporal data set.

2.2 Background

Earthquake hazard can be reduced through better physical and phenomenological models of the cycle of stress buildup and release. While this has occurred through such measures as enforcing stronger building standards in seismic hazard zones determined through geologic and historical seismicity, the remaining uncertainty represents a huge potential loss rooted in our ignorance of key information and processes.  We address the ESE strategy question, "How is the Earth's surface being transformed and how can such information be used to predict future changes?" by focusing on the unavoidable link between surface change and subsurface processes and model features which are not directly observable. These features cannot be fully characterized by homogeneous half-space models typically used. Correct conclusions require better models.

Recent NASA initiatives are producing unprecedented amounts of surface displacement data that directly bear on constraining and understanding the earthquake cycle.  Southern California is the region of the nation with the highest density of instrumentation and intensity of academic discussion on this subject. Now that the SCIGN network is complete, the opportunity is ripe for fresh efforts to test assumptions, model elements, fault geometry and behavior, and rheology with hypothesis tests and inverse models. Only in this way can the full weight of the new data be brought to bear in improving models and understanding of the earthquake cycle, and hence close the window of vulnerability to unforeseen large earthquakes. .

Work under the NASA Earth and Space Sciences (ESS) Program (including Donnellan and Parker) is producing a 3-D crustal dynamics model capable of simulating 1000 years of tectonic change on an adaptive mesh with 16 million tetrahedral elements, within 30 hours of computing time (goal for Spring 2004).  This kind of mesh is believed capable of faithfully resolved simulation of the Southern California fault and tectonic system. Initially we expect to estimate features of the earthquake cycle for individual faults, then local fault systems.  We plan inversions based on simulations and data sets covering decades of time. 

Computational requirements are large, in that the response must be simulated in time. Our finite element approach is based on that of Hughes and Taylor (1978) for viscoelastic mechanics, and uses an implicit time-step technique.  This requires solution of a very large sparse matrix system at many time steps, but the steps in simulated time may be made tolerably large without numerical instability by using implicit techniques.  Such a simulation model can form the basis of an inverse estimation system for problems of more limited scope (perhaps hundreds of thousands of finite elements), since inversion requires many repeated forward simulations.

By focusing efforts on limited inversion problems, we can reduce the uncertainty on the geometry and rheology. Earthquake events and their sequellae provide essential data about structure, particularly viscosity at depth.  Through their impulsive widespread deformation and long-term processes of afterslip and viscoelastic response, they serve as proves, providing observable changes in surface deformation that allow discrimination among possible models and estimation of structure and material properties.  Our proposed development of a limited inversion technique will improve the geometric and rheological model of Southern California, and pioneer the way for much larger inverse problems as experience and computer power increase. Tools for the task of generating a limited faulted-solid model and finite element grid are under development under current SENH work, for which Donnellan is PI.  These tools allow rapid generation of model faults and smart finite element meshes (high density in regions of high strain).  Model elements are stored in a database for reuse, and will eventually be able to draw entries from a planned standard Southern California fault database (communication, Ken Hurst).

We have successfully used inversion via the simulated annealing downhill simplex method with an Okada (1985) half-space model to determine a reputable dislocation model for the coseismic Hector Mine earthquake based on SCIGN GPS data (Hurst et al, 1999).  We have combined inSAR and GPS data with an Okada model to discriminate models of the Northridge earthquake postseismic process (Donnellan et al., submitted).  We have also used a 2-D finite element models and GPS data to constrain the rheology of the Ventura Basin, particularly the compliance of the basin and the lower-crust viscosity. (Hager et al, 1999).

Inversion techniques come in many varieties, and have a long history in geophysical applications.  The methodology proposed here will generalize the techniques we have used previously.  That is, a limited set of model features is specified as a list of uncertain parameters, with an initial guess and a priori uncertainty covariance.  Soft constraints may be applied to these parameters to incorporate special insight or results from other accepted models.  Measurements (actual field data such as SCIGN position time series) with associated uncertainty are included.  The forward model provides calculated quantities corresponding to the measurements, allowing the computation of residuals, differences between the computed values and the measurements.  An objective function combines the residuals with the a priori covariance and other constraints.  A nonlinear optimization technique finds an acceptable solution associated with a small value of this objective function, and hence a good fit to all the information (a priori, constraint and measurement). 

The resulting estimated parameters are produced with a formal error covariance, understood to be a conditional covariance on the model assumptions, such as the choice of free parameters.

This is the approach we have implemented and used with success with the Okada half-space model, and has among its heritage the advanced least-square fitting techniques used in routine estimation of GPS positions.  Its link to information theory is rigorous, as it is a variant of the methods described in Rodgers (2000). 

Our approach is complementary to the network inversion method of Segall and Matthews (1997) in that our model allows diverse rheology, while theirs has a more sophisticated temporal Kalman filter.  We expect the two methods could be profitably combined at some future stage of development.  In the near-term, we expect their approach will provide a rapid inversion with known defects in areas of significant buried thrust activity, diverse rheology, or rugged topography.  Our inversions will be able to correct these modeling defects as well as estimate time-dependent process characteristics and possible nonlinear rheology.

