
Attachment A

RESEARCH PRIORITIES FOR FY2005
The Research Priorities presented here are changed from the FY2004 priorities, and reflect the new Earthquake Hazards Program Five Year Science Plan, which is currently in the process of final approval and covers the FY2003-2007 period. The complete draft of the plan can be found at erp-web.er.usgs.gov, and proposers are encouraged to look at the plan to see how the high-priority targets listed below for each region fit into the plan. This new plan describes four major Program Elements that are the focus of the U. S. Geological Survey’s Earthquake Hazards Program (EHP). These Elements are: 

I. National and regional earthquake hazards assessments; 

II. Earthquake information, monitoring and notification; 

III. Research on earthquake physics, occurrence, and effects; and 

IV. Earthquake safety policy. 

These Elements are cast in six regional or topical areas. External support for regional earthquake monitoring done in response to Element II is carried out under a separate solicitation that funds these network operations with three-year cooperative agreements. 

In FY2004 EHP managers decided that evaluation and funding decisions for proposals to maintain and operate long-term geodetic monitoring instruments and/or networks, e.g., borehole strainmeters, creep meters, and GPS networks, would be best accomplished in a way that is similar to way the regional seismic network support is funded: through three-year cooperative agreements. A separate Announcement was sent out soliciting proposals for support of long-term geodetic monitoring, and these proposals were evaluated by a separate review panel. The three-year awards for both the Seismic and Geodetic networks currently cover FY2004-2006, and the next solicitation is scheduled to be announced in the Spring of 2006. Proposals for short-term geodetic research or for research using the data from long-term studies still should be submitted to the appropriate regions/topical panel listed below.

The six regional or topical areas are:
1. Southern California (SC): From the Carrizo Plain south to the international border with Mexico

2. Northern California (NC): From Cape Mendocino to the central creeping section of the San Andreas fault and the adjacent Coast Ranges, with particular emphasis on the greater San Francisco Bay Area. Investigations related to SAFOD and Parkfield should be submitted to the EP panel

3. Pacific Northwest (PN): Washington, Oregon, Idaho, California north of Cape Mendocino (Cascadia), and Alaska

4. Central and Eastern United States (CE): The United States east of the Rocky Mountains, including Puerto Rico and the U.S. Virgin Islands

5. National / Intermountain West (NIW): This panel is focused on seismically active regions of the Intermountain West and also addresses proposals specific to the National Seismic Hazards Maps and to the National Earthquake Information Center (NEIC).

6. Earthquake Physics and Effects (EP): Basic and applied research on the physics of earthquakes and their effects that is generic and has a demonstrable application to reducing earthquake losses in many geographic areas; all proposals related to the Parkfield experiment and to SAFOD.

Proposals submitted in response to this solicitation must indicate the program elements and regional or topical area the proposed research addresses. Regional and topical coordinators are available to assist applicants by describing related work being done internally within the USGS, identifying existing relevant data sets, and helping applicants establish contacts with USGS researchers working in similar areas. Coordinators are listed on the EHP Internet page, http://erp-web.er.usgs.gov and can be found under the “Contact Us” tab. Links to descriptions of USGS internal projects can be found on the same Internet page by clicking on “Current Projects”. It is strongly recommended that the proposer contact the appropriate regional coordinator to ascertain how their proposed work can complement and help support the goals and objectives of these projects and efforts.

The EHP places high priority on investigations in five geographic areas where large populations are exposed to significant seismic risk: Southern California, Northern California, the Pacific Northwest (including Alaska), the Inter-mountain West, and the Central/Eastern United States. Proposals for research on earthquake effects applicable to a specific region should be directed to the relevant regional panel. Proposals for research on generic earthquake effects and for research related to the experiments at Parkfield, California should be directed to the EP panel. Proposals addressing earthquake research that is national in scope or in support of the National Seismic Hazard Maps should be directed to the NIW panel. Proposals for research on foreign earthquakes should be directed toward the regional panel most closely related to the foreign investigations.

Proposers are encouraged to use seismic monitoring data, including structural monitoring data, from the Advanced National Seismic System (ANSS). Specific ANSS coordination needs are included in several of the regional/topical priority areas, below. Proposals for research using ANSS data should explicitly state data needs and uses.

