Facility Support: Expanding WInSAR in Support of Global Crustal Dynamics Research

Proposed Research

?
Intellectual Merit

?
Broader Impacts

It must describe as an integral part of the narrative, the broader impacts resulting from the proposed activities, addressing one or more of the following as appropriate for the project:

How will we integrate research and education by advancing discovery and understanding while at the same time promoting teaching, training, and learning?

In what ways will we broaden the participation of underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.)?

How will we enhance the infrastructure for research and/or education, such as facilities, instrumentation, networks, and partnerships?

How will the results of the project be disseminated broadly to enhance scientific and technological understanding?

What will be the potential benefits of the proposed activity to society at large?

1. Introduction
The field of radar interferometry (InSAR) is rapidly expanding its user base and satellite imaging choices. The makeup and science interests of the Western North America Interferometric Synthetic Aperture Radar (WInSAR) consortium reflect these changes.  Initially formed by a small collection of individual investigators, WInSAR has grown to 45 member institutions pursuing science investigations ranging from the study of deformation associated with earthquakes, volcanoes and glaciers to land subsidence and InSAR algorithm development.  However, the primary WInSAR goal remains the same: promote the use and development of InSAR technology for scientific investigations.  Previous WInSAR proposals focused on group data purchases over western North America.  In this work, we propose the expansion of WInSAR infrastructure, data holdings and role in making InSAR technology available to the science community.
The objectives of the proposed work are to:
· Develop a robust multi-satellite SAR data ordering, distribution & archiving system;

· Purchase new data both globally and over North America in support of WInSAR science themes; and
· Work toward open-source community InSAR software.

These science themes include:

· The seismic cycle throughout the world including the San Andreas Fault and Basin and Range
· Volcanic activity in South America, Hawaii, Aleutians and Cascade/Yellowstone
· Groundwater and coastal hazards throughout North America

· Mountain building in South America and the Himalayas
· Rifting in Iceland and East African Rift Zone
· InSAR noise source mitigation and time series analysis
Expected significance and relation to the present state of knowledge in the field, to work in progress by the PI under other support and to work in progress elsewhere?
2. Background
The western part of North America is the focus of intensive scientific research into a variety of plate boundary processes including earthquakes, volcanism, mountain building, and micro-plate tectonics. For example, the characterization and more complete understanding of the plate boundary deformation system, and its relationship to the occurrence of earthquakes, is a rich scientific problem that may ultimately lead to a reduction in seismic risk. Other natural processes that induce surface deformation such as land subsidence induced by water or oil extraction are also at work in western North America. The technique of satellite Interferometric Synthetic Aperture Radar (InSAR) provides an excellent means of observing deformation over broad areas. It is capable of decameter-level spatial resolution at monthly or greater intervals. InSAR has proven to be a powerful tool to characterize large-scale deformation associated with active faults. It also can resolve small-scale deformation features such as shallow creep, postseismic and interseismic deformation. And it is an ideal tool for measuring land subsidence and improving digital terrain models.

WInSAR is a consortium of universities and research laboratories (Table 1) established by a group of practicing scientists and engineers to facilitate collaboration in, and advancement of, Earth science research using radar remote sensing. WInSAR helps coordinate requests for data acquisition and for data purchase, aiding individual investigators by simplifying interactions with data providers and with government agencies funding science.

The long-term goals of WInSAR are to:

· Promote the use and development of InSAR technology for scientific investigations, in particular but not limited to, seismic and magmatic processes, plate boundary deformation, land subsidence, and topographic mapping;

· Acquire SAR imagery in western North America, archive and catalog the data, and disseminate it for use by member organizations;

· Provide value-added InSAR products & software for use by the scientific community;

· Advocate the open exchange of SAR data by seeking to enlarge the number of member organizations; and

· Solicit funds and promote programs and space missions to meet these objectives.