2.3 Objectives

The goal of the proposed work is to establish a fusion and expansion of current methodologies for rigorous inversion of geodetic data for faulting and rheological parametric models, relying on a more realistic forward model and rigorous inversion methods. We will develop tools to perform simultaneous inversion of multiple types of temporal and spatial data resulting in estimation of structural and rheological features of an active faulted region.  These tools will be built around a pre-exitisting finite element simulation system, and will include simulated annealing downhill simplex, genetic algorithms, and a gradient technique; these methods will be compared and potentially combined, resulting in a system of high effectiveness.  A variety of data from three diverse Southern California earthquake zones (Kern County, Northridge, and Hector Mine) will be processed and analyzed with this inversion system.

2.4 Scientific or Applications Relevance

The data to be inverted are of scientific interest as well as supplying demonstration of the robustness of the approach taken here.  They arise from three diverse Southern California seismic events, the Kern County earthquake of 1952, the Northridge event of 1994, and the Hector Mine earthquake of 1999.

The Kern County earthquake of 1952 , with a magnitude exceeding 7.2, was the next largest earthquake in California after the 1906 San Francisco quake. Although modern, spaced-based geodesy was  not available at the time, the region had been surveyed extensively by conventional methods because a commercially significant railroad line crosses the fault.  We have previously combined campaign GPS with historical triangulation data to obtain a nearly 5 decade history of deformation in the area (Bawden et al. 1997). The resolution before 1992 is limited, but the length of the record allows us to observe the long term evolution of the White Wolf fault. The use of multiple datasets provides the potential for determining its interaction with the neighboring San Andreas and Garlock faults as well as other known and inferred (Bawden et al. 1999) faults.

A new opportunity is created by more recent campaigns combined with the older data and with continuous GPS and inSAR.  Several stations of the SCIGN network now extend into the vicinity of the White Wolf fault and will provide detailed information about the evolution of the fault with time.  InSAR will provide much needed constraints on the vertical signal. Vertical deformation is likely to be influenced by anthropomorphic signal as well as tectonic signal, and it will be important to distinguish these contributions. Understanding and modeling this diverse combination of data types will require fully 3-D modeling of the complex rheology and interaction of multiple faults in 3-D. Understanding the origins of vertical deformation will provide insight into the evolution of faults with significant vertical offset, like the White Wolf fault.

The 1994 Northridge earthquake provides an excellent opportunity for determining postseismic processes for several reasons. The earthquake occurred within a GPS network being used to measure shortening across the Ventura basin (Figure 1).  InSAR data were collected less than two months before the Northridge earthquake and two years following the earthquake, making for an excellent comparison between GPS and InSAR observations.  The Northridge earthquake occurred on a buried thrust fault resulting in vertical postseismic motions that make it possible to discriminate between fault afterslip and lower crustal relaxation. The modeling improvements we propose will serve as a check on past analysis results and also allow the incorporation of more recent postseismic data from SCIGN and elsewhere.

The 1999 Hector Mine event is (so far) the single event that has affected the most SCIGN stations.  Because it occurred as SCIGN was nearing maturity, it is of particular interest as an early test of the technology and its geological usefulness.  While it has limitations due to its proximity to the outer fringes of the SCIGN array, and many more stations have been added since, it is important because its coseismic signature was detected at 3-sigma level by 34 stations (Hurst et al., 2000).  Post-seismic transients in the context of the mature SCIGN array may confirm and extend the model of viscoelastic relaxation given to explain post-Landers signals detected by the comparatively rudimentary GPS observations of the early 90's (Deng et al, 1998).

2.5 Technical Approach

While the forward model is developed under NASA ESS funding, a number of extended capabilities must be added in order to produce an efficient inversion tool.  Finite element solution requires far more operations to map model parameters to observable data than Okada models.  Our initial development will implement a downhill simplex method wrapper around our finite element forward model, solving several perturbed forward models at each step, probably with a parallel implementation.  This may be too slow for any but the smallest, most constrained problems, but it will have advantages of quick implementation and user familiarity. We do expect significant scientific interpretation will be enabled by this first step, for example through topographic correction and elastic inversion of the coseismic Hector Mine signature.

A better tool will result through a hybrid of genetic algorithms, which avoid many spurious solutions, and some species of gradient technique, such as Fletcher-Reeves, which can rapidly descend to a local minimum with little wasted effort.  This last will require software development to extract the parameter sensitivities from the finite element forward model.  This can be done analytically, resulting in a sensitivity stiffness matrix and system, to be solved by the usual matrix iterative technique.  Either method has a class of problems in which it may excel, depending on the degree of a priori uncertainty and nonlinearity in the problem.  Genetic Algorithms excel in areas where the region of parameter space is broad and nonlinear, such as might be the case for poorly known combinations of geometry and rheology.  Hence it might be useful for Kern County post-quake features, where several faults interact and the material properties are uncertain.  Gradient techniques may afford relatively quick convergence to an optimal model that is already generally known through other techniques, such as the well-examined Northridge coseismic signature. A hybrid method, in which the gradient method takes over after the genetic algorithm has narrowed the field, would be the most robust, but will require experience to judge where to cross over from one algorithm to the other. 