The EHP welcomes proposals for collaborative research making use of NSF’s Major Research Equipment Facilities, EarthScope and NEES, as long as these proposals address EHP goals and objectives as put forth in the 5-year Plan. Such proposals should address specific Program Elements and appropriate regional/topical area. Proposals for USGS assistance in an EarthScope- or NEES-related project that is not directly related to EHP goals and objectives should be directed to NSF.
All proposed work must indicate how the expected results can be applied to reducing losses from earthquakes in the U.S. This application of the proposed research should be clearly stated in a separate paragraph of the proposal. This statement is a necessary condition for consideration of any proposal.
Pages 9-10 of this announcement describe the process of proposal evaluation by each of the above peer review panels.

The Elements identified by the EHP as being applicable for research done through the external grants program are described briefly below. These descriptions are followed by a list of Priority Tasks for these Elements in each geographical and topical area. We emphasize that this listing of Priority Tasks is not intended to discourage submission of proposals to accomplish other important tasks.

ELEMENT I. National and regional earthquake hazards assessments

The EHP prepares national and regional assessments, digital maps of the expected degree of ground shaking over various exposure times.  These studies are the basis of the seismic safety elements of the model building codes upon which most local codes are based.  The EHP also prepares long-term forecasts of future earthquake occurrences, and the shaking and ground deformation they may cause.  These products are essential for development of cost-effective mitigation measures and practices in structure design, construction, and planning. The USGS is particularly interested in supporting research that contributes to improvements in the national hazards maps or to assessing earthquake hazards and reducing losses in urban areas. Other things being equal, preference will be given to qualified proposals addressing these interests.

ELEMENT III. Research on earthquake occurrence, physics and effects

With the goal of improving hazard assessments, earthquake forecasts, and earthquake monitoring products, the EHP supports research on earthquake processes and effects.  This work is increasingly focused on developing models of earthquake and tectonic processes and of earthquake effects.  Because large earthquakes occur infrequently, models have a central role in allowing lessons from one area to be applied in other areas and time frames. One important focus is the development of comprehensive, dynamic models of tectonic and earthquake processes and of the effects of earthquakes, e.g., ground shaking (linear and non-linear) and ground failure.

ELEMENT VI. Earthquake safety policy

The EHP produces a significant quantity of data and information on earthquakes and related hazards.  Experience has shown that production of data and reports is not enough, and that the Program must take an active role with the “user community” in the application and interpretation of Program results.  Additionally, active engagement with our user community provides opportunities for dialogue on modifications to our existing products and new products that make our work and results more relevant and applicable. Opportunities for engaging the user community take place at both the national and regional levels.

High priority tasks that need to be addressed in each region are given below. More information and additional details for research priorities in the regions can be found on erp-web.er.usgs.gov; click on "Regional Research Priorities"

SPECIFIC REGIONAL PRIORITIES

In Southern California (SC)

·  Improve our estimates of fault characteristics, including:

-
Determine the activity of faults in southern California using paleoseismology, geomorphology, geologic mapping, and new dating techniques to develop long chronologies of past earthquakes and fault slip rates. Investigations of the San Andreas and San Jacinto fault zones and of the fault zones in the Transverse Ranges are solicited. The southernmost San Andreas and Sierra Madre faults are the highest interest.  Establish baselines for post-earthquake investigations. Study evolution of faults in space and time.
-
Characterize the behavior of active fault segments and clarify differences between seismic and aseismic processes; evaluate seismogenic thicknesses and/or percentages of aseismic slip. The Los Angeles, Ventura, and San Bernardino basins are of particular interest.

· Improve predictions of ground shaking from future large earthquakes in southern California.  Of particular interest is research that will contribute to the SCEC efforts in the Fault Information System and Unified Structural Representation.  These include:

-
Compile seismic, structural, geotechnical, and geologic data from surface, and drill-hole 
observations necessary to predict regional ground motions and develop models to estimate 
variations in expected ground motions, accounting for bedrock excitation, nearby geologic 
structures, local topography, and soil-structure building interaction.  

-
Use seismic data to determine earthquake source parameters and crustal structure, and state of the stress in the crust, including further development and testing of 2- and 3-D Earth models for southern California.