The growing role of WInSAR as a facilitator of InSAR research collaborations worldwide motivated the recent change in WInSAR host organization. Under the stewardship of the Southern California Earthquake Center (SCEC), WInSAR has more than doubled its membership to 45 institutions.  With the increased membership came a broadening range of radar interferometry interests which has grown beyond the scope of SCEC.  Consequently, WInSAR voted in 2006 to make UNAVCO their new host institution. The overall mission, organizational structure and research activities have not changed. The primary role of UNAVCO is to provide administrative and logistical support for WInSAR activities such as financial and data management.

UNAVCO, a non-profit, membership-governed consortium, supports and promotes Earth science by advancing high-precision techniques for the measurement and understanding of deformation. UNAVCO also supports education to meet the needs of the community and the public.
Table 1.  WInSAR United States and Foreign (Adjunct*) Members as of 3/2007

	Arizona State U.
	Oregon State U.
	U. Calif., San Diego
	U. Utah

	Calif. Inst. of Tech.
	Purdue U.
	U. Calif., Santa Barbara
	U. Wisconsin, Madison

	Central Washington U.
	San Diego State U.
	U. Calif., Santa Cruz
	Western Washington U.

	Cornell U.
	Stanford U.
	U. Hawaii
	Woods Hole Ocean. Inst.

	George Mason U.
	USGS
	U. Kansas
	

	Idaho State
	U. Alaska
	U. Memphis
	

	Indiana U.
	U. Arkansas
	U. Miami
	Adjunct Members*

	Jet Propulsion Lab.
	U. Colorado
	U. Missouri
	Simon Fraser U.

	Lawrence Livermore
	U. Calif., Berkeley
	U. Nevada, Reno
	U. College London

	Los Alamos Nat. Lab.
	U. Calif., Davis
	U. Oregon
	U. Western Ontario

	MIT
	U. Calif., Los Angeles
	U. Southern Calif.
	

	Ohio State U.
	U. Calif., Riverside
	U. Texas, Austin
	*access but no ordering


3. Science Themes


the themes will be based on responses from WInSAR members)


Earthquake Cycle - SAF and B&R and global


Volcanoes - South America, Cascade/Yellowstone, Aleutians, Hawaii, etc.


Mountain Building - Himilayas, South America


Rifting - Iceland and East African Rift Zone


Groundwater and Coastal Hazards - GOM, Western US and global water issues
What areas from the WInSAR users responses should we list here?  With so many users, study sites, satellites and SAR modes, how will we set priorities on data ordering?
4. Work Plan

4.1 Develop a robust multi-satellite SAR data ordering, distribution and archiving system
This task is focused on reducing the time and effort spent by individual investigators navigating the software tools and bureaucracy associated with ordering data from each of the satellite SAR data providers.  The goal is to develop a single Internet-based interface for members to peruse, order and retrieve SAR data from any one of a number of satellites.

The current searching and ordering capability served us well in the era of the ERS spacecraft but needs updating to accommodate new missions and imaging modes.  For example, the current WInSAR website provides searching capability for ERS-1, ERS-2 and Envisat data.  However, only ERS requests can be made through the current system.  The European Space Agency requires a different ordering process for Envisat data.  Ordering Radarsat, ALOS and future TerraSAR-X data will each require yet another ordering process.  Our intent is to make these issues as transparent as possible to the user.

We are addressing these issues on two fronts.  First, one or two individual investigators with the most experience with a given data provider are working closely with UNAVCO staff to document the data ordering process.  Second, we have formed a Standards and Formats subcommittee to make recommendations to UNAVCO staff to streamline the ordering process and establish distribution and archiving strategies that will work for existing and future SAR missions.

Specific tasks under this objective are to have a UNAVCO programmer refine the current ERS database to fully incorporate Envisat data requests and add the capability to place ALOS and Radarsat orders.
4.2 Purchase new data both globally and over North America

Consistent with the WInSAR transition to global investigations, an emphasis will be placed on using the funds from this proposal to purchase data outside the western North America region.