As the inversion system is developed, a graduate student at UC Davis will be given updated user's guides and be trained to apply the system to the target geodetic data and earthquake events.  This effort will be advised by Kellogg and Donnellan, who will also perform and oversee data inversions, resulting in refereed publications at points of major progress.

2.6 Expected Significance of the Work

We expect a high degree of interest in the community in the development of a widely available tool for automatic inversion of surface geodetic parameters in the context of a realistic geometric and rheological model.  Since the forward model is funded under a contract that requires public availability of source code by specified benchmark dates, we intend early widespread distribution of this inversion tool as well.  The proposed data set inversions are of substantial scientific significance in their own right, as the fault systems bear strongly on Southern California stress release and transfer, and the estimation of such parameters as lower crust viscosity are of prime importance to developing accurate stress transfer models.  But the inversions also will serve as demonstrations and tutorials of the general high utility of this inversion system for geodetic-based tectonic model development.

2.7 Key Project Elements

We will be building the inversion package around a finite element software system that is under simultaneous development.  Therefore we will keep the inversion system loosely coupled with the forward model, perhaps through separate processes and data files.  We will develop the inversion system initially as a simulated annealing downhill simplex estimator, which is very similar to code we have already developed for Okada-model inversions of fault geometry and slip.  As that is evaluated we will develop more sophisticated inversion techniques, using genetic algorithms and a selected gradient technique. We currently expect a hybrid to be the best we can attain.  At each stage we will demonstrate increasingly sophisticated inversions, using the target data sets.  Results will be reported through site reviews and technical publications as they become available.  A user guide will be produced early on, and updated as the software develops.

2.8 Method or Approach

The development of the software and general inversion methodology follows a logical sequence.

1) Define the prototype run modes, their interfaces and elements.  We want to prototype a proposed interface (that is, make a presentable front-end before adding functionality) to solicit early feedback from the users, represented by Louise Kellogg's group at UC Davis.  An initial draft will be made of the inputs (finite element mesh, parameters with prior uncertainty, observations, and method controls such as convergence criteria), and outputs (history of chi-square, hybrid method history, posterior estimates and uncertainties, residuals, and perhaps simple graphics).

2) Build simulated annealing downhill simplex control software around finite element code.  Demonstrate essential functionality through convergence for a low-parameter elastic model inversion, such as a low-parameter fault-slip model. Show the system determines fault geometry from surface data. Write a user's guide, train member of Kellogg's group to use code with real data.

3) Implement and verify a parallel version of the above code, and document its possibilities and limitations on high-end computers.

4) Create parallel genetic algorithm control software for finite element code.  Compare to above. Demonstrate ability to fuse all three data types, and solve a simplified viscoelastic parameter problem from temporal data, using model time stepping.

5) Implement analytic sensitivities in finite element code, verifying by comparison to perturbed forward models.

6) Build hybrid Genetic Algorithm/Gradient-based inversion controls around finite element sensitivities.  Demonstrate large inversions that use all the referenced data for scientifically useful parameter estimates of fault geometry and layer rheology for all three earthquake events. Compare its performance to prior methods, and document practical limits.  Write user guide, pass on to other users.

2.8.1 Advantages of Selected Method

The choice of the finite element method for the forward model has the major advantages of realism in geometric complexity and rheological diversity.  That is, fault shape and slip distribution can in principal be general, limited only by the modeling tools that produce the mesh.  Also the material layers in the earth can be modeled as separate materials, with irregular inclusions and topographic features when desired.  Anisotropic materials may be supported with modest additional code development.  There are challenges in computational expense and data handling, but these are moderated by using parallel computers, adaptive meshes, and high-end visualization tools, which are already under development through NASA ESS sponsorship.

2.8.2 Advantages of Selected Method Over Alternatives

There are  many advantages of using a finite element model. In contrast to the Okada model, we will have layered and other realistic rheological features, surface topography, and temporal evolution that properly models viscoelastic processes.  This will overcome known defects in the estimates of thrust fault locations in layered materials.  Going beyond the analysis of the Ventura Basin by a suite of 2-D forward models, we will have a 3-D model with a rigorous automated inversion methodology.  We also will be able to produce formal uncertainties on the estimated quantited, which will allow quality assessment and rigorous comparison to alternative community models. Topography and layering may be included in simplified models, but finite elements yields a convenient general approach.