-
Develop credible earthquake planning scenarios for the Los Angeles and San Bernardino regions.

-
Utilize data from recent large earthquakes in Alaska and foreign countries for the investigation of earthquake source, ground motions, and other issues relevant to hazards in southern California.

-
Develop and verify methods for calculating time histories of strong ground motion, paying close attention to the quantification and propagation of both modeling and parametric uncertainties. 

·  Develop regional models of fault interactions and velocity structures, including:


-
Examine intermediate term (month to years) variations in deformation and seismicity 
rates.
-
Investigate Quaternary faulting, and develop regional models of active deformation and fault and earthquake interaction, with particular interest in the southern San Andreas.

-
Contribute to the development of regional earthquake likelihood models in any of the following ways: develop workable models of the spatial and temporal distribution of earthquakes; quantify known and speculative faults in 3D space; contribute to a fault activity database of slip rates and other parameters; contribute to the historical earthquake catalog (e.g., quantify uncertainties of pre-instrumental events or provide focal mechanisms for instrumental events); or update magnitude versus area (or length) regressions. Of particular interest are projects that contribute to the USGS-SCEC RELM project (http://pasadena.wr.usg.gov/research/RELM).
-
Conduct geodetic and modeling studies, with particular emphasis on interpretation of SCIGN data and the SCEC Crustal Motion Map, as well as modeling to optimize placement of future PBO instrumentation.

-
Develop methods for improved analysis and modeling of precise geodetic data such as SCIGN continuous GPS data, interferometric SAR data, and airborne laser swath mapping data. 

·  Improve our products for emergency managers and planners to prepare for future earthquakes.

-
Compile and provide access to geotechnical, structural, and seismic databases that will provide useful information for mitigation and emergency response efforts.

-
Collaborate with the USGS and university-based seismic and geodetic networks to enhance tools needed for accurate and rapid portrayal of the severity and geographic distribution of strong ground shaking, surface rupture, and ground deformation. Develop software and pilot studies for seismic alert systems.

-
Contribute to the community-based, open-source seismic hazard analysis software development known as “OpenSHA” (click "Getting Involved" at http://www.OpenSHA.org for more information).

In addition to the publication in a peer-reviewed forum expected of all USGS-funded research, results that improve our understanding of the crustal structure or deformation field should be contributed to the SCEC Community Modeling environment.

In Northern California (NC)

Listed below are high-priority efforts for NEHRP research and products for the Northern California region that were identified in an open workshop held at the USGS in Menlo Park on January 13-14, 2004.  Most of these efforts are on  going, some with new emphases.  Many require large-scale collaborations involving both internal USGS and externally funded researchers.  Specific tasks under these identified efforts can be found on the EHP Internet page, http://erp-web.er.usgs.gov, 

At current funding levels, emphasis in the Northern California hazards program will be on the highly-urbanized, greater San Francisco Bay region, extending from Gilroy in the south and Santa Rosa to the north, and from the Coast Range-Central Valley boundary on the east to the Pacific coast on the west. 

· Continue to upgrade and enhance capabilities and products of seismic and structural monitoring in Northern CA through the California Integrated Seismic Network (CISN).
· Construct a community 3D seismic velocity model for northern California that can be used for seismic event locations, source mechanism determinations, sedimentary basin response calculations, and the calculation of probabilistic hazard maps. This model will be compatible with the 3D community velocity model being developed for southern California by SCEC and with the 3D geologic map being developed by the USGS for the greater San Francisco Bay region by the USGS National Cooperative Geologic Mapping Program: http://3d.wr.usgs.gov/docs/wgmt/3d
· Construct a community Quaternary fault database that will include 3D information on fault locations and slip histories. Initial implementation of the map database will be limited to the San Francisco Bay area, Santa Cruz County, and northern Monterey County.  This effort will link with the USGS National Fault database and SCEC’s Fault Activity database (FAD) and community fault model efforts.  Results will be integrated into the 3D geologic map being developed for the greater San Francisco Bay region by the USGS National Cooperative Geologic Mapping Program: http://3d.wr.usgs.gov/docs/wgmt/3d
· Develop a 2000+ year slip chronology for the major active faults both onshore and offshore in northern California.  This is part of an on-going effort, the Bay Area Paleoseismic Experiment (BAPEX).  Study sites and results to date can be viewed at: http://quake.usgs.gov/research/paleoseismology/bapex
· Analyze the LIDAR dataset for coastal northern California recently acquired by NASA (in collaboration with the USGS). The 418 square km area of coverage includes a 70-km-long section of the North Coast San Andreas fault as well as a 120- km-long stretch of coastal marine terrace. The region covered extends from near Fort Ross northward along the coast to the town of Mendocino, and inland 3-10 km. More information on this dataset, some sample images, and download directions are available at: http://quake.usgs.gov/research/geology/lidar/