Western North American science investigations remain a high priority within WInSAR and will continue to constitute a majority of our scientific publications.  In fact, the number of western North America scientists and investigations motivated the formation of GeoEarthScope (GeoES) to arrange for the acquisition of aerial and satellite imagery of thes region.  Over the next 18 months, UNAVCO will use GeoES funds to purchase SAR imagery over western North America in support of EarthScope.  WInSAR users have the option at any time to join the GeoES user group for a given study site and gain access to these data.  As GeoES funds ramp down, the out years of this proposal increase data purchases to continue our western North America acquisitions.  These data will constitute a nearly two-decade multi-satellite interferometric time series.
What areas from the WInSAR users responses should we list here?  With so many users, study sites, satellites and SAR modes, how will we set priorities on data ordering?
4.3 Work toward open-source community InSAR software
Hold workshop to benchmark InSAR codes and discuss software developments, e.g., precise orbits, ancillary corrections, ScanSAR interferometry.

Hire programmer to develop a standard intermediate format.
5. Facility Technical Capabilities and Science Impact
[Proposals for support of national or regional multi-user facilities must include a description of the technical capabilities of the facility and the impact that these capabilities will make on the science. The size and nature of the science community that will make principal use of the facility should also be described, along with any evidence of that community's desire to pool resources in support of the facility.]
6. Results from Prior NSF, NASA and USGS Support