2.9 Anticipated Results

2.9.1 Relationship of Anticipated Results to Objective

Our approach directly leads to filling in important details of the Southern California seismogenic structure with high confidence and quality.  We expect to improve the estimates of postseismic deformation sources (fault locations and motion estimates) for the significant events we propose to study. We also expect to gain and exploit a new capability to estimate material properties and rheological structure.  In particular we will form a high-quality estimate of the lower crust viscosity, which is critical to properly modeling stress transfer from one event to another.  Our approach of building inversion tools around a finite element model geared to faulted crust analysis is a substantial improvement on typical Okada-type inversions, avoiding defects and anomalies that result in misinterpretation and confusion.  We will set a standard for high-quality exploitation of SCIGN and other data for determining the nature of subsurface processes, faults, and materials that lead to earthquakes.  These results will substantially improve our knowledge of the earthquake cycle and interaction of faults in Southern California.

2.10 Required Resources

2.10.1 Availability of Required Resources

We require some high-end computing time for development and demonstration.  We have sufficient resources through the JPL supercomputing office, a 32-processor Beowulf in JPL Division 36, a 14-processor Sun Enterprise 4500 system in Section 335, and similar cooperative resources.  We budget funds for purchase of a laptop computer in the second year for light development and remote presentations.

2.10.2 Cost for Required Resources

We budget $5k for a laptop computer system in the second year.

2.11 Method for the Distribution of Results

The distributed object system under development under NASA ESS will provide to qualified users a remote-access portal to this inversion system through a web browser interface (Fox et al., 2000). That is, the portal is developed under ESS for its tasks, but a portal integration "wizard" application will enable additional related software tools to be registered and accessible through the same mechanism, and we plan to take advantage of that to distribute our inversion system.  Hence it will be easily available to remote uses in the geophysical community.  Also, this portal system allows simplified database access for incorporating remotely archived geodetic data, linking of jobs on diverse remote systems through internet data transfers, and graphical comparisons of various models within the web browser interface.  When it is mature, simulations and inversions will be catalogued in a database, so that past runs will be automatically saved and maintained, available for reprocessing with modifications, or simple transfer to remote researchers.

We expect to present results at AGU, the APEC Cooperation on Earthquake Simulations (ACES) and Southern California Earthquake Center (SCEC) meetings, and publish in technical journals.  We plan to make the inversion system available to interested users in the earthquake community. 
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4.0 Management Plan

4.1 Roles and Responsibilities of Investigators and Collaborators

We will have three principal centers of activity.  Jay Parker in JPL Section 335 will oversee the development of the software and recommended prototype inversion strategies, assisted by Cinzia Zuffada.  Parker and Zuffada have extensive experience developing supercomputer finite element applications and tools for inverse problems.  Zuffada has particular expertise with Genetic Algorithms and their application to constrained inverse problems.  Andrea Donnellan in Section 367 will provide strategic insight into SCIGN data and tectonic processes associated with the Southern California fault systems, and be an early user of the inversion software, providing feedback for design improvement.  Donnellan is one of the founders of the SCIGN network, and has done extensive analysis and interpretation of the compression of the Los Angeles and Ventura basins.  Louise Kellogg will also assist with data interpretation and advise a student in using the inversion system for data inversion and interpretation.  Kellogg has extensive knowledge of the Garlock/San Andreas/White Wolf fault interaction, as well as mantle-crust interactions.  Other members of the ACES and SCEC communities may become unfunded advisors and early users of the inversion system.

4.2 Anticipated Support

4.3 Schedule for Reporting Results

We expect to submit articles to GRL and JGR, beginning in the second year.

THIS PAGE INTENTIONALLY LEFT BLANK

5.0 Cost Plan

This work is a collaboration between JPL and UC Davis. This brings together JPL's SCIGN and inSAR expertise, and long experience in building finite element and inverse models, and UC Davis expertise with trilateration and other geodetic data and crustal dynamics models.  

Jay Parker will oversee the work.  We request support for he and Cinzia Zuffada for developing the inversion software elements, functional testing, support of a web interface, documentation and training of users.  We also request modest support for Andrea Donnellan for consultation on SCIGN data and Northridge background and interpretation.   

We are requestiong 0.25 month of salary per year for Kellogg, and a total of 2.5 work years for a student at UC Davis.  This will provide friendly user checkout of the inversion system by experts in crustal deformation, and ultimately the bulk of the scientific interpretation of the Kern County, Northridge and Hector Mine inversions.

Data are either free or rely on institutional resources.  We budget for a laptop or workstation (as seems most useful) in the second year for light component development and possibly portable demonstration purposes.  

The chief expense is personnel, with some allowance for travel and publication.  We intend to present results at domestic conferences each of the last two years, and require provision for travel for the Davis student to spend time working with the JPL team directly.
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6.1.1 Investigator 1
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· Proposal name

· Funding agency

· Duration of research project

· Total funding level

6.2.1 Investigator 1

6.2.2 Investigator 2
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Other agencies to which this proposal has been submitted:
 
submit been/will be submitted.