· Utilize crustal deformation measurements to constrain the regional deformation rates, fault slip rates, role of fault creep, fault mechanics, strain transients, and models of stress evolution for northern California. 

· Develop NEHRP hazard products for Northern California with the long-term goal of producing probabilistic hazard maps (shaking, liquefaction, and landslide) that include source directivity, 3D velocity effects, non-linearity, and complete recurrence models for faults.   While these products will be published by the USGS, research is needed on methodology development, validation and calibration.

· Convene workshops to develop collaborative proposals to capitalize on deployment of the NSF-funded EarthScope MRE facility to address NEHRP Northern California earthquake hazards goals.
In the Pacific Northwest (PN)

· Determine the “rupture planes”, occurrence, and rupture properties of the so-called episodic tremor and slip events (ETS) relative to the current models of the locked and transition zones in Cascadia. Proposals that critically examine the potential for using episodic tremor and slip events to improve models of the generation of great megathrust events are encouraged.  Temporary deployments aimed at densifying observations of ETS events, and determining their distribution in northern California, Oregon, and southern Washington, are encouraged.

· Improve the age dating of the onshore and offshore records of great Holocene plate-boundary Cascadia earthquakes to investigate the coastwise extent and recurrence intervals of plate-boundary ruptures, particularly before the most recent event at A.D. 1700. Proposals that examine the temporal history of great plate-boundary earthquakes compared to that of crustal earthquakes are encouraged, recognizing that there may be no relation or that the relation may differ along the subduction zone (e.g., northern California compared to northwestern Washington).

· Improve the vertical (elevation) accuracy and resolution of geologic estimates of land level changes from great Holocene plate boundary earthquakes in Cascadia or Alaska.

· Perform high-resolution seismic reflection profiling across strands and structures of the Seattle and Tacoma fault zones to characterize the location and style of deformation.

· Conduct field work to develop, date, and map evidence of strong ground shaking, coseismic uplift, ground failure, surface faulting, or tsunami deposits likely associated with late Holocene earthquakes throughout the Puget Sound or Portland urban areas.

· Develop models to predict strong ground motions that include effects of long duration codas expected from plate-boundary earthquakes in Cascadia as well as include state-of-the-art attenuation relations based on Nisqually recordings.  One element of this study may include the inversion of seismic waveforms for the intrinsic attenuation factor in western Washington.

· Improve our understanding of seismic hazards posed by Benioff-zone earthquakes.  Topics of interest include determining whether large, Nisqually-type in-slab earthquakes are possible beneath southwestern Washington and the greater Portland metropolitan area, efforts to explain the absence of significant aftershocks and/or the possibility of triggering activity in the overlying crust from these events, and studying the effects of the thermal structure and bending stresses of the subducted slabs on seismogenesis. 

· Conduct field work to continue characterizing site conditions at stations of the Advanced National Seismic System, the National Strong Motion Program, and the National Tsunami Hazard Mitigation Program in Oregon and Washington. Proposals must show coordination with the Pacific Northwest ANSS region.

· Studies of the Denali earthquake are encouraged. Because of limited funding and the remote field area, proposals need to focus on critical problems that clearly advance USGS research priorities. Examples include:

-   Examining the effect of the 2002 earthquake on  time-dependent hazard calculations for Alaska

-   Mapping surface faulting along the Susitna Glacier Thrust fault (particularly from the view as a possible analog to rupture anticipated along thrust fault systems in other regions)

-   Paleoseismic studies to document the slip history of selected portions of the Denali fault system that might establish a relation with earthquakes in the historical record.