6.1 A Subset of Journal Publications Since 2004 using WInSAR Data
Argus D., M. Heflin, G. Peltzer, F. Crampe, and F. Webb, Interseismic strain accumulation and anthropogenic motion in metropolitan Los Angeles, J. Geophys. Res., 110, B04401, doi:10.1029/2003JB002934, 2005.
Baek, S., O. Kwoun, A. Braun, Z. Lu and C. Shum, Digital Elevation Model of King Edward VII Peninsula, West Antarctica, from SAR Interferometry and ICESat Laser Altimetry, Geoscience and Remote Sensing Letters, Vol. 2, No. 4, 2005.
Brooks, B.A., Merrifield, M., Foster, J., Werner, C., Gomez, F.B., M., and Gill, S., 2007, Space Geodetic Determination of Spatial Variability in Relative Sea Level Change, Los Angeles Basin: Geophysical Research Letters, v. 34, p. doi:10.1029/2006GL028171.
Bürgmann, R., G. Hilley, A. Ferretti, and F. Novali (2006), Resolving vertical tectonics in the San Francisco Bay area from GPS and Permanent Scatterer InSAR analysis, Geology,34,221-224.
T. H. Dixon, F. Amelung, A, Ferretti, F. Novali, F. Rocca, R. Dokka, G. Sella, S.-W. Kim, S. Wdowinski, D. Whitman: Subsidence and flooding in New Orleans, Nature, 441, 587-588 [doi:10.1038/441587a], 2006
Ferretti, A., F. Novali, R. Bürgmann, G. Hilley, and C. Prati (2004), InSAR Permanent Scatterer Analysis Reveals Ups and Downs in the San Francisco Bay Area, Eos, 85 (34), 317,324.
Foster, J., Brooks, B., Cherubini, T., Shacat, C., Businger, S., and Werner, C.L., 2006, Mitigating atmospheric noise for InSAR with a high resolution weather model: Geophys. Res. Lett., v. 33, p. doi:10.1029/2006GL026781.
Freed, A.M., and R. Bürgmann (2004), Evidence of powerlaw flow in the Mojave desert mantle, Nature, 430 (doi:10.1038/nature02784), 548-551.
Furuya, M., K. Mueller, and J. Wahr, Active Salt Tectonics in the Needles District, Canyonlands (Utah) as Detected by Interferometric SAR and Point Target Analysis: 1992--2002, J. Geophys, Res. (in press).
Gourmelen, N. and F. Amelung, Post-seismic mantle relaxation in the Central Nevada Seismic,. Science 310: 1473-1476 [DOI: 10.1126/science.1119798], 2005
Hilley, G.E., R. Bürgmann, A. Ferretti, F. Novali, and F. Rocca (2004) Dynamics of slow-moving landslides from permanent scatterer analysis, Science, 304, 1952-1955.
Johansen, I.A., and R. Bürgmann (2005), Creep and quakes on the northern transition zone of the San Andreas fault from GPS and InSAR data, Geophys. Res. Lett.,  32, (L14306), doi:10.1029/2005GL023150.
Johansen, I. A., E. J. Fielding, F. Rolandone, and R. Bürgmann (2006), Coseismic and postseismic slip of the 2004 Parkfield earthquake from space-geodetic data, Bull. Seism. Soc. Am., 96, 5269-5282.
Kwoun, O., S. Baek, H. Lee, H. Sohn, U. Han, and C. Shum, Topography, vertical and horizontal deformation in the Sulzberger ice shelf, West Antarctica using InSAR, Korean Journal of Remote Sensing, 21(1), 73-81, 2005.
Lanari, R. P. Lundgren, M. Manzo, F. Casu, Satellite radar interferometry time series analysis of surface deformation for Los Angeles, California, Geophys. Res. Lett., 31, L23613, doi:10.1029/2004GL021294, 2004.
Li, Z., E. J. Fielding, P. Cross, and J.-P. Muller (2006), Interferometric synthetic aperture radar atmospheric correction: GPS topography-dependent turbulence model, Journal of Geophysical Research, 111, B02404, doi:02410.01029/02005JB003711.
Li, Z., E. J. Fielding, P. Cross, and J.-P. Muller (2006), Interferometric synthetic aperture radar atmospheric correction: MEdium Resolution Imaging Spectrometer and Advanced Synthetic Aperture Radar integration, Geophysical Research Letters, 33, L06816, doi:06810.01029/02005GL025299.
Li, Z., J.-P. Muller, P. Cross, and E. J. Fielding (2005), Interferometric synthetic aperture radar (InSAR) atmospheric correction: GPS, Moderate Resolution Imaging Spectroradiometer (MODIS), and InSAR integration, Journal of Geophysical Research, 110, B03410, doi:03410.01029/02004JB003446.
Mellors, R. J., H. Magistrale, P. Earle, and A. Cogbill, 2004,Comparison of moderate earthquakes in Southern California using InSAR and seismology, Bull. Seismo. Soc. of Amer.,94, (6), 2004-2025.
Newman, A. V., T. H. Dixon & N. Gourmelen, A Four-Dimensional Viscoelastic Model for Deformation of the Long Valley Caldera, California, between 1995 and 2000, Journ. of Volcan. and Geoth. Res., 150 (1), doi:10.1016/j.jvolgeores.2005.07.017, 244 - 269, 2006.
Poland, M. P., R. Bürgmann, D. Dzurisin, M. Lisowski, T. Masterlark, and S. Owen (2006), Constraints on the mechanism of long-term, steady subsidence at Medicine Lake volcano, northern California, from GPS and precise leveling, J. Volcanol. Geoth. Res., 150, 55-78.
Salichon, J., P. Lundgren, B. Delouis, and D. Giardini, Slip history of the 1999, October 16, Mw=7.1, Hector Mine earthquake (California) from the inversion of InSAR, GPS and teleseismic data, Bull. Seismol. Soc. Am., 94, 2015-2027, 2004.
Samsonov, S., Tiampo, K.F., Rundle, J.B., and Li, Z. Application of DInSAR-GPS optimization for derivation of fine scale surface motion maps of southern California, IEEE Transactions on Geoscience and Remote Sensing, 2007, 45(2), 512-521.
Schmidt, D. A., R. Burgmann, R. M. Nadeau, and M. d'Alessio (2005), Distribution of aseismic slip rate on the Hayward fault inferred from seismic and geodetic data, J. Geophys. Res. 110, B08406, doi:10.1029/2004JB003397.
Wdowinski S., F. Amelung, F. Miralles-Wilhelm, T. H. Dixon, R. Carande (2004), Space-based measurements of sheet-flow characteristics in the Everglades wetland, Florida, Geophys. Res. Lett., 31, L15503, doi:10.1029/2004GL020383.
6.2 A Subset of Student Theses since 2004 using WInSAR data
Baek, S., DEM generation and ocean tide modeling over Sulzberger Ice Shelf, West Antarctica, using synthetic aperture radar interferometry, The Ohio State University, August 2006.