Investigator:
Andrea Donnellan
None
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X
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Pending

Submission Planned in Near Future

* Transfer of Support

Project/Proposal Title:
Development of Fully 3-D Finite Element Model for Crustal Deformation Data

Source of Support:
NASA/SENH
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Acad:

Summ:


Support: 
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Submission Planned in Near Future
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Source of Support:
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Source of Support:
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Award Amount (or Annual Rate): 
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Location of Project: 
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Person-Months Committed to the Project. 
Cal.:
0.5mos
Acad:

Summ:


Support: 

Current
X
Pending

Submission Planned in Near Future

* Transfer of Support

Project/Proposal Title:
GPS measurement of isostatic rebound and tectonic def. in Marie Byrd Land, West Antarctica

Source of Support:
NASA

Award Amount (or Annual Rate): 
$300,000
Period Covered:
7/02 to 9/05

Location of Project: 
Antarctica

Person-Months Committed to the Project. 
Cal.:
3 mos
Acad:

Summ:


Support: 
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Pending
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Summ:
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Project/Proposal Title:


Source of Support:
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JAY W. PARKER

EDUCATION

Ph.D., Electrical Engineering (1988) University of Illinois, Urbana.

M.S., Electrical Engineering (1986) University of Illinois, Urbana.

B.S., E. E. with honors (1981) California Institute of Technology. 

PROFESSIONAL EXPERIENCE

Staff (part-time), RSA Systems Inc., Altadena CA: 1996-.

Senior Information Scientist, Satellite Geodesy and Geodynamics Systems Group, JPL 1997-

Member Technical Staff, Remote Sensing Analysis and Modeling Group, JPL 1989-1996

Research Assistant, Aeronomy Laboratory, U. Illinois, 1983-88.

Electrical Engineer, Proximity Technology, Ft. Lauderdale 1981-83

SOCIETIES

American Geophysical Union

Tau Beta Pi 

RECENT PUBLICATIONS

Fox, G.C., K. Hurst, A. Donnellan, and J. Parker (2000), "Introducing a New Paradigm for Computational Earth Science: A Web-Object-Based Approach to Earthquake Simulations", in Geocomplexity and the Physics of Earthquakes, (J. Rundle, D. Turcotte, and W. Klein, eds.), AGU.     

Hurst, K.F., D. F. Argus, A. Donnellan, M. B. Heflin, D. C. Jefferson, G. A. Lyzenga, J. W. Parker, M. Smith, F. H. Webb, J. F. Zumberge (2000), "The Coseismic Geodetic Signature of the 1999 Hector Mine Earthquake," Geophys. Res. Lett. 27, 2733-2736.

Cwik, T., C. Zuffada, D. Katz and J. Parker (2000),"Radar Scattering and Antenna Modeling on Scalable High-Performance Computers", in Industrial Strength Parallel Computing: Programming Massively Parallel Processing Systems, A. Koniges (ed.), Morgan-Kaufmann.

Parker, J.W. (1995), "Accuracy of Wet Troposphere Radio Path Delay Estimated from Infrared Emission," Optical Remote Sensing of the Atmosphere: 1995 Technical Digest Series, Vol. 2 , Optical Society of America, 33-35.

Parker, J.W., R. D. Ferraro, P. C. Liewer (1993), "Comparing 3D Finite Element Formulations Modeling Scattering from a Conducting Sphere," IEEE Trans. Magnetics 29, 1646-1649.

Parker, J.W., T. Cwik, R. D. Ferraro, P. C. Liewer, P. Lyster, J. E. Patterson (1991), "Helmholtz Finite Elements Performance on Mark III and Intel iPSC/860 Hypercubes," The Sixth Distributed Memory Computing Conference Proceedings, IEEE Computer Society Press, 332-337.

Parker, J.W., and S. A. Bowhill (1991), "Mesospheric KHI Signatures in Reconstructed Broad-Band Rocket Probe Data," J. Geophys. Res. 96, 9285-9294.

Andrea Donnellan
Curriculum Vitae
Education

Ph.D., Geophysics, California Institute of Technology (1991)

M.S., Geophysics, California Institute of Technology (1988)

B.S., Geology, Ohio State University, with honors and distinction in geology  (1986)

Pursuing M.S., Computer Science, University of Southern California (present)

Professional Experience
Deputy Manager, Exploration Systems Autonomy (2000–present)

Supervisor, Data Understanding Systems Group, Jet Propulsion Laboratory (1999–2001)

Research Professor, Department of Earth Sciences, University of Southern California (1999–present)

Research Scientist, Satellite Geodesy and Geodynamics Systems Group, Jet Propulsion Lab. (1997–1999)

Member of Technical Staff, Satellite Geodesy and Geodynamics Sys. Group, Jet Prop. Lab. (1993–1997)

Visiting Associate, Seismological Laboratory, California Institute of Technology, (1995​–1996)

National Research Council Resident Research Associate, NASA Goddard Space Flight Center (1991–1993)

Graduate Research Assistant, California Institute of Technology (1986–1991)

Research Assistant, Institute of Polar Studies, Ohio State University (1983–1986)