In the Central / Eastern United States (CE)

· Projects that will directly improve the quality and usefulness of newly completed Memphis urban seismic hazard maps and develop similar maps in other high-risk urban areas are encouraged. In particular, the USGS is engaged in cooperative earthquake hazard mapping in St. Louis, MO, and the Tri-State (Evansville) area of Indiana, Kentucky, and Illinois. Studies involving the USGS, working groups, professional organizations, and regional consortia are especially encouraged that:

-
Characterize regional wave propagation, particularly using seismic data from ANSS stations.  Research directed toward future USArray experiments addressing USGS goals is also encouraged.

-
Develop region–specific relationships between lithologies and seismic wave velocities.

-
Locate and characterize seismogenic faults.

-
Conduct experiments to provide ground motion, geophysical and geotechnical data to investigate site response, particularly soil non-linearity and sedimentary basin effects. 

· Proposals transferring results of CEUS Earthquake Hazards Program research to potential user groups, such as development of derivative outreach products for likely USGS urban seismic hazard map users, are particularly encouraged.

· Collect existing geotechnical, geophysical, and geological information needed to develop maps of NEHRP site class (based on the shear-wave velocity in the top 30 m) for eastern U.S. cities with significant seismic hazard. Where such information does not exist in these cities, use geophysical methods to determine the shallow shear-wave velocities to 30m depth for representative geological units. Reevaluate current building code site amplification factors, particularly as relevant to the CEUS, and develop recommendations for improvement of existing soil classification methods.

· Infer source characteristics of damaging CEUS earthquakes using instrumental recordings of large intraplate earthquakes in analog regions and of small, local earthquakes in the CEUS.

· Conduct paleoseismological investigations and analyze existing paleoseismological data to estimate the times, locations, and magnitudes of large prehistoric earthquakes. Conduct studies of modern liquefaction in regions with similar geology and where ground motion data exist, to constrain the causative loading and rheologic factors. Field studies should focus on highly populated, eastern urban areas for which there is geologic or other evidence of such events and on regions north of the New Madrid seismic zone.

· Collect direct measurements of the physical properties of deep sediments of the Mississippi embayment and Coastal Plain and of ground motions affected by them. Conduct a comprehensive modeling study of non-linear processes appropriate to such thick sedimentary columns.

· Develop a collaborative project, with a funding strategy, to drill/log/instrument a deep borehole penetrating deep sediments of the Mississippi embayment and Coastal Plain.  

· Constrain models of intraplate deformation with observations using new technologies (e.g., GPS, InSAR, LIDAR) and/or through developing and applying modeling tools and concepts. 

· Develop tools needed for accurate, rapid portrayal of shaking (e.g., ShakeMap) appropriate to sparsely recorded earthquakes.

· Systematically evaluate the temporal and spatial distributions of foreshocks and aftershocks of intraplate earthquakes, particularly in the CEUS.

In the National/Intermountain West (NIW)
· Define uncertainties of parameters and equations used in developing the U.S. National Seismic Hazard map. Develop procedures for testing the hazard maps.

· Hold multi-institutional workshops to plan development of regional community velocity models and to organize sub discipline working groups regarding fault parameters, ground motion characterization, liquefaction potential and landslide potential. 

· Collect shallow shear wave velocity, density, or attenuation data for inclusion in community velocity models and to characterize liquefaction potential. We encourage use of ANSS data in this characterization. Priority will be given to projects in urban areas along the Wasatch front region of Utah; Reno, NV; Las Vegas, NV; and the Jackson Hole-Teton-Yellowstone region, WY

· Conduct Quaternary geologic, geomorphic, and paleoseismic investigations to estimate the recurrence, locations and magnitudes of large prehistoric earthquakes. Uncertainties of these parameters should be defined. Faults should have slip rates of at least 0.1 mm/yr near urban areas or 0.2 mm/yr in other areas. Priority will be given to projects located in urban areas along the Wasatch front region of Utah; Reno, NV; Las Vegas, NV; and the Jackson Hole-Teton-Yellowstone region, WY and studies of the faults described on the website: http://geohazards.cr.usgs.gov/eq. 