Baessler, Michael, On the determination of three-dimensional ice stream velocity fields in Antarctica using interferometry from multiple synthetic aperture radar sensors, The Ohio State University, August 2001.
Scott Baker, PhD, 2006, Volcano spreading and the magmatic systems of the Hawaiian volcanoes, University of Miami
Elizabeth Cochran, UCLA, PhD in 2005
Jay Jackson, Integrated Space Geodetic Study of Ground Deformation over the Socorro Magma Body, New Mexico, MS thesis, Georgia Institute of Technology, anticipated summer 2007.

Johanson, I. (2006) Slip Characteristics of San Andreas Fault Transition Zone Segments, 160 pp. University of California, Berkeley.
Lin Liu, Physics department, University of Colorado.
Pickard, Stacy, Subsidence in Borrego Springs as Observed by InSAR, Undergraduate thesis, San Diego State University, 2005.
Sergey Samsonov, Integration of Differential InSAR and GPS measurements for studying surface deformation, PhD thesis, March 2007, University of Western Ontario.

Christin Shacat, University of Hawaii, MS thesis 2006
Utley, J.A., 2004, Using InSAR and GPS to detect subsidence in Pahrump Valley, southern Nevada and California: M.S. thesis, University of Nevada, Reno, 91 p.
van Zandt, Afton, Creep measurements and depth of slip along the Superstition Hills faults as observed by InSAR, Undergraduate thesis, San Diego State University, 2006.
6.3 A Subset of Teaching Activities Since 2004 using WInSAR data
Mark Simons, Caltech:

GE193 - Applied Tectonic Geodesy

GE166 - Radar Imaging of the Earth for Geoscience Applications

Gilles Peltzer, UCLA:
ESS 162-262: Advance Remote Sensing

Matt Pritchard, Cornell:

EAS 731: Graduate seminar on Ground water, surface deformation and InSAR, 5 graduate students in two departments (Earth & Atmospheric Sciences and Biological & Environmental Engieering) each completed a term project with actual WInSAR data processed data with ROI_PAC.

Andrew V. Newman, Georgia Institute of Technology:

Modern Geodetic Methods (Fall 2006): Using WinSAR data from the Hector Mine Earthquake I developed a series of web pages that outline InSAR processing using the ROI_PAC software.
David Schmidt, University of Oregon:
An upper-division undergraduate course in Radar Interferometry where students process WInSAR data as part of their course project.

Sean Buckley, Univ. of Texas at Austin:

An annual graduate level course in which WInSAR data over several locations are used as part of class projects. These data provided students with hands-on experience processing both earthquake and subsidence-related InSAR data sets.  The course is attended by geological science students as well as electrical engineers and aerospace engineers.
Roland Bürgmann, Univ. of California, Berkeley:

EPS 116 - Structural Geology and Tectonics

EPS 216 - Active Tectonics
Ricky Becker, Western Michigan University:
We have started using WInSAR data in the remote sensing course at Western Michigan University (GEOS 5210,  Remote Sensing Applications in Geological and Environmental Sciences), in the new section of the course covering radar interferometry.

Rob Mellors, San Diego State University:

Computer applications for geologists, (GEOL 300), undergraduate course that covers all aspects of the geosciences including remote sensing and image analysis.

Topics in Geophysics, (GEOL 630), graduate level course on select topics. INSAR and GPS processing is topic of the 2007 semester. 

Falk Amelung, University of Miami:
Satellite Radar Interferometry in the Earth Sciences 

Geophysical Inverse Theory

John Bell, University of Nevada Reno:

Department of Geological Sciences and Engineering has added a graduate level course titled “Radar imaging—Geoscience applications” that draws extensively on WInSAR data for instructional purposes.
6.4 Example Results

Drop in a few figures from recent WInSAR presentation.  Not included now to keep file size small.
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