Geochemistry Group, Sohio Research and Development (1985)

Thin Section Laboratory Technician, Ohio State University (1983)

Selected Professional Activities
NASA Solid Earth Science Working Group for NASA HQ (2000-present)

US Rep. to the Int. Sci. Board of the APEC Cooperation on Earthquake Simulations (2000–present)

American Geophysical Union (AGU) nonlinear geophysics committee (2000–present)

JPL Science and Technology Management Council (2001–present)

JPL SESPD Science Advisory Group to Charles Elachi (1994–2001)

Plate Boundary Observatory steering committee (1999–present)

General Earthquake Models (GEM) program planning and other committees (1998–present)

Convenor NSF/NASA Sponsored Autonomous Systems in Extreme Environments Workshop (1999)

AGU 2000 and 2001 Spring Meeting program committee geodesy section chair (2000–2001)

AGU Geodesy representative for education and outreach (1999)

Southern California Earthquake Center (SCEC) Crustal Deformation Working Group (1993–present)

S. Cal. Integrated GPS Network (SCIGN) Coord. Board (SCEC rep: 1994–1998; NASA rep: 1999–2001)

UNAVCO Field Operations Working Group, Chair (1995–1997)

Development Oversight of SCEC GPS Educational Modules (1996–present)

Panel member National Earthquake Hazards Reduction Program External Research Program (1994–1999)

Selected Awards

JPL Lew Allen Award for Excellence (2000)

Southern California Earthquake Center Outreach Award for Education (1998)

Presidential Early Career Award for Scientists and Engineers (1996)

National Research Council Postdoctoral Fellowship (1991​–1993)

Selected Publications

Granat, R., and A. Donnellan, Deterministic annealing hidden Markov models for geophysical data exploration, Pageoph, in press.

Donnellan, A., J. Parker, and G. Peltzer, Combined GPS and InSAR models of postseismic deformation from the Northridge earthquake, Pageoph, in press.

Hurst, K.J., D. Argus, A. Donnellan, M.B. Heflin, D. Jefferson, G.A. Lyzenga, J.W. Parker, F.H. Webb, J.F. Zumberge, The Co- and Immediate Post-seismic geodetic signature of the 1999 Hector Mine Earthquake, Geophys. Res. Lett., 27, 2733–2736, 2000.

Fox, G.C., K. Hurst, A. Donnellan, and J. W. Parker, Introducing a New Paradigm for Computational Earth Science—A Web-Object-Based Approach to Earthquake Simulations, Geocomplexity and the Physics of Earthquakes, American Geophysical Union Monograph, 2000.

Donnellan, A. and G. A. Lyzenga, Fault afterslip and upper crustal relaxation following the Northridge earthquake, J. Geophys. Res., 103, 21,285–21,297, 1998.
CURRICULUM VITAE

Louise H. Kellogg
Department of Geology

University of California, Davis

Davis, CA 95616

(530) 752-3690

fax: (530) 752-0951

e-mail: kellogg@geology.ucdavis.edu
Education
Bachelor of Science
Engineering Physics
 

Bachelor of Arts
Philosophy



Cornell University, 1982 (Dual Degree Program)


Master of Engineering
Engineering Physics, Cornell University, 1985

Doctor of Philosophy  
Geophysics, Cornell University, 1988

Professional Experience

Chair



Dept. of Geology, University of California, Davis, 2000 - present.

Professor       

University of California, Davis, 1998 - present.

Associate Professor       
University of California, Davis, 1993 - 1998.

Assistant Professor       
University of California, Davis, 1990 - 1993.

Myron C. Bantrell Research Fellow in Geochemistry and Geophysics





Division of Geological and Planetary Sciences 





California Institute of Technology,  1988 - 1990.

Teaching Assistant

Department of Geological Sciences





Cornell University, 1987.

Research Assistant

Institut de Physique du Globe





Université de Paris VI, 1987.

Research Assistant

Department of Geological Sciences





Cornell University, 1984 - 1988.

Honors and Awards

Presidential Faculty Fellowship, (National Science Foundation) 1992 -1997.

Myron C. Bantrell Research Fellowship in Geochemistry and Geophysics, Caltech, 1988 -1990.

Birch Lecture, American Geophysical Union, 2001.

Selected Recent Professional Activities

Editor, Reviews of Geophysics

Institute for Geophysics and Planetary Physics Advisory Committee

Phillips/Association of Women Geoscientists Distinguished Speaker (1995, 2001)

American Geophysical Union:


Hess Medal Committee (Member, 2000-2002)


Nonlinear Processes in Geophysics Committee (Member, 1998-2002)


Lehmann Medal Committee (Member, 1996-1998)


Tectonophysics Section (Secretary, 1998-2000)


Studies of the Earth's Interior Committee (Member 1992-1994; Chair 1994-96)

Ph.D. Advisor: D. L. Turcotte

Graduate Students: G. W. Bawden, M. Glasscoe, D. L. Hunt, D. Manaker, N. Montague-Archer, B. Rowen. 