· Develop methods that use geodetic data for estimating slip rates along faults or across regions and recurrence of earthquakes that can be applied to seismic hazard analysis.

· Develop or improve attenuation relations for the Intermountain-West that are needed for the U.S. National Seismic Hazard map. We particularly encourage projects coordinated with the PEER Next Generation Attenuation Relation efforts.

· In consultation with NEIC personnel, develop and implement practical methods for improving global earthquake location accuracy and integrate with routine NEIC operations. Use creative data processing to improve NEIC¹s global detection algorithms, including detection and identification of secondary phases, and recovery and relative relocation of early aftershock distributions for major earthquakes.

· Develop practical methods for routine, rapid source characterization, including regional and global moment tensors, finiteness, and slip distribution, that can be readily implemented and integrated into NEIC operations. 
· Develop new products and procedures allowing NEIC to deliver rapid and/or more accurate post-earthquake information, for example, earthquake impact, ground shaking, landslide potential, or likelihood of surface rupture.
In Earthquake Physics and Effects (EP)
· Develop and test reliable, predictive models of earthquake occurrence, failure, time-to-failure, and clustering, and the observational data sets needed to test such models.

· Develop reliable time-dependent, intermediate-term earthquake forecasting techniques.

· Refine and test fault constitutive laws, both at quasi-static and rapid fault slip rates, through laboratory, field, and seismic observations, and numerical modeling.

· Develop strategies for estimating time-dependent earthquake probabilities and shaking hazard, to include the time of the last earthquake on a fault segment, and reflecting complex phenomena such as non-uniform earthquake slip, fault interactions, transient deformation, cascading ruptures, and changeable or non-existent fault segment boundaries.

· Quantify processes controlling fault stress accumulation, transfer and release. Apply findings to reconcile deformation rates inferred from geodetic, geologic and seismicity observations.

· Refine and evaluate empirical approaches for modeling earthquake occurrence, including those for fault segmentation, the characteristic earthquake hypothesis, and shape of the recurrence probability density function. Develop improved data sets on past earthquakes, and test frequency-magnitude relationships with respect to these models and data.

· Assess the predictability of large earthquakes by focusing on the underlying physical processes and continue fault-monitoring experiments in search of possible earthquake precursors; develop objective null hypotheses against which to test prediction methods.

· Develop and test models of EQ occurrence at Parkfield using monitoring data and crustal properties measured both from the San Andreas Fault Observatory at Depth project (SAFOD) and by other geophysical techniques.

· Augment PBO strain and GPS networks by developing and/or improving creepmeter technology. Priority will be given for systems offering improvements in cost, maintenance, reliability, long-term stability, and length of baseline, without sacrificing short-term precision.

· Develop and improve methods for producing broadband (0.1-20 Hz) synthetic seismograms for large earthquakes, including near-source directivity pulses, fault fling, 3D basin effects, nonlinear soil response, scattering, and frequency-dependent radiation pattern and directivity effects. These methods should be validated in the time and frequency (spectral response) domains by comparison with observed strong-motion records. 

· Improve observations relevant to the shaking behavior of near-surface materials in high-risk urban areas. Characterize relevant soil parameters, conduct observational experiments to provide ground motion data, and study non-linear processes relevant to the behavior of thick sediments, especially those in basins and the Mississippi embayment and Gulf Coastal Plain. Compare calculations from nonlinear propagation programs to recorded data. 

· Improve site characterization for building code and other applications. In particular, develop recommendations for improving soil classification methods and code site amplification factors; revise ground-motion prediction equations for use in engineering design and probabilistic seismic hazard analysis; and develop regional ground motion attenuation models and investigate the causes of regional variations. Develop quick and inexpensive methods to determine the shear-wave velocity profile at a site to a depth of about 200m.

· Improve relationships between ground shaking and damage in buildings and other structures. Develop tools and design guidelines to account for the effects of soil-structure interaction, low-frequency long-duration surface waves, and near-field and impulsive ground motions; develop tools to use data from instrumented structures to predict earthquake response, monitor structural health, and assess level of damage.
· Document the occurrence, research the process, and determine the cause of earthquake-triggered ground failures including landslides and liquefaction, and improve techniques for ground-failure susceptibility and hazard assessment.
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