Postdoctoral Researchers: M. Feighner, S. Ferrachat, M. Fram, F. Pollitz.

Co-authors in past 48 months in addition to the above: R. Bürgmann, Y. Dilek, A. Donnellan, E. J. Garnero, B. H. Hager, R. Jeanloz, W. S. Kiefer, T. Lay, M. Manga, A. Michael, E. M. Moores, J. Revenaugh, B. Romanowicz, J. Rundle, R. Van der Hilst, Q. Williams, M. E. Wysession.

Five Publications Related to this Proposal (Numerical Methods, Information Technology, and Earthquake Processes)

F. F. Pollitz, L. H. Kellogg, and R. Bürgmann, Sinking mafic body in a reactivated lower crust: A mechanism for stress concentration at the New Madrid seismic zone, in press in Bull. Seism. Soc. Amer., 2001. 

J. B. Rundle, P. B. Rundle, W. Klein, J. de sa Martins, K. F. Tiampo, A. Donnellan, and L. H. Kellogg, GEM plate boundary simulations for the Plate Boundary Observatory: A program for understanding the physics of earthquakes on complex fault networks via observations, theory and numerical simulation, in press in Phys. Earth Planet. Int., 2001. 

G. Bawden, A. Michael, and L. H. Kellogg, Evidence for a blind strike-slip fault in the Southern Sierra Nevada, California, Geology, 27, 601-604, 1999. 

G. W. Bawden, A. Donnellan, L. H. Kellogg, D. Dong, and J. Rundle, Geodetic measurements of horizontal strain near the White Wolf Fault, Kern County, California, 1926-1993, J. Geophys. Res., 102, 4957-4967, 1997. 

L.H. Kellogg and S.D. King, The effect of temperature dependent viscosity on the structure of new plumes in the mantle: Results of a finite element model in a spherical, axisymmetric shell, Earth Planet. Sci. Lett. , 148, 13- 26, 1997. 

Five Additional Publications (Numerical Models of Mantle Dynamics) 
D. L. Hunt, and L. H. Kellogg, Mixing and development of heterogeneities in the mantle: The role of depth-dependent viscosity, J. Geophys. Res., 106, 6747-6759, 2001. 

E. M. Moores, L. H. Kellogg, and Y. Dilek, Ophiolites, Tectonics, and Mantle Convection: a contribution to the "Ophiolite Conundrum", in Ophiolites and the Oceanic Crust: New Insights from Field Studies and the Ocean Drilling Program, Geol. Soc. Amer. Special Paper 349, 3-12, 2000. 

N. Montague and L. H. Kellogg, Numerical models of a dense layer at the base of the mantle and implications for the dynamics of D", J. Geophys. Res., 105, pp. 11101-11114, 2000.   

L. H. Kellogg, B. H. Hager, and R. van der Hilst, Compositional stratification in the deep mantle, Science, 283, 1881-1884, 1999. 

W. S. Kiefer and L. H. Kellogg, Geoid anomalies and dynamic topography from time-dependent, spherical axisymmetric mantle convection, Phys. Earth Planet. Int., 106, 239-257, 1998. 

Dr. Cinzia Zuffada

3266 Coolidge Ave., Los Angeles, CA 90066

cinzia.zuffada@jpl.nasa.gov
Professional Accomplishments


Currently leading GPS ocean reflection technology development at JPL

Established prominent role in GPS occultation with mountain-based or air-borne receiver, leading to international collaborations

Played key role in the development of the combined finite-element integral-equation technique for scattering and radiation modeling of large complex systems, including conformally mounted arrays

Pioneered the use of genetic algorithms in electromagnetic synthesis applications by demonstrating the feasibility of novel grating filters geometries

Is an IEEE Senior Member  and a Full Member of the URSI Commission B
Work Experience – Technical 

Member of the Technical Staff, Jet Propulsion Laboratory, April 1992 – present

- Implemented a general numerical model of ocean-reflected signals for altimetry/scatterometry using the Global Positioning Satellite system; performed analysis of data collected from Crater Lake, OR and developed algorithms for the retrieval of oceanographic parameters.

- Developed and demonstrated by simulation an inversion technique for non-linear integral equations to retrieve refractivity profiles from elevated ground-based GPS occultation data. 

- Developed scattering model of atmospheric aerosols/particle for infrared radiative transfer.

- Contributed significantly to the development of one of the nation’s leading combined finite-element integral-equation codes for scattering and radiation.

- Developed synthesis techniques for new filter designs (from the microwaves to the optics) using genetic algorithms, demonstrating the feasibility of novel geometries.

Associate Senior Research Engineer, Kaman Sciences Corp., Santa Monica, February 1985 – March 1992

Researcher (tenured), Department of Electronics and Electrical Communications, University of Pavia, Italy, March 1983 – December 1985

Work Experience – Task Management

- Currently managing the GOALS Instrument Incubator task and the GPS Altimetry RTOP 

- Managed the Trade Study ESTO task in FY 98.

- Played a significant part in the organization of the 1998 JPL workshop on GPS applications to the structure and dynamics of the Earth’s oceans and ionosphere.

- Currently working on a collaboration with the Japanese Meteorological Institute and the University of Kyoto to perform an occultation experiment from a mountain top. 

Education

Laurea (cum laude), University of Pavia, Italy, 1979. Thesis: A method for  identifying  failed phase shifters in a phased-array through near field measurements. Advisor: Prof. G. Conciauro, Head, department of Electronics, Faculty of Engineering, University of Pavia.

Awards

-
Ettore Levis merit scolarship for achievement in Engineering, 1979

-
Italian National Council of Research Felloship for Research Abroad, 1981

-
International Federation of University Women, Fellowship, 1984

Other Contributions

Received 5 NASA Tech Brief awards.

Has been serving as reviewer for Journals including IEEE Transactions on Antennas and Propagation, IEEE Transactions on Geoscience and Remote Sensing, IEEE Transactions on Microwave Theory and Techniques, Radio Science, Journal of Electromagnetic Fields and Waves.

Has been an invited Visiting Professor at the universities of Naples, Italy and Pavia, Italy in May and December 1998, respectively, teaching a graduate level short course on the finite elements and integral equation methods for electromagnetic scattering and radiation problems.

PUBLICATIONS

C. Zuffada, D. Levine and S. Tibuleac: " Designing Dielectric Grating Filters with PGAPACK, " a chapter in Electromagnetic System Design Using Evolutionary Optimization - Genetic Algorithms, " Y. Rahmat-Samii and E. Michielssen, Eds., J. Wiley and Sons, Inc., Ch. 12, pp. 367-397, 1999.

T. Cwik, C. Zuffada, D. Katz and J. Parker: " Radar Scattering and Antenna Modeling ", a chapter in  Industrial Strength Parallel Computing: Programming Massively Parallel Processing Systems, A.E. Koniges ,Ed., Ch. 20, pp. 389-430, Morgan Kaufmann, 1999.

T. Cwik, C. Zuffada and V. Jamnejad: " Efficient Coupling of Finite Element  and Integral Equation Representations for Three - Dimensional Modeling,"  a chapter in Finite Element Software for Microwave Engineering, T. Itoh, G. Pelosi, P. Silvester, Eds., Ch. 7, John Wiley and Sons, Inc., 1996.

Lowe, S. T., C. Zuffada, Y. Chao, P. Kroger, J. L. LaBrecque, L. E. Young, “Five-cm-Precision Aircraft Ocean Altimetry Using GPS Reflections,” submitted to Geophys. Res. Lett., December 01.
R.Treuhaft, S. Lowe, C. Zuffada, and Y. Chao: “2-Cm GPS Altimetry Over Crater Lake,” Geophys. Res. Lett., 28, 23, p. 4343-4346, December 2001.

S. T. Lowe, J.L. Labrecque, C. Zuffada, L.J. Romans, L. Young and G. A. Hajj, " First Spaceborne Observation of an Earth-Reflected GPS Signal, " accepted for publication in Radio Science, Sept  2001.

C. Zuffada, T. Elfouhaily and S. Lowe: “Deriving Near-Surface Wind Vector With Ocean Reflected GPS Signals: Simulations And Measurements,” submitted for publication in Remote Sensing of the Environment, March 2001.

A.K. Fung, C. Zuffada and C. Y. Hsieh, " Incoherent Bistatic Scattering from the Sea Surface at L-Band, " IEEE Transactions on Geoscience and Remote Sensing, Vol. 39, no. 5, pp. 1006-1012, May 2001.

G. A. Hajj, C. Zuffada and J.B. Thomas, " Theoretical Description of a Bistatic System for Ocean Altimetry Using the GPS Signal, " submitted for publication in IEEE Transactions on Geoscience and Remote Sensing, Dec. 1999.

C. Zuffada, G. Hajj and E. R. Kursinski: " A Novel approach to Atmospheric Profiling with a Down-looking Mountain-based or Air-borne GPS Receiver, " Journal of Geophysical Research, Atmosphere, Vol. 104, No. D20, pp. 24,435-24,447, October 1999. 

C. Zuffada, T. Cwik and C. Ditchman: " Synthesis of Novel All-Dielectric Grating Filters Using Genetic Algorithms, " IEEE Transactions on AP, Vol. 46, pp. 657-663, May 1998.

T. Cwik, D. Katz, C. Zuffada and V. Jamnejad: " The Application of Scalable Distributed Memory Computers to the Finite Element Modeling of Electromagnetic Scattering, " International Journal for Numerical Methods in Engineering, Vol. 41, pp.759-776, April 1998.

C. Zuffada and D. Crisp: " Particle Scattering in the Resonance Regime: a Full-Wave Solution for Axi-symmetric Particles with Large Aspect Ratios, " Journal of the Optical Society of America A, pp. 459-469, Feb. 1997.